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Abstract

Background Distal radius fractures are very common

injuries and surgical treatment for them can be painful.

Achieving early pain control may help improve patient

satisfaction and improve functional outcomes. Little is

known about which anesthesia technique (general anes-

thesia versus brachial plexus blockade) is most beneficial

for pain control after distal radius fixation which could

significantly affect patients’ postoperative course and

experience.

Questions/Purposes We asked: (1) Did patients receiving

general anesthesia or brachial plexus blockade have worse

pain scores at 2, 12, and 24 hours after surgery? (2) Was

there a difference in operative suite time between patients

who had general anesthesia or brachial plexus blockade,

and was there a difference in recovery room time? (3) Did

patients receiving general anesthesia or brachial plexus

blockade have higher narcotic use after surgery? (4) Do

patients receiving general anesthesia or brachial plexus

blockade have higher functional assessment scores after

distal radius fracture repair at 6 weeks and 12 weeks after

surgery?

Methods A randomized controlled study was performed

between February, 2013 and April, 2014 at a multicenter

metropolitan tertiary-care referral center. Patients who

presented with acute closed distal radius fractures

(Orthopaedic Trauma Association 23A-C) were potentially

eligible for inclusion. During the study period, 40 patients

with closed, displaced, and unstable distal radius fractures

were identified as meeting inclusion criteria and offered

enrollment and randomization. Three patients (7.5%), all

with concomitant injuries, declined to participate at the

time of randomization as did one additional patient (2.5%)

who chose not to participate, leaving a final sample of 36

participants. There were no dropouts after randomization,

and analyses were performed according to an intention-to-

treat model. Patients were randomly assigned to one of

two groups, general anesthesia or brachial plexus block-

ade, and among the 36 patients included, 18 were

randomized to each group. Medications administered in

the postanesthesia care unit were recorded. Patients were

discharged receiving oxycodone and acetaminophen 5/325

mg for pain control, and VAS forms were provided.

Patients were called at predetermined intervals postoper-

atively (2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48

hours, and 72 hours) to gather pain scores, using the VAS,

and to document the doses of analgesics consumed. In

addition, patients had regular followups at 2 weeks, 6

weeks, and 12 weeks. Pain scores were again recorded

using the VAS at these visits.
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Results Patients who received general anesthesia had

worse pain scores at 2 hours postoperatively (general

anesthesia 6.7 ± 2.3 vs brachial plexus blockade 1.4 ± 2.3;

mean difference, 5.381; 95% CI, 3.850–6.913; p\0.001);

whereas reported pain was worse for patients who received

a brachial plexus blockade at 12 hours (general anesthesia

3.8 ± 1.9 vs brachial plexus blockade 6.3 ± 2.4; mean

difference, �2.535; 95% CI, �4.028 to �1.040; p = 0.002)

and 24 hours (general anesthesia 3.8 ± 2.2 vs brachial

plexus blockade 5.3 ± 2.5; mean difference, �1.492; 95%

CI, �3.105 to 0.120; p = 0.031).There was no difference in

operative suite time (general anesthesia 119 ± 16 minutes

vs brachial plexus blockade 125 ± 23 minutes; p = 0.432),

but time in the recovery room was greater for patients who

received general anesthesia (284 ± 137 minutes vs 197 ±

90; p = 0.0398). Patients who received general anesthesia

consumed more fentanyl (64 lg ± 93 lg vs 6.9 lg ± 14

lg; p\ 0.001) and morphine (2.9 lg ± 3.6 lg vs 0.0 lg;
p \ 0.001) than patients who received brachial plexus

blockade. Functional outcome scores did not differ at 6

weeks (data, with mean and SD for both groups, and p

value) or 12 weeks postoperatively (data, with mean and

SD for both groups, and p value).

Conclusions Brachial plexus blockade pain control dur-

ing the immediate perioperative period was not

significantly different from that of general anesthesia in

patients undergoing operative fixation of distal radius

fractures. However, patients who received a brachial

plexus blockade experienced an increase in pain between

12 to 24 hours after surgery. Acknowledging ‘‘rebound

pain’’ after the use of regional anesthesia coupled with

patient counseling regarding early narcotic administration

may allow patients to have more effective postoperative

pain control. It is important to have a conversation with

patients preoperatively about what to expect regarding

rebound pain, postoperative pain control, and to advise

them about being aggressive with taking pain medication

before the waning of regional anesthesia to keep one step

ahead in their pain control management.

