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Properties
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Summary: Govéia CS, Magalhaes E — Ropivacaine in Peribulbar Anesthesia — Vasoconstrictive Properties.

Background and objectives: Peribulbar anesthesia can reduce ocular blood flow (OBF) by increasing intraocular pressure (IOP) or due to the
action of drugs. Ropivacaine has low toxicity and intrinsic vasoconstrictive properties, yet to be proven on the ocular vasculature. Measurements
of ocular pulse amplitude (OPA) allow the indirect evaluation of the OBF. The objective of the present study was to evaluate through the OBF the
vasoconstrictive properties of ropivacaine in peribulbar anesthesia.

Methods: Forty eyes undergoing peribulbar anesthesia with 7 mL of anesthetic solution without vasoconstrictor were randomly divided into two
groups: ropivacaine (n = 20) and bupivacaine (n = 20). The IOP, ocular perfusion pressure (OPP), OPA, hemodynamic parameters, and the
degree of akinesia before and 5 and 10 minutes after the blockade were evaluated. A dynamic contour tonometer was used to evaluate ocular
parameters. Sedation was similar in both groups.

Results: A significant variation in hemodynamic parameters and intensity of the motor blockade was not observed between groups. Differences in
I0OP, OPP, and OPA (p < 0.05) were observed between both groups at 5 and 10 minutes. The variation of IOP at 5 and 10 minutes was -0.88% and
-4.54%, respectively with ropivacaine, and 17.61% and 16.56% with bupivacaine. The change in OPP after 5 and 10 minutes was 1.5% and 4.2%
with ropivacaine, and -7% and -6% with bupivacaine. Ocular pulse amplitude varied -55.59% and -59.67% with ropivacaine at 5 and 10 minutes,
and -34.71% and -28.82% with bupivacaine.

Conclusions: Ropivacaine reduced more intensely the ocular pulse amplitude despite little changes in IOP and OPP. The reduction in ocular
blood flow caused by ropivacaine can be attributed to its vasoconstrictive effect.
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INTRODUCTION Local anesthetics could affect vascular resistance by ner-

vous block or direct effect. A definitive correlation between
the neuronal blocking effects and the vascular effects of
local anesthetics does not exist. Ropivacaine has almost
the same anesthetic potency as bupivacaine, but this one
causes vasodilation while that promotes vasoconstriction
of capillaries and epidural blood vessels 6789 However,
the response to drugs and stimuli vary in different vascular
beds and the results should not be extrapolated to other
tissues 1011,

Several authors have suggested that peribulbar anes-
thesia promotes a reduction in pulsatile ocular blood flow
by pharmacologically-mediated changes in the vascular
caliber, compression of the vasculature by the volume of
anesthetic administered in the orbit, or by elevation of the
intraocular pressure associated with a reduction in perfu-
sion pressure 213,

A reduction in ocular blood flow can be damaging to the
eyes, especially in the presence of compromised ocular cir-
culation, such as in patients with glaucoma or ischemic optic
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ding latency and intensity of the motor blockade is similar to

Understanding the complex ocular anatomophysiology is ex-
tremely important for adequate anesthesia in ophthalmologic
surgeries. Ocular dynamics can be affected by several ma-
neuvers and drugs used in anesthesia.

Anesthetics can reduce intraocular pressure '. However,
an increase in intraocular pressure due to the injection of lar-
ge volumes of anesthetics can cause significant changes in
ocular blood flow 2.

Total ocular blood flow is the result of the sum of pulsatile
and non-pulsatile components, and the former is responsible
by ocular capillary perfusion 34. Measurements of ocular pul-
satile blood flow are based on pulsatile variations in intraocu-
lar pressure during the cardiac cycle and the resulting chan-
ges in ocular volumes 5.

The effects of different types of anesthesia for ophthal-
mologic procedures on ocular hemodynamics are unknown.
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METHODS

This prospective, double-blind study was approved by the
Ethics on Research Committee of the Faculdade de Medicina
da Universidade de Brasilia.

Forty eyes of adult patients of both genders, physical sta-
tus | and Il (ASA), with surgical ophthalmologic disorders that
did not result from systemic diseases, scheduled for elective
ophthalmologic surgeries under peribulbar anesthesia, were
included in this study. Patients with diabetes, glaucoma, kno-
wn bleeding disorders, on anti-hypertensive or anti-glaucoma
medications, with a history of intolerance or allergy to any of
the drugs involved in the study, were excluded. The size of the
study population was chosen based on data available in the
current literature 23.12.13:28.37,

Patients were monitored with precordial stethoscope, con-
tinuous electrocardiogram (ECGc), automatic non-invasive
blood pressure (NIBP), and pulse oximetry (SpO,). All patients
received pre-anesthetic medication composed of midazolam
1 to 2 mg, associated with 10 or 20 pg of intravenous fentanyl,
and oxygen via nasal catheter at a flow of 2 L.min".

Patients were randomly divided in two groups using sequen-
tial sealed envelopes containing computer-generated random
numbers. The target-group (n = 20) was called “Ropivacaine
Group” and patients in this group underwent peribulbar anes-
thesia with an anesthetic solution containing 0.75% ropivacai-
ne and 40 UTR.mL" of hialuronidase. The active control group
(n = 20) was called “Bupivacaine Group”, and its patients un-
derwent peribulbar anesthesia with an anesthetic solution con-
taining 0.75% bupivacaine and 40 UTR.mL™" of hialuronidase.
Randomization and preparation of the syringes containing the
anesthetic solution were done by a physician not involved with
the patients. Syringes were prepared immediately before anes-
thesia and were identified with a label “study drug”.

