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ABSTRACT

Background. We sought to determine if lumpectomy

patients who received perioperative opioid-sparing multi-

modal analgesia reported less pain when compared with

those who received traditional opioid-based care.

Study Design. A prospective cohort of patients undergo-

ing lumpectomy who received an opioid-sparing

multimodal analgesia protocol [no opioids group (NOP)]

was compared with a large cohort of patients who received

traditional care [opioids group (OG)]. In-hospital and dis-

charge opioids were compared using oral morphine

equivalents (OMEs). Postoperative day one and week one

pain scores were compared using the Kruskal–Wallis test.

Results. Overall, 1153 patients underwent lumpectomy:

634 patients received the protocol (NOP), and 519 patients

did not (OG). Median pain scores were significantly lower

in the NOP cohort when compared with the OG cohort the

day after surgery (2 vs. 0, p\ 0.001) and the week after

surgery (1 vs. 0, p\ 0.001). NOP patients were signifi-

cantly less likely to report severe pain (7–10 on a 10-point

scale) the day after surgery compared with OG patients

(15.7% vs. 6.9%, p = 0.004). Patients in the NOP cohort

were discharged with a median of zero OMEs (range

0–150), while patients in the OG were discharged with a

median of 90 OMEs (range 0–360; p\ 0.001).

Conclusion. Implementation of an opioid-sparing multi-

modal analgesia protocol for lumpectomy patients resulted

in superior pain control without a routine opioid prescrip-

tion. Surgeons can improve their own patients’ outcomes

while addressing the larger societal issue of the opioid

crisis by adopting similar protocols that decrease the

quantity of opioids available for diversion.

The American Cancer Society reports that more than

100,000 breast-conserving surgeries are performed in the

US each year.1 Historically, patients undergoing lumpec-

tomy are discharged with an opioid prescription, but only

15–25% of the prescribed opioids are actually taken by the

patient.2 This overprescription of opioids leads to a large

quantity available for diversion, which has motivated sur-

gical societies to reassess the necessity of postoperative

opioids.3

While opioids have historically been the gold standard

in treating postoperative pain, they are associated with a

risk of opioid use disorder and more recent data suggest

that they can adversely impact patient care. Opioids lead to

disrupted immune response and may contribute to poor

oncologic outcome through immunosuppressive or

inflammatory mechanisms.4,5 Incorporation of multimodal

analgesia through breast surgery perioperative pain proto-

cols leads to decreased opioid prescribing without an

increased risk of complications.6 Previous work demon-

strated that reflex opioid prescription after breast surgery

could be eliminated without compromising postoperative

pain.7 By combining a non-randomized pilot study with a

large historical cohort, postoperative pain scores were

compared to determine whether a multimodal analgesia
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protocol results in equivalent or improved pain control in

patients undergoing one of the most common surgical

procedures in the US.1

METHODS

A prospective pilot study of patients undergoing breast

surgery at a single institution was designed and imple-

mented after hospital Ethics Committee approval was

obtained (IRB 2017-09-29). The elements of the opioid-

sparing protocol for patients undergoing lumpectomy and

mastectomy without reconstruction have been previously

described.7,8 The non-opioid (NOP) protocol utilizes mul-

timodal analgesia, including gabapentin (GABA),

acetaminophen (APAP), liposomal bupivacaine, and non-

steroidal anti-inflammatory drugs (NSAIDs). It can be

simplified into three phases: preoperative education and

medication, intraoperative non-opioid adjuncts including

ketorolac 15 mg, and postoperative scheduled acet-

aminophen and ibuprofen (Fig. 1).

Preoperative education was enhanced with expanded

counseling and written material that encouraged patients to

purchase over-the-counter acetaminophen and ibuprofen

prior to the day of surgery. Preoperative oral medications

(acetaminophen 975 mg and gabapentin 300 mg ) were

administered in the holding area with a sip of water. At

least 20 cc of long-acting local analgesia was applied

through pre-incision infiltration of the skin, along with

coverage of the lumpectomy cavity (including all five

walls). Additional infiltration was performed pre-closure to

the axillary subcutaneous tissue and the drain site.

