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ABSTRACT

Background: Chloroprocaine has recently regained accessibility as
a short-acting local anesthetic in Canada. It offers an alternative to
bupivacaine, the predominant spinal anesthetic used at Vancouver
Coastal Health sites in Vancouver, British Columbia.

Objective: To compare the recovery profile of surgical patients who
received either chloroprocaine or bupivacaine for spinal anesthesia.

Methods: This multicentre retrospective cohort study involved adult
patients who received chloroprocaine or bupivacaine as spinal anesthetic
for short-duration surgery. The primary outcome was the time from
admission to the postanesthesia care unit (PACU) to discharge from

the PACU. Time from PACU admission to discharge readiness was also
assessed, along with the perioperative variables of type of operation
performed, duration of surgery, dose of anesthetic, dose of intraoperative
analgesic, and number of days from operation to hospital discharge.

Results: The study involved 145 patients aged 30 to 94 years: 72 who
received chloroprocaine and 73 who received bupivacaine. For the
primary outcome, there was a nonsignificant shorter time from PACU
admission to discharge for the chloroprocaine cohort (mean difference
36 minutes, p = 0.07). There was a significant difference favouring
chloroprocaine over bupivacaine in the time from PACU admission

to meeting PACU discharge criteria (mean difference 48 minutes,

p < 0.001). Chloroprocaine was associated with significantly shorter
surgery duration (mean difference 5 minutes, p = 0.026). Regression
analysis showed a significant correlation between the anesthetic given
and the time to meeting PACU discharge eligibility (p < 0.001).

Conclusion: Use of chloroprocaine was associated with earlier time
to patients meeting PACU discharge criteria. These findings support
the potential benefit of chloroprocaine over bupivacaine in terms of
achieving earlier PACU discharge readiness, although this difference
did not consistently translate into earlier actual PACU discharge.

Keywords: chloroprocaine, bupivacaine, spinal anesthesia,
postanesthetic recovery

RESUME

Contexte : La chloroprocaine est récemment redevenue disponible en tant
qu‘anesthésique local a action courte au Canada. Elle peut étre utilisée a la
place de la bupivacaine, I'anesthésique spinal prédominant utilisé aux sites
de Vancouver Coastal Health, a Vancouver (Colombie-Britannique).

Objectif : Comparer le profil de rétablissement des patients chirurgicaux ayant
recu de la chloroprocaine ou de la bupivacaine pour une anesthésie spinale.

Méthodologie : Cet examen rétrospectif multicentrique des dossiers
impliquait des patients adultes ayant recu de la chloroprocaine ou de la
bupivacaine comme anesthésique spinal pour une chirurgie de courte durée.
Le principal critere de I'évaluation était le temps écoulé entre |'admission

a l'unité de soins post-anesthésie (USPA) et le congé de I'USPA. Le temps
écoulé entre |'admission a I'USPA et la préparation au congé a également
été évalué, ainsi que des variables périopératives, soit, le type d'opération
réalisée, la durée de la chirurgie, la dose d'anesthésique, la dose d'analgésique
peropératoire et le nombre de jours entre |'opération et le congé de I'hopital.

Résultats : Cet examen portait sur 145 patients agés de 30 a 94 ans :
72 ayant recu de la chloroprocaine et 73, de la bupivacaine. Concernant
le principal critére de I'évaluation, un temps plus court mais non
statistiquement significatif entre I'admission a I'USPA et le congé pour la
cohorte de patients ayant recu de la chloroprocaine (différence moyenne
de 36 minutes, p = 0,07) a été constaté. On a par contre constaté une
différence significative en faveur de la chloroprocaine par rapport a la
bupivacaine quant au temps entre |I'admission a I'USPA et le moment ou
les critéres de congé de I'USPA étaient remplis (différence moyenne de
48 minutes, p < 0,001). La chloroprocaine a été associée a une durée de
chirurgie plus courte statistiquement significative (différence moyenne

5 minutes, p = 0,026). L'analyse de régression a montré une corrélation
significative entre I'anesthésique administré et le temps nécessaire pour
répondre aux critéres d'admissibilité au congé de I'USPA (p < 0.001).

Conclusion : L'utilisation de la chloroprocaine a été associée a un délai
plus court avant que les patients répondent aux critéres de congé de
I'USPA. Ces résultats appuient |'avantage potentiel de la chloroprocaine
par rapport a la bupivacaine sur le plan de la préparation plus précoce
au congeé de I'USPA, bien que cette différence ne se traduise pas
systématiquement en un congé réel plus rapide de I'USPA.