Level of Evidence Level 1, therapeutic study.

Introduction

Distal radius fracture fixation is one of the most commonly

performed orthopaedic procedures but may be extremely

painful for the patient, which can adversely affect patient

outcomes and experience. General anesthesia and regional

anesthesia are the current gold standards for intraoperative

anesthesia. Regional anesthesia has a proven track record for

success in upper and lower extremity surgery [5, 16]. In the

upper extremity it frequently involves brachial plexus block-

ade fromvarious approaches (interscalene, supraclavicular, or

infraclavicular). Strode [21] reported this method of anes-

thesia in 1929 for the treatment of fractures of the arm, and its

use can be traced as far back as the late 1800s. Previous studies

have shown excellent efficacy of the brachial plexus blockade

[4, 14, 16, 19]. The reported advantages of regional blockade

include improved postoperative pain, decreased opioid use,

and reduced recovery times comparedwith general anesthesia

in upper extremity surgery [15, 17]. Regional anesthesia also

provides excellent muscle relaxation, greater hemodynamic

stability, reduced postanesthesia care unit (PACU) stay,

decreased unplanned hospital admission for pain control,

increased operating room efficacy, and greater patient satis-

faction [3, 19, 22, 24]. Someauthors have reported the efficacy

of brachial plexus blockade in shoulder surgery and, to a lesser

extent, in elbow surgery [13, 24].

To the best of our knowledge, only one study has

focused on pain control after regional anesthesia for distal

radius fracture treatment [8]. We know that rebound pain is

an important factor after the operative treatment of other

body parts when regional anesthesia is used, but we do not

know how rebound pain affects patients undergoing distal

radius fracture fixation while under regional anesthesia. Do

these patients require more pain medications, more

recovery room time, and/or have functional outcomes or

patient satisfaction differences? In addition, we currently

have little understanding regarding how to advise patients

about optimal pain control after distal radius fracture fix-

ation [1, 2, 9, 12]. We therefore decided to conduct a

randomized study comparing pain control after distal

radius fracture fixation in patients who received either

general anesthesia or brachial plexus blockade to better

understand this.

We asked: (1) Did patients receiving general anesthesia

or brachial plexus blockade have worse pain scores at 2,

12, and 24 hours after surgery? (2) Was there a difference

in operative suite time between patients who had general

anesthesia or brachial plexus blockade, and was there a

difference in recovery room time? (3) Did patients

receiving general anesthesia or brachial plexus blockade

have higher narcotic use after surgery? (4) Do patients

receiving general anesthesia or brachial plexus blockade

have higher functional assessment scores after distal radius

fracture repair at 6 weeks and 12 weeks after surgery?

Methods

Study Design and Setting

A prospective, randomized controlled study was performed

at a multicenter metropolitan tertiary-care referral center

between February 2013 and April 2014 using patients who

presented with acute closed distal radius fractures
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(Orthopaedic Trauma Association [OTA] Type 23A-C).

All patients underwent open reduction and internal fixation

with either brachial plexus blockade or general anesthesia

(alone). Patients with open distal radius fractures, multiple

injuries requiring other surgeries or pain medications,

medical comorbidities precluding specific anesthesia types,

or those refusing randomization were excluded.

Participants/Study Subjects

Patients were identified at the time of injury on presenta-

tion to the emergency department of our institution or

during their preoperative consultation with a trauma or

hand fellowship-trained orthopaedic surgeon. Inclusion

criteria included a closed distal radius fracture (OTA Type

23A-C) indicated for operative fixation in patients older

than 18 years. Operative indications include displaced,

unstable distal radius fracture, with or without intraarticular

involvement, in patients healthy enough to undergo sur-

gery. Preoperatively, patients were recruited by research

staff, who also obtained consent from the patients. The

patients then were randomized to receive either general

anesthesia or brachial plexus blockade.

