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ABSTRACT

Background. In a previous randomized, triple-masked,
placebo-controlled study, the authors demonstrated that
extending a single-injection paravertebral nerve block with
a multiple-day perineural local anesthetic infusion
improves analgesia and decreases pain-related dysfunction
during the 3-day infusion but not subsequent to catheter
removal within 1 month after mastectomy. This report
describes a prospective follow-up study of the previously
published trial to investigate the possibility that extending a
single-injection paravertebral block with a multiple-day
infusion may decrease persistent postsurgical pain as well
as pain-induced emotional and functional dysfunction
1 year after mastectomy.

Methods. Subjects undergoing uni- or bilateral mastec-
tomy received unilateral (n = 24) or bilateral (n = 36)
single-injection thoracic paravertebral block(s) with ropi-
vacaine and perineural catheter(s). The subjects were
randomized to receive either ropivacaine 0.4 % (n = 30)
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or normal saline (n = 30) via their catheters until the
catheters were removed on postoperative day 3. Chronic
pain and pain-related physical and emotional dysfunction
were measured using the Brief Pain Inventory (BPI).
Results. No statistically significant difference between
treatments 3 months after surgery was observed with the
BPI. In contrast, after 12 months, only 4 subjects (13 %)
who had received a perineural ropivacaine infusion repor-
ted pain-induced dysfunction compared with 14 (47 %)
who had received saline infusion (P = 0.011). At
12 months, the mean BPI was 1.6 + 4.6 for the subjects
who received ropivacaine versus 5.9 & 11.3 for the sub-
jects who received saline (P = 0.007).

Conclusions. Adding a multiple-day, continuous ropiva-
caine infusion to a single-injection ropivacaine
paravertebral nerve block may result in a lower incidence
of pain as well as pain-related physical and emotional
dysfunction 1 year after mastectomy.

After mastectomy, pain during the acute postoperative
period is frequently moderate or severe' and closely asso-
ciated with subsequent persistent postsurgical pain lasting
months” or even years.”* Such chronic pain has an incidence
of 30-73 %,*® and is strongly correlated with depression
and anxiety.” There is evidence that intense analgesia
immediately after surgery may decrease the incidence or
severity of chronic pain.® Potent analgesia can be provided
with a paravertebral nerve block in which local anesthetic is
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percutaneously injected adjacent to the peripheral nerves
innervating the breast." Although single-injection para-
vertebral nerve blocks have a duration of only 8-24 h,'°
they have been associated with a lower incidence of chronic
pain 4-12 months after mastectomy.”'"'?

In laboratory animals, prolonging a neural blockade
multiple days can further reduce the development of neu-
ropathic pain.'® In humans, single-injection peripheral
nerve blocks in nearly any anatomic location may be
extended indefinitely with the insertion of a perineural
catheter and subsequent continuous local anesthetic infu-
sion.'* Using a portable infusion pump, protracted-duration
analgesia may be provided in the comfort of patients’ own
homes.'”> For example, our group recently reported that
extending a single-injection ropivacaine paravertebral
block with a multiple-day, ambulatory perineural ropiva-
caine infusion decreased pain as well as pain-induced
physical and emotional dysfunction during the infusion.'®
However, it remains unknown whether extended paraver-
tebral blocks result in a decreased incidence of persistent
postsurgical pain in the ipsilateral breast, axilla, and arm
1 year after mastectomy.

Furthermore, although the prevalence of postmastec-
tomy phantom breast pain—painful sensations perceived in
the breast that is no longer present'’—varies greatly, it is
reported to be as high as 44 %.° There is prospective
clinical evidence that after upper and lower extremity
amputation, continuous brachial plexus, sciatic, and fem-
oral nerve blocks may decrease the incidence or severity of
phantom limb pain.'®"”

Whether a continuous paravertebral block reduces
phantom breast pain remains uninvestigated. Consequently,
we designed and executed this prospective follow-up study
of our previously published randomized, triple-masked,
placebo-controlled clinical trial involving short-term out-
comes'® to determine whether extending a single-injection
paravertebral block with a multiple-day infusion decreases
chronic breast pain as well as pain-induced emotional and
functional dysfunction 1 year after mastectomy.

