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Abstract:

Background: The extent of variation in analgesic prescribing following musculoskeletal injury
between countries is poorly understood. Understanding how analgesic prescribing varies
between countries and cultural contexts can inform both domestic prescribing and future policy.
Our survey study aimed to evaluate how opioid and non-opioid prescribing by orthopedic

residents varies by geographic context.

Methods: Orthopedic residents in 3 countries in which residents are the primary prescribers of
postoperative analgesia at academic medical centers (Haiti, the Netherlands, and the U.S.)
responded to surveys utilizing vignette-based musculoskeletal trauma case scenarios. The
residents chose which medications they would prescribe for post-discharge analgesia. We
standardized opioid prescriptions by conversion to Morphine Milligram Equivalents (MMEs),
and we quantified the likelihood and dose of acetaminophen or a non-steroidal anti-inflammatory
drug (NSAID) prescription. We constructed multivariable regressions with generalized
estimation equations to describe differences in opioid and non-opioid prescription between

countries based on prescriber and test case characteristics.

Results: Compared to residents from the Netherlands and Haiti, U.S. residents prescribed more
total MMEs per case overall (in MMEs, U.S.:383 [CI:331-435]; Netherlands:229 [CI:160-297];
Haiti: 101 [CI:52-150], p<0.0001) as well as when analyses were stratified by anatomical site of
injury. Similar results were obtained when examining MME:s prescribed per day, opioid
prescription duration, and likelihood of opioid prescription. Residents from Haiti were more

likely to prescribe non-opioids (OR 3.22 [CI:1.94-5.34], p<0.0001) compared to U.S. residents,



and residents from the Netherlands nearly always prescribed non-opioids. When prescribing
opioids, providers co-prescribed a non-opioid (acetaminophen or NSAID) in 345/603 (57.2%) of
U.S., 152/152 (100%) of Dutch, and 69/97 (71.1%) of Haitian cases (Fisher's exact test p-value
<0.0001). Finally, providers prescribed only non-opioids for pain control in 3/348 (0.86%) of
U.S., 32/184 (17.4%) of Dutch, and 107/176 (60.8%) of Haitian cases (Fisher's exact test

p<0.0001).

Conclusions: Our results demonstrate greater post-operative discharge opioid prescribing in the
U.S. compared to at least 2 other countries, one low-income and one high-income. Additionally,
U.S. prescribers prescribed non-opioid analgesics less frequently, either in isolation or in
conjunction with opioids. Our findings highlight the high domestic reliance on opioid prescribing

for post-operative pain in orthopedic trauma.
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Glossary of Abbreviations:

U.S. - United States

LMICs - Low- and Middle-Income Countries
MMEs - Morphine Milligram Equivalents
ORIF - open reduction internal fixation

NSAID - Nonsteroidal Anti-Inflammatory Drug



Introduction:

Perioperative pain relief is an important concern for both patients and providers.!?
Prescription opioids are the mainstay of surgical pain management, yet optimal use guidelines are
unknown.® In the United States (U.S.) opioid prescribing for such conditions is currently
considered problematic and appears to be a major factor contributing to what is currently
considered an opioid epidemic by bodies such as the Center for Disease Control.*® Over the past
20 years, opioid prescriptions in the U.S. have increased greatly; in 2010 alone, over 16000 opioid
related deaths were reported in the U.S..” In 2017, the number of opioid overdose deaths was 6
times higher than in 1999.® While opioid use and misuse are on the rise across the globe, the
epidemic is at its most severe in the U.S..® Opioid use has been associated with significant risks,
and its abuse has been found to be tightly correlated with therapeutic exposure,’ particularly initial
exposure.”!!

Orthopedic surgeons rank third among U.S. physicians as prescribers of opioids; as such,
there has been an increasing call for orthopedists to reevaluate opioid prescription patterns and
better understand the role of opioids in controlling post-operative pain.® Cross-cultural and

12,13 and elsewhere to

multinational comparative studies have been used in the field of orthopedics
better understand the impact of policy'* or sociocultural factors'>!¢ on health. These studies offer
a unique opportunity to better understand domestic medical practices as international insights,'?
experience,!” and guidelines can inform how domestic care relates to that being provided around
the world.!? Compared internationally, it has been reported that patients outside the U.S. use fewer
opioids than domestic patients, yet achieve satisfactory pain relief.!®* However, whether current

opioid use in orthopedic pain-management in the U.S. is effective or not, most studies to date have

not examined post-operative pain management in an international context. Furthermore, very few



have looked at models of orthopedic pain management strategies in the developing world, or
whether these local models provide efficacious, satisfactory pain relief.

The global disease burden of orthopedics is increasingly being recognized as being tied to
orthopedic trauma, and some now advocate for orthopedic surgeons to better address the global

t.1 Musculoskeletal

burden of trauma and musculoskeletal injuries in a global surgery contex
injury causes a large global burden of preventable injury, disability, and death in the world.!” The
mortality burden of trauma is higher than that caused by HIV/AIDs, malaria, and tuberculosis
combined.?® Additionally, disability represents an important consequence of trauma, precipitating
cycles of poverty and decreased productivity. Agarwal-Harding et al. note that over the next 15
years, an estimated $7.9 trillion in cumulative gross domestic product will be lost due to injury.
Improvements in orthopedic trauma care are in addressing this burden, especially in low- and
middle-income countries (LMICs), which experience a disproportionally heavy burden of
musculoskeletal injuries.?’ The Lancet Commission on Global Surgery identifies treatment of open
fractures as one of three Bellwether Procedures which are not only crucial surgical interventions
to address surgical need but also act as proxy measures for evaluating a health-care system’s
capacity for delivering essential surgical care.?**! However, despite this disease burden, only 40%
of first-level hospitals in LMICs can provide adequate treatment for open fractures.?!
Consequently, there has been increasing interest in evaluating the efficacy of surgical pain
management internationally to both contextualize the opiate-heavy domestic approach and better
understand the landscape of post-operative pain management in the delivery of orthopedic care in
the developing world. Recently, Devine et al. demonstrated how cross-cultural comparisons of
opioid prescribing between American and Dominican physicians could provide insight into

prescribing practices, provider attitudes and approaches towards pain management, and access to



opiates and other analgesics.!? Their cross-cultural study was the first of its kind for total joint
replacement, identifying both limited prescribing and access to opioids in the Dominican Republic
as well as a more paternalistic approach to care by clinicians in the patient-provider relationship.'?
However, this study did not look at patient-reported pain as a metric for successful post-operative
pain management, which would provide greater insight into the relative success of the American
and Dominican models for post-operative pain management.

Indeed, while musculoskeletal injuries occur globally, the extent of variation in analgesic
prescribing between countries for similar injuries remains poorly understood.!*!3?223 Though
there have been several international studies in the Dominican Republic, Netherlands, and China,
these studies of opioid prescribing practices are qualitative, retrospective, or have not addressed
opioid prescribing in operative management.'>*>2 For instance, the previously mentioned study
by Devine et al. sought to compare postoperative pain management approaches between the
Dominican Republic and the U.S. for cases of joint replacement, but chose to focus only on
providers in a qualitative manner.'? Lindenhovius et al. performed an analysis of post-operative
analgesics for hip fractures in the U.S. and the Netherlands, noting that U.S. prescribers prescribed
opioids more often in both the inpatient and outpatient settings, though in this study, the authors
performed a retrospective study that did not examine specifics of opioid prescribing, such as
prescription duration, dosage, or type of opioid.?? Finally, Zhu et al. tracked opioid use in a
prospective analysis of nonoperative patients in China, finding that injury location, fracture type,
and alcohol use to be associated with patient-reported opioid consumption. However, this study
did not engage in a direct comparison with U.S. prescribing patterns for the same injuries.?*

Additionally, to the authors’ knowledge, prior to the studies conducted in this investigation,

only a single quantitative comparative study of international post-operative opioid prescribing has



been performed, comparing the U.S. and the Netherlands.! In their study, Helmerhorst et al.
compared patient reported postoperative pain scores and analgesics taken by patients in the U.S.
and the Netherlands up to the point of suture removal, and demonstrated higher levels of opioid
use in the U.S. without increases in levels of pain relief or patient satisfaction.!* Consequently,
there is a lack of published literature on the topic of cross-national comparisons of analgesic
prescribing, to which the research presented here is directed.

Presented below in this thesis are the methodology, results, and key findings from several
related studies. These include a published work concerning a multinational comparison of opioid
prescribing, a manuscript (accepted) of multinational nonopioid prescribing and multimodal
analgesia, as well as a brief discussion of a subsidiary analysis looking at opioid prescribing for
distal radius fractures in the U.S. as it relates to published guidelines.?

The goal of these investigations was to improve orthopedic trauma care through a greater
understanding of its delivery abroad. Specifically, we aimed to examine and quantify the
differences between opioid and nonopioid usage after orthopedic trauma in the United States, a
developed country comparator in the Netherlands, and a low-resource setting in Haiti.

The Netherlands was chosen as a comparator country both because of pre-existing
partnerships between our investigative team and the country and because of the availability of the
above-mentioned cross-cultural comparative literature, limited as it may be. The Netherlands is a
country in western Europe with an estimated population of over 17 million as of 2018.%6 The
country has been noted to have rates of opioid prescriptions in line with other developed countries
in western Europe.?”?® Recent studies have noted an increase in opioid use and adverse events in
the Netherlands,?’ such as a near doubling of prescription opioid use and opioid-related mortality.?’

This trend may be due to several factors including an aging population with increased pain and



contraindications to non-opioids, the cessation of reimbursement for a popular paracetamol-
codeine combination formation at the expense of increasing alternative opioid use, and increased
attention to pain management in Dutch hospitals per a national patient safety initiative
implemented in 2009.2” However, the increases are in line with those seen in other western
European countries,?’ and remain considerably lower than rates seen in the U.S..?”* For instance,
in 2017, opioid associated deaths in the U.S. occurred at a rate of approximately 245.8 per million
people aged 15 to 64,2 whereas in the Netherlands, these occurred at a rate of approximately 12
per million.”” While several theories have been raised as to why such disparities in opioid-
associated adverse events exist, from the lack of direct-to-patient advertising, to the absence of so-
called “pill-mills” in the Netherlands, or to the U.S. being an example case of the dangers that
opioids pose to public health,>” no clear evidence has emerged to explain these international
differences.”®

Haiti is a country of almost 11 million people,*® and it was chosen as our low-income
comparator due to an ongoing capacity-building initiative in partnership with several of the
academic centers in the country.’*? Haiti is one of the poorest countries in the western

hemisphere,***

and while its inclusion in our analysis poses unique challenges in interpretation
due to low resources, its inclusion was important for two reasons. First, it helps distinguish
between features unique to domestic medicine and those found in high income countries as a
whole; second, it helps inform us about how post-operative analgesia is provided in such a low
resource setting. Prior to the studies presented in this thesis, no published report of post-operative
analgesic prescribing patterns or analgesic training in Haiti has been reported in the literature.

Consequently, the studies presented in this thesis both represented some of the first objective

analyses of pain management in global orthopedic trauma in a low resource setting, but also
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allowed for an evaluation of potential differences in pain management based on cultural context
and resource setting.