Patients included in the prospective pilot study were

compared with a large historical cohort of patients under-

going surgery approximately 2 years prior [opioid group

(OG)]. Pilot study patients who did and did not receive the

opioid-sparing protocol (September 2017–April 2019)

were included along with the historical cohort (July 2015–

June 2016) that did not receive the protocol. Patients in the

historical cohort and those receiving usual care (OG

cohort) in the pilot study were routinely prescribed opioids

at discharge according to provider preference. Those

undergoing surgery between July 2016 and August 2017

were excluded since this represented a transitional period

where different elements of the protocol were implemented

inconsistently, such as the use of liposomal bupivacaine

(Fig. 2). The present analysis included patients undergoing

wire-localized lumpectomy, wireless localized lumpec-

tomy, excisional biopsy, and re-excision with varied

axillary management. Patients undergoing mastectomy or

axillary surgery alone were excluded. Patients with self-

reported opioid dependence or chronic opioid prescriptions

noted in the patient medication list during the preoperative

visit were also excluded from the present analysis.

Patient demographics, protocol adherence, and surgical

outcomes were collected retrospectively and stored using

the REDCap (Research Electronic Data Capture) tool,9,10 a

secure, web-based software platform designed to support

data capture for research studies, providing (1) an intuitive

interface for validated data capture; (2) audit trails for

tracking data manipulation and export procedures; (3)

automated export procedures for seamless data downloads

to common statistical packages; and (4) procedures for data

integration and interoperability with external sources.

Pilot study patients’ pain scores were collected postop-

eratively through a survey administered at the

postoperative visit 7–10 days after surgery that asked

patients to recall postoperative day one and week one pain

scores. The historical cohort patients’ pain scores were

collected from a nursing phone call the day after surgery,

and this postoperative day one pain score is usually doc-

umented in the medical record. Moderate to severe pain

was defined as at least 4 on a 10-point scale, and severe

pain was defined as at least a 7 on a 10-point scale. Pain

scores were further analyzed with respect to lumpectomy

type and axillary management. Opioids prescribed in-hos-

pital and at discharge were compared using oral morphine

equivalents (OMEs) based on the Centers for Disease

Control and Prevention (CDC) mobile application (app).11

Statistical analyses were performed using SAS� soft-

ware, version 9.4 (SAS Institute Inc., Cary, NC, USA) and

outsourced to Peter Flom Consulting. Descriptive statistics

were compared and postoperative pain scores were ana-

lyzed using the Kruskal–Wallis test. Proportions with 95%

exact confidence interval were estimated and a p value\
0.05 was considered statistically significant.

Preoperative:
Enhanced preop education

Clear liquids ≥2 hours 
preoperatively

Holding area meds:            
975mg APAP + 300mg GABA

Antiemetic protocol with 
induction

Intraoperative:
Long-acting local infiltration 

before incision
≥20cc local analgesia mixture 

into subcutaneous tissue, 
chest wall +/- axilla, drain site

15mg IV ketorolac during 
closure

Postoperative:
Early cessation of IV fluids

Early ambulation
Unrestricted diet
Scheduled meds:

600mg Ibfn + 650 mg APAP 
every 8 hours, alternating every 

4 hours for 4-5 days

FIG. 1. Preoperative,

intraoperative, and

postoperative elements of the

opioid-sparing multimodal

analgesia protocol for patients

undergoing lumpectomy. APAP
acetaminophen, GABA
gabapentin, IV intravenous
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RESULTS

A combined contemporary and historical cohort inclu-

ded 1153 patients who underwent lumpectomy. Overall,

634 patients received the protocol (NOP) and 519 patients

did not (OG); 563 patients had pain scores available for

analysis (Fig. 2).

The groups were similar with regard to comorbidities,

tobacco use, and history of prior breast cancer (Table 1),

although NOP patients were slightly older and more likely

to be obese. A significantly greater number of patients in

the NOP cohort underwent wireless lumpectomies and

significantly fewer patients in the OG cohort underwent

axillary surgery.

The majority of the NOP group received all elements of

the protocol, including preoperative oral medication,

intraoperative ketorolac, and intraoperative liposomal

bupivacaine. Most lumpectomy patients did not require

postoperative opioids prior to discharge, regardless of

protocol receipt. OG patients were discharged with a

median of 90 OMEs (range 0–360), while the NOP patients

were discharged with no OMEs (p\ 0.001) (Table 2).

