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Current practices in feeding tube
placement for US acute ischemic stroke
inpatients

ABSTRACT

Objective: We sought to identify current US hospital practices for feeding tube placement in
ischemic stroke.

Methods: In a retrospective observational study, we examined the frequency of feeding tube
placement among hospitals in the Nationwide Inpatient Sample with $30 adult ischemic stroke
admissions annually with length of stay greater than 3 days. We examined trends from 2004 to
2011 and predictors using data from more recent years (2008–2011). We used multilevel mul-
tivariable regression models accounting for a hospital random effect, adjusted for patient-level
and hospital-level factors to predict feeding tube placement.

Results: Feeding tube insertion rates did not change from2004 to 2011 (8.1 vs 8.4 per 100 admis-
sions; p trend5 0.11). Among 1,540 hospitals with 164,408 stroke hospitalizations from 2008 to
2011, a feeding tube was placed 8.8% of the time (n 5 14,480). Variation in the rate of feeding
tube placement was high, from 0% to26%between hospitals (interquartile range 4.8%–11.2%). In
the subset with available race/ethnicity data (n 5 88,385), after controlling for patient demograph-
ics, socioeconomics, and comorbidities, hospital factors associated with feeding tube placement
included stroke volume (odds ratio [OR] 1.28 highest vs lowest quartile; 95% confidence interval [CI]
1.10–1.49), for-profit status (OR 1.13 vs nonprofit; 95% CI 1.01–1.25), and intubation use (OR
1.66 highest vs lowest quartile; 95%CI1.47–1.87). In addition, hospitalswith higher rates of black/
Hispanic stroke admissions had increased risk of feeding tube placement (OR1.28 highest vs lowest
quartile; 95% CI 1.14–1.44).

Conclusions: Variation in feeding tube insertion rates across hospitals is large. Differences across
hospitals may be partly explained by external factors beyond the patient-centered decision to
insert a feeding tube. Neurology® 2014;83:874–882

GLOSSARY
AHRQ5Agency for Healthcare Research and Quality;AOR5 adjusted odds ratio; IQR5 interquartile range;CI5 confidence
interval; ICC 5 intraclass correlation coefficient; ICD-9 5 International Classification of Diseases, 9th Revision; MOR 5
median odds ratio; NIS 5 Nationwide Inpatient Sample; OR 5 odds ratio.

Stroke is the leading cause of serious long-term disability in the United States and ischemic events
account for approximately 85% of all strokes.1 Dysphagia, or difficulty swallowing, is common after
stroke, occurring in about one-quarter to half of all patients with acute stroke.2,3 Dysphagia may
lead to aspiration pneumonia, malnutrition, impaired rehabilitation, prolonged stays, and increased
mortality.4,5 About half of dysphagia in stroke patients improves within 2 weeks, and 15% of
patients go on to have persistent dysphagia at 1 month. To date, limited data are available to predict
dysphagia, and prediction of recovery has been unreliable.5,6 As a result, providers frequently
employ time-limited trials of artificial nutrition, often by way of percutaneous gastrostomy.

Half of dysphagic stroke patients receiving artificial nutrition do not survive to 6 months and
of those surviving, 65% have severe disability.7 Early nasogastric tube feeding in dysphagic
stroke patients compared to avoiding artificial nutrition has no significant effect on death or
disability, and may lead to increased rates of complications.8 In addition, early invasive methods
of feeding, such as percutaneous gastrostomy, have been associated with increased risk of death
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and poor outcomes compared to nasogastric
feeding.9 Therefore, the choice to place or
decline a feeding tube following a stroke is a
difficult and emotional decision that patients,
family members, and health care professionals
struggle with in the acute care setting.

A systematic method, aligned with patient-
centered and family-centered care, may be
needed across hospitals to assist with decision-
making for feeding tube use. We sought to bet-
ter understand recent trends and nationwide
variations in practice among acute care hospi-
tals, and to identify patient and hospital charac-
teristics associated with feeding tube insertion
in the US acute ischemic stroke population.

METHODS Standard protocol approvals, registrations,
and patient consents. We designed a retrospective observa-

tional study of trends, hospital variation, and hospital character-

istics associated with feeding tube placement in stroke patients

among US acute care hospitals in the Nationwide Inpatient Sam-

ple (NIS) of the Agency for Healthcare Research and Quality

(AHRQ).10 The Johns Hopkins Institutional Review Board

approved the study.

