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Abstract
Objective
To examine whether early follow-up with primary care or neurology is associated with lower all-
cause readmissions within 30 and 90 days after acute ischemic stroke admission.

Methods
We performed a retrospective cohort study of patients who were discharged home after acute
ischemic stroke, identified by ICD-9 and ICD-10 codes, using PharMetrics, a nationally rep-
resentative claims database of insured Americans from 2009 to 2015. The primary predictor was
outpatient primary care or neurology follow-up within 30 and 90 days of discharge, and the
primary outcome was all-cause 30- and 90-day readmissions. Multivariable Cox models were
used with primary care and neurology visits specified as time-dependent covariates, with
adjustment for patient demographics, comorbid conditions, and stroke severity measures.

Results
The cohort included 14,630 patients. Readmissions within 30 days occurred in 7.3% of patients,
and readmissions within 90 days occurred in 13.7% of patients. By 30 days, 59.3% had a primary
care visit, and 24.4% had a neurology visit. Primary care follow-up was associated with reduced
30-day readmissions (hazard ratio [HR] 0.84, 95% confidence interval [CI] 0.72–0.98). Pri-
mary care follow-up before 90 days did not reach significance (HR 0.92, 95% CI 0.83–1.03).
Neurology follow-up was not associated with reduced readmissions within 30 or 90 days (HR
1.05, 95% CI; HR 1.00, 95% CI, respectively).

Conclusion
Early outpatient follow-up with primary care is associated with a reduction in 30-day hospital
readmissions. Early outpatient follow-up may represent an important opportunity for in-
tervention after acute stroke admissions.
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Stroke affects ≈795,000 people in the United States each year
and leaves up to half with lasting disability.1,2Within 1 year after
stroke, 5% to 14% of survivors will have a recurrent stroke, and
20% to 50% of patients will be readmitted to the hospital.3–5

Hospital readmission within 30 days is a quality metric estab-
lished by the Centers for Medicare and Medicaid Services.6

Stroke readmissions within 30 days are common and associated
with high morbidity, mortality, and cost.7–9 Studies have
identified factors associated with readmission after stroke, in-
cluding older age and longer length of stay.8,10–13 However,
most risk factors are nonmodifiable, making targeted inter-
ventions challenging.

The transition between inpatient and outpatient care repre-
sents an especially vulnerable period for patients after stroke,
and current guidelines provide little information on follow-up
visits.14–16 Clinical studies in patients who were recently hos-
pitalized for heart failure, various surgeries, and general medical
conditions have found that early follow-up may improve out-
comes and reduce readmissions.17–19

A recent study looking at the Medicare population found that
early outpatient visits with either primary care or neurology
after an acute ischemic stroke admission were associated with
a small reduction (2%) in readmission at 30 days.20 However,
that study20 looked only at readmission at 30 days, and the
population was Medicare beneficiaries ≥65 years old. The
objective of this study is to assess the association between
early outpatient follow-up and readmission within both 30
and 90 days in a population of insured patients with stroke
from 18 to 89 years old.

Methods
Study cohort
This is a retrospective cohort study of a large integrated
commercial database, PharMetrics Plus, administrated by IMS
Health, which includes all paid medical and pharmacy claims
for >90 million members from >80 health plans. The dataset
is considered representative of the US insured population
with respect to age and sex.21 This dataset has previously been
described in other studies.22–24

Patients were included if they were between 18 and 89 years
old, diagnosed with an acute ischemic stroke as the primary
diagnosis during an inpatient admission (using ICD-9 codes
433.x1, 434.x1 from 2009 until 2014 and ICD-9 code 436 or
ICD-10 code I63 in 2015), and enrolled for at least 6 months
before and 3 months after the initial stroke admission.
Patients were excluded from the study if they were discharged

to a postacute care facility (i.e., acute and subacute re-
habilitation or long-term care hospital) or had an unknown
discharge disposition, were transferred from another medical
facility, or left against medical advice during the initial stroke
admission. We chose to exclude patients who were discharged
to postacute care facilities because we were unable to assess
which patients had access to follow-up visits. Some facilities
have physicians who monitor patients on a periodic basis,
while other may provide transportation to follow-up care.
This information cannot be captured in an administrative
database and would introduce significant heterogeneity to the
study sample.

