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a b s t r a c t

Introduction: In 2013, we implemented a pill-based, multi-modal pain regimen (MMPR) in order to
decrease in-hospital opioid exposure after injury at our trauma center. We hypothesized that the MMPR
would decrease inpatient oral morphine milligram equivalents (MME), decrease opioid prescriptions at
discharge, and result in similar Numerical Rating Scale (NRS) pain scores.
Methods: Adult patients admitted to a level-1 trauma center with �1 rib fracture from 2010 to 2017 were
included e spanning 3 years before and 4 years after MMPR implementation. MME were summarized as
medians and interquartile range (IQR) by year of admission. The effect of the MMPR on daily total MME
was estimated using Bayesian generalized linear model.
Results: Over the 8 year study period, 6,933 patients who met study inclusion criteria were included. No
significant differences between years were observed in Abbreviated Injury Scale (AIS) Chest or Injury
Severity Scores (ISS). After introduction of the MMPR, there was a significant reduction in median total
MME administered per patient day from 60 MME/patient day (IQR 36e91 MME/patient day) pre-MMPR
implementation to 37 MME/patient day (IQR 18e61 MME/patient day) in 2017, p < 0.01. Total MME
administered per patient day decreased by 31% in 2017 as compared to 2010 (rate ratio 0.69, 95% CI 0.64
e0.75). Average NRS pain scores decreased by 0.8 points (95% CI -0.87, �0.81) from 2010 to 2017.
Conclusion: The introduction of a multi-modal pain regimen resulted in significant reduction in in-
patient opioid exposure after injury. The reduction in inpatient opioid use from 2010 to 2017 was
equivalent to 11mg less oxycodone or 17mg less hydrocodone per patient per day. Additionally, use of
the MMPR was associated with a reduction in NRS pain scores.

Published by Elsevier Inc.
Introduction

Drug overdose deaths are now the leading cause of death in the
U.S. for those under 50 years of age.1 In 2017, drug overdose deaths
in the United States were 33% higher than in 2015, with approxi-
mately two-thirds of the culpable drugs being opioids.2 Of patients
seeking treatment for heroin addication, 75% had their first
71, Houston, TX, 77030, USA.
.

exposure to opioids via prescription.3 In 2014, the Center for Dis-
ease Control and Prevention (CDC) declared prescription drug
overdose to be in the top five health threats.4 Opioid abusers are
estimated to cost $15,000 more per person in healthcare expen-
diture and $50 billion more per year in societal costs in the United
States.5 Opioid exposure during healthcare interactions appears to
have been and continues to be a major driver of the current opioid
epidemic.6

Historically, opioids have served as the mainstay of acute pain
management in injured patients. In contrast to enhanced recorvery
after major elective surgery or surgery on an isolated area of the
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Abbreviations

MMPR Multi-modal pain regimen
MME Morphine milligram equivalents
ISS Injury severity score
AIS Abbreviated injury scale
RDTI Red Duke Trauma Institute

Fig. 1. Trauma admission pre- and post-MMPR from 2010 to 2017. MMPR was
implemented in 2013.
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body, trauma patients often have multi-system injury, precluding
the widespread use of regional anesthesia.7 In 2013, our U.S. Level 1
trauma center implemented a pill-based, multi-modal pain
regimen (MMPR) with the primary aim of decreasing opioid use
while still providing adequate pain control. The MMPR consisted of
scheduled non-opioid pain medications as first-line agents, sup-
plemented with opioids as needed.

The purpose of this studywas to quantify the effect of theMMPR
on in-patient opioid exposure, discharge opioid prescribing, and
self-reported Numeric Rating Scale (NRS) pain scores. We hypoth-
esized that the MMPR would be associated with decreased inpa-
tient oral morphine milligram equivalents (MME) per patient day,
decreased opioid prescriptions at discharge, and similar NRS pain
scores.

Methods

After Institutional Review Board approval, we performed a
retrospective cohort study of adult patients admitted to the Red
Duke Trauma Institute (RDTI) at Memorial Hermann Hospital-Texas
Medical Center from from 2010 to 2017. The RDTI is an American
College of Surgeons-verified Level 1 trauma center located in
Houston, Texas and is the primary teaching hospital for the
McGovern Medical School at UT Health.

