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Abstract

Rationale: Although gastrostomy tubes have shown to be of
limited benefit in patients with advanced dementia, they continue
to be used to deliver nutritional support in critically ill patients.
The epidemiology and short-term outcomes are unclear.

Objectives: To quantify national practice patterns and short-term
outcomes of gastrostomy tube placement among the critically ill
over the last two decades in the United States.

Methods: Using the U.S. Agency for Healthcare and

Research Quality’s Healthcare Cost and Utilization Project’s
National Inpatient Sample, we evaluated trends in annual population-
standardized rates of gastrostomy tube placement among critically
ill adults from 1994 to 2014; we also quantified trends in length
of stay, in-hospital mortality, and discharge location. We
conducted sensitivity analyses among mechanically ventilated
patients, survivors, and decedents of critical illness, and in a critically
ill population excluding patients with dementia.

Results: From 1994 to 2014, population-based rates of gastrostomy
tube use in critically ill patients increased from 11.9 to 28.8
gastrostomies per 100,000 U.S. adults (peak in incidence in 2010),

an increase of 142% (31,392-91,990 gastrostomy tubes in critically
ill patients; P < 0.001). Patients receiving gastrostomy tubes

during critical illness occupied a growing proportion of all gastrostomy
tube placements, accounting for 19.6% of all gastrostomy tubes placed
in 1994 and 50.8% in 2014. The rate of gastrostomies in critically ill
patients remained roughly stable, from 2.5% of critically ill patients in
1994 to a peak of 3.7% in 2002 before declining again to 2.4% in 2014.
Hospital length of stay and in-hospital mortality decreased among
gastrostomy tube recipients (28.7 d to 20.5 d, P < 0.001; 25.9-11.3%,
P < 0.001; respectively), whereas discharges to long-term facilities
increased significantly (49.6-70.6%; P < 0.001). Sensitivity analyses
among mechanically ventilated patients revealed similar increases in
population-based estimates of gastrostomy tube placement.

Conclusions: The incidence of gastrostomy tube placement
among critically ill patients more than doubled between 1994 and
2014, with most patients being discharged to long-term care
facilities. Critically ill patients are now the primary utilizer of
gastrostomy tubes placed in the United States. Additional research is
needed to better characterize the long-term risk and benefits of
gastrostomy tube use in critically ill patients.
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failure after critical illness. Patients faced
with the prospect of prolonged life-
supportive measures following critical
illness often enter a state termed “chronic

Improvements in the short-term mortality
of critically ill patients have led to an
increasing number of patients surviving to
discharge with persistent, severe organ

critical illness,” a condition frequently
associated with rehospitalizations, high
short-term mortality rates, and large
financial burdens to patients, caretakers, and
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the healthcare system (1). For example,
fewer than 10% of patients with

chronic critical illness achieve functional
independence at home, even 1 year after
the inciting critical illness (2-4); 1-year
mortality approaches 50% (1). However, the
epidemiology of some interventions that are
frequently used during or just before chronic
critical illness, such as gastrostomy tube
placement to deliver nutritional support, are
understudied among the critically ill.

In contrast to critical illness, practice
patterns and outcomes of gastrostomy tube
placement during dementia have been well
documented (5-7). In the 1990s, placement
of gastrostomy tubes rose rapidly in elderly
patients, doubling among patients with
Alzheimer dementia from 1993 to 2003
(5-7). However, in the absence of a
demonstrable benefit in the setting of
dementia (and harms from local
inflammation, infection, tube dislodgement,
and concurrent use of restraints) the
American Geriatrics Society issued guidelines
recommending against the placement of
gastrostomy tubes for provision of nutrition
during advanced dementia in 1993, 2005, and
2014 (8-10). Gastrostomy tube placement in
nursing home residents with advanced
dementia subsequently declined (9), with
“hand comfort-feeding” proposed as a
potential humane alternative (11). Critically
ill patients with significant preexisting frailty
or severe new deficits may have prognoses
similar to patients with advanced dementia
(12), but the epidemiology, benefits, and
harms of gastrostomy tube placement in the
critically ill remain unclear.

