Ropivacaine and levobupivacaine: A review
of the adult and nonobstetrical literature
“I remember”

MICHEL GIRARD, MD, MHPE, FRCPC

Every comprehensive article on the use of ropivacaine or levobupivacaine
includes a sentence about their lesser toxicity in relation to bupivacaine. In
general, this short sentence seems sufficient to justify, from the authors’ point of
view, their use for postoperative analgesia, as well as for different types of anesthe-
sia blocks in the operating room (O.R.). While this advantage seems obvious in the
O.R. when single injections are used to induce blocks, this is not necessarily the
case for postoperative analgesia.

Ropivacaine (ropi) and bupivacaine (bupi), both derivatives of mepivacaine,
were synthesized in 1957. At that time, it was decided to develop and market bupi.
As a long-acting local anesthetic, this molecule reigned supreme until 1979 when
Albright,! in a surprising editorial, established a relation between bupi and cases of
toxicity that included a cardiac effect making resuscitation difficult. Other reports,
including several cases in obstetrical anesthesia, confirmed Albright’s warnings.
Over the following years, the main consequence was withdrawal of FDA approval
of bupi 0.75% for obstetrical anesthesia. In addition to this official measure, two
other significant changes in clinical practice led to a decrease in bupi-associated
complications. These were the use of the test dose and the divided, rather than
bolus, dose of local anesthetic. Meanwhile, the industry was trying to develop less
toxic local anesthetics. The first clinical articles describing ropi were published at
the end of the 1980s and those describing levobupivacaine (L-bupi) in the early
1990s. However, the clinical measures taken to decrease the frequency of bupi-
related complications were so successful that certain authors suggested that the
additional cost of these new agents in the clinical setting was not justified. This
opinion was not shared by everyone.?

GENERAL CONSIDERATIONS

Ropi and bupi are produced when the methyl group (-CHj;), situated on the nitro-
gen ion of mepivacaine, is replaced by a -C;H; group in the case of ropi (propivacaine =
ropivacaine) and by a butyl group (-C,Hy) in the case of bupi. These 3 molecules have
an asymmetrical carbon enabling them to exist in 2 distinct forms that are mirror
images of each other without being superimposable. The first of the 2 principal nomen-
clatures of these asymmetrical molecules* is based on the Sequence Rule Notation. In a
3-dimensional molecular model, the smallest of the 4 atoms bound to carbon is placed
at the back. Of the 3 remaining atoms, the smallest and the largest are identified. In this
situation, if the arrow connecting them goes in a clockwise direction, it is labeled the
“R” enantiomer. If it goes counterclockwise, it is labeled the “S” form. The second label
is based on the rotation of a plane of polarized light passing through a solution of
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the molecule. The “+” sign is used when the rotation
is clockwise, and the “-” sign is used when it is coun-
terclockwise. The first method is said to be absolute,
whereas the second is relative. As the results are non-
superimposable, both methods are used to identify
the enantiomers.

The discovery that the “L” (L=S) form of these
molecules was less toxic led to the development of
solutions containing only the “L” enantiomer of the
molecule. Commercial ropi and L-bupi are almost
pure solutions of the “S” enantiomer, but bupi is a
racemic mixture in that it contains equal quantities
of the “R” and “S” enantiomers of the molecule.

ROPIVACAINE AND LEVOBUPIVACAINE

Toxicity and potency

In terms of the central nervous and cardiac sys-
tems, the “S” enantiomers of these two molecules are
recognized as being less toxic than the bupi racemic
form. This has been demonstrated in vitro in animals
and in volunteer subjects. Anecdotal reports of acci-
dental intravenous administration of these medi-
cations seems to confirm the experimental data.
However, while toxicity may be less, it still exists. In
pigs, a lethal dose by intracoronary injection is: ropi
= L-bupi = 0.5 x bupi.® There are several extensive
reviews on the subject.®®

For clinical purposes, it is acknowledged that L-
bupi is equivalent to racemic bupivacaine, both in
terms of its potency and duration of action.® The
situation is more complex for ropi. In general, it is
considered to be less potent than bupi.c However,
certain clinical studies using equal doses of the two
medications produced similar results, which points
to equal potency.®!2 However, these studies were
generally done on plexus blocks, a more complex
technique, with results that are more difficult to
reproduce and interpret in the clinical setting than
studies done on spinal anesthesia, the epidural, or
the infiltration of surgical wounds. In experimental
models, the potency of ropi is estimated to be 50% -
66% that of bupi.’*'7 Another characteristic of ropi
appears to be a better separation of sensory and
motor blocks, particularly at low concentrations (eg,
<0.2%). Certain authors have taken advantage of
this characteristic, as noted below.

