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Objective: Upon completion of this CME activity, successful learners will be able to understand the effects of opioids on esophageal

motility disorders.

IMPACT OF OPIOID EXPOSURE ON ESOPHAGEAL MOTILITY
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BACKGROUND & AIMS: Studies with limited sample sizes have

investigated association of chronic opioid use with motility dis-

orders of esophagogastric junction and esophageal body peri-

stalsis. Our aims were to use a large cohort of patients to assess

(1) the impact of opioid exposure on clinical and manometric

characteristics, and (2) the association of opioid exposure with

higher long-term symptom burden. METHODS: Patients

recruited from a tertiary medical center who underwent high-

resolution manometry (HRM) between 2007 and 2018 were

included. Demographics, opiate exposure, clinical symptoms, and

HRM parameters were compared. Patient-Reported Outcomes

Measurement Information System–Gastrointestinal swallowing

domain (PROMIS-GI swallowing domain) and Eckardt score

were administered via phone interviews in patients with

hypercontractile esophagus (HE) or distal esophageal spasm

(DES) to determine long-term symptom burden between opioid

and nonopioid users. RESULTS: Our cohort included 4075 pa-

tients (869 with opiate exposure with median morphine milli-

gram equivalent [interquartile range] of 30 [10–45]). Patients in

the opioid groupwere significantlymore likely to have dysphagia

(65%vs 51%, P< .01) and diagnosis of DES (11%vs 5%,P< .01)

and HE (9% vs 3%, P < .01). Partial opioid agonists were not

associated with motility abnormalities. Patients on opioids had

significantly higher symptom burden on median (interquartile

range) follow-up of 8.9 years (5.8–10.4) post manometric diag-

nosis with median PROMIS-GI swallowing domain score of 21.5

(17–25) compared with the nonopioid group at 15 (9.8–21, P ¼

.03). CONCLUSIONS: Nearly 2 of 3 patients with opioid exposure

undergoing HRM have dysphagia and more than 25% of them

with dysphagia as the primary symptom have a diagnosis of

either DES orHE. Opioid userswith spastic disorders have higher

symptom burden long-term compared with nonopioid users.

Keywords: Opioid-induced Esophageal Dysfunction; Achalasia;

Distal Esophageal Spasm; Hypercontractile Esophagus; Type of
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S ince the early 2000s, there has been a nationwide

increase in opioid prescriptions with nearly 50%

increase from 2000 to 2010; now, nearly 4% of the US

population is under chronic opioid treatment for non–

cancer-related chronic pain.1,2 Although the detrimental

effects of opioids on stomach, small bowel, and colon are

well known, the opioid health crisis has increased aware-

ness on the association of opioid use with major esopha-

geal motility disorders.3–6 The largest study to date

included 200 patients on chronic opiates and found asso-

ciation with type III achalasia, esophagogastric junction

outflow obstruction (EGJOO) and distal esophageal spasm

(DES).4 Studies of small sample sizes have shown that

opioid effect on esophageal dysmotility may be reversible

with discontinuation of the drug.3 This observation has led

to increased hesitance toward offering more definitive

therapy (such as per-oral endoscopic myotomy [POEM] or

heller myotomy) to patients with suspected opioid-induced

esophageal dysfunction (OIED) as the cause of spastic

achalasia.

Given the widespread treatment implications of OIED

and potential for biases in studies with small sample sizes,

we aimed to investigate the demographics, and clinical and

manometric characteristics of patients with chronic opioid

exposure in the largest cohort of patients studied to date at

a tertiary care esophageal center to evaluate the following:

(1) is chronic opioid exposure associated with disorders of

the esophageal body or disorders of the esophagogastric

junction, (2) what are predictors of abnormal manometric

diagnosis in patients on chronic opioids, and (3) what types

of opioids are associated with the highest odds of major

motility disorders of the esophagus, and also to (4) pro-

spectively assess if opioid exposure is associated with

higher long-term symptom burden in patients with spastic

esophageal motility disorders.

