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Background: Ehlers-Danlos syndrome (EDS), a disorder affecting synthesis of collagen, typically presents
with chronic pain, hypermobility, and early osteoarthritis. EDS patients undergoing total hip arthroplasty
(THA) are at risk of dislocation and revision. Opioid use and impact on outcomes among this population
remain unknown.
Methods: A retrospective review was performed with a large national database querying the Interna-
tional Classification of Disease, tenth revision procedure codes identifying 1,244,368 primary THAs from
2015-2020. Two hundred thirty-eight EDS patients underwent THA and were propensity matched with
population control based on age, sex, and obesity when comparing opioid prescription. To compare
dislocation and revision outcomes, EDS patients were stratified into those receiving opioid prescriptions
and those not. Multivariate analysis evaluated the association.
Results: EDS patients were more likely prescribed opioids 90 days before (49.1% vs 34.7.0%, P < .0001)
and after THA (59.7% vs 41.2%, P < .0001), with more preoperatively (1163.6 mme ±1562.8, P < .0001) and
postoperatively (900.1 mme ±1235.9, P < .0001) than controls. In EDS patients prescribed opioids 90 days
before THA, dislocation rate was 12.8% vs 7.1% not prescribed (odds ratio 2.08, 95% confidence interval
0.85-5.1). 14.8% of EDS patients who received opioids 90 days after THA dislocated vs 2.1% not prescribed
(odds ratio 8.13, 95% confidence interval 1.87-35.7).
Conclusions: EDS patients are more likely prescribed opioids before and after THA. Opioid prescription
was associated with risk of dislocation, though we caution interpretation of causation. However, this
suggests that the risks of worse outcomes in EDS patients undergoing THA are multifactorial. We should
look at strategies to reduce opioid use prior to THA.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Ehlers-Danlos syndrome (EDS) is a spectrum of disorders
encompassing abnormal collagen synthesis with an incidence of 1
in 5000-20,000 people thought to be underestimated [1,2]. While
the syndrome consists of 13 subtypes of varying hereditary pat-
terns, EDS classically includes joint hypermobility, skin hyper-
extensibility, poor wound healing, as well as other cardiovascular,
gastrointestinal, and neurologic manifestations [3e8]. The most
common type of EDS, hypermobile type, has been found to have a
chronic pain incidence of approximately 90% [9,10]. Patients are
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often diagnosed at a young age, with 75% of patients presenting
with symptoms by 15 years old [11]. Musculoskeletal complaints
with EDS include joint pain, swelling, and hyperlaxity postulated to
lead to joint microtrauma and osteoarthritis [5,12e14].

Beyond musculoskeletal complaints, EDS typically involves
multiple organ system manifestations leading to difficulty with
pain control. Opioids use in this population is challenging given
their predisposition for decreased gastrointestinal motility,
postural orthostatic tachycardia, dysautonomia, and proprioceptive
deficits [15,16]. Additionally, similarly to other chronic pain con-
ditions like fibromyalgia, prolonged opioid use has been shown to
lead to central pain sensitization in patients with EDS [17e19]. As
such, opioids are typically not indicated for EDS-related chronic
musculoskeletal pain but are reserved for acute exacerbations or
pain refractory to other treatments [11,20].
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Retrospective studies have demonstrated patients with EDS
who undergo total hip arthroplasty (THA) are at increased risk for
dislocation and revision [21,22]. A small retrospective study of HT-
EDS patients undergoing hip arthroscopy for hip pain and sensation
of instability showed pervasive femoroacetabular impingement as
well as extreme capsular laxity, possibly leading to earlier in-
dications for THA [12]. Opioid use in patients who have EDS un-
dergoing THA remains unclear both preoperatively and
postoperatively. Furthermore, the effect of opioid use on THA out-
comes in the EDS population remains unknown. The primary aim of
this investigation was to investigate opioid use for patients with
EDS who undergo THA. The secondary aim is to investigate the
associated risk of opioid use at the time of THA in patients with EDS
comparing dislocation and revision risk to a population control
without EDS.
Material and methods