Sedation prior to the puncture was similar in both groups,
with intravenous administration of 0.5 mg.kg™! of propofol.

Peribulbar anesthesia was performed with a 25 x 7 mm
needle and a fixed volume of 7 mL of the anesthetic solution,
using the one-injection transpalpebral technique, laterally to
the junction of the lateral third and medial two thirds of the
inferior orbital border. External ocular pressure of 430 g was
applied 1 minute after the peribulbar injection to favor orbital
dispersion of the anesthetic solution.

Prior to anesthetic induction, control measurements of intra-
ocular pressure, ocular perfusion pressure, ocular pulse ampli-
tude, and mobility of the recti muscles of the eye to be anesthe-
tized, as well as systolic, diastolic, and mean blood pressure,
heart rate, and peripheral oxygen saturation, were performed.

The standardized technique using the dynamic contour di-
gital tonometer (Pascal tonometer™, Ziemer Ophthalmic Sys-
tems, Switzerland) was used to measure intraocular pressure
and ocular pulse amplitude. Measurements were performed
on three moments: MO = before peribulbar anesthesia; M1 =5
minutes after the injection of the anesthetic solution; and M2 =
10 minutes after the injection. Ocular perfusion pressure was
calculated applying the formula “ocular perfusion pressure =
mean arterial pressure — intraocular pressure” 8.
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The dynamic contour tonometer has a concave contact
surface, allowing the adaptation of the cornea and leading it
to assume the naturally-presented shape, when the pressure
is evenly distributed, with minimal distortion 17-18.19_ |t is con-
nected to a slit lamp and the microprocessor is capable of me-
asuring the diastolic intraocular pressure and pulsatile fluctua-
tions promoted by the cardiac cycle (ocular pulse amplitude).

The latency and quality of the motor blockade (degree of
akinesia) were evaluated on the three moments established
by observing the motility of each rectus muscle. The degree
of motor palsy was evaluated according to the scale proposed
by Nicoll et al. 20, where the ocular globe is schematically di-
vided in quadrants and the motor blockade of each quadrant
is graded from 0 to 2 points as follows: 0 = complete move-
ment, 1 = partial movement, and 2 = absence of movement
(akinesia). The intensity of the motor blockade of the extrinsic
musculature of the eye is obtained by the sum of the qua-
drants, and it can vary from 0 to 8 20. If after the study interval
(10 minutes) the degree of akinesia were not enough, a new
puncture through the medial caruncular approach with 2 to 3
mL of the anesthetic solution without adjuvant was performed
to allow realization of the procedure.

Immediately after the evaluation phase, patients were
transferred to the operating room for the surgical procedure;
they were monitored continuously and received intravenous
tenoxicam, 40 mg, for postoperative analgesia.

The investigator, who did not know the anesthetic solu-
tion used, was responsible for the administration of peribul-
bar anesthesia and evaluation of akinesia and hemodynamic
parameters. Intraocular pressure and ocular pulse pressure
were measured by two ophthalmologists.

The Kolmogorov-Smirnov test, Snedecor’s F distribution,
and Student t test were used for the statistical analysis of
unknown unequal variances. The Statistical Package for the
Social Sciences (SPSS™v. 11. SPSS Inc., USA) was used in
the statistical analysis. A p < 0.05 was considered statistically
significant. The level of the confidence interval was 95%.

RESULTS

Forty eyes of 38 patients undergoing surgery for pterygium
associated with conjunctival auto-transplantation from Sep-
tember 2006 to January 2007 were evaluated.

The demographic characteristics of the patients were simi-
lar (Table I). Asthma, mild hypertension without the need for
pharmacological therapy, and orthopedic problems were the
main comorbidities.

The level of hemodynamic and respiratory parameters on
the three moments can be seen in Table Il. The variations in
diastolic blood pressure did not reveal clinical significance.

Intraocular pressure monitoring did not show statistically sig-
nificant differences between both groups before peribulbar anes-
thesia. The mean level in bupivacaine group before the blockade
was 13.28 + 2.35 mmHg, while in the ropivacaine group it was
13.10 + 2.26 mmHg. Five minutes after the regional blockade,
the intraocular pressure in bupivacaine group increased to 15.62

Revista Brasileira de Anestesiologia
Vol. 60, Ne 5, September-October, 2010



ROPIVACAINE IN PERIBULBAR ANESTHESIA — VASOCONSTRICTIVE PROPERTIES

Table | — Demographic Characteristics

Bupivacaine Ropivacaine
Age (years)
(mean + standard deviation) 42.25+986  39.2+10.27
Weight (kg)
(mean + standard deviation) 6310 70+ 13kg
Gender (male:female) 5:15 12:8
Physical status (ASA) —1: I 16:4 19:1

+4.31 mmHg, and it reduced to 12.98 + 2.71 mmHg in ropivacai-
ne group, representing a 17.61% variation in the first group and
-0.88% in the second. The difference between both groups was
statistically significant (p = 0.026). Ten minutes after the peribul-
bar anesthesia, the intraocular pressure in bupivacaine group
stabilized in 15.48 + 4.10 mmHg, a 16.56% variation regarding
the initial measurement. However, the ropivacaine group sho-
wed further fall to 12.50 + 2.67 mmHg, a variation of -4.54%. At
this moment, the difference in intraocular pressure in both groups
was statistically significant (p = 0.01) (Figure 1).