CLINICAL USE

Ophthalmology: Peribulbar block

In a study involving 2000 patients that compared
9 ml of ropi (0.75%) to a mixture of 4 ml of bupi
(0.5%) and 4 ml of mepivacaine (2%), (each solution

containing 1 ml of hyaluronidase), Luchetti observed
fewer arrhythmias and less pain on injection with
ropi. Akinesia was of better quality with this group,
thus allowing fewer re-injections.'®

Deep cervical plexus blocks

In a comparison study between ropi (0.75% and
1.0%) and mepivacaine (2.0%), it was concluded that
ropi 0.75% produced as good, if not better, results as
ropi 1.0% and a longer-lasting block than mepiva-
caine.” In a comparison study with ropi 0.75% and
bupi 0.5%, all of the clinical characteristics of both
solutions were comparable, with the exception that
bupi induced longer postoperative analgesia.?

Spinal anesthesia

In a comparison between L-bupi at doses of 4 mg,
8 mg and 12 mg and hyperbaric bupi, an analysis of
several clinical indicators revealed completely super-
imposable results.?! In a comparison of 17.5 mg of an
isobaric solution (0.5%) of these two medications for
arthroplasty of the hip (THR), both groups of
patients reacted in a comparable manner.?2 There-
fore, for spinal anesthesia, L-bupi and bupi may be
considered to be interchangeable.

In a study with isobaric solutions, Gautier com-
pared 8, 10, 12, and 14 mg doses of ropi with 8 mg of
bupi. He demonstrated that the block with 12 mg of
ropi is comparable to that with 8 mg of bupi. There
was no difference between the blocks associated with
the 12 mg and 14 mg doses of ropi, except that the
delay in time before urination was 30 minutes longer
in the 14 mg group. In a study on endourological
surgery comparing 10 mg of isobaric bupi to 15 mg
of isobaric ropi, Malinovsky noted a higher level
(two dermatomes) with bupi and a greater need for
intravenous morphine with ropi. The motor blocks
and hemodynamic effects were comparable.? Thus,
there does not appear to be any advantage in using
ropi for spinal anesthesia.

Epidural

Surgical anesthesia

During lower abdominal surgery, a comparison
between 20 ml (0.75%, 150 mg) of L-bupi and bupi
revealed few differences in terms of intraoperative
and postoperative results. Thus, the times required
for the regression of two dermatomes and regression
to T-10 were comparable; the time necessary for com-
plete regression of the block was 45 minutes longer
with L-bupi (550 min + 87 min vs 505 min £ 71
min). Although the onset of the block was slower in
the L-bupi group, the total duration was comparable.



The authors concluded that the effects of the two
medications were “indistinguishable.”?* The addition
of adrenaline (1:200,000 or 1:400,000) to L-bupi did
not change the clinical results in comparison to a
group not receiving adrenaline. The blood-serum
levels of L-bupi were not significantly decreased in
the group receiving adrenaline as compared to the
group not receiving adrenaline, with neither of the
two adrenaline solutions being more efficacious.?

Generally, before proceeding with an injection of
local anesthetic, the administration of a test dose is
recommended. In the case of an epidural, the intent
is to verify the effects not only of the intravascular
injection, but also of the intrathecal injection. Ngan
Kee suggests that ropi is not the ideal agent for a test
dose since the onset of the spinal block is too long
(8 min) and the mixture with adrenaline is not
specific enough as an intravenous injection marker.?
With either ropi or bupi, a concentration of at least
0.5% is necessary to produce adequate anesthesia.via
the epidural route. In general, a comparison of these
2 agents at this concentration or higher, does not
reveal any important differences. Some reports indi-
cate that the motor block with ropi is a little less and
that bupi produces a longer-lasting block,??® however,
others report no differences whatsoever.?3! Even in a
study of forced expiratory volume (exhaled in 1 sec-
ond) and vital capacity in patients suffering from
severe chronic obstructive pulmonary disease, no
differences were revealed between a thoracic epidural
using ropi 0.75% or bupi 0.75%.%