The importance of these studies was twofold. The first was that the results of these studies
will potentially contribute to the improvement of orthopedic trauma care through a greater
understanding of its delivery abroad. We sought to contribute to this effort by providing the
groundwork both for more informed pain management strategies and for a more enlightened
provision of analgesia in orthopedic trauma care. The second was that in engaging in a
multinational comparison of opiate prescription patterns, we were able to begin to elucidate how
differences in cultural or geographic context influence pain management and what role opioids
have for effective pain management post-trauma. We hope this study will inform ongoing
discussion of what is an appropriate pain medication protocol and clarify the role of opioids in
managing pain after orthopedic trauma.

Ultimately, by better characterizing postoperative pain management abroad and in the U.S.,
we hope to clarify the efficacy of opiates in post-operative pain management and lay down the
groundwork for more informed pain management strategies and better care delivery for orthopedic

trauma, at home and abroad.
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Methods:
Ethics:

This study was approved by the Brigham and Women’s Hospital institutional review board.
Study Design:

Survey study
Setting:

Orthopedic residents were surveyed at 10 academic residency programs across 3 countries
(United States, Netherlands, and Haiti) between April-November 2017, utilizing a set of vignettes
summarizing 10 musculoskeletal trauma case scenarios (Appendix 1). A vignette-based design,
as compared to standard survey-based studies, has previously been demonstrated to reduce social
desirability bias and to provide greater variable manipulation. This study design is also
hypothesized to provide greater construct validity and reliability.* Of the patients described in the
cases, 5 were men and 5 were women. Additionally, 5 were younger-aged (<45 years old) and 5
were older-aged (>70 years old). Finally, 2 each of the 10 cases described trauma to different
anatomical sites (Ankle, Femur, Wrist, Tibial Shaft, Tibial Plateau). Respondents were asked to
indicate dose (mg), number of tablets, and duration (days) for their prescribed post-operative
discharge pain regimen in each of the 10 cases. The responses solicited were for prescriptions for
the initial episode of care; refill requests were not queried using the survey tool.

The vignettes were translated into French and Dutch, and, as standard procedure, back
translated into English by native French and Dutch language speakers blinded to the original
English vignettes to ensure that they captured cultural and linguistic nuances. Surveys were

administered electronically using the Qualtrics survey tool in the U.S. and the Netherlands

12



(Qualtrics.com). Pen-and-paper surveys were distributed in Haiti at a national orthopedic CME
conference with representation from all 3 Haitian orthopedic residencies.
Participants:

We restricted our study population to orthopedic resident physicians in the countries of
interest. Per discussion with native Dutch and Haitian physicians, orthopedic residency training
lasts 5 years in the U.S., 5.5 years in the Netherlands, and 4 in Haiti. In none of the 3 countries is
there a mandated training course for opioid prescribing for post-operative analgesia.*® In all centers
surveyed, residents are the primary prescribers of post-operative analgesics decide medication,
dose, frequency, and duration after surgery. They are the logical subjects for study and any future
intervention to optimize post-operative prescribing. Inclusion criteria were defined as all residents
who responded to at least one of the vignette cases and who completed the demographic
information. We excluded responses that were incomplete or unable to be interpreted.

Respondents indicated their choice of one or more of the following medications for each
case: acetaminophen, ibuprofen, acetaminophen with codeine #3, tramadol, oxycodone,
hydromorphone (Appendix 1). Due to differences in available medications in Haiti, case
medications were modified in conjunction with a native Haitian physician: Acetaminophen with
codeine #3 was modified to Codeine, Ibuprofen was modified to Diclofenac, and Tylenol to
Paracetamol. Opioid prescriptions in the surveys were standardized across countries by conversion
into Morphine Milligram Equivalents (MMEs).*” MMEs prescribed per case, as well as MMEs
prescribed per day, and total duration of opioid prescription were then derived from the responses.
Statistical Analysis:

We described the characteristics of the residents and vignettes cases using means and

percentages. We performed regressions with generalized estimation equations (GEE) with
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compound symmetry working correlation to examine the relationship between analgesics
prescribed and a) country b) resident gender c) resident training year d) test case age ¢) test case
site of injury. We also examined the interaction effect between country and a) age and b) injury
site on total opiates prescribed. We included all variables with p<0.05 including the interaction
effects in the multivariable GEE regression. Study sample sizes were determined by feasibility and
the maximum number of responses obtainable. Given our analysis was exploratory in nature, no
adjustment for multiple comparisons was performed. Variables that were not significant in the
multivariable model were removed from the final model. We used SAS statistical software (SAS
Institute) for all analyses.
Funding:

Part of the investigative team of one study presented in this thesis®® was supported by the
National Institute of Arthritis, Musculoskeletal and Skin Diseases: P30 AR072577, K24

ARO057827.
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Results:

Table 1 presents study participant demographic characteristics. In total, 139 residents
participated in the study. 85 (61%) were American, 30 (22%) were Dutch, and 24 (17%) were
Haitian. Male respondents comprised 74 (87%) of U.S., 15 (50%) of Dutch, and 21 (91%) of
Haitian survey respondents. In terms of training year, 15 (18%) of U.S. residents were in their first
year, 19 (22%) in their second, 19 (22%) in their third, 11 (13%) in their fourth, and 21 (25%) in
their fifth year. From the Netherlands, 4 (33%) were in their first year, 6 (50%) in their second, 1
(8%) in their third, and 1 (8%) in their fourth year. From Haiti, 6 (30%) were in their first year, 1
(5%) in their second, 10 (50%) in their third, and 3 (15%) in their fourth year. When examined by
program, of the American residents, 32 (38%) were being trained at Harvard, 17 (20%) at the
University of Massachusetts, 27 (32%) at Boston University, and 9 (10%) at Tufts. Of the Dutch
residents, 2 (7%) were being trained at Tergooi, 27 (90%) at Diakonessenhuis, and 1 (3%) at
Meander Medisch Centrum Amsterfoort. Of the Haitian residents, 6 (25%) were being trained at
L'Hopital de I'Universite d'Etat d'Haiti, 4 (17%) at the Hopital Universitaire Justinien, and 13
(54%) at the Hopital Universitaire de la Paix. One Haitian resident did not indicate training
program.

Response rates were 67% (U.S.), 50% (Netherlands), and 79% (Haiti). Seven Dutch
responses were collected from non-residents (Dutch attending surgeons), which were excluded
from the analyses. Given concern that limited resources may hamper prescribing patterns in a low-
resource setting, we queried Haitian respondents at the end of the survey asking whether they felt
their medications and dosing prescribed were adequate, with 11 of 15 (73%) of Haitian respondents

stating they felt their prescriptions were sufficient for post-discharge pain control.
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Opioid selection among survey respondents is presented in Figure 1, stratified by injury
site (Ankle, Femur, Wrist, Tibial Shaft, Tibial Plateau). In conducting these studies, no a priori
knowledge of differences in analgesic choice between the Netherlands and Haiti with the U.S.
was known. Oxycodone was the opioid of choice in the U.S. and the Netherlands, while
tramadol, was the opioid of choice in Haiti. Non-opioid prescription among survey respondents
is presented in Table 2 and Figure 2. In all countries, acetaminophen was the most commonly
prescribed non-opioid.

Opioid use data: bivariate analyses

We performed bivariate analyses for total MMEs prescribed per case which revealed
statistically significant differences between countries (in MMEs, U.S.:383 [CI:331-435];
Netherlands:229 [CI:160-297]; Haiti:101 [CI:52-150]; p<0.0001), patient age (<40: 326 MMEs
[CL:278-374], >70: 267 MMEs [CI:226-308]; p=0.0018), and injury site (in MMEs, Tibial
Plateau:358 [CI:303-412]; Femur:357 [CI:304-411]; Tibial shaft:354 [CI:304-404]; Ankle:257
[CL:211-303]; Wrist:175 [CI:142-207], p<0.0001) (see Table 3).

We found a statistically significant interaction between patient age and country of
prescriber for total MMEs prescribed (p=0.0019), driven by increased opioid prescriptions among
U.S. prescribers for patients <40 (in MMEs, U.S.:432 [CI:374-490]; Netherlands:227 [CI:138-
315]; Haiti:88 [CI:40-136]) versus those >70 (U.S.:327 [CI:270-384]; Netherlands:230 [CI:176-
285]; Haiti: 114 [CI:54-174]) (Figure 3). Similarly, the interaction between injury site and country
of prescriber was also statistically significant (p=0.0272), with U.S. residents prescribing more
MME:s total on average than residents from the Netherlands or Haiti for all injury sites studied,
and Dutch residents prescribing more than Haitian residents for all injury sites (in MMEs, Femur:

U.S.:452 [CI:385-520], Netherlands:315 [CI:216-414], Haiti:103 [CI:37-169]; Tibial Plateau:
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U.S.:459 [CI:388-531], Netherlands:280 [CI:196-365], Haiti:114 [CI:46-183]; Tibial Shaft:
U.S.:440 [CI:380-500], Netherlands:294 [CI:205-383], Haiti:141 [CI:44-239]; Wrist: U.S.:239
[CI:194-284], Netherlands:78 [CI:36-119], Haiti:63 [CI:30-95]; Ankle: U.S.:331 [CI:270-393],
Netherlands: 190 [CI:100-280], Haiti:85 [C1:42-128]) (Figure 4).

Opioid use data: multivariable analyses

We constructed multivariable models and found that injury site (p<0.0001), country
(p<0.0001), and the interaction between patient age and country (p=0.0015) were significantly
associated with total MME’s prescribed (Table 4). Training year was no longer significant in our
final model and excluded from further analyses. The resulting estimate for total MMEs prescribed
by injury site were 112 MMEs [CI:84-141] for wrist injuries, 193 MMEs [CI:154-232] for ankle
injuries, 291 MMEs [CI:246-336] for tibial shaft injuries, 297 MMEs [CI:251-342] for tibial
plateau injuries, and 298 MMEs [CI:253-342] for femur injuries after accounting for other
variables in the model. For patients over 70 years old, total MME prescriptions were lowest in
Haiti at 116 MMEs [CI:56-176], with higher values in the Netherlands at 230 MMEs [CI:175-
285], and U.S. at 326 MMEs [CI:270-383]. Similar results were found for patients under 40 years
of age, with total MME prescriptions at 88 MMEs [CI:40-136] in Haiti, 234 MMEs [CI:147-321]
in the Netherlands, and 435 MMEs [CI:377-493] in the U.S.

In addition to total MMEs, we also analyzed MMEs prescribed per day, opioid prescription
duration, and likelihood of opioid prescription. Bivariate and multivariate analyses of MMEs
prescribed per day and prescription duration demonstrated similar results to those performed for
total MME prescription (see Appendix 2-6).

Non-opioid analgesic dosing: multivariable analyses
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We found significant differences in acetaminophen prescriptions between residents of the
three countries. Residents from the Netherlands prescribed more acetaminophen per day
(3695mg [CI:3414-3976]) than did residents from the U.S. (2953mg [CI1:2619-3288]) or Haiti
(1899mg [CI:1599-2199]) (p<0.0001) (Tables 5). Similar results were obtained for amount of
total acetaminophen prescribed per case (Appendix 7).

When comparing nonsteroidal anti-inflammatory drug (NSAID) prescriptions between
the different countries, there were no differences in ibuprofen prescribed per day or total
ibuprofen prescription per case (Appendix 8) between the U.S. and the Netherlands. Interaction
effects were not significant for all variables in our GEE models.

