
Original Article

The association between migraine and
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Abstract

Background: Migraine has been identified as a risk factor of 30-day hospital readmission after surgery. We aimed to further

characterize this association examining pain as a potentially migraine-associated, preventable reason for readmission.

Hypothesis: Compared to patients with no migraine, surgical patients with migraine are at increased risk of 30-day

hospital readmission with an admitting diagnosis specifying pain.

Methods: This hospital registry study examined 150,710 patients aged 18 years and above, who underwent surgery with

general anesthesia and mechanical ventilation between 2007 and 2015 at a tertiary care center and two affiliated

community hospitals in Massachusetts, USA.

Results: Migraine was associated with an increased risk of 30-day pain-related readmission after surgery (adjusted odds

ratio 1.42 [95% confidence interval 1.15–1.75]). The association was stronger for migraine with aura (compared to

migraine without aura: Adjusted odds ratio 1.69 [95% confidence interval 1.06–2.70]; compared to no migraine: Adjusted

odds ratio 2.20 [95% confidence interval 1.44–3.37]). The predicted adjusted risk of pain-related 30-day readmissions

was 9.1 [95% confidence interval 5.3–13.0] in 1000 surgical patients with migraine with aura and 5.4 [95% confidence

interval 4.2–6.6] in 1000 patients with migraine without aura, compared to 4.2 [95% confidence interval 3.8–4.5] in

1000 patients with no migraine. Furthermore, migraine was associated with an increased risk of postsurgical 30-day

readmission due to a priori defined migraine-related pain (headache or abdominal pain) (adjusted odds ratio 1.55 [95%

confidence interval 1.20–2.00]).

Conclusion: Patients with migraine undergoing surgery are at increased risk of 30-day hospital readmission due to pain.
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Introduction

Unplanned hospital readmissions after surgery have
been discussed as a metric for performance in peri-
operative patient care (1,2). In 2013, the costs of a
readmission on average were $3,000 higher than those
of an index admission in patients covered by private
insurance and Medicaid (3). The Centers for
Medicare and Medicaid Services took measures
aiming to curb readmissions, which include the public
reporting of readmission rates and financial sanctions
for health care institutions with unexpectedly frequent
findings. The identification and reduction of readmis-
sions that can be avoided are thought to lower costs as
well as enhance patient safety and quality of care (4).

1Department of Anesthesia, Critical Care, and Pain Medicine,

Massachusetts General Hospital and Harvard Medical School, Boston,

MA, USA
2Department of Anesthesia, Critical Care and Pain Medicine, Beth Israel

Deaconess Medical Center and Harvard Medical School, Boston, MA,

USA
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5Klinik für Anästhesiologie und Intensivmedizin, Universitätsklinikum
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Migraine, and especially migraine with aura, is a risk
factor for hospital readmission within 30 days after dis-
charge from a surgical procedure (5). The greater pro-
portion of readmissions might reflect deficits in the
perioperative management of patients with migraine
(1,2). In order to further characterize this association,
we examined potentially migraine-associated, poten-
tially preventable reasons for readmission, which are
pain conditions. Today, migraine is recognized as a
complex neurological disorder with pathophysiological
mechanisms affecting multiple structures of the nervous
system. Patients with migraine have been shown to
experience an altered perception and processing of
pain (6), and allodynia to be common particularly in
patients with chronic migraine and migraine with
aura (7). Past studies revealed that migraine may be
accompanied with non-cephalic pain conditions (8).
An association between migraine and abdominal pain
in adults has been examined intensely and could be
substantiated (9–11).

We hypothesized that surgical patients with a diag-
nosis of migraine are at increased risk of readmission
within 30 days from discharge due to an admitting
diagnosis specifying pain, compared to those with no
migraine. Furthermore, we predicted that patients with
migraine with aura are at even greater risk (5,7).
Secondarily, we hypothesized that the association
between migraine and readmission due to pain would
be stronger when limiting our outcome to a priori-
defined migraine-related pain symptoms (headache
and abdominal pain) as previously characterized in lit-
erature (9–11).