Before anesthesia, the ocular perfusion pressure was 70.46
+ 8.52 mmHg in bupivacaine group, and 70.55 + 9.0 mmHg in
ropivacaine group, which was not statistically significant. Howe-
ver, five minutes after the blockade, ocular perfusion pressure
showed a reduction in bupivacaine group to 65.47 + 8.21 mmHg
(-7% when compared to the previous measurement). The ropi-
vacaine group showed a mean level of 71.61 = 7.11 mmHg, a
1.5% change when compared to the initial level. A statistically
significant difference was observed between both groups (p =
0.016). At 10 minutes, the perfusion pressure remained close to
previous levels in both groups, maintaining the statistical diffe-
rence, with a mean of 65.91 + 7.63 mmHg in bupivacaine group
(-6%), and 73.54 + 7.67 mmHg in ropivacaine group (4.2%) (p =
0.003) (Figure 2).

The ocular pulse amplitude before the peribulbar anesthe-
sia was 1.7 = 0.63 mmHg in the bupivacaine group, and 1.83
+ 0.73 mmHg in the ropivacaine group, without statistically
significant difference between both groups. A reduction in the
ocular pulse amplitude was observed in both groups 5 minu-
tes after the blockade, with 1.11 + 0.48 mmHg in the bupiva-
caine group, and 0.81 + 0.27 mmHg in the ropivacaine group,
representing a significantly greater fall in the latter when com-
pared to the former group (p = 0.022). The reduction regar-
ding the first measurement was -34.71% in the bupivacaine
group, and -55.59% in the ropivacaine group. At 10 minutes,
the ocular pulse amplitude in the ropivacaine group was 1.21
+ 0.47 mmHg, while in the ropivacaine group it was 0.74 +
0.24 mmHg, showing a variation of -28.82 and -59.67%, res-
pectively, regarding the initial levels, which was statistically
significant (p = 0.001). Table Ill shows the results of the ocular
pulse amplitude and 95% confidence intervals. Figure 3 sho-
ws the variation in the ocular pulse amplitude.

The degree of motor blockade, assessed by the Nicoll sca-
le, did not reveal significant differences between both groups,
with a mode of 8 and 8, for bupivacaine at 5 and 10 minutes,
respectively, and 7 and 8 for ropivacaine.

Clinical adversities were not observed in any anesthesia in
both groups.
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Figure 1. Variation of Intraocular Pressure. Mean =+ standard
deviation. * p < 0.05.
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Table Il - Hemodynamic and Respiratory Parameters before and after Peribulbar Anesthesia.
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MO Before blockade

M1 5 min. after blockade

M2 10 min. after blockade

Systolic blood pressure (mmHg)
Bupivacaine

Ropivacaine

116.60 + 13.61
(110.2 - 122.9)
118.15+9.72

(1183.6-122.7)

108.80 + 9.32
(104.4 — 113.1)
114.20 + 9.99

(109.5 - 118.8)

110.70 + 9.60
(106.2 - 115.1)
115.90 + 7.82

(112.2 - 119.5)

Diastolic blood pressure (mmHg)

Bupivacaine 74.35 + 8.56 71.35 +10.01 7275 +797*
(70.3-78.3) (66.6 — 76.0) (69.0 - 76.4)

Ropivacaine 74.25 + 10,19 75.35 + 8.38 78.80 £ 9.16
(69.48 — 79.0) (71.4-79.2) (74.5-83.0)

Mean arterial pressure (mmHg)

Bupivacaine 83.75 + 8.86 81.10 £ 8.19 81.40 +8.10
(79.6 — 87.9) (77.2-84.9) (77.6 — 85.19)

Ropivacaine 83.65 +9.32 84.60 + 7.47 82.77 £ 19.32
(79.2 - 88.0) (81.1-88.1) (73.7-91.8)

Heart rate (bpm)

Bupivacaine 77.25+12.18 77.20 = 10.98 76.65 = 12.28
(71.55 — 82.95) (72.0 - 82.3) (70.9 - 82.4)

Ropivacaine 73.40 = 12.01 73.40 + 10.98 72.40 = 12.10
(67.7 —79.0) (68.2 - 78.5) (66.7 —78.0)

0, saturation (%)

Bupivacaine 98.70 + 1.86 99.15+1.30 99.30 + 1.41
(97.8 —99.5) (98.5-99.7) (98.4 —99.9)

Ropivacaine 99.00 + 1.77 98.80 + 1.43 99.15+ 1.18
(98.1 —99.8) (98.1 —99.4) (98.6 —99.7)

Mean =+ standard deviation. (95% confidence interval) *p < 0.05.

Table Il — Ocular Pulse Amplitude (OPA) before and after Peribulbar Anesthesia.

TO — Before T1 -5 min. after T2 — 10 min. after
blockade blockade blockade
OPA Bupivacaine Mean + SD 1.7 £ 0.63 1.11+0.48 1.21 +0.47
(mmHg) % variation _ -34.71% -28.82%
95% ClI 1.40-1.99 0.88 - 1.33 0.98-1.43
Ropivacaine Mean + SD 1.83+0.73 0.81+£0.27 * 0.74+£0.24*
% variation _ -55.59% -59.67%
95% ClI 1.49-2.17 0.68 —0.94 0.62 - 0.85

Mean =+ standard deviation (SD). Percentage variation in relation to moment zero. 95% confidence interval (95% ClI). * p < 0.05.

DISCUSSION

The ocular blood flow results from the sum of pulsatile and
non-pulsatile components. The pulsatile component of the
ocular blood flow is due to the entrance of blood during sys-
tole and reduction in the velocity of the diastolic blood flow,
and it maintains better capillary and venous perfusion than
the non-pulsatile component 4. Pianka et al. 3 suggested that
the pulsatile blood flow has a relevant role in ocular perfusion
and that reductions in this component could result in functio-
nal and morphological changes.