METHODS
Enrollment

The trial was prospectively registered at clinicaltri-
als.gov (NCT01231204). The protocol was in accordance
with the precepts established by the World Medical
Association’s Helsinki Declaration of 1964 and subsequent
amendments.” The local Institutional Review Board
(University of California San Diego, San Diego, CA, USA)
approved all study procedures, and all study subjects pro-
vided written informed consent.

Details of the study methods have been published pre-
viously.'® In brief, enrollment was offered to women
18 years of age or older undergoing uni- or bilateral mas-
tectomy with or without axillary lymph node dissection and
desiring a single-injection paravertebral nerve block(s) for
postoperative analgesia.

Preoperatively, all the subjects received an ipsilateral
paravertebral perineural catheter inserted with ultrasound
guidance between the third and fourth thoracic vertebrae
(StimuCath Plus, Teleflex Medical, Research Triangle Park,
NC, USA) followed by a single injection of long-acting local
anesthetic (15 mL of ropivacaine 0.5 %, with epinephrine
5 pg/mL). For the subjects undergoing bilateral mastectomy,
a catheter using the same protocol was subsequently inserted
in the contralateral side. Intraoperatively, the subjects
received a general anesthetic, with induction using intrave-
nous propofol and maintenance using inhaled volatile
anesthetic combined with nitrous oxide. An intravenous
opioid (fentanyl, hydromorphone, or morphine) was titrated
to heart rate and blood pressure increases as needed. All
subjects underwent immediate reconstruction after mastec-
tomy and had two drains inserted per mastectomy.

Study Intervention

Before the subject left the operating room, a perineural
infusion was initiated using an elastomeric portable infu-
sion pump with a fixed rate of 5 mL/h and a 300-mL
reservoir (LV5 Infusor, Baxter Healthcare International,
Deerfield, IL, USA). Investigational pharmacists random-
ized the subjects to one of two treatment groups: the
placebo group (normal saline) or the ropivacaine group
(0.4 %). The subjects undergoing a bilateral mastectomy
received two separate infusion pumps, each affixed to a
separate catheter and always containing the identical
solution. Subjects, investigators, observers, statisticians,
and all clinical staff were masked to treatment group
assignment through data analysis. The subjects remained
hospitalized at least one night and were subsequently dis-
charged home with their perineural catheter or catheters
in situ, which were removed on postoperative day (POD) 3.
The subjects remained masked to treatment group for the
entire 12-month duration of their participation.

Postoperative Analgesics

For postoperative analgesia during the immediate post-
operative period, all the subjects received the single-
injection ropivacaine paravertebral block (initiated via the
catheter) as well as oral acetaminophen (975 mg four times
daily). Administration of rescue analgesics for break-
through pain was determined by pain severity using the
following numeric rating scale (NRS): oxycodone 5 mg
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(NRS < 4) or 10 mg (NRS > 4). This protocol was used
both before and after discharge. During the patient’s hos-
pital stay, pain was reassessed 30 min later, and
intravenous morphine (2—4 mg) was repeated every 30 min
until the NRS was lower than 4.

Outcome Measurements (End Points)

Data were collected by telephone on PODs 1, 4, 8, and
28 and then at months 3 and 12. The Brief Pain Inventory
(short form) is an instrument specifically designed to assess
pain and its impact on physical and emotional functioning
within the previous 24 h.?'*? It has established reliability
and validity, with minimal interrater discordance, and is
recommended by the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials IMMPACT) con-
sensus statement.”> The Brief Pain Inventory consists of
three domains: (1) pain, with four questions involving
“worst,” “average,” “least,” and “current” pain levels
using an NRS with a range of 0 (no pain) to 10 (worst pain
imaginable), (2) percentage of relief provided by pain
treatments, with one question and a reported score calcu-
lated as the percentage divided by 10 then subtracted from
10 and ranging from O (complete relief) to 10 (no relief),
and, (3) interference, with seven questions involving
physical and emotional functioning using a Likert scale
with a range of 0 (no interference) to 10 (complete inter-
ference). The use of both single items (e.g., average pain)
and a composite score ranging from 0 (optimal) to 120
(worst possible) is supported by the IMMPACT recom-
mendations for assessing pain in clinical trials.>*2°

Additional information was gathered including the
incidence and intensity (measured on the NRS) of phantom
breast pain, defined as painful sensations perceived in
breast tissue after surgical resection'’; difficulty sleeping
because of pain (binary variable: yes or no); and the
number of awakenings perceived due to pain.

