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Abstract

Background Short-duration spinal anesthesia is a good

option for ambulatory knee surgery. Hyperbaric 2%

prilocaine has short onset and rapid recovery times and,

therefore, may be well suited in this setting. The aim of this

study was to compare the times to reach motor block,

motor block resolution, and discharge from the

postanesthesia care unit (PACU) between hyperbaric 2%

prilocaine and 0.4% plain ropivacaine.

Methods In this prospective randomized double-blind

study, 140 patients (ages 18-80 yr and American Society of

Anesthesiologists physical status I-II) scheduled for

elective unilateral arthroscopic knee surgery lasting\ 45

min were allocated to either 3 mL of 2% prilocaine (60 mg)

or 3 mL of 0.4% plain ropivacaine (12 mg). Time to reach

complete recovery of motor block, time to reach criteria for

discharge, as well as side effects up to 48 hr after

discharge were recorded.

Results The median (interquartile range [IQR]) time to

recovery from the motor block was faster in the 2% prilocaine

group compared with the 0.4% ropivacaine group (180 [169-

240] min vs 240 [180-300] min, respectively; median

difference, 60 min, 95% confidence interval (CI), 23 to 97

min; P = 0.036). The median [IQR] time to reach discharge

criteria was similar between the two groups (330 [295-365]

min vs, 335 [290-395] min; median difference 5 min, 95% CI,

-25 to 35 min; P = 0.330). The incidence of side effects was

low and similar in both groups. No case of transient

neurologic symptoms occurred in either group.

Conclusion The recovery of motor block was faster after

intrathecal administration of hyperbaric 2% prilocaine

compared with 0.4% plain ropivacaine; however,

discharge time was similar between the two groups. Both

drugs showed a similar risk profile.

Résumé

Contexte La rachianesthésie de courte durée est une

bonne option lorsqu’on pratique une chirurgie ambulatoire

du genou. Le délai d’action de la prilocaı̈ne 2 % hyperbare

est court et son temps de récupération rapide; cet agent
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pourrait donc être adapté pour cette indication. L’objectif

de cette étude était de comparer le temps jusqu’à

installation du bloc moteur, jusqu’à résolution du bloc

moteur, et jusqu’au congé de la salle de réveil entre la

prilocaı̈ne 2 % hyperbare et la ropivacaı̈ne 0,4 %.

Méthode Dans cette étude randomisée prospective à

double insu, 140 patients (âgés de 18 à 80 ans et de statut

physique I-II selon l’American Society of

Anesthesiologists) devant subir une arthroscopie

unilatérale du genou non-urgente d’une durée de moins

de 45 minutes ont reçu soit 3 mL de prilocaı̈ne 2 % (60

mg), ou 3 mL de ropivacaı̈ne 0,4 % (12 mg). Le temps

jusqu’à résolution complète du bloc moteur, le temps

jusqu’à atteinte des critères nécessaires au congé, ainsi

que les effets secondaires jusqu’à 48 h après le congé ont

été enregistrés.

Résultats Le temps médian (écart interquartile [ÉIQ])

jusqu’à récupération du bloc moteur était plus court dans

le groupe prilocaı̈ne 2 % que dans le groupe ropivacaı̈ne

0,4 % (180 [169-240] min vs. 240 [180-300] min,

respectivement; différence médiane, 60 min, intervalle de

confiance (IC) 95 %, 23 à 97 min; P = 0,036). Le temps

médian [ÉIQ] jusqu’à atteinte des critères de congé était

semblable dans les deux groupes (330 [295-365] min vs.

335 [290-395] min; différence médiane 5 min, IC 95 %, -25

à 35 min; P = 0,330). L’incidence d’effets secondaires était

faible et semblable dans les deux groupes. Il n’y a pas eu

de cas de symptôme neurologique transitoire.

Conclusion La récupération après un bloc moteur est

plus courte après l’administration intrathécale de

prilocaı̈ne 2 % hyperbare comparativement à la

ropivacaı̈ne 0,4 %; toutefois, le temps jusqu’au congé

était semblable dans les deux groupes. Le profil de risque

des deux médicaments était semblable.