The trauma registry was queried for all adult patients (�16
years) with at least 1 rib fracture who were admitted to the RDTI
during the study period. The inclusion of only patients with at least
1 rib fracture was a decision made a priori to allow for both a
feasible number of patients for whom to gather data and to have a
large enough sample to obtain an accurate estimate of opioid
exposure. The 8-year study timeframe was divided into a pre-
MMPR (2010e2012) period, during MMPR implementation
(2013), and individual post-MMPR years (2014, 2015, 2016, 2017).

The MMPR consisted of the following medications ordered in a
scheduled fashion such that they were given around the clock
without the patient having to request them: acetaminophen (24 h
of intravenous acetaminophen followed by oral acetaminophen),
gabapentinoids (48 h of pregabalin followed by gabapentin), non-
steroidal anti-inflammatory drugs [NSAIDs (48 h of celecoxib fol-
lowed by naproxen)], lidocaine patches, and tramadol (MME factor
of 0.1). This regimenwas supplementedwith stronger opioids given
on an as needed basis. The MMPR acted as a starting point; the
inpatient pain medication regimen was evaluated during daily
rounds and adjusted according to the patient’s pain level, the type
of pain described, and the ability tomobilize. Patients wereweaned
to a regimen which allowed for the lowest amount of opioid to be
used to adequately treat pain. At discharge, patients were given
prescriptions for the MMPR medications and an opioid if needed.

Baseline patient demographics, Injury Severity Score (ISS),
regional Abbreviated Injury Scales (AIS), adverse events (including
ileus, cardiac arrest, unplanned intensive care unit admission, un-
planned intubation, and death), hospital lengths of stay and
discharge opioid prescriptions were collected by chart review or via
the trauma registry. Inpatient opioid use and NRS pain scores were
collected by querying electronic medical records. Opioids were
converted to oral MME based on best available evidence.8 MME/
patient day were summarized as medians and interquartile range
(IQR) by year of admission.

The amounts of medications given during anesthesia, via
continuous intravenous infusions, and by patient-controlled anal-
gesia were unavailable in the older years of the study, so all opioids
given by thesemethodswere not evaluated in this study. Hence, the
MME/day values reported in this study are conservative estimates.
Additionally, only NRS pain scores are reported. NRS pain scores
measure a patient’s self-reported pain on a 0 to 10 scale, with
0 being no pain and 10 being the most severe pain. At our insti-
tution, patients who cannot verbalize a NRS pain scale score are
assessed using the Behavioral Pain Scale, a three dimensional scale
with a score that can range from 3 to 12. Since these two pain scales
cannot be converted to one equivalent pain measurement, we only
report the NRS pain scale scores in this study and do not report any
Behavioral Pain Scale values.

MME/patient day was calculated by dividing the total MME
given during a patient’s hospital stay by the number of hospital
days. Average NRS pain scores for each patient were calculated by
adding all recorded pain scores and dividing by the number of
measurements taken. Univariate analysis was performed using Chi-
squared and Kruskal-Wallis tests for categorical and continuous
variables, respectively.

Bayesian negative binomial regression was used to model total
MME per patient day as a function of unit of admissionwith year as
a categorical variable. Bayesian linear regression model was used to
examine the relationship between averaged NRS pain scores and
year while adjusting for unit of admission. We used vague neutral
priors ~ Normal (0,1000) for the intercept and all coefficients. We
fitted each model with four Markov chains including 2000 warm-
ups and 10,000 iterations per chain. We reported mean and 95%
credible interval for the estimates. Bayesian methods were utilized
because they provide the probability that the true treatment effect
lies within a specified range. This allows the incorporation of un-
certainty into our probability estimates and provides clinicians
with a clinically applicable outcome. This is in contrast to null hy-
pothesis significance testing (e.g. odds ratios and p-values) which
treat outcomes as dichotomous e significant or not significant. All
statistical analyses were performed using Stata 14.0 (College Sta-
tion, Texas), R v3.4.1 and Stan v2.18.1 using the brms package.