The quantitative evaluation of the blood flow is not easily
obtained. The techniques used more often to study ocular
blood flow include fluorescein angiography (non-quantitati-
ve), laser photo velocimetry (technically difficult), ultrasound
with color Doppler (low reproducibility), radioactive micros-
pheres (experimental and poorly adequate in humans), and
measurements of the pulsatile component (ocular plethys-
mography) 21.
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Continuous recording of the intraocular pressure displays
pressure modifications as a function of changes in ocular vo-
lume. Those variations due to blood inflow and outflow in the
eye with every cardiac cycle are called “ocular pulse pres-
sure waves” and it is assumed that they represent choroidal
blood flow 19:22:23.24,

Determination of ocular pulsatile blood flow is one of the
effective ways of clinically evaluating the choroidal blood flow.
A few methods are used to evaluate the pulsatile blood flow
through the analysis of the variations in the ocular pulse. The
system developed by Langham and McCarthy uses a mo-
dified digital pneumotonometer. The dynamic contour tono-
meter calculates the pulse amplitude between ocular systolic
and diastolic pulses 25. The speed of evaluation, ease to use
equipment, relatively low cost, reproducibility of the measure-
ments, and the fact that they are not invasive are the advan-
tages of those methods. The main limitation is due to the fact
that the results represent indirect measurements of choroidal
perfusion 519. However, other authors have reported that both
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equipments are very useful to assess the variations in the
same individual 2627,

Peribulbar anesthesia can interfere with ocular blood flow
by different mechanisms. Findl et al. '2 investigated the effects
of peribulbar anesthesia with anesthetic solutions of lidocaine
and bupivacaine on ocular hemodynamics of patients under-
going cataract extraction. Those authors observed that anes-
thesia led to a marked reduction in pulsatile ocular blood flow
and attributed this effect not only to increases in intraocular
pressure due to an increase in intraorbital volume, but also
to pharmacological effects of local anesthetics. It is already
known that a reduction in ocular perfusion pressure and the
obstruction of venous drainage are responsible for the ne-
gative correlation between intraocular pressure and ocular
blood flow. Nevertheless, subsequent studies observed that
this change in ocular hemodynamics persists even after nor-
malization of intraocular pressure. Several authors have sug-
gested that the decrease in ocular blood flow after peribulbar
anesthesia is mainly due to the direct vasomotor effects of
local anesthetics 2:3:13.28,

Lidocaine and bupivacaine are known vasodilators. The
possible explanation for the reduction of ocular blood flow can
be provided by a study by Meyer, Flammer, and Luscher 2°
who reported that, in pig cilliary arteries, lidocaine, bupivacai-
ne, and mepivacaine interfere with the local mechanisms of
vascular control, more specifically the production of endothe-
lial-derived nitrous oxide leading to vasoconstriction.

Local and systemic dynamics of a specific local anesthetic
depend on the site of administration. Thus, the different clinical
applications should be considered separately. The lower cardio-
toxicity of ropivacaine when compared to bupivacaine make it
ideal for techniques of regional block which use large volumes,
especially due to the elevated risk of accidental intravascular in-
jection. However, ropivacaine is less lipid soluble and has a dis-
crete lower potency than bupivacaine 303!, After epidural admi-
nistration, the latency, extension of the sensorial blockade, and
duration of the motor blockade of ropivacaine in higher concen-
trations are similar to those of bupivacaine, besides greater du-
ration of analgesia 3233, A comparative study between equimolar
concentrations of both local anesthetics in spinal anesthesia did
not show differences in latency and duration of the sensorial blo-
ckade, but the motor blockade promoted by ropivacaine showed
smaller duration and intensity 34.

It has been suggested that in peribulbar anesthesia the di-
fferences in the potency of the motor blockade between both
anesthetics could be concentration-dependent 5. Comparison of
different concentrations of ropivacaine in 68 patients showed that
the concentration of 0.75% is preferable to 0.5% and 1.0%, whi-
ch produce, respectively, lower akinesia and prolonged anesthe-
tic recovery 3. Comparing peribulbar ropivacaine, racemic bu-
pivacaine, and levobupivacaine, all in concentrations of 0.75%,
in 96 patients, significant differences regarding the quality of the
motor blockade were not observed 5. Equimolar concentrations
of ropivacaine and bupivacaine in peribulbar anesthesia seem to
have the same anesthetic potency.

Peribulbar ropivacaine and bupivacaine could have diffe-
rent effects in intraocular pressure. A study with 40 patients

Revista Brasileira de Anestesiologia
Vol. 60, Ne 5, September-October, 2010

described that, despite similar blockade with analgesia and
akinesia, 1% ropivacaine decreased the intraocular pressure
immediately after its administration, unlike 0.75% bupivacai-
ne, which promoted an initial elevation in intraocular pressure
followed by a reduction. The authors suggested that the di-
fference could be due to the vasoconstrictive action of ropi-
vacaine 5°. However, one should take into consideration that
comparing different concentrations of local anesthetics could
affect the intensity of the motor blockade resulting in inaccura-
te evaluations of intraocular pressure.

Due to the similar characteristics in motor and sensitive
blockade and its lower systemic toxicity, ropivacaine repre-
sents an effective alternative to bupivacaine in peribulbar
anesthesia.