Postoperative analgesia

The literature on postoperative anesthesia via an
epidural must be divided into two categories: local
anesthetics used alone or local anesthetics combined
with opioids. The fact is, the administration of a
local anesthetic without opioids is associated with a
failure rate that is too high, and an incidence of
motor block and hypotension too significant, for
clinicians to have adopted this method.?* While
there is a theoretical interest in comparing solutions
without narcotics, we will limit this discussion to
studies in which opioids are combined with low
concentrations of local anesthetics.

After surgery for THR and total knee replacement
(TKR), 3 solutions were compared:

e L-bupi 0.125%

e fentanyl 4 pg/mL

e L-bupi 0.125% + fentanyl 4 pg/mL)

The infusion flow rate was 4 mL/hr and the
patient could self-administer bolus doses of 2 mL/10
min. The combination of L-bupi and fentanyl was

the most effective and the incidence of side effects
was not higher in this group.*

Crews et al also compared 3 solutions for analge-
sia following major abdominal surgical procedures:

e L-bupi 0.25% + morphine 0.005%

e L-bupi 0.25%

e morphine 0.005%.

The thoracic infusion flow rate was 4 mL/hr, and
at the patient’s request, a bolus dose of 2 mL was
administered and the flow rate was increased by
2 mL/hr. The combination of the 2 medications
induced better analgesia, as is reflected in the results
of pain evaluation at rest and with movement, as
well as fewer requests for drug rescue (ketorolac).s

In another study, the effect of clonidine on
L-bupi was studied after THR surgeries. Again 3 solu-
tions were compared:

e L-bupi 0.125%

e clonidine 8.3 pg/mL

e L-bupi 0.125% + clonidine 8.3 pg/mL

An infusion of 6 mL/hr was used. Use of a rescue
drug (morphine) was less in the L-bupi + clonidine
group and no significant side effects were noted
with the use of clonidine, except for a slightly lower
blood pressure (10 mm Hg) requiring no particular
treatment.3¢

Ropi 0.2% is the concentration most frequently
used for epidural postoperative analgesia. When
combined with sufentanil 0.5 pg/mL during a 72-
hour postoperative infusion, ropi 0.2% induced less
motor block than bupi 0.25% when used alone or
with sufentanil. The ropi-sufentanil combination is
more effective in decreasing pain than either of these
two medications alone. The main side effects associ-
ated with epidural opioids were more frequent when
sufentanil was used.*” In a comparison of ropi 0.2%
and bupi 0.125% after major abdominal surgery —
both were combined with fentanyl 2 ug/mL - no dif-
ference in motor block was noted, which in fact was
almost absent. However, patients in the bupi group
made more requests for this epidural solution.* Scott
demonstrated that, in combination with ropi 0.2%,
the optimal concentration of fentanyl is 4 pg/mkL.*
Brodeur, however, recommends the addition of
sufentanil at a concentration of 0.75 pg/mL.%* These
2 studies involved patients who had undergone
major abdominal surgery. When ropi 1.0% is used
after THR, Kampe suggests that combining it with
sufentanil 1pg/mL is more effective than ropi used
alone. In each group, the motor block is described as
“negligible”.*

After major abdominal surgery, Hodgson and Liu
compared 4 solutions: bupi 0.05%, bupi 0.1%, ropi




0.05%, and ropi 0.1%, all of which contained fen-
tanyl 4 pg/mL. Administration was controlled by the
patient. The authors concluded that the four were
efficacious and equivalent, and while there were few
motor blocks, they recommend solutions of 0.05% to
limit them.*> However, adding opioids to ropi may
not be without consequences. A study by Finucane
demonstrated that following colon surgery, a solu-
tion containing fentanyl 2 ng/mL provided better
analgesia, but was associated with late discharge
from the hospital.** Adrenaline (2 pg/mL) may also
be added to the combination of ropi 0.1% and fen-
tanyl 2 pg/mL. Niemi demonstrated that analgesia
was better, with no increase in side effects, when this
combination was used at the thoracic level after
major abdominal or thoracic surgery.*