Results

Over the 8-year study period, 6,933 patients with�1 rib fracture
were admitted to the RDTI, 2,594 (37%) pre-MMPR (2010e2012),
959 (14%) during MMRP implementation (2013), and 3,380 (49%)
post-MMPR implementation (2014e2017) (Fig. 1).



Table 1
Patient demographics pre- and post-multi modal pain regimen (MMPR).

Median (IQR) All (n¼ 6933) Pre-MMPR (n¼ 2594) 2013 (n¼ 959) 2014 (n¼ 886) 2015 (n¼ 870) 2016 (n¼ 894) 2017 (n¼ 730) P-value

Age, years 47 (31e60) 46 (31e59) 46 (31e59) 47 (31e61) 48 (31e62) 48 (32e62) 48 (33e62) 0.0022
Male Sex, n (%) 4926 (71%) 1890 (73%) 653 (68%) 609 (69%) 623 (72%) 632 (71%) 519 (71%) 0.057
Race/Ethnicity
White 3911 (56%) 1592 (61%) 567 (59%) 514 (58%) 463 (53%) 403 (45%) 372 (51%) <0.001
African-American 945 (14%) 323 (12%) 135 (14%) 117 (13%) 142 (16%) 120 (13%) 108 (15%)
Hispanic 1761 (25%) 590 (23%) 224 (23%) 219 (25%) 215 (25%) 287 (32%) 226 (31%)
Other 316 (5%) 89 (3%) 33 (3%) 36 (4%) 50 (6%) 84 (9%) 24 (3%)
ISS 18 (13e27) 18 (14e27) 18 (14e27) 17 (13e26) 17 (13e25) 17 (13e25) 18 (13e29) 0.0895
ISS > 15, n (%) 4339 (63%) 1644 (63%) 612 (64%) 540 (61%) 539 (62%) 544 (61%) 460 (63%) 0.596
AIS Chest 3 (3e3) 3 (3e3) 3 (3e3) 3 (3e3) 3 (3e3) 3 (3e3) 3 (3e3) 0.5416
AIS Chest> 3, n (%) 5455 (77%) 2058 (79%) 745 (78%) 693 (78%) 682 (78%) 700 (78%) 577 (79%) 0.910
Blunt Injury, n(%) 6580 (95%) 2505 (97%) 908 (95%) 828 (93%) 811 (93%) 838 (94%) 690 (95%) <0.001
Unit of Admission
ICU 3166 (46%) 1166 (45%) 436 (45%) 440 (50%) 404 (46%) 382 (43%) 338 (45%) <0.001
IMU 2217 (32%) 989 (38%) 267 (28%) 262 (30%) 265 (30%) 233 (26%) 201 (28%)
Floor 1550 (22%) 439 (17%) 256 (27%) 184 (21%) 201 (23%) 279 (31%) 191 (26%)

ISS¼ injury severity score; AIS¼ abbreviated injury scale; ICU¼ intensive care unit; IMU¼ intermediate monitoring unit.
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No significant differences in the proportion of male patients
(71%), injury severity (ISS 18, IQR 13e27), or AIS Chest (3, IQR 3e3)
were observed over the study period (Table 1). Patients were
significantly younger, were more likely to be non-Hispanic Cauca-
sian, suffered blunt injury, and were admitted to the intermediate
monitoring unit (IMU) in the pre-MMPR period as compared to
during and post-MMPR implementation.

Recorded adverse events were infrequent (Appendix A). There
were no differences in diagnoses of ileus (5% pre-MMPR versus 6%
in 2017, p¼ 0.5), cardiac arrest (3% pre-MMPR versus 1% in 2017,
p¼ 0.1), or death (6% pre-MMPR versus 7% in 2017, p¼ 0.8) during
the study period. Unplanned intubations decreased (3% pre-MMPR
versus 2% in 2017, p< 0.001) while unplanned intensive care unit
(ICU) admissions increased (<1% pre-MMPR versus 4% in 2017,
p< 0.001). There was also an increase in hospital-free days (22, IQR
Table 2
Inpatient opioid use pre- and post-multi modal pain regimen (MMPR).