Non-opioid analgesic likelihood of prescription: Odds Ratios

Odds ratios were constructed to examine the likelihood of prescribing non-opioid
medications (Table 6). Compared to residents from the U.S., residents from Haiti were more
likely to prescribe non-opioids (OR 3.22 [CI:1.94-5.34], p<0.0001). Odds ratios could not be
constructed for Dutch prescribers due to insufficient number of cases in which non-opioids were
not prescribed. In a combined analysis of all three countries, female prescribers were found to be
more likely to prescribe non-opioid analgesic medications than their male counterparts (OR: 1.86
[CI:1.04-3.32], p=0.036). Additionally, compared to first year residents, senior residents (years
2-4) were found to be more likely to prescribe non-opioids (all ORs >2, all p <0.005); however,
5™ year residents were found to be less likely to prescribe non-opioid analgesics (OR: 0.32
[CI:0.19-0.55], p<0.0001).

Similar results were obtained when examining only NSAID prescription likelihood
(diclofenac or ibuprofen) (Table 7), except Dutch prescribers, as compared to those from the

U.S., were also found to be much more likely to prescribe NSAIDS (OR 29.96 [CI:14.94-60.07],
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p<0.0001). Additionally, younger patients were more likely to be prescribed NSAIDS than older
patients (OR 3.04 [CI:1.98-4.67], p<0.0001). When examining likelihood of acetaminophen
prescription (Table 7), similar results were obtained based on resident training year and country,
while we found no significant differences between countries, prescriber gender, or patient age.
Multimodal Analgesia

Rates of opioid prescription are presented in Appendix 9. For each country, all cases
were stratified by 1) whether an opioid was prescribed, and 2) whether any non-opioid was
prescribed for analgesia (Table 8). In total, providers prescribed opioids in 603/606 (99.5%)
cases from the U.S., 152/185 (82.2%) cases from the Netherlands, and 97/204 (47.6%) cases
from Haiti (Fisher’s exact test p<0.0001). Of those cases where 1 or more opioid was prescribed,
providers co-prescribed a non-opioid (acetaminophen, diclofenac, or ibuprofen) in 345/603
(57.2%) of U.S., 152/152 (100%) of Dutch, and 69/97 (71.1%) of Haitian cases (Fisher's exact
test p-value <0.0001). Finally, providers prescribed only non-opioids in 3/348 (0.86%) of U.S.,

32/184 (17.4%) of Dutch, and 107/176 (60.8%) of Haitian cases (Fisher's exact test p<0.0001).
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Discussion:

Understanding how analgesic prescribing varies between countries can help inform the
current U.S. opioid epidemic. However, the extent of variation in prescribing patterns between
countries remains poorly understood.” Our survey study evaluated how opioid and non-opioid
prescription quantity and duration varied by national context.

In our analyses, U.S. residents, compared to Dutch and Haitian residents, were more
likely to prescribe opioids, prescribe more opioids per day, prescribe more total opioids for a
given injury, and prescribe opioids for a longer duration. Comparatively, U.S. prescribers are less
likely to prescribe NSAIDs for post-operative analgesia, and those U.S. residents who prescribe
acetaminophen prescribed less per day than Dutch residents. When comparing multimodal
analgesic patterns, U.S. prescribers prescribed non-opioids with opioids less frequently and non-
opioid analgesics in isolation less frequently than Dutch or Haitian residents.

Opioid prescribing:

The preponderance of opioids prescribed by U.S. residents suggests a heavy reliance on
opioids for post-operative pain management compared to other countries. Prior work has
demonstrated filled opioid prescriptions for low risk post-operative analgesia significantly
increased between 2004 and 2012, driven by an increase in MMEs/day prescribed.>* Within an
international context, work in the Dominican Republic examining orthopedic pain management
found patients relied on multiple analgesic modalities, from NSAIDs to non-pharmacologic
management,*’ suggesting cultural differences may also account for different patient expectations
for pharmacological pain management. Furthermore, recent work from the Netherlands and
Canada demonstrated non-opioid non-inferiority for post-operative pain control in adult and

pediatric populations.*!*?
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Outside of pharmaceutical analgesia, there has also been increasing evidence for the role
of mental health factors in patient perception and self-modulation of pain.**~*® Several studies have
demonstrated that psychosocial factors like pain anxiety, catastrophic thinking, and poor coping
mechanisms for pain were all associated with increased opioid usage.***’ In their study of acute
postoperative pain intensity, Bot et al. demonstrate that increased opioid usage was correlated with
increased pain intensity, and that less effective pain coping strategies were predictive of poor pain

control.*¢

Further research is required to explore how non-pharmacologic techniques of pain
management as well as patient expectation management are employed in different contexts and
how such differences might inform domestic opioid prescribing practices. However, in total, these
findings would suggest that within the U.S., NSAIDs and other alternatives to opioids may hold
potential in post-operative analgesia.

We also found U.S. residents prescribed opioids for a significantly greater duration than
those from the Netherlands or Haiti (Appendix 2, 6). This difference may be driven by cultural
factors and provider biases against opioid use for analgesia relative to the U.S.,***® greater opioid
prescribing in the U.S., and limited access to opioids in Haiti. Reasons for the latter are not fully
understood but may relate to higher costs of opioids in Haiti than in developed countries, possible
restrictions from government regulation,>* or simply subjective norms in prescriber training. At
least for low risk surgeries, duration of American opioid prescriptions has remained stable since
2004, with the rise in opioid use due largely to increases in mean daily dose over the past decade.*”
This finding would suggest that rising opioid consumption in the U.S. has not been greatly

influenced by prescription duration. It remains unclear to what extent new federal and state

legislation limiting opioid prescription duration will impact these trends in the coming years.

21



Differences in opioid prescriptions between American and Dutch prescribers may be in
part accounted for in several ways. A cultural norm of low opioid prescribing has previously been
proposed as a potential cause.!”?? Differences in reimbursement models may also limit opioid
prescribing, as the Dutch capitated system limits doctor shopping, allowing Dutch physicians to
be stricter with opioid prescriptions.!” Another hypothesis relates to differences in advertising, as
opioid advertising is heavily curtailed in the Netherlands,* whereas aggressive pharmaceutical
advertising in the U.S. has been posited as a potential contributor to the opioid epidemic.>
Differences in analgesia training for residents may also contribute, though prior work indicates
little training is provided to residents from either country.?®>!52 Another potential contributing
factor may be differences between Dutch and American pain protocols, though this hypothesis
remains subject to debate, as no prior systematic comparison has been identified in the literature,
and Dutch protocols have been found to vary widely.>?

Recent work demonstrates American patients, as compared to Dutch patients, received
opioids for musculoskeletal trauma at a higher rate while inpatient and on discharge.*® This latter
finding, in conjunction with results presented here, suggests a potential area for improvement in
the practice of American post-operative pain management, perhaps in reducing opioid
prescriptions at hospital discharge and considering more non-opioid use post-operatively.

When stratified by age, only residents from the U.S. prescribed significantly more
MME/day and MME total for younger patients (<40) as compared to older patients (>70) (Figure
3, Appendix 4). Duration of opioid prescription between the two age groups was not significantly
different. Differences in clinical reasoning may account for the discrepancy between older and
younger patients, as reduced doses are prescribed to elderly patients out of concern for adverse

events, such as increased risk for chronic opioid use or delirium post-operatively.’* However, the
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converse to this reasoning suggests that U.S. prescribers may inadvertently be placing younger
patients at greater risk for long-term use. Higher opioid doses have previously been associated
with a dose-dependent increased risk for various postoperative complications®> and have been
shown to increase risk for overdose death for all opioid users, including those taking opioids for
acute or post-operative pain.>® It remains unclear whether patient perception of pain is objectively
different by age, or if it justifies increased prescribing for younger patients.

Opioid prescribing within the context of distal radius fracture analgesic guidelines:

Given this predilection for opioid prescribing in the U.S., it remained unclear how these
prescription patterns related to domestic published guidelines for postoperative analgesia, as very
little data exists regarding variations in opioid prescribing following most orthopedic procedures.
However, within the hand and trauma literature, several recent guidelines have been published for
analgesic prescribing following distal radius fracture open reduction internal fixation (ORIF).>"-%
In addition, since 2016, laws within some states have set a 7-day limit on the initial prescription
of opioids by medical providers.®

Consequently, given the presence of these published guidelines and laws, this research
group conducted a secondary analysis of our domestic data to better assess domestic opioid
prescribing practices for distal radius fractures.?® For this secondary analysis, overprescribing of
opioids was defined as prescriptions over 150 MME, 225 MME, or 7 days of opioids, as per
previously published guidelines.’’®® A multivariable regression model was also performed using
data from 2 of our vignettes (concerning a younger and an older female patient who sustained
extra-articular distal radius fractures who subsequently underwent ORIF with a volar locking

plate) to identify factors associated with overprescribing.
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Patient age affected both quantity of prescriptions and choice of medication prescribed
(Appendix 10). Older patients were less likely to be prescribed Tylenol compared to younger
patients (53.6% vs 100%, p<0.001). Older patients were also more likely to receive tramadol
(30.4% vs 0%, p<0.001). Finally, residents prescribed fewer MMEs for older patients than
younger patients (older: 171 [95% CI:0, 630]; younger: 211 [95% CI:7.5, 630] MME, p=0.0002).

Importantly, based on the above cutoffs, 19% of residents prescribed more than 7 days of
opioids to both the younger and older patient. For the younger patient, 59% of residents
prescribed more than 20 tablets of 5mg oxycodone (150 MME) and 25% prescribed more than
30 tablets of 5mg oxycodone (225 MME).

Based on multivariate modeling, orthopedic residency-training program predicted
prescribing more than 7 days of opioids as well as of prescribing more than 150 MME
(Appendix 11 & 12). Additionally, senior residents (PGY4 & 5) were more likely to prescribe
more than 225 MME as compared to junior residents (PGY1-3). Completion of a prior opioid
prescribing training program was not associated with a significant difference in over-prescribing
(Appendix 13 & 14).% These results would support the idea that domestic opioid prescribing by
residents exceeds current recommended levels where guidelines and regulations exist.
Additionally, they highlight the need for reflection concerning opioid training provided to
residents, and the insufficiency of opioid training program participation and efficacy.

Non-opioid prescribing and multimodal analgesia:

Acetaminophen is a commonly used, relatively safe analgesic that is opioid-sparing when
used for acute pain in combination with other non-opioids. Acetaminophen is an important
component of multimodal analgesic prescribing guidelines for operative orthopedic trauma.®! We

found U.S. residents prescribed acetaminophen for post-operative pain less frequently than did
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residents from the Netherlands (Tables 2 & 7). However, odds ratios for a comparison of the
likelihood of acetaminophen prescribing between U.S. and Dutch residents could not be
constructed due to the high proportion of Dutch cases (97.8%) having acetaminophen
prescriptions. This latter finding is reflected in the Dutch pain management guidelines, as the first
line of medical management of postoperative and nociceptive pain begins with acetaminophen,
with escalation to NSAIDS and opioids, respectively.®> We found the doses of acetaminophen
prescribed by U.S. and Dutch residents fall within FDA and European guidelines at a maximum
of 4g/day.>® However, our results indicate that U.S. prescribers are prescribing significantly less
than their Dutch counterparts, even though Dutch residents are on average prescribing
acetaminophen at levels which are at or below FDA safe dosing limits. Taken together, these
findings would suggest U.S. prescribers may be under-prescribing acetaminophen for multimodal
analgesia post-operatively.

We note that Haitian residents prescribe acetaminophen at significantly lower doses than
their U.S. counterparts (Table 5). The reason is unclear and may relate to resource constraints,
which have been previously noted regarding analgesic medications in the country.>* Additionally,
cultural differences in patient responses and expectations of medical management of postoperative
pain have been documented and may also contribute.**%* Future work is needed to clarify the extent
of analgesic medication resource limitations in Haiti and their impact on post-operative pain
management.