Database. The NIS is a cross-sectional, all-payer, inpatient

care dataset in the United States, consolidated on an annual

basis, containing information from more than 1,000 hospitals

and approximately 8 million hospitalizations annually. The NIS

represents a 20% stratified random sample of nonfederal US

hospitals. Discharge data include demographics, socioeconomics,

primary and secondary diagnoses, procedures, and length of stay.

Acute stroke selection. We identified adult (age$18 years) acute

ischemic stroke admissions from January 1, 2004, to December 31,

2011, using ICD-9 diagnosis codes 433.X1–occlusion and stenosis of
cerebral artery with infarction, 434.X1–occlusion of cerebral artery

with infarction, and 436–acute but ill-defined cerebrovascular

disease.11–13 Observations with missing data for variables such

as age, sex, and death were excluded. Elective admissions were

excluded given that miscoding for acute stroke generally occurs

for those with elective procedures (e.g., carotid endarterectomy).12

Over 99% of feeding tube placements among stroke patients took

place in patients with hospital length of stay $4 days (figure e-1

on the Neurology® Web site at Neurology.org). Therefore, we

selected hospitalizations with length of stay $4 days to include

patients at greatest risk for feeding tube insertion. This selection

may result in the exclusion of individuals with less severe stroke,

fewer complications or comorbidities, expedited discharge, or early

mortality.14 The frequency of feeding tube use was compared among

hospitals with a minimum of 30 annual stroke admissions.15

This minimum admission volume ensures that 95% confidence

intervals (CIs) were no wider than 10% for hospitals using feeding

tubes at the mean rate (approximately 8%). Figure e-2 shows the

sample selection method.

Feeding tube use. Feeding tube insertion was defined as endo-

scopic or surgical insertion of a gastrostomy tube identified by

AHRQ Clinical Classification Software code 71.

Hospital characteristics. We identified individual hospitals

within each year of the NIS. In addition to characteristics included

in the dataset (e.g., teaching status), we calculated annual ischemic

stroke volume, rate of intubation use, rate of hospice discharge, and

proportion of black or Hispanic patients admitted among stroke

hospitalizations. We categorized these variables into quartiles for

analysis (table e-1). The proportion of black/Hispanic admissions

was calculated for hospitals with complete data on race/ethnicity

(935 hospitals; 61% of hospitals). We calculated quartiles for the

rate of hospice discharge for stroke hospitalizations among 1,302

hospitals (85% of hospitals) with information on hospice disposi-

tion. Hospice discharge was excluded from the final model since it

had substantial missingness and was not significant in regression

analysis (table e-2).

Patient characteristics. Demographic and socioeconomic fac-

tors were identified from the primary dataset. Race/ethnicity

had a high degree of missing data compared to other variables

due to state suppression or partial reporting by hospitals. There-

fore, we conducted a sensitivity analysis without race variables

(table e-3). We identified comorbidities using ICD-9 codes and

accounted for 16 conditions within a modified Charlson Comor-

bidity Index tailored for stroke outcome studies.16 We identified

individuals with cancer separately due to implications of end-of-

life care in these patients. In addition, atrial fibrillation was

identified due to its importance for risk of large cardioembolic

stroke. IV tissue plasminogen activator use was not included in

the model due to the lack of association with life-sustaining

therapies in prior studies (e.g., feeding tubes).17

Statistical analysis. Trends in feeding tube insertion rates were

evaluated from 2004 to 2011 using the Cochran-Armitage test.

The remainder of the analysis was conducted using data from

2008 to 2011, as for-profit/nonprofit hospital status was only

available in these more recent years. Measures of variation

in feeding tube insertion included range, interquartile range,

coefficient of variation, intraclass correlation coefficient (ICC),

proportional change in variance, and median odds ratio (MOR).