To address these knowledge gaps, we
sought to quantify national practice patterns
in gastrostomy placement among the
critically ill over the last two decades in
the United States. We hypothesized that as
the overall critically ill population grew (13)
and gastrostomy tube placement in patients
with dementia declined, that there would
be a significant increase in both the
population-based incidence of gastrostomy
tube placement in the critically ill, and
the proportion of all gastrostomy tubes
represented by the critically ill, over the last
20 years.

Methods

Study Design
We used data from the National Inpatient
Sample and the Nationwide Inpatient

Sample, Healthcare Cost and Utilization
Project, Agency for Healthcare Research and
Quality, from 1994 to 2014 (14, 15). The
National Inpatient Sample is a 20% stratified
sample of all nonfederal U.S. acute care
hospitalizations that contains deidentified
administrative claims data from 5 to 8
million hospital discharges per year. It is the
largest publicly available all-payer inpatient
health care database in the United States,
and represents more than 96% of the U.S.
population (14).

We identified adults (=18 yr of age)
with a hospitalization that included
presence of any one of a list of critical illness
diagnosis and procedure codes from the
International Classification of Diseases,
Ninth Revision (ICD-9-CM) (see the
online supplement); these patients are
hereafter referred to as our critically ill
population (16, 17). This algorithm has been
used in prior literature to define critical
illness as an alternative to simple admission
to an ICU, (18-20), which can be influenced
by local practice variation and ICU bed
availability. We identified gastrostomies
with previously validated (21) ICD-9-CM
codes 43.1 (gastrostomy), 43.11
(percutaneous gastrostomy), 43.19 (other
gastrostomy), and 44.32 (percutaneous
gastrojejunostomy) (22-24). Patients that
may have received gastrostomies for
anatomic reasons unrelated to critical illness
were excluded (i.e., face, head, neck,
esophageal conditions) (see online
supplement). We used the Healthcare Cost
and Utilization Project procedure
classification system to identify surgical
patients (25). Patients receiving a Major
Therapeutic ICD-9-CM procedure code
(as opposed to Minor Diagnostic, Minor
Therapeutic, and Major Diagnostic),
excluding gastrostomy tube or tracheostomy
(ICD-9-CM codes 31.1, 31.2, 31.21, 31.29),
were considered “surgical” admissions; all
others were considered “nonsurgical.”
Comorbid conditions were identified in
hospital discharge records using Elixhauser
Comorbidity Software (26, 27);
comorbidities were also indexed into
readmission and mortality scores as a proxy
for severity of comorbid illness (28).

Our primary outcome was annual
population-standardized rates of
gastrostomy placement among critically ill
patients. Secondary analyses included
annual rates of gastrostomy placement
among all patients, trends in severity of
illness, and trends in hospital mortality and
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discharge location. In the event that coding
sensitivity for critical illness diagnoses may
have changed over time, we conducted a
sensitivity analysis where annual
population-standardized rates of
gastrostomy placement among
mechanically ventilated (MV) patients
(ICD-9-CM code 96.7x) were determined.

Sensitivity Analyses

We performed three sensitivity and
subgroup analyses. First, In the event
that coding sensitivity for critical illness
diagnoses may have changed over time or
that using ICD-9-CM codes to define
critical illness may lead to misclassification,
we conducted a sensitivity analysis where
annual population-standardized rates of
gastrostomy placement among MV
patients (ICD-9-CM code 96.7x) were
determined.

Second, to evaluate the impact of a
decrease in the competing risk of hospital
death on gastrostomy tube use with time, we
conducted a sensitivity analysis to compare
the proportion of survivors and decedents
receiving gastrostomy tubes over time.

Finally, because trends in gastrostomy
tubes placed during critical illness may be
affected by secular trends in patients
receiving gastrostomy tubes for dementia,
we performed a sensitivity analysis whereby
patients with dementia diagnoses were
excluded. We identified patients with
dementia using ICD-9-CM codes validated
among critically ill patients (29);
population-standardized rates of
gastrostomy tube use were recalculated with
this population excluded (see online
supplement).