Demographics, Description of Study Population

Between February 2013 and April 2014, 40 patients with

closed, displaced, and unstable distal radius fractures were

identified as meeting inclusion criteria and offered enroll-

ment and randomization. Three patients (7.5%), all with

concomitant injuries, declined to participate at the time of

randomization as did one additional patient (2.5%) who did

not want to participate, leaving a final sample of 36 patient

participants. There were no dropouts after randomization.

Patients were randomly assigned to one of two groups,

general anesthesia or brachial plexus blockade and among

the 36 patients included, 18 were randomized to each

group. All patients in the brachial plexus blockade group

tolerated the blocks as none received general anesthesia in

addition to the block. There were no differences between

groups regarding general demographics or injury charac-

teristics (Table 1).

Randomization

Patients were randomized by research staff to either gen-

eral anesthesia or single-shot infraclavicular brachial

plexus blockade using a computerized random number

generator, and the results were recorded and stored in

opaque envelopes. The anesthesiologist and research staff

were not blind to randomization status. Given the nature of

the study, patients may have been mildly sedated at the

time of induction (versus brachial plexus blockade), but

they were not explicitly blinded nor was a placebo used.

Staff and researchers calling for followup reports were not

explicitly blinded to the type of anesthesia that patients had

received.

Description of Experiment, Treatment, or Surgery

Patients in the brachial plexus blockade group received

only regional anesthesia and sedation without general

anesthesia. The general anesthesia group received no

additional local anesthesia. For the brachial plexus block-

ade group, an ultrasound-guided infraclavicular brachial

plexus block was performed in a sterile fashion using a 22-

gauge Stimuplex1 (B Braun Medical Inc, Bethlehem, PA,

USA) block needle on entering the operating room. Twenty

milliliters of 2% lidocaine with 1:200,000 epinephrine plus

15 cc of 0.25% bupivacaine were injected after confirming

negative aspiration every 5 cc to 7 cc. For the general

anesthesia group, the regimen was left to the discretion of

the anesthesiologist based on the patient’s medical profile.

Some patients were managed with laryngeal mask airway,

while others had endotracheal intubation with anesthetic

maintenance guided by the patient’s physiology. Fentanyl,

a relatively short-acting opiate, was the only intraoperative

analgesic given. No other opiate or nonopiate analgesics

were administered intraoperatively. Just before incision,

the surgeon assessed the quality of the regional anesthetic

by providing a noxious stimulus with a pair of forceps to

ensure adequate analgesia. All patients underwent open

reduction with internal fixation by trauma or hand fellow-

ship-trained orthopaedic surgeons (NCT, AS). All distal

radius fractures were fixed with volar locked plates using a

standard volar Henry approach.

Table 1. Demographics and injury characteristics

Demographic General

anesthesia

Brachial plexus

blockade

p

value

Age, years

(mean, [SD])

54.9 [16.7] 54.4 [14.8] 0.923

Sex

Male 6 9 0.316

Female 12 9

OTA fracture classification

A 7 2 0.288

B 1 1

C 9 14

OTA = Orthopaedic Trauma Association
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Aftercare

Postoperatively, all patients were discharged to the PACU

and their pain was managed by the anesthesiologists and

trained nursing staff. Pain medication was administered

based on the VAS and included nonnarcotic and narcotic

pain medication. All cases were performed as ambulatory

surgery and all patients were discharged home with a

standardized postoperative analgesia prescription for oxy-

codone and acetaminophen 5/325mg, one to two tablets to

be taken as needed every 4 to 6 hours once their pain was

adequately controlled.

Total time and medications administered in the PACU

were documented. Patients were discharged home with a

VAS questionnaire and were interviewed via telephone by

a member of the research staff who was aware of the

patient’s study group, at 2 hours (from time of incision

closure), 4, 6, 12, 24, 48, and 72 hours postoperatively, to

gather VAS pain scores and to document the number of

oral analgesics consumed (Fig. 1).

Description of Followup Routine

At the 2-week followup, the amount of analgesics consumed

and VAS scores were recorded. Patients then were followed

for a minimum of 12 weeks or until maximal clinical

improvement was achieved. The minimal standard followup

routine was to assess patients at 2, 6, and 12 weeks postop-

eratively. Functional outcome scores were assessed at 6

weeks and 12 weeks using the DASH and Short Muscu-

loskeletal Function Assessment questionnaires. At 6-weeks,

four patients (11.1%) (two who received brachial plexus

blockade, two who received general anesthesia) were lost to

followup. At 12 weeks, an additional nine patients [25%]

(three who received brachial plexus blockade, six who

received general anesthesia) were lost to followup.