Materials and Methods
Our single center cohort study included adult patients

(age �18 years) who underwent high-resolution manometry

(HRM) between 2007 and 2018. Baseline patient character-

istics recorded in the database included age, gender (male/

female), and ethnicity (Caucasian, African American, Hispanic,

or other). Primary covariates, including opiate exposure

(within 24 hours and 3 months, converted to morphine

milligram equivalent [MME]), type of opiate, clinical symp-

toms, primary indication for the HRM study, endoscopy

findings, and HRM parameters, were extracted from the

electronic medical records. HRM studies that did not apply

the Chicago Classification v3.07 motility diagnostic criteria

were manually re-analyzed by 2 esophageal experts (D.P. and

R.N.). Patients in our cohort did undergo medication recon-

ciliation by a nurse 24 hours before the manometry proced-

ure, which was used to note exposure at 24 hours. Electronic

medical records were further reviewed to see if the same

opioid was also present at 3 months before manometry. Only

patients with the same opioid noted at 3 months and 24

hours before manometry were included to ensure chronic

opioid exposure.

Prospective Phone Interview
Patients with hypercontractile esophagus or DES based on

the previously described HRM findings underwent a phone

interview and were administered standardized patient-

reported outcome measures (Patient-Reported Outcomes

Measurement Information System–Gastrointestinal [PROMIS-

GI] swallowing domain8 and Eckardt score9) to assess their

long-term symptom burden.

The study was performed in accordance with the Declara-

tion of Helsinki, Good Clinical Practice, and applicable regula-

tory requirements. The Vanderbilt Institutional Review Board

approved this study (IRB #181352).

Statistical Analysis
Data were collected and stored in the secure Web-based

Vanderbilt Digestive Disease Center Research Electronic Data

Capture (1 UL1 RR024975 National Center for Research Re-

sources/National Institutes of Health). There was strict control

and supervision of the data entry and access for this study.

Categorical variables were summarized using percentages,

and continuous variables were summarized using the median,

25th, and 75th percentiles. Demographic and physiologic tests

between those with and without opiate exposure were

compared using the Kruskal-Wallis test for continuous vari-

ables or Pearson’s c2 tests for categorical variables. Multivar-

iate logistic regression was used to estimate the association of

age, MME, body mass index (BMI), and gender with the prob-

ability of abnormal manometry. To analyze the association of

time since diagnosis and opioid exposure with symptom scores,

we used multivariable proportional odds ordinal logistic

regression for Eckardt score and multivariable linear regres-

sion for PROMIS-GI scores. All analyses were conducted using

WHAT YOU NEED TO KNOW

BACKGROUND

The impact of opioid exposure on esophageal motility is
being increasingly recognized, but current evidence is
limited by studies with small sample sizes.

NEW FINDINGS

(1) Opioid exposure is associated with distal esophageal
spasm and hypercontractile esophagus, but not
disorders of the esophagogastric junction (type III
achalasia or esophagogastric junction outflow
obstruction). (2) Patients on opioids with spastic motor
disorders have higher long-term symptom burden
compared with nonopioid users.

LIMITATIONS

Retrospective cohort design.

IMPACT

(1) More than 1 in 4 patients with dysphagia and on
opioids have a diagnosis of either distal esophageal
spasm or hypercontractile esophagus. (2) Partial opioid
agonist is not associated with motility abnormalities
compared with full opioid agonist. (3) Given higher long-
term symptom burden in opioid users, counseling
patients on the impact of opioids on esophageal
symptoms is critical.
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the R statistical program (R Project for Statistical Computing,

Vienna, Austria) at a .05 level of significance.