Same-day surgery has gained popularity and success due to

proper patient selection and associated positive outcomes.1-3

Moreover, fast-track anesthetic techniques for day surgery

that facilitate earlier hospital discharge4,5 have been

introduced to reduce in-hospital associated costs.6

Spinal anesthesia has been a focus of attention in same-

day surgery.7-9 Both short- and long-acting local

anesthetics have been used and were shown to have

advantages and disadvantages.10-12 The ideal spinal

anesthetic for same-day surgery should provide rapid and

adequate anesthesia for an appropriate duration, followed

by rapid regression of sensory and motor blockade, rapid

bladder voiding, and minimal residual effects to facilitate

early ambulation.13-15

Prilocaine is characterized by rapid onset and regression

of sensory and motor blockade and a good safety

profile,16-20 while ropivacaine is a long-lasting local

anesthetic.21,22 Ratsch et al. showed faster block

recovery, which translated into faster discharge,10 with

the use of hyperbaric 2% prilocaine 60 mg vs hyperbaric

0.5% bupivacaine 15 mg for ambulatory spinal anesthesia.

To date, studies are lacking that compare intrathecal use

of hyperbaric 2% prilocaine with 0.4% plain ropivacaine,

which the latter is known to have faster recovery times than

bupivacaine.23,24 The primary outcome of this study was

the time from spinal anesthesia to complete motor block

resolution. Secondary outcomes were time to discharge

from the postoperative care unit (PACU), onset time of

spinal block, time to first spontaneous bladder voiding, and

the incidence of side effects (bradycardia, hypotension) and

complications, including transient neurological symptoms

(TNS).

Methods

After obtaining approval from the local ethics committee

(Ethikkommission Kt. Luzern, Nr: 831) and written

informed consent from participants, 140 American

Society of Anesthesiologists I-II patients scheduled for

elective unilateral arthroscopic knee surgery lasting \ 45

min were enrolled in this prospective double-blind single-

centre controlled trial. Group allocation was performed

according to a computerized randomization list. Exclusion

criteria were age\18 yr, age[80 yr, obesity (body mass

index [ 40 kg�m-2), known or suspected coagulopathy

(international normalized ratio [ 1.2), thrombocytopenia

(platelet count \ 100,000•lL-1), known peripheral

neuropathy or neurological deficits, chronic pain

disorders, history of postoperative nausea and vomiting

(PONV), pregnancy, and known allergy to study drugs.

The anesthetic solutions (3 mL of commercially

available hyperbaric 2% prilocaine [60 mg] or 3 mL of

specially prepared 0.4% plain ropivacaine [12 mg]) were

handed to the anesthesiologist in a blinded fashion (in a

pre-prepared syringe) immediately before puncture.

Premedication was performed 30 min prior to anesthesia

induction with oral paracetamol 1 g and oral midazolam

7.5 mg. Standard monitoring with continuous 3-lead

electrocardiogram, noninvasive blood pressure, and pulse

oximetry was initiated in the induction room, and an

intravenous peripheral access was obtained. Ringer’s

lactate solution was infused at a rate of 4 mL�kg-1�hr-1

throughout the procedure. Patients were placed in the

lateral recumbent position on the surgical side, and the L3/

L4 intervertebral space was then manually identified and

marked. After disinfection and draping of the puncture site,

local anesthesia was performed with a subcutaneous

injection of 2 mL of 1% lidocaine. Spinal anesthesia was
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performed via the paramedian approach using a 27G pencil

point needle, and the anesthetic solution was injected over

a period of 30 sec with the bevel pointing upward. Patients

were then immediately turned to the supine position, and

dermatome extension of sensory blockade was assessed

every five minutes with cold spray stimulation in the

anterior axillary line. Motor blockade was also assessed

every five minutes after injection according to the Bromage

score which ranges from 1 to 4 (where 1 = no motor block;

2 = partial block, able to flex the knee and ankle; 3 = partial

block, only plantar flexion of the ankle possible; 4 =

complete block, no voluntary movement of the limb

possible). Successful anesthesia was defined as a target

dermatome of T10 and a Bromage score of 4 achieved at 20

min following the injection.