The literature does not have reports on the interference of
peribulbar anesthesia with ropivacaine on the ocular pulse
amplitude. The size of the sample in the present study was
based in works that used similar technique 2312132837,

The exclusion of patients with glaucoma and diabetes was
based on the fact that both disorders interfere with ocular cir-
culation, which could affect the study of the vasoconstrictive
action of ropivacaine 4383940,

Hemodynamic variations could be prejudicial for the cor-
rect evaluation of intraocular pressure and ocular blood flow.
Blood pressure participates in the control of intraocular pres-
sure; however, within the range of physiologic variation of the
blood pressure, this role is relatively small 4'. The direct re-
lationship between the elevation of the blood pressure and
increase of the choroidal blood flow has been confirmed 42,
Thus, hemodynamic monitoring during the evaluation period
of the study protocol was considered fundamental.

Both groups showed similar latency and quality of the blo-
ckade, with complete akinesia of the extraocular muscles at
5 and 10 minutes after the peribulbar anesthesia. The small
elevation in intraocular pressure in bupivacaine group, althou-
gh statistically different from ropivacaine group, was clinically
insignificant and it did not achieve abnormal levels.

The Dynamic Contour Tonometer makes dynamic recording
of the intraocular pressure and simultaneously evaluates the
ocular pulse amplitude according to the inflow of blood in the
eye during the cardiac systole. The tip of the tonometer has a
curvature and diameter that adapts adequately to the cornea,
the pressure sensor records and analyzes the signals in fre-
quencies of 100 Hz, and the microprocessor provides pressure
and ocular pulse amplitude values #3. The validity of the mea-
surements provided by this device is equal to those observed
with the standard device, the Goldmann Tonometer.

From the uninterrupted recording of intraocular pressu-
re, the dynamic contour tonometer provides the value of the
ocular pulse amplitude, in millimeters of mercury, according
to the difference between systolic and diastolic pulses in the
eye. Ease to handle and reproducibility of measurements are
among the advantages of ocular plethysmographs. The disad-
vantages include the possibility of interference from several
factors, including scleral rigidity, size of the eyes, and heart
rate 344. The more rigid the sclera, the lower is the distensi-
bilty to the inflow of blood during systole, resulting in smaller
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pulse amplitude #4. The axial length of the eye affects the ocu-
lar pulse amplitude. Myopic patients, who have greater axial
length, show smaller values of pulsatile ocular blood flow 27:44,
The heart rate shows an inverse relationship with ocular pulse
amplitude “5. In the present study, evaluations of the ocular
blood flow were compared at different moments in the same
individuals. This avoided that scleral rigidity and axial length of
the eyes compromised analysis of the results.

The present protocol included observations at 5 and 10
minutes after peribulbar anesthesia. Important studies on the
action of regional blocks on pulsatile blood flow performed
measurements only until 5 minutes after the blockade 122837,
Other similar studies also performed evaluations only until 10
minutes 2313, Although it is possible that the effects of the
reduction of the ocular pulse pressure are prolonged, the clini-
cal character of the present study did not allow examinations
beyond the preestablished 10 minutes.

In this study, the decision to evaluate intraocular pressure
was based on the principle that it can interfere significantly
with the ocular blood flow. The positive correlation between
intraocular pressure and ocular pulse pressure, depending on
the elastic properties of the sclera, has been reported. One
study suggested that elevated levels of intraocular pressure
would increase the tension in the bulbar wall, and the greater
inflow of blood could result in an increase of the pressure in
previously distended scleras 44. On the other hand, an inverse
relationship between intraocular pressure and ocular perfu-
sion pressure has been observed. The difference between the
pressure in the ophthalmic artery and the venous pressure
represents the pressure gradient that maintains ocular perfu-
sion. It is assumed that, in the eye, venous pressure is equal
to intraocular pressure. Thus, the perfusion pressure can be
represented by the difference between the mean arterial pres-
sure and the intraocular pressure. In other words, the greater
the intraocular pressure, the lower the ocular perfusion pres-
sure and, consequently, smaller ocular blood flow 162844,

Nevertheless, one should consider the presence of auto-
regulation in the ocular circulation. The decrease in perfusion
pressure reduces the blood flow, but it could be counteracted by
a decrease in vascular resistance. The mechanism that allows
the decrease in resistance as a compensation for the reduction
of perfusion pressure to maintain constant blood flow is called
auto-regulation 46. An elevated intraocular pressure could reduce
ocular blood flow by modifying the ocular perfusion pressure in
patients with compromised auto-regulation 6. A study observed
that, in volunteers, auto-regulation of the ocular pulse amplitude
occurred in individuals with intraocular pressure in the 11 to 21
mmHg range. However, in monkeys with laser-induced glauco-
ma, the elevation in intraocular pressure (30 to 35 mmHg) did not
allow for auto-regulation and led to low pulse amplitude 4. Very
high intraocular pressures and glaucoma compromise auto-re-
gulatory mechanisms. In the present study, preservation of the
auto-regulation of ocular blood flow was considered an important
factor in the study of the actions of ropivacaine on the ocular pul-
se amplitude. None of the patients evaluated had ocular vascular
diseases and all presented normal levels of intraocular pressure
and ocular pulse amplitude before anesthesia.
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Both groups can be considered similar according to the de-
mographic characteristics and basal levels of the parameters
evaluated.

Systemic hemodynamic parameters did not show signi-
ficant variations. Blood pressure and heart rate need to be
constant in order for the pulsatile ocular blood flow to be a re-
presentative measure of ocular blood flow with ocular plethys-
mography 8. In the present study, it was considered that small
variations in blood pressure and heart rate in both groups did
not interfere significantly with ocular changes.