All inpatient claims between January 1, 2009, and December
31, 2015, were used to identify the cohort of patients with
acute ischemic stroke hospitalizations. Only the first inpatient
admission for stroke for each patient during the study period
was considered. This also includes 6 months of observation
before the first stroke admission in which the patient could
not have had a stroke admission.

Standard protocol approvals, registrations,
and patient consents
This study protocol, which relies on a deidentified national
database, was deemed exempt by the University of Colorado
Institutional Review Board.

Covariates of interest
Separate binary primary predictor variables were used to de-
termine whether patients had outpatient visits within 30 days
to primary care and neurology in the case of 30-day read-
missions. Similarly, binary primary predictor variables were
used to determine primary care and neurology follow-up visits
within 90 days in the case of 90-day readmissions. Primary
care was defined as general practice, family medicine, internal
medicine (excluding subspecialist visits), and geriatric medi-
cine. Outpatient visits were defined from claims billing data as
a visit that occurred after the date of discharge in a non-
inpatient and non–emergency department setting.

As many potential confounders were accounted for as possible,
including patient demographics, comorbid conditions, length
of stay of the stroke admission, and stroke severity using the
Stroke Administrative Severity Index (SASI).25 These charac-
teristics are listed in table 1. Patient demographics, including
age, sex, region of residence, and insurance type, were extracted
from the demographics file. Of note, race was not included in
the demographics dataset, so this factor could not be used in
the analysis. Comorbid conditions were identified with the
Charlson Comorbidity Index on the basis of both inpatient and
outpatient claims data in the 6 months before the index

Glossary
CI = confidence interval;HR = hazard ratio; ICD = International Classification of Diseases; IQR = interquartile range; POINT =
Platelet-Oriented Inhibition in New TIA and Minor Stroke Trial; SASI = Stroke Administrative Severity Index.
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Table 1 Baseline characteristics

30-d Readmission 90-d Readmission

Yes (n = 1,063) No (n = 13,567) p Value Yes (n = 2010) No (n = 12,620) p Value

Demographics

Age, mean (SD), y 60.7 (11.9) 62.9 (12.0) <0.01 62.0 (11.8) 62.9 (12.0) <0.01

Female sex, n (%) 471 (44.3) 6,118 (45.1) 0.62 907 (45.1) 5,682 (45.0) 0.93

Region, n (%) <0.01 0.03

East 251 (23.6) 2,841 (20.9) 441 (21.9) 2,651 (21.0)

Midwest 259 (24.4) 3,520 (26.1) 511 (25.4) 3,268 (25.9)

South 475 (44.7) 5,755 (42.4) 883 (43.9) 5,347 (42.4)

West 78 (7.3) 1,451 (10.7) 175 (8.7) 1,354 (10.7)

Insurance, n (%) <0.01 <0.01

Missing 84 (7.9) 1,037 (7.6) 139 (6.9) 982 (7.8)

Public 273 (25.7) 2,679 (19.8) 530 (26.4) 2,422 (19.2)

Private 706 (66.4) 9,851 (72.6) 1,341 (66.7) 9,216 (73.0)

Comorbid conditions, n (%)

Myocardial infarction 51 (4.8) 344 (2.5) <0.01 100 (5.0) 295 (2.3) <0.01

Peripheral vascular disease 111 (10.4) 1,012 (7.5) <0.01 216 (10.8) 907 (7.2) <0.01

Congestive heart failure 120 (11.3) 961 (7.1) <0.01 238 (11.8) 843 (6.7) <0.01

Dementia 10 (0.9) 176 (1.3) 0.32 29 (1.4) 157 (1.2) 0.46

Chronic obstructive pulmonary disease 144 (13.6) 1,550 (11.4) 0.04 301 (15.0) 1,393 (11.0) <0.01

Rheumatologic condition 29 (2.7) 301 (2.22) 0.28 63 (3.1) 267 (2.1) 0.00

Peptic ulcer disease 11 (1.0) 89 (0.7) 0.15 19 (1.0) 81 (0.6) 0.13

Mild liver disease 43 (4.1) 290 (2.1) <0.01 82 (4.1) 251 (2.0) <0.01

Diabetes mellitus (uncomplicated) 342 (32.2) 3,445 (25.4) <0.01 634 (31.5) 3,153 (25.0) <0.01

Diabetes mellitus (complicated) 126 (11.9) 984 (7.3) <0.01 233 (11.6) 877 (7.0) <0.01