Statistical Analysis

For the follow-up study of the chronic pain phase, the
primary outcome was defined as the total Brief Pain Inventory
score at 12 months. We assessed the effect of ropivacaine (vs
placebo) on this ordinal outcome using the Mann—Whitney
U test at the 0.05 significance level.”’ Binary outcomes
between treatments were compared with the Pearson Chi
square test. No adjustment was made for multiple compari-
sons, and statistically significant findings in secondary
outcomes should be viewed as suggestive, requiring confir-
mation in a future trial before they are considered definitive.

The study was powered for the previously published acute-
phase primary end point: the difference between the two
treatment groups in average NRS queried the day after

surgery.'® With a total of 60 subjects and assuming a standard
deviation of 11.3 for the primary outcome (based on unpub-
lished data), we had more than 80 % power to detect a mean
difference of 8.3 or greater at the 0.05 significance level.

Very few data points were missing at 3 and 12 months.
For the primary outcome, missing data were imputed for
two ropivacaine patients and one placebo patient. For
missing outcome data, we used the “worst case” scenario
as the primary analysis (i.e., assigning the worst observed
value to missing data for ropivacaine patients and the best
observed value for placebo patients). In sensitivity analy-
ses, we used the best case scenario (assigning the best
observed value for ropivacaine and the worst observed
value for placebo) and the last observation-carried-forward
method. All statistical analyses were performed with R
software version 2.15.3 (The R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

During a 24-month period beginning December 2010,
60 subjects had unilateral (n = 24) or bilateral (n = 36)
catheter(s) inserted successfully per protocol (Table 1). No
seroma formations or wound/catheter infections occurred.

Acute Phase

The results for the acute phase of the postoperative period
have been published previously.'® In brief, the average pain
queried on POD 1 for the subjects receiving perineural
ropivacaine (n = 30) was a median (interquartile range) of 2
(IQR 0-3) compared with 4 (IQR 1-5) for the subjects
receiving saline (n = 30; P = 0.021). As a result, during the
infusion on POD 1, the subjects receiving perineural ropi-
vacaine experienced less pain-induced physical and
emotional dysfunction, as measured with the Brief Pain
Inventory (lower score = less dysfunction): 14 (IQR 4-37)
versus 57 (IQR 8-67) for the subjects receiving perineural
saline (P = 0.012). In contrast, after discontinuation of
infusion, no statistically significant differences were detec-
ted between the treatment groups on PODs 4, 8, and 28.

Follow-Up Study

No statistically significant difference between treat-
ments was observed 3 months after surgery (Table 2): The
mean Brief Pain Inventory was 14.1 £ 28.6 for the sub-
jects receiving ropivacaine versus 6.2 + 11.7 for the
subjects receiving saline (P = 0.624). Nine months later—
12 months after surgery (Table 3)—the mean Brief Pain
Inventory for the subjects who received ropivacaine had
decreased to 1.6 £ 4.6. In contrast, during this same per-
iod, the mean Brief Pain Inventory for the subjects who
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TABLE 1 Population data and procedural information

Perineural infusion Ropivacaine Placebo
(n = 30) (n = 30)
Age (years) 48 (40-54) 49 (40-57)
Height (cm) 165 (161-170) 166
(163-170)
Weight (kg) 62 (56-72) 61 (54-69)
Body mass index (kg/mz) 23 (20-26) 24 (20-26)
Unilateral mastectomy
With lymph node dissection 10
Without lymph node dissection 3
Bilateral mastectomy
With lymph node dissection 14 12
Without lymph node dissection 5 5
Surgical duration (min) 190 (125-205) 184
(132-229)
Worst pain during catheter 5.0 (2.5-6.0) 2.5 (1.34.5)
insertion (NRS)
Midazolam for catheter 2 (2-3) 2 (2-4)

insertion(s) (mg)

Fentanyl for catheter
insertion(s) (ng)