We found U.S. residents were less likely to prescribe NSAIDS as compared to Dutch and
Haitian residents (Table 7). Historically, studies have demonstrated NSAID impairment of bone
healing via COX-2 inhibition, raising clinical concern domestically regarding their role in fracture

care.®>% However, the majority of studies supporting this finding have been conducted in animal
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models, with studies in humans failing to corroborate these concerns.®’* Additionally, given the
limited length of NSAID prescribing for perioperative and post-operative pain in orthopedic
trauma, avoiding NSAIDs out of concern for impairing bone healing may be overstated, as prior
studies of short-term NSAID use in the spine literature have demonstrated no effect on union
rates.”® In the Netherlands, the Dutch national protocol for postoperative pain has interpreted the
literature similarly, stating it cannot be concluded that NSAIDs impair bone healing based on the
current literature.”! Hence, Dutch prescribers may more widely use NSAIDs in the treatment of
postoperative pain after surgical management of fractures. As our findings among U.S. prescribers
might suggest, limiting NSAID use may theoretically encourage greater opioid-based analgesia,
thereby putting patients at greater risk from complications of opioid use. Certainly, further work
will be needed to clarify how differential NSAID prescribing might impact nonunion rates in
orthopedic trauma. However, given the absence of convincing evidence demonstrating a clinical
difference in nonunion rates, particularly between the U.S. and Europe, our findings would support
a liberalization of NSAID prescribing domestically in the management of postoperative pain.
Demographically, we found younger patients were more likely to be prescribed NSAIDs
(Table 7). The age differences align with current clinical conventions concerning older patients
being less likely to tolerate NSAIDs given a higher propensity to sustain adverse effects (GI
symptoms, increased bleeding risk, etc.). 7>7* Additionally, we found that female prescribers were
more likely to prescribe non-opioids, driven by an increased likelihood of NSAID prescribing
(Tables 6-7). It is less clear why a difference exists between provider sexes, as this has not been
previously reported in the literature. Given the male preponderance of our vignette respondents

(87% male), it is possible that such a finding may reflect variation due to our small number of
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female respondents and may not reflect true variation between provider sexes, though a more
thorough investigation of this observation may be needed, perhaps in a further study.

In this study, we demonstrate significant differences in multimodal analgesic prescribing.
Specifically, while U.S. residents prescribed opioids more frequently, they also prescribed non-
opioids in combination less frequently, and prescribed non-opioids in isolation less frequently than
Dutch or Haitian residents (Table 8). Remarkably, in 100% of cases in which an opioid was
prescribed, Dutch residents also prescribed a non-opioid for multimodal analgesia. This
prescribing behavior is not only consistent with Dutch analgesic prescribing guidelines, but it also
appears to align with recent studies indicating that multimodal analgesia both results in better pain
control postoperatively and decreased opioid usage as compared to opioid monotherapy.’*’® In
comparison, U.S. residents employed opioid monotherapy in 42.8% of cases. This finding may at
least partly explain our findings discussed above concerning higher opioid doses and prescription
durations prescribed among U.S. residents for postoperative analgesia.>>*® Prescribing opioid
monotherapy is not without risks, as prior work has noted an increased likelihood of adverse events
associated with higher levels of opioid exposure.” Additionally, recent work has indicated opioids
may also limit bone healing and callus formation, and thus raise concern for opioid use at high
doses or for prolonged durations.®™®! However, as previously noted, surgical residents rarely

3682 and while

receive formalized training in opioid prescribing for post-operative analgesia,
prescribing protocols exist for a few select orthopedic procedures,® rates of opioid prescribing
vary widely for orthopedic procedures generally, and over-prescribing remains high.3* Further
research is needed to establish enforceable protocols to reduce opioid over-prescribing.

A corollary to these findings is that the U.S. differs significantly from its international

counterparts in terms of the rate of nonopioid monotherapy for analgesia. Nonopioids alone were
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prescribed in 17.4% of Dutch and 60.8% of Haitian cases as compared to 0.86% of U.S. cases.
While the high rate of nonopioid-only prescriptions in Haiti may be partly due to resource
constraints, a recent randomized controlled trial demonstrated that the use of NSAIDs with
acetaminophen may be just as effective as opioids for the management of postoperative pain, in
addition to reducing adverse events associated with opioid use.®>*¢ Future comparative work is
needed to draw definitive conclusions concerning analgesic recommendations. However, our
findings suggest differences in opioid prescribing between the U.S. and international counterparts
may at least partly be explained by lower rates of multimodal analgesic practices and non-opioid
prescribing. Furthermore, this study highlights how prescribers in the U.S., as compared to other
countries, may be under-utilizing acetaminophen and NSAIDs both in isolation and combination,
and that an area of potential improvement may be in improving multi-modal analgesic prescribing
practices for post-operative pain.

Limitations:

This study has several limitations. Our study does not capture actual prescribing data or
patient reported pain, thus limiting the extent to which we can translate our findings to clinical
practice. However, we believe the strength of this study is our use of standardized case vignettes,
which enable a more direct international comparison of prescribing practices than would be
feasible via observational data alone. Second, our study is limited to resident prescribing and not
that of attendings. We chose to focus on residents as they are the primary postoperative analgesic
prescribers at academic centers and thus enable us to more accurately evaluate prescribing patterns
in academic clinical practice.’®®? Third, lack of resources in Haiti poses challenges for the
interpretation of our comparative study.®” However, for our vignettes, the majority of responding

Haitian residents indicated they believed their prescriptions were sufficient (73%), suggesting that
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differences between Haiti and the U.S. cannot be attributed to resource limitations in Haiti alone.
Additionally, as comparisons between the U.S. and Netherlands indicate, there are large
differences in opioid prescribing between the U.S. and both our comparator countries, and that
these differences are not simply a problem of low- versus high-resource settings or opioid
availability. Furthermore, our use of theoretical vignettes may limit the impact of resource
constraints on what is and is not prescribed. Fourth, we did not assess the use of other non-opioid
medications like gabapentin, pregabalin, or cannabinoids.®® Fifth, we obtained response rates of
51-79% in our surveyed countries, which may subject our study to non-response bias, which may
potentially be differential between countries. Finally, we only surveyed a subset of residents in
each country, with a preponderance of responses from the U.S.. While differences in sample sizes
and non-response rates might accentuate differential compositions of each country’s residents and
thereby potentially contribute to bias, with regard to the last two limitations, multivariable analyses
did not identify resident demographics besides nationality to significantly contribute to differential
opioid prescriptions (Table 4). Additionally, this discrepancy in number of residents is due to there
being far fewer total orthopedic residents in Haiti or the Netherlands as compared to the U.S.,

limiting our obtainable sample size.
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Conclusion:

In conclusion, this study helps inform U.S. analgesic prescribing practices within an
international context and sheds light on the opioid epidemic. We found U.S. resident physicians
prescribe opioids more frequently, prescribe more opioids per day, prescribe more total opioids
for a given injury, and prescribe opioids for longer durations than Dutch or Haitian residents.
U.S. residents are less likely to prescribe NSAIDs, and they were less likely to prescribe
acetaminophen for post-operative analgesia and prescribed less as compared to their Dutch
counterparts. Additionally, U.S. prescribers prescribed non-opioid analgesics in isolation less
frequently than Dutch or Haitian residents. Finally, when prescribing opioids, U.S. residents
prescribed non-opioids in combination less frequently than did Dutch or Haitian residents.

The findings presented in this thesis demonstrate a potential overreliance on opioids in
post-operative analgesia in the U.S.. Such findings point toward a need for careful reassessment
of current opioid prescribing habits in the U.S. and demand reflection on how we can maximize
effectiveness in pain management protocols and reduce provider contributions to the ongoing
opioid crisis.

Future work should assess the effect of real-world opioid prescribing patterns to better
understand cross-cultural discrepancies of opioid prescribing. These efforts may involve
prospectively assessing analgesic prescribing for orthopedic trauma in the Netherlands and Haiti,
building off existing partnerships in both countries. Additionally, future studies should seek to
elucidate how different analgesic prescribing plans relate to patient reported pain to better
understand cross-cultural differences in analgesic management.

Ultimately, the work presented here serves as an example of the potential for academic

global surgery, not only in helping establish a better understanding of healthcare in the
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developing world, but also in demonstrating how insights from abroad, even from low resource

settings, can benefit domestic clinical practice.
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Summary:

The work presented in this thesis is based on two principal studies, for which I have been
responsible for leading the studies as the first author. For both studies, I developed the vignettes,
performed English to French translations, collected the data in Haiti, interpreted the results, and
was the primary author in writing the manuscripts. The statistical analyses were performed by
the statistician on the team, and the concept for the vignettes was conceived by the team
methodologist. Other team members were involved with Dutch to English translations, data
collection in the Netherlands and the U.S., providing comments for revisions, and project
oversight and mentorship. One of these studies has been published,*® and the other is currently a
completed manuscript which has been conditionally accepted. A secondary analysis which was

25

presented briefly in the discussion” was led by another member of the investigative group, for

which I served as a co-author, helping with data collection and manuscript preparation.

32



References:

10.

11.

12.

13.

14.

15.

16.

17.

Vadivelu N, Mitra S, Narayan D. Recent advances in postoperative pain management.
Yale J Biol Med. 2010;83(1):11-25.

Brennan F, Carr DB, Cousins M. Pain management: A fundamental human right. Anesth
Analg. 2007;105(1):205-221. doi:10.1213/01.ane.0000268145.52345.55

McQuay H. Opioids in pain management. Lancet. 1999;353(9171):2229-2232.
doi:10.1016/S0140-6736(99)03528-X

Helmerhorst GTT, Teunis T, Janssen SJ, Ring D. An epidemic of the use, misuse and
overdose of opioids and deaths due to overdose, in the United States and Canada. Bone
Joint J. 2017;99-B(7):856-864. doi:10.1302/0301-620X.99B7.BJJ-2016-1350.R1
Manchikanti L, Helm S, Fellows B, et al. Opioid epidemic in the United States. Pain
Physician. 2012;15(3 Suppl):ES9-38. http://www.ncbi.nlm.nih.gov/pubmed/22786464.
Accessed August 20, 2019.