Hemiplegia 12 (1.1) 104 (0.8) 0.20 25 (1.2) 91 (0.7) 0.01

Renal disease 104 (9.8) 799 (5.9) <0.01 195 (9.7) 708 (5.6) <0.01

Cancer 82 (7.7) 847 (6.2) 0.06 166 (8.3) 763 (6.1) 0.00

Moderate to severe liver disease 0 (0.0) 3 (0.0) 1.00 0 (0.0) 3 (0.0) 1.00

Metastasis 22 (2.1) 123 (0.9) <0.01 43 (2.1) 102 (0.8) <0.01

AIDS 2 (0.2) 20 (0.2) 0.67 4 (0.2) 18 (0.1) 0.53

Charlson Comorbidity Index score, mean (SD) 1.70 (2.34) 1.18 (1.78) <0.01 1.75 (2.31) 1.13 (1.73) <0.01

Stroke severity, n (%)

Aphasia 156 (14.7) 1,988 (14.7) 0.98 324 (16.1) 1,820 (14.4) 0.05

Coma 3 (0.3) 47 (0.4) 1.00 11 (0.6) 39 (0.3) 0.09

Dysphagia 130 (12.2) 1,616 (11.9) 0.76 247 (12.3) 1,499 (11.9) 0.60

Hemiplegia 263 (24.7) 2,649 (19.5) <0.01 465 (23.1) 2,447 (19.4) <0.01

Neglect 9 (0.9) 114 (0.8) 0.98 20 (1.0) 103 (0.8) 0.41

Artificial nutrition (infusion) 0 (0.0) 6 (0.0) 1.00 1 (0.1) 5 (0.0) 0.59

Continued
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admission, using both ICD-9 and ICD-10 codes.26,27 Length of
stay was determined by subtracting the discharge date from the
admission date to determine the number of midnights the
patient was admitted. Hence, a patient admitted and discharged
on the same calendar day would yield a length of stay of 0 days.
Stroke severity was determined with the SASI, which is a vali-
dated tool to control for stroke severity and is correlated to
30-day postdischarge outcomes.25 The SASI is a proxy variable
constructed from symptoms (aphasia, coma, dysarthria, hemi-
plegia, and neglect) and procedures (infusion and tracheos-
tomy) occurring during the index admission and predicts
the NIH Stroke Scale score at hospital discharge (C statistic
0.83).25 The overall score was used to adjust for stroke severity
in the Cox model.

Primary outcome
Stratified analysis was done for readmissions within 30 and 90
days. The 2 binary primary outcome variables analyzed were
all-cause readmission within 30 and 90 days. Readmission was
defined as any inpatient visit in a short-term acute care hospital
with an admission date greater than the discharge date of the
index hospitalization, regardless of the length of stay. All
patients with a readmission within 30 days also satisfied read-
mission within 90 days. Time to readmission was calculated on
the basis of the discharge date from the initial stroke admission.
To determine the most common causes for readmission, all
ICD-9 and ICD-10 admission diagnostic codes with a fre-
quency of ≥10 were analyzed. The frequency of the equivalent
ICD-9 or ICD-10 code and any closely related diagnostic codes
was grouped together to come up with a unifying readmission
diagnosis. Readmission diagnoses and their related ICD-9 and
ICD-10 codes are noted in table 2.

Statistical analysis
Descriptive statistics were used to summarize the patient
cohort for readmissions within both 30 and 90 days. The
relationship between outpatient visits and readmissions was
analyzed with Cox models with time and type of follow-up
visits specified as time-dependent variables. The follow-up
visit should affect only the hazard of readmission between the
time it occurs and the readmission event, so outpatient visit is
a time-varying variable. Separate models were constructed for
30- and 90-day readmissions. Patient demographics, comor-
bid conditions, length of stay, and stroke severity are pre-
viously noted. Because the Charlson Comorbidity Index and
SASI scores were ordinal variables with a large number of
levels, their levels were collapsed into a smaller number of
categories. Length of stay was logarithmically transformed
because of skew and adjusted for in the model. All variables
were used regardless of statistical significance, and no model-
based variable selection procedures were used.

