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Abstract

Background: Critical care patients receive 50% of gastrostomy tubes placed in the United States. Several gastrostomy placement
methods exist, however care processes remain variable and often lack health system cost effectiveness. No data exists on effi-
ciency or cost impact of performing bedside percutaneous ultrasound gastrostomy (PUG) on patients with ventilator-dependent
respiratory failure. This study’s objective was to determine if implementing bedside PUG would positively impact efficiency and
cost outcomes in intensive care unit (ICU) patients compared to usual care gastrostomy. Design and Methods: This is a ret-
rospective cohort study of patients with ventilator-dependent respiratory failure who received a gastrostomy consult or proce-
dure in the ICU. Patients received PUG or usual care gastrostomy, determined by the presiding attending’s skillset, and both
groups were compared across patients’ demographics, clinical characteristics and outcomes. Primary outcomes were length
of stay (LOS) and total hospital costs. Results: A total of 88 patients were included in the analysis, 45 patients in the PUG
group and 43 in the usual care gastrostomy group. No differences were observed in demographic and clinical characteristics.
Patients who received PUG had a significantly shorter mean ICULOS and hospital LOS, with reductions of 5.0 and 8.7 days,
respectively. Total hospital costs were significantly reduced in the PUG group, with a cost savings of US $26,621 per patient.
No differences in mortality or discharge disposition were observed. PUG patients received concomitant percutaneous dilatation
tracheostomy (PDT) and PUG (“TPUG”) 70% of the time, whereas no usual care patients received concomitant procedures. Off-
hour procedures occurred in 53.3% of PUG and 4.6% of usual care gastrostomy. Conclusions: This study demonstrates bedside
PUG leads to decreased LOS and total hospital costs in patients with ventilator-dependent respiratory failure. Hospital costs
were significantly reduced with a per patient savings of $26,621 compared to usual care gastrostomy.
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bedside gastrostomy service models in critically ill patients
via PEG.>”" However, many critical care patients continue to
have gastrostomy tube placement performed in operating
rooms, or alternatively, at the bedside with a mobile endoscopy

Introduction

Approximately 250,000 gastrostomy tubes are placed in the
United States every year and at least 50% of gastrostomy
tubes placed are in the critically ill patient population.’* The
most common methods for placing gastrostomy tubes in criti-
cally ill patients are percutaneous endoscopic gastrostomy

(PEG) and percutaneous radiographic gastrostomy (PRG),
both typically requiring consultant assistance and operating
suites.** The ability to perform gastrostomy at the bedside in
the Intensive Care Unit (ICU) utilizing mobile endoscopy
towers has been documented since the 1980s; however, this
approach has not been broadly translated into bedside gastro-
stomy placement as a standard of care.>® Studies have
described safety, feasibility, and healthcare system benefits of
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unit. Both approaches require coordination among multiple
consulting services and associated equipment, leading to
extended ICU and hospital lengths of stay (LOS) and increased
healthcare costs."’

Critical care units with bedside tracheostomy services expe-
riencing delays in timely gastrostomy, such as ours, have con-
sidered adding bedside gastrostomy options like PEG. Research
has shown both gastroscopic and bronchoscopic bedside PEG
placement as safe and feasible, but have not broadly considered
the long-term safety, credentialing and medical-legal issues
imposed by these methods.”!" The transillumination technique
in PEG is imprecise and cannot visualize subcutaneous organs
in the vicinity of the stomach. The broad adoption of bedside
PEG is challenging from a physician-credentialing and regula-
tory perspective. Bronchoscopes are not FDA-approved for
gastrostomy placement, nor for gastrointestinal diagnostic sur-
veillance below the larynx. Our team could not pursue
bedside PEG as an option given credentialing hurdles in
using gastroscopes and adding new procedures for broncho-
scopes to physicians’ delineation of privileges associated with
off-label device usage and the associated medical-legal risks.

Percutaneous ultrasound gastrostomy (PUG) is a broadly
accessible bedside gastrostomy procedure shown to be safe
and effective, using point-of-care ultrasound rather than endos-
copy.*!'%!® Utilizing a magnetic gastropexy, PUG enables real
time ultrasound visualization of the access needle and surround-
ing viscera during gastrostomy tract formation, similar to ultra-
sound visualization in central line placement. Due to the
magnetic gastropexy, PUG is contraindicated in patients with
implanted electronically active medical devices, however,
PUG otherwise shares similar indications and contraindications
as other percutaneous gastrostomy methods. Ultrasound avail-
ability enables PUG performance at the bedside by the
primary critical care team or other consultants as soon as the
need for gastrostomy arises. PUG can also be performed con-
comitantly with bedside percutaneous dilatational tracheostomy
(PDT) in an effort to gain efficiencies in care and/or decrease
healthcare costs, particularly when long-term care facilities
require tracheostomy and gastrostomy tubes for patient dis-
charge.”'® Currently, no research exists to assess the efficiency
or cost impact of performing bedside PUG on patients with
ventilator-dependent respiratory failure.