A retrospective review was performed using the all-claims data
files from the PearlDiver database (PearlDiver Technologies, Inc.,
Fort Wayne, IN) comprised of 151 million deidentified patients
based on national all-claims data including Medicare, Medicaid,
government, and private. We queried the International Classifica-
tion of Disease, tenth revision diagnostic codes for EDS from the
PearlDiver database from 2015-2020 (Appendix 1). The queried
cohort was filtered for age between 45 and 75. To create a control
population, we created a random adult population without EDS
using a random patient generator within the PearlDiver software.

Patients with EDS who underwent primary THA for osteoar-
thritis were identified and propensity-matched with a population
control to determine the incidence of THA and compare opioid
prescription. A population control was matched using a propensity
ratio based on age, sex, and obesity. The propensity-matched con-
trol population of 1,244,368 control patients were compared to
25,688 patients who carried a diagnosis of EDS. Both prematched
and postmatched patient demographics of the EDS group under-
going THA and propensity-matched controls are shown in Table 1.

Opioid prescription rate and quantity 90 days before and after
THA was calculated for both propensity matched control and EDS.
Opioid prescription rate was determined by patients receiving a
prescription for opioids within the prescribed time, and quantity
was compared after conversion of opioid to morphine milli-
equivalent dose (mme), which is similar methodology to prior
arthroplasty opioid studies [23,24]. In comparing the duration of
opioids, we classified patients into 2 categories, those who did not
receive opioid prescriptions within 90 days after the operation, and
those who were prescribed opioids at 365 days.

Statistical analysis was performed using R (R Core Team, 2021).
Descriptive statistics were calculated for demographic variables.
Opioid prescription rates were described as a proportion of the
entire cohort. Differences in opioid prescriptions based on contin-
uous variables (age) and categorical variables (sex and obesity
diagnosis) were analyzed using t-tests and chi-square tests,
Table 1
Demographics of patients with Ehlers-Danlos syndrome and matched population coho
postpropensity matching demographics demonstrating no difference in age, sex, and ob

Prepropensity matching

EDS Control Standard deviation Variation ratio

Age (years) 54.31 50.78 0.43 0.26
Sex F 0.84 0.59 0.69 N/A
Sex M 0.16 0.41 �0.69 N/A
Obesity 0.30 0.24 0.13 N/A
respectively. A P-value of less than .05 was considered a statistically
significant outcome. Because of the large number present in the
cohorts, statistically significant differences can be found without
relevant clinical importance. Cohen’s d calculation was done for
continuous variables, and the effect size was calculated. We used
the commonly used convention of Cohen's d of 0.2 as a small effect,
0.5 as a medium effect, and 0.8 or greater as a large effect. Effect
sizes for discrete variables are presented as odds ratios (ORs).
Results

Frequency of complications within the propensity-matched
controls and EDS group are demonstrated in Tables 2 and 3,
respectively. Of the EDS group, 238 EDS patients underwent THA
for osteoarthritis. Of those with EDS, 117 (49.2%) were recorded to
receive opioid prescriptions 90 days preoperatively, 142 (59.7%) at
90 days postoperatively, and 93 (39.1%) at 365 days postoperatively.
Dislocation occurred in 23 (9.7%) patients with EDS. Of those who
experienced dislocation, 21 were prescribed opioids within 90 days
postoperatively, and 5 were prescribed opioids 365 days post-
operatively. Of those with EDS, 7 (2.9%) became infected, 9 (3.8%)
experienced medical complications, and 6 (2.5%) underwent revi-
sion. As the PearlDiver database does not report outcomes with
fewer than 10 patients to maintain patient anonymity, the distri-
bution of infection, medical complications, and revision were
stratified as <10 for those prescribed opioids at 90 days preopera-
tively, 90 days postoperatively, and 365 days postoperatively.