An additional sensitivity analysis was conducted due to the
high proportion of patients who were missing disposition (n =
7,213 or 25.0%) on discharge from the index stroke admis-
sion. Among the patients without a discharge disposition, we
excluded those with any claims to a facility (excluding in-
patient admissions) within 2 days of discharge that lasted for
≥1 days. Sensitivity analyses also partitioned patients into <65
and >65 years of age. Separate models were fitted for each age
group, as well as a model with an age group effect modifier to
test for interactions. This remaining population was included
in a sensitivity analysis using the model described previously
with the addition of the population that was discharged home
(figure 1). We used a significance level of 0.05 and 2-sided

Table 1 Baseline characteristics (continued)

30-d Readmission 90-d Readmission

Yes (n = 1,063) No (n = 13,567) p Value Yes (n = 2010) No (n = 12,620) p Value

Percutaneous gastrostomy tube 3 (0.3) 10 (0.1) 0.06 3 (0.2) 10 (0.1) 0.41

Tracheostomy/ventilation 2 (0.2) 30 (0.2) 1.00 7 (0.4) 25 (0.2) 0.19

SASI score, mean (SD) 2.28 (3.33) 1.98 (3.15) <0.01 2.31 (3.53) 1.95 (3.10) <0.01

Length of stay, mean (SD), d 3.67 (3.18) 3.11 (3.74) <0.01 3.74 (3.36) 3.06 (3.74) <0.01

Outpatient visit within 30 d, n (%)

Primary care 520 (48.9) 8,156 (60.1) <0.01

Neurology 197 (18.5) 3,370 (24.8) <0.01

Either 587 (55.2) 9,360 (69.0) <0.01

Outpatient visit within 90 d, n (%)

Primary care 1,417 (70.5) 8,939 (70.8) 0.76

Neurology 819 (40.8) 5,292 (41.9) 0.32

Either 1,604 (79.8) 10,266 (81.3) 0.10

Abbreviation: SASI = Stroke Administrative Severity Index.
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tests for all hypotheses. All analyses were performed with SAS
software, release 9.4 (SAS Institute, Inc, Cary, NC).

Data availability
The data that support the findings of this study are available
from the corresponding author on reasonable request.

Results
There were 39,831 patients (50.2% male, mean age 65 years)
with an acute stroke admission during the study period (figure
1). After application of the exclusion criteria for the follow-up
period, enrollment before stroke, and age, 28,811 patients
remained. Of these, 14,630 (50.8%) were discharged to home,
2,566 (8.9%) to a skilled nursing facility, 3,543 (12.3%) to

acute rehabilitation, 111 (0.4%) to a long-term acute care
facility, and 748 (2.6%) to another facility; 7,213 (25.0%) had
an unknown disposition.

Patient demographics are displayed in table 1. Of the 14,630
patients discharged home, the overall readmission risk at 30
days was 7.3%, and the readmission risk at 90 days was 13.7%.
Of the 1,063 patients who were readmitted within 30 days, the
median number of days to readmission was 11 (interquartile
range [IQR] 5–19) days. Of the 2,010 patients who were
readmitted within 90 days, the median number of days to
readmission was 28 (IQR 10–56, figure 2, A). Primary care
visits within 30 and 90 days occurred in 8,676 (59.3%) and
10,356 (70.8%) patients at a median of 7 (IQR 4–14) and 9
(IQR 5–20) days, respectively, among patients who had

Table 2 Readmission diagnoses

30-d readmission
(n = 1,063), n (%)

90-d readmission
(n = 2,010), n (%) ICD-9 code ICD-10 code

Acute ischemic stroke 270 (25.3) 408 (20.3) 433.x1, 434.x1, 436 I63

Occlusion and stenosis of precerebral arteries
without cerebral infarction

127 (11.9) 249 (12.4) 433.x0, 434.x0 I65, I66

Missing 96 (8.9) 106 (5.3) — —

TIA 39 (3.6) 59 (2.9) 435.x G45

Atrial fibrillation 24 (2.3) 50 (2.5) 427.3x I48

Heart failure 23 (2.2) 57 (2.8) 428.x I50

Acute kidney failure 22 (2.1) 38 (1.9) 584.x N17

Intracranial hemorrhage 19 (1.8) 23 (1.1) 431, 432 I61, I62

Syncope 18 (1.7) 30 (1.4) 780.02, 780.09, 780.2,
780.97

R55

Coronary artery disease 15 (1.4) 48 (2.4) 414.0x I25.1

Sepsis 15 (1.4) 26 (1.3) 038.x A40, A41

Chest pain 11 (1.0) 25 (1.2) 786.5x R07.8, R07.9

Acute myocardial infarction 10 (0.9) 23 (1.1) 410, excludes 410.x2 I21, I24.8,
I24.9