We hypothesized that performance of bedside PUG by crit-
ical care attendings would positively impact efficiency and cost
outcomes in ICU patients compared with usual care gastro-
stomy practice. We evaluated the characteristics and outcomes
of critically ill patients in our 36-bed mixed medical/surgical
ICU receiving bedside PUG and usual care gastrostomy.

Methods

The University of Maryland Baltimore Washington Medical
Center is a 285-bed, academically affiliated community hospital
within a large academic medical system. The ICU is a 36-bed,
closed, mixed medical/surgical ICU managed by a physician
group of ten Pulmonary and Critical Care Medicine board-

certified physicians. All patients that underwent gastrostomy
tube placement while admitted to the ICU were included for
analysis. The local institutional review board at the University
of Maryland School of Medicine reviewed the study and deter-
mined that it was exempt from full review.

Five of the ten critical care physicians were trained in PUG
in order to perform bedside gastrostomy placement when indi-
cated. Methods for performing PUG have been previously
described by this group as well as others.*'>"'® Critical care
physicians not trained in PUG relied on usual care gastrostomy
placement processes (i.e. consultation and placement by gastro-
enterology or interventional radiology services in the operating
suite). Patients received PUG or usual care gastrostomy based
on which of these two groups of physicians were attending
on the unit.

All ICU patients with ventilator-dependent respiratory
failure who received a gastrostomy consult or procedure
while in the ICU were included from July 2020 through
March 2021 to align with available data from the current
fiscal year. July 2020 also marked the end, or nadir, of the
first wave of the COVID-19 pandemic in our region; therefore,
hospital facilities and surgical resources had normalized.
Clinical and demographic data were retrieved from the hospi-
tal’s electronic medical record (Epic™), and economic data
were retrieved from the hospital’s cost accounting system
including fixed direct, indirect, variable, and total costs for
each unique hospital stay. The primary outcomes were LOS
(ICU and hospital) and total hospital costs. Secondary outcomes
included mortality and discharge disposition. Patient demo-
graphic and clinical characteristics thought to potentially influ-
ence LOS and hospital costs, such as age, COVID status,
insurance status, and severity of illness were compared.

Patient demographics, clinical characteristics and outcomes
data were compared between patients who received PUG and
usual care gastrostomy. For parametric data, two-tailed t-tests
were used to compare variables between the groups, and for
non-parametric data, two-tailed Mann-Whitney U tests were
utilized. Dependencies on age, gender, BMI, Service Intensity
Score and COVID-19 status were evaluated. A significance
level of 0.05 was used for all analyses. Of note, this study
was not powered to assess morbidity and mortality benefits of
performing bedside PUG on patients with ventilator-dependent
respiratory failure. Stata Version 13.1 (StataCorp (2015).
Statistical Software: Release 13. College Station, TX:
StataCorp LP) was used for all analyses by a third-party
research partner, TTI Health Research and Economics.

Results

Over a 9-month period, a total of 90 adult critically ill patients
with ventilator-dependent respiratory failure received percuta-
neous gastrostomy. Two patients, one from each group, were
excluded for statistical purposes due to hospital lengths of
stay in excess of 3 standard deviations from the mean. A total
of 88 patients were included in the analysis. 45 patients were
in the PUG group and 43 in the usual care group. The two
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Table I. Demographics and Clinical Characteristics.

Usual Care (N=43) PUG (N =45) p value

Age, Mean (SD) 61.4 (14.4) 63.6 (12.6) 45
Gender (M=Male, F=Female) 28M, IS5 F 26 M, I9F .50
Race (W =White, B=Black, O = Other) 27W,10B,6 O 28W,8B,90 .80
Body Mass Index (kg / m?), Mean (SD) 35.23 (13.26) 35.38 (13.19) .96
Primary Payor

Medicare 19 Medicare 18 Medicare .90

Medicaid 5 Medicaid 5 Medicaid

Private Insurance |9 Private 22 Private
COVID Status (Y = Positive, N = Negative) 28 Y, I5N 31'Y, 14N 71
Service Intensity Weight,* Mean (SD) 9.88 (2.31) 10.73 (1.68) .086
Table 2. Primary and Secondary Outcomes.

Usual Care (N =43) PUG (N =45) Difference p value

ICU LOS, Days (SD) 25.50 (12.84) 20.48 (9.83) 5.01 .042
Hospital LOS, Days (SD) 37.58 (17.88) 28.84 (11.32) 8.74 .008
Total Hospital Costs, $USD (SD) $139,269 ($60,223) $112,648 ($46,516) $26,621 .023
Mortality, Count (Percentage) 8/43 (18.6%) 6/45 (13.3%) 5.3% .50
Discharge Disposition

S=SNF or LTAC 19§ 21 S .95

H=Home or Home Health Svc. 9H 9H

R =Rehab Facility 5R 7R

E = Expired 8E 6E

O =Other 20 20

groups were similar across patient characteristics as shown in
Table 1.