Morris BJ, Mir HR. The opioid epidemic: impact on orthopaedic surgery. J Am Acad
Orthop Surg. 2015;23(5):267-271. doi:10.5435/JAAOS-D-14-00163

Dart RC, Surratt HL, Cicero TJ, et al. Trends in Opioid Analgesic Abuse and Mortality in
the United States. N Engl J Med. 2015;372(3):241-248. doi:10.1056/NEJMsal1406143
Reider B. Opioid Epidemic. Am J Sports Med. 2019;47(5):1039-1042.
doi:10.1177/0363546519836727

Dowell D, Haegerich TM, Chou R. CDC guideline for prescribing opioids for chronic
pain-United States, 2016. JAMA - J Am Med Assoc. 2016;315(15):1624-1645.
doi:10.1001/jama.2016.1464

Shah A, Hayes CJ, Martin BC. Characteristics of Initial Prescription Episodes and
Likelihood of Long-Term Opioid Use — United States, 2006-2015. MMWR Morb Mortal
Wkly Rep. 2017;66(10):265-269. doi:10.15585/mmwr.mm6610al

Barnett ML, Olenski AR, Jena AB. Opioid-Prescribing Patterns of Emergency Physicians
and Risk of Long-Term Use. N Engl J Med. 2017;376(7):663-673.
doi:10.1056/NEJMsal610524

Devine CA, Yu A, Kasdin RG, et al. Postoperative Pain Management Among Dominican
and American Health-Care Providers: A Qualitative Analysis. J Bone Joint Surg Am.
2016;98(12):e50. doi:10.2106/JBJS.15.01004

Helmerhorst GTT, Lindenhovius ALC, Vrahas M, Ring D, Kloen P. Satisfaction with pain
relief after operative treatment of an ankle fracture. Injury. 2012;43(11):1958-1961.
doi:10.1016/j.injury.2012.08.018

Kairouz S, Paradis C, Nadeau L, Tovar ML, Pousset M. A cross-cultural comparison of
population gambling patterns and regulatory frameworks: France and Québec. J Public
Health Policy. 2016;37(4):467-482. doi:10.1057/jphp.2016.20

Fischer MJ, Inoue K, Matsuda A, et al. Cross-cultural comparison of breast cancer
patients’ Quality of Life in the Netherlands and Japan. Breast Cancer Res Treat.
2017;166(2):459-471. doi:10.1007/s10549-017-4417-z

Banna JC, Gilliland B, Keefe M, Zheng D. Cross-cultural comparison of perspectives on
healthy eating among Chinese and American undergraduate students. BMC Public Health.
2016;16(1). doi:10.1186/s12889-016-3680-y

Wagemaakers FN, Hollingworth SA, Kreijkamp-Kaspers S, Tee EHL, Leendertse AJ, van
Driel ML. Opioid analgesic use in Australia and The Netherlands: a cross-country

33



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

comparison. /nt J Clin Pharm. 2017;39(4):874-880. do0i:10.1007/s11096-017-0492-9
Nota SPFT, Spit SA, Voskuyl T, Bot AGJ, Hageman MGJS, Ring D. Opioid Use,
Satisfaction, and Pain Intensity After Orthopedic Surgery. Psychosomatics.
2015;56(5):479-485. doi:10.1016/j.psym.2014.09.003

Mock C, Cherian MN. The Global Burden of Musculoskeletal Injuries: Challenges and
Solutions. Clin Orthop Relat Res. 2008;466(10):2306-2316. doi:10.1007/s11999-008-
0416-z

Agarwal-Harding KJ, Von Keudell A, Zirkle LG, Meara JG, Dyer GSM. Understanding
and addressing the global need for orthopaedic trauma care. J Bone Jt Surg - Am Vol.
2016;98(21):1844-1853. doi:10.2106/JBJS.16.00323

Meara JG, Leather AJM, Hagander L, et al. Global Surgery 2030: Evidence and solutions
for achieving health, welfare, and economic development. Lancet. 2015;386(9993):569-
624. doi:10.1016/S0140-6736(15)60160-X

Lindenhovius ALC, Lindenhovious ALC, Helmerhorst GTT, et al. Differences in
prescription of narcotic pain medication after operative treatment of hip and ankle
fractures in the United States and The Netherlands. J Trauma. 2009;67(1):160-164.
doi:10.1097/TA.0b013e31818c12ee

Zhu H, Gao Y, Zhang C, Zheng X. A Prospective Evaluation of Patient-Reported Opioid
Utilization After Nonoperative Treatment of Fractures and Dislocations. J Bone Joint Surg
Am. 2018;100(14):1177-1183. doi:10.2106/JBJS.17.01475

Energy Efficiency | Boston Medical Center. https://www.bmc.org/about-
us/environmentally-friendly-campus/energy-efficiency. Accessed April 8, 2019.
Bhashyam AR, Young J, Qudsi RA, Parisien RL, Dyer GSM. Opioid Prescribing Patterns
of Orthopedic Surgery Residents After Open Reduction Internal Fixation of Distal Radius
Fractures. J Hand Surg Am. 2019;44(3):201-207.e2. doi:10.1016/j.jhsa.2018.11.003
Europe :: Netherlands — The World Factbook - Central Intelligence Agency.
https://www.cia.gov/library/publications/the-world-factbook/geos/nl.html. Accessed
January 5, 2020.

Kalkman GA, Kramers C, van Dongen RT, van den Brink W, Schellekens A. Trends in
use and misuse of opioids in the Netherlands: a retrospective, multi-source database study.
Lancet Public Heal. 2019;4(10):e498-e505. doi:10.1016/S2468-2667(19)30128-8

Lamers OA, Kuck K, Okifuji A, Stuart AR, Johnson KB, Rijsdijk M. Opioid-related
beliefs and prescription modalities for postoperative pain of Dutch and American
physicians. Pain Manag. 2019;9(3):239-250. doi:10.2217/pmt-2018-0065

Bedene A, Lijfering WM, Niesters M, et al. Opioid Prescription Patterns and Risk Factors
Associated With Opioid Use in the Netherlands. JAMA Netw open. 2019;2(8):€1910223.
doi:10.1001/jamanetworkopen.2019.10223

Central America :: Haiti — The World Factbook - Central Intelligence Agency.
https://www.cia.gov/library/publications/the-world-factbook/geos/ha.html. Accessed
January 5, 2020.

Harvard Global Orthopaedics Collaborative | Harvard Combined Orthopaedic Residency
Program. https://ortho.hms.harvard.edu/harvard-global-orthopaedics-collaborative.
Accessed December 28, 2019.

Dyer GSM. Haitian Annual Conference on Orthopaedic Traumatology: Building Surgical
Capacity Through Academic Collaboration. In: Journal of Orthopaedic Trauma. Vol 32.
NLM (Medline); 2018:S16-S17. doi:10.1097/BOT.0000000000001291

34



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Rice MJ, Gwertzman A, Finley T, Morey TE. Anesthetic Practice in Haiti After the 2010
Earthquake. Anesth Analg. 2010;111(6):1445-1449. doi:10.1213/ANE.0b013e3181fa3241
Chahal HS, St Fort N, Bero L. Availability, prices and affordability of essential medicines
in Haiti. J Glob Health. 2013;3(2):020405. doi:10.7189/jogh.03.020405

Steiner PM, Atzmiiller C, Su D. Designing Valid and Reliable Vignette Experiments for
Survey Research: A Case Study on the Fair Gender Income Gap. J Methods Meas Soc Sci.
2017;7(2):52-94. doi:10.2458/v7i2.20321

Chiu AS, Ahle SL, Freedman-Weiss MR, Yoo PS, Pei KY. The impact of a curriculum on
postoperative opioid prescribing for novice surgical trainees. Am J Surg. 2019;217(2):228-
232. doi:10.1016/j.amjsurg.2018.08.007

Centers for Disease Control and Prevention. Opioid Morphine Equivalent Conversion
Factors. https://www.cms.gov/Medicare/Prescription-Drug-
Coverage/PrescriptionDrugCovContra/Downloads/Opioid-Morphine-EQ-Conversion-
Factors-March-2015.pdf. Accessed August 20, 2019.

Young JD, Bhashyam AR, Qudsi RA, et al. Cross-Cultural Comparison of Postoperative
Discharge Opioid Prescribing After Orthopaedic Trauma Surgery. J Bone Jt Surg.
2019;101(14):1286-1293. doi:10.2106/JBJS.18.01022

Wunsch H, Wijeysundera DN, Passarella MA, Neuman MD. Opioids Prescribed After
Low-Risk Surgical Procedures in the United States, 2004-2012. JAMA.
2016;315(15):1654-1657. doi:10.1001/jama.2016.0130

Yu A, Devine CA, Kasdin RG, et al. Pain management among Dominican patients with
advanced osteoarthritis: a qualitative study. BMC Musculoskelet Disord. 2016;17(1):211.
doi:10.1186/s12891-016-1075-y

Helmerhorst GT, Teunis T, Janssen SJ, Ring D. An epidemic of the use, misuse and
overdose of opioids and deaths due to overdose, in the United States and Canada: is
Europe next? Bone Joint J. 2017;99-B(7):856-864. doi:10.1302/0301-620X.99B7.BJJ-
2016-1350.R1

Poonai N, Datoo N, Ali S, et al. Oral morphine versus ibuprofen administered at home for
postoperative orthopedic pain in children: a randomized controlled trial. CMAJ.
2017;189(40):E1252-E1258. doi:10.1503/cmaj.170017

Clarke H, Soneji N, Ko DT, Yun L, Wijeysundera DN. Rates and risk factors for
prolonged opioid use after major surgery: population based cohort study. BM.J.
2014;348(feb11 3):g1251-g1251. doi:10.1136/bmj.g1251

Finger A, Teunis T, Hageman MG, Ziady ER, Ring D, Heng M. Association Between
Opioid Intake and Disability After Surgical Management of Ankle Fractures. J Am Acad
Orthop Surg. 2017;25(7):519-526. doi:10.5435/JAAOS-D-16-00505

Rosenbloom BN, McCartney CJL, Canzian S, Kreder HJ, Katz J. Predictors of
Prescription Opioid Use 4 Months After Traumatic Musculoskeletal Injury and Corrective
Surgery: A Prospective Study. J Pain. 2017;18(8):956-963.
doi:10.1016/j.jpain.2017.03.006

Bot AGJ, Bekkers S, Arnstein PM, Smith RM, Ring D. Opioid Use After Fracture Surgery
Correlates With Pain Intensity and Satisfaction With Pain Relief. Clin Orthop Relat Res.
2014;472(8):2542-2549. doi:10.1007/s11999-014-3660-4

Finger A, Teunis T, Hageman MG, Ziady ER, Ring D, Heng M. Association between
Opioid Intake and Disability after Surgical Management of Ankle Fractures. J Am Acad
Orthop Surg. 2017;25(7):519-526. doi:10.5435/JAAOS-D-16-00505

35



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Helmerhorst G. Pain relief after musculoskeletal trauma. Br J Sports Med.
2019;53(5):318. doi:10.1136/bjsports-2018-099614

Hoorneman W, de Vrey R, Essink B, Chistyakova A. Distribution and marketing of drugs
in The Netherlands: overview | Practical Law.
https://uk.practicallaw.thomsonreuters.com/5-618-

55757 1rTS=20190820221832358&transitionType=Default&contextData=(sc.Default)&
firstPage=true&bhcp=1. Accessed August 20, 2019.

