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Abstract

Patients who develop persistent critical illness remain in the ICU predominately because they develop new late-onset org@}
failure(s), which may render them at risk of acquiring a new medical device. The epidemiology and short-term outcomes of
patients with persistent critical illness who acquire a new medical device are unknown.

We retrospectively studied a cohort admitted to the Veterans Affairs (VA) ICUs from 2014 to 2019. Persistent critical ilness was
defined as an ICU length of stay of at least 14 days. Receipt of new devices was defined as acquisition of a new tracheostomy,
feeding tube (including gastrostomy and jejunostomy tubes), implantable cardiac device, or ostomy. Logistic regression models
were fit to identify patient factors associated with the acquisition of each new medical device. Among hospitalized survivors,
90-day posthospitalization discharge location and mortality were identified.

From 2014 to 2019, there were 13,184 ICU hospitalizations in the VA which developed persistent critical iliness. In total, 30.4%
of patients (N = 3998/13,184) acquired at least 1 medical device during their persistent critical illness period. Patients with an initial
higher severity of illness and prolonged hospital stay prelCU admission had higher odds of acquiring each medical device. Among
patients who survived their hospitalization, discharge location and mortality did not significantly differ among those who acquired
a new medical device as compared to those who did not.

Less than one-third of patients with persistent critical ilness acquire a new medical device and no significant difference in short-
term outcomes was identified. Future work is needed to understand if the acquisition of new medical devices is contributing to the
development of persistent critical illness.

Abbreviations: aOR = Adjusted odds ratio, Cl = Confidence interval, CPT = Current procedural terminology, ICD 9/10 =
International classification of diseases ninth and tenth revisions, ICU = Intensive care unit, IQR = Interquartile range, LOS = Length
of stay, SD = Standard deviation, VA = Veteran Affairs

Keywords: gastrointestinal tubes, implantable cardiac devices, medical devices, outcomes, ostomy, persistent critical illness,

prolonged ICU stay, tracheostomy

1. Introduction

The study of patients with prolonged intensive care unit (ICU)
stays has often been narrowed to focus on patients receiving
prolonged mechanical ventilation, operationalized by receipt of
tracheostomies and feeding tubes.!'?! More recent work has sug-
gested that the persistently critically ill remain in the ICU for a
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range of reasons other than persistent hypercarbia, placing them
at increased risk of developing late organ failures and conse-
quently acquiring other new medical devices.l>-!

Recent work has shown that gastrostomy tube placements
have more than doubled over the past 20 years in the criti-
cally ill and the incidence of tracheostomy placement has also
increased in patients.[s However, the extent to which other new
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medical devices are acquired among the persistently critically ill
remains unknown. Outcomes of such device-acquisition are also
not known. Data have suggested dismal postdevice mortality
in some populations, including ICU patients,””! leading to ques-
tions about the appropriateness of device placements in some
populations.!*-12!

In light of this gap, we sought to understand among the per-
sistently critically ill, how many acquire new medical devices
beyond tracheostomies and feeding tubes, are there patient
characteristics associated with receipt of new medical devices,
and are there differences in 90-day mortality and healthcare
facility use among those who acquire a new medical device as
compared to those who do not.

2. Methods

2.1. Study population

We studied all patients admitted to the ICU from the Veterans
Affairs Patient Database (VAPD) 2014-2019, prior to the
COVID-19 pandemic.'>'* Analyses were approved by the IRB
of the VA Ann Arbor Health System (IRB-2016-357). STROBE
guidelines were followed.

We abstracted data from the VAPD for all patients admit-
ted to the ICU from 2014 to 2019 and used 2013 as a look-
back year to identify patients with preexisting neuromuscular
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diseases. We excluded patients with preexisting neuromuscular
diseases which inherently would contribute to prolonged recov-
eries, and patients with preexisting device placements.

2.2. Identification of persistent critical illness

We defined persistent critical illness as a minimum of 14 consec-
utive ICU days as previously done based on data specific to this
institutional setting and population.*15:1¢!