The accumulation of ropi during prolonged post-
operative infusions may cause harmful effects for
patients if the free plasma concentration responsible
for the toxic effects is increased proportionally
during the infusion. In a study on the infusion of
ropi 0.2% over a period of 120 hours, Wiedemann
demonstrated that the free plasma fraction after an
initial increase, stabilized at the 70-hour point, and
diminished slightly thereafter. This may be explained
by the constant increase (except for a decrease
during the first hours) of al-acid glycoprotein to
which ropi binds with great affinity.*

Plexus blocks

Upper limb
Axillary block

Few pharmacokinetic or clinical differences were
noted in a comparison of equal doses of ropi 0.5%
and bupi 0.5% in an axillary brachial plexus block.!*
46,47 In a study comparing ropi 0.75% to bupi 0.5%
(40 mL each), Raeder noted comparable onset and
duration of action. However, subjective evaluation
of the quality of the analgesia at the end of surgery
and of the motor block by the anesthetist and
surgeon was more positive with ropi, even if skin
infiltrations were used for 7 patients in the ropi
group, and only 4 in the bupi group. One patient in
the ropi group convulsed following an accidental
intravenous injection.*

Interscalene block

In a comparison of ropi 0.5% and 0.75% with
bupi 0.5% using the interscalenic approach, Klein
did not demonstrate a difference in the onset or
duration of action, regardless of the concentration of
ropi.* In a study using the same medications at the
same concentrations, Bertini concluded that ropi

performed better than bupi in terms of onset of
action and quality of the sensory block, but found
no advantage in using ropi 0.75% as opposed to
0.5%.% In a study with ropi 1.0%, a faster onset of
action was demonstrated, but it did not prolong
postoperative analgesia beyond what was obtained
with concentrations of 0.5% or 0.75% of ropi or
0.5% of bupi.**2Urmey demonstrated a 100% inci-
dence of phrenic nerve block, lasting for 3 to S hours,
following administration of 34 to 52 mL of mepiva-
caine 1.5% with adrenalin and bicarbonate.*
Administration of ropi 0.5% and 0.75% induced
paresis of the hemidiaphragm and a moderate
decrease in the forced vital capacity of 40% £ 17%
(0.5%) and 41% £22% (0.75%), respectively. The
maximum forced expiratory volume/second also fell
by 30% = 19% (0.5%) and 38% + 28% (0.75%),
respectively.** The smaller decrease in values, in rela-
tion to Urmey’s findings, can be explained primarily
by the methodological differences in measuring
these values. It is in this context, among others, that
the block differential attributed to ropi can be used
to advantage. While ropi concentrations required for
surgical purposes induce significant paresis of the
hemidiaphragm, the situation is different when
lower concentrations are used in postoperative anal-
gesia. Therefore, the comparison of self-administered
ropi 0.2% via interscalene catheter with intravenous
morphine for postoperative analgesia is interesting.
On the side of the surgery, the diaphragmatic excur-
sion, in normal or forced respiration, is no different
from control values at 24 and 48 hours after initiat-
ing the block. On the nonsurgical side, these values
are diminished. Secondly, the incidence of nausea
was 5.5% in the ropi group versus 60% in the mor-
phine IV group.

The successful use of a continuous bilateral inter-
scalene block for the purpose of postoperative anal-
gesia was reported in a 61-year-old female patient
suffering from systemic lupus erythematosus, with-
out pulmonary involvement. Ropi 0.2% at 7 mL/hr
on both sides was used. The spirometric data
decreased by 60%, but the patient remained eupneic.
The authors suggest limiting this technique to
patients with normal pulmonary function.