Median (IQR) All (n¼ 6933) Pre-MMPR (n¼ 2594) 2013 (n¼ 959)

MME/patient day
All 55 (29e83) 60 (36e91) 65 (38e90)
ICU 45 (21e72) 48 (24e76) 53 (22e78)
IMU 62 (38e89) 68 (46e97) 71 (49e97)
Floor 61 (39e93) 75 (50e108) 74 (56e107)
PCA, n (%) 609 (9%) 263 (10%) 182 (19%)
Regional Anesthetic, n (%) 553 (8%) 230 (9%) 74 (8%)

MME¼morphine milligram equivalent; ICU¼ intensive care unit; IMU¼ intermediate m

Table 3
Inpatient non-opioid use pre- and post-multi modal pain regimen (MMPR).

Median (IQR) All
(n¼ 6933)

Pre-MMPR
(n¼ 2594)

201
(n¼

Lidocaine Patches, n [% patients prescribed] 0 0 0
(0e0) (0e0) (0e
[24%] [21%] [23

Acetaminophen, mg [% patients prescribed] 390 325 488
(0e2050) (0e1950) (0e
[68%] [68%] [70

NSAIDsa, doses [% patients prescribed] 0.5 0.5 0.6
(0e2.2) (0e2) (0e
[68%] [66%] [68

Gabapentinoids, doses [% patients
prescribed]

0 0 0.1
(0e1.9) (0e1.7) (0e
[49%] [50%] [51

NSAIDs¼ non-steroidal anti-inflammatory drugs.
a NSAIDs include ibuprofen, naproxen, celecoxib, ketorolac.
14e27 days pre-MMPR versus 24, IQR 15e27 days in 2017,
p¼ 0.002) and ventilator-free days (30, IQR 27e30 days pre-MMPR
versus 30, IQR 29e30 days in 2017, p¼ 0.04) and no change in ICU-
free days (29, IQR 23e30 days pre-MMPR versus 30, IQR 26e30
days in 2017, p¼ 0.45). Median average pain scores significantly
decreased after MMPR implementation (4.5, IQR 3.2e5.8 points
pre-MMPR versus 3.5, IQR 1.8e4.7 points in 2017, p< 0.001).

After introduction of the MMPR in 2013, there was a significant
reduction in median total MME administered per patient day from
60 MME/patient day (IQR 36e91 MME/patient day) in pre-MMPR
period to 37 MME/patient day (IQR 18e61 MME/patient day) in
2017, p< 0.001. The use of patient-controlled analgesia (PCA)
significantly decreased from 10% in pre-MMPR period to 2% in 2017
(p< 0.001). The use of regional anesthetics remained constant
during the 8-year study period (Table 2). Inpatient non-opioid pain
2014 (n¼ 886) 2015 (n¼ 870) 2016 (n¼ 894) 2017 (n¼ 730) P-value

61 (34e90) 50 (27e78) 42 (20e63) 37 (18e61) <0.001
52 (26e80) 45 (22e71) 34 (16e59) 32 (13e56) <0.001
64 (39e96) 52 (28e80) 43 (20e67) 45 (22e65) <0.001
75 (50e106) 56 (35e85) 48 (30e68) 38 (21e60) <0.001
75 (8%) 44 (5%) 31 (3%) 14 (2%) <0.001
51 (6%) 72 (8%) 78 (9%) 48 (7%) 0.041

onitoring unit; PCA¼ patient-controlled analgesia.

3
959)

2014
(n¼ 886)

2015
(n¼ 870)

2016
(n¼ 894)

2017
(n¼ 730)

P-
value

0 0 0 0 (0e0.3)
28%]

0.001
0) (0e0.1) (0e0) (0e0.1)
%] [26%] [25%] [26%]

426 462 397 361 0.0373
2489) (0e2442) (0e1933) (0e1833) (0e2138)
%] [69%] [71%] [68%] [64%]

0.5 0.6 0.5 0.7 0.0072
2.3) (0e2.3) (0e2.1) (0e2) (0e2.6)
%] [67%] [71%] [67%] [72%]

0.1 0 0 0 0.5035
1.9) (0e1.8) (0e2) (0e2.2) (0e2.4)
%] [50%] 45%] [47%] [49%]



Table 6
Posterior probabilities of different reductions in morphine milligram
equivalent per day from 2010 to 2017.