Variables, Outcome Measures, Data Sources, and Bias

The operative surgeon was blind to the patient’s random-

ization status at the time of surgery and at followup. The

primary outcome evaluated was pain, as measured by the

VAS. Data points were collected at 2, 4, 6, 12, 24, 48, and

72 hours, and 2 weeks after surgery. Data were collected in

person when the patient was in-house and via telephone

after discharge.

Secondary outcomes included time in the operative

suite, time in the PACU, total pain medication used while

in the PACU, total pain medication used during followup,

and functional outcome scores. Time in the operative suite

was determined via chart review and defined as the time

elapsed from when the patient entered and exited the suite.

Similarly, time in the PACU was determined via chart re-

view and defined as the time elapsed between entering and

exiting the unit. Pain medication used while in the PACU

was determined via chart review and was recorded as the

total dose per pain medication consumed while in the unit.

Pain medication during the postoperative period was

defined as the number of pain tablets taken after discharge

from the PACU. This was determined via telephone

interview at times coinciding with VAS data collection.

The data were recorded as number of tablets taken per time

and the total number of tablets taken during the postoper-

ative period was determined for each subject; differences in

mean total consumption were analyzed. We also calculated

cumulative pain medication intake from postoperative to

final followup using a standardized equianalgesic conver-

sion table and compared the two groups [11].

Finally, functional assessment was analyzed using the

DASH and Short Musculoskeletal Function Assessment

questionnaires. These data were collected either in person

or telephone interview.

Statistical Analysis, Study Size

A power analysis was performed and determined that with

an assumed 20% dropout rate, the number of patients

needed was 25 per group for a total of 50 patients to show a

significant difference of three points on the VAS. Power

analysis calculations were based on an 80% power to detect

a three-point VAS scale difference with an alpha of 0.05.

However we had obtained statistically significant results

per our primary outcome with only 36 patients enrolled and

therefore discontinued enrollment.

Fig. 1 Mean VAS pain scores (range, 0–10) through the postoper-

ative period are shown. Differences between groups were seen at 2

hours (p\ 0.001), 12 hours (p = 0.002), and 24 hours (p = 0.031)

postoperatively.
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We used Student’s t-test to compare differences in

outcomes. Multiple linear regression analysis was used to

evaluate the relationship between the groups and VAS pain

while controlling for age, sex, and OTA classification.

There were no patient dropouts after randomization, and

analyses were performed according to an intention-to-treat

model. All statistical analyses were performed with SPSS

Version 20.0 (IBM Corp, Armonk, NY, USA), and statis-

tical significance was set to a probability less than 0.05.

Results

There were no readmissions for either group and no

adverse events recorded. The general anesthesia group

reported greater pain levels at 2 hours postoperatively

(general anesthesia 6.7 ± 2.3 vs brachial plexus blockade

1.4 ± 2.3; mean difference, 5.381; 95% CI, 3.850–6.913;

p\0.001). This relationship was confirmed by the multiple

regression analysis where patients in the general anesthesia

group were associated with increased VAS pain levels (b,
4.63; 95% CI, 3.06-6.21). Pain scores for patients in the

general anesthesia group then decreased during the 24-hour

postoperative period. Meanwhile, mean pain for the

brachial plexus blockade group trended upward postoper-

atively and was greater than that of the general anesthesia

group at 12 hours (general anesthesia 3.8 ± 1.9 vs brachial

plexus blockade 6.3 ± 2.4; mean difference, �2.535; 95%

CI, �4.028 to �1.040; p = 0.002) and 24 hours (general

anesthesia 3.8 ± 2.2 vs brachial plexus blockade 5.3 ± 2.5;

mean difference, �1.492; 95% CI, �3.105 to 0.120; p =

0.031) postoperatively. The multivariate analysis con-

firmed this relationship (12 hours: b, �2.86, 95% CI,

�4.21 to �1.51; 24 hours: b, �1.70, 95% CI, �3.24 to

�0.16). At 48 hours, mean pain scores were not different

with the numbers available for patients who received bra-

chial plexus blockade or general anesthesia and these

scores then decreased in both groups in a linear fashion

when plotted against followup times of 72 hours and 2

weeks (Table 2).