The ICC is the ratio of between-hospital variance to total variance,

which may have limited interpretation in a logistic model.17,18 We

present the proportional change in variance as the percent change of

between-hospital variance in comparison to a null model.19 The

MOR is defined as the median of a set of odds ratios (ORs) that

could be obtained when comparing 2 randomly chosen hospitals with

different random effects. The MOR can be interpreted as the median

increased risk by moving from a hospital with lower risk to a hospital

with higher risk, assuming the same patient covariates.18–20 The ICC,

proportional change in variance, and MOR are calculated from the

multilevel multivariable regression models.21

We constructed 2 mixed-effects multilevel multivariable logistic

regression models, adjusting for patient characteristics (model 1)

and patient and hospital characteristics (model 2). The primary

models were fitted on the subset of hospitals with complete data

on race. Covariates were entered as fixed-effects variables with the

hospital as a random effect in the multilevel models to assess the

residual variation between hospitals. ORs and 95% CIs were cal-

culated for univariate and multivariable analyses. Two-sided

hypothesis testing was used with significance level set a priori at

p , 0.05. The analysis was performed using Stata version 12.0

(StataCorp, College Station, TX) and MLwiN version 2.28 (Uni-

versity of Bristol, UK).

RESULTS From 2004 to 2011, there were 332,907
total stroke admissions meeting the eligibility criteria
across 3,270 hospitals. The average annual number of
feeding tube insertions per hospital increased over the
period examined (8.3 vs 9.9; p trend ,0.01), although
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the average individual hospital rate per 100 stroke
admissions did not substantially change (8.1 vs 8.4;
p trend 5 0.11) (table 1).

From 2008 to 2011, a total of 164,408 stroke ad-
missions across 1,540 acute care hospitals were eligible
for the analysis of variation. A description of patient
and hospital characteristics in our study cohort can
be found in tables 2 and 3, respectively. A feeding tube
was inserted during 14,480 hospitalizations (8.8%).
The frequency of feeding tube placement was greater
in older patients, minorities, Medicare patients, and
those with increased comorbidity. In addition, feeding
tubes were used more frequently in for-profit hospitals,
urban hospitals, teaching hospitals, and hospitals with
the highest stroke volume, intubation use, and propor-
tion of black/Hispanic admissions.

The frequency distribution of feeding tube inser-
tion among 1,540 hospitals with at least 30 ischemic
stroke hospitalizations lasting greater than 3 days from
2008 to 2011 displayed in rank order from highest to
lowest rate of use is shown in figure 1. Of the hospitals
analyzed, 59 (3.8%) did not insert any feeding tubes
and an additional 845 (54.9%) inserted fewer than the
study mean. The range in insertion rates varied from
0% to 26.3%, with an interquartile range (IQR) of
4.8%–11.2%, and coefficient of variation of 0.58.
After removing the highest and lowest 1% of hospitals
(i.e., outliers) by feeding tube insertion rate (n 5 81),
the coefficient of variation was 0.51 (range 1.1%–

21.7%; IQR 5.2%–11.3%). Rates of feeding tube
placement within US region, state, and hospital referral
region demonstrated consistently high variation with
few exceptions (figure e-3).

The multilevel multivariable model (n 5 88,385)
examining factors associated with feeding tube placement

among hospitals with complete reporting of race/
ethnicity is shown in table 4. A model excluding race
and the rate of black/Hispanic admissions conducted
on a larger sample of hospitalizations demonstrated
few differences in the effect size and significance of
other variables (table e-3). Demographic factors asso-
ciated with increased risk of feeding tube placement
included older age and male sex. Black and Hispanic
hospitalizations had a 1.34-fold and 1.39-fold increase
in the odds of receiving a feeding tube vs white hos-
pitalizations, respectively (adjusted OR [AOR] 1.34;
95% CI 1.25–1.43 for black vs white; AOR 1.39;
95% CI 1.27–1.53 for Hispanic vs white). In addi-
tion, Medicaid-insured hospitalizations had 1.2 times
the odds compared to Medicare (AOR 1.20; 95% CI
1.08–1.33), while those with private pay were less
likely to receive a feeding tube (AOR 0.90; 95% CI
0.83–0.98). Atrial fibrillation and elevated Charlson
Comorbidity Index were independently associated
with increased feeding tube insertion, and those with
metastatic cancer had approximately 1.40-fold greater
odds in feeding tube placement than those without
cancer.