2.3. Identification of medical device acquisition

We used international classification of diseases ninth (ICD-9) and
international classification of diseases tenth revisions (ICD-10)
procedure codes, and current procedural terminology (CPT) codes
to identify medical device acquisition. Specifically, we measured
new tracheostomy, gastrostomy/jejunostomy tube, implantable
cardiac devices (pacemakers and implantable cardioverter-defibril-
lators), and ostomy acquisition. (See Table, Supplemental digital
content, http:/links.lww.com/MD/G856) Patients with preexist-
ing medical devices were also excluded. For example, patients with
a prior ICD-9, ICD-10, or CPT codes of tracheostomy placement
were excluded from the assessment of a new tracheostomy place-
ment but could acquire new gastrostomy tube placement resulting
in different denominators for each medical device.

ICU hospitalizations
2013-2019
N=613,018

Excluded hospitalizations:
N=145,067*

Myasthenia Gravis: N=1,847
Amyotraphic lateral sclerosis: N=3,296
Multiple sclerosis: N=5,597
Stroke/CVA: N=123,843

Spinal cord injury: N=21,963

N=392,731

ICU hospitalizations 2014-2019

* Hospitalization can have multiple
exclusion diagnosis, also 2013 was
excluded as it was used as a look back

—_

year

ICU LOS <14 days
N=379,547

hospitalization
N=13.184

Persistent critical illness ICU

I_'_I__I

Excluded due to
previous feeding tube?®

Excluded due to
previous tracheostomy

Excluded due to
previous ostomy®

Excluded due to previous
implantable cardiac device®

N=32 N=79 N=24 N=17
Eligible for Eligible for Eligible for Eligible for implantable
tracheostomy feeding tube ostomy cardiac device
N=13,152 N=13,105 N=13,160 N=13,167
Tracheostomy Feeding tube* Ostomy procedures Implantable cardiac
procedures procedures N=675 device procedures
N=2,297 N=2,097 N=299

4Includes percutaneous and surgical gastrostomy/jejunostomy feeding devices
® Includes ileostomy, cecostomy, colostomy
¢ Implantable cardiac device includes cardiac pacemakers and defibrillators

Figure 1. Flow chart.
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Demographics of the ICU hospitalizations in the VA from
2014 to 2019.

Persistent Any new medical
critical illness device
Variable N=13,184 N = 3998
Age (yr) median (IQR) 68 (62, 73) 68 (62, 73)
Race
White: N (%) 9159 (69.5) 2857 (71.5)
African American: N (%) 3115 (23.6) 843 (21.1)
Other: N (%) 910 (6.90) 298 (7.5)
Male: N (%) 12,748 (96.7) 3859 (96.5)
Elixhauser: median (QR) 14 (7,21) 14 (7,22)
VA ICU severity score: median (IQR) 0.07 (0.03,0.17) 0.08 (0.03,0.18)
ICU length of stay (d): median (IQR) 19 (15, 26) 25(18,37)
Hospital length of stay: (d) median (IQR) 28 (20, 41) 38 (26, 57)
In-hospital mortality: N (%) 3171 (24.05) 833 (20.8)

ICU = intensive care unit, IQR = interquartile range, VA = Veterans Administration.

2.4. Healthcare facility use

Among hospital survivors, we used the VAPD to identify discharge
location and duration."¥ Patients who were alive and not known to
be admitted to a healthcare facility were assumed to be at home.!”!

2.5. VA severity score

For internal risk adjustment, the VAPD uses an illness severity score
which predicts 30-day mortality based on several variables (age,
admission diagnosis category, 30 comorbid conditions, and 11 lab-
oratory values) which we calculated on ICU day of admission.!'*!

2.6. Analysis

We present patient characteristics as counts (percentages), means
+ standard deviations, or medians (interquartile ranges [IQRs])
as appropriate. Elixhauser comorbidities were combined using
the method described by van Walraven.!"”! We used 2-sided sig-
nificance testing and considered P < 0.05 to be significant.