Sullivan MD, Howe CQ. Opioid therapy for chronic pain in the United States: promises
and perils. Pain. 2013;154 Suppl 1:5S94-100. doi:10.1016/j.pain.2013.09.009

van Boekel RLM, Steegers MAH, Verbeek-van Noord I, van der Sande R, Vissers KCP.
Acute Pain Services and Postsurgical Pain Management in the Netherlands: A Survey.
Pain Pract. 2015;15(5):447-454. doi:10.1111/papr.12192

Gaspar MP, Pflug EM, Adams A, et al. Self-Reported Postoperative Opioid-Prescribing
Practices Following Commonly Performed Orthopaedic Hand and Wrist Surgical
Procedures. J Bone Jt Surg. 2018;100(19):e127. doi:10.2106/JBJS.17.01163

Ossendorp R, Forouzanfar T, Bloemers CE, Ashton-James F. Protocols for treating the
postoperative pain of fractures in Dutch hospitals. J Pain Res. 2013;6:635.
doi:10.2147/JPR.S43729

Sun EC, Darnall BD, Baker LC, Mackey S. Incidence of and Risk Factors for Chronic
Opioid Use Among Opioid-Naive Patients in the Postoperative Period. JAMA Intern Med.
2016;176(9):1286. doi:10.1001/jamainternmed.2016.3298

Cozowicz C, Olson A, Poeran J, et al. Opioid prescription levels and postoperative
outcomes in orthopedic surgery. Pain. 2017;158(12):2422-2430.
doi:10.1097/5.pain.0000000000001047

Bohnert ASB, Valenstein M, Bair MJ, et al. Association Between Opioid Prescribing
Patterns and Opioid Overdose-Related Deaths. JAMA. 2011;305(13):1315.
doi:10.1001/jama.2011.370

Kim N, Matzon JL, Abboudi J, et al. A Prospective Evaluation of Opioid Utilization After
Upper-Extremity Surgical Procedures: Identifying Consumption Patterns and Determining
Prescribing Guidelines. J Bone Joint Surg Am. 2016;98(20):e89.
doi:10.2106/JBJS.15.00614

Dwyer CL, Soong M, Hunter A, Dashe J, Tolo E, Kasparyan NG. Prospective Evaluation
of an Opioid Reduction Protocol in Hand Surgery. J Hand Surg Am. 2018;43(6):516-
522.el. doi:10.1016/j.jhsa.2018.01.021

Rodgers J, Cunningham K, Fitzgerald K, Finnerty E. Opioid consumption following
outpatient upper extremity surgery. J Hand Surg Am. 2012;37(4):645-650.
doi:10.1016/j.jhsa.2012.01.035

Prescribing Policies: States Confront Opioid Overdose Epidemic.
http://www.ncsl.org/research/health/prescribing-policies-states-confront-opioid-overdose-
epidemic.aspx. Accessed December 9, 2019.

Hsu JR, Mir H, Wally MK, Seymour RB. Clinical Practice Guidelines for Pain
Management in Acute Musculoskeletal Injury. J Orthop Trauma. January 2019:1.
doi:10.1097/BOT.0000000000001430

Zorginstituut Nederland. Farmacotherapeutisch Kompas.
https://www.farmacotherapeutischkompas.nl/. Accessed August 20, 2019.

U.S. Food and Drug Administration. Highlights of Prescribing Information.

36



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

https://www.accessdata.fda.gov/drugsatfda docs/label/2015/204767s0001bl.pdf. Accessed
August 20, 2019.

Jantos TJ, Paris PM, Menegazzi JJ, Yealy DM. Analgesic practice for acute orthopedic
trauma pain in Costa Rican emergency departments. Ann Emerg Med. 1996;28(2):145-
150. doi:10.1016/s0196-0644(96)70054-9

Su B, O’Connor JP. NSAID therapy effects on healing of bone, tendon, and the enthesis. J
Appl Physiol. 2013;115(6):892-899. doi:10.1152/japplphysiol.00053.2013

Park J, Fertala A, Tomlinson RE. Naproxen impairs load-induced bone formation, reduces
bone toughness, and diminishes woven bone formation following stress fracture in mice.
Bone. 2019;124:22-32. doi:10.1016/j.bone.2019.04.009

Kurmis AP, Kurmis TP, O’Brien JX, Dalén T. The effect of nonsteroidal anti-
inflammatory drug administration on acute phase fracture-healing: a review. J Bone Joint
Surg Am. 2012;94(9):815-823. doi:10.2106/J1BJS.J.01743

Marquez-Lara A, Hutchinson ID, Nufiez F, Smith TL, Miller AN. Nonsteroidal Anti-
Inflammatory Drugs and Bone-Healing. JBJS Rev. 2016;4(3):e41-e414.
doi:10.2106/JBJS.RVW.0.00055

Wheatley BM, Nappo KE, Christensen DL, Holman AM, Brooks DI, Potter BK. Effect of
NSAIDs on Bone Healing Rates. J Am Acad Orthop Surg. 2018;27(7):1.
doi:10.5435/JAAOS-D-17-00727

Pradhan BB, Tatsumi RL, Gallina J, Kuhns CA, Wang JC, Dawson EG. Ketorolac and
Spinal Fusion. Spine (Phila Pa 1976). 2008;33(19):2079-2082.
doi:10.1097/BRS.0b013e31818396f4

Houweling PL, Ruikes PM, van Berge Henegouwen MI, et al. Richtlijn Postoperatieve
Pijn. 2012. https://www.nvog.nl/wp-content/uploads/2018/02/Postoperatieve-pijn-1.0-01-
01-2012-1.pdf. Accessed September 22, 2019.

Medlock S, Eslami S, Askari M, et al. Co-prescription of gastroprotective agents and their
efficacy in elderly patients taking nonsteroidal anti-inflammatory drugs: a systematic
review of observational studies. Clin Gastroenterol Hepatol. 2013;11(10):1259-1269.e10.
doi:10.1016/j.cgh.2013.05.034

Al Khaja KAJ, Veeramuthu S, Isa HA, Sequeira RP. Prescription audit of NSAIDs and
gastroprotective strategy in elderly in primary care. Int J Risk Saf Med. 2017;29(1-2):57-
68. doi:10.3233/JRS-170742

Gessner DM, Horn J-L, Lowenberg DW. Pain management in the orthopaedic trauma
patient: Non-opioid solutions. /njury. April 2019. doi:10.1016/j.injury.2019.04.008
McLaughlin DC, Cheah JW, Aleshi P, Zhang AL, Ma CB, Feeley BT. Multimodal
analgesia decreases opioid consumption after shoulder arthroplasty: a prospective cohort
study. J Shoulder Elb Surg. 2018;27(4):686-691. doi:10.1016/j.jse.2017.11.015

Desai K, Carroll I, Asch SM, et al. Utilization and effectiveness of multimodal discharge
analgesia for postoperative pain management. J Surg Res. 2018;228:160-169.
doi:10.1016/j.jss.2018.03.029

Sim V, Hawkins S, Gave AA, et al. How low can you go: Achieving postoperative
outpatient pain control without opioids. J Trauma Acute Care Surg. 2019;87(1):100-103.
doi:10.1097/TA.0000000000002295

Thybo KH, Hégi-Pedersen D, Dahl JB, et al. Effect of Combination of Paracetamol
(Acetaminophen) and Ibuprofen vs Either Alone on Patient-Controlled Morphine
Consumption in the First 24 Hours After Total Hip Arthroplasty: The PANSAID

37



79.

80.

81.

82.

&3.

84.

85.

86.

87.

88.

Randomized Clinical Trial. JAMA. 2019;321(6):562-571. doi:10.1001/jama.2018.22039
Zhao SZ, Chung F, Hanna DB, Raymundo AL, Cheung RY, Chen C. Dose-response
relationship between opioid use and adverse effects after ambulatory surgery. J Pain
Symptom Manage. 2004;28(1):35-46. doi:10.1016/j.jpainsymman.2003.11.001

Jain N, Himed K, Toth JM, Briley KC, Phillips FM, Khan SN. Opioids delay healing of
spinal fusion: a rabbit posterolateral lumbar fusion model. Spine J. 2018;18(9):1659-1668.
doi:10.1016/j.spinee.2018.04.012

Chrastil J, Sampson C, Jones KB, Higgins TF. Postoperative Opioid Administration
Inhibits Bone Healing in an Animal Model. Clin Orthop Relat Res. 2013;471(12):4076-
4081. doi:10.1007/s11999-013-3232-7

Chiu AS, Healy JM, DeWane MP, Longo WE, Yoo PS. Trainees as Agents of Change in
the Opioid Epidemic: Optimizing the Opioid Prescription Practices of Surgical Residents.
J Surg Educ. 2018;75(1):65-71. doi:10.1016/j.jsurg.2017.06.020

Bhashyam AR, Young J, Qudsi RA, Parisien RL, Dyer GSM. Opioid Prescribing Patterns
of Orthopedic Surgery Residents After Open Reduction Internal Fixation of Distal Radius
Fractures. J Hand Surg Am. 2019. doi:10.1016/j.jhsa.2018.11.003

Sabatino MJ, Kunkel ST, Ramkumar DB, Keeney BJ, Jevsevar DS. Excess opioid
medication and variation in prescribing patterns following common orthopaedic
procedures. J Bone Jt Surg - Am Vol. 2018;100(3):180-188. doi:10.2106/JBJS.17.00672
Chahal HS, St. Fort N, Bero L. Availability, prices and affordability of essential medicines
in Haiti. J Glob Health. 2013;3(2). doi:10.7189/jogh.03.020405

Ilyas AM, Miller AJ, Graham JG, Matzon JL. A Prospective, Randomized, Double-
Blinded Trial Comparing Acetaminophen, Ibuprofen, and Oxycodone for Pain
Management After Hand Surgery. Orthopedics. 2019;42(2):110-115.
doi:10.3928/01477447-20190221-02

Nau BJ, Woolley PM, Vertilus R. Orthopaedics in Haiti. J Bone Jt Surg. 2018;100(2):e9.
doi:10.2106/JBJS.17.00744

Bhashyam AR, Heng M, Harris MB, Vrahas MS, Weaver MJ. Self-Reported Marijuana
Use Is Associated with Increased Use of Prescription Opioids Following Traumatic
Musculoskeletal Injury. J Bone Jt Surg. 2018;100(24):2095-2102.
doi:10.2106/JBJS.17.01400

38



Tables:

Table 1: Descriptive Statistics of Survey Respondents

US Netherlands? Haiti
N (%) N (%) N (%)
Sex
Male 74 (87%) 19 (51%) 21 (91%)
15 (50%)
Female 11 (13%) 18 (49%) 2 (9%)
15 (50%)
Resident
Yes 85 (100%) 30 (81%) 24 (100%)
No 7 (19%)
Full response to case
Yes 57 (67%) 19 (51%) 19 (79%)
15 (50%)
No 28 (33%) 18 (49%) 5(21%)
15 (50%)
Training year®
1 15 (18%) 531%) 4 (33%) | 6(30%)
2 19 (22%) 6 (38%) 6 (50%) |1 (5%)
3 19 (22%) 1 (6%) 1 (8%) 10 (50%)
4 11 (13%) 1 (6%) 1 (8%) 3 (15%)
5 21 (25%) 2 (13%)
6 1 (6%)

?Resident only responses for the Netherlands in bold

® Cumulative training year N differs from total N due to respondent non-response
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Table 2. Descriptive Statistics of Nonopioid Prescriptions by Country.