Patients who received bedside gastrostomy via PUG had
a significantly shorter mean ICU LOS (20.48 vs. 25.50 days,
P=.042) as well as a shorter mean hospital LOS (28.8 vs.
37.6 days, P=.008). Total hospital cost was significantly
decreased in the PUG group, with a difference of US $26,621
in cost saving per patient ($112,648 vs. $139,269, P=.023).
No difference in mortality was observed between PUG and
usual care group (13.3% vs. 18.6%, P =.50). Discharge status
also showed no difference between groups, with most patients
discharged to long-term care facilities. Patient group primary
and secondary outcome comparisons are shown in Table 2.

No statistical difference was observed between groups com-
paring time from ICU admission to time of indication for gastro-
stomy. However, highly significant differences were observed in
timing metrics post-gastrostomy indication. PUG procedures were
performed 4 days earlier than usual care gastrostomies post gastro-
stomy indication (1.48 vs. 5.63 days, P<.0001). As expected, no
patients in the usual care group could receive concomitant
bedside gastrostomy and PDT, whereas 70% of the PUG group
patients had concomitant PDT and PUG (“TPUG”). Time compar-
isons of procedure indication and completion between the PUG and
usual care groups is shown in Table 3.

Table 4 details further analysis of gastrostomy process and
delays. PUG procedures had a lower procedure success rate
when compared to usual care gastrostomy placement (79%
vs. 95%, P=.029). All unsuccessful PUG cases were safely

aborted, without complications, and fell into categories of ana-
tomical limitations (6), technical limitations (3), or no reasons
documented (3). PUG procedures were less likely to be post-
poned compared to usual care gastrostomy (16% vs. 44%,
P =.003) and PUG procedures were also more likely to be
performed off-hours compared to usual care (54.5% vs.
4.6%, P<.0001).

Discussion

Our study demonstrates that PUG placement in patients with
ventilator-dependent respiratory failure requiring a gastrostomy
is associated with significantly decreased ICU and hospital LOS
as well as total hospital costs, compared to usual care gastro-
stomy. The primary outcomes for this study were ICU and hos-
pital LOS and total hospital costs, which were all found to be
significantly decreased in the PUG cohort. Extrapolating the
$26,600 cost savings per patient to the entire study group
would translate to an annualized $2.5 Million cost reduction
for the medical system that the study hospital was part of
($26,621 * 88 * 12/9 * 80%). No significant difference
between groups was observed for secondary outcomes of mor-
tality and disposition conditions, although this study was not
designed or powered to detect such differences.

To our knowledge, this is the first study in a mixed medical/
surgical ICU population with ventilator-dependent respiratory
failure demonstrating that more timely gastrostomy, via
reduced gastrostomy placement delays, leads to significantly
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Table 3. Gastrostomy Efficiency Metrics.

Usual Care (N=43) PUG (N=45) Difference p value
Time from Admission to G-tube Indicated, Days (SD) 10.70 9.39 1.32 .23
[no change expected] (5.98) (3.97)
Concomitant Tracheostomy + Gastrostomy Performed, Count (%) 0/43 32/45 <.0001
(0%) (71.1%)
Time from Tracheostomy to Gastrostomy Completed, Days (SD) 7.17 1.33 5.84 <.0001
(4.62) (3.52)
ICU LOS After Tracheostomy (Trach to ICU Discharge), Days (SD) 15.78 11.05 4.74 .033
(10.87) (9.10)
G-tube Indication to Gastrostomy Completed, Days (SD) 5.63 1.48 4.14 <.0001
(3.50) (2.21)
ICU LOS after G-tube Indication (G-tube consult to ICU discharge), Days (SD) 14.33 11.44 2.89 191
(10.74) (9.47)
Table 4. Gastrostomy Delay and Feasibility Metrics.
Usual Care (N=43) PUG (N =45) p value
Procedure Successful, Count (%) 41/43 (95%) 45/56 (80%) .029
Procedure Postponed, Count (%) 19/43 (44%) 7/45 (16%) .003
Reasons:
Consent / Family, Count 6 0
Operational / Scheduling, Count 7 0
Clinical Condition Change, Count 6 7
Procedure Timing:
Off-hours Gastrostomy, Count (%) 2/43 24/45 <.0001
(4.6%) (53.3%)
Off-hours:
Evening/Night, Count | 18
Weekend, Count 0 5

Holiday, Count |

decreased LOS and hospital costs. From a LOS perspective, a
neurocritical care conference presentation on a PUG study
showed a statistically significant 8-day ICU LOS reduction in
patients receiving TPUG versus usual care (PDT and delayed
bedside PEG).!” Prior research from an academic
Neurocritical Care Unit showed similar decreases in LOS and
hospital costs when gastrostomy is performed concomitantly
with PDT in ventilator-dependent critically ill patients.” The
intervention arm in the Nobleza study had an average 6-day
reduction in ICU LOS caused by an average 8-day delay in gas-
trostomy tube placement after indication in the usual care
group, which was thought to be multifactorial.