There was no difference in operative suite time (general

anesthesia 119 ± 16 minutes vs brachial plexus blockade

125 ± 23 minutes; mean difference, 5.48 minutes; 95% CI,

�19.55 to 8.5; p = 0.433), but time in the recovery room

was greater for patients who received general anesthesia

(general anesthesia 284 ± 131 minutes vs brachial plexus

blockade 197 ± 89 minutes; mean difference, 87.2; 95%

CI, 11.2–163.2; p = 0.026). Overall, there were no anes-

thesia-related complications recorded.

The general anesthesia group used more fentanyl while

in the PACU (mean, 64 lg ± 93 lg compared with 6.9 lg
± 14 lg; mean difference, 57.1 lg; 95% CI, 11.9–102.3;

p\ 0.001).Mean morphine use for the general anesthesia

group while in the PACU was 2.9 mg ± 3.6 mg whereas

mean morphine use in the brachial plexus blockade group

was 0.0 (mean difference, 2.9 mg; 95% CI, 1.1–4.6; p\
0.001). Postdischarge analgesic intake did not differ, the

brachial plexus blockade group used a mean of 22.1

(±15.2) analgesic tablets whereas patients in the general

anesthesia group used a mean 23.5 (±23.8) analgesic

tablets (mean difference, 1.35 tablets; 95% CI, �12.5 to

15.1; p = 0.844). However, when analyzing the total opioid

use by time, there was greater intake of oral analgesics by

the brachial plexus blockade group at 12 hours postoper-

atively. Opioid use was greater in patients who received a

brachial plexus blockade during the 6-hour interval (from 6

to 12 hours; mean tablets, 1.6 ± 1.0 versus 2.8 ± 0.9; mean

difference, 1.1; 95% CI, 0.5–1.8; p = 0.002) and cumula-

tively at 12 hours (mean tablets, 3.9 ± 1.5 versus 5.1 ± 1.6;

mean difference, 1.17; 95% CI, 0.1–2.2; p = 0.032). The

brachial plexus blockade group used less equivalents of

pain medication compared with the general anesthesia

group during the course of the study (5.1 compared with

10.5; mean difference, 5.4; 95% CI, 2.2–8.5; p = 0.002).

Table 2. Postoperative pain scores

Postoperative time VAS score (mean, [SD]) Mean difference (95% CI) p value

General anesthesia Brachial plexus blockade

2 hours 6.7 [2.3] 1.4 [2.3] 5.3 (3.7–6.9) \ 0.001

4 hours 5.6 [2.7] 4.1 [3.3] 1.6 (�0.5 to 3.6) 0.131

6 hours 4.4 [2.5] 6.2 [2.6] �1.8 (�3.7 to 0.3) 0.054

12 hours 3.8 [1.9] 6.6 [2.0] �2.9 (�4.2 to �1.5) \ 0.001

24 hours 3.8 [2.2] 5.5 [2.4] �1.7 (�3.3 to �0.2) 0.032

48 hours 2.8 [1.5] 2.9 [1.8] �0.2 (�1.3 to 1.0) 0.767

72 hours 2.3 [1.3] 2.3 [1.9] 0.0 (�1.1 to 1.1) 1.00

2 weeks 1.7 [1.1] 1.4 [2.0] 0.2 (�0.9 to 1.3) 0.713
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Functional outcome scores with the Short Muscu-

loskeletal Function Assessment and DASH showed no

difference at 6 weeks and 12 weeks (Table 3).

