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Abstract
Background and objectives—Continuous perineural femoral analgesia has been reported to
reduce numeric rating pain scores (NRS, scale zero to 10) after anterior cruciate ligament
reconstruction (ACLR). In the current study, we determined rebound pain scores in autograft
ACLR outpatients after nerve block analgesia resolved.

Methods—After standardized spinal anesthesia and perioperative multimodal analgesia, patients
received a femoral perineural catheter and 50 hours of saline or levobupivacaine. All patients
received levobupivacaine (30 mL of 0.25% as a bolus) before the infusion. Patients completed a
pain diary for 6 days, indicating serial NRS scores and perceptions of when nerve block analgesia
resolved. Block duration and rebound pain scores were computed.

Results—Data from 84 participants’ pain diaries were analyzed. Patients receiving saline
infusion reported mean nerve block duration of 37 hours, versus 59 hours for patients receiving
the levobupivacaine infusion (P<0.001). Mean Rebound Pain Scores increased by 2.0 (95% CI:
1.6, 2.4). Based on the computations used to derive block duration and rebound pain scores, each
hour of additional block duration was predictive of a 0.03 unit reduction in rebound pain scores.

Conclusions—In an anesthesia care protocol consisting of spinal anesthesia and multimodal
analgesia during and after autograft ACL reconstruction, approximately 33 hours of additional
nerve block duration were required to reduce rebound pain scores by one unit. Further study is
required to determine rebound pain score differences when other local anesthetics and anesthetic/
analgesic plans are being used, and when other surgeries are being performed.
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Introduction
For knee surgery and a myriad of other types of outpatient orthopedic surgery, it is well
known that single-injection peripheral nerve blocks and perineural catheters can
significantly reduce postoperative pain at home, and also reduce opioid consumption.1–4

What is less known is the extent to which patients encounter “Rebound Pain,” or a
quantifiable difference in pain scores when the block is working, versus the increase in acute
pain that is encountered during the first few hours after the effects of perineural single-
injection or continuous infusion local anesthetics resolve. In an effort to minimize
postoperative pain scores at home (i.e., keeping pain scores as “less than moderate”), it is
important to quantify the extent to which extending nerve block duration would reduce
Rebound Pain Scores (RPS, defined as the pain score difference between when the block
was working and when the nerve block wore off). To our knowledge, little has been
published about RPS, or attempts to quantify the extent to which nerve block duration
suppresses Rebound Pain. By being able to quantify this value, anesthesiologists may be
better able to determine which patients are more suitable for a continuous perineural
infusion versus a single-injection nerve block, and/or which postoperative multimodal oral
analgesics would be indicated to provide sustained postoperative analgesia at home after
nerve block effects dissipate.

It should be noted that we have recently reported differences in numeric rating scores (NRS)
for pain with movement, and in opioid consumption, for the study population of patients
undergoing allograft and autograft anterior cruciate ligament (ACL) reconstruction.5 The
purpose of this retrospective re-analysis of the original prospectively collected data in the
current manuscript is to (i) focus specifically on pain responses of patients undergoing
autograft procedures (hamstring or patellar tendon), and to direct attention to the concept of
Rebound Pain. Our hypothesis is that increasing nerve block duration decreases RPS.

Methods
After achieving approval by the Institutional Review Board of the University of Pittsburgh
Medical Center, and obtaining informed consent, ACL reconstruction patients underwent a
standardized multimodal analgesia regimen (ketamine 0.2 mg/kg IV, plus intra-articular
meperidine 100 mg with neostigmine 0.5 mg and ketorolac 15 mg) and anesthetic
(ipsilateral hyperbaric spinal with bupivacaine) technique.5 Other inclusion and exclusion
criteria from the prospective study were detailed in the original manuscript.5 Patients were
randomized to one of the following femoral nerve block catheter treatment groups: (i) saline
bolus (30 mL) plus saline infusion (270 mL at 5 mL/hr, placebo); (ii) levobupivacaine
(0.25%) bolus with saline infusion (group LbSi), or (iii) levobupivacaine (0.25%) bolus plus
levobupivacaine (0.25%) infusion (group LbLi), according to the method described
previously.5 Only patients in groups LbSi and LbLi were included in the present analysis
(placebo patients were excluded).