No. Completed Cases (%)

U.S. Netherlands | Haiti Total
(n=606) (n=185) (n=204) (n=995)
Prescriptions
Acetaminophen | 349 (57.6%) 181 (97.8%) | 141 (69.1%) | 671 (67.4%)
NSAIDS*

55 (9.1%) 91 (49.2%)

71 (34.8%)

217 (21.8%)

*Ibuprofen (U.S., Netherlands) or Diclofenac (Haiti)
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Table 3: Bivariate Analyses of Total Morphine Milligram Equivalents (MMEs) Prescribed

Total MMEs

Mean (SD) Lower Upper | p-value

Country <.0001
usS 383 (27) 331 435
Netherlands 229 (35) 160 297
Haiti 101 (25) 52 150

Sex 0.8727
Female 291 (53) 186 395
Male 300 (23) 255 345

Training year 0.0221
1 292 (60) 174 411
2 341 (43) 256 425
3 216 (28) 162 270
4 263 (40) 186 341
5+ 466 (67) 336 597

Age 0.0018
<40 326 (25) 278 374
>70 267 (21) 226 308

Injury site <.0001
Ankle 257 (23) 211 303
Femur 357 (27) 304 411
Wrist 175 (17) 142 207
Tibial shaft 354 (26) 304 404
Tibial Plateau 358 (28) 303 412
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Table 4: Least Square Means for Total MME Prescription from the Multivariable Model with

Generalized Estimation Equations

Main effects Interaction effects MME Estimate (95% CI) | P-value
Injury Site <.0001
Ankle 193 (154, 232)
Femur 298 (253, 342)
Tibial Plateau 297 (251, 342)
Tibial Shaft 291 (246, 336)
Wrist 112 (84, 141)
Patient Age *Country 0.0015

>70 years old* Haiti

116 (56, 176)

>70 years old* Netherlands

230 (175, 285)

>70 years old* US

326 (270, 383)

<40 years old* Haiti

88 (40, 136)

<40 years old* Netherlands

234 (147, 321)

<40 years old* US

435 (377, 493)
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Table S: Least Square Means for Total Acetaminophen Prescription per Day from the (A)

Multivariable Model with GEEs, and (B) Final GEE Model

(A)Multivariable Model with (B) Final GEE Model
GEEs
Acetaminophen
Acetaminophen Prescription (mg)
Estimate/day Estimate/day
(95% Confidence (95% Confidence
Interval) P Value Interval) P Value
Country
U.S. 2994 (2557, 3432) <0.0001 2953 (2619, 3288) <0.0001
Netherlands 3925 (3623, 4227) 3695 (3414, 3976)
Haiti 1891 (1344, 2438) 1899 (1599, 2199)
Sex 0.72
Female 3006 (2316, 3697)
Male 2867 (2688, 3047)
Training year 0.95
1 3031 (2405, 3658)
2 2911 (2463, 3359)
3 2982 (2541, 3423)
4 3039 (2380, 3698)
>5 2722 (2061, 3382)
Age 0.27
<40 yr 2893 (2564, 3222)
>70 yr 2981 (2627, 3335)
Injury site 0.52
Ankle 2892 (2551, 3234)
Femur 2949 (2594, 3304)
Wrist 2906 (2559, 3254)
Tibial shaft 3064 (2690, 3439)
Tibial plateau 2872 (2525, 3220)
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Table 6: Odds Ratios of Likelihood of Prescribing Non-Opioids

OR (95% CI) p-value
Country
Netherlands NA NA
Haiti 3.22(1.94,5.34) |<0.0001
US Reference Reference
Sex
Female 1.86 (1.04,3.32) | 0.036
Male Reference Reference
Training year
2 2.16 (1.31,3.59) | 0.0027
3 3.33(1.99,5.55) |<0.0001
4 2.38 (1.37,4.11) | 0.0019
5 0.32(0.19,0.55) | <0.0001
1 Reference Reference
Age
<40 1.08 (0.78,1.5) 0.65
>70 Reference Reference
Injury site
Femur 1 (0.6,1.67) 0.99
Wrist 1.07 (0.64,1.79) | 0.81
Tibial shaft 1.05 (0.63,1.76) | 0.84
Tibial Plateau | 1 (0.6,1.68) 0.99
Ankle Reference Reference

*NA = Not Applicable as nearly all (184/185) residents from the Netherlands prescribed non-
opioids for all cases

44



Table 7: Odds Ratios of Likelihood of Prescribing (A) NSAIDS (ibuprofen or diclofenac), or

(B) Acetaminophen

(A) Likelihood of Prescribing NSAIDs

(B) Likelihood of Prescribing Acetaminophen

OR (95% CI) p-value OR (95% CI) p-value
Country
Netherlands 23:3%“4'94’ <0.0001 NA* NA*
Haiti 3.25(2.03, 5.18) | <0.0001 1.12 (0.75, 1.68) 0.58
UsS Reference Reference Reference Reference
Sex
Female 2.91 (1.66, 5.11) | 0.00019 1.58 (0.93, 2.68) 0.092
Male Reference Reference Reference Reference
Training year
2 0.35(0.16, 0.77) | 0.0087 1.97 (1.2,3.21) 0.0069
3 4.36 (2.51,7.6) | <0.0001 2.26 (1.44, 3.56) 0.0004
4 1.89 (0.95, 3.76) | 0.071 2.16 (1.28, 3.64) 0.0038
5 NA** NA** 0.28 (0.17,0.47) <0.0001
1 Reference Reference Reference Reference
Age
<40 3.04 (1.98,4.67) | <0.0001 0.97 (0.71, 1.32) 0.85
>70 Reference Reference Reference Reference
Injury site
Femur 0.97 (0.51,1.83) | 0.92 1.08 (0.66, 1.74) 0.77
Wrist 0.89 (0.47,1.69) | 0.72 1.22 (0.75, 1.98) 0.43
Tibial shaft 0.88 (0.46, 1.69) | 0.71 1.13 (0.69, 1.83) 0.63
Tibial Plateau | 1.08 (0.57, 2.03) | 0.82 0.95 (0.59, 1.54) 0.84
Ankle Reference Reference Reference Reference

*NA = Not Applicable as nearly all (181/185) residents from the Netherlands prescribed
acetaminophen for vignette cases

**NA = Not Applicable; no responses in this category
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Table 8: Rates of Opioid and Nonopioid Prescribing for Multimodal Analgesia

United States Netherlands Haiti
Prescribed | Prescribed > 1 opioid Prescribed | Prescribed > 1 opioid Prescribed | Prescribed > 1 opioid
> 1 non- medications > 1 non- medications > 1 non- medications
op10}d . No | Yes Total OPIO.ld . No Yes Total 0p10.1d . No Yes Total
medications medications medications
No No No

0 258 258 1 0 1 0 28 28
Yes Yes Yes

3 345 348 32 152 184 107 69

176

Total Total Total

3 603 606 33 152 185 107 97 204
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Figures:

Figure 1: Percent of Total Respondents Prescribing Selected Opioid
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Figure 2: Percent of Total Respondents Prescribing Selected Non-Opioid
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Figure 3: Opioid Prescription Stratified by Country and Patient Age

Morphine Milligram Equivalents Prescribed in Total by Country and Patient
Age

500
450
400
350
300
250
200
150
100

50

MMEs Total

us Netherlands Haiti
p =0.0019

e <40 years old = >70 years old

49



Figure 4: Opioid Prescription Stratified by Country and Anatomical Site
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Appendix:
Appendix 1: Vignette Template

Participant Code: Gender: 0 Female 0 Male

Year of Residency: Hospital:

Introduction: Below you will find a series of mock cases of orthopedic trauma. Every case
requires open reduction and internal fixation. Please indicate which analgesic you would
prescribe for the patient’s pain if you were treating this patient at discharge or in your usual
practice setting(s). In addition, indicate the dose, frequency, and duration of the medication. You
may choose more than one medication.

Note: None of the patients have ever taken opioid medications.
Case 1: An otherwise healthy 26 year old male presents with right ankle pain after a soccer
injury. Radiographs reveal a bimalleolar ankle fracture. Open reduction internal fixation is
performed.

Dose: Frequency: | Duration:

O codeine

o diclofenac

0 hydromorphone

O oxycodone

0 paracetamol (acetaminophen)

o tramadol

O no medication

Case 2: An otherwise healthy 73 year old female is struck by a bus and is brought to the ED. She
is found to have a right midshaft femoral shaft fracture. Within 24 hours, open reduction internal

fixation was performed with an intramedullary nail.
Wy

Dose: Frequency: | Duration:

o codeine

o diclofenac

0 hydromorphone

O oxycodone

O paracetamol (acetaminophen)

o tramadol

O no medication

Case 3: An otherwise healthy 22 year old female presents with right wrist pain and deformity
after an accident at work. Radiographs demonstrated a displaced distal radius fracture. She was
treated with open reduction internal fixation using a volar locking plate.
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16
17

18
19
20
21
22
23
24

25
26

27
28
29

30
31

32
33
34
35
36
37

Dose:

Frequency:

Duration:

o codeine

o diclofenac

0 hydromorphone

O oxycodone

O paracetamol (acetaminophen)

o tramadol

o no medication

Case 4: An otherwise healthy 32 year old male complains of severe right leg pain after a motor
vehicle collision. Standard AP and lateral radiographs were taken and the patient was diagnosed

with a tibial shaft fracture. Open reduction internal fixation was performed with an
nail

i_ntramedulla

Dose:

Frequency:

Duration:

O codeine

o diclofenac

0 hydromorphone

0 oxycodone

0 paracetamol (acetaminophen)

o tramadol

O no medication

Case 5: An otherwise healthy 82 year old male is struck by a car and presents with right knee
pain. Standard AP and lateral knee radiographs were taken. The patient is diagnosed with a right

tibial plateau fracture. Open reduction internal fixation is performed.

Dose:

Frequency:

Duration:

O codeine

o diclofenac

0 hydromorphone

O oxycodone

O paracetamol (acetaminophen)

O tramadol

O no medication

Case 6: An otherwise healthy 77 year old male presents with right ankle pain after a fall. A right
bimalleolar ankle fracture is found on X-ray. Open reduction internal fixation is performed.
\ Frequency: | Duration:
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38
39

40
41
42

43
44

45
46
47
48
49
50
51

52
53

54
55
56

O codeine

o diclofenac

0 hydromorphone

O oxycodone

O paracetamol (acetaminophen)

O tramadol

O no medication

Case 7: An otherwise healthy 37 year old female is brought to the ED after a motor vehicle
collision. She is found to have a right midshaft femoral shaft fracture. Open reduction internal

Dose:

fixation was performed with an intramedullary nail within 24 hours of presentation.

Frequency:

Duration:

o codeine

o diclofenac

0 hydromorphone

O oxycodone

0 paracetamol (acetaminophen)

o tramadol

O no medication

Case 8: An otherwise healthy 79 year old female fell on her outstretched hand and presents with
right wrist pain and deformity. Radiographs demonstrated a displaced distal radius fracture. She

was treat
n

Dose:

ed with open reduction internal fixation using a volar locking plate.

Frequency:

Duration:

O codeine

o diclofenac

o hydromorphone

o oxycodone

O paracetamol (acetaminophen)

O tramadol

O no medication

Case 9: An otherwise healthy 80 year old male is struck by a motorcycle and complains of
severe left leg pain. Standard AP and lateral radiographs reveal a tibial shaft fracture. Open
reduction internal fixation was performed with an intramedullary nail.