Statistical Analysis

We derived national estimates using survey-
weighted methods and used U.S. Census
Bureau yearly population estimates to
determine population-standardized rates of
gastrostomy tube placement per 100,000
U.S. adults. We tested for significant trends
in gastrostomy tube placement among
critically ill patients, MV patients, survivors
and decedents of critical illness, and in a
critically ill population excluding patients
with dementia. We also tested for significant
linear trends in patient and hospital
characteristics over time among critically
ill patients receiving gastrostomy tubes
with Mantel-Haenszel chi-square tests
(categorical variables) and linear regression
(continuous variables).

725



ORIGINAL RESEARCH

All statistical testing was through SAS
version 9.4 (SAS Institute), with two-tailed
and performed with o =0.05. This study
was deemed exempt from review by the
Beth Israel Deaconess Medical Center
institutional review.

Results

Cohort Characteristics

Among 50,063,564 (10,425,023 unweighted)
hospitalizations with critical illness from
1994 to 2014, a total of 1,465,956 (309,040
unweighted; 2.9% of critically ill patients)
received a gastrostomy tube. During this
period, 44.7% of critically ill patients
receiving gastrostomy tubes were female,
54.9% were white, and the mean age of the
group was 67.6 years (standard error, 0.14).

Temporal Trends in Gastrostomy Use
From 1994 to 2014, population-based rates
of gastrostomy use in critically ill patients
increased from 11.9 to 28.8 gastrostomies
per 100,000 U.S. adults (with a peak of 30.6
per 100,000 adults in 2010), an overall
increase of 142% (31,392 gastrostomy tubes
in critically ill patients in 1994 to 91,990 in
2014; P < 0.001). This roughly parallels the
rise in the critically ill population itself,
which continuously rose by 180%, from
480.1 hospitalizations with critical illness in
1994 to 1,346.5 in 2014 per 100,000 U.S.
adults (1,263,340 hospitalizations with
critical illness in 1994 to 4,293,521 in 2014;
P < 0.001). Among the population of
critically ill patients, the rate of gastrostomy
use remained roughly stable, from 2.5% of
critically ill in 1994 to a peak of 3.7% in 2002
before declining again to 2.4% in 2014
(Table 1, Figure 1).

Patients receiving gastrostomy tubes
during critical illness also occupied a
growing proportion of the country’s total
gastrostomy tube placements. In 1994, a
total of 160,332 gastrostomy tubes were
placed (61 per 100,000 U.S. adults); this
peaked at 212,835 gastrostomy tubes in 2003
(73 per 100,000 U.S. adults), before
decreasing back down to 181,250 in 2014 (57
per 100,000 U.S. adults). At the beginning of
this 21-year period, most gastrostomy tube
placements were in patients without critical
illness (79.4%); the proportion of patients
receiving gastrostomy use with critical
illness gradually increased so that by 2014,
patients with critical illness accounted for
more than half of all gastrostomy tubes
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(from 19.6 to 50.8% of all gastrostomy
tubes) (Figure 2).

Comparing 2014 with 1994, critically ill
patients receiving gastrostomy tubes on
average were younger, (68.3 yr in 1994;
66.2 yrin 2014; P < 0.001), more likely to be
treated at urban teaching hospitals (49.0-
71.7% vs. rural and nonteaching hospitals;
P < 0.001), on Medicaid (9.2-14.6%;

P < 0.001), have a diagnosis of severe
sepsis (29.9-49.2%; P < 0.001), receive

a tracheostomy during the same
hospitalization (39.6-44.6%; P < 0.001) and
have a higher risk of readmission and
in-hospital death (Elixhauser readmission
and mortality index scores 18.7-24.3

[P <0.001] and 12.5-16.7 [P < 0.001],
respectively) (Table 1). There was not a
significant change in the percent of critically
ill gastrostomy tube recipients that were
surgical patients (38.9-38.3%; P =0.05)
between 1994 and 2014.