The absolute difference in adjusted feeding tube
insertion rates between the highest and lowest quar-
tile hospitals for intubation use was 4.8 per 100 stroke
admissions (AOR 1.66; 95% CI 1.47–1.87). Hospi-
tals in the highest quartile for stroke volume had
approximately 1.30-fold greater odds of feeding tube
insertion compared to the lowest quartile (AOR 1.33;
95% CI 1.18–1.51). In addition, hospitals with a
greater proportion of black/Hispanic admissions also
had higher rates of feeding tube insertion (4th quar-
tile vs 1st quartile: AOR 1.28; 95% CI 1.14–1.44).
For-profit hospitals were associated with increased

Table 1 Trends in feeding tube insertion among US stroke admissions, 2004–2011

Year Hospitals, na Stroke admissionsb
Feeding tube
insertionsb

Feeding tube insertions
per hospital, mean (SD)

Hospital feeding tube insertion
rate per 100 admissions

Mean (SD) Median (IQR)

2004 458 44,568 3,800 8.3 (8.0) 8.1 (4.5) 8.0 (5.9)

2005 424 41,874 3,405 8.0 (7.8) 7.8 (4.5) 7.6 (5.6)

2006 428 41,999 3,491 8.2 (7.8) 8.0 (4.8) 7.6 (6.3)

2007 420 40,058 3,352 8.0 (7.8) 7.8 (4.3) 7.6 (5.5)

2008 420 43,846 3,763 9.0 (9.7) 8.0 (4.5) 7.4 (6.1)

2009 367 37,938 3,422 9.3 (9.0) 8.5 (5.0) 7.7 (6.7)

2010 375 40,637 3,557 9.5 (9.6) 8.1 (4.7) 7.5 (6.0)

2011 378 41,987 3,738 9.9 (10.4) 8.4 (4.9) 8.0 (6.8)

Abbreviation: IQR 5 interquartile range.
a The number of hospitals varies by year because individual hospitals may or may not have had 30 or more admissions of this type in certain years, and
some hospitals may have closed or merged over time.
b Figures are based on a 20% sample of nonfederal US hospitals. For an approximation of the national total number of admissions and feeding tube
insertions, multiply by 5.
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Table 2 Cohort demographics, socioeconomics, and clinical characteristics, 2008–2011

Patient characteristics

Admissions, n (%)

Unadjusted OR (95% CI)Did not receive a feeding tube Received a feeding tube

Total 149,928 (100) 14,480 (100) —

Demographics

Sex

Male 68,468 (45.7) 6,720 (46.4) 1.00 (Reference)

Female 81,460 (54.3) 7,760 (53.6) 0.98 (0.94–1.01)

Age, y

18–54 21,868 (14.6) 1,403 (9.7) 1.00 (Reference)

55–64 25,404 (16.9) 2,052 (14.2) 1.29 (1.20–1.39)

65–74 30,940 (20.6) 2,985 (20.6) 1.57 (1.47–1.68)

75–84 40,643 (27.1) 4,534 (31.3) 1.88 (1.77–2.01)

‡85 31,073 (20.7) 3,506 (24.2) 1.96 (1.83–2.09)

Race/ethnicity

White 87,365 (58.3) 7,712 (53.3) 1.00 (Reference)

Black 24,989 (16.7) 2,823 (19.5) 1.21 (1.15–1.27)

Hispanic 10,233 (6.8) 1,171 (8.1) 1.27 (1.18–1.37)

Asian or Pacific Islander, Native American, other 7,571 (5.0) 934 (6.5) 1.39 (1.28–1.50)

Unknown or missinga 19,770 (13.2) 1,840 (12.7) —

Primary insurance payer

Medicare 99,066 (66.1) 10,523 (72.7) 1.00 (Reference)

Private payer 27,822 (18.6) 2,000 (13.8) 0.65 (0.62–0.69)

Medicaid 12,098 (8.1) 1,275 (8.8) 0.93 (0.87–0.99)

No charge/self-pay/other 10,942 (7.3) 682 (4.7) 0.55 (0.50–0.59)

Clinical characteristicsb

Atrial fibrillation 40,392 (26.9) 5,360 (37.0) 1.63 (1.58–1.69)

Myocardial infarction 15,579 (10.4) 1,599 (11.0) 1.07 (1.01–1.13)

Congestive heart failure 28,773 (19.2) 3,739 (25.8) 1.47 (1.41–1.53)

Peripheral vascular disease 16,278 (10.9) 1,313 (9.1) 0.82 (0.77–0.87)

Dementia 31,901 (21.3) 3,711 (25.6) 1.30 (1.25–1.36)

Chronic pulmonary disease 27,105 (18.1) 2,845 (19.6) 1.12 (1.07–1.17)

Diabetes 53,761 (35.9) 5,270 (36.4) 0.99 (0.95–1.03)