Postoperative pain scores were consistently lower in

patients who received the opioid- sparing (NOP) protocol.

When analyzed as a whole, NOP patients reported signif-

icantly lower postoperative day one and week one pain

scores. With respect to lumpectomy type, this significance

persisted for both the wire-localized and wireless

localization lumpectomy groups. With regard to axillary

management, patients who received sentinel node biopsy or

no axillary surgery in the NOP group reported significantly

lower pain scores than those in the OG cohort, but a

comparison with those undergoing axillary dissections was

limited by smaller numbers (Table 3).

While median pain scores were low regardless of pro-

tocol, large reductions in risk of clinically significant pain

were seen in patients who received the opioid-sparing

(NOP) protocol. On postoperative day one, NOP patients

were significantly less likely to report moderate to severe

(at least 4/10) and severe pain (at least 7/10). While this

risk reduction persisted at postoperative week one, it was

not statistically significant (Table 4).

Notably, the risk of moderate to severe pain on post-

operative day one was lower in patients undergoing wire-

localized lumpectomies who received the opioid-sparing

multimodal analgesia protocol, but this was not appreciated

in those undergoing lumpectomy who did not have wire

localization (horizontal p-values in Table 5). In fact,

lumpectomies without wire localization did not have a

significantly lower risk of persistent postoperative pain at

day one and week one when compared with wire-localized

lumpectomies (vertical p values in Table 5). Not surpris-

ingly, even with the NOP protocol, those who had axillary

surgery were more likely to report moderate to severe pain

at both timepoints after surgery (vertical p values in

Table 5).

Lumpectomy and mastectomy 
between 7/2015 and 4/2019

(n=2297)

Excluded (n=1144)
- Mastectomy with / without 

reconstruction (n=395)
- Opioid dependence (n=6)
- Surgery between 7/2016 and 

8/2017 (n=704)
- Axillary mass excision (n=39)

Patients who had a 
lumpectomy (n=1153)

Opioids Group (OG) 
did not receive protocol 

(n=519)

No Opioids Group (NOP) 
received protocol

(n=634)

OG patients with day one and/or 
week one pain scores available 

(n=102)

NOP patients with day one and/or 
week one pain scores available

(n=461)

Assessed for eligibility

Allocation

Analysis

FIG. 2. Study cohort diagram
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DISCUSSION

Patients undergoing localized lumpectomy who received

the multimodal opioid-sparing protocol were found to have

superior postoperative pain control when compared with

patients who received traditional care and a routine opioid

prescription at discharge. The opioid-sparing protocol

provided superior pain control for patients undergoing both

wireless and wire-localized lumpectomies, and for those

who received no axillary surgery or sentinel node biopsy.

TABLE 1. Demographics and

clinical characteristics
Opioids group

[n = 519]

No opioids group

[n = 634]

p value

Female 513 (98.8)a 630 (99.4) 0.339

Median age, years (range) 54 (12–92) 58 (14–104) 0.008

Median BMI (range) 27.9 (15–53) 28.7 (14–58) 0.068

Obese patients (BMI C 30) 189 (36.4) 273 (43.1) 0.022

Comorbidities

Any comorbidity 270 (52.0) 348 (54.9) 0.332

Cardiovascular disease 260 (50.3) 334 (52.8) 0.404

Diabetes 104 (20.1) 109 (17.2) 0.209

Tobacco use 0.602

No/never 404 (77.9) 483 (76.2)

Current/past 110 (21.2) 147 (23.2)

Previous breast cancer 34 (6.6) 52 (8.2) 0.302

Lumpectomy type

Wire localization 351 (67.6) 245 (38.6) \ 0.001

Wireless localization 22 (4.2) 227 (35.8) \ 0.001

Excisional biopsy 111 (21.4) 99 (15.6) 0.012

Re-excision 35 (6.7) 63 (9.9) 0.053

Proportion with malignancy 254 (48.9) 378 (59.6) \0.001

Bilateral surgery 22 (4.2) 40 (3.5) 0.121

Axillary management

None 363 (69.9) 391 (61.7) 0.003

Sentinel node biopsy 136 (26.2) 210 (33.1) 0.011

Axillary dissection 20 (3.9) 33 (5.2) 0.276

Significant p values are given in bold

Data are expressed as n (%) unless otherwise specified

BMI body mass index

TABLE 2. Protocol adherence

and prescribed opioids
Opioids group [n = 519] No opioids group [n = 634] p value