Discussion

Regional anesthesia has a proven track record for safety

and quality pain control in extremity surgery, and is cur-

rently considered a standard of care, as is general

anesthesia. A recent study has shed light on the phenomena

of rebound pain associated with the resolution of regional

anesthesia in the extremity [10]. Currently, surgeons do not

know how best to counsel patients on the benefits of

regional anesthesia versus general anesthesia for distal

radius fracture fixation as the effects of rebound pain and

immediate postoperative pain are not well documented for

this surgical treatment [8]. Postoperative pain after ortho-

paedic surgery has been shown to be associated with

greater than pain with other types of surgery, and because

of this, research has been done to improve the patient’s

postoperative experience [6]. The use of regional anes-

thesia is well established, but for surgery distal to the

elbow no data are available to compare the efficacy of a

peripheral nerve block with general anesthesia. The pur-

pose of our prospective randomized study was to compare

brachial plexus blockade and general anesthesia for post-

operative pain control after open reduction and internal

fixation of distal radius fractures. To the best of our

knowledge, this is the first randomized trial comparing

these modalities after operative fixation of distal radius

fractures.

This study has some limitations including the lack of

some data at every time (owing to difficulty with obtaining

telephone followups with patients at various times),

although we had 89% or better data followup rates at each

postoperative assessment of pain and narcotic use. Another

limitation of our study was the challenge of blinding the

surgeon, anesthesiologist, or patient. Although this would

tend to favor the brachial plexus block arm of our study,

this did not occur in our study. The study also was limited

in that there was no standardization of postoperative

adjuvant pain medications, the management of which

ultimately was dictated by collaborative efforts between

nursing staff in the PACU and the patient’s subjective

reports. This however proved inconsequential as patients in

the general anesthesia group still had more pain immedi-

ately postoperatively as expected.

General anesthesia is associated with greater immediate

postoperative pain, whereas brachial plexus blockade is

associated with delayed rebound pain. We found that while

initial pain control in the PACU (measured 2 hours post-

operatively) was better with a brachial plexus blockade,

this group experienced a nonlinear increase in pain during

the perioperative period which was greatest at 12 to 24

hours postoperatively. In contrast to the findings of patients

who received general anesthesia, patients who received a

brachial plexus blockade which when coupled with

increased fentanyl or morphine use in the PACU (increased

use compared with the brachial plexus blockade group),

Table 3. DASH and SMFA at 6 weeks and 12 weeks

Scoring parameter General anesthesia Brachial plexus blockade/regional anesthesia Mean difference (95% CI) p value

DASH at 6-weeks (mean, [SD]) 33.7 [19.4] 26.7 [25.6] 7.1 (�10.2 to 24.3) 0.408

SMFA at 6-weeks (mean, [SD])

Function 29.8 [20.7] 29.3 [29.1] 0.5 (�18.6 to 19.7) 0.956

Bothersome 18.3 [17.0] 19.1 [23.2] �0.8 (�16.2 to 14.6) 0.915

Activity 25.3 [18.6] 25.1 [25.9] 0.2 (�16.9 to 17.3) 0.982

Emotion 22.2 [16.9] 20.7 [18.0] 1.5 (�11.8 to 14.8) 0.821

Arm & hand 29.1 [21.9] 29.7 [32.0] �0.6 (�21.3 to 20.2) 0.955

Mobility 4.7 [8.8] 6.2 [20.7] �1.5 (�13.5 to 10.4) 0.793

DASH at 12-weeks (mean, [SD]) 17 [17.5] 11.6 [11] 5.4 (�7.1 to 18) 0.377

SMFA at 12-weeks (mean, [SD])

Function 18.8 [16.1] 14.1 [12.8] 4.7 (�8.2 to 17.7) 0.455

Bothersome 13.6 [23.6] 7.0 [7.9] 6.6 (�9.1 to 22.3) 0.388

Activity 13.0 [16.1] 7.7 [10.3] 5.3 (�6.8 to 17.3) 0.372

Emotion 14.6 [17.1] 10.4 [11.7] 4.3 (�8.8 to 17.3) 0.503

Arm & hand 16.7 [17.5] 10.8 [12.4] 5.9 (�7.6 to 19.4) 0.371

Mobility 3.1 [7.5] 2 [5.7] 1.1 (�4.8 to 7) 0.706

SMFA = Short Musculoskeletal Function Assessment
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these patients were provided with a steady linear down-

ward trend in postoperative pain. This is consistent with

other studies comparing single-injection nerve blocks and

general anesthesia for other orthopaedic surgeries [10, 23].