Postoperative analgesia consisted of rofecoxib (50 mg orally daily for 6 days, before the
voluntary product recall by its manufacturer), controlled-release oxycodone (CR-OXY, 10–
30 mg orally every 12 hours, titrated to patients’ NRS scores; Oxycontin©, Purdue Pharma,
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Stamford, CT), and generic, immediate-release oxycodone (5–10 mg orally every 3–6 hours
as needed for breakthrough pain).

Data collection procedures
During the preoperative interview and after informed consent for the study was obtained,
additional demographic information was elicited (age, gender, ethnicity, height, weight,
ASA/PS classification, smoking status, baseline NRS with movement). Surgeon, tourniquet
use, tourniquet time, and case duration were also recorded during the intraoperative course.

Postoperative course
After surgery, all patients were transferred to the PACU for placement of a perineural
femoral catheter, the details of which having been previously described.5

Patients were given a pain diary before hospital discharge on the same day after surgery.
There were 6 columns of data for patients to enter: time of day; NRS (0–10); “is the nerve
block providing pain relief?” (no-yes); and columns for each of the 3 oral analgesics for
recording number of tablets consumed. Patients were asked to complete the pain diary four
times per day for 6 full days after surgery.

During the first 3 days after surgery, participants were recommended to take a minimum of
10 mg CR-OXY every 12 hours to prevent possible excruciating “breakthrough” pain or
“rebound” pain. Recommended CR-OXY doses were based on NRS at the time of
administration. Beginning on day 4, CR-OXY 10 mg every 12 hours was recommended only
if NRS reached a minimum score of 2–3. These dosing maneuvers were implemented in
response to our Institutional Review Board, who voiced a concern about the presence of a
placebo bolus group, as well as a placebo infusion after an active bolus (i.e., group LbSi).

The lead author and/or study coordinator instructed participants how to answer the pain
diary question that pertained to the perception that nerve block was providing pain relief
(no-yes), as follows. Understanding that CR-OXY was being taken on a regular schedule,
participants were asked to evaluate their nerve block as “providing pain relief” or “not
providing pain relief” based on: (i) any gradual or abrupt increases in knee pain not
necessarily related (temporally) to an increase in activity (such as physical therapy
exercises); (ii) the need or absence of need for a dose of immediate-release oxycodone
beyond “breakthrough” doses needed by that point (if at all); and (iii) presence (or absence)
of a distinct numbness/heavy sensation of the thigh when compared with the non-operative
contralateral lower extremity.

The time of nerve block placement was determined from anesthesia and recovery room
medical record source documents. The pain diary time of the last “yes” (i.e., the nerve block
is providing pain relief) was recorded, along with its corresponding NRS score. The
corresponding time of the first “no” response (i.e., the nerve block is not providing pain
relief) was similarly recorded, along with its corresponding NRS score. NRS scores during
the first 12 hours after the first “no” response were also recorded. Pain diaries were returned
in a packet of mailings that included other surveys and administrative materials.

Statistics
A sample size of 90 patients per nerve block treatment group (270 total, including all graft
types) was justified previously.5 From these, only the participants receiving treatments LbSi
and LbLi, and undergoing ACL reconstruction with either patellar tendon autograft or
hamstring autograft, were included in the present analysis. Data were first explored to
determine demographic and day-of-surgery equivalence between treatment groups. The
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demographic variables of gender, age, race/ethnicity, body mass index, ASA/PS, smoking
history, baseline NRS score with movement, surgeon, length of surgery, use of thigh
tourniquet intraoperatively were analyzed for differences between nerve block treatment
groups (LbSi versus LbLi) using independent samples t-test (for continuous variables) or the
chi-square test (for categorical variables).