Perioperative management

Preoperative acetaminophen 12 (2.2)a 532 (97.8) \ 0.001

Preoperative gabapentin 14 (2.6) 525 (97.4) \ 0.001

Intraoperative ketorolac 27 (5.7) 450 (94.3) \ 0.001

Intraoperative liposomal bupivacaine 9 (1.5) 574 (98.5) \ 0.001

Median inpatient OMEs (range) 0 (0–97.5) 0 (0–27.5) \ 0.001

Mean inpatient OMEs 1.5 0.5 \ 0.001

Median discharge OMEs (range) 90 (0–360) 0 (0–150) \ 0.001

Mean discharge OMEs [SD] 112.5 [74.6] 5.1 [20.0] \ 0.001

Significant p values are given in bold

Data are expressed as n (%) unless otherwise specified

OMEs oral morphine equivalents, SD standard deviation
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The subset analysis revealed that the protocol resulted in

better pain control in patients undergoing sentinel node

biopsy. Patients undergoing axillary surgery were more

likely to report clinically significant pain at postoperative

day one and week one when compared with those who did

not receive axillary surgery, regardless of protocol. This is

in line with prior reports documenting increased pain in

patients receiving axillary intervention at the time of

lumpectomy.12 Nevertheless, the NOP patients discharged

with scheduled acetaminophen and ibuprofen reported

TABLE 3. Postoperative pain

scores by surgery type and

axillary management

Opioids group [n = 102] No opioids group [n = 461] p value

Day one pain scores

Lumpectomy (all) 2 (0–10), n = 102a 0 (0–10), n = 461 \ 0.001

Wire localization 2 (0–10), n = 61 0 (0–9), n = 181 0.002

Wireless localization 2 (0–10), n = 18 0 (0–10), n = 157 0.002

Excisional biopsy 0 (0–9), n = 15 0 (0–10), n = 75 0.777

Re-excision 0 (0–3), n = 8 0 (0–10), n = 48 0.811

Axillary management

Sentinel node biopsy 2 (0–8), n = 21 0 (0–10), n = 147 0.020

Axillary dissection 0 (0–9), n = 5 2 (0–10), n = 23 0.611

Any axillary surgery 2 (0–9), n = 26 0 (0–10), n = 170 0.073

No axillary surgery 2 (0–10), n = 76 0 (0–10), n = 291 \ 0.001

Week one pain scores

Lumpectomy (all) 1 (0–8), n = 95 0 (0–10), n = 398 \ 0.001

Wire localization 0 (0–8), n = 57 0 (0–9), n = 159 0.006

Wireless localization 2 (0–8), n = 17 0 (0–10), n = 131 \ 0.001

Excisional biopsy 0 (0–7), n = 15 0 (0–8), n = 66 0.334

Re-excision 0 (0–2), n = 6 0 (0–8), n = 42 0.544

Axillary management

Sentinel node biopsy 1 (0–8), n = 19 0 (0–10), n = 124 0.037

Axillary dissection 0 (0–8), n = 5 0 (0–7), n = 17 0.963

Any axillary surgery 1 (0–8), n = 24 0 (0–10), n = 141 0.060

No axillary surgery 0 (0–8), n = 71 0 (0–10), n = 257 \ 0.001

Significant p values are given in bold

Data are expressed as median (range), n

TABLE 4. Rates of clinically significant pain among study groups

Opioids group

[n = 102]

No opioids group

[n = 461]

p value

Postoperative day one

Moderate to severe paina 35 (34.3) 88 (19.1) \ 0.001

Severe painb 16 (15.7) 32 (6.9) 0.004

Opioids group [n = 95] No opioids group

(n = 398)

p value

Postoperative week one

Moderate to severe pain 20 (21.1) 57 (14.3) 0.104

Severe pain 5 (5.3) 17 (4.3) 0.674

Significant p values are given in bold

Data are expressed as n (%)
aModerate to severe pain: 4–10 on a 10-point scale
bSevere pain: 7–10 on a 10-point scale
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superior postoperative pain control, despite having a

greater proportion of patients who received axillary sur-

gery. This suggests that the opioid-sparing protocol may be

more effective than measured in this analysis.