The latency of peribulbar anesthesia was similar in both
study groups. The short latency for maximal motor blockade
in both groups in the present study is in accord to the report of
previous works 549, Peribulbar anesthesia can cause a tem-
porary increase in the intraocular pressure due to the com-
pressive effect of anesthetic solution on the eye and increase
in intraorbital pressure. However, after the onset of akinesia
— due to relaxation of extrinsic ocular musculature — a reduc-
tion in intraocular pressure is observed %°. In the current study,
the interference of the extraocular musculature on intraocular
pressure was considered similar in both groups since all pa-
tients presented complete akinesia at 5 and 10 minutes after
the blockade.

In the present study, despite the volume of 7 mL administered
in the peribulbar approach, an important variation of intraocular
pressure was not observed in bupivacaine group. A small incre-
ase, between 13 mmHg and 15.6 mmHg was observed without
clinical significance, since the levels remained within normal
limits. This increase, followed by a reduction of the intraocular
pressure in bupivacaine group, is in agreement with other reports
in the literature 1550, In ropivacaine group, a significant reduction
or even a tendency towards stabilization of intraocular pressu-
re was observed with values around 13 mmHg in all measure-
ments. Those results also confirm the findings of other authors
who have reported the absence of an increase in this parameter
after peribulbar anesthesia with ropivacaine 5'. The difference
between both groups observed in the present study, as well as
suggested by Nociti et al. 3, could be due to the intrinsic vaso-
constrictive property of ropivacaine.

The significant reduction in ocular pulse amplitude observed
after the peribulbar anesthesia in both groups is also endorsed
by with other studies on this subject. A study of 22 eyes under
peribulbar anesthesia with equal parts of 2% lidocaine and 0.5%
bupivacaine without vasoconstrictors demonstrated an increase
in intraocular pressure and a significant reduction of the pulsatile
ocular blood flow. However, the decrease in the flow persisted
despite the regularization of the intraocular pressure 5 minutes
after the blockade, representing a possible vasoconstrictor effect
of local anesthetics on ocular hemodynamics 2.

Other studies on peribulbar anesthesia with equal volumes
of 2% lidocaine and 0.5% bupivacaine without vasoconstrictors
confirmed the report of Findl et al. 2. Chang et al. 2 compared
the technique of peribulbar anesthesia with subconjunctival blo-
ck; the reduction of pulsatile ocular flow in the first group was at-
tributed to the pharmacological effects of the anesthetic solution.
Retrobulbar block, which uses a smaller volume of local anes-
thetic, caused temporary elevation of the intraocular pressure
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and persistent reduction of the ocular pulsatile flow similar to the
peribulbar technique in a study in 20 eyes 3. The authors of the
study that compared peribulbar to parabulbar anesthesia in 40
patients did not observe changes in intraocular pressure due to
the small volume of anesthetics administered and attributed to
2% lidocaine the responsibility for the reduction in ocular pulse
amplitude 3. Lung et al. 28 compared two volumes of anesthe-
tic solution in peribulbar anesthesia and the group that used the
smaller volume showed less reduction in the parameter of ocu-
lar hemodynamics, corroborating the theory of pharmacological
action. The results of those studies are not comparable to the
present study, since they used different anesthetics and volu-
mes, but it is apparent that peribulbar anesthesia is related to the
reduction in pulsatile ocular blood flow due to the effects of the
local anesthetics.

Nevertheless, in the present study, the magnitude of reduc-
tion in ocular pulse amplitude produced by ropivacaine (60%)
was significantly more accentuated than that produced by bu-
pivacaine (29%). In the studies that evaluated the effects of
peribulbar block on the ocular blood flow, the decrease in the
ocular pulsatile flow was attributed to bupivacaine, which cau-
ses vasodilation in other capillary beds 2121328, Ropivacaine
has a proven intrinsic vasoconstrictor activity in other capillary
beds 67. It is quite possible that, in the present study, the va-
soconstrictor actions of ropivacaine were responsible for the
more intense reduction in ocular blood flow.

Increases in intraocular pressure can decrease the ocular
blood flow due to reduction in the ocular perfusion pressu-
re and obstruction of venous drainage. The administration of
anesthetics in the orbit could increase intraorbital and intra-
ocular pressures, due to the compressive effect, as well as
reduce the ocular blood flow 2. However, in the present stu-
dy, the intraocular pressure did not show significant changes
but, despite this, a reduction in ocular pulse amplitude was
observed. The effect was more pronounced in the group of
patients who received ropivacaine, in whom were observed
a decrease in intraocular pressure concomitant to the intense
reduction in ocular pulsatile flow. Once more, attributing the
reduction in ocular blood flow to the vasoconstrictor activity of
ropivacaine, and not to intraocular pressure, is justified.

In general, fluctuations in mean arterial pressure show
greater magnitude than those of intraocular pressure. Thus,
mean arterial pressure is, comparatively, a more important
factor than intraocular pressure in variations in the ocular per-
fusion pressure and ocular blood flow. A large elevation in
the intraocular pressure would be necessary to interfere sig-
nificantly with the ocular blood flow in healthy individuals 6.
In the present study, significant variations in systemic blood
pressure or intraocular pressure were not observed. Therefo-
re, it is believed that those parameters did not cause important
interference on the ocular pulse amplitude.