Outcomes

Hospital length of stay in critically ill
recipients of gastrostomy tubes decreased
from a median of 28.7 days (interquartile
range, 32.5) in 1994 to 20.5 days
(interquartile range, 17.6) in 2014 (P <
0.001). In-hospital mortality of gastrostomy
tube recipients also decreased from 25.9% in
1994 to 11.3% in 2014 (P < 0.001). The
decrease in hospital length of stay and
in-hospital mortality was concurrent with a
decrease in the number of discharges home
(13.3% in 1994 to 5.2% in 2014; P < 0.001)
and an increase in the number of discharges
to long-term facilities including skilled
nursing facilities and long-term care
hospitals (49.6% in 1994 to 70.6% in 2014;
P < 0.001) (Figure 3).

Sensitivity Analysis

In the event that changing coding patterns
for critical illness may unduly affect our
estimates of trends in gastrostomy tube
incidence among critically ill patients, we
investigated the incidence of gastrostomy
tube placement among MV patients. From
1994 to 2014, population-based estimates of
gastrostomy tube placement among MV
patients similarly increased from 8.2 to 20.1
gastrostomies per 100,000 U.S. adults (with
a peak of 21.5 per 100,000 adults in 2010),
an overall increase of 145% (21,634
gastrostomy tubes in 1994 to 64,020 in 2014
among MV; P < 0.001). During this time,
the MV population grew by 45%, from
214.8 hospitalization in 1994 to 311.5

hospitalization in 2014 per 100,000 U.S.
adults (563,287 hospitalizations with MV in
1994 to 993,174 in 2014; P < 0.001). The
rate of gastrostomy use in MV patients
increased from 3.8% of MV in 1994 to 7.2%
in 2008 before declining to 6.4% in 2014 (see
Figure E1 in the online supplement). The
proportion of gastrostomy tubes accounted
for by MV patients increased with time,
from 13.5% in 1994 to 35.3% in 2014, with
a corresponding decline in the proportion
of gastrostomy tubes accounted for by
patients not receiving MV (see Figure E2).

In the event that changing rates of
hospital deaths may have an impact
on trends in gastrostomy tube use among
critically ill patients, we compared the
incidence gastrostomy tube placement
among survivors and decedents of critical
illness over time. From 1994 to 2014
population-based estimates of gastrostomy
tube our results show very similar trends
among the two groups, with survivors and
decedents receiving gastrostomy tubes
at approximately the same rate every year
(2.6% and 2.2%, respectively, in 1994; a peak
of 3.7% and 3.4% in 2002, and 2.2% and
2.0% in 2014) (see Figure E3).

Because trends in gastrostomy tube
placement among critically ill patients may
be affected by trends in gastrostomy tubes
placed in patients with dementia, we
assessed trends in gastrostomy tube
placement excluding patients with
dementia. Results were not substantively
changed after excluding patients with
dementia (see Figures E4 and E5).

Discussion

We performed an analysis of the trends in
gastrostomy tube placement in the critically
ill in the United States from 1994 to 2014.
Overall, the incidence of gastrostomy tube
placement among critically ill patients rose
sharply during this period, in part caused by
a large rise over that time period of critically
ill patients in the U.S. population. Our
sensitivity analysis of MV patients reveals
that the observed increase in incidence of
gastrostomy tube use is not wholly caused by
changes in coding patterns of the critically
ill. Among MV patients (which increased
only moderately between 1994 and 2014),
there remained a significant rise in both the
percent of MV patients who received
gastrostomy tubes (peaking in 2008) and the
overall incidence of gastrostomy tubes
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Table 1. Characteristics of critically ill patients receiving gastrostomy tubes in select years

1994 1999 2004 2009 2014 P Value for
(n=31,392) (n =56,802) (n=71,522) (n=91,004) (n=91,990) Trend

Gastrostomies/100,000 U.S. population 11.9 20.4 24.4 29.7 28.8 <0.001

% of Cl receiving gastrostomy 2.5(1,263,340) 3.6 (1,557,447) 3.5(2,061,987) 2.9 (3,179,122) 2.1 (4,293,521) <0.001
(n of CI patients)