Moderate or severe renal disease 24,026 (16.0) 2,274 (15.7) 0.98 (0.93–1.03)

Cancerc

Nonmetastatic 4,134 (2.8) 387 (2.7) 0.97 (0.87–1.08)

Metastatic 2,660 (1.8) 163 (1.1) 0.62 (0.52–0.72)

Stroke-modified Charlson Comorbidity Indexd

No comorbidity 36,513 (24.4) 2,970 (20.5) 1.00 (Reference)

Mild comorbidity 77,800 (51.9) 7,795 (53.8) 1.24 (1.18–1.29)

Moderate to severe comorbidity 35,615 (23.8) 3,715 (25.7) 1.29 (1.22–1.36)

Abbreviations: CI 5 confidence interval; OR 5 odds ratio.
a Among stroke hospitalizations included in the study, 21,610 were missing the variable for race/ethnicity due to state suppression or partial reporting by
individual hospitals.
bComorbidities were identified using up to 24 available secondary diagnoses for each hospitalization.
cCancers include nonmetastatic (i.e., solid tumors, leukemia, lymphoma, and multiple myeloma) and metastatic carcinomas. Metastatic disease was given
priority if a record contained both diagnoses.
d The stroke-modified Charlson Comorbidity Index is a weighted sum of 16 comorbid diagnoses including the comorbidities listed in the table excluding
atrial fibrillation plus connective tissue disease, ulcer disease, and liver disease.16
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risk of feeding tube insertion compared to nonprofits
(AOR 1.13; 95% CI 1.01–1.25). Hospitals desig-
nated as teaching centers had a slightly lower rate of
feeding tube insertion in the model, although this
relationship was not significant after race variables

were dropped from the model. No differences in
adjusted feeding tube rates were found between urban
and rural hospitals.

The ICC for a null model was 6.5%, and decreased
to 4.4% in the model including patient and hospital

Table 3 Cohort hospital characteristics, 2008–2011

Hospital characteristics Hospitals, n (%)

Admissions, n (%)

Unadjusted feeding tube rate per
100 stroke admissions (95% CI)

Unadjusted
OR (95% CI)

Did not receive
a feeding tube

Received a
feeding tube

Total 1,540 (100) 149,928 (100) 14,480 (100) 8.8 (8.7–8.9) —

Hospital ownership

Nonprofit 1,113 (72.3) 1,14,424 (76.3) 10,686 (73.8) 8.5 (8.4–8.7) 1.00 (Reference)

For-profit 246 (16.0) 18,283 (12.2) 2,025 (14.0) 10.0 (9.6–10.4) 1.22 (1.13–1.33)

State-owned 181 (11.8) 17,221 (11.5) 1,769 (12.2) 9.3 (8.9–9.7) 1.11 (1.01–1.22)

Hospital location

Rural 178 (11.6) 9,938 (6.6) 817 (5.6) 7.6 (7.1–8.1) 1.00 (Reference)

Urban 1,362 (88.4) 1,39,990 (93.4) 13,663 (94.4) 8.9 (8.7–9.0) 1.18 (1.06–1.32)

Hospital teaching status

Nonteaching 948 (61.6) 71,241 (47.5) 6,609 (45.6) 8.5 (8.3–8.7) 1.00 (Reference)

Teaching 592 (38.4) 78,687 (52.5) 7,871 (54.4) 9.1 (8.9–9.3) 1.08 (1.01–1.14)

Stroke volume of the hospitala

1st quartile 398 (25.8) 14,725 (9.8) 1,088 (7.5) 6.9 (6.5–7.3) 1.00 (Reference)

2nd quartile 372 (24.2) 22,430 (15.0) 2,004 (13.8) 8.2 (7.9–8.5) 1.22 (1.11–1.35)

3rd quartile 390 (25.3) 38,736 (25.8) 3,695 (25.5) 8.7 (8.4–9.0) 1.29 (1.17–1.42)

4th quartile 380 (24.7) 74,037 (49.4) 7,693 (53.1) 9.4 (9.2–9.6) 1.43 (1.31–1.57)

Intubation use among stroke
hospitalizationsa

1st quartile 387 (25.1) 25,028 (16.7) 1,749 (12.1) 6.4 (6.1–6.7) 1.00 (Reference)

2nd quartile 384 (24.9) 35,282 (23.5) 2,830 (19.5) 7.7 (7.4–7.9) 1.23 (1.12–1.34)