Bradycardia\45 beats�min-1 was treated with atropine

0.01 mg�kg-1 iv. Hypotension, defined as systolic blood

pressure\85 mmHg, was treated with (1) ephedrine 5-10

mg iv, (2) a second dose of ephedrine, and (3) additional

fluid replacement with intravenous administration of 250

mL of hydroxyethyl starch (Voluven�) if required. Oxygen

was applied via nasal cannula if SpO2 decreased to\95%.

According to our clinical standard and for patient

comfort, mild to moderate sedation was performed with

propofol using a target-controlled infusion with effect-site

concentrations of 0.5 to a maximum of 0.8 lg�mL-1.

Sedation was monitored using the modified Observer’s

Assessment of Alertness/Sedation Scale (where a score

of 4 = lethargic responses to name in normal tone,

corresponding to mild sedation levels; and a score of 3 =

responds only after name is called loudly and/or repeatedly,

corresponding to moderate sedation levels). Rescue

analgesia was achieved using fentanyl up to 0.1 mg iv if

necessary.

The patients were transferred to the PACU following

surgery where a study nurse unaware of the study group

assignment registered the following parameters: time of

motor block regression to Bromage score 1; time of

sensory block regression to dermatome T12 using

temperature discrimination; pain using the visual

analogue scale (VAS), where 0 = no pain to 100 = worst

pain imaginable; time of first spontaneous bladder voiding;

first oral liquid intake; the incidence of nausea (patient’s

subjective sensation of feeling sick or wishing to vomit);

vomiting (expulsion of gastric content); headache;

discomfort or pain at the puncture site; and the

occurrence of TNS, defined as burning pain and

dysesthesia in the L5/S1 dermatomes. In our setting, the

PACU is linked to the day hospital; patients are discharged

to home from this location, avoiding physical transfer to

the ward. According to our protocol, the standard criteria

for home discharge were VAS\30, bilateral regression of

sensory block below T12 level, Aldrete score C 8,25 no

surgical bleeding, and no PONV. In addition, spontaneous

bladder voiding, regression of motor block (Bromage score

1), uncomplicated oral liquid intake, and no neurologic

deficits were required.

Postoperative analgesia was accomplished with oral

paracetamol 1 g at six hourly intervals and oral etodolac

300 mg at 12 hourly intervals. Additionally, a bolus of

morphine 0.05 mg�kg-1 iv was given for severe pain

(VAS[ 60) during the PACU stay.

Prior to patient discharge home, overall patient

satisfaction (range from 1 = absolutely satisfied to 10 =

absolutely not satisfied) was recorded.

On the second postoperative day after surgery, a study

nurse unaware of study group assignment interviewed all

patients by telephone regarding side effects (urinary

retention, headache, pain at the puncture site), with

special focus on neurologic complications, especially

TNS (according to the criteria described by Hampl

et al.26 and Zaric et al.).27

Statistics

According to an unpublished pilot study, interindividual

standard deviation of time to motor block recovery from

0.4% ropivacaine was 60 min. A reduction of 30 min using

2% prilocaine was considered clinically significant.

Therefore, using type I (a) and type II (b) errors of 0.05

and 0.2, respectively, we calculated that a sample size of 64

patients in each group would be necessary. To compensate

for possible drop outs, we enrolled 70 patients per group.

Non-normally distributed continuous variables were

analyzed using the Mann-Whitney U test with Bonferroni

correction, with differences between groups described as

the difference in medians. For non-normally distributed

variables, 95% confidence intervals (CIs) of the differences

in the medians between groups were constructed using the

bootstrap procedure with 10,000 replications. Normally

distributed continuous variables were analyzed using the

Student’s t test and described using differences in means

with conventionally constructed 95% CIs. Chi square2 tests

were used to analyze categorical variables. All reported P

values are two sided. Statistical analysis was performed

using SPSS� version 22 (IBM, NY, USA) and Numbers ’09

version 2.1 (Apple Inc., Cupertino, CA, USA) software.