Patients with EDS were more likely to have undergone THA
compared to controls, with an OR of 1.82 (P < .0001). Patients with
EDS were more likely to receive opioid prescriptions 90 days before
(49.1% vs 34.7%, OR¼ 1.78, P < .0001) and after the operation (59.7%
vs 41.2%, OR ¼ 2.08, P < .0001) compared to the non-EDS control
group. Additionally, the study found that EDS patients were pre-
scribed more opioids than the matched control group at 90 days
preoperatively (1163.6 mme ±1562.8 vs 731.9 mme ±1230.7, P <
.0001, Cohen’s d ¼ 0.31) and 90 days postoperatively (900.1 mme
±1235.9 vs 651.7 mme ±1150.9, P < .0001, Cohen’s d ¼ 0.21). The
proportion of patients who did not receive an opioid prescription at
90 days postoperatively was 39.1% for EDS patients compared to
60.5% for non-EDS patients (OR ¼ 0.45, P < .0001). The proportion
of patients receiving opioid prescriptions at 365 days post-
operatively was 50.8% for EDS patients and 31.0% for non-EDS pa-
tients (OR ¼ 2.17, P < .0001). The remaining 10.1% of patients with
EDS and 8.5% of controls were presumably not prescribed opioids
postoperatively.

Those who were using opioids within 90 days preoperatively
were significantly more likely to be using opioids 90 days post-
operatively (OR 8.19, CI 4.47-15.02), as well as more likely to
continue to receive opioid prescriptions at 1 year postoperatively
(OR 4.93, CI 2.84-8.53). EDS patients who were prescribed opioids
90 days postoperatively were more likely to experience dislocation
(OR 8.16, CI 1.87-35.66). However, there were no statistically sig-
nificant differences between dislocation rates with opioid
rts without Ehlers-Danlos syndrome demonstrating a difference in age, as well as
esity postmatch cohort.

Postpropensity matching

Propensity matched control Standard deviation Variation ratio

54.31 0.00 1.00
0.84 0.00 N/A
0.16 0.00 N/A
0.31 0.00 N/A



Table 2
Frequency of complications recordedwithin population control undergoing total hip
arthroplasty stratified by opioid use timeframe.

Complication Opioid use

90-day
preoperative

90-day
postoperative

365-day
postoperative

Dislocation (n ¼ 12,390) 6045 6764 7929
Infection (n ¼ 13,623) 7076 7652 8933
Medical (n ¼ 13,437) 5335 5639 6805
Revision (n ¼ 6069) 3217 3729 4409
Total control (n ¼ 405,013) 140,344 166,730 198,755
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prescription preoperatively or with opioid prescription at 365 days
compared to those who were not prescribed opioids. Similarly,
there was no difference in revision, infection, or medical compli-
cations between subjects with EDS who had an opioid prescription
and those without an opioid prescription preoperatively or post-
operatively at either 90 or 365 days.

Discussion

This study is the first to demonstrate higher levels of opioid
prescription among patients with EDS in arthroplasty. Our findings
confirm our hypothesis that EDS patients are prescribed greater
amounts of opioids before and after THA and continue to receive
prescriptions for opioids for an extended period up to 1 year
following surgery compared to non-EDS patients. The percentage of
patients who are prescribed opioids after surgery, including up to
1 year after the procedure, is significantly higher in EDS patients,
with an OR greater than 2. Additionally, the percentage of EDS
patients who no longer received opioid prescriptions at 90 days
was significantly lower. Although Cohen's d for the difference in
opioid dose was low to moderate, this modulation in the effect was
due to large variability in opioid dose in both groups. In fact, the
standard deviation was greater than the mean mme for all time
points and for both groups. On average, EDS patients were pre-
scribed 58.9% more opioids within 90 days preoperatively and
38.2% more opioids in the first 90 days postoperatively than non-
EDS patients.