3rd quartile 386 (25.1) 41,240 (27.5) 4,240 (29.3) 9.4 (9.1–9.7) 1.52 (1.40–1.66)

4th quartile 383 (24.9) 48,378 (32.3) 5,661 (39.1) 10.4 (10.1–10.6) 1.74 (1.60–1.89)

Rate of black/Hispanic stroke
admissionsa

1st quartile 239 (15.5) 16,368 (10.9) 1,244 (8.6) 7.1 (6.7–7.4) 1.00 (Reference)

2nd quartile 229 (14.9) 19,992 (13.3) 1,810 (12.5) 8.3 (7.9–8.7) 1.20 (1.07–1.34)

3rd quartile 234 (15.2) 22,557 (15.0) 2,414 (16.7) 9.7 (9.3–10.0) 1.47 (1.32–1.64)

4th quartile 233 (15.1) 21,588 (14.4) 2,412 (16.7) 10.1 (9.7–10.4) 1.59 (1.42–1.78)

Incomplete hospital datab 605 (39.3) 69,423 (46.3) 6,600 (45.6) — —

Rate of discharge to hospicea,c

1st quartile 328 (21.3) 29,281 (19.5) 2,612 (18.0) 8.2 (7.9–8.5) 1.00 (Reference)

2nd quartile 325 (21.1) 36,265 (24.2) 3,433 (23.7) 8.6 (8.4–8.9) 1.05 (0.95–1.15)

3rd quartile 324 (21.0) 37,237 (24.8) 3,895 (26.9) 9.5 (9.2–9.8) 1.15 (1.05–1.25)

4th quartile 325 (21.1) 27,886 (18.6) 2,531 (17.5) 8.3 (8.0–8.6) 1.03 (0.94–1.13)

Incomplete hospital datab 238 (15.5) 19,259 (12.8) 2,009 (13.9) — —

Abbreviations: CI 5 confidence interval; OR 5 odds ratio.
aQuartiles were determined using the xtile function in Stata version 12.0. Detailed cutoffs for each quartile can be found in table e-1.
bSome hospitals were located in states that suppressed reporting of certain variables, or contained partial reporting of variables, and were therefore
classified as incomplete.
cHospice includes discharge disposition to home-based hospice or hospice within a medical facility.

878 Neurology 83 September 2, 2014



covariates. The full model including both patient and
hospital covariates accounted for 34.5% of between-
hospital variance observed in the null (or empty)
model, with 65.5% of between-hospital variance re-
maining unexplained. The MOR was 1.45 (95% CI
1.40–1.52) for the model accounting for both patient
and hospital variables, indicating that if a patient moved
from any 1 hospital to another hospital with a higher
propensity of feeding tube placement, there was a
1.45-fold median increase in his or her odds of receiv-
ing a feeding tube. The magnitude of this hospital effect
was comparable to other patient-level and hospital-level
risk factors in the model and remained relatively
unchanged with the exclusion of hospital outliers.

DISCUSSION Among US acute care hospitals with at
least 30 hospitalizations for acute ischemic stroke lasting
greater than 3 days, the average rate of feeding tube in-
sertions among hospitals did not change from 2004 to
2011, and rates varied widely from 0% to 26% in the
more recent years of our study. We sought to under-
stand why this variation occurs in current practice.

Differences in practice exist across a number of
patient characteristics.15,18 For example, race has pre-
viously been described as a predictor in the use of all
life-sustaining therapies following stroke.18 Our find-
ings suggest that black and Hispanic ischemic stroke
patients have over 30% increased odds in receiving a
feeding tube compared with white patients after con-
trolling for other patient and hospital characteristics.

Also, hospitalizations primarily paid for by Medicaid
(indicating lower socioeconomic status) demonstrated
an increased adjusted risk of feeding tube insertion.
These findings may be at least partly driven by greater
stroke severity22,23 and a greater number of clinically
eligible minority patients. However, these differences
may also result from diversity in preferences or dispar-
ities in how providers and institutions interpret these
preferences.24,25 Our study is limited in that it lacks
data on patient or family preferences and understand-
ing and the scope of provider discussions with patients
and families.