Methods

This was a hospital-based registry study using prospect-
ively collected electronic patient data on file at
Massachusetts General Hospital, a tertiary care
facility in Boston, Massachusetts, and two community
hospitals affiliated with Partners Healthcare in
Massachusetts, USA (Mass General Waltham,
Waltham and Mass General/North Shore Center for
Outpatient Care, Danvers). All data were derived
from three clinical databases, which include the
Research Patient Data Registry, the Anesthesia
Information Management System and Enterprise
Performance Systems Incorporation. We obtained all
billing data from the Research Patient Data Registry,
a centralized registry for electronic medical chart infor-
mation specifically designed for research purposes.
From the Anesthesia Information Management
System, we received information on intraoperative
medication and physiological monitoring. The
Enterprise Performance System Incorporation is a
financial planning institution, and provided data on

admission, discharge and readmission details. All
patient data were compiled into a single, de-identified
database including 178,718 surgical cases from January
2007 until the end of 2015. The protocol of this study
was approved by the Institutional Review Board asso-
ciated with Partners Healthcare (Partners Human
Research Committee; protocol number: 2017P000470)
with informed consent waived.

We included all patients who had undergone surgery
under general anesthesia and mechanical ventilation
with postprocedural extubation within the operating
room and survived their index hospital stay. Patients
younger than 18 years of age and patients with an
American Society of Anesthesiologists (ASA) physical
classification status of 6 (brain-dead) (12) were
excluded. Our final cohort included only patients who
had no missing values for the variables used in our
analyses.

Definitions of exposure and outcome

A diagnosis of migraine was determined using ICD-9/10
diagnostic codes (International Classification of Disease,
Ninth/Tenth Revision). As migraine is characterized by
recurrent attacks over several years or even a lifetime,
(13) we considered patients with a billing diagnosis of
migraine at any time within our dataset as exposed.
Patients who were not billed for an ICD-9/10 diagnosis
of migraine were classified as not exposed.

We defined the outcome as readmission due to pain
within 30 days after discharge from surgical procedure
to a hospital in the Partners Healthcare network.
Therefore, we identified patients who were coded for
any ICD-9/10 readmission admitting diagnosis specify-
ing pain. The admitting diagnosis is a single diagnosis
defined as the main reason for the hospital consultation
and is provided by the admitting physician to describe
the patient condition upon first arrival to the hospital.
It is assigned before further test or examination results
are available and commonly stated as a problem or
symptom. The admitting diagnosis is both in terms of
time and content clearly distinguishable from principal
and secondary diagnoses.

Statistical analyses

All analyses were conducted with predefined endpoints
and methods utilizing the statistics software STATA
version 13. Two-tailed p-values (p< 0.05) were con-
sidered statistically significant.

Primary analysis. Our primary model estimated odds
ratios (OR) with 95% confidence intervals (CI) using
multivariable logistic regression to test the association
between migraine and hospital readmission with an
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admitting pain diagnosis within 30 days after discharge
from surgery. Therefore, we included the migraine
status as indicator variable differentiating between a
diagnosis of migraine versus no diagnosis of migraine.
We controlled for potentially confounding variables,
which were defined a priori based on literature research,
pathophysiological and clinical plausibility. These
included demographic and baseline data, information
on patient history and comorbidities as well as intrao-
perative parameters. Covariates for our primary model
included sex, age, body mass index, ASA physical
status (12), Medicare or Medicaid insurance coverage,
history of diabetes, substance abuse, chronic obstruct-
ive pulmonary disease, coronary artery disease and
stroke, sepsis upon index admission, intensive care
unit (ICU) stay during index admission, adverse dis-
charge disposition (discharge to nursing facility, long
term care or swing bed (skilled nursing facility bed pro-
vided by small hospitals)), prescription for opioids
within 30 days after surgery, parameters reflecting sur-
gical complexity such as emergent versus non-emergent
surgery, inpatient surgery, duration of surgery, work
relative value units (14), intraoperative hypotensive
minutes (mean arterial pressure< 55mmHg), total
intraoperative fluid volume (crystalloids and colloids
in ratio 1.5:1) (15) and requirement for transfusion of
packed red blood cells, total intraoperative neuromus-
cular blocking agent effective dose and total intraopera-
tive long-acting morphine equivalent dose (without
fentanyl) (16).