Results

One hundred forty patients were included in the study

during January 2011to December 2012. Seventy patients

were randomized to each group. In the prilocaine group,

five patients did not complete the study. There was one
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technical failure of spinal anesthesia (difficulty in

reaching the subdural space due to bone deformities)

requiring general anesthesia, three protocol violations

(surgery time[ 80 min) with need for general anesthesia,

and one case of hemodynamic instability (after

application of intravenous antibiotics) requiring

treatment (Figure). In the ropivacaine group, six patients

did not complete the study. There were two failures of

spinal anesthesia (difficulty in reaching the subdural space

due to bone deformities) requiring general anesthesia,

three protocol violations (surgery time [ 80 min) with

need for general anesthesia, and one withdrawal of

consent prior to spinal anesthesia (Figure). Side effects

of two patients in the prilocaine group could not be

collected (Table 4).

Patient demographics were similar in both groups

(Table 1).

The mean (SD) time to onset of sensory block was

significantly shorter in the 2% prilocaine group than in the

0.4% ropivacaine group [4.2 (1.1) min vs 5.2 (1.0) min,

respectively; P \ 0.001]. The required block level (T10

within 20 min), intensity of sensory and motor block, and

motor block onset time were similar between the two

groups (Table 2). Maximum sensory block level was

similar between groups (T5 for prilocaine vs T6 for

ropivacaine). All patients tolerated the tourniquet during

the whole procedure without administration of rescue

analgesia or increase in sedation. Surgical times were

comparable between groups.

Patients in the 2% prilocaine group had a significantly

faster median (interquartile range [IQR]) resolution of

motor block than patients in the 0.4% ropivacaine group

(180 [169-240] min vs 240 [180-300] min, respectively;

median difference, 60 min, 95% confidence interval (CI),

23 to 97 min; P = 0.036), while there was no difference in

sensory block regression between groups (120 [120-180]

min vs 120 [70-180] min, respectively; median difference,

0 min; 95% CI, -29 to 29 min; P = 0.702) (Table 2). The

median [IQR] time to spontaneous bladder voiding was

also similar between groups (250 [231-300] min vs 270

Flow diagram according to CONSORT statement.

Assessed for eligibility n = 150

Analyzed in prilocaine group n = 65 Analyzed in ropivacaine group n = 64

Not included n = 10
• Not meeting inclusion criteria n = 2
• Declined to participate        n = 8

Excluded n = 5

Randomized n = 140 

Allocated to prilocaine 2% n = 70 Allocated to ropivacaine 0.4% = 70

Excluded n = 6

Figure Study design according

to the CONSORT statement

Table 1 Demographic data

Patient characteristics Prilocaine 2%

(n = 65)

Ropivacaine 0.4%

(n = 64)

Male/female (n) 40/25 41/23

Age (yr) 48 (18) 51 (24)

Weight (kg) 71 (15) 74 (18)

Height (cm) 170 (8) 172 (6)

ASA class I/II (n) 35/30 40/24

Data expressed as number or mean (SD). ASA = American Society of

Anesthesiologists classification
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[235-320] min, respectively; median difference, 20 min;

95% CI, -9 to 49 min; P = 0.185) (Table 3). There was no

need for urinary catheter insertion in either group.

The median [IQR] time from spinal anesthesia to

discharge home was similar in both groups (330 [295-

365] min vs, 335 [290-395] min; median difference 5 min,

95% CI, -25 to 35 min; P = 0.330) (Table 3).