Results

Demographics and Clinical Symptoms
A total of 4075 patients (64% women, median [inter-

quartile range (IQR)] age of 61 [50–71]) who underwent

esophageal manometry were included for analysis. In this

cohort, 21% (869 patients) were classified as chronic opioid

users with a median MME (IQR) of 30 (10–45) based on

opioid listed at both 3 months and 24 hours before esoph-

ageal manometry. Patients on opioids were older with me-

dian (IQR) age of 63 (54–71), had a higher BMI of 29 (25–

34), and were more likely to be women (71%, P < .01) as

shown in Table 1. Dysphagia was the primary symptom and

indication for HRM in the opioid exposure group at 65%

compared with 51% in the nonexposure group (P < .01).

Heartburn was the second most common symptom. There

were no differences in endoscopic findings between the 2

groups.

Esophageal Motility
The most common motility diagnosis was normal

esophageal motility in both groups (Table 2), but patients

on opioids were significantly more likely to have DES (11%

vs 5%, P < .01) and hypercontractile esophagus (9% vs 3%,

P < .01). There were no differences in prevalence of acha-

lasia (including type I, II, or III) or esophagogastric junction

outflow obstruction. With regard to commonly used HRM

parameters, the opioid exposure group had higher baseline

lower esophageal sphincter pressure (IQR) of 21 (12–34),

higher integrated relaxation pressure (IRP) of 8.2 (4.1–

14.9), and distal contractile integral of 1803 (1068–3262, P

< .01). There were no significant differences in median

MME dose between the various esophageal motility

disorders.

Predictors of Abnormal Manometric Diagnosis
Among patients on chronic opioids, 367 (42%) patients

had abnormal manometric diagnosis based on Chicago

Classification v3.0 and 502 (58%) patients had a normal

manometry. Patients with an abnormal manometric diag-

nosis were older (64 [57–73] vs 61 [53–70], P < .01), more

likely to have dysphagia (76% vs 56%, P < .01) as the

presenting symptom, and included a higher proportion of

patients on MME dose of >20 (62% vs 48%, P < .01). Age

and MME were found to be independent predictors for an

abnormal manometric diagnosis in patients with opioid

exposure. The risk was highest (nearly 60%) for the older

patients with the highest MME dose and lowest for young

patients with low doses (about 20%) (Figure 1). Figure 2

shows a Forest plot showing likelihood of DES or hyper-

contractile esophagus using parameters of MME, age, and

BMI.

Patients With Dysphagia as Primary Symptom
When we restricted the cohort to patients with only

dysphagia as the primary symptom undergoing esophageal

manometry (n ¼ 1425), 26% were on opioids. In this sub-

group, 16% of patients with dysphagia on opioids had DES

(vs 8%, P < .01) and 10% had hypercontractile esophagus

(vs 4%, P < .01) compared with nonopioid users. Overall,

more than 1 in 4 patients with dysphagia and on opioids had

a diagnosis of spastic disorder of the esophageal body.

There were, again, no differences in prevalence of achalasia

or EGJOO.

Type of Opioid
Most patients in the cohort were on full opioid agonists

(80%). Patients on full opioid agonist were more likely to

have DES (12% vs 7%, P < .01) and hypercontractile

esophagus (9% vs 5%, P < .01) compared with patients on

partial agonists. There were no differences between inci-

dence of spastic disorders between partial agonists and the

opioid-naïve group. Hydrocodone was the most used opioid

(50%), followed by oxycodone (29%), tramadol (16%), and

morphine (5%). The remaining patients were on fentanyl or

codeine. Multivariable analysis showed that when compared

with normal manometry, patients with DES and hyper-

contractile esophagus had the highest odds of being on

morphine followed by oxycodone, and hydrocodone. For

DES, odds ratios (ORs) were as follows: morphine (OR, 5.46;

95% confidence interval [CI], 2.25–12.5), oxycodone (OR,

2.66; 95% CI, 1.74–3.96), and hydrocodone (OR, 1.52; 95%

CI, 1.04–2.16). For hypercontractile esophagus, ORs were as

follows: morphine (OR, 6.44; 95% CI, 2.45–15.31),

Table 1.Demographic Information, Primary Symptom, Type
of Opioid of Patients Undergoing Esophageal HRM
Categorized by Opioid Exposure (N = 4075)