100 (50-100) 100 (75-100)

Values are reported as median (interquartile range) or as number of
subjects as indicated

NRS numeric rating scale

received saline changed minimally (5.9 £ 11.3) (inter-
group comparison: P = 0.007). A similar pattern was
found in the total of subjects experiencing any pain. At
3 months, 10 subjects (33 %) who had received ropiva-
caine reported pain versus 13 subjects (43 %) who had
received placebo (P = 0.595). In contrast, by 12 months
postoperatively, the number of subjects in the ropivacaine
group experiencing any pain had dropped to 4 (13 %)
versus an increase to 14 subjects (47 %) in the placebo
group (Table 4; P = 0.011).

Phantom Pain

At month 3, five subjects (17 %) who had received ropi-
vacaine reported phantom breast pain (Table 2), whereas
one subject (3 %) who had received placebo reported this
type of pain (P = 0.085). However, by month 12, only one
subject (3 %) in the ropivacaine group experienced any
phantom pain (described as occurring only a single time in
the previous 9 months) compared with nine subjects (30 %)
in the placebo group (P = 0.006).

DISCUSSION

This prospective follow-up study of a randomized, triple-
masked, placebo-controlled clinical trial suggests that adding

a multiple-day, continuous ropivacaine infusion to a single-
injection paravertebral nerve block during the immediate
postoperative period results in a lower incidence of pain and
pain-related physical and emotional dysfunction 1 year after
mastectomy. These results have broad clinical implications
considering the tens of thousands of patients undergoing
mastectomy in the United States alone,28’29 who have a rel-
atively high risk for the development of chronic pain.’

Acute Versus Chronic Pain

Our finding that a prolonged paravertebral nerve block
decreases pain and pain-related dysfunction during the
infusion and 1 year after mastectomy—but not during the
intervening period—may seem implausible. However, it
actually conforms to the current consensus that acute and
chronic pain states have related but differing etiologies.”
Pain in the immediate postoperative period is induced by
tissue injury resulting in nociceptive input from afferent
nerves as well as reversible peripheral and central sensiti-
zation that results in primary and secondary hyperalgesia.”
Inflammatory mediators released from injured tissue play a
central role and may greatly magnify sensitization (and
therefore pain response). By medically truncating afferent
nerves, peripheral nerve blocks are potent inhibitors of
nociceptive input,®® and as a result, continuous peripheral
nerve blocks provide intense prolonged analgesia during the
local anesthetic infusion.'* Our previously published results
reflect this for postmastectomy patients by the finding that
analgesia-related benefits afforded patients a continuous
paravertebral nerve block during the ropivacaine infusion.'®

Unfortunately, with few exceptions, little evidence
exists that patients experience analgesic benefits of con-
tinuous peripheral nerve blocks after cessation of the local
anesthetic infusion.'* This finding suggests that continuous
peripheral nerve blocks have minimal lasting effect on the
causes of acute pain such as inflammatory responses and
consequential reversible peripheral sensitization, local
neural hyperexcitability, and hyperalgesia.” The results of
our study conform to this theory because no statistically
significant differences between treatments were observed
from catheter removal through 3 months after surgery.'®

Additionally, the reversible nature of sensitization is
reflected in our study. Of the subjects who experienced
pain at 3 months, 7 of 10 subjects (70 %) who received
ropivacaine and 3 of 13 subjects (23 %) who received
placebo had complete resolution of pain by month 12
(intergroup comparison: P = 0.024).

Persistent Postsurgical Pain

Although the etiology of chronic pain is multifactorial
and not completely understood, the pathogenic
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TABLE 2 Comparison of ropivacaine and placebo paravertebral perineural infusion in terms of pain and its impact on physical and emotional