EDS patients have a complex relationship with pain and anal-
gesia. A retrospective single-center study by Song et al. reviewing
the treatment efficacy of 98 EDS patients presenting to a physical
medicine and rehabilitation clinic found that the most common
type of treatment modality pursued by EDS patients was compli-
mentary/alternative medicine (89.7%) closely followed by opioid
and opioid-like pain medications (88.8%) [25]. Despite this high
prescription rate for opioids, only 40% of patients reported
improvement in pain with opiates and opiate-like medications,
with 22% reporting adverse symptoms. This study also found that
the most effective treatment was bracing of joints, with 70%
Table 3
Frequency of complications of patients with Ehlers-Danlos syndrome undergoing
total hip arthroplasty stratified by opioid use timeframe.

Complication Opioid use

90-d
preoperative

90-d
postoperative

365-d
postoperative

Dislocation (n ¼ 23) 23 21 5
Infection (n ¼ 7) a a a

Medical (n ¼ 9) a a a

Revision (n ¼ 66) a a a

Total EDS (n ¼ 238) 117 142 93

a Less than 10 cases recorded within the PearlDiver database.
reporting improvement in their symptoms. This study concluded
that practitioners may want to consider a multidisciplinary
approach to patients with EDS, involving pain medicine physicians
who may be better equipped with specialized training in thera-
peutic options for EDS beyond opioids. Our findings further support
this given the larger opioid prescriptions appreciated preopera-
tively and postoperatively, with continued prescriptions at 1 year
following surgery. In our study population, 39.1% of EDS patients
were no longer receiving an opioid prescription 90 days post-
operatively, whereas 60.5% of non-EDS patients were no longer
prescribed opioids. Furthermore, over half of EDS patients
continued to receive opioid prescriptions at 1 year postoperatively.
EDS patients with opioid prescriptions preoperatively were far
more likely to continue to be prescribed opioids at 90 days and
1 year postoperatively. With such a high likelihood of persistent
opioid prescription 1 year postoperatively, orthopaedic surgeons
may want to consider engaging pain specialist for additional rec-
ommendations for long-term pain control options, given that THA
as well as opioids may not be improving pain and may conversely
be causing adverse symptoms.

Patients with EDS have been shown to have an increased risk of
adverse perioperative and postoperative events following THA;
however, no studies to date have evaluated opioids in this popu-
lation or assessed postoperative complications with their use. One
recent retrospective database study of patients undergoing primary
THA demonstrated an increased risk of complications with preop-
erative opioid use in a dose-dependent manner, although this study
does not specifically address patients with connective tissue dis-
orders [24]. In a general study of connective tissue disorders from
1999 surveying 214 joint-related procedures of the shoulder, elbow,
knee, and ankle, postoperative complications occurred more often
in patients with connective tissue disorders compared to those
without [26]. Additionally, a recent PearlDiver database study
performed by Moore et al. of 365 patients with EDS undergoing
THA demonstrated that patients with EDS experienced significantly
higher rates of periprosthetic dislocation (4.2% vs 1.7%, P ¼ .001)
[21]. At 5 years postoperatively, 10.3% of patients with EDS expe-
rienced dislocations compared with 3.3% of matched control group.
Patients with EDS had a significantly lower revision-free survivor-
ship, where 92.7% had revision-free implant survival at 5 years and
96.1% for matched group (P ¼ .004). In our study, patients with EDS
who were prescribed opioids 90 days postoperatively were more
likely to experience dislocation, which suggests that opioids may
exacerbate this complication in a population already at heightened
risk. However, further study regarding causation is warranted as
increased opioid use may be a result of pain from dislocation rather
than opioid use leading to the dislocation event itself.