Demographic factors

Female, % 45.8 46.5 44.6 43.9 43.3 <0.001
Age <0.001
Mean (SE), yr 68.3 (0.9) 69.0 (0.4) 67.4 (0.4) 66.9 (0.3) 66.2 (0.2)
Age <65, % 314 31.1 36.2 39.5 411
Age =65 and <85, % 53.7 53.0 50.2 47.3 46.6
Age =85, % 14.9 15.8 13.6 13.2 12.2
Race, % <0.001
White 61.8 55.1 47.7 54.5 60.1
Black 14.6 15.2 16.1 16.0 19.3
Hispanic 6.6 5.3 7.3 8.9 9.3
Other 25 4.7 4.6 7.8 7.3
Missing 14.5 19.8 24.3 12.8 4.0
Primary payer, % <0.001
Medicare 65.9 65.9 64.4 62.9 63.2
Medicaid 9.2 10.2 10.9 13.1 14.6
Private insurance 19.0 19.1 19.5 18.4 17.0
Self-pay 3.1 2.1 2.7 2.9 2.6
Other, includes missing 2.4 4.1 4.9 6.5 6.1
Median income for patient zip code, % <0.001
Income quartile 1 29.9 n/a 31.3 30.0 32.9
Income quartile 2 204 n/a 25.3 24.0 25.8
Income quartile 3 15.4 n/a 20.8 23.4 21.5
Income quartile 4 30.2 n/a 20.2 19.4 17.4
Missing 4.0 n/a 24 3.1 2.4
Hospital location and teaching status, % <0.001
Rural 75 5.6 5.0 5.2 4.0
Urban nonteaching 43.4 42.7 411 39.9 242
Urban teaching 49.0 51.6 53.9 52.5 7.7
Hospital size, % <0.001
Small 9.0 8.3 8.3 7.1 13.1
Medium 29.5 27.3 231 21.9 28.0
Large 61.4 64.3 68.6 68.6 58.9
Hospital region, % <0.001
Northeast 22.6 22.7 23.6 19.8 17.3
Midwest 14.8 20.5 24.2 222 22.0
South 45.9 41.0 36.7 371 42.4
West 16.7 15.8 15.5 20.9 18.3
Clinical factors
Elixhauser comorbidities, mean (SE)
Number 2.4 (0.04) 2.6 (0.04) 2.9 (0.05) 3.2 (0.03) 3.4 (0.02) <0.001
Mortality score 12.5 (0.3) 12.7 (0.2) 14.3 (0.3) 15 (0.2) 16.7 (0.1) <0.001
Readmission score 18.7 (0.4) 19.7 (0.3) 22.1 (0.4) 23.6 (0.2) 24.3 (0.1) <0.001
Length of stay, median (IQR) 28.7 (32.5) 24.3 (23.6) 24.4 (22.4) 22.0 (20.0) 20.5 (17.6) <0.001
Type of critical illness, %
Severe sepsis 29.9 34.0 42.2 48.9 49.2 <0.001
Shock 7.6 8.8 13.9 21.7 274
Shock no trauma 6.8 8.0 13.0 20.7 25.9 <0.001
Trauma shock 0.4 0.3 0.7 0.6 0.9 <0.001
Postoperative shock 0.4 0.5 0.3 0.6 0.9 <0.001
Acute respiratory failure 55.9 63.0 65.2 67.5 69.6 <0.001
Hypotension 10.0 9.1 8.3 10.0 111 <0.001
Arrest 12.2 10.3 9.1 8.2 9.3 <0.001
Long MV 50.9 55.0 57.0 57.6 55.6 <0.001
Surgical, % 38.9 37.4 38.9 39.8 38.3 0.05
Also received tracheostomy, % 39.6 43.8 47.0 45.9 44.6 <0.001

Definition of abbreviations: Cl = critically ill; IQR = interquartile range; MV = mechanically ventilated; SE = standard error.
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Figure 1. Gastrostomy use rates in the critically ill in the United States, 1994-2014. (Left axis)
Population-adjusted incidence of gastrostomy tubes among the critically ill (per 100,000 U.S. adults).
(Right axis) Percent of hospitalized adults with critical illness (gray triangles), percent of adults with
critical illness receiving a gastrostomy tube (orange squares).