functioning 3 months after mastectomy

Mean £ SD Median (IQR) P value
Ropivacaine (n = 30)  Placebo (n = 30)  Ropivacaine (n = 30)  Placebo (n = 30)
Pain in the last 24 h (0-10)
Worst 14 +£25 1.7+ 24 0 (0-1) 0 (0-3) 0.422
Average 0.5+03 04 +1.0 0 (0-0) 0 (0-0) 0.955
Least 0.1 £0.3 0.1 £04 0 (0-0) 0 (0-0) 0.861
Current 04+ 1.1 0.3 £ 0.7 0 (0-0) 0 (0-0) 0.920
Pain subscale total (0-40) 2.1 44 25+39 0 (0-1) 0 (0-4) 0.317
Relief from treatments (0-10)* 9.1 £ 19 9.1 £22 10 (10-10) 10 (10-10) 0.838
Interference with (0-10; O = none)
General activity 09 +24 07 +1.8 0 (0-0) 0 (0-0) 0.844
Mood 1.2 £3.1 04 +13 0 (0-0) 0 (0-0) 0.829
Walking 04 +13 0.1 £04 0 (0-0) 0 (0-0) 0.622
Work (inside/outside home) 1.1 £29 05+13 0 (0-0) 0 (0-0) 0.927
Relationships 1.0 £ 2.6 0.2 + 0.6 0 (0-0) 0 (0-0) 0.208
Sleep 0.6 19 0.5+ 1.7 0 (0-0) 0 (0-0) 0.977
Enjoyment of life 1.1 £28 04 +13 0 (0-0) 0 (0-0) 0.617
Interference subscale total (0-70) 6.3 + 16.3 294+ 72 0 (0-0) 0 (0-0) 0.939
Brief Pain Inventory total 0-120" 14.1 £ 28.6 6.2 + 11.7 0 (0-2) 0 (0-6) 0.624
Brief Pain Inventory total >0: n (%)* 10 (33) 13 (43) 10 (33) 13 (43) 0.595
Phantom pain
Worst (0-10) 1.2 +23 0.1 £0.5 0 (0-0) 0 (0-0) 0.021
Average (0-10) 0.5+ 1.1 0.0 £ 0.2 0 (0-0) 0 (0-0) 0.041
Incidence (average times per day) 0.8 +£2.3 0.0 + 0.0 0 (0-0) 0 (0-0) 0.006
Due to surgical pain
Awakenings (occurrences) 0.1£03 0.2 £0.7 0 (0-0) 0 (0-0) 0.611
Difficulty sleeping: n (%) 0 (0) 2(7) 0 (0) 2(7) 0.472

Unless noted otherwise, for all variables, one missing value in the ropivacaine group and one missing value in the placebo group were imputed.
Missing data were imputed assuming the worst observed outcome for ropivacaine and the best observed outcome for placebo

SD standard deviation, /QR interquartile range

4 Missing values in the ropivacaine (n = 4) and placebo (n = 2) groups were imputed

mechanisms differ somewhat from those of acute pain.*' In
contrast to the inflammation-induced plasticity of the acute
phase, the perioperative barrage of nociceptive input trig-
gered by direct tissue injury provokes changes in the
central nervous system that may result in chronic
pain.?**-*3 In addition, injury to peripheral nerves results in
reorganization in the peripheral and central nervous sys-
tems, resulting in chronic pain. This reorganization occurs
over many weeks and months and may result in persistent
abnormalities in sensory processing, resulting in persistent
pain. 337

Our study found improved pain control during the first
days in the continuous local anesthetic infusion group, sug-
gesting that short-term reductions in postsurgical pain can
significantly dampen the long-term persistent changes in
nervous system function that occur with nerve injury.
Although the International Association for the Study of Pain

defines persistent postsurgical pain as occurring after more
than 2 months, the duration of the acute pain phase varies
greatly by surgical procedure.’’ For breast surgery, the divi-
sion between acute and chronic periods is considered at some
point between 3 and 6 months.>® The results from our study
reflected this. No statistically significant differences between
treatments were observed at 3 months, and five subjects who
had not experienced pain at 3 months had chronic pain by
month 12 (1 from the group that had received perineural
ropivacaine and 4 from the placebo group; Table 4).
Because continuous peripheral nerve blocks greatly
decrease nociceptive input over the course of multiple
postoperatively days, they may preempt the signals
resulting in the central nervous system “windup” that
contribute to chronic pain.'’ Regarding mastectomy,
intense perioperative pain is associated with an increased
risk of chronic pain,” and providing potent perioperative
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TABLE 3 Comparison of ropivacaine and placebo paravertebral perineural infusion in terms of pain and its impact on physical and emotional