Pain at discharge, analgesic consumption, and the

occurrence of side effects were similar between groups

(Table 4). All patients but one (satisfaction score 8) were

Table 2 Block characteristics

Block characteristics Prilocaine 2%

(n = 65)

Ropivacaine 0.4%

(n = 64)

Difference between groups

(95% CI of difference)

P value

Maximal sensory block T5 [T4-T7] T6 [T5-T8] - -

Time sensory block onset (T10) (min) 4.2 (1.0) 5.2 (1.1) 1 (0.6 to 1.3) \0.001

Sensory block offset (T12) (min) 120 [120-180] 120 [70-180] 0 (-29 to 29)� 0.702

Maximal motor block 20 min: Bromage 1-2-3-4 (n) 0-0-0-65 0-0-0-64 - -

Time offset motor block (Bromage 1) (min) 180 [169-240] 240 [180-300] 60 (23 to 97)� 0.036

Data are expressed as number, mean (SD), or median [interquartile range]. The difference between groups is for the ropivacaine group compared

with the prilocaine group

�Bootstrapped 95% confidence interval with 10,000 replications. P value from Mann-Whitney U test; CI = confidence interval

Table 3 Block times

Time Prilocaine 2%

(n = 65)

Ropivacaine 0.4%

(n = 64)

Difference between groups

(95% CI of the difference)�
P value

Surgery time (min) 21 [20-44] 25 [21-35] 4 (-0.1 to 8.1) 0.100

Time from SPA until end of surgery

(min)

55 [46-61] 56 [50-68] 1 (-2 to 4) 0.059

Time to first oral intake (min) 130 [120-169] 125 [100-180] -5 (-24 to 14) 0.489

Time to first spontaneous voiding

(min)

250 [231-300] 270 [235-320] 20 (-9 to 49) 0.185

Time from SPA to discharge home

(min)

330 [295-365] 335 [290-395] 5 (-25 to 35) 0.330

Data are expressed as median [interquartile range]. The difference between groups is for the ropivacaine group compared with the prilocaine

group

�Bootstrapped 95% confidence interval with 10,000 replications. P value from Mann-Whitney U test. CI = confidence interval; SPA = spinal

anesthesia

Table 4 Block side effects

Time Prilocaine 2%

(n = 63)

Ropivacaine 0.4%

(n = 64)

P value

Pain at discharge (NRS 0-10) 0 [0-1] 0 [0-0] 0.082

Nausea 1 (1.6%) 3 (4.7%) 0.317

Vomiting 0 (0%) 1 (1.6%) 0.319

Hypotension (SBP\ 85 mmHg) 14 (22%) 19 (29.7%) 0.338

Bradycardia (HR\ 45 beats�min-1) 3 (4.8%) 5 (7.8%) 0.479

Headache 0 (0%) 0 (0%) 1

Backache 0 (0%) 0 (0%) 1

Transient neurological symptoms 0 (0%) 0 (0%) 1

Data are expressed as number (%) or median [interquartile range]

HR = heart rate; NRS = numeric rating scale; SBP = systolic blood pressure
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completely satisfied with the procedure and the

investigation without differences between groups.

Follow-up at 48 hr did not detect any complications in

either group. In particular, no transient neurological

symptoms were reported in either group (Table 4).

Discussion

This study showed that intrathecal hyperbaric 2%

prilocaine has a significantly faster onset of sensory

block and a significantly faster recovery from motor

block compared with 0.4% plain ropivacaine; however,

the faster recovery of motor block in the 2% prilocaine

group did not translate into faster discharge times.