Opioid naïve

(n ¼ 3206)

Opioid user

(n ¼ 869) P value

Age 61 (48–71) 63 (54–71) <.01

Female (%) 62 71 <.01

Race (%) .74

Caucasian 91 90

African American 8 8

Other 1 2

BMI 28 (25–32) 29 (25–34) <.01

Primary symptom (%) <.01

Heartburn 19 16

Regurgitation 7 6

Dysphagia 51 65

Cough 7 2

Chest pain 12 8

Hoarseness 1 1

Pulmonary (asthma, IPF) 3 2

NOTE. Age and BMI are presented as median and IQR.
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oxycodone (OR, 3.31; 95% CI, 2.09–5.09), and hydrocodone

(OR, 2.01; 95% CI, 1.33–2.96). Tramadol (partial agonist)

was not associated with either manometric abnormalities of

DES (OR, 0.99; 95% CI, 0.49–1.81) or hypercontractile

esophagus (OR, 1.05; 95% CI, 0.44–2.14). Figure 3 shows a

Forest plot of various opioid medications and risk of DES

and hypercontractile esophagus.

Long-term Symptom Burden
A total of 454 patients (172 with chronic opioid expo-

sure) underwent prospective assessment of clinical

outcome. Standardized patient-reported outcomes

(PROMIS-GI swallowing domain and Eckardt score) were

successfully completed in 83 (18%) of the cohort (72%

women, median [IQR] age of 65 [60–70]) and 27 (33%) of

them were on chronic opioids with median MME (IQR) of 45

(22–60). There were no differences in endoscopic findings,

gender, BMI, primary symptom, or manometric parameters

(lower esophageal sphincter pressure, IRP, distal contractile

integral) between the 2 groups. Endoscopy with esophageal

dilation, Botox injection, acid suppressive medication, and

neuromodulators were the commonly used interventions in

this group. Phone interview was conducted at median (IQR)

of 8.9 years (5.8–10.4) post manometric diagnosis. Patients

on chronic opioids had significantly higher symptom burden

on follow-up with median (IQR) PROMIS-GI score of 21.5

(17–25) compared with the nonopioid group at 15 (9.8–21,

P ¼ .03). There were no differences in the Eckardt score

with median (IQR) of 3 (1–4) in the nonopioid group and 3

(2–5) in patients on chronic opioids (P ¼ .09). Figure 4A

(PROMIS-GI score) and Figure 4B (Eckardt score) show

symptom scores in opioid and nonopioid users based on

time since manometric diagnosis. Nonopioid users were

more likely to have symptom improvement over time

compared with opioid users.

Discussion
The detrimental effects of opioids on esophageal motility

are increasingly recognized. Esophageal peristalsis is pri-

marily driven by an inbuilt latency gradient controlled by

the local inhibitory nerves that secrete nitric oxide and

Figure 1.Model using age and MME predicting risk of
abnormal manometric diagnosis in patients with opioid
exposure.

Table 2.MME (24 Hour) and Esophageal Motility Diagnoses and Parameters Based on Chicago Classification v3.0
Categorized by Opioid Usage

Opioid naïve (n ¼ 3206) Opioid user (n ¼ 869) P value

Morphine equivalents (24 hr) 0 30 (10–45) <.01

Motility diagnosis (%)

Normal 66 58 <.01

Achalasia 6 6

Type I 1 1

Type II 4 3

Type III 1 2

EGJ outflow obstruction 1 2

Distal esophageal spasm 5 11

Hypercontractile esophagus 3 9

Ineffective motility 15 12

Absent peristalsis 3 3

HRM parameters

Basal LES pressure (mm Hg) 19 (11–30) 21 (12–34) <.01

IRP (mm Hg) 6.7 (3.0–12.0) 8.2 (4.1–14.9) <.01

Distal contractile integral (mm Hg/s/cm) 1360 (731–2442) 1803 (1068–3262) <.01

NOTE. Basal LES pressure, IRP, distal contractile integral, and MMEs (24 hour) are presented as median and IQR.
EGJ, esophagogastric junction.
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vasoactive intestinal peptide.10,11 Given that opioids sup-