Nerve block success—We were not able - and did not attempt - to determine block
success on the day of surgery before discharge home. This is because (i) block boluses were
dosed before knee pain was experienced (but after return of quadriceps function), and (ii) we
wanted to maintain patient blinding regarding nerve block treatment group. In an effort to
derive nerve block success “after the fact,” pain diaries were reviewed to determine whether
patients reported any perceived benefit from both the single-injection bolus (for LbSi and
LbLi patients) and continuous infusion (for LbLi patients only). Success rates are reported
as “bolus successful” (pain scores lower initially versus later postoperatively, and/or with no
repeated doses of oral immediate-release oxycodone) and “infusion successful” (for LbLi
patients only, in which the nerve block infusion provided a consistent level of analgesia
while the catheter was in place).

Nerve Block Duration—Nerve block duration (in hours) was calculated using the
following method: the time at which the patient declared “no” (i.e., the nerve block is not
providing pain relief) minus the recorded time of nerve block insertion on the day of
surgery.

Rebound Pain Score—RPS after nerve block resolution was determined using the
following formula: the highest NRS score recorded within the first 12 hours after the first
report of “no” (i.e., the nerve block is not providing pain relief) minus the NRS score that
was reported at the time the patient reported the last “yes” (i.e., the nerve block is providing
pain relief). RPS was analyzed parametrically, based on the report of Dexter and Chestnut
(1995) which allows for the parametric analysis of verbal pain scores (on a scale of 0 to 10).
6

After providing descriptive statistics based on nerve block treatment group (LbSi versus
LbLi), RPS was analyzed first using univariate linear regression equations, to determine the
extent to which demographic variables (see section “Data Collection Procedures” above)
influenced RPS. Sequential regression models were run using RPS as the dependent
variable. Univariate regressions were run first, using one variable at a time. Next, variables
that were significant predictors at a P<0.2 level were considered together, along with nerve
block duration in a backward multivariable linear regression model.

P-values less than or equal to 0.05 are considered statistically significant. All analyses were
conducted using the Statistical Package for the Social Sciences (SPSS for Windows, version
13.0, Chicago, IL).

Results
Data from 106 patients (assigned to either the LbSi or LbLi treatment group) were included
for analysis. One surgeon performed 58 procedures, another surgeon performed 34
procedures, and 3 other surgeons performed the remaining 14 procedures. Pain diaries and
other supporting study documents were used to help determine nerve block success rate in
all 106 patients, but in only 84 patients were the pain diary data sufficiently complete to
determine nerve block duration and RPS.
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Based on pain diary reports, success rate of nerve block bolus was 52/54 (96%) in the LbSi
group, and 51/52 (98%) in the LbLi group. The infusion success rate was 47/52 (90%) in the
LbLi group: one catheter did not thread at all, and the other 4 infusion failures (based on
clinical outcomes in pain diary reports) were likely due to the perineural catheter being
threaded to a final location that was not perineural. Patient data in the setting of block failure
defined above were included in all subsequent analyses according to the originally-assigned
treatment group, following intent-to-treat principles.

There were no significant differences between treatment groups with respect to gender, age,
race/ethnicity, body mass index, ASA/PS, smoking history, baseline preoperative pain score,
use of thigh tourniquet, or length of surgery. There were no significant differences in
proportions of participants who did not return their pain diaries, and there were no
demographic differences between participants who returned their pain diaries (or return
incomplete diaries for the purpose of this post hoc analysis), versus those who did not.

Patients in the LbLi treatment group reported significantly longer nerve block duration than
did patients in the LbSi treatment group. Mean nerve block duration was 59 hours in the
LbLi group, versus 37 hours in the LbSi group (P<0.001, Figure 1). There were no
significant differences in Nerve Block Duration based on graft type. The mean RPS increase
(and 95% confidence interval) was 2.0 (1.6, 2.4).

Factors (based on univariate linear regression analyses) that were included in the
multivariable linear regression analyses for RPS were age, body mass index, surgeon,
autograft type, and block duration (Table 1). Patients’ preoperative baseline NRS scores
with movement were not predictive of RPS in the univariate linear regression model, so this
factor and all other non-significant demographic variables were excluded from the
multivariable analysis. Each additional hour of nerve block duration was predictive of a
lower RPS by 0.03 units (P<0.001). There were no other factors that were predictive of RPS
(Table 1).