Adjusted predicted risks of 30-day readmission after
surgery due to pain were calculated for patients with no
migraine, all patients with migraine, as well as migraine
patients with and without aura, respectively, using an
average marginal effects model that was based on the
primary model.

Secondary analysis. We defined ‘‘migraine-related pain’’ a
priori based on published information as a diagnosis of
any headache or abdominal pain (9–11). We then built
our primary confounder control model for the outcome
migraine-related pain.

Sensitivity analyses. We validated our primary regression
model for 30-day readmission after surgery due to pain
to evaluate the model fit as well as underlying assump-
tions. We generated a probability score for 30-day post-
surgical readmission due to pain, independent of our
exposure migraine, using the covariates of our primary
model. We then performed concordance statistics, more
specifically the area under the receiver operating char-
acteristic curve (AUC).

To account for the competing risk of death before
readmission, we conducted a time-to-event analysis uti-
lizing the Cox proportional hazards regression. We

built a model incorporating the time to readmission
within the 30-day period after discharge and controlled
for the covariates used in the primary analysis. The
satisfaction of the proportional hazards assumption
was tested and we found no violation.

Please see the online Supplementary material for fur-
ther sensitivity analyses, such as multiple imputations
and redefinition of the exposure migraine utilizing pre-
scriptions for migraine-specific treatment.

Exploratory analyses. Several exploratory analyses were
performed post-hoc to further investigate the implica-
tions of our results.

To further evaluate our outcome measure, we sub-
divided the ICD-9 and -10 readmission admitting pain
diagnoses, which were reported within our study
cohort, by pain location. A logistic regression adjusted
for age and gender was performed to determine the
association of migraine with each pain subgroup
separately.

We examined whether migraine treatment according
to current guidelines had an influence on the associ-
ation between migraine and readmission due to pain.
Migraine abortive treatment was defined as a prescrip-
tion for triptans or ergotamine at any time prior to
surgery (17). Prophylactics were defined as a prescrip-
tion for substances recommended in the American
Academy of Neurology and American Headache
Society guidelines with evidence level A and B (beta-
blockers, antidepressants, antiepileptics) (18) or onabo-
tulinumtoxin A (19) at any time prior to surgery. We
tested for an effect modification by incorporating the
interaction terms migraine*migraine abortive treatment
and migraine*migraine prophylactic treatment separ-
ately into our primary model.

To gain an impression on how pain is treated within
our study cohort, specifically in patients with migraine,
we investigated the prevalence of opioid utilization
after surgery. We defined opioid treatment as a pre-
scription for opioids at any time within 30 days after
surgery.

Results

Patient characteristics

A total number of 178,718 surgical patients were
reviewed for eligibility. The final study cohort was com-
prised of 150,710 cases. 15,930 cases were excluded due
to missing data for any covariates. In all, 12,048 cases
were younger than 18 years of age and 30 cases had an
ASA physical status of 6, and therefore met our a priori
defined exclusion criteria (Figure 1). Of the 150,710
surgical cases, 11,768 (7.8%) had an ICD-9/10 diagno-
sis of any migraine, of whom 1540 (13.1%) cases had a
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diagnosis of migraine with aura. Overall, patients with
migraine were younger and more often female com-
pared to patients without migraine. For the index hos-
pital stay, we observed relatively fewer emergency
procedures, ICU stays and adverse discharges among
patients with a diagnosis of migraine. Apart from a
history of stroke and substance abuse, patients with
migraine also showed a lower prevalence of comorbid-
ities (please see Table 1 for further detail).