Mots-clés : chloroprocaine, bupivacaine, anesthésie spinale,
rétablissement post-anesthésique
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INTRODUCTION

Chloroprocaine is an amino-ester local anesthetic with a
short duration of action, favourable pharmacokinetic pro-
file, and potentially lower incidence of adverse effects,'”
offering an attractive alternative to its longer-acting
counterparts. However, chloroprocaine was removed from
the Canadian market in the 1980s due to a series of neuro-
toxic reactions attributed to the sodium bisulfite pre-
servative used in the formulation.*> Preservative-free
chloroprocaine re-emerged in 2004 and is widely used in
Europe and the United States; however, it is not marketed
in Canada.® In January 2021, Health Canada temporar-
ily permitted importation of US-labelled chloroprocaine
under the “No Objection Letter” process, with the goal of
reducing postoperative recovery time and expediting dis-
charge from the postanesthetic care unit (PACU) during
the COVID-19 pandemic.”

Previous comparative studies between chloropro-
caine and bupivacaine have indicated that chloroprocaine
is associated with a shorter duration of sensory and motor
block,813 faster time to ambulation,®!> and earlier dis-
charge from the PACU,!0121516 thus potentially stream-
lining patient care processes.

In this study, we aimed to evaluate whether the use of
chloroprocaine as spinal anesthesia was associated with
expedited postanesthetic recovery relative to bupivacaine
at our institutions. The primary outcome was the time
from PACU admission to PACU discharge. The secondary
outcomes were the time from PACU admission to PACU
discharge readiness, correlations with demographic and
perioperative variables, and incidences of intraoperative
hypotension and bradycardia.

METHODS

Ethical Considerations

Ethics approval was obtained from the University of British
Columbia Clinical Research Ethics Board and Vancouver
Coastal Health Research Institute. This study was reported
according to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines.

Study Design

We performed a retrospective cohort study analyzing the
medical records of patients at 3 hospital sites that were
using chloroprocaine for short surgical procedures. A
computer-generated search of the Cerner Electronic Med-
ical Record system identified all chloroprocaine orders
between August 2021 (when chloroprocaine became
accessible) and April 2023. A search for bupivacaine orders
in 2019, for purposes of comparison, generated 668 orders
for patients whose surgery lasted 1 hour or less. Cases in
the bupivacaine cohort were then matched with cases in the

chloroprocaine cohort according to procedure type, with
random selection (choosing each nth patient) when mul-
tiple bupivacaine patient records were available. We selected
bupivacaine orders from 2019 to reflect pre-COVID-19
surgical workflow. Patients with incomplete records for
PACU admission and discharge were excluded.

Data collected from the electronic medical records
were demographic variables (age, sex, American Society
of Anesthesiologists [ASA] class, and weight), procedure
type, duration of anesthesia and of surgery, and times from
PACU admission to discharge and to discharge readiness.
Time of discharge was based on the recorded timestamp
of physical discharge from the PACU. Time of discharge
readiness was the time when nursing staff recorded that
Vancouver Coastal Health’s PACU discharge criteria had
been met.!”” We also recorded the presence of intraopera-
tive hypotension or bradycardia (defined as 3 consecutive
readings in the operating room lower than 90 mm Hg or
60/minute, respectively).

Statistical Analysis

Analysis was completed using Microsoft Excel spreadsheet
software, version 2412. Unpaired f tests with assumption of
unequal variances were used to compare chloroprocaine
and bupivacaine groups for the various outcomes. Linear
regression was used to investigate the potential influence
of demographic and perioperative variables on outcomes.
Statistical significance was set a priori to p < 0.05, and
95% confidence intervals were determined for all analyses.

RESULTS

After elimination of patients without data for PACU admis-
sion and discharge times, the analysis of total PACU length
of stay included 72 patients in the chloroprocaine group and
73 patients in the bupivacaine group; the patients ranged
in age from 30 to 94 years. PACU discharge readiness was
documented for 66 chloroprocaine patients and 62 bupiva-
caine patients. Patient demographic and perioperative
details are presented in Table 1, along with surgery depart-
ment distribution. Outcome data are presented in Table 2.
The p values represent the differences between chloropro-
caine and bupivacaine cohorts for each variable. Regression
analysis is presented in Table 3.