Hospital characteristics associated with higher
rates of feeding tube insertion included greater stroke
volume, for-profit status, and higher intubation rates.
Large hospitals, with a high rate of intensive care uti-
lization, and for-profit status have previously been
associated with high utilization in various aspects of
care.15,26–28 In addition, for-profit hospitals and hos-
pitals within areas of greater intensive care unit use
were associated with decreased access to palliative care
programs.29 Higher admission rates of black or His-
panic patients were also significantly associated with
increased rates of feeding tube insertion after control-
ling for other hospital and patient characteristics. This
may be driven by a disproportionate number of severe
strokes from minority patients within these hospi-
tals.22,23 However, our findings demonstrate that
increased risks associated with these hospitals affect
all racial and ethnic groups. For example, white patients
treated in hospitals with the highest black/Hispanic
admission rates have a 2% absolute increase in the
adjusted probability of feeding tube placement com-
pared to those treated in hospitals with the lowest
rates. This association may be due to minorities seek-
ing care within stressed health care environments,30

which could result in fewer resources devoted to opti-
mizing patient and provider decision-making.

In the adjusted model, the effect of the hospital
in which a patient was hospitalized represented a sig-
nificant source of variation even after controlling for
several patient and hospital characteristics. We found
that unexplained heterogeneity between hospitals had
a comparable effect to patient and hospital variables in
understanding the propensity of feeding tube placement
(median OR 1.45). Geographic factors (not accounted
for in our model due to asymmetric representation of
hospitals from various regions), including differences
across regions or states, may play some role.31 However,
significant variation exists even within US regions, states,
and individual hospital referral regions, consistent with
the recent Institute of Medicine report, which found
substantial variation at all levels of care including indi-
vidual providers.32 In the absence of a widely accepted
evidence base for feeding tube placement, this variation
may stem from differences in physician beliefs regarding

Figure 1 Rank order of frequency of feeding tube placement in acute ischemic
stroke hospitalizations, 2008–2011

Hospitals include 1,540 hospitals with at least 30 acute ischemic stroke hospitalizations last-
ing greater than 3 days within each year of the nationwide inpatient sample, 2008–2011. In
compliance with Healthcare Cost and Utilization Project guidelines, no individual hospital can
be identified directly or by inference using these data.
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indications or the extent to which patient preferences
should be considered in treatment decisions.31

There is considerable variation that remains unex-
plained for feeding tube placement in ischemic stroke
patients. Without clear evidence for use, patient and
provider preference becomes a key component in
decision-making. Differences in health care practices,
such as those seen in our study, raise concern that
these preference-sensitive decisions may be partly ex-
plained by factors external to the patient-centered
decision to insert a feeding tube. Some have referred
to this variation in preference-sensitive decisions and
potential to misdiagnose patient preferences as a silent
epidemic.33,34 Further research should seek to under-
stand the reasons for this variation and ways to decon-
struct and measure patient preferences, as well as ways
to optimize the process of shared decision-making
including the development and evaluation of decision
aids as a way to deliver unbiased, evidence-based infor-
mation regarding options and potential outcomes in
dysphagic stroke patients.31,35,36 In addition, system-
atic methods in evaluation, family meetings, and time-
limited trials across hospitals may help to decrease
unwarranted variations and improve patient-centered
and family-centered care.33

Our study has several limitations. The NIS does
not have clinical data available to describe stroke sever-
ity, functional disability, and the size and location of
the infarct, which may be predictors of feeding tube
placement.37 We risk-adjusted using comorbidities to
calculate a Charlson Comorbidity Index tailored for
stroke outcomes studies,16 which may be a meaningful
covariate for predicting mortality and poststroke feed-
ing tube placement. We accounted for the presence
of atrial fibrillation and cancer due to end-of-life care
implications with late-stage carcinoma. Further, we

Table 4 Multivariable model of patient and hospital characteristics associated
with feeding tube insertion, 2008–2011 (n 5 88,385)a

Variable Adjusted OR, (95% CI)

Patient characteristics Model 1b

Sex (vs male)

Female 0.90 (0.85–0.94)

Age, y (vs 18–54 y)

55–64 1.22 (1.11–1.35)

65–74 1.47 (1.32–1.63)

75–84 1.73 (1.56–1.91)

‡85 1.81 (1.62–2.02)

Race/ethnicity (vs white)

Black 1.34 (1.25–1.43)

Hispanic 1.39 (1.27–1.53)

Asian or Pacific Islander, Native American, other 1.44 (1.30–1.59)