Lower limb

No difference in intraoperative and postoperative
data was demonstrated in a comparison of L-bupi
(20 ml, 0.5%) and ropi (20 ml, 0.5%) for sciatic nerve
block.’” The average length of time before the first
request for narcotics following a THR was compared
after ropi 0.75% or bupi 0.75% was administered for
femoral and sciatic nerve blocks. The average dura-



tion with ropi was 781 min [267-1725] and with bupi
was 912 min [235-1895] N.S.5¢ In comparing bupi
0.5% to ropi 0.75% for a sciatic nerve block during
surgery of the foot, the average duration before the
first request for narcotics was comparable to within a
few minutes. These results could be superimposed on
those obtained in the previous study, although the
concentration of bupi was 0.5% in the second
study.*® In another study, Ng examined the quality of
analgesia for up to 48 hours after TKR. At rest and
with movement, a “3 in 1” block achieved with
30 mL of ropi 0.25%, ropi 0.5%, or bupi 0.25%,
decreased opioid use for up to 48 hours in compari-
son with the control group. No difference in analge-
sia was noted between the 3 experimental groups.®
In a study using ropi 0.2% or 0.5% for “3 in 1”
blocks, Weber did not demonstrate a lengthening of
analgesic effect with the addition of adrenaline
1:200,000. The authors explained that the lack of
effect, also noted for brachial plexus and epidural
anesthesia, was due either to the long duration of
action of ropi or by its intrinsic vasoconstricting
effect.®! Finally, Casati demonstrated that clonidine
(1 pg/kg) prolongs the duration of action of ropi
0.75% when used for femoral and sciatic nerve
blocks.®2 Therefore, it may be concluded that there is
little advantage in using solutions at higher concen-
trations than ropi or bupi 0.5% for plexus blocks.

Intravenous blocks (Bier’s block)

Three studies®*** compared ropi 0.2% to lidocaine
0.5% for intravenous regional anesthesia of the
upper limb. The authors concluded that the inci-
dence of neurological manifestations was higher
with lidocaine; however, it should be noted that
these were benign manifestations with blood serum
levels of lidocaine at about 1.7 pg/mL. The duration
of postoperative analgesia with ropi was only 30
minutes longer than with lidocaine in 1 of the 5
nerve regions studied; the disappearance of the sen-
sory block was comparable 3 min after discontinu-
tion of the tourniquet in the other 4 regions. A
report estimating the ropi/lidocaine cardiac toxicity
ratio at 6.7° in pigs anesthetized by intracoronary
injection makes one question the appropriateness of
using this technique, given the marginal advantages
gained.

MISCELLANEOUS

Bay-Nielson compared bupi to L-bupi (0.25%) for
cutaneous infiltration during inguinal hernia repairs
under local anesthetic. No significant difference was
noted between the two groups.*’

The use of ropi has been reported in various clin-
ical contexts with mixed results. Among the most
recent are: scalp blocks in neurosurgery, ® intraperi-
toneal instillation after gynecological endosurgery,*
intraperitoneal instillation and infiltration after
endocholecystectomy,”! ilioinguinal block during
surgery for inguinal hernia,’>”® self-administration
into an inguinal surgical wound,’ infiltration of a
wound and irrigation via a surgical drain after shoul-
der surgery,” and intra-articular instillation after
knee surgery.”®’” This list is not exhaustive and for
more details, the reader should consult the publica-
tions cited.

COMPLICATIONS

Convulsions are the most frequently reported
complication following absorption of too high a
dose of ropi or its accidental intravascular injection,
either partial or complete, during the induction of a
block. These intravascular injections may occur even
when particular care is taken, their occurrence dur-
ing research projects attests to this.*’® Convulsions
and severe cardiac arrhythmias have occurred fol-
lowing the administration of 30 ml of ropi 0.75% for
a sciatic nerve block in a 74-year-old male patient
(90 kg). The entire dose was not intravenous since a
partial block was achieved.” A frequent comment in
describing these cases is that the reported event,
while unfortunate, attests to the safety of ropi, since
the patient only manifested convulsions. It should
be remembered that these cases are usually reported
in an anecdotal manner, that the doses administered
are generally large, and that the likelihood of
patients developing serious complications also
depends on their medical condition.

The intrinsic vasoconstricting effect of ropi has
the advantage of prolonging its effect.® It is probably
better to avoid its administration in cases where the
arterial circulation is terminal, as in the case of cir-
cumcision.®! A case of transitory radicular irritation
was reported following the intrathecal administra-
tion of ropi.?” There were serious reservations about
this diagnosis® and it is probably better to wait
before adding ropi to the list of local anesthetics
responsible for this phenomenon.