Primary outcome

Within our study cohort, 871 (0.6%) patients were read-
mitted with an admitting diagnosis specifying pain within
30 days after discharge from surgical procedure.
Readmitted due to pain were 109 (0.9%) within the
group of patients with migraine and 762 (0.5%) within
the group of those with no migraine. Multivariable logis-
tic regression revealed a statistically significant association
between a diagnosis of migraine and 30-day readmission
due to pain after surgery (adjusted OR (aOR) 1.42 [95%
CI 1.15–1.75]), compared to no diagnosis of migraine.
There was a numerically stronger association with pain-
related readmission for migraine with aura (aOR 2.20
[95% CI 1.44–3.37]) than for migraine without aura
(aOR 1.30 [95% CI 1.03–1.64]), in comparison to no
migraine. The stronger association could be substantiated
as being statistically significant when directly comparing

migraine with aura to migraine without aura as baseline
(aOR 1.69 [95% CI 1.06–2.70]) (please see Table 2 for
primary results). In terms of adjusted predicted risk, over-
all 5.9 [95% CI 4.7–7.1] out of 1000 surgical patients with
migraine would be readmitted to the hospital due to pain.
With an adjusted predicted probability of 9.1 [95% CI
5.3–13.0] out of 1000, patients with migraine with aura
were at higher risk than patients with migraine without
aura (5.4 [95% CI 4.2–6.6] of 1000). Patients with no
diagnosis of migraine showed an adjusted predicted risk
for 30-day pain-related readmission after surgery of 4.2
[95% CI 3.8–4.5] out of 1000.

Secondary outcomes

In all, 68.8% of patients with migraine readmitted due
to pain after surgery had a migraine-related pain admit-
ting diagnosis as a priori defined (headache or abdom-
inal pain). Migraine was associated with 30-day
hospital readmission after surgery due to migraine-
related pain (aOR 1.55 [95% CI 1.20–2.00]), which rep-
resents a numerically stronger association than for our
primary outcome.

Sensitivity analyses

The AUC for the probability of 30-day readmission
due to pain after surgery obtained through our

Cases from January 2007 to December 2015 undergoing surgery with general anesthesia, mechanical ventilation and
extubation after surgery within operating room (n = 178,718)

Missing data for any covariates:
• Missing body mass index (n = 10,208)
• Missing ASA physical statusa (n = 1,837)
• Missing insurance status (n = 822)
• Missing discharge disposition                   (n = 12)
• Missing neuromuscular blocking agents equivalent dose (n = 215)
• Missing intraoperative hypotensive minutes (n = 1)
• Missing work relative value units (n = 2,835)

Final study cohort (n = 150,710)

Diagnosis of migraine (n = 11,768)No diagnosis of migraine (n = 138,942)

Readmission due to pain 
diagnosis
(n = 762)

No readmission due to 
pain diagnosis
(n = 11,659)

Readmission due to pain 
diagnosis
(n = 109)

Exclusion criteria:
• Age < 18 years (n = 12,048)
• ASA physical statusa = 6 (n = 30)

No readmission due to 
pain diagnosis
(n = 138,180)

Figure 1. Study flow diagram.
aAmerican Society of Anesthesiologists physical status classification.
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covariate model used in the primary analysis mea-
sured 0.71. The hazard ratio (HR) resulting
from the Cox regression model (HR 1.43 [95% CI
1.16–1.76]) confirmed the results of the primary
analysis.

For the results of further sensitivity analyses please
see the Supplementary material.

Exploratory analyses

After subdividing the outcome by pain location (head-
ache, abdominal pain, postoperative pain, chest pain or
painful respiration, pain in limb or joint, backache,
neoplasm-related pain, atherosclerosis-related pain,
other pain), a significant association with the exposure

Table 1. Description of study cohort by migraine status and covariates.