With regard to wire- versus wireless localized lumpec-

tomy, there was not a significant difference in

postoperative day one pain scores (Fig. 3). While the pre-

sent study was not specifically designed to compare pain

outcomes in these subgroups, patients undergoing wire

localization receive an additional procedure on the day of

surgery. This finding is in contrast to a previous random-

ized clinical trial that found that patients who underwent

wire localization reported higher postoperative day one

pain scores when compared with those whose procedure

included wireless localization techniques.13

The present work builds upon prior studies showing that

opioid minimization after excisional biopsy and lumpec-

tomy is achievable. Moo et al. recently demonstrated that

replacement of the reflex discharge opioid with an NSAID

(diclofenac) did not compromise postoperative pain con-

trol, and few patients (1.3%) who were discharged without

opioids subsequently requested a prescription.14 In contrast

to our results, their study did not find superior

postoperative pain control with non-opioid adjuncts.

However, they did find low postoperative pain scores

without the use of liposomal bupivacaine, which highlights

the generalizability of their results since use of this local

anesthetic is cost prohibitive to many.

Successfully addressing acute postoperative pain leads

to a decreased risk of persistent pain, and patients under-

going curative-intent cancer surgery are particularly

vulnerable to chronic pain.15–18 Chronic pain, defined as

extending beyond the 3-month time point from the inter-

vention, disrupts sleep patterns and daily activities, lowers

quality of life, and decreases the likelihood of maintaining

or returning to employment.19–21 While most patients who

experience persistent postoperative pain will improve over

a 3-year period, 1 in 10 will develop new chronic opioid

use after receiving a physician prescription.3,22,23

Opioids have traditionally been recognized as an inte-

gral part of cancer pain management.24,25 While they are

known to cause constipation, central nervous system dis-

turbances, and disruption in endogenous opioid pathways,

they may also negatively impact oncologic outcome.26,27

Preclinical studies have shown that opioids administered at

the time of cancer surgery can be deleterious to the normal

TABLE 5. Proportion of patients with moderate to severe paina, subgroup analysis

Opioids group [n = 102] No opioids group [n = 461] p value (row)

Postoperative day one

Lumpectomy type

Wire localized (n = 242) 24/61 (39.3) 36/181 (19.9) 0.002

Non-wire localizedb (n = 321) 11/41 (26.8) 52/280 (18.6) 0.214

p Value (column) 0.275 0.818

Axillary management

Any axillary surgery (n = 196) 8/26 (30.8) 43/170 (25.3) 0.553

No axillary surgery (n = 367) 27/76 (35.5) 45/291 (15.5) \ 0.001

p Value (column) 0.840 0.014

Opioids group [n = 95] No opioids group [n = 398] p value (row)

Postoperative week one

Lumpectomy type

Wire-localized (n = 216) 11/57 (19.3) 24/159 (15.1) 0.460

Non-wire localizedb (n = 277) 9/38 (23.7) 33/239 (13.8) 0.115

p Value (column) 0.797 0.812

Axillary management

Any axillary surgery (n = 165) 8/24 (33.3) 31/141 (22.0) 0.226

No axillary surgery (n = 328) 12/71 (16.9) 26/257 (10.1) 0.114

p Value (column) 0.156 0.002

Significant p values are given in bold

Data are expressed as n/n (%)
aModerate to severe pain: score 4–10 on a 10-point scale
bNon-wire localized lumpectomy includes excisional biopsy, re-excision, wireless localization

5860 C. Morin et al.



anti-tumor immune response and give rise to worse out-

comes through immune system disruption, decreasing the

activity of natural killer (NK) cells and dysregulating cel-

lular apoptosis.28–30 In addition, studies utilizing murine

models have demonstrated morphine-induced tumor pro-

gression in breast cancer cell lines treated with opioids.31

This oncogenic effect due to vascular neogenesis was not

seen in the cells treated with naloxone, a mu opioid non-

selective receptor antagonist.32 Morphine has also been

linked to an increase in breast cancer lung metastasis in

similar models.33

The relationship between opioids and oncologic out-

comes was also investigated in human studies.