We fit logistic regression models to identify patient char-
acteristics (age, gender, race, comorbidities) associated with
acquisition of each new medical device, adjusting for severity of
illness, type of ICU, and hospital length of stay (LOS) preICU
admission.
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Among hospital survivors, we measured 90-day postdis-
charge mortality and healthcare facility utilization. All code is
available at GitHub. (https:/github.com/CCMRcodes/PERCI_
MedicalDevices-.git)

3. Results

From 2014-2019, there were 13,184 ICU hospitalizations in
the VA which developed persistent critical illness (Fig. 1). The
median age of patients was 68 (IQR: 62,73), and patients were
predominately white men with median ICU LOS of 19 days
(IQR 15, 26) and an in-hospital mortality of 24% (Table 1).

In total, 30.4% of patients (N=3998/13,184) acquired at
least 1 medical device during their persistent critical illness
period. The most frequently acquired devices were tracheos-
tomies (17.5%; N = 2297/13,152) and feeding tubes (16.0%;
N = 2097/13,105) with 8.5% (N = 1015/13,079) receiving
both. Other acquired medical devices included ostomies (5.1%:;
N = 675/13,160) and implantable cardiac devices (2.3%; N =
299/13,167).

Patients with a higher severity of illness and prolonged hos-
pital stay preICU admission had higher odds of acquiring each
medical device. (Table 2) Older patients were more likely to
acquire feeding tubes and implantable cardiac devices (Adjusted
odds ratio [aOR]: 1.01, 95% CI: 1.00-1.01 and 1.02, 95% CI:
1.01-1.03 respectively), but patients with more comorbidities
were more likely to acquire implantable cardiac devices (aOR:
1.02, 95% CI: 1.01-1.03). (Table 2)

Among patients who survived their hospitalization, discharge
location and mortality did not differ among those who acquired
a new medical device as compared to those who did not. (Fig. 2)
For example, the majority of patients who acquired a new tra-
cheostomy were discharged home and remained home—similar
to patients who did not acquire a new tracheostomy.

4. Discussion

In this national cohort of persistently critically ill patients,
nearly 1 in 3 acquired a new medical device during their ICU
hospitalization with only 17% acquiring a tracheostomy, and
16% a feeding tube. Patients with a higher severity of illness
and prolonged prelCU admission hospital stay had higher odds
of acquiring each medical device. However, older patients and
patients with more comorbidities were less likely to acquire
a tracheostomy. Acquisition of a new medical device was not

Association of patient-level characteristics comparing patients who received each medical device as compared to those who did not.

Medical devices acquired

Tracheostomy Feeding tube’ Implantable cardiac devicet Ostomyt

Variable a0R 95%Cl Pvalue aOR 95%ClI Pvalue aOR 95%Cl Pvalue aOR 95%Cl Pvalue
Age (y) 099 0.99-1.00 <001 1.01 1.00-1.01 004 102 1.01-1.03 <0.01 1.01  1.00-1.02 0.08
Female (vs Male) 1.06 0.82-1.35 0.67 098 0.75-1.29 089 061 025-1.50 029 1.62  1.07-2.47 0.03
Race (vs White)

Black 0.89 0.79-0.99 0.03 083 074-094 <001 091 068-120 049 0.88  0.72-1.09 0.24

Unknown 110 0.89-1.37 036 1.01 080-1.26 096 1.10 061-2.00 0.75 1.05 0.72-1.54 0.80

Other 1.06 0.80-1.41 068 111 0.83-149 048 155 0.85-2.84 0.15 1.02  0.59-1.76 0.95
Elixhauser (per Walraven point) 1.00 1.00-1.01 019 1.00 1.00-1.01 0.08 105 1.03-1.06 <001 098 0.97-0.99 <0.01
VA risk score (per percent) 152 1.11-2.09 0.01 1.87 1.35-2.60 <0.01 0.01 0.00-0.05 <0.01 3.76  2.03-6.97 <0.01
Hospital LOS prior to ICU admission (per day) 1.01  1.01-1.02 <0.01  1.01 1.01-1.02 <0.01 1.01 1.00-1.01  0.04 1.01  1.00-1.01 <0.01
ICU type (vs medical)

