
Summary : Ropivacaine has two advantages over bupi-
vacaine. It provides more differential block when given
epidurally, allowing for a better separation between sen-
sory and motor block. This feature can be used to its
advantage in obstetrics and in postoperative epidural
pain relief.
Ropivacaine has a lower systemic toxicity than both
racemic and levobupivacaine. Especially its better
cardiotoxic profile has been well documented and is an
important advantage when using techniques with a
potential for high plasma concentrations.
Ropivacaine is less potent than bupivacaine and has a
shorter duration of action. The magnitude of this poten-
cy difference however is not clearly quantified and
differs with varying techniques. In some studies, the
potency difference amounts up to 50% whereas in other
studies the difference is negligible.
The lower systemic toxicity of ropivacaine compared to
bupivacaine is not offset by a lower potency, as ropi-
vacaine in a 50% higher dose is still less cardiotoxic.

INTRODUCTION

Ropivacaine is structurally closely related to
bupivacaine, the difference being a propyl group
instead of a butyl group linked to the piperidine
ring. Contrary to racemic bupivacaine, ropivacaine
is supplied as the pure S-enantiomer.

Compared to racemic bupivacaine, ropivacai-
ne has more differential blockade and a lower sys-
temic toxicity. Controversy exists regarding the
potency of ropivacaine : in some areas it is clearly
less potent, whereas in other areas this is less
obvious.

In in-vitro (1, 2), clinical epidural (3-6) and
volunteer studies (7, 8), the greater separation
between sensory and motor blockade has been
amply demonstrated.

The lower central nervous system toxicity
compared lo racemic bupivacaine is illustrated by
the observation that in all animal species studied, a
higher dose of ropivacaine is necessary to provoke
convulsions (9-13). Ropivacaine has a lower
cardiotoxicity than racemic bupivacaine in in-vitro
as well as in animal studies (14-16) and in human
volunteers, it is better tolerated than bupivacai-

ne (17, 18). The toxicity will be discussed later in
more detail, together with the potency issue.

Based on its profile, ropivacaine may be pre-
ferable to bupivacaine. The greater sensory-motor
separation is advantageous in situations where
motor block is undesirable, such as in epidural
labor and postoperative analgesia. The lower syste-
mic toxicity is beneficial in situations with a poten-
tial for high plasma concentrations of local anes-
thetic, such as peripheral nerve block or epidural
anesthesia.

ROPIVACAINE IN LABOR

A number of studies compared ropivacaine
and racemic bupivacaine for epidural analgesia
during labour and delivery (19-17). All these stu-
dies reported similar analgesia for both drugs.

In a meta-analysis comprising approximately
400 parturients designed to compare ropivacaine
and racemic bupivacaine for labour analgesia with
respect to mode of delivery and neonatal outcome,
it was shown that the use of ropivacaine was asso-
ciated with significantly less motor block, more
spontaneous vaginal deliveries and less instrumen-
tal deliveries (28). This meta-analysis (29) has been
criticized for the relatively high doses used.
However, CAMPBELL et al. (29) studied ropivacaine
and bupivacaine 0.08% with fentanyl 2 µg/ml in a
PCEA setting. They found that pain relief was ade-
quate and similar in both groups, and the amount of
local anesthetic used per hour was also similar. The
incidence of forceps delivery was significantly
higher in the parturients receiving bupivacaine/
fentanyl compared to ropivacaine/fentanyl (35%
versus 10%).

Low-dose ropivacaine with fentanyl (30) or
sufentanil (31) has been found to be equally effec-
tive in providing labour analgesia as racemic bupi-
vacaine with fentanyl or sufentanil.
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These studies indicate that ropivacaine is well
suited for epidural pain relief during labor and deli-
very.

ROPIVACAINE FOR POSTOPERATIVE EPIDURAL ANALGESIA

Epidural infusion of local anesthetics is one of
the most effective ways of postoperative pain relief.
Apart from providing adequate pain relief, epidural
local anesthetics may promote reconvalescence by
blunting autonomic and somatic reflexes to pain.

The greater sensory-motor separation of ropi-
vacaine is a distinct potential advantage in this
area. The use of bupivacaine for postoperative anal-
gesia is often associated with partial and sometimes
complete motor block of the lower limbs and an
alternative drug with similar analgesic potency but
with less motor block would be an improvement.