functioning 12 months after mastectomy

Mean + SD Median (IQR) P value
Ropivacaine (n = 30)* Placebo (n = 30)* Ropivacaine (n = 30)* Placebo (n = 30)*
Pain in the last 24 h (0-10)
Worst 05+15 1.5£2.0 0 (0-0) 0 (0-3) 0.005
Average 0.3+ 09 0.2 +05 0 (0-0) 0 (0-0) 0.582
Least 0.2 £ 0.6 0.1 £0.3 0 (0-0) 0 (0-0) 0.356
Current 0.2 + 0.6 0.3 £ 0.7 0 (0-0) 0 (0-0) 0.700
Pain subscale total (0-40) 1.2 £3.7 20+29 0 (0-0) 0 (0-3) 0.015
Relief from treatments (0—10) 9.9+ 03 93+ 1.7 10 (10-10) 10 (9-10) 0.082
Interference with (0-10; O = none)
General activity 0.1 £0.3 0.6+ 14 0 (0-0) 0 (0-0) 0.354
Mood 0.0 £ 0.0 0615 0 (0-0) 0 (0-0) 0.022
Walking 0.0 £ 0.0 0.0 £ 0.2 0 (0-0) 0 (0-0) 0.334
Work (inside/outside home) 0.0 & 0.0 0.3 +0.8 0 (0-0) 0 (0-0) 0.042
Relationships 0.0 £ 0.0 04+ 14 0 (0-0) 0 (0-0) 0.082
Sleep 0.0 £ 0.0 07+19 0 (0-0) 0 (0-0) 0.354
Enjoyment of life 0.1 £0.3 0.6+ 14 0 (0-0) 0 (0-0) 0.216
Interference subscale total (0-70) 0.2 + 0.6 324+79 0 (0-0) 0 (0-0) 0.381
Brief Pain Inventory total (0—120) 1.6 £ 4.6 59+ 11.3 0 (0-0) 0 (0-6) 0.007
Brief Pain Inventory total >0: n (%) 4 (13) 14 47) 4 (13) 14 (47) 0.082
Phantom pain
Worst (0-10) 0.3 +0.8 07+ 14 0 (0-0) 0 (0-1) 0.083
Average (0-10) 0.0 £ 0.0 0.5+ 1.1 0 (0-0) 0 (0-0) 0.006
Incidence (average times/day) 0.0 &£ 0.0 0.7+ 1.8 0 (0-0) 0 (0-1) 0.029
Due to surgical pain
Awakenings (occurrences) 0.0 £ 0.0 0.1 +£04 0 (0-0) 0 (0-2) 0.082
Difficulty sleeping: n (%) 0 (0) 5 (17) 00 5(17) 0.062

SD standard deviation, /QR interquartile range

* Data were imputed for two patients with missing values in the ropivacaine group and for one patient in the placebo group. Missing data were
imputed assuming the worst observed outcome for ropivacaine and the best observed outcome for placebo

analgesia with a single-injection paravertebral nerve block
is correlated with a lower incidence of chronic pain
4-12 months postoperatively.'"'?

Our study suggests that using a perineural local anesthetic
infusion to prolong the potent analgesia afforded by a single-
injection block decreases the risk for the development of
chronic pain (P = 0.007), including phantom breast pain
(incidence of 3 % at 12 months for the ropivacaine group
and 30 % for the placebo group; P = 0.006).

In summary, pain during the first 3—-6 months after
mastectomy often is induced or worsened by factors that
continuous peripheral nerve blocks affect only marginally
(e.g., inflammatory mediator release).39’4o In contrast,
persistent postoperative pain often results from nociceptive
communication from injured peripheral tissue to the central
nervous system via afferent nerves in the immediate post-
operative period, and it is this communication that
peripheral nerve blocks dramatically attenuate.