Our study found no increase in medical complications or in-
fections for those with EDS who were prescribed opioids preoper-
atively or postoperatively. Opioid use in the EDS population is
theoretically at higher risk given multi-organ EDS manifestations
including decreased gastrointestinal motility, orthostatic hypoten-
sion, dysautonomia, postural orthostatic tachycardia syndrome,
and psychiatric side effects [16]. However, increased medical
complications have not been supported in prior literature, where
no difference in adverse events including cardiovascular compli-
cations, surgical site infection, or periprosthetic infection has been
appreciated in the EDS population [21]. Our study supports this
finding, with EDS patients using opioids were no more likely to
experience medical complications or infection. As such, while our
study highlights the increased usage of opioids surrounding THA,
further study regarding the medical impact of opioids following
THA is warranted.

This study is not without limitations, particularly given its
retrospective nature and potential coding bias given its reliance on
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the International Classification of Disease and Current Procedural
Terminology codes. Furthermore, EDS encompasses a variety of
phenotypes with varying degrees of orthopaedic and multiorgan
system involvement that cannot be accounted for given database
limitations. We are unable to control for varying degrees of hip
disease, which may act as a confounder within this study. This
study was also unable to assess concurrent or alternative analgesic
use as well as other analgesic strategies like physical and occupa-
tional therapy, which may impact opioid use. Presumptive opioid
use and amount are based on records of opioid prescriptions, and as
such, may not accurately represent true patient opioid use. Addi-
tionally, this study was unable to determine the etiology of pain
leading to opioid prescription, and as such, opioid use may be
attributed to pain from other sources beyond the hip.

Conclusions

Elevated risk of opioid use and amount both preoperatively and
postoperatively should be considered when advising patients with
EDS who are considering THA. Patients who persistently use opi-
oids postoperatively may be at heightened risk for dislocation;
however, causation remains unclear as opioids may be prescribed
for pain resulting from dislocation events. We recommend coun-
seling patients regarding opioid use and considering a multidisci-
plinary approach with involvement of pain specialists to discuss
alternative analgesic modalities to best treat pain associated with
EDS.
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Appendix 1
ICD-10 procedure and diagnosis codes used for inclusion.

Procedure Procedure codes

Primary THA ICD-10-P-0SR9019, ICD-10-P-0SR901A, ICD-10-P-0SR901Z, ICD-10-P-0SR9029, ICD-10-P-0SR902A, ICD-10-P-0SR902Z, ICD-10-P-0SR9039, ICD-
10-P-0SR903A, ICD-10-P-0SR903Z, ICD-10-P-0SR9049, ICD-10-P-0SR904A, ICD-10-P-0SR904Z, ICD-10-P-0SR9069, ICD-10-P-0SR906A, ICD-10-
P-0SR906Z, ICD-10-P-0SRB019, ICD-10-P-0SRB01A, ICD-10-P-0SRB01Z, ICD-10-P-0SRB029, ICD-10-P-0SRB02A, ICD-10-P-0SRB02Z, ICD-10-P-
0SRB039, ICD-10-P-0SRB03A, ICD-10-P-0SRB03Z, ICD-10-P-0SRB049, ICD-10-P-0SRB04A, ICD-10-P-0SRB04Z, ICD-10-P-0SRB069, ICD-10-P-
0SRB06A, ICD-10-P-0SRB06Z

Hip arthroscopy CPT-29860, CPT-29861, CPT-29862, CPT-29863, CPT-29914, CPT-29915, CPT-29916
Diagnosis Diagnosis codes
Ehlers-Danlos ICD-9-D-75683, ICD-10-D-Q796, ICD-10-D-Q7960, ICD-10-D-Q7961, ICD-10-D-Q7962, ICD-10-D-Q7963, ICD-10-D-Q7969
Obesity ICD-10-D-E6601, ICD-10-D-E6609, ICD-10-D-E661, ICD-10-D-E662, ICD-10-D-E668, ICD-10-D-E669

ICD-10, International Classification of Disease, tenth revision.
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