In recent years there is an increased awareness
of the danger of low molecular weight heparin
(given to almost all postoperative patients) in com-
bination with central neuraxis blockade in terms of
the risk of developing a “silent” epidural haemato-
ma. The first symptom of an epidural haematoma is
often the appearance of complete motor block of
the lower limbs ; thus, the absence of motor block
when using postoperative epidural pain relief is
crucial in providing the clinician with a monitoring
tool. Last but not least, patient comfort is greatly
enhanced by the absence of motor block.

The efficacy of ropivacaine for postoperative
epidural pain relief has been determined in a num-
ber of studies. Several dose-finding studies compa-
ring different doses & volumes of ropivacaine ver-
sus placebo found that ropivacaine 0.2% in a volu-
me of 6-14 mL/h provided the best balance
between pain relief and side effects, i.c. motor
block (32-35).

However, not everybody agrees. In one study
investigating the efficacy of ropivacaine 0.2% for
postoperative pain relief after lower abdominal sur-
gery, it was concluded that ropivacaine had little
effect on pain relief while in higher doses it may be
associated with motor block (36).

In recent years, epidural pain relief has gradu-
ally shifted towards a multimodal approach, where
opioids are added to allow for a reduction in the
dose of local anesthetic and in line with this deve-
lopment, ropivacaine has been studied in combina-
tion with both fentanyl and sufentanil.

In a study designed to find the optimal fenta-
nyl dose in combination with ropivacaine 0.2%,
SCOTT et al. (37) found that 4 µg/mL fentanyl and

an hourly rate of 14 mL/h provided the best pain
relief. The combination of ropivacaine 0.1% and
sufentanil 1 µg/mL at a rate of 5-9 mL/h has been
shown to result in a sixfold decrease in intravenous
opioid requirements after total hip replace-
ment (38). Finally, BRODNER et al. (39) found that
sufentanil 0.75 µg/mL added to ropivacaine 0.2%
provided the best combination in terms of effective
postoperative analgesia and minimal side effects.

LIU and coworkers (40) studied three solutions
of ropivacaine with fentanyl in a patient-controlled
epidural analgesia setting. Patients received ropi-
vacaine 0.2% + fentanyl 4 µg/mL, or ropivacaine
0.1% + fentanyl 2 µg/mL, or ropivacaine 0.05% +
fentanyl 1 µg/mL. Background infusions and bolus
doses were chosen in such a manner that ropi-
vacaine and fentanyl doses were equivalent. They
found that all three solutions provided comparable
analgesia ; despite the fact that ropivacaine/fenta-
nyl consumption was highest in the group receiving
0.1% ropivacaine + fentanyl 2 µg/mL, motor block
was significantly more common and more intense
in the group receiving 0.2% ropivacaine + fentanyl
4 µg/mL. These findings suggest that concentration
rather than dose is the major determinant of motor
blockade.

The studies presented sofar investigated the
efficacy of ropivacaine, either alone or in combina-
tion with an opioid, in providing postoperative
epidural pain relief ; however, ropivacaine was
either compared to itself in various concentrations,
or to placebo. Obviously the important question is
how ropivacaine performs compared to bupivacai-
ne.

Ropivacaine and bupivacaine 0.2% without
opioids for postoperative epidural pain relief have
been compared in three double-blind studies.
MULDOON et al. (41) found that ropivacaine was
associated with significantly less motor block in
patients undergoing knee arthroplasty ; although
VAS-scores were slightly higher in the ropivacaine
group, the authors concluded that this latter diffe-
rence was small and clinically debatable, the
important finding being the difference in motor
block. Similar findings were reported by BERTINI

and coworkers, who found that ropivacaine and
bupivacaine provided equally satisfactory analgesia
after total hip replacement, but bupivacaine was
associated with much more intense motor
block (42). On the other hand, in women receiving
epidural pain relief with either ropivacaine or bupi-
vacaine after open hysterectomy, JORGENSEN et al.
found no differences between the two drugs with
respect to pain relief or motor block (43).
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Similarly, a number of studies have compared
the efficacy in providing postoperative pain relief
of ropivacaine and bupivacaine in combination
with fentanyl or sufentanil. In a study using conti-
nuous epidural infusion in combination with PCEA
(patient-controlled epidural analgesia) boluses,
BRODNER and colleagues (44) compared 1 µg/mL
sufentanil in combination with either ropivacaine
0.2% or bupivacaine 0.175%. Patients underwent
major abdominal surgery and the epidural catheters
were placed at the lower thoracic levels (T8-T11).
There were no differences in the quality of pain
relief and in Bromage scores, but in patients recei-
ving ropivacaine mobilization was restored earlier.
The total volume of local anesthetic used in each
group was approximately similar, indicating a 10-
15% difference in drug consumption.