Surgical 1.01 091-111 093 142 1.28-157 <0.01 203 157-263 <001 1197 960-1492  <0.01

Cardiac 0.09 0.05-0.18 <0.01 011 0.06-0.22 <0.01 564 3.92-811 <0.01 0.19  0.03-1.40 0.10

a0R = Adjusted odd ratio, Cl = Confidence interval, VA = Veterans Administration, LOS = Length of stay, ICU = Intensive care unit.

*Includes gastrostomy/jejunostomy feeding devices.
tincludes ileostomy, cecostomy, colostomy.
Fincludes implantable cardiac pacemakers and cardiac defibrillators.
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Figure 2. Healthcare facility use and mortality 90-days after discharge among survivors by subgroups. Patients are depicted as being at home (blue), admitted

to a non-acute facility (orange), admitted to a hospital (red), or dead (black).

associated with higher 90-day postdischarge healthcare facility
use or mortality.

4.1. Relationship to previous studies

Historically, prolonged ICU stays were thought to be synony-
mous with prolonged mechanical ventilation, which was oper-
ationalized by the need for tracheostomy.!"*! Recent work has
challenged this definition and has found that the persistently
critically ill often acquire other new late onset organ failures
beyond respiratory failure.>*%21 Our work validates and

expands our knowledge by evaluating the epidemiology of the
persistently critically ill beyond tracheostomies and feeding
tubes. Our work also infers that defining the persistently criti-
cally ill by any medical device is likely to miss a significant pro-
portion of patients.

Multiple single center studies have demonstrated that patient
characteristics on ICU admission cannot reliably identify who
will develop persistent critical illness.>*%?2 However recent
work has found that frailty is associated with the develop-
ment of persistent critical illness and subsequent mortality.?’!
Additionally frailty has been associated with increased ICU
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organ support.?*! Our work found that patients with higher
severity of illness on ICU admission and prolonged hospitaliza-
tion prior to ICU admission had a higher odds of acquiring each
medical device which may add support that frailty is contribut-
ing to device acquisition.

Significant morbidity, mortality, and hospital utilization has
been reported for patients with prolonged ICU stays.![!252¢l
Interestingly, our work found that new medical device acqui-
sition was not associated with higher 90-day postdischarge
healthcare facility use or mortality as compared to patients
with similarly long initial stays but who did not acquire a new
medical device. In this way, our results appear quite different
from those reported by Law et al who found that among a fee-
for-service Medicare ICU cohort who acquired a new tracheos-
tomy, gastrostomy or both, over half the cohort died within 180
days of the procedure.”’ Notably, the patient populations are
not identical even in the different systems, as Law et al presents
work on all ICU patients, not just those with persistent critical
illness.””! Yet, these differences between VA and Medicare data
raise an urgent question about the extent to which the short-
term outcomes for the persistently critically ill who acquire new
medical devices may not have worse outcomes, or the extent
to which such worse outcomes are driven by differences in
patient-selection, postdischarge quality of care, or other mod-
ifiable factors.

There are several limitations to our study. First, we used a
cohort of Veterans who are disproportionately white men and
may not be representative of other cohorts in other health sys-
tems. Second, we could not account for patient’s code status or
limitations of care which may impact the acquisition of medi-
cal devices. Third, we do not know timing of device acquisition
within the ICU hospitalization. Fourth, we cannot account for
treatment costs.

5. Conclusions

Less than one-third of patients with persistent critical illness
acquire a new medical device and no significant difference in
short-term outcomes was identified. Future work is needed to
understand if the acquisition of new medical devices is contrib-
uting to the development of persistent critical illness.
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