press excitability of the inhibitory neurons, we had previ-

ously proposed that loss of latency gradient in the smooth

muscle results in high-amplitude, simultaneous contractions

in the distal esophagus of patients with OIED due to unop-

posed excitatory stimulation.12 Provocative testing using

amyl nitrite and cholecystokinin also have been shown to

potentially differentiate between opioid-induced vs idio-

pathic type III achalasia.13 One of the first studies to propose

this association was in 2015, when a study of 66 patients

ON opioids and 55 patients OFF opioids showed that pa-

tients on opioids were significantly more likely to have

EGJOO (27% vs 7%), spastic peristalsis (lower distal la-

tency), and higher IRP on manometry.3 Prior report of 224

patients on opioids found a higher likelihood of manometric

abnormalities including type III achalasia (13% vs 1%),

EGJOO (13% vs 3%), and DES (3% vs 0.5%).4 Given the

potential for biases in small studies and the widespread

treatment implications of OIED, larger studies were needed.

In our study, we analyzed the largest cohort to date of

patients undergoing manometry at a tertiary care esopha-

geal center with 4075 patients of whom 21% (869 patients)

were on chronic opioids. We found that dysphagia was a

significantly more common symptom in patients on chronic

opioids (65%) compared with opioid-naïve (51%) patients.

Chronic opioid use was associated with higher likelihood of

DES (11% vs 5%, P < .01) and hypercontractile esophagus

(9% vs 3%, P < .01), but we did not find any association

with EGJOO or type III achalasia. Our results differ from the

currently available smaller studies, which did find associa-

tions with type III achalasia and EGJOO.3,4 The results from

prior studies could be confounded by a smaller sample of

opioid users studied, which might have led to a higher

artificial representation of achalasia, but also could be due

to dose effect. In the study by Babaei et al4 that found as-

sociation with type III achalasia and EGJOO, this association

was primarily with very high doses of opioids with median

MME of nearly 200 in type III achalasia and 100 in EGJOO.

The median MME (IQR) in our cohort was 30 (10–45),

which is more consistent with the national prescribing

practices in the United States.14 Only 6% of our achalasia

cohort had MME >60. Hence, our cohort is more repre-

sentative of the national prescribing practices in terms of

opioid exposure and dose. Age and MME were independent

predictors for risk of abnormal manometric diagnosis in

patients on opioids.

We also found that type of opioid has a significant

impact on risk of OIED. One prior study of 225 patients on

Figure 2. Forest plot looking at likelihood of hypercontractile esophagus or DES based on MME, age, and BMI.
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Figure 3. Forest plot of various opioid medications and risk of DES and hypercontractile esophagus.

Figure 4. Relationship between PROMIS-GI (swallowing domain, A) and Eckard score (B) stratified by opioid exposure over
time since diagnosis of DES or hypercontractile esophagus. Nonopioid users had improvement in symptom scores over time
compared with opioid users.
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oxycodone, hydrocodone, or tramadol found that OIED was

more prevalent in patients on oxycodone or hydrocodone

compared with tramadol, but was unable to determine the

magnitude of impact with different opioids.15 We found

similar results in that patients on full opioid agonists were

more likely to have DES (12% vs 7%, P < .01) and hyper-

contractile esophagus (9% vs 5%, P < .01) compared with

patients on partial agonists. Partial opioid agonists (such as

tramadol) were not associated with spastic disorders. We

also found that the type of opioid might also determine

magnitude of risk. Morphine had the highest odds of all the

opiates, followed by oxycodone and hydrocodone.

Last, we performed prospective phone interviews in our

cohort of patients with hypercontractile esophagus and DES

to determine if there were differences in long-term symp-

tom burden among opioid and nonopioid users. These

manometric diagnoses were chosen based on our findings

that opioid use was only associated with these disorders.