Dose:

Frequency:

Duration:

O codeine

o diclofenac

0 hydromorphone
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58

59
60
61
62
63
64
65

o oxycodone

O paracetamol (acetaminophen)

O tramadol

O no medication

Case 10: An otherwise healthy 41 year old male presents with left knee pain after being struck
by a motorcycle. Standard AP and lateral knee radiographs were taken and the patient was
diagnosed with a left tibial plateau fracture. Open reduction internal fixation was performed.
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Dose: Frequency: | Duration:

o codeine

o diclofenac

0 hydromorphone

0 oxycodone

O paracetamol (acetaminophen)

o tramadol

O no medication

Do you feel the pain medication prescribed above is generally adequate for these patients?

o Yes
o No
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Appendix 2: Bivariate Analyses of Morphine Milligram Equivalents (MMEs) Prescribed per
day, and Duration of Opioid Prescription

MME/day Duration (days)

Mean (SD) Lower | Upper [ p-value [ Mean (SD) | Lower | Upper | p-value

Country <.0001 <.0001
UsS 46 (4) 39 53 9.5(0.6) 8.3 10.7
Netherlands | 27 (3) 21 33 6.7 (0.8) 5.1 8.4
Haiti 14 (3) 8 19 3.7(1) 1.8 5.6

Sex 0.0001 0.5923
Female | 32 (4) 25 39 7.3 (1.1) 52 9.5
Male | 37 (3) 31 43 8(0.5) 6.9 9.1

Training year 0.0001 0.0286
1 36 (9) 19 52 8.2 (1.2) 5.8 10.5
2 39 (7) 27 52 9.7 (1.1) 7.6 11.9
3 31 (4) 24 38 5.8 (0.7) 4.6 7.1
4 34 (6) 23 46 7.7 (1.6) 4.7 10.8
5+ 49 (6) 38 60 10.1 (1.4) 7.3 12.9

Age 0.0001 0.0536
<40 39 (3) 34 45 7.7 (0.5) 6.7 8.7
>70 32(3) 27 37 8.1(0.5) 7.1 9.1

Injury site 0.0001 <.0001
Ankle 33 (4) 26 40 7.4 (0.5) 6.4 8.4
Femur 41 (3) 35 46 8.5(0.5) 7.5 9.6
Wrist 25(2) 21 30 5.9(0.4) 5.1 6.8
Tibial shaft | 41 (3) 35 47 8.8 (0.6) 7.7 9.9
Tibial Plateau | 41 (3) 34 47 8.9 (0.6) 7.8 10.0
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Appendix 3: Odds Ratios of Likelihood of Prescribing Opioids

OR of prescribing opiates (95% CI) | p-value
N (%)
Country
Netherlands 0.02 (0.01,0.07) <.0001
Haiti 0.0044 (0.0012, 0.0162) <.0001
uUsS -
Sex
Female 0.66 (0.28,1.57) 0.3465
Male -
Training year
2 0.398 (0.075,2.105) 0.2785
3 1.382 (0.42,4.542) 0.5945
4+ 0.508 (0.11,2.338) 0.3846
1 -
Age
<40 1.25 (0.93,1.68) 0.1444
>70 -
Injury site
Femur 1.66 (1.14,2.40) 0.0076
Tibial Plateau 1.91 (1.18,3.09) 0.0080
Tibial shaft 2.02 (1.26,3.24) 0.0035
Wrist 0.78 (0.608,1.002) 0.0516
Ankle -
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Appendix 4: Opioid Prescription Stratified by Country and Patient Age for MME/day and
Duration

Morphine Milligram Equivalents Prescribed
Per Day by Country and Patient Age
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Appendix 5: Opioid Prescription Stratified by Country and Anatomical Site for MME/day and
Duration
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Appendix 6: Least Square Means for MME/day, Opioid Prescription Duration, and Likelihood
of Opioid Prescriptions from the Multivariable Model with Generalized Estimation Equations

a) MME/day

Interaction effects MME/day Estimate (95% CI) P-value
Patient Age*Country <.0001
>70 years old*Haiti 15 (8, 23)
>70 years old*Netherlands 27 (22, 33)
>70 years old*US 39 (32, 46)
<40 years old*Haiti 13 (8,17)
<40 years old*Netherlands 27 (21, 33)
<40 years old*US 52 (45, 60)
Country*Injury Site 0.0249
Haiti* Ankle 12 (7, 18)
Haiti*Femur 13 (8, 18)
Haiti*Tibial Plateau 14 (9, 20)
Haiti*Tibial Shaft 21 (8, 35)
Haiti*Wrist 9,14

Netherlands*Ankle 22 (15, 30)
Netherlands*Femur 37 (28, 46)
Netherlands*Tibial Plateau 31(25,37)
Netherlands*Tibial Shaft 32 (26, 38)
Netherlands*Wrist 13 (7, 18)
US*Ankle 42 (31, 53)
US*Femur 51 (43, 58)
US*Tibial Plateau 52 (43, 61)
US*Tibial Shaft 49 (41, 57)
US*Wrist 34 (28, 40)
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b) Duration

Main effects Duration Estimate, in days P-value
(95% CI)
Injury Site <.0001
Ankle 6.1(5.2,7.1)
Femur 7.3 (6.2, 8.4)
Tibial Plateau 7.7 (6.6, 8.8)
Tibial Shaft 7.6 (6.6, 8.6)
Wrist 4.7 (3.8, 5.6)
Country <.0001
Haiti 3.7(1.8,5.6)
Netherlands 6.8 (5.1, 8.5)
UsS 9.5(8.4,10.7)
C) Likelihood of opioid prescription
Main effects Estimate (95% CI) P-value
Injury Site 0.0037
Ankle 1.711 (1.107, 2.316)
Femur 2.482 (1.981, 2.984)
Tibial Plateau 2.668 (2.093, 3.244)
Tibial Shaft 2.742 (2.144, 3.341)
Wrist 1.283 (0.705, 1.861)
Country <.0001
Haiti -0.117 (-0.829, 0.596)
Netherlands 1.409 (0.902, 1.915)
US 5.240 (4.092, 6.388)
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Appendix 7: Least Square Means for Total Acetaminophen Prescription from the (A)
Multivariable Model with GEEs, and (B) Final GEE Model

Multivariable Model with GEEs Final GEE Model
Acetaminophen
Prescription
Acetaminophen Estimate Estimate (mg)
(95% Confidence (95% Confidence
Interval) P Value Interval) P Value
Country
U.S. 44852 (34954, 54750) 0.0006 46166 (35739, 0.0002
56594)
Netherlands 51964 (38002, 65926) 49902 (41989,
57815)
Haiti 18958 (10393, 27523) 18242 (11020,
25464)
Sex 0.86
Female 37985 (25595, 50374)
Male 39198 (33809, 44586)
Training year 0.37
1 42185 (28546, 55825)
2 51351 (32015, 70687)
3 32579 (24250, 40908)
4 37571 (27328, 47815)
>5 29269 (15067, 43472)
Age 0.30
<40 yr 37790 (31235, 44346)
>70 yr 39392 (32635, 46150)
Injury site 0.09
Ankle 35173 (28292, 42053)
Femur 38263 (31478, 45048)
Wrist 35974 (29102, 42846)
Tibial shaft 44070 (35360, 52780)
Tibial plateau 39476 (32817, 46136)
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Appendix 8: Least Square Means for Total Ibuprofen Prescription and Total Ibuprofen
Prescription per Day per Case from the Multivariable Model with GEEs

Ibuprofen
Ibuprofen Estimate Estimate/day
(95% Confidence (95% Confidence
Interval) P Value Interval) P Value
Country
U.S. 31453 (4152, 58754) 0.27 3890 (-1225, 9005) | 0.40
Netherlands 5463 (-7776, 18703) 614 (-1710, 2938)
Sex 0.20 0.32
Female 4880 (-17671, 27432) 146 (-4052, 4345)
Male 32036 (8898, 55174) 4358 (-620, 9336)
Training year 0.63 0.83
1 11569 (-11436, 34574) 1313 (-2170, 4797)
2 20700 (4350, 37050) 1204 (-2056, 4463)
3 33746 (-4627, 72120) 5758 (-2329,
13846)
4 7817 (-14098, 29732) 732 (-3342, 4806)
Age 0.34 0.67
<40 yr 18896 (6782, 31010) 2277 (109, 4445)
>70 yr 18020 (5758, 30282) 2227 (-5, 4458)
Injury site 0.19 0.64
Ankle 19487 (6239, 32735) 2521 (-21, 5063)
Femur 23255 (6407, 40104) 3006 (-252, 6264)
Wrist 9096 (-6984, 25176) 438 (-2620, 3496)
Tibial shaft 20560 (6286, 34834) 2651 (-34, 5337)
Tibial plateau 19892 (4815, 34970) 2643 (-110, 5397)
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Appendix 9: Number of cases with prescribed opioid medications among three countries.

Country Cases where > 1 opioid medications were prescribed All
No Yes
N % N % N
uUS 3 0.50 603 99.50 606
Netherlands | 33 17.84 152 82.16 185
Haiti 107 52.45 97 47.55 204
All 143 14.37 852 85.63 995
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Appendix 10: Analgesic prescribing to younger and older-age patients following ORIF of distal

radius fracture; *p<0.05
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Appendix 11: Factors Associated with Overprescribing in Younger Patient: Final Multivariate Model

Over 150 MME Over 225 MME Over 7 Days

P- P- P-
Characteristic OR 95% CI  value OR 95% CI  value OR 95% CI  value
Male --- --- --- - - - - - - |
Senior Resident [0.45, [1.57, [0.12,
(PGY4+) 1.3 3.77] 0.633 5.5 19.28] 0.008 | 0.53 2.39] 0.409

0.74- 0.44- 0.31-

Program 6.51 --- 0.035 | 2.27 --- 0302 | 11.6 --- 0.049
Opioid Training
Program --- --- --- --- --- --- --- --- ---
Model Logit Logit Logit

Abbreviations: OR, odds ratio; CI, confidence interval
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Appendix 12: Factors Associated with Overprescribing in Older Patient: Final Multivariate

Model
Over 150 MME Over 225 MME Over 7 Days

P- P- P-
Characteristic OR 95%CI wvalue| OR 95%CI wvalue| OR  95%CI value
Senior Resident [0.33, [0.25, [0.70,
(PGY4+) 0.92 2.56] 0.873| 0.98 3.80] 0972 | 2.84 11.5] 0.144

1.14- 0.61- 1.44-

Program 1.67 --- 0.468 | 1.77 -—- 0.504 | 41.8 -—- 0.007
Opioid Training
Program -—- --- -—- -—- -—- -—- -—- -—- -—-
Model Logit Logit Logit

Abbreviations: OR, odds ratio; CI, confidence interval; Ref,

reference category
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Appendix 13: Factors Associated with Overprescribing in Younger Patient: Univariate Associations

Over 150 MME Over 225 MME Over 7 Days
P- P- P-

Characteristic OR  95%CI value| OR 95%CI value| OR 95%CI wvalue

[0.23, [0.23, [0.05,
Male 1.11 5.39] 0.897 | 2.09 18.69] 0.233 | 0.25 1.33] 0.104
Senior Resident [0.43, [1.42, [0.19,
(PGY4+) 1.15 3.12]  0.781 | 4.52 14.45] 0.011| 0.69  2.51] 0.569

0.73- 0.45- 0.19-

Program 6.30 - 0.019 | 1.87 - 0264 | 11.2 --- 0.0044
Opioid Training [0.70, [0.55, [0.67,
Program 1.96 5.46] 0.200 | 1.68 5.10] 0.36 | 2.27 7.71]  0.188
Model Logit Logit Logit

Abbreviations: OR, odds ratio; CI, confidence

interval
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Appendix 14: Factors Associated with Overprescribing in Older Patient: Univariate

Associations
Over 150 MME Over 225 MME Over 7 Days
P- P- P-

Characteristic OR 95%CI wvalue| OR 95%CI value| OR 95%CI value

[0.26, [0.07, [0.09,
Male 1.47 8.22] 0.658 | 0.42 2.53] 0.347 | 0.54 3.15] 0493
Senior Resident [0.32, [0.25, [0.67,
(PGY4+) 0.89 2.47] 0.828| 0.94 3.56] 0.922| 227 7.71]  0.188

1.14- 0.62- 1.40-

Program 1.69 -—- 0.889 | 1.78 -—- 0.641 | 34.0 --- 0.0164
Opioid Training [0.43, [0.25, [0.67,
Program 1.17 3.20] 0.765| 0.94 3.56] 0.922 | 227 7.72]  0.188
Model Logit Logit Logit

Abbreviations: OR, odds ratio; CI,

confidence interval
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