The administration of local anesthetics did not induce im-
portant systemic hemodynamic variations. Thus, the changes
observed in ocular blood flow probably are not related to phy-
siological changes caused by the systemic actions of local
anesthetics. Ocular perfusion pressure depends on mean ar-
terial pressure and intraocular pressure, and it varied very lit-
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tle, as well as the other two parameters, in both study groups.
A statistically significant difference was observed between
groups, but the absolute variation does not seem to have im-
portant clinical significance. The ocular perfusion pressure
decreased with bupivacaine, from approximately 70 mmHg
to 66 mmHg. In ropivacaine group, this pressure showed a
tendency for stabilization, from approximately 70 mmHg to 73
mmHg. Patients in bupivacaine group exhibited a moderate
reduction in ocular pulse amplitude, differently from those in
ropivacaine group, who manifested a significant reduction in
the pulsatile ocular flow. Since ropivacaine group presented
smaller ocular pulse amplitude associated with maintenance
of ocular perfusion pressure, this reinforces the hypothesis of
pharmacologically-mediated vasoconstriction.

The ocular blood flow depends not only on the difference be-
tween arterial and venous pressure, but also on the local vas-
cular resistance. The intraocular pressure and ocular perfusion
pressure were maintained in the patients evaluated in this study.
The most likely mechanism to explain the reduction in pulsatile
ocular blood flow involves modification of intraorbital vasculature
resistance due to the action of those local anesthetics.

Possible mechanisms for the vasoconstrictor action of lo-
cal anesthetics remain unknown. Direct activity of pre- and
post-capillary smooth muscle '°, indirect release or blockade
of release of vasoactive substances, blockade or activation
of adrenergic receptors, and reduction in metabolic demand
have been suggested 1525354 However, none of those me-
chanisms seemed to be consistent. Changes in cytoplasmic
calcium, activation of lipoxigenase pathways, and differences
in stereoisomerism between ropivacaine and racemic bupiva-
caine may play a role in the vasoactive effect of those anes-
thetics 11.545556, The intracellular increase in calcium ions is
the initial stimulus for the contraction of smooth muscle fiber
and it can occur by stretching, nervous or hormonal stimula-
tion, and chemical changes in the environment of the fiber
57, Some specific kinases (protein kinase C, Rho-kinase, and
p44/42 mitogen-activated protein kinase) involved in calcium
release process and contractile activation of smooth muscle
contribute as mediators of ropivacaine-induced contraction in
rat aortic smooth muscle 55.

The smooth muscle fibers have important diversity in how
they contract or relax in face of different substances or trans-
mitters. In different locations, the same substance can pro-
mote contraction or relaxation of the smooth muscle fiber 57.
Vasodilator properties of lidocaine on human skin involve the
blockade of conduction in sympathetic nerves and the release
of nitrous oxide by the vascular endothelium 8. On the other
hand, in isolated pig cilliary arteries, the role of local anes-
thetics lidocaine, bupivacaine, and mepivacaine on vascular
control mechanisms and on action of endothelium-dependent
relaxation factors seems to be different. Meyer, Flammer, and
Luscher 29 reported that local anesthetics blocked endothe-
lial production of nitrous oxide and that the compromise of
endothelial relaxation mechanism can present a significant
contribution in the decrease of the blood flow after intraorbital
anesthesia. Nevertheless, in the present study, ropivacaine
promoted more intense change in ocular hemodynamics than
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bupivacaine. It is possible that this effect would be secondary
to the intrinsic vasoconstrictor activity of ropivacaine besides
the interaction with the vascular endothelium of ocular circula-
tion, as suggested by Meyer, Flammer, and Luscher 2°.

Auto-regulation is observed in retinal blood flow. Howe-
ver, are controversies on its presence in the choroid 42859,
Studies have reported the presence of auto-regulatory me-
chanisms in the choroid, possibly neurogenic or passive 46:59,
It is assumed that auto-regulation is, at best, modest in the
choroid #13. It should be emphasized that using measure-
ments of ocular pulse amplitude one can evaluate choroidal
blood flow, the main component of pulsatile ocular blood flow.
In the present study, it is unlikely that the auto-regulatory me-
chanisms of compensation of the choroidal blood flow had so-
mehow influenced more one group than the other.

Among the limitations of the present study is the fact that
this study did not evaluate the axial length of anesthetized
eyes, which is known to influence the measurements of ocular
pulse amplitude 2744, Comparisons were undertaken in both
groups, in the same individuals, at different moments, which
reduced the interference of axial ocular length on the evalua-
tion of pulsatile ocular blood flow.

Measurement of ocular pulse amplitude is an indirect me-
thod of evaluating the ocular blood flow, and for this reason it
could be considered a limitation of this study. However, there
are very few non-invasive clinical methods to study the choroi-
dal blood flow as effective as the techniques that evaluate pul-
satile ocular blood flow 2'. Besides, the ocular pulse amplitude
only measures the pulsatile blood flow, without quantifying the
total ocular blood flow. It is known that the pulsatile compo-
nent corresponds to 50%-80% of the total blood flow 48, but
the non-pulsatile, or diastolic, component cannot be evaluated
by this method 2. It has been suggested that vasoconstric-
tion could increase local diastolic pressure and alter the pro-
portion of non-pulsatile blood flow. Thus, plethysmographic
measurements, which depend on the pulsatile component,
would underestimate the ocular blood flow. It is possible that
the increase in non-pulsatile blood flow would compensate the
reductions in the pulsatile component €0,

The clinical nature of the present study prevented the eva-
luation of changes in ocular hemodynamics for a period lon-
ger than 10 minutes to avoid further delays in the surgery. Al-
though one study on the effects of retrobulbar block on ocular
blood flow using Doppler demonstrated prolonged effects of
2% lidocaine with 1:200,000 adrenaline even after the end of
the surgery 61, in the present study, other postoperative eva-
luations were not undertaken. Patients were transferred to the
operating room immediately after the protocol was performed
and received, according to their needs, other drugs that could
interfere with subsequent evaluations of the parameters being
investigated.