Percent Reduction Posterior Probability

�10% 100%
�20% 100%
�30% 60%
�40% 0%
�50% 0%
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medication use revealed an increase in use of lidocaine patches,
acetaminophen, and NSAIDs, while the use of gabapentinoids
remained the same pre- and post-MMPR implementation (Table 3).

Patients with opioids prescribed at discharge significantly
decreased from 83% in the pre-MMPR period to 74% in 2017
(p< 0.001). Discharge prescriptions of codeine, tramadol, and
oxycodone increased (all p< 0.001), whereas hydrocodone pre-
scriptions decreased in the post-MMPR period (p< 0.001) (Table 4).

Negative binomial regression showed that total MME adminis-
tered per patient day decreased by 31% in 2017 as compared to 2010
(rate ratio 0.69, 95% CI 0.64e0.75), with the largest decreases being
from 2014 to 2016 (Table 5). There was a 60% posterior probability
that MME/patient day decreased by at least 30% in 2017 as
compared to 2010 (Table 6). Averaged NRS pain scores decreased by
0.8 points (95% CI -0.87, �0.81) after implementation of the MMPR
compared to 2010 (Table 5).
Discussion

In this retrospective cohort study of over 6,000 trauma patients
at a single U.S. Level 1 trauma center, implementation of a pill-
based MMPR was associated with a significant reductions in in-
Table 4
Discharge pain medications pre- and post-multi modal pain regimen (MMPR).

Median (IQR) All (n¼ 6933) Pre-MMPR (n¼ 2594) 2013 (n

Patients Discharged with Opioid, n (%) 5629 (81%) 2150 (83%) 830 (87
Opioid Prescribed, n (%)
Codeine 374 (7%) 5 (<1%) 0 (0%)
Tramadol 2287 (41%) 223 (10%) 269 (32
Hydrocodone 3902 (69%) 1968 (92%) 757 (91
Oxycodone 468 (8%) 155 (7%) 20 (2%)
Methadone 16 (<1%) 6 (<1%) 0 (0%)

Table 5
Bayesian multi-level generalized linear models.

Morphine Milligram Equivalents per Day

Rate Ratio

Unit of Admissiona

IMU 1.29
Floor 1.41
Study Yearx
2011 1.00
2012 1.10
2013 1.04
2014 1.00
2015 0.85
2016 0.69
2017 0.69
Intercept 55.7
Average Numerical Rating Pain Scale Scores

Change in Pain Sco
Unit of Admissiona

IMU 0.14
Floor 1.03
Study Yearb

2011 �0.08
2012 0.36
2013 0.36
2014 �0.36
2015 �0.52
2016 �0.92
2017 �0.84
Intercept 4.61

IMU ¼ Intermediate Monitoring Unit.
a Reference unit is Intensive Care Unit.
b Reference year is 2010.
hospital opioid exposure and opioid prescriptions at discharge.
Our conservative estimate of 17 MME/patient day decrease in 2017
compared to 2010 is equivalent to a reduction of 11mg of oxyco-
done or 17mg of hydrocodone given per day. Contrary to our hy-
pothesis, the reduction in opioid exposure was also associated with
a significant, albeit modest, reduction in patient-reported NRS pain
scores.