Entire cohort No migraine

Migraine without

aura

Migraine with

aura

n¼ 150,710 n¼ 138,942 n¼ 10,228 n¼ 1540

Demographics and baseline informationa

Age 54.44� 16.52 54.94� 16.56 48.86� 14.83 46.35� 14.21

Male 68,702 (45.6%) 66,425 (47.8%) 1991 (19.5%) 286 (18.6%)

Female 82,008 (54.4%) 72,517 (52.2%) 8237 (80.5%) 1254 (81.4%)

Body mass index 28.45� 6.99 28.41� 6.91 28.96� 7.90 28.32� 7.43

American Society of Anesthesiologists

physical status

2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 2.00 (2.00, 3.00)

Medicare or Medicaid insurance coverage 58,075 (38.5%) 53,846 (38.8%) 3674 (35.9%) 555 (36.0%)

Emergent surgery 6066 (4.0%) 5653 (4.1%) 364 (3.6%) 49 (3.2%)

Characteristics of index admissiona

Inpatient 94,581 (62.8%) 87,373 (62.9%) 6328 (61.9%) 880 (57.1%)

Intensive care unit stay during index admission 14,384 (9.5%) 13,635 (9.8%) 658 (6.4%) 91 (5.9%)

Sepsis upon index admission 1897 (1.3%) 1811 (1.3%) 73 (0.7%) 13 (0.8%)

Adverse discharge1 10,522 (7.0%) 10,039 (7.2%) 433 (4.2%) 50 (3.2%)

Hospital length of stay 5.27� 8.34 5.33� 8.44 4.52� 6.75 4.73� 9.01

Patient historya

Diabetes mellitus 21,494 (14.3%) 19,982 (14.4%) 1313 (12.8%) 199 (12.9%)

Hypertension 64,049 (42.5%) 59,502 (42.8%) 3954 (38.7%) 593 (38.5%)

Coronary artery disease 17,975 (11.9%) 16,978 (12.2%) 864 (8.4%) 133 (8.6%)

Congestive heart failure 9468 (6.3%) 8939 (6.4%) 454 (4.4%) 75 (4.9%)

Chronic obstructive pulmonary disease 10,297 (6.8%) 9611 (6.9%) 603 (5.9%) 83 (5.4%)

Stroke 5502 (3.7%) 4954 (3.6%) 452 (4.4%) 96 (6.2%)

Substance abuse 20,051 (13.3%) 18,264 (13.1%) 1550 (15.2%) 237 (15.4%)

Intra- and perioperative characteristicsa

Work RVUs2 14.45 (8.05, 21.86) 14.45 (8.05, 21.87) 14.30 (8.89, 21.84) 12.13 (7.50, 18.46)

Hypotensive minutes 0.00 (0.00, 2.00) 0.00 (0.00, 2.00) 0.00 (0.00, 2.00) 0.00 (0.00, 1.00)

Long-acting opioids ED3 3.40 (0.00, 7.93) 3.40 (0.00, 7.93) 4.00 (0.00, 8.50) 3.40 (0.00, 8.50)

Intraoperative fluids (ml)4 1,200.00 (800.00,

2000.00)

1200.00 (800.00,

2000.00)

1250.00 (800.00,

2000.00)

1100.00 (750.00,

2000.00)

NDNMBAs ED5 2.28 (0.81, 3.61) 2.28 (0.83, 3.62) 2.26 (0.70, 3.64) 2.17 (0.00, 3.33)

Required intraoperative packed red blood cells 5053 (3.4%) 4808 (3.5%) 221 (2.2%) 24 (1.6%)

Opioids prescribed within 30 d after surgery 95,346 (63.3%) 87,741 (63.1%) 6639 (64.9%) 966 (62.7%)

aValues provided as frequency (prevalence in %) or mean� standard deviation or median (interquartile range [25th to 75th percentile], values

separated by comma).
1Discharge to nursing facility, long term care or swing bed (skilled nursing facility bed provided by small hospitals).
2Work relative value units based on surgical CPT (Current Procedural Terminology) codes.
3Morphine oral equivalent dose of long-acting opioids (meperidine, morphine, methadone, hydromorphone).
4Crystalloids (0.9% normal saline, lactated Ringer’s) and colloids (hextend, albumin) in crystalloid-to-colloid ratio 1.5:1.
5Multiples of the 95% effective dose equivalent of intraoperatively administered neuromuscular blocking agents.
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migraine could be found only for headache (aOR 2.73
[95% CI 1.62–4.60]) and abdominal pain (aOR 1.56
[95% CI 1.17–2.08]) (Table 3).