Ostium secundum–type atrial septal defect 9 (0.8) 22 (1.1) 745.5 Q21.1

Acute respiratory failure 8 (0.8) 11 (0.5) 518.81, 518.82, 518.84 J96.0

Valvular disorder 8 (0.8) 16 (0.8) 421.x, 424.x I33-I39

Sinoatrial node dysfunction 7 (0.7) 13 (0.6) 427.81 I49.5

Gastrointestinal hemorrhage 7 (0.7) 14 (0.7) 578.x K92.0–K92.2

Pneumonia 6 (0.6) 26 (1.3) 480–486 J12–J18

Malignant hypertension 6 (0.6) 14 (0.8) 401.0, 401.9 I10, I16

Unruptured cerebral aneurysm 5 (0.5) 20 (1.0) 437.3 I67.1

Pulmonary embolism 3 (0.3) 11 (0.5) 415.1x I26

Urinary tract infection 3 (0.3) 5 (0.2) 590.1x, 590.2, 590.3,
590.8x, 590.9

N10

Abbreviation: ICD = International Classification of Diseases.
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a primary care visit within the time window (figure 2, B).
Neurology follow-up within 30 and 90 days occurred in 3,567
(24.4%) and 6,111 (41.8%) patients at a median of 15 (IQR
9–22) and 26 (IQR 14–42) days, respectively, among patients
who had a neurology visit within the time window (figure
2, C).

The majority of follow-ups within both 30 and 90 days oc-
curred first with primary care. Follow-up at 30 days with either
primary care or neurology occurred in 9,947 of 14,630
(68.0%). Among patients who had had a primary or neurology
follow-up, 8,118 of 9,947 (81.6%) were seen first by their
primary care provider, while 1737 of 9,947 (17.5%) were first
seen by a neurologist and 92 of 9,947 (0.9%) were seen on the
same day by their primary care provider and neurologist. The
median time to first 30-day follow-up was 8 (IQR 4–14) days.
Follow-up at 90 days with either primary care or neurology
occurred in 11,870 of 14,630 (81.1%), with 9,283 of 11,870
(78.2%) first seen by primary care, 2,485 of 11,870 (20.9%)
first seen by neurology, and 102 of 11,870 (0.9%) seen on the
same day by primary care and neurology. In the first 90 days
after hospitalization, the median time to first 90-day follow-up
was 10 (IQR 5–21) days.

Various factors were associated with unadjusted readmission
at 30 and 90 days, as listed in table 1. Patients with 30- and 90-
day readmissions tended to be younger and less likely to have
private insurance. Patients with 30- and 90-day readmissions
had a higher Charlson Comorbidity Index score (p < 0.01).
Comorbid conditions such as liver, renal, or heart disease and

cancer were associated with readmissions at both 30 and 90
days. Patients with 30- and 90-day readmissions had higher
SASI scores (p < 0.01) and were more likely to be hemiplegic
and to have a longer length of stay during the index stroke
admission. Fewer patients with 30-day readmissions had
a follow-up with primary care or neurology compared to those
who were not readmitted (p < 0.01 for both). There were no
differences between the proportion of primary care or neu-
rology follow-up between patients with or without 90-day
readmissions (p = 0.76 and p = 0.32, respectively).

The most common reasons for readmissions were categorized
by evaluating all ICD-9 and ICD-10 codes (and closely related
codes) with a frequency >10 (table 2). The most common
reason for readmission was recurrent stroke (ICD-9 codes
433.x1, 434.x1, 436; ICD-10 code I63) and occlusion of
a precerebral artery without ischemia (ICD-9 codes 433.x0,
434.x0; ICD-10 codes I65, I66) for both 30 and 90-day
readmissions. Of the readmissions for occlusions of a pre-
cerebral artery without stroke, some of these patients likely
had a planned readmission for a symptomatic carotid stenosis.
Hence, of this population, carotid endarterectomy or carotid
stenting occurred in 32 of 127 readmissions within 30 days
and 78 of 249 readmissions within 90 days.