Chloroprocaine patients were discharged from the
PACU 36 minutes earlier, on average, than the bupivacaine
group, although the difference was not statistically signifi-
cant (p = 0.07) (Table 2). Chloroprocaine recipients met the
PACU discharge eligibility 48 minutes earlier, on average,
than the bupivacaine group, a difference that was statis-
tically significant (p < 0.001). The average difference in time
from PACU admission to PACU discharge was 57 minutes
among admitted patients and 27 minutes among day sur-
gery patients (p < 0.001).
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The overall mean surgical time was 32 minutes, with
the chloroprocaine group having a significantly shorter
mean surgery duration (29 vs 34 minutes; p = 0.026)
(Table 1). The most common surgeries performed were
orthopedic and urological (Table 1), with the highest preva-
lence documented for open reduction and internal fixation
of the hip and cytoscopy with transurethral prostatectomy,
respectively. The most commonly reported anesthetic doses
were 50 mg of chloroprocaine (n = 48 [67%]) and 15 mg of
bupivacaine (n = 10 [14%]). In terms of intraoperative anal-
gesia, 56 (78%) of the chloroprocaine group and 64 (88%) of
the bupivacaine group received IV or intrathecal fentanyl.
In total, 12% of patients experienced intraoperative hypo-
tension and 12% experienced bradycardia, with no statis-
tically significant difference between cohorts (Table 2). Day
surgery cases accounted for 54 (37%) of our total sample.
Those who stayed as inpatients had a mean hospital stay

between surgery and discharge of 5.8 (standard deviation
14 days, range 0-125 days), with no significant difference
between cohorts (Table 1).

We examined correlations of demographic and perio-
perative variables with the time of PACU discharge and
discharge eligibility. No statistically significant correlations
were found, except between anesthetic given and time to
meeting PACU discharge eligibility (Table 3).

DISCUSSION

We hypothesized that our findings would align with ear-
lier literature, confirming that chloroprocaine facilitates
faster postanesthetic recovery and discharge relative to
bupivacaine. The hypothesis was partially supported, as
chloroprocaine was associated with faster PACU discharge
readiness but not faster PACU discharge. These results may

TABLE 1. Baseline Demographic and Perioperative Variables

Study Group; Mean = SD or No. (%) of Cases

Variable Chloroprocaine (n = 72) Bupivacaine (n = 73) p Value
Age (years) 71£15 74 12 0.29
Sex, male 44 (61) 45 (62) 0.95
Weight (kg) 75+ 18 76 + 15 0.66
ASA class 2.8+0.7 2.7+0.7 0.66
Duration of surgery, start to stop (minutes) 29+15 34+ 13 0.026
Total anesthetic dose (mg) 47 £5.0 18+26 NA
Total fentanyl dose (pg) 25 + 31 27 +35 0.64
Time between operation and hospital discharge (days) 6.9+19 48+175 0.38
Type of surgery
Orthopedic 41 (57) 40 (55) 0.73
Urologic 26 (36) 27 (37) 0.96
Gynecologic 2 (3) 2 (3) 0.99
General 3 (4) 4 (5) 0.71

ASA = American Society of Anesthesiologists, NA = not applicable, SD = standard deviation.

TABLE 2. Outcome Variables

Study Group; Mean =+ SD or No. (%) of Cases

Chloroprocaine Group

Bupivacaine Group Between-Group Difference

Variable (n=72) (n=173) (95% CI) p Value
Total PACU length of stay (minutes) 196 + 102 231 £129 -36 (=73.73 10 2.60) 0.07
Time from PACU admission to meeting 135 + 69 183 +78 —48 (-73.28 t0 —21.96) <0.001
discharge criteria (minutes)?

Intraoperative hypotension 8 (11) 9 (12) —-0.01 (-0.12 to 0.09) 0.82
Intraoperative bradycardia 6 (8 1 (15) —-0.07 (=0.17 to 0.04) 0.21

Cl = confidence interval, PACU = postanesthesia care unit, SD = standard deviation.
aSample size was 66 for chloroprocaine and 62 for bupivacaine due to absent records for time of PACU discharge readiness.
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TABLE 3. Linear Regression Analysis of Demographic and Perioperative Data with Outcome Variables

Variable Coefficient Standard Error p Value

Total PACU length of stay (n = 144)?
Age (years) 1.435 0.836 0.09
Weight (kg) —-0.255 0.611 0.68
ASA class 1.887 15.666 0.90
Surgery duration (minutes) 0.594 0.682 0.38
Anesthetic given -29.177 19.701 0.14
Amount of analgesic (ug) -0.392 0.295 0.19

Time from PACU admission to meeting discharge criteria (n = 127)2
Age (years) 0.332 0.577 0.57
Weight (kg) -0.116 0.422 0.78
ASA class —-0.938 10.309 0.93
Surgery duration (minutes) —-0.592 0.475 0.22
Anesthetic given —48.351 13.379 <0.001
Amount of analgesic (ug) -0.172 0.214 0.42

ASA = American Society of Anesthesiologists, PACU = postanesthesia care unit.

20ne patient in the chloroprocaine group was excluded from analysis due to lack of documentation of ASA class.

inform decisions on whether chloroprocaine should be
added to hospital formularies if it is remarketed in Canada.