In a similar study comparing 2 µg/mL fenta-
nyl in combination with either ropivacaine 0.2% or
bupivacaine 0.125%, BERTI et al. (45) found no dif-
ferences in terms of pain relief and motor block,
but patients in the bupivacaine group requested
more supplemental analgesia and had a higher
volume of infused analgesic solution, indicating
that the 40% gap in concentration was too large.
HUBLER et al. (46) studied the efficacy of postope-
rative thoracic epidural pain relief in patients
undergoing major urological surgery. They com-
pared five groups, receiving either bupivacaine
0.25% alone or in combination with sufentanil
0.5 µg/mL, ropivacaine 0.2% alone or in combina-
tion with sufentanil 0.5 µg/mL, or sufentanil
0.5 µg/mL alone. They concluded that the combi-
nation of ropivacaine with sufentanil was preferable
in terms of adequate pain relief and low incidence
of motor block.

HODGSON and LIU (47) studied the efficacy of
postoperative epidural pain relief with ropivacaine
or bupivacaine in equal concentrations of either
0.05% or 0.1% in combination with 4 µg/mL fenta-
nyl in patients who underwent abdominal surgery.
They found no differences and concluded that bupi-
vacaine and ropivacaine in the concentrations used
appeared clinically equipotent.

Finally, POUZERATTE and colleague (48) com-
pared ropivacaine 0.2% alone, ropivacaine 0.125%
plus sufentanil 0.5 µg/mL and bupivacaine 0.125%
with sufentanil 0.5 µg/mL for postoperative thora-
cic epidural pain relief after abdominal surgery.
They concluded that the combination of bupivacai-
ne and sufentanil was the most effective and did not
result in a higher incidence of motor block.

Postoperative epidural pain relief is usually
restricted to three days, but this may have pharma-

cokinetic consequences in terms of accumulation.
However, during a 72 h infusion it was shown that
total plasma concentrations of ropivacaine increase
steadily, but unbound (free) concentrations stabili-
ze (49) ; this is caused by an increase in the degree
of protein binding, secondary to an increase in the
plasma concentration of α1-acid glycoprotein over
time. These observations were confirmed in a study
where ropivacaine was infused for a period of 72-
120 h (50).

In our hospital, postoperative epidural analge-
sia is provided with a mixture of ropivacaine 0.2%
and sufentanil 1 µg/mL in a PCEA setting (back-
ground infusion 4-6 mL/h, bolus 2 mL, lock-out
20 min). With this mixture, adequate analgesia
without significant motor block is achieved in the
vast majority of patients provided the epidural
catheter is sited properly.

ROPIVACAINE IN SURGERY

In epidural anesthesia for surgery, similar
doses of ropivacaine and bupivacaine generally
yield similar sensory blockade while motor blocka-
de is less intense and of shorter duration (3-6). In
two of these studies, the duration of sensory bloc-
kade with ropivacaine was significantly shorter (3,
4).

The two drugs have been compared for bra-
chial plexus anesthesia (51-55). In equal doses, the
two drugs provided similar and virtually indistin-
guishable anesthesia, but in one study, the duration
of motor block at the wrist and hand when using
ropivacaine was significantly shorter (54).

A comparison of bupivacaine and ropivacaine
0.5% for combined lumbar plexus and sciatic nerve
block showed that both drugs were equally effica-
cious, but sensory block with bupivacaine lasted
significantly longer (56).

POTENCY & TOXICITY

Potency

Originally ropivacaine was believed to be
equipotent to bupivacaine with respect to sensory
blocking capacity and less potent regarding motor
blocking characteristics. This assumption was
based on one in-vitro study, in which it was demon-
strated that in equal doses the depressant effect of
bupivacaine on A-fibers was 16% greater than that
of ropivacaine, but only 3% greater on C-fibers (2).

© Acta Anæsthesiologica Belgica, 2003, 54, n° 2



144 R. STIENSTRA

Later, this sensory equipotency has been questioned
and the issue of potency has become the subject of
intense debate.

Initial studies comparing ropivacaine and
racemic bupivacaine for epidural anesthesia in con-
centrations of 0.5% and 0.75% found sensory block
characteristics to be similar (3-6), although dura-
tion of sensory blockade was significantly shorter
in some studies (3, 4) and showed a trend toward
shorter duration in other studies. In brachial plexus
anesthesia, ropivacaine and racemic bupivacaine
have been found to be equally efficacious (51-55).