Table 3 describes 30- and 90-day readmission risk, according
to whether patients had a follow-up visit with either primary
care or neurology. The follow-up visit variables were time
varying. The adjusted model includes Cox proportional haz-
ard regressions adjusted for age, sex, region, insurance type,

Figure 1 Patient inclusion flowchart

Exclusions and number excluded are displayed. Rehab = rehabilitation.
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Charlson Comorbidity Index score, SASI score, and length of
stay. The Bonferroni correction was used for multiple com-
parisons. For the first 30-day period, having a primary care
visit significantly reduced the hazard of readmission (hazard
ratio [HR] 0.84, 95% confidence interval [CI] 0.72–0.98, p =
0.04). In other words, the hazard of readmission for the first
30-day period decreased by an estimated 16% after patients
visited a primary care doctor. The same benefit was not seen
with 30-day neurology follow-up (HR 1.05, 95% CI
0.78–1.41, p = 1.00). Follow-up with either primary care or
neurology within 30 days did not reach significance (HR 0.87,
95% CI 0.76–1.01 p = 0.07). There was no association be-
tween primary care or neurology follow-up at 90 days and
readmission at 90 days (HR 0.92, 95% CI 0.83–1.03, p = 0.32;
and HR 1.00, 95% CI 0.83–1.20, p = 1.00, respectively).

Given that 25% of patients have an unknown discharge dis-
position, many of them could potentially have been dis-
charged home, creating a significant source of bias for the
study. After the exclusion of patients who were missing

a discharge disposition but had claims for a facility-based
admission (other than acute inpatient stay) within 2 days of
discharge and lasting for ≥1 days, the number of patients with
unknown disposition went down to 5,965 or 20.7%. In the
sensitivity analysis, the cohort included all patients discharged
to home or with an unknown discharge disposition (n =
20,595, table 3). The association between primary care follow-
up and reduced readmissions within 30 days remained stable
(HR 0.82, 95% CI 0.72–0.94, p < 0.01). There was still no
association between neurology follow-up and readmissions
within 30 days. Neither primary care nor neurology follow-up
was associated with a change in readmissions at 90 days.

In the primary cohort of patients who discharged home, we
investigated the effect of age and geography on the association
of follow-up visits within 30-day readmissions (table 4).When
separate models were fitted by age group (<65 and ≥65 years),
we found that for patients <65 years of age, there was
a stronger association with primary care follow-up and re-
duced 30-day readmissions (HR 0.73, 95% CI 0.60–0.88, p <

Figure 2 Time distribution to readmission, primary care follow-up, and neurology follow-up

Denominator is the entire cohort. (A) Days to first readmission (curve is gamma distribution with theta 0, alpha 1.2, and sigma 28.8). (B) Days to primary care
follow-up (curve is gammadistributionwith theta 0, alpha 1.1, sigma15.2). (C) Days to neurology follow-up (curve is gammadistributionwith theta 0, alpha 1.9,
sigma 16.3).
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0.01). In the <65-year-old cohort, for 30-day readmissions,
the estimated HR for neurology follow up was similar (0.79),
but because the CI was wide, there was no statistically sig-
nificant association (p = 0.44). In those patients ≥65 years of
age, there was no association between primary care follow-up
and 30-day readmissions, but neurology follow-up was asso-
ciated with increased 30-day readmissions (HR 1.78, 95% CI
1.10–2.87, p = 0.04). The omnibus χ2 tests for geographic
region found significant differences based on geography for
the <65-year-old group only. Univariate pair-wise compar-
isons among regions found increased readmission hazard for
the East and South compared to the Midwest (HR 1.44, 95%
CI 1.10–1.88, p < 0.01; and HR 1.27, 95% CI 1.06–1.54,
p = 0.01) respectively. Readmission hazard in the East was

marginally statistically nonsignificantly greater than in the
West (HR 1.44, 95% CI 1.00–2.07, p = 0.05).

Discussion
Among patients discharged home after stroke, early out-
patient follow-up with primary care, but not neurology, was
associated with a reduction in readmissions at 30 days. An
association was not seen with primary care or neurology
follow-up and readmission at 90 days. These data suggest that
early follow-up with primary care could help to prevent
readmissions at 30 days. One-third of 30-day readmissions in
this study were due to recurrent stroke and occlusion or
stenosis of precerebral arteries. Because the risk of recurrent
stroke is highest in the first 30 days after an index stroke (rate
per month ≈0.1 in the first month and 0.01 in the first year),5