among MV patients nationwide (peaking in
2010). As a result, the proportion of
gastrostomy tubes placed in critically ill patients
has steadily increased and ultimately
superseded the proportion of gastrostomy tubes
placed in noncritically ill over the last 20 years.
Although fewer than half of patients
receiving gastrostomy tubes also received a
tracheostomy, indicating that these two
procedures were frequently performed
independently rather than as a package, we
found some similarities in trends. In critically
ill recipients of gastrostomy tubes, incidence
peaked in 2010, and we observed shifts in the
demographics toward younger, male, and
Medicaid patients; we also found shorter
hospital length of stay, more frequent
discharges to long-term care facilities, and fewer
discharges from hospital to home in 2014 as
compared with 1994. Prior literature has shown
that incidence of tracheostomy placement
peaked in 2008, and shifted toward the same
demographics and hospital outcomes over
time (30). Decreases in hospital length of stay
and in hospital mortality with increases in
discharge to long-term acute care hospitals also
echo trends seen in many other epidemiologic
studies of critical illness. Other authors have
suggested this trend reflects a shift in mortality
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from the hospital to long-term acute care
hospitals, rather than a true improvement in
outcomes (30, 31). Our findings highlight the
importance of future studies tracking patient
outcomes beyond the initial hospitalization,
because much of these patients’ morbidity and
mortality has more recently shifted away from
the acute care setting.

Several factors likely contributed to
the observed rise in the incidence of
gastrostomy among the critically ill over
these 20 years. Although gastrostomy tubes
have traditionally been placed surgically, the
introduction of the percutaneous technique in
the 1980s (32), which allowed for less-invasive
placement under sedation, without general
anesthesia, caused a substantial increase in
the use of gastrostomy tubes for general
indications. In the United States between 1988
and 1995, the number of gastrostomies placed
in adults older than the age of 65 doubled from
61,000 to 121,000 (6, 7, 24), with gastrostomy
placement further increasing by 38% among
adults older than the age of 65 from 1993 to
2003 (5). The increased availability and use of
percutaneous placement, combined with a
growing number of critical care beds (33),
likely contributed to the precipitous rise in
gastrostomies among the critically ill up until

the late 2000s. The role of other potential
drivers, such as a desire for shorter hospital
length of stay or for ease of placement in
longer-term facilities, deserves exploration.
For context, the absolute number of
gastrostomy tubes we found placed in the
critically ill in 2014 (a national estimate of
almost 92,000 patients) exceeds the absolute
number placed among U.S. hospitalized
nursing home residents with advanced
dementia, even at the peak in practice, by at
least fivefold (on the order of ~15,000
gastrostomy tubes in the early 2000s) (34).

Reasons for the subsequent decrease in
gastrostomy incidence among both the
critically ill and MV subgroups, even in the
face of continued increases in the critically ill
and MV populations, are less clear. The
roughly contemporaneous downward trend in
tracheostomy placements raises several
possible hypotheses. Tracheostomies and
gastrostomies may have simply decreased in
parallel, because the increased use of advance
directives (35) and greater awareness of long-
term outcomes of chronic critical illness (1, 36,
37) may have led more families and patients to
pursue more comfort-based care. It is also
possible that to some degree the decrease in
gastrostomy use is actually secondary to the
decreased need for tracheostomies, because
improved practices in sedative use, ventilator
weaning (38), and a trend away from early
tracheostomies (30) have led to fewer patients
to be eligible for a “trach-and-peg” bundle of
care. Additionally, it is possible that decreased
enthusiasm for gastrostomy tubes among
patients with dementia has diffused into the
critically ill population, such that gastrostomy
tube placement is deferred longer (e.g., until
after ventilator weaning trajectory is established
in tracheostomy patients, or more broadly,
until after additional speech and swallow
therapy is attempted).