GENERAL RECOMMENDATIONS

The bupi/ropi ratio for cardiac toxicity after intra-
coronary injection in pigs is 2.° While the role of the
central nervous system in bupi intoxication is likely
significant,® the situation is not as clearly defined for
ropi. In order to take advantage of its lesser toxicity,
ropi should be given in doses that are similar to




TABLE 1: Patients described by Albright'

TABLE 2: Suggestions to limit toxicity of local anesthetics

Patient  Technique Local Anesth. Volume administered

Man/ Caudal

Etidocaine 1% Test dose 5 ml

68 kg* Followed by 20 ml
Interscalene Bupivacaine 0.5% 40 ml

Woman  Epidural Bupivacaine 0.75% 2 ml then 10 ml

(Caeserean) after 5 minutes
Axillary Bupivacaine 0.5% 40 ml
Interscalene Bupivacaine 0.5% 40 ml

Bupivacaine 0.5% 25 ml
Bier’s block 2-chloroprocaine 2% 25 ml

*The author mentions that aspiration through the Crawford needle
before, during and after injection of the therapeutic dose was negative.

those described for bupi, without looking for the
marginal advantages associated with higher doses
and concentrations. As for L-bupi, the situation is
more simple; it should be administered in the same
doses and concentrations as bupi since it is equally
potent and less toxic. Therefore, the following rea-
soning should be avoided: “Ropivacaine is less cardio-
toxic than bupivacaine and may be used in higher
doses in order to increase the quality of a block.”*

There are studies with experimental protocols in
the literature where the doses of ropi are 1.5 to 2
times that of bupi (0.5%), as reported by Albright
(Table 1). Solutions of ropi with concentrations rang-
ing from 0.75% to 1% were used in these experi-
ments. Thus, in equal doses, the use of increasing
concentrations of local anesthetic solutions causes
rapid increases in the blood serum level of the local
anesthetic and the slope of the increase plays a sig-
nificant role in the severity of toxic manifestations.
Furthermore, the percentage that is protein-bound
decreases as the blood serum level of local anesthetic
increases,® and this can increase the risks during an
accidental injection of these higher concentrations
of ropi. A long-acting local anesthetic is not always
necessary. The prudent clinician is completely justi-
fied in using a less toxic local anesthetic such as
lidocaine, or even 2-chloroprocaine if the clinical
situation allows. Table 2 gives suggestions for limit-
ing the risks of toxic effects from long-acting local
anesthetics.

One may attempt to justify the use of long-acting
local anesthetics for short surgical procedures
because postoperative analgesia is also obtained.
However, this usually lasts only a few hours and,
while the patient may be satisfied on leaving the
hospital, it will be a another story late in the evening
or during the night when he has to adjust his oral
medication to get pain relief. The use of a continu-
ous block, with the help of an intermediate-acting
local anesthetic, may be a judicious choice when it

1. Select the local anesthetic according to the duration of
the procedure; an intermediate-acting local anesthetic
may be used for many procedures.

2. When contemplating the use of a long-acting local
anesthetic, think of using a continuous block with an
intermediate-acting local anesthetic to initiate the block.

3. When executing a single-injection block of a long-acting
local anesthetic, replace bupi with ropi or L-bupi.

4. Use lower concentrations of long-acting local anesthetics
that have been demonstrated to be effective, without
looking for marginal advantages associated with higher
concentrations.

5. Unless it is contraindicated, always combine opioids with
local anesthetic infusions for postoperative analgesia by
epidural.

6. Unless it is contraindicated, always use a test dose and
divide the dose injected.

replaces a single, more toxic injection of local anes-
thetic. When a long-acting local anesthetic is used to
induce a block by single injection, it is generally
more advantageous to replace bupi with L-bupi
or ropi.

CONCLUSION

The new local anesthetics have much to offer our
patients. However, when using them, one should
remember the cases of serious toxicity described
since 1979 and not forget that there are less toxic
local anesthetics that are often appropriate for our
clinical needs. Nicolas M. Greene wrote in 1976, “If
he (the complete anesthetist) cares for 750 patients a
year, he orchestrates and selects anesthetic drugs to
assure that each of his 750 patients receives the best
that anesthesia has to offer... he gives 750 anesthetics
a year, not one anesthetic 750 times,"”* I remember.
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