The gradual decrease in opioid exposure over timewas expected
given that the goal of the MMPR was to reduce opioid use. The
implementation of the MMPR at our institution was initially
controversial, because opioid-related overdose deaths had not yet
garnered state-level attention, the impetus for reducing opioid
¼ 959) 2014 (n¼ 886) 2015 (n¼ 870) 2016 (n¼ 894) 2017 (n¼ 730) P-value

%) 720 (81%) 698 (78%) 698 (78%) 542 (74%) <0.001

54 (7%) 84 (12%) 134 (19%) 97 (18%) <0.001
%) 371 (52%) 488 (71%) 515 (74%) 421 (78%) <0.001
%) 530 (74%) 277 (40%) 228 (33%) 142 (26%) <0.001

25 (3%) 96 (14%) 111 (16%) 61 (11%) <0.001
4 (1%) 1 (<1%) 1 (<1%) 4 (1%) 0.104

95% Credible Interval

1.23, 1.35
1.34, 1.49

0.93, 1.09
1.01, 1.19
0.96, 1.02
0.92, 1.08
0.79, 0.92
0.63, 0.74
0.64, 0.75
52.3, 59.4

re 95% Credible Interval

0.13, 0.16
1.01, 1.05

�0.11, �0.05
0.33, 0.39
0.33, 0.39
�0.39, �0.32
�0.55, �0.49
�0.95, �0.89
�0.87, �0.81
4.59, 4.64
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prescribing was questioned by practitioners.9 Therefore, the need
for decreasing opioid prescribing was questioned by practitioners.
Additionally, potential complications associated with NSAIDs led to
concerns regarding potential delays in healing bony fractures and
increased bleeding risk in patients with traumatic brain injury.
After a close review of available evidence and stakeholder
engagement, these concerns were eased, though not eliminated. As
awareness of the opioid epidemic spread and comfort with high-
dose NSAID use in patients with fractures and traumatic brain
injury has become standard, these concerns have now almost
completely disappeared.

The reduction in self-reported NRS pain scores over this period
was surprising as we had hypothesized that pain scores would
remain unchanged. However, the observed improvement in pain
scores with decreased opioid consumption may be due to that 1)
opioid are not as effective in reducing pain as previously thought,10

2) opioids may cause paradoxical opioid-related hyperalgesia,11,12

and 3) the MMPR may be more effective in reducing pain by tar-
geting multiple pain pathways.13,14

While the results of this study are encouraging, there are several
unanswered questions that remain regarding the MMPR. First, the
exact mechanism bywhich theMMPRwas effective continues to be
unknown. It is unknownwhether all of the medications included in
theMMPR are required to achieve significant improvements in pain
scores; the effectiveness of individual components of the MMPR
cannot be quantified from this study. While there was a significant
increase in the amount of acetaminophen, doses of NSAIDs, and
number of lidocaine patches, the number of gabapentinoid doses
was similar. Attempting to understand the individual effect of any
part of the MMPR was further confounded by the fact that our
MMPR consisted of two different NSAIDs and two different gaba-
pentinoids. Furthermore, the use of pregabalin and celecoxib was
initially not limited to 48 h. Thus, no statement regarding the
effectiveness of the individual components of our MMPR can be
made.

Second, the MMPR may not be generalizable. Intravenous
acetaminophen, celecoxib, and pregabalin are not widely available
in hospital formularies. The drugs were selected for the initial
MMPR given their pharmacologic properties. Intravenous acet-
aminophen theoretically leads to faster therapeutic bloodstream
levels and increased bioavailability.15 Celecoxib has fewer gastro-
intestinal side effects in patients at risk for acute gastritis and
bleeding.16 Pregabalin has more consistent intestinal absorbption
than gabapentin and also has a more consistent dose-response
relationship.17 These drugs are not widely available despite these
properties as they are more expensive than their oral and generic
counterparts. A single-center, randomized clinical trial to address
this question is ongoing.8

Lastly, the described MMPR was not truly opioid-minimizing as
it included the use of scheduled tramadol. Tramadol is a centrally
acting opioid that has long been considered a “safer” opioid
because it is a weaker opioid receptor agonist. While tramadol may
lead to lower rates of persistent opioid use, it still has potential to
be abused by individuals. On a societal level, the reliance upon and
increased prescribing of tramadol for pain will lead to an excess of
pills available for diversion and another systematicallymisused and
abused drug which prescribers will be slow to recognize. This
pattern of abuse previously occurred with oxycodone and hydro-
codone and was recognized too late.