Our sensitivity analysis among survivors
and decedents of critical illness suggests that
death does not represent a strong competing risk
to gastrostomy placement; decedents and
survivors had similar rates and trends in
gastrostomy use. The similar rates of tube
placement among survivors and decedents also
suggests that the ability to predict whether a
patient will be a survivor or decedent after
gastrostomy has not improved with time, and
that future research is needed to determine
which patients are likely to benefit from a
procedure intended to provide long-term
nutrition.

Our study has several limitations. We
relied on the use of ICD-9-CM and DRG

AnnalsATS Volume 16 Number 6| June 2019
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Figure 2. Proportion of gastrostomy tubes placed in critically ill and noncritically ill hospitalized
patients, 1994-2014. Among all recipients of gastrostomy tube, the proportion of gastrostomy tubes
placed in critically ill patients (orange squares) has steadily increased and ultimately superseded the
proportion of gastrostomy tubes placed in noncritically ill (blue diamonds) over the last 20 years.

coding to define both our patient cohorts
(the critically ill and the MV) and our key
outcome of interest, gastrostomy tube
placement. This makes the estimates of our
baseline population, critically ill patients,
vulnerable to changes in coding practices.
However, coding practices for MV were
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unlikely to be as vulnerable, because MV
was associated with high levels of
reimbursement throughout the study
periods, and our key finding of a sharp
increase in gastrostomy tube incidence was
confirmed in this population. We also
conducted a preliminary validation of

Transfer Other (SNF, ICF, etc)
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Figure 3. Outcomes of critically ill patients receiving gastrostomies, 1994-2014. Over time, fewer patients
died in the hospital (yellow x) or were discharged home (blue diamonds), but more patients were transferred
to long-term facilities (orange squares). ICF = Intermediate Care Facility; SNF = Skilled Nursing Facility.
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gastrostomy tubes, and confirmed high
positive and negative predictive value of our
codes. Similarly, the algorithm we used to
identify critical illness by ICD-9-CM codes
has previously been published (16) but not
been validated, and there is risk of
misclassification of our exposure. The test
characteristics of our criteria to identify
critically ill patients (including sensitivity,
specificity, and negative and positive
predictive values) and its performance over
time between are not known. The National
Inpatient Sample does not identify
admissions to an intensive care unit and a
gold standard definition of what constitutes
“critical illness” does not otherwise exist.
This is a known obstacle of the current
state of health services research of the
ICU population (39). However, our criteria
identify severe diagnoses that are likely to be
among top-billed diagnoses at discharge,
and identifying acutely critically ill
patients by objective diagnoses may be a
more consistent method of identifying

our population than simply ICU
admission, because thresholds for ICU
admission vary greatly from hospital to
hospital.

In summary, we found a significant
growth in the population of critically ill
patients receiving gastrostomy tubes in the
United States over a 20-year period, most of
whom are now being discharged to long-
term facilities. Although the rate of critically
ill patients receiving gastrostomy tubes has
more or less remained stable, indicating no
major differences in practice patterns, the
sharp increase in gastrostomy utilization in
the critically ill echoes the sharp growth
previously seen in patients with advanced
dementia, ultimately far surpassing the
number of gastrostomy tubes ever placed
annually in patients with advanced
dementia. Whether this increase is driven by
patient values, clinical uncertainty, or by a
desire for shorter hospital length of stay of
ease of placement in longer-term facilities,
remains uncertain. After gastrostomy tubes
were shown to offer limited benefit but
greater harms to patients with advanced
dementia (perhaps in part because of the
irreversibility of their underlying need for
gastrostomy feeds), the bulk of gastrostomy
patients has since been supplanted by a new
population, with as-yet unidentified
outcomes. Given that many patients within
this critically ill population may go on to
become chronically critically ill with high
resource utilization and similarly poor
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prognoses as patients with advanced gastrostomy use in the population that is now  population are critical so that we may refine
dementia (because of preexisting poor health  the primary utilizer of gastrostomy tubes. our practices accordingly. Il

states in combination with new significant Future studies delineating the benefits,

insults), our findings highlight the importance ~ morbidity, long-term mortality, and associated  Author disclosures are available with the text
of recapitulating the analysis of benefits of predictors within the subgroups of critically ill ~ of this article at www.atsjournals.org.
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