We found that patients on chronic opioids had significantly

higher symptom burden based on PROMIS-GI swallowing

domain at a median (IQR) of 8.9 years (5.8–10.4) post

manometric diagnosis. There were no differences between

patients in the opioid and nonopioid groups who agreed to a

phone interview in terms of manometric parameters, clin-

ical characteristics, demographics, or interventions per-

formed. This strengthens the finding that opioid exposure

was the primary driver of higher symptom burden long-

term compared with nonopioid users. There are currently

no studies in the literature that have assessed long-term

symptom burden between these cohorts, and our study

uniquely highlights that patients on chronic opioid exposure

with spastic motility disorders have persistent symptom

burden long-term. We also assessed time since manometric

diagnosis as a parameter and found that, although non-

opioid users have improvement over time post-intervention,

opioid users continue to be symptomatic despite therapy.

Overall, our data strengthens the findings from previous

studies by providing more accurate estimates on impact of

OIED in the largest cohort to date and raises several

important observations. First, chronic opioid use was asso-

ciated with spastic disorders of the esophageal body, but not

the esophagogastric junction. This is a very critical obser-

vation compared with prior small studies, as it has massive

treatment implications. Prior reports showing association of

opioids with type III achalasia and EGJOO had led to

increased hesitance toward offering more definitive therapy,

such as POEM to this group, as small case reports noted

opioid effect might be reversible with withdrawal of the

drug.3 However, it should be noted that there are no current

studies showing that the type III achalasia pattern suspected

from opioids reverses with opioid cessation. A limited

number of studies have shown reversal of EGJOO, which as

an entity has come under significant scrutiny recently, as

21% to 28% of patients had artifactual elevation of IRP from

either structural abnormality (such as fundoplication, bar-

iatric surgery, hiatal hernia) or from HRM-related catheter

artifact.16–20 This led to overdiagnosis of clinically insignif-

icant EGJOO with prior iterations of the Chicago Classifica-

tion and led to key change in the Chicago Classification

v4.0.21 Given that POEM has high efficacy in treatment of

type III achalasia (nearly 90% response rate)22 and patients

on chronic opioids have long-term symptomatic burden

(with most being unable to discontinue opioids), our study

would support a more definitive therapeutic approach for

this group. However, we should warn against the use of pain

as the driving force for more invasive therapy in this group.

Long-term outcome studies are needed comparing opioid

and nonopioid users and recurrence of symptoms after

definitive therapy.

Second, because chronic opioid exposure is associated

with DES and hypercontractile esophagus, our study sug-

gests that switching from full to partial agonist (tramadol)

may mitigate the adverse motility outcome in this group of

patients. Furthermore, type of opioid dictates the magnitude

and risk of OIED. Given that morphine had the highest odds

of all the opiates, followed by oxycodone and hydrocodone,

switching to a lower potency or dose might also be a

reasonable strategy in order to assess potential symptom

improvements.

Third, this is the first study to show that chronic opioid

exposure in patients with hypercontractile esophagus and

DES lead to persistent symptom burden long-term. Although

nonopioid users have improvement over time post-

intervention, opioid users continue to be symptomatic

despite therapy. This might further highlight the importance

of trying opioid cessation or partial opioid agonist (if

feasible) in patients with persistent symptoms. Further-

more, this study also provides data to clinicians about the

importance of education and counseling to patients on

chronic opioids and how it might affect their symptoms

long-term.

In conclusion, nearly 2 of 3 patients with opioid expo-

sure undergoing manometry have dysphagia as the primary

symptom. Opioid exposure is associated with DES and

hypercontractile esophagus, but not disorders of the

esophagogastric junction (type III achalasia or EGJOO). More

than 1 in 4 patients with dysphagia and on opioids had a

diagnosis of either DES or hypercontractile esophagus. Type

of opioid, age, and MME may predict risk of abnormal

manometric diagnosis in this group of patients. Patients on

opioids with spastic motor disorders have higher long-term

symptom burden compared with nonopioid users.
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