This finding is important for the understanding, manage-

ment, and counseling of patients regarding perioperative

pain expectations and control. Patients should be counseled

to anticipate pain 12 to 24 hours after their regional anes-

thesia wears off that may be severe if not modulated with

oral analgesics before the onset of the pain. The reason for

reversal in pain levels may be related to the phenomenon of

‘‘rebound pain,’’ a poorly described entity that is com-

monly defined as a dramatic increase in pain once single-

injection regional anesthesia has dissipated [18, 20]. Dif-

ferent regions of the body have been shown to experience

rebound pain after regional anesthesia at different times,

modulated by increasing the length of analgesic efficacy

[23]. In a retrospective study of patients receiving a

femoral nerve block with a perineural catheter for ACL

reconstruction, rebound pain was a common phenomenon

as seen by increases in VAS scores once the analgesic

stopped working, but was attenuated by longer-duration

analgesia at a minimum of 33 hours [23]. In a prospective

study of patients undergoing shoulder arthroscopy, rebound

pain occurred 1 to 2 days postoperatively after interscalene

block [20]. Goldstein et al. [10], described a similar phe-

nomenon related to ankle fracture fixation and popliteal

blocks with an acute increase in pain at approximately 24

hours postoperatively.

In our study, although operative time did not differ

statistically (overall a mean of 5.5 additional minutes for

the regional anesthesia group), the general anesthesia group

had significantly longer PACU times and used significantly

more pain medication in the PACU and cumulatively, a

finding which is consistent with some previous studies [13,

24]. Once pain was under control and patients were com-

fortable, they were discharged home and able to regulate

their pain with oral analgesics. The brachial plexus

blockade group left the PACU earlier because they were

comfortable during the immediate postoperative period

[7, 23].

The general anesthesia group used more narcotics while

in the PACU, but total postdischarge narcotic use did not

differ significantly between the two groups. Even though

overall narcotic consumption was not different, because of

rebound pain in the brachial plexus blockade group shortly

after surgery, these patients might need to be educated on

the importance of taking their oral analgesics before the

onset of pain. Echoing the findings and conclusions of

Goldstein et al. [10] for counseling patient’s postopera-

tively after regional anesthesia for ankle fractures, we

believe that patients receiving a brachial plexus blockade

can minimize their pain during the 12- to 24-hour

postoperative period by preemptively taking oral pain

medications 1 to 2 hours before the regional anesthesia

begins to wane. This requires thorough counseling of

patients and their family members during the 2 to 3 hours

immediately after surgery. We believe patients with

regional anesthesia in our study waited for the first onset of

pain and did not aggressively take postoperative pain

medication before the block wore off. Patients who do not

take adequate analgesics before the onset of rebound pain

may have difficulty gaining control over their pain once it

has set in, however we believe this can be mitigated by

judicious use of oral narcotics before this. In this study,

with the .25% bupivacaine diluted with 2% lidocaine, the

strongest rebound in pain was seen after brachial plexus

blockade at 12 hours postoperative.

Functional outcome scores did not differ between the

two groups, which is in contrast to a previous retrospective

study that showed patients receiving brachial plexus

blockade had improved outcomes, in particular, at 6 to 12

weeks followup [8]. More research needs to be performed

to elucidate these relationships in addition to longer fol-

lowup focusing on functional outcomes.

Although regional anesthesia provides early short-term

pain relief, patients have greater pain once they are dis-

charged from the hospital and their regional blocks

dissipate. Although treatment with regional analgesia can

be effective, we recommend a thorough discussion with

patients, making them aware of the rebound pain phe-

nomenon after regional anesthesia and counseling them on

safe, but aggressive (that is, before the onset of pain), use

of postoperative oral analgesics in the setting of regional

anesthesia. Use of regional blocks also may allow for

earlier discharge, but the importance of early bridging with

preemptive oral narcotics cannot be overemphasized with

nursing staff, the patients, and family members to avoid

postdischarge pain and perioperative morbidity and modi-

fiable discomfort. Future research will focus on ways to

modulate rebound pain postoperatively to allow a seamless

transition from regional anesthesia to oral analgesics.

These can include long-acting local anesthetics or

indwelling pain pumps which patients may have even when

discharged to home.
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