Timely discharge of patients from the PACU increases
available bed space in the recovery room, thus improving
patient flow and allowing for more operative procedures
to be performed. Increasing the number of procedures was
the main reason for reintroducing the short-acting local
anesthetic chloroprocaine at our sites, at a time when there
was substantial pressure to decrease surgical waitlists. The
primary objective of our study was to determine whether
PACU length of stay differed between patients who received
chloroprocaine and those who received bupivacaine for
surgeries of short (< 60 minutes) duration. We found that
chloroprocaine accelerated PACU discharge by an average
of 36 minutes (although this result was not statistically sig-
nificant) and additionally led to significantly earlier PACU
discharge readiness (by 48 minutes on average).

Regression analysis supported the internal validity of
our study. The statistically significant influence of anes-
thetic choice on time to PACU discharge eligibility, but not
on time to PACU discharge, aligned with our study find-
ings. These results are consistent with a study by Lacasse
and others,” who observed similar PACU length of stay
despite significantly shorter time to discharge eligibility in
the chloroprocaine group.

These results support the potential for improving case
turnover by increasing PACU throughput. However, the
observed delay between discharge readiness and actual dis-
charge may negate the benefit gained from using a shorter-
acting anesthetic. We sought feedback from PACU staff
about this delay; they suggested that the delay might be
attributable to external factors such as a lack of inpatient
bed space and general staff and resource shortages. The
statistically significant difference of 30 minutes between

admitted patients and day surgery patients in terms of
time to PACU discharge supports the feedback we received.
Future studies could focus on patient movement out of
PACU, particularly in terms of inpatient flow, to determine
ways to improve efficiency.

Patients receiving chloroprocaine had significantly
shorter surgery durations (Table 1), which may reflect the
concept that anesthesiologists intentionally select chloro-
procaine for shorter surgeries. Although the lack of control
for surgery duration as a potential confounder in our sam-
ple complicates interpretation, the difference of 5 minutes in
surgical duration is unlikely to account for the 48-minute
difference in time to PACU discharge readiness.

The doses of chloroprocaine and bupivacaine admin-
istered align with accepted standards; notably, bupivacaine
dosing exhibits higher variability related to variation in
patients’ physical condition and surgery type.'®!® Although
not reflected in our results, previous literature suggests
higher analgesia doses with chloroprocaine, possibly due
to faster regression of spinal anesthesia with this drug.>20:2!
We observed no significant differences in intraoperative
hypotension or bradycardia between the chloroprocaine
and bupivacaine groups (Table 2). These end points were
recorded to compare safety profiles, as they are considered
primary adverse effects of these medications. However, there
are challenges in attributing spinal anesthesia as the caus-
ative factor for these effects, given the presence of poten-
tial confounders, especially the concurrent intraoperative
administration of fentanyl. Inconsistent findings in previous
research support the concept of confounder influence.*12-16
We were interested in capturing additional adverse effects,
such as urinary retention and transient neurologic symp-
toms, but the recording of these effects in patients’ charts
was inconsistent.
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Anesthetic costs are higher for chloroprocaine than for
bupivacaine. As such, and given our results, another future
study could be a cost-effectiveness analysis. It is unclear
whether using chloroprocaine rather than bupivacaine
would provide meaningful benefit in terms of costs, consid-
ering staff and space constraints that hindered immediate
PACU discharge even with decreased patient recovery time.

Our study had several limitations. The retrospective
design relied on the accuracy of computerized provider
order entry and charting. However, the operating room is
a highly controlled environment with well-practised work-
flows, which would support the validity of our results. Our
sample size was limited by the recent date of chloroprocaine
adoption, and the observational nature of the study intro-
duced biases and confounders. Nonstandardized doses of
various drugs, such as sedatives, vasopressors, and anal-
gesics, were given at the discretion of health care providers,
which further contributed to variability within our study
groups. Despite these limitations, this study serves as a
preliminary investigation of the ability of chloroprocaine
to decrease patient recovery times at our institutions. Any
future studies at our sites should adopt more rigorous ran-
domized controlled designs with larger sample sizes and
standardized protocols to enhance validity and minimize
confounding factors.

CONCLUSION

This multicentre observational study has illustrated the
impact of using chloroprocaine instead of bupivacaine as
spinal anesthetic at our institutions. By showing that chloro-
procaine elicits faster PACU discharge eligibility, our find-
ings support the potential of using chloroprocaine rather
than bupivacaine to achieve faster patient discharge readi-
ness. We recognize that addressing barriers to prompt PACU
discharge soon after achievement of patient readiness is cru-
cial to realizing the potential gains from chloroprocaine use.
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