Two studies comparing equal volumes of
ropivacaine 0.2% and racemic bupivacaine 0.25%
for caudal epidural analgesia in children found both
drugs to be equally effective and duration of ropi-
vacaine analgesia slightly longer, indicating that
ropivacaine would be slightly more potent than
bupivacaine (57, 58).

On the other hand, a study comparing ropi-
vacaine and racemic bupivacaine for spinal
anaesthesia, found ropivacaine to be 50% less
potent (59), and this finding has been confirmed in
a volunteer study (60).

Two studies aimed at determining the ED50 of
epidural ropivacaine and racemic bupivacaine in
parturients by an up-down sequential allocation
method found ropivacaine to be 40% less
potent (61, 12).

Overlooking the present literature, a confu-
sing picture regarding the potency of ropivacaine
thus arises : it seems that ropivacaine is more
potent than racemic bupivacaine when used for
caudal epidural analgesia in children, but 50% less
potent when used for spinal anesthesia !

Obviously, something is wrong with this pic-
ture. A confounding factor is that sensory equipo-
tency in clinical terms is a qualitative, and not a
quantitative endpoint : surgical anesthesia is ade-
quate or inadequate. Assuming a potency differen-
ce between ropivacaine and bupivacaine, there is a
fair chance that the dose-response curves will over-
lap especially at the high end, and together with the
absence of a precise quantitative measuring tool,
this will obscure differences in potency. A potency
difference will be more visible in the lower dose-
range, as demonstrated by the ED-50 studies in
laboring women. However, although the ED50 stu-
dies claiming a 40% potency difference are elegant
in design, they have a strong limitation in that they
only permit conclusions about one point of the
dose-response curve and it is questionable whether
or not an existing difference at the ED50-level may
be extrapolated to other parts of the dose-response

curve. In sharp disagreement with the conclusions
of the two ED50-studies mentioned above is that
none of the other labor studies comparing racemic
bupivacaine and ropivacaine have substantiated a
40% potency difference.

By contrast, these studies, that were aiming
for adequate pain relief in all parturients and there-
fore compared the two drugs at the higher end of
the dose-response curve, mostly came up with the
same conclusion : Equal doses yield similar anal-
gesia and the amount of drug used per unit of time
is similar. Reconciling these clinical findings with
a potency difference of 40% is clearly impossible.
Moreover, from a clinical point of view the ED50 is
irrelevant, as providing adequate pain relief in only
50% of the patients is not an acceptable goal.
Therefore, the clinical relevance of a potency diffe-
rence that is only obvious at the ED-50 level is
questionable. At least in obstetrics the question of a
difference in potency is irrelevant, the clinical pic-
ture being that ropivacaine provides similar pain
relief but less motor block compared to bupivacai-
ne and is associated with less instrumental delive-
ries (28, 29)

Another confounding factor in assessing dif-
ferences in potency arises when the clinical end-
point used for assessment is susceptible for bias,
for example pain scores. Patients often become
very appreciative of the extra medical attention
associated with participation in a trial, and may
become “eager to please” the investigator.

A third confounding factor is that ropivacaine
has a shorter duration of action than bupivacaine.
Generally speaking, there is an inverse relation
between tachyphylaxis and duration of action, and
this may obscure the picture when the drugs are
administered over a longer time period, such as in
postoperative epidural analgesia. Looking at the
studies that compared both drugs in this field, it
seems obvious that bupivacaine is more potent than
ropivacaine. This difference with obstetrics is most
likely explained on the basis of tachyphylaxis, as
duration in obstetric analgesia seldom exceeds
10 h, whereas epidural analgesia in the postopera-
tive period is often continued for several days.

The experience in our hospital supports the
notion of a potency difference becoming more
obvious over time. We have used a mixture of ropi-
vacaine 0.1% + sufentanil 0.5 µg/mL for both post-
operative and labor epidural pain relief for several
years. Whereas this mixture provides excellent
analgesia in more than 95% of laboring women
without additional interventions and is consequent-
ly still in use today, it was not equally successful in
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providing adequate postoperative analgesia and
based on an evaluation showing that interventions
were necessary in approximately 50% of the post-
operative patients we have increased the concentra-
tions of ropivacaine and sufentanil in our postope-
rative mixture to respectively 0.2% and 1 µg/mL
(vide supra).