early follow-up with primary care may be reinforcing risk
factor modifications such as blood pressure control, thereby
preventing readmissions.28–30 The recent Platelet-Oriented
Inhibition in New TIA and Minor Stroke Trial (POINT)
found that most recurrent strokes occurred during the first
week after the initial minor stroke or TIA and that the higher
frequency of events during the first week and 30 days made
the benefit of treatment (dual antiplatelet vs aspirin alone)
during this period of time more significant than in the first 90
days 31 Similarly, our study found that early follow-up is more
effective at preventing readmissions in the first 30 days
compared with the first 90 days. This is consistent with pre-
vious studies suggesting that inadequate care coordination or
medication-related adverse reactions are strong contributors
to 30-day readmissions.32,33 These factors, which can often be
addressed at an early follow-up visit, would be much less likely
to contribute to 90-day readmissions.

Table 4 All cause 30-day readmission stratified by
primary care, neurology follow-up, and age ≥65
years

HRb (95% CI) p Value

Adjusted modela <65 y old (n = 8,384)

Primary care vs none 0.73 (0.60–0.88) <0.01

Neurology vs none 0.79 (0.54–1.16) 0.44

Adjusted model ≥65 y old (n = 6,246)

Primary care vs none 1.07 (0.81–1.40) 1.00

Neurology vs none 1.78 (1.10–2.87) 0.04

Abbreviations: CI = confidence interval; HR = hazard ratio.
a Adjusted for age, sex, region, insurance type, Charlson Comorbidity Index
score, length of stay, and Stroke Administrative Severity Index score.
b HR of 30-day readmissions in those with follow-up visits before read-
mission or 30 days.

Table 3 All-cause readmission stratified by primary care and neurology follow-up

30-d Readmissionsc 90-d Readmissionsd

HR (95% CI) p Value HR (95% CI) p Value

Unadjusted model

Primary care vs none 0.80 (0.68–0.92) <0.01 0.87 (0.78–0.97) 0.03

Neurology vs none 1.05 (0.78–1.42) 1.00 0.98 (0.82–1.17) 1.00

Adjusted modela

Primary care vs none 0.84 (0.72–0.98) 0.04 0.92 (0.83–1.03) 0.32

Neurology vs none 1.05 (0.78–1.41) 1.00 1.00 (0.83–1.20) 1.00

Adjusted model-sensitivity analysisb

Primary care vs none 0.82 (0.72–0.94) <0.01 1.00 (0.91–1.09) 1.00

Neurology vs none 1.03 (0.79–1.34) 1.00 1.07 (0.91–1.26) 0.80

Abbreviations: CI = confidence interval; HR = hazard ratio.
a Adjusted for age, sex, region, insurance type, Charlson Comorbidity Index score, length of stay, and Stroke Administrative Severity Index.
b Sensitivity analysis includes patients discharged home and those with unknown disposition.
c HR of 30-day readmissions in those with follow-up visits before readmission or 30 days.
d HR of 90-day readmissions in those with follow-up visits before readmission or 90 days.

e1256 Neurology | Volume 94, Number 12 | March 24, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


It is not completely clear why primary care follow-up had
a stronger association than neurology follow-up in reduced
30-day readmissions. It is possible that primary care pro-
viders are better at addressing outstanding medical prob-
lems, whereas neurology follow-up may be more focused,
addressing only pertinent neurologic issues. However, a more
likely explanation for this finding is that primary care follow-
up occurred earlier than neurology follow-up. The median
time to primary care follow-up was 7 (IQR 4–14) days, which
is earlier than the median time to readmissions, which was 11
(IQR 5–19) days. The median time to neurology follow-up
was not until 15 (IQR 9–22) days and would have occurred
after the majority of readmissions. The number of patients
who had follow-up with neurology was less than half of those
with primary care follow-up. Furthermore, there were very
few early neurology follow-ups (i.e., <6 days after discharge).
Hence, even after controlling for time to follow-up visits in
our model, the benefit of an earlier neurology follow-up visit is
difficult to tease out. In addition, the information from an
administrative database is limited. There may be aspects of the
content of the primary care visit that are crucial to avoiding
readmissions, and this issue warrants further investigation.

The results of the sensitivity analysis, which also included
patients whose discharge disposition was unknown, were
consistent with the observations in the primary analysis of
patients who were known to be discharged home. Patients
who were discharged to a facility are less like to receive out-
patient follow-up andmore likely to be readmitted. Hence, we
excluded patients with an unknown disposition and sub-
sequent claim for facility-based care. We cannot account for
patients with an unknown disposition whose initial admission
was paid for with their commercial insurance but who were
discharged to a facility that was paid for with an alternate
payer (e.g., Medicare or Medicaid). These patients would be
unintentionally captured in the sensitivity analysis.