In all, 2714 (23.1%) patients with migraine had
received a prescription for triptans or ergotamine any
time prior to surgery. Such a migraine abortive treat-
ment numerically modified the risk of 30-day readmis-
sion due to pain after surgery among patients with
migraine, but the effect was not statistically significant
(interaction term: aOR 0.48 [95% CI 0.20–1.13],
p¼ 0.091).

A total of 5689 (48.3%) cases among the group of
patients with migraine had a prescription for migraine
prophylactic medication. Prophylactic treatment did
not show a significant effect on the association between
migraine and 30-day postsurgical readmission due to
pain (p for effect modification¼ 0.45).

A total of 10,230 (86.9%) of the patients with
migraine had received an opioid prescription at any
time prior to surgery. The screening for opioid prescrip-
tions within 30 days after surgery revealed that 7605
(64.6%) of the patients with migraine were exposed to
such medication.

Discussion

We observed a significant association between migraine
and 30-day readmission after surgery with an admitting
diagnosis specifying pain. Although patients with
migraine tended to be younger and showed fewer indi-
cators for a severe course of the index hospital stay,
they were at increased risk to be readmitted due to
pain within 30 days after discharge from surgery
(aOR 1.42 [95% CI 1.15–1.75]). Patients with migraine
with aura were at significantly higher risk compared to
patients with migraine without aura (aOR 1.69 [95% CI
1.06–2.70]). Furthermore, patients with migraine were
at significantly higher risk of postsurgical 30-day
readmission due to migraine-related pain (headache

or abdominal pain) (9–11) (aOR 1.55 [95% CI
1.20–2.00]). A potential mitigating effect of migraine
abortive treatment on the observed association, sug-
gested by our results, is to be further investigated.

Patients with migraine are at increased risk of 30-day
hospital readmission after surgery (5). Our study shows
that postoperative pain conditions are contributing to
migraine-associated 30-day hospital readmissions after
surgery. Of the readmitted patients with a diagnosis of
migraine, 10.8% had a pain-related admitting diagno-
sis, and we speculate that some of these pain-related
postsurgical readmissions may be preventable.

The locations of pain symptoms observed at
readmission within 30 days after surgery are presented
in Table 3. Among the 109 readmitted subjects with
migraine and with a pain diagnosis, 81% suffered
from pain located in the surgical field. An increased
vulnerability of patients with migraine to experiencing
chronic pain in the vicinity of the surgical field has been
reported after thoracic, abdominal, urological, gyneco-
logical and orthopedic surgery, including amputations
(20). Pain pathways may be altered in migraine
patients, resulting in a phenotype that is hyperexcitable,
hypersensitive, and hyperresponsive due to an impair-
ment of pain modulation (6).

In our study, we also observed an association
between migraine and readmission of migraine-related
pain (headache or abdominal pain) that cannot directly
be explained by the surgical trauma. Migraine was
individually associated with postsurgical 30-day
readmission for both of these types of pain. It is well
known that patients with migraine are vulnerable in the
perioperative phase with the headache occurring within
hours and up to five days after surgery (21–23). Our
data confirm these findings and add the information
that both headache and abdominal pain after surgery
are a mechanism of readmission to the hospital.

Abdominal pain is associated with migraine (9–11).
In our study, many patients were included after

Table 2. Association between migraine and 30 day-readmission due to pain after surgery.

Prevalence (%)c Adjustedb

30 day-readmission after

surgery due to pain ORa (95% CI) p-valuea ORa (95% CI) p-valuea

Any migraine 0.93% 1.70 (1.39–2.07) <0.001 1.42 (1.15–1.75) 0.001

Migraine without aura 0.84% 1.54 (1.23–1.92) <0.001 1.30 (1.03–1.64) 0.026

Migraine with aura 1.49% 2.75 (1.81–4.18) <0.001 2.20 (1.44–3.37) <0.001

No migraine 0.55% 1.00 1.00

aResults of logistic regression (‘‘pain readmission’’ vs. ‘‘no pain readmission’’, reference: ‘‘No pain readmission’’) for each migraine group compared to

‘‘no migraine’’.
bResults of multivariable logistic regression adjusted for a priori defined covariates (as shown in Table 1).
cWithin ‘‘migraine status’’ group.
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Table 3. Frequencies and prevalence of readmission pain diagnoses within study cohort. ICD codes as found

within study cohort.