There are several limitations to the study which must be
considered. First, given its retrospective pre-post design, potential
unknown confounding variables may exist that affect our estimates
of MME/patient day and pain scores. Second, the exclusion of opi-
oids provided during anesthesia, by continuous infusion, and via
patient controlled analgesia lends our estimate of MME/patient day
to be conservative. The true MME/patient day was likely to be
higher as we were unable to include these sources. Nevertheless,
the rate of change in MME/patient day and pain scores should not
be greatly affected by this limitation. Also, because so many pa-
tients were included in this study, the inclusion of additional con-
founders to our model tends to not affect the estimates greatly.
Third, the reliance on the NRS pain scores excludes scores from
patients during the times that they cannot self-report levels of pain.
NRS pain scores are the manner of assessing pain in verbal patients
at our institution.We knowof no systematic changes in themanner
of assessing NRS pain scores over the study period that may have
affected the trends observed. Not only is this pain score not
applicable in non-verbal patients, but more are questioning its
validity in clinical care and are considering a transition to other
forms of pain evaluation, such as functional pain assessments.18

Fourth, this study only focused on the inpatient effects of the
MMPR on opioid use. Opioid prescribing after discharge by other
providers was not captured and long-term opioid use was not
estimated. Lastly, while the MMPR was a tool used to decrease
overall use of opioids, a cultural change in acute pain management
occurred at our institution over this time period that we are unable
to quantify or adjust for in our analytical models. This change likely
reflected the increased awareness of the opioid epidemic over the
past decade.
Conclusion

The introduction of a multi-modal pain regimen resulted in
significant reduction in MME administered per patient day,
decreased the need for opioid prescriptions at discharge, and
improved patient pain scores. The reduction in inpatient opioid use
from 2010 to 2017 was equivalent to 11mg less oxycodone or 17mg
less hydrocodone per patient per day. While the MMPR imple-
mentation was successful, additional research is needed to better
understand its effect.
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Median (IQR) All (n¼ 6933) Pre-MMPR (n¼ 2594) 2013 (n¼ 959) 2014 (n¼ 886) 2015 (n¼ 870) 2016 (n¼ 894) 2017 (n¼ 730) P-value

Ileus, n(%) 398 (6%) 138 (5%) 48 (5%) 51 (6%) 59 (7%) 57 (6%) 45 (6%) 0.485
Cardiac Arrest, n (%) 141 (2%) 65 (3%) 20 (2%) 18 (2%) 19 (2%) 12 (1%) 7 (1%) 0.094
Unplanned ICU Admission, n (%) 118 (2%) 10 (<1%) 20 (2%) 15 (2%) 21 (2%) 23 (3%) 29 (4%) <0.001
Unplanned intubation, n (%) 133 (2%) 79 (3%) 12 (1%) 10 (1%) 11 (1%) 6 (1%) 15 (2%) <0.001
Death, n (%) 464 (7%) 162 (6%) 61 (6%) 66 (7%) 59 (7%) 65 (7%) 51 (7%) 0.791
Hospital-free days* 22 (13e27) 22 (12e26) 22 (14e27) 23 (13e27) 22 (12e26) 23 (12e27) 24 (15e27) 0.0015
ICU-free days* 29 (24e30) 29 (23e30) 30 (24e30) 29 (24e30) 29 (25e30) 30 (25e30) 30 (26e30) 0.4496
Ventilator-free days* 30 (28e30) 30 (28e30) 30 (27e30) 30 (28e30) 30 (29e30) 30 (29e30) 30 (29e30) 0.0387
Average Pain Score** 4.2 (2.6e5.7) 4.5 (3.2e5.8) 5 (3.3e6.3) 4 (2.3e5.8) 4 (2.1e5.5) 3.5 (1.9e4.8) 3.5 (1.8e4.7) <0.001

ICU¼ intensive care unit.
*Hospital-, ICU-, and Ventilator-free days are calculated by subtracting the number of days spent in the hospital, ICU, or on the ventilator from 30 days.
**Pain scores were recorded by nursing staff on a Numeric Rating Scale of 1e10.
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