Discussion
In this retrospective analysis of prospectively collected pain diary data, we have shown that
patient reports of pain with movement appear to be reduced with each additional hour of
nerve block duration. However, based on our data, 33 additional hours of nerve block
duration are required to lower Rebound Pain NRS scores by a mere one point on a zero-
to-10 scale. It is reassuring to report, however, that increasing nerve block duration does not
increase Rebound Pain.

Clinical significance
In our opinion, it is a questionable practice to subject outpatients to the risk of moderate-to-
severe pain after a nerve block resolves at home. Oral analgesics that are prescribed to
facilitate “transitional analgesia” after blocks resolve should ensure that patients can sustain
“less-than-moderate” pain scores (4 or less on a scale of 0–10). There may be several factors
that attenuated RPS in our study. One may have been our multimodal analgesic protocol
(pre- and postoperative rofecoxib 50 mg daily, postoperative oxycodone and cryotherapy,
and intraoperative spinal anesthesia, low-dose ketamine, and intraarticular meperidine/
neostigmine/ketorolac). For a frame of reference, we will refer to the excellent study by
Mulroy et al. (2001), who had 3 treatment groups receiving only single-injection femoral
nerve block (25 mL of bupivacaine 0.25%, versus 0.5%, versus sham block consisting of
assembled equipment and sterile skin preparation, with palpation and shaking of the
quadriceps femoris muscle). The pain scores in their sham treatment group gradually
increased over the 8 postoperative days to a visual analog pain score of 5 out of 10 by day 8,
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versus scores of 3 in the bupivacaine groups.1 This is in contrast to our recent report 5
which showed all of our treatment groups (including our saline placebo SbSi treatment
group) having their pain scores return to those of our active LbSi and LbLi treatment groups
(median NRS score of 2) by the 7th postoperative day. Mulroy et al. (2001) did not
specifically quantify “Rebound Pain” in their bupivacaine treatment groups, but their
patients’ average pain scores went from 1 out of 10 on the day of surgery postoperatively, to
2 out of 10 on postoperative days 1–2, and 3 out of 10 on postoperative day 3. Meanwhile
their sham group pain scores were successively 2.5, 3, 3.5, and 4 on the same days. These
low pain scores on days 2 and 3 were notable in that bupivacaine-treated patients in their
study reported a mean single-injection block duration of approximately 24 hours,1 therefore,
favorable pain score effects appeared to outlast the actual block resolution time, which we
have also previously reported in our patients.5

With respect to single-injection nerve block duration, we also found that our
levobupivacaine duration (i.e., in the LbSi treatment group) averaged 37 hours, versus the 24
hour duration reported by Mulroy et al.(2001).1 It seems unlikely that an additional 5 mL of
initial bolus in our study, or the use of levobupivacaine in our study instead of bupivacaine
by Mulroy et al., would explain 13 additional hours of analgesia. Again, our multimodal
analgesic strategy used for all of our study patients may have contributed to the perceived
LbSi block duration of 37 hours. White et al. (2003), in a study of popliteal sciatic catheter
infusions (with bupivacaine or placebo) initiated before surgery,7 speculated that placebo
catheter patients (who received a preoperative bupivacaine bolus) may have had the efficacy
of the bupivacaine bolus reduced by the dilutional effects of intraoperative perineural saline
infusion.7 This speculation arose because placebo infusion patients in the study by White et
al. had an immediate postoperative pain mean score of 7.5, versus 2.5 in the bupivacaine
infusion group.7 Importantly, there is no evidence of dilutional effects reducing femoral
perineural block efficacy or duration in our study patients.

Another important clinical consideration is determining types of procedures likely to have
the highest RPS after blocks resolve. In outpatient orthopedic surgery, evaluating RPS after
complex knee surgery (including ACL reconstruction) versus shoulder surgery may show
significantly different RPS outcomes. For example, in our 1998–1999 clinical pathway
database of patients undergoing complex knee surgery (n=167 respondents) or shoulder
surgery (n=213 respondents), we found RPS to be 4.6 (95% CI: 4.2, 5.1) after shoulder
surgery, and 3.6 (3.1, 4.0, P<0.001) after complex knee surgery. In this historical time
frame, neither perineural catheters nor the multimodal analgesic scheme used in the present
study were employed. It appears that site and type of surgery will greatly influence RPS, but
further study is required.