Interestingly, a recently published randomized trial by
Karmakar et al.*! with a protocol very similar to that of the
current study reported a similar decrease in the incidence
and intensity of chronic pain 6 months after mastectomy, but
only for subjects who received both a single-injection par-
avertebral block and subsequent 72-h perineural infusion
compared with no regional anesthetic/analgesic. However,
no statistically significant difference was detected between
the subjects with a single-injection paravertebral block and
perineural local anesthetic infusion and those who received a
single-injection block and placebo infusion (essentially the
treatment groups of the current study). We can only spec-
ulate on the origin of the difference in findings between the
previous and current studies, but it is possible that the use of
ropivacaine 0.25 versus 0.4 % of the current study (at
approximately the same basal rates of 5—6 mL/h), which
induces a greater insensate surgical area, was responsible for
the contrasting results.'®
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TABLE 4 Comparison of ropivacaine and placebo paravertebral
perineural infusion in terms of pain and its impact on physical and
emotional functioning 3 and 12 months after mastectomy

BPI: Brief Pain Inventory Ropivacaine  Placebo P Value
(n = 30) (n = 30)
n (%) n (%)
Subjects with BPI > 0 at 10 13 0.595
3 months®
Subjects with BPI > 0 at 3 months for whom at 12 months
Pain resolved (BPI = 0)° 7 (70) 3(23) 0.024
Pain continued (BPI > 0)° 3 (30) 10 (77)
Subjects with no pain at 1 4 0.100
3 months but development
of pain by 12 months®
Subjects with BPI >0 at 12 4 14 0.011
months®

Missing data were imputed assuming the worst observed outcome for
ropivacaine and the best observed outcome for placebo. Data are
presented as number of subjects (%)

BPI Brief Pain Inventory

* Data were imputed for four patients with missing values in the
ropivacaine group and for two patients in the placebo group

® Data were imputed for two patients with missing values in the
ropivacaine group and for one patient in the placebo group

Study Limitations

This investigation had several limitations. First, our
study was powered for the primary end point involving
pain during the perineural infusion, and although the cur-
rent analysis was performed prospectively, the findings for
the secondary outcomes should be viewed as suggestive,
requiring confirmation in a subsequent trial. Second, we
provided a basal infusion of 5 mL/h (ropivacaine 0.4 %, or
20 mg/h) exclusively without patient-controlled bolus
doses. The optimal delivery regimen for paravertebral
infusions remains unknown, so a higher basal infusion rate
(>5 mL/h) or local anesthetic concentration (>0.4 %) than
used in this study may yield superior results. Relatedly,
nonsteroidal antiinflammatory agents, gabapentin, and
local anesthetic wound infiltration/infusion were not used
per the surgeon’s preferred standard analgesic regimen, the
addition of which may have decreased the differences
found between the two treatment groups.**™** In addition,
although the overwhelming number of investigations,
including those of the current study, involving breast sur-
gery and paravertebral infusion included the third thoracic
level for catheter insertion,*>? the optimal level for
mastectomy analgesia remains unknown. We did not
measure blood levels of nociceptive processing or stress
response markers that could have helped elucidate any
association of perioperative analgesia with persistent
postoperative pain and cancer recurrence.’*>

A large body of evidence exists on the role of condi-
tioned pain modulation (CPM) in the development of
chronic pain, including postsurgery chronic pain syn-
dromes.>* The thought that less efficient CPM increases the
risk for the development of chronic pain after surgery has
been substantiated. Patients with less efficient CPM
(determined preoperatively) undergoing thoracotomy and
abdominal surgery have shown a significantly higher
incidence of chronic pain.’*>°

We did not test for CPM, and this may account for the
differences. Similarly, we did not perform a baseline psy-
chosocial assessment. Differences in psychosocial status
(i.e., stress, anxiety, depression, work status) between
groups can account for differences in chronic pain
incidence.

Finally, we did not collect data on patient comorbidities,
postoperative adjuvant therapy, cancer recurrence, or
chronic pain medications. However, with a randomized
study design and a total of 60 subjects, it is probable that
such variables were relatively evenly distributed between
the two treatment groups, and it is highly improbable that
small random differences in such variables would account
for the large treatment effect (4 [13 %] vs 14 [47 %] with
chronic pain) we found 12 months postoperatively.

In summary, this investigation suggests that adding a
multiple-day, ambulatory, continuous ropivacaine infusion
to a single-injection ropivacaine paravertebral nerve block
may result in less chronic pain and functional deficit 1 year
after mastectomy.
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