Very few reports in the literature on peribulbar anesthesia
have studied the vasoconstrictive properties of ropivacaine.
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Nicholson, Sutton, and Hall 62 investigated peribulbar ropi-
vacaine and suggested, although without pharmacokinetic
assessment, that its vasoconstrictor effect could reduce sys-
temic absorption, resulting in lower plasma concentrations.
On the other hand, bupivacaine, which is a vasodilator, could
lead to greater plasma concentrations and potential systemic
toxicity. Nevertheless, Huha et al. 35 demonstrated that the
lower liposolubility of ropivacaine favors plasma levels rela-
tively higher than bupivacaine. The lower levels of intraocu-
lar pressure were attributed to the vasoconstrictor effects of
ropivacaine, when compared to bupivacaine, in the study by
Nociti et al. 3 However, the authors did not evaluate other pa-
rameters that could have proven this hypothesis. The present
study is, possibly, the first to analyze the action of ropivacaine
on the ocular blood flow and to demonstrate the effects of
its vasoconstrictive property through the peribulbar approach,
demonstrating that it is capable of reducing the ocular pulse
amplitude in a higher magnitude than bupivacaine.

The reduction in ocular pulse amplitude could represent
tissue hypoxia. In theory, there is a risk of functional and
morphological damage, compromising the visual field and
with loss of nerve layers of the retina 8. But it should be con-
sidered that the non-pulsatile blood flow is not evaluated by
plethysmography and that it could maintain an adequate ocu-
lar perfusion 3760, Besides, the magnitude of the reduction
of the local blood flow capable of affecting cellular function
remains unknown. Important decreases in blood flow in pe-
ripheral nerves of rats caused by ropivacaine did not lead to
histopathological changes suggestive of peripheral neuroto-
xicity 2. Nonetheless, reductions of ocular blood flow should
be avoided in the presence of ocular vascular diseases. It
has been suggested that the volume of peribulbar anesthe-
tics in patients susceptible to decreases of ocular blood flow
should be reduced 28,

Ropivacaine is a local anesthetic adequate to be used in
peribulbar anesthesia. It has a short latency, causes intense
sensitive anesthesia and motor blockade, maintains intraocu-
lar pressure, and it presents low risk of toxic effects on the car-
diovascular system. However, its vasoconstrictive properties
promote intense reduction in ocular pulse amplitude. Therefo-
re, it should be used with caution in regional blocks in patients
with severe ocular diseases.

CONCLUSION

The magnitude of the reduction in ocular pulse amplitude pro-
moted by ropivacaine was superior to that of bupivacaine and
it was maintained for a period of 10 minutes despite minimal
changes in intraocular pressure and ocular perfusion pressu-
re. The reduction in ocular blood flow induced by ropivacaine
translates the vasoconstrictor effect of this anesthetic when
administered by the peribulbar approach.
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Resumen: Goveia CS, Magalhaes E — Anestesia Peribulbar con Ro-
pivacaina — Estudio de la Accién Vasoconstrictora.

Justificativa y objetivos: La anestesia peribulbar puede reducir el
flujo sanguineo ocular (FSO) por elevacion de la presion intraocular
(P10) o por la accion de farmacos. La ropivacaina tiene una baja toxi-
cidad y una accion vasoconstrictora intrinseca que todavia no ha sido
comprobada sobre la vasculatura ocular. Medidas de la amplitud del
pulso ocular (APO) permiten una evaluacion indirecta del FSO. El ob-
jetivo de este estudio es evaluar, via FSO, la accion vasoconstrictora
de la ropivacaina en la anestesia peribulbar.

Método: Cuarenta pacientes, sometidos a bloqueo peribulbar con 7
mL de solucién anestésica, sin vasoconstrictor, fueron divididos ale-
atoriamente en dos grupos: Ropivacaina (n = 20) y bupivacaina (n
= 20). Se evaluaron PIO, presion de perfusion ocular (PPO), APO,
variables hemodinamicas y el grado de acinesia antesy alos 5y 10
minutos posteriores al bloqueo peribulbar. Para la evaluacion de los
parametros oculares, se utilizé el tonémetro de contorno dinamico. La
sedacion fue idéntica en los dos grupos.

Resultados: No se registré variacion significativa de los parametros
hemodinamicos y de la intensidad del bloqueo motor. A los 5y 10
minutos, se registré una diferencia de PIO, PPO y APO entre los
grupos (p < 0,05). La variacion de la PIO a los 5 y 10 minutos fue,
respectivamente, de -0,88% y -4,54% con ropivacaina y de 17,61%
y 16,56% con bupivacaina. La alteracion de la PPO después de 5y
10 minutos fue de 1,5% y 4,2% con ropivacaina, y de -7% y -6% con
bupivacaina. La APO vari6 -55,59% y -59,67% con ropivacaina a los
5y 10 minutos, y -34,71% y -28,82% con bupivacaina.

Conclusiones: La ropivacaina redujo mas intensamente la amplitud
del pulso ocular, a pesar de las pequefias alteraciones de PIO y PPO.
La disminucién del flujo sanguineo ocular por la ropivacaina puede
ser atribuida a su efecto vasoconstrictor.

Revista Brasileira de Anestesiologia
Vol. 60, N2 5, Setembro-Outubro, 2010