Methodological considerations
To our knowledge, this is the first report of quantifying the RPS in outpatients. The need to
develop and standardize such methodology is important due to the incidence and prevalence
of outpatient surgery amenable to regional anesthesia techniques, including continuous
peripheral nerve blocks. Evaluating outpatients’ anesthesia outcomes is quite difficult.
However, using the parameters of “time block placed” and “time when block no longer
provided pain relief” are both easy to determine and clinically relevant. We acknowledge
that the patient’s perspective of the latter parameter may be confounded by coexisting
systemic analgesics, but we suggest that the patient’s perspective of satisfactory analgesic
outcome (including low RPS scores and minimal side effects) is more important to the
individual patient than is a precise determination of nerve block duration.

Certainly, other parameters can be collected to compute nerve block duration and RPS in
outpatients. When drafting this manuscript, we also analyzed nerve block duration data that
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considered the midpoint between the “last yes” and “first no” response to “is the nerve block
providing pain relief?” The logic with this potential time point to determine resolution is that
if the “last yes” and “first no” was separated by the patient sleeping, then defining the block
resolution time would seem less accurate. In preparing this manuscript, we found, however,
that the nerve block durations using these 2 different methods of calculation correlated
extremely highly (Pearson’s r = 0.991, P<0.001). With respect to calculating RPS, the NRS
score at the time of the “last yes” was what we ultimately used, although we also could have
used the lowest NRS score while the block yielded any “yes” response to “is the nerve block
providing pain relief?” Similarly, we ultimately used the highest NRS score in the 12 hours
after a “no” response; although we could have used the NRS score at the time of the first
“no” response. With 2 “Yes” NRS scores and 2 “No” NRS pain scores available to us, we
made 4 total RPS calculations, and these computations led to very high correlation with each
other (Pearson’s r ≥ 0.886, P<0.001). Our recommendation for future studies would be to
use consistent duration and RPS (Table 2) parameters, such that future studies have a better
chance of being meaningfully comparable.

Our linear regression model identified predictors of RPS, and only nerve block duration (and
no other factors) was a predictor. This seems important since nerve block duration as the
primary influence of RPS (when the multimodal analgesic plan is held constant) may
minimize the importance of factors outside of the anesthesiologist’s control (gender,
physical status, baseline pain score), and allow the anesthesiologist to make a significant
difference in patient outcome (e.g., providing a continuous perineural catheter instead of a
single-injection nerve block).

In our opinion, the described methods seem to be a reasonable template for future studies
when attempting to quantify Rebound Pain Scores after nerve block resolution. Of interest
would be to study difference in Rebound Pain Scores as influenced by a myriad of
multimodal analgesics (one-at-a-time, or in combinations), such as parenteral ketamine,
various intra-articular analgesic combinations, and various oral analgesics such as non-
steroidal anti-inflammatory drugs, and other novel analgesics such as gabapentin,8
pregabalin,9 and beta-blockers.10,11 Another consideration is that levobupivacaine was
withdrawn from the United States marketplace by its manufacturer, despite the continuing
availability of this local anesthetic worldwide. Ropivacaine single-injection blocks are well-
documented to last only 12 hours,12–15 and studies are needed to examine patient-perceived
ropivacaine nerve block duration (and RPS) when using a similar perioperative multimodal
analgesic technique as we used in this study. Another option would be to study Rebound
Pain Score differences as nerve blocks resolve based on intraoperative anesthetic technique
(volatile agents for maintenance, propofol for maintenance, or spinal anesthesia, of which
the former two have been shown to lead to increased postoperative pain when compared
with spinal anesthesia).16,17 Studies incorporating RPS with versus without analgesic
adjuncts would help better define risk-benefit ratios before routinely administering such
adjuncts in routine practice of ambulatory regional anesthesia.