Readmission pain diagnoses n Prevalence ICD code

Total 871 100.00%

Abdominal pain 434 49.83%

Unspecified site 264 789.00, R10.9

Other specified site, multiple sites 93 789.09

Right upper quadrant 29 789.01, R10.11

Right lower quadrant 15 789.03, R10.31

Epigastric 15 789.06

Left lower quadrant 10 789.04

Generalized 3 789.07

Flatulence, eructation and gas pain 2 787.3

Anal or rectal pain 2 569.42

Lower abdominal pain, unspecified 1 R10.30

Chest pain or painful respiration 114 13.09%

Unspecified 94 786.50, R07.9

Other chest pain 16 786.59

Painful respiration, chest pain on breathing 4 786.52, R07.1

Headache 93 10.68%

Headache 90 784.0, R51

Other forms of migraine, w/o mention of intractable migraine 1 346.8

Migraine, unspecified w/o mention of intractable migraine 1 346.9

Hemicrania continua 1 339.41

Pain in limb or joint 79 9.07%

Pain in limb 42 729.5

Pain in joint involving lower leg 14 719.46, M79.669

Pain in joint involving pelvis 12 719.45

Pain in joint involving shoulder 2 719.41

Pain in left hip 2 M25.552

Pain in joint involving ankles 1 719.47

Pain in right elbow 1 M25.521

Pain in right knee 1 M25.561

Pain in unspecified knee 1 M25.569

Pain in right leg 1 M79.604

Pain in right thigh 1 M79.651

Arthralgia of the temporomandibular joint 1 524.62

Backache 51 5.86%

Lumbago 19 724.2

Unspecified 19 724.5

Cervicalgia 9 723.1, M54.2

Low back pain 3 M54.5

Sciatica 1 724.3

Postoperative pain 42 4.82%

Other acute postoperative/postprocedural pain 37 338.18, G89.18

Other chronic postoperative pain 4 338.28

Acute post-thoracotomy pain 1

(continued)
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abdominal surgery such as general surgical (16.4%),
gynecological (7.6%) or urological (9.0%) procedures
but the association between migraine and readmission
for abdominal pain was not modified by abdominal
surgery (Supplementary material). Even when exclud-
ing patients with abdominal surgery, the association of
migraine and abdominal pain remained robust.

There are migraine comorbidities that are themselves
associated with unique pain symptoms such as fibro-
myalgia and anxiety diseases, which may also affect
healthcare utilization (24–26). In our study, the
observed association between migraine and pain-
related readmission remained stable and statistically
significant when testing for an effect modification by
psychiatric and chronic pain comorbidities. These
results substantiate migraine to be the driver for the
observed association and a potential target point for
measures to prevent readmissions due to pain.

Sufficient pain treatment may be an obvious strategy
to prevent pain-related hospital consultations. When
compared within our group of patients with migraine,
prescriptions for migraine abortives showed the lowest
(23.1%) and those for opioids the highest prescription
rate (86.9%). We evaluated if migraine-specific abortive
medications (triptans and ergotamine) mitigated the
migraine-associated vulnerability for 30-day readmis-
sion due to pain after surgery and found a non-
significant trend (p< 0.1) towards effect modification.
Based on this observation and the fraction of patients
who received a migraine abortive treatment, we esti-
mated that in order to conduct an adequately powered
study (1-beta> 0.8, alpha-error¼ 0.05), about 43,000
surgical patients with migraine would need to be
enrolled. There are data from the emergency medicine
literature that encourage us to consider such a study

with the endpoint 30-day readmission. Deficient
Emergency Department (ED) discharge management
with lacking migraine-specific prescriptions as well as
missing guidance and schedules for follow-up consult-
ations have been described as a reason for ED revisit
(27,28). Data on hospital readmission prevention show
that the arrangement of a community-based primary
care liaison, patient education and medication recon-
ciliation are important strategies (29). Future studies
may focus on the creation of an optimal pathway that
helps prevent hospital readmissions for pain in patients
with migraine.