Early follow-up after a stroke admission could represent an
important, low-cost opportunity for intervention. In our study
of insured Americans, only 59.3% had follow-up with primary
care and 24.4% had follow-up with neurology within 30 days of
their stroke. Other transitions of care models have been in-
vestigated in stroke with some success. For example, Andersen
et al.4 investigated home visits by a physician or physical
therapist compared to standard of care after stroke and found
reduced readmissions in both intervention arms (p = 0.03).
Implementing new transitional care models can be highly ef-
fective but would require additional resources.34 Meanwhile,
early follow-up with primary care in patients who are already
insured may be implemented quickly.

One recent study by Terman et al.20 also investigated the
utility of early primary care and neurology follow-up among
Medicare recipients (≥65 years old) who were hospitalized for
stroke. They found that patients who had a primary care or
neurology follow-up had a slightly lower adjusted hazard of
readmission (HR 0.98, 95% CI 0.97–0.98 for both). In this

study, when the cohort was stratified by age ≥65 years, we
found that primary care visits were not associated with re-
duced readmissions within 30 days. In addition, neurology
follow-up in those ≥65 years of age was associated with in-
creased readmissions within 30 days. The latter finding is
disconcerting, but there are likely several confounding factors.
First, elderly patients with a specialist visit within 30 days are
more likely to be sicker and to have acute outstanding medical
issues and hence are at higher risk for readmission. The
neurologist is also more likely to recognize focal neurologic
symptoms that would warrant readmission, because the most
common reason for readmissions was recurrent strokes.
Second, because the majority of patients ≥65 years of age also
have access to Medicare, some readmissions may have been
billed directly to Medicare and missed by this study. Missing
some readmissions in the ≥65-year-old groupmay also explain
our finding that there were more readmissions in adults <65
than those ≥65 years of age, while previous studies found that
readmissions rates increased with age.35 Lastly, all patients
≥65 years of age in this database also have commercial in-
surance or had Medicare administered through a commercial
insurance. This may represent a different population than
patients ≥65 years of age using primarily Medicare, as in the
Terman et al. study. However, we do not know in which
direction confoundingmay have been introduced by these last
2 factors. More investigation is necessary to look at the po-
tential association between neurology follow-up and read-
missions in this population. Although early follow-up with
neurology for the ≥65-year-old group may not reduce read-
missions, in patients <65 years of age, follow-up with primary
care was associated with a 25% reduction in readmissions
within 30 days, underscoring the potential benefit of early
primary care follow-up.

This study has several limitations. First, not all potential
confounders were controlled for such as socioeconomic, ra-
cial, or hospital factors measuring the quality of stroke care.
Therefore, an underlying causative relationship between early
follow-up and readmission cannot definitively be established.
Second, although this study can be generalized in the sense
that the sample was nationwide and included a large number
of patients, these results are limited to patients with insurance
who survived at least 90 days and were discharged home.
Readmission rates are higher among uninsured Americans
and those with more disability or discharged to a facility.35

Consequently, more research needs to be directed toward the
relationship between early follow-up and readmission in these
populations. Third, we did not consider the competing risk of
death, because mortality could prevent outpatient follow-up
and readmissions. We do not have reliable data on why en-
rollment was dropped, which could be due to either death or
changes in insurance. The previous study on the Medicare
population did not find an effect from competing risk of death.
Because all patients were discharged home, death resulting
from stroke is not likely to represent a significant source of
bias.20 Lastly, although early follow-up is associated with
lower rates of readmission at 30 days, the time frame during
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which this follow-up should occur is unclear. Themedian time
to readmissions was 11 days, whereas the median primary care
follow-up occurred at 7 days. Given that most recurrent
strokes occur in the first week, early follow-up should likely
occur within the first week after stroke, but more research is
necessary to clarify this question.

Thirty-day outpatient follow-up with primary care was associ-
ated with a significant reduction in 30-day hospital read-
missions among insured American adults who were discharged
from hospital to home. This study identifies a potential op-
portunity for future interventions aimed at reducing the cost
and burden of readmissions after acute stroke. However, more
work is needed to determine the optimal timing and content of
early follow-up visits.
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