With respect to the methodology used to determine nerve block success rates, we
acknowledge that our methodology (based on retrospective reviews of prospectively-
collected pain diaries) is not likely comparable to nerve block success rates reported using
more conventional methods. However, we thought that it was more important to maintain
blinding as best as possible at the time of the nerve block procedure. Similarly, success of a
single-injection block or perineural infusion, we believe, is based on whether the patient (at
home, hours-to-days later) believes that the technique was successful in leading to a “less-
than-moderate” postoperative pain score.

Williams et al. Page 7

Reg Anesth Pain Med. Author manuscript; available in PMC 2008 April 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To summarize, increasing nerve block duration leads to a small but significant reduction in
Rebound Pain after a nerve block resolves. Further study is needed to differentiate Rebound
Pain reductions attributable to the nerve block duration in isolation, versus the effects of
combination multimodal analgesic strategies that are employed, or intraoperative anesthetic
that was used.
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Figure 1.
Duration (in hours) of femoral nerve blocks in the 2 treatment groups, for patients
undergoing autograft ACL reconstruction. The differences in duration between LbSi and
LbLi were statistically significant (P<0.001). The differences in LbSi duration between
hamstring and patellar tendon autografts were not statistically significant (P=0.131).
Significance values for graft type differences in nerve block duration for LbLi patients was
P=0.80.
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Table 1

Predictors of Rebound Pain Scores based on Linear Regression

Univariate predictors (with P<0.2) evaluated • Age (as a continuous variable)

• BMI (as a continuous variable)

• Operating surgeon (as a categorical variable)

• Autograft type (hamstring versus patellar tendon as a categorical variable)

• Nerve block duration

Multivariable Predictors of Rebound Pain Score

Constant (95% CI) 3.61 (2.86, 4.36)

Predictor 1 Block Duration per hour

B coefficient (95% CI) −0.03 (−0.02, −0.05)

Significance <0.001

Other Predictors None
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Table 2

Proposal for the Calculation of Rebound Pain Scores (RPS) after Peripheral Nerve Block Resolution in
Outpatients

Premises for Measurement of Rebound Pain:

• This measure is designed to be reported from the patient’s perspective after discharge, since patient satisfaction with overall
analgesia is an important outcome in the outpatient setting.

• This measure emphasizes RPS as a more precise outcome measure than nerve block duration, since exact nerve block duration may
be difficult for the patient to specify.

• Patients should be encouraged to take oral multimodal analgesics on a regular schedule (or have them immediately available) in
order to avoid moderate-to-severe pain at home.

• Patients should be encouraged to reduce opioid consumption with other analgesics if pain scores can be maintained as “less than
moderate-to-severe,” in order to minimize opioid-related side effects. However, these other oral analgesics should also be dosed
cautiously in order to minimize their respective side effects as well.

• This template can be used to assess efficacy and effectiveness of multimodal analgesic techniques, when one component of the
analgesic strategy is held constant.

• Specific pain scores should be assessed with movement, and the movement should be standardized to an activity of daily living
early in outpatient recovery that involves movement of the surgical site (e.g., ambulation to the bathroom, sponge-bathing).

• Nerve block analgesic effects may take hours to gradually resolve. This variability is expected, and is adjusted for by assessment of
numeric rating scale (NRS) pain scores before and after blocks resolve.

Measurement:

• Time of nerve block placement and initial dosing should be retrieved from source clinical documents.

• Time of nerve block resolution (from the patient’s perspective) is estimated by the recent need for rescue oral analgesics (in the
setting of a standardized movement), and/or absence of numbness or heaviness in the area affected by the nerve block.

• Time of nerve block resolution is recorded as the patient answering “no” to the question: “Is the nerve block providing pain
relief? If not, what time did it wear off?”

• If exact time of nerve block resolution is unknown (e.g., patient sleeping), then the acceptable endpoint can be the recorded time of
first “no” report. To calculate RPS, the lowest NRS score during the 12 hours before the block wears off is subtracted from the
highest NRS score during the first 12 hours after the block wears off.
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