Toxicity

Ropivacaine is less toxic than bupivacaine.
However, if ropivacaine is also less potent, the
question is if the reduction in toxicity is significant,
i.e., is ropivacaine still less toxic even when used in
higher doses ? Moreover, recently levobupivacaine
has become available. Like ropivacaine, levobupi-
vacaine also has a better toxicity profile but unlike
ropivacaine, levobupivacaine seems to be equipo-
tent to racemic bupivacaine. As a consequence, the
important issue here is : How does the reduction in
cardiotoxicity of levobupivacaine relative to race-
mic bupivacaine compare to the reduction in
cardiotoxicity of ropivacaine relative to racemic
bupivacaine, taking potency into account ?

Cardiotoxicity of local anesthetics has several
components. The blocking of sodium channels may
interfere with cardiac impulse conduction and thus
affect cardiac rhythm. In a study comparing the
direct cardiotoxicity of the isomers of bupivacaine
and ropivacaine, it was shown that in equal doses,
both isomers of bupivacaine prolong AV conduc-
tion time significantly more than the ropivacaine
isomers (63). In a study comparing the effects of
ropivacaine, levobupivacaine and racemic bupi-
vacaine on QRS-prolongation after intracoronary
injection in anesthetised swine, it was found that
ropivacaine induced the least degree of QRS and
Q-T interval widening, but there was no difference
in the lethal dose between levobupivacaine and
ropivacaine (64). In the isolated rabbit heart it has
been shown that racemic bupivacaine, levobupi-
vacaine and ropivacaine induce an increase in QRS
duration in the ratio of 1:0.4:0.3 (65). In a study in
anesthetized dogs it was demonstrated that the
cumulative dose necessary to cause cardiovascular
collapse was significantly larger for ropivacaine
compared to both levobupivacaine and racemic
bupivacaine (66) ; plasma concentrations post-
resuscitation were higher for ropivacaine than for
both levobupivacaine and racemic bupivacaine,
indicating a greater safety margin for ropivacaine ;
resuscitation was unsuccessful in 10% of the ropi-
vacaine animals as opposed to 30% and 50% of the

dogs receiving levobupivacaine or racemic bupi-
vacaine respectively.

In a comparative study in pregnant and non-
pregnant ewes, the risk of systemic toxicity was
greatest for racemic bupivacaine, intermediate for
levobupivacaine and least with ropivacaine. A
study comparing the systemic toxicity in rats
demonstrated that the cardiac toxicity of levobupi-
vacaine was intermediate between that of racemic
bupivacaine and ropivacaine, and resuscitation in
ropivacaine-induced asystole required a smaller
amount of epinephrine as compared to both levo-
bupivacaine and racemic bupivacaine (68).

As stated above, if ropivacaine and bupiva-
caine are not equipotent, then the difference in
potency has to be brought into the equation when
comparing systemic toxicity. Although the rela-
tionship between potency and systemic toxicity is
not linear, differences in systemic toxicity found at
equivalent doses may disappear at equipotent
doses. Assuming a 50% difference in potency,
DONY and colleagues (69) compared different doses
of ropivacaine and racemic bupivacaine in Wistar
rats and found that even at a 50% larger dose, ropi-
vacaine still showed a wider therapeutic index.
Similar results were obtained in a study where
ropivacaine in a 50% larger dose affected ventricu-
lar conduction less than bupivacaine ; this is an
important observation because apart from haemo-
dynamic depression, cardiac death as a result of
systemic local anesthetic toxicity is thought to
occur by the slowing of ventricular conduction
which in turn facilitates reentrant ventricular
arrhythmias & fibrillation (71).

Cardiotoxicity of local anesthetics is also
attributed to their ability to interfere with mito-
chondrial respiration. In a study comparing the
effects of ropivacaine and (racemic) bupivacaine on
mitochondrial energy metabolism in rat heart isola-
ted mitochondria, it was shown that ropivacaine
depresses mitochondrial ATP-synthesis less than
racemic bupivacaine (16). The same observation
has been confirmed in a study comparing inhibition
of ATP-synthesis in rat liver mitochondria (72). The
observed difference between ropivacaine and race-
mic bupivacaine in inhibiting ATP-synthesis has
been attributed to their difference in lipid solubility.

Since the lipid solubility of levobupivacaine is
similar to racemic bupivacaine, the interference of
levobupivacaine with mitochondrial respiration
will be similar to that of racemic bupivacaine, an
expectation that has recently been confirmed (73).

The fact that ropivacaine interferes with mito-
chondrial respiration to a lesser extent than both
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racemic and levobupivacaine suggests that reco-
very from cardiac ropivacaine intoxication will be
easier, and this has been observed in two studies
(66, 68).
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