Previous studies reported that varying the concentration

of local anesthetic may affect the potency of spinal

anesthesia.28,29 The decision to reduce the concentration

of the commercially available 0.5% ropivacaine was based

on the clinical experience that this concentration leads to a

longer lasting motor block. Moreover, studies have shown

that concentrations of 0.5% and 0.4% had similar efficacy

and relative potency after intrathecal application for lower

limb surgery.30 The choice of a 12 mg dose for the 0.4%

ropivacaine group was in accordance with results of

different dose-finding studies.22,31,32 For prilocaine, the

dose of 60 mg was chosen in accordance with the results of

a study by Camponovo et al. Their study results showed

that 13% of patients receiving 40 mg of intrathecal

hyperbaric 2% prilocaine and none of the patients

receiving 60 mg of plain prilocaine needed

supplementary analgesics prior to the end of surgery.33

The discharge time of patients in the plain ropivacaine

group was in accordance with other studies comparing

plain ropivacaine with hyperbaric ropivacaine at doses up

to 15 mg.34-37 Nevertheless, it is difficult to compare

sensory or motor recovery due to a number of differences

between the various studies, including study design,

injection techniques (median, paramedian, slow injection,

needle orifice facing up or toward the patient’s

head/toe),11,33 needles (25-27G),33,38 location of lumbar

space (L1/L2 – L4/L5),38,39 patient management after

injection (immediate turning to supine position or

remaining in the lateral position for a longer period),38-40

and motor scales (Bromage, modified Bromage

scale).33,35,41,42

The mean (SD) time from spinal anesthesia to discharge

home was 346 (73) min in the ropivacaine group. This time

is in accordance with the mean (SD) values found by Casati

et al. [322 (57) min] in patients scheduled for inguinal

herniorrhaphy under unilateral spinal anesthesia.38

Cappelleri et al. had a shorter discharge time (197 min;

range, 177-218 min) using a smaller dose (7.5 mg) for knee

arthroscopy40; however, they used hyperbaric ropivacaine

and kept the patients in the lateral decubitus position for 15

min after injection. Breebaart et al. had a comparable mean

(SD) discharge time [305 (73) min] despite using a larger

dose (15 mg) of plain ropivacaine but at a higher

concentration (0.75%).43

The 2% prilocaine group showed a mean (SD) discharge

time of 334 (55) min, which is comparable with previous

data from Hampl et al.26 (253 min after 50 mg hyperbaric

2% prilocaine) and Ratsch et al.10 (308 min after

hyperbaric 2% prilocaine 60 mg). As previously

mentioned, the differences in time can be explained by

different techniques used for spinal anesthesia, dosages,

and discharge criteria.

Urinary retention has been reported in 25% of patients

after 60 mg of intrathecal prilocaine.44 In our study, this

side effect was not observed in either group. Nevertheless,

in the present work, the mandatory bladder voiding

requirement before discharge could have prolonged the

discharge time. In this study, the mean (SD) bladder

voiding time in the ropivacaine group was achieved after

273 (61) min, which is consistent with other studies.38,40,43

Sensory onset time was significantly faster in the 2%

prilocaine group, but the spread of the sensory block was

comparable in both groups. In contrast, Ratsch et al. found

a significantly higher sensory block spread with hyperbaric

0.5% bupivacaine compared with hyperbaric 2%

prilocaine, but the patients were in the sitting position

after injection.10

The mean (SD) sensory (T12 level) and motor block

regression (Bromage 1) in the ropivacaine group were 137

(78) min and 225 (81) min, respectively. These times are

longer when compared with other studies but can be

explained by different patient positioning,38 lower drug

dosage,40 and ropivacaine concentration.43

The incidence of side effects was low and similar in

both groups. Back pain did not occur in either group. This

was a concern for intrathecal ropivacaine, since early

reports showed a 28% incidence of back pain.45

Nevertheless, these findings were not confirmed by other

studies.44

No transient neurological symptoms occurred in either

group, which is in accordance with current

literature,27,33,39,46 suggesting that both local anesthetics

are safe for same-day spinal anesthesia. The low mean

(SD)VAS at discharge [9 (2) for prilocaine; 5 (1) for

ropivacaine] associated with high patient satisfaction and

uneventful follow-up showed that both hyperbaric 2%

prilocaine and 0.4% plain ropivacaine were equally safe for

short-lasting same-day spinal anesthesia.

In conclusion, recovery from motor block was

significantly faster in the hyperbaric 2% prilocaine group,

but this potential advantage did not translate into a faster
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time to discharge to home. This finding can likely be

explained by the strict discharge criteria used in this

investigation. This issue warrants further investigation

through testing of different drug dosages and discharge

criteria. Side effects and patient satisfaction were similar in

the two groups. Both hyperbaric 2% prilocaine and plain

0.4% ropivacaine are reasonable choices for same-day

arthroscopic knee surgery.
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