Primary insurance payer (vs Medicare)

Private payer 0.90 (0.83–0.98)

Medicaid 1.20 (1.08–1.33)

No charge/self pay/other 0.85 (0.75–0.95)

Atrial fibrillation (vs none) 1.51 (1.44–1.60)

Cancer (vs none)

Nonmetastatic 0.92 (0.80–1.07)

Metastatic 0.62 (0.49–0.77)

Stroke-modified Charlson Comorbidity Index (vs no comorbidity)

Mild comorbidity 1.22 (1.14–1.30)

Moderate to severe comorbidity 1.26 (1.17–1.36)

Hospital characteristics Model 2c

Hospital ownership (vs nonprofit)

For-profit 1.13 (1.01–1.25)

State-owned 1.05 (0.93–1.17)

Rural location (vs urban) 1.03 (0.91–1.18)

Teaching hospital (vs nonteaching) 0.90 (0.82–0.98)

Stroke volume (vs 1st quartile)

2nd quartile 1.17 (1.04–1.32)

3rd quartile 1.18 (1.05–1.33)

4th quartile 1.33 (1.18–1.51)

Intubation use (vs 1st quartile)

2nd quartile 1.14 (1.02–1.28)

3rd quartile 1.34 (1.20–1.50)

4th quartile 1.66 (1.47–1.87)

Black/Hispanic admission rate (vs 1st quartile)

2nd quartile 1.12 (1.00–1.25)

3rd quartile 1.26 (1.13–1.41)

4th quartile 1.28 (1.14–1.44)

Between-hospital variance (95% CI)

Null model 0.23 (0.20–0.27)

Model 1 (patient characteristics) 0.22 (0.19–0.26)

Model 2 (patient and hospital characteristics) 0.15 (0.12–0.18)

Abbreviations: CI 5 confidence interval; OR 5 odds ratio.
a The analysis was conducted on the subset of hospitals
(n 5 935) with complete availability of race/ethnicity to
include race/ethnicity and black/Hispanic stroke admis-
sion rate as covariates.
bModel 1 includes patient characteristics (ORs not shown).
The intraclass correlation coefficient was 6.4%. The pro-
portional change in between-hospital variance was 1.7%
compared to the null model (rounding may account for dif-
ferences in calculation using variances displayed in the
table).
cModel 2 includes patient and hospital characteristics.
The intraclass correlation coefficient was 4.4%. The pro-
portional change in between-hospital variance was
34.5% compared to the null model (rounding may
account for differences in calculation using variances
displayed in the table). The median increase in the odds
of feeding tube placement for a hospitalization with the
same characteristics moved from 1 hospital to another
with a higher probability of feeding tube insertion, 1.45-
fold (95% CI 1.40–1.52). The Concordance statistic for
the full model was 0.701.
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identified only those stroke admissions with hospital-
izations lasting greater than 3 days to select those pa-
tients at the greatest risk for feeding tube placement.
Exclusion by length of hospital stay eliminated ,1%
of feeding tube placements and patients at 0.09%
unadjusted risk of feeding tube placement. We were
also limited in our reliance on ICD-9 codes, which
lack granularity and may contain some inaccuracies,
to identify diagnoses and procedures. Additionally,
the inability to differentiate preexisting conditions
from new events is another limitation of the dataset.
Therefore, it is unclear whether complications such as
intracranial hemorrhage, tracheostomy, and mechan-
ical ventilation occurred before or after feeding tube
placement, and thus we excluded these from the
analysis.

We were unable to identify comprehensive and pri-
mary stroke centers in the NIS, which may have differ-
ent feeding tube practices compared to hospitals
without this distinction. The NIS also had incomplete
data on race due to suppression by certain states or
incomplete reporting by hospitals; therefore, we con-
structed 2 regression models with and without race
variables that demonstrated few differences in other
variables. However, incomplete data on race by hos-
pital may still account for an important relationship
that could explain some of the variability.

Despite these limitations, our study identifies cur-
rent practices and hospital characteristics associated
with feeding tube placement among acute ischemic
stroke patients in a robust nationwide sample of US
hospitals. Our findings underscore that accurately
diagnosing patient preferences for feeding tubes after
stroke may be more difficult than diagnosing stroke
itself and we need to further understand and stan-
dardize the approach to ensure that the placement
of a feeding tube after an acute stroke is in the pa-
tient’s best interest.
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