A total of 64.6% of patients with migraine received
an opioid prescription within 30 days after surgery. In
migraine patients, increasing use of opioids (ascending
order: Never use, previous use, current use, current use
with probable dependence) is associated with an increase
in migraine attack frequency and headache-related dis-
ability (30). Intraoperative opioid dose is a risk factor for
30-day hospital readmission (16). Furthermore, opioid
use leads to an increase in revisits when applied in the
ED as abortive migraine treatment (31). In our study,
71.0% of all patients readmitted with a headache diag-
nosis had been exposed to opioids within 30 days after
surgery, including 68.4% of patients with migraine read-
mitted due to headache. In accordance with this obser-
vation, opioid utilization is associated with an increased
risk for medication-overuse headache, to which migraine
patients are specifically vulnerable (32).

The strengths of this study were particularly attribut-
able to the large number of surgical cases analyzed,
including both inpatient and outpatient. No specific sur-
gical disciplines or procedures were excluded. The wide
variety of surgeries and settings, which included a large,
urban university hospital as well as community in- and

Table 3. Continued.

Readmission pain diagnoses n Prevalence ICD code

Neoplasm related pain 28 3.21%

Acute and chronic 28 G89.3, 338.3

Atherosclerosis related pain 14 1.61%

Atherosclerosis of

extremities with rest pain

14 440.22

Other pain 16 1.84%

Other acute pain 3 440.22

Other chronic pain 8 338.29

Chronic pain syndrome 1 338.4

Trigeminal neuralgia 1 350.1

Mastodynia 1 611.71

Polymyalgia rheumatica 1 725

Generalized pain 1 780.96
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outpatient facilities, render our results generalizable to
further patient populations. Finally, the extensive clin-
ical database enabled us to adjust for a large number of
potentially confounding variables.

There are limitations to be considered when evaluat-
ing our findings. As this was a project on administrative
data, the classification of our exposure and outcome
variables was based on billing information. ICD
codes are susceptible to misclassification. However,
we made efforts to analyze the consequences of head-
ache misdiagnoses and failed to identify evidence of a
differential bias by headache misclassification. Our data
suggest that the association of any headache including
migraine with pain-related readmission is most
likely driven by migraine (Supplementary material).
However, it is not possible to rule out an effect of diag-
nosis inaccuracy on the observed association between
migraine and readmission due to pain. Treatment infor-
mation was obtained through prescription data. There
were no details on the indication and actual individual
intake available. A wide variety of possible indications

and a mismatch between prescriptions and utilization
have to be taken into account, especially regarding
prophylactic treatment (33). Our study did not capture
those patients readmitted to a hospital outside the wide
range of Partners Healthcare acute care facilities
(Supplementary material). Available data on trauma
patients, however, suggest that the great majority,
more specifically three quarters, of patients or primary
care providers choose the same hospital when consult-
ing an ED after discharge (34). Furthermore, our
readmission data is comparable to the range reported
in national data (35). In addition, a sensitivity analysis
conducted only in patients with documented follow-up
visits at Partners Healthcare during the 30-day period
showed reassuring results. Therefore, we reasonably
consider the number of readmissions to hospitals out-
side the Partners Healthcare network to be low.

In summary, our data demonstrate a significant
association between migraine and 30-day readmission
after surgery for pain that included migraine-associated
pain such as headache and abdominal pain.

Clinical implications

. Patients with a diagnosis of migraine are at increased risk of 30-day hospital readmission after surgery due
to suffering from pain.

. A potential mitigating effect by migraine abortive treatment on the association between migraine and
postsurgical readmission due to pain is to be further investigated in future projects.
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