A Surveillance, Epidemiology, and End Results (SEER)

database study including 42,151 patients who underwent

colon cancer surgery showed that patients who received

non-opioid epidural anesthesia had a significantly longer

overall survival compared with patients who received

systemic opioid analgesia.34 Two retrospective studies

including patients with non-small cell lung cancer under-

going curative-intent surgery found an association between

perioperative opioid use, increased recurrence rates, and

decreased overall survival.35,36 Pooled data from two ran-

domized clinical trials were reported by Janku et al. and

revealed that treatment with a peripherally active mu opioid

receptor antagonist improved overall survival in end-stage

cancer patients.37 Combined with the preclinical data, these

studies provide a large body of evidence that opioids have

the potential to worsen oncologic outcomes.

In contrast, NSAIDs are effective non-opioid adjuncts

that reduce postoperative pain after surgery and may also

have antineoplastic effects.38–42 A randomized clinical trial

comparing diclofenac with placebo after mastectomy with

reconstruction reported that patients experienced signifi-

cantly less pain on the day after surgery, which translated

into lower postoperative opioid consumption.43 Preclinical

studies have suggested that NSAIDs may improve onco-

logic outcomes. Surgery itself induces an inflammatory

state that may lead to dormancy escape of micrometastases,

but preoperative ketorolac has been shown to mitigate

these effects through cyclooxygenase (COX)-1 and COX-2

inhibition.44–46 Furthermore, two retrospective studies of

women undergoing breast cancer surgery found that those

who received intraoperative parenteral ketorolac had a

significantly lower rate of cancer recurrence. Notably, this

benefit was even greater in obese patients.47,48

The present study constitutes a comprehensive com-

parison of patient-reported pain outcomes after

lumpectomy. Incorporation of a large historical multi-sur-

geon cohort from a culturally diverse area lends to the

generalizability of results. The analysis is timely in that the

ongoing opioid crisis continues to evolve. The CDC

released a preliminary report revealing a 5% increase in the

rate of opioid overdose deaths in 2019, and a more recent

report by the American Medical Association (AMA)

describes an increase in opioid-related mortality in more

than 40 states since the onset of the coronavirus disease

2019 (COVID-19) pandemic.49,50

Moderate to Severe Pain: Postoperative Day One
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While the study groups were demographically similar,

more patients in the OG cohort underwent wire-localized

lumpectomy compared with wireless localizations, but this

is likely a function of timing since a large proportion of OG

patients from the historical cohort predated the widespread

use of wireless technologies. Patients in the NOP group

were surveyed 7–10 days after their surgery, and therefore

their report of previous pain on postoperative day one may

be subject to recall bias. Non-randomization also makes it

difficult to discern whether a particular element or a

combination of the protocol elements led to the low pain

scores reported in the NOP patients. Similarly, NOP

patients who received the long-acting local analgesia may

have had similar results without the preoperative medica-

tions, intraoperative NSAID, and postoperative non-opioid

adjuncts. Subsequent prospective work should be designed

to answer this question since the inclusion of this particular

long-acting local anesthetic may be cost prohibitive for

some.

Several studies have found that prescriptions are the

main source of diverted opioids leading to overdose.3

Approximately 80% of patients with opioid use disorder

had a personal opioid prescription before their abuse

diagnosis and 10% report accessing opioids through a

family member’s prescription.51,52 Widespread implemen-

tation of opioid-sparing multimodal analgesia protocols

eliminating the routine opioid prescription at discharge will

undoubtedly lead to an unprecedented reduction in the

opioids available for diversion.

Future investigations should focus on addressing

patients at increased risk for chronic pain and therefore

opioid dependence. Younger age, pre-existing pain syn-

dromes, anxiety, and high body mass index have all been

associated with increased postoperative pain.53–57 Incor-

porating screening measures to identify these patients

preoperatively would allow surgeons to refer patients to the

appropriate subspecialists and may highlight necessary

adjustments in the multimodal protocol.

CONCLUSION

Implementation of an opioid-sparing multimodal anal-

gesia protocol for patients undergoing lumpectomy is

feasible and results in the elimination of routine postop-

erative opioid prescribing. Furthermore, incorporation of

the protocol led to superior postoperative pain control

when compared with similar patients who were routinely

discharged with opioids, demonstrating that opioid

administration is not a requisite for excellent pain control

after lumpectomy. Looking to the future, opioid mini-

mization may prove further beneficial given that

perioperative opioids may worsen cancer outcomes.
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