Our analysis of procedure timing and delays in Table 4 pro-
vides insight into potential common causes of delays in usual
care gastrostomy placement, which have not been widely
studied. When comparing procedure timing across standard
operational hours (Monday — Friday 9am — Spm), PUG proce-
dures were 10 times more likely than usual care gastrostomies
to occur during off-hours. The ability of the primary ICU
team to perform PUG during time windows when consultants
were not available made a large contribution to timely gastro-
stomy. Furthermore, scheduling challenges with consultant
teams, and consenting of patients by off-unit providers were
also identified as contributors to gastrostomy postponement.

As expected, no difference was found between groups for post-
ponement associated with changes in clinical conditions.

As has been demonstrated in cost effectiveness research
related to other procedures, such as central lines and PDT, tran-
sitioning to a model where procedures are performed by the
primary team at the bedside alleviates the root causes of proce-
dural delays.'®'? The term, “right line, right time,” may now be
applicable to gastrostomy tube placement. Safety advantages of
reducing ICU LOS have been well documented in medical lit-
erature.'® A further advantage of bedside PUG in the
COVID-19 era is the ability to perform necessary procedures
without moving contagious patients or equipment throughout
the hospital-reducing the risk of contaminating surgical suites
and other patients.'®

Limitations in this study include the retrospective design and
single center setting. Retrospective studies have potential biases
in data collection and data analysis, and lack patient randomiza-
tion and provider blinding. Our ICU census was cross-checked
against billing data, and all admitted patients during the study
period had their charts reviewed by trained research coordina-
tors for gastrostomy indication and further clinical and out-
comes data. Therefore, it is doubtful that cases or data were
missed and not included in the analysis. Blinding is difficult
or impossible for a surgical intervention such as gastrostomy.
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Since only a subset of physicians were trained in PUG, selection
bias was minimized, given the random nature of the critical care
physician scheduling. Whether a patient was selected for PUG
or usual care gastrostomy was based on whether a PUG-trained
ICU physician was attending at the time of gastrostomy indica-
tion. It is also important to note that patient crossover could
occur, in both directions, and patients were grouped based on
the procedure ultimately received. For example, patients
which had safely aborted PUGs were then referred for usual
care gastrostomy. In the inverse scenario, patients with gastro-
stomy indication may have had a usual care gastrostomy
consult placed late in the week, but when the schedule
changed to an attending with PUG privileges, that patient
would receive a PUG.

Importantly, the providers performing procedures and initi-
ating gastrostomy consults in this study did not know they
were being studied, as the IRB was requested on November
2, 2020, halfway through the study period, so the Hawthorne
effect could not have impacted the results of the procedures
during that time period. Because the study period was during
the COVID-19 pandemic, consultant responsiveness and avail-
ability may have been less than during non-COVID-19 times.
However, our quality data from 2019, which was the impetus
for our group to explore more timely gastrostomy options, dem-
onstrated an average 4 day delay in gastrostomy tube place-
ment, similar to the delay reported in this study and other
studies.”!” Our ICU is a large mixed medical/surgical ICU,
but the study population includes mostly medical patients;
therefore, our findings might be applicable to large medical
ICU cohorts only. Medical patients are known to have the
most variability in critically ill populations; therefore, a more
predictable specialty ICU may see the same benefit or even
greater benefits in getting their patients with ventilator depen-
dence timely gastrostomy. For example, Nobleza and Parikh
neurocritical care studies showed larger LOS reductions and
Nobleza’s study showed a larger cost savings of $35,000 per
patient with timely gastrostomy.”"!”

Future studies will be necessary to demonstrate the applica-
bility of our findings in multicenter and more specialized ICU
settings such as neuro, trauma and cardiac critical care units.
Furthermore, future studies can attempt to determine if patients’
nutritional status is optimized by timely gastrostomy. These
studies could also determine whether efficiencies gained in gas-
trostomy placement ultimately lead to decreased patient mor-
bidity and mortality via reducing periods of malnutrition and
reducing time in the ICU.

Conclusion

This study supports implementation of bedside PUG in ICUs
where gastrostomy is not performed at the bedside or where
typical delays exist in bedside gastrostomy placement. Timely
gastrostomy is associated with significantly decreased ICU
LOS and hospital LOS for patients with ventilator-dependent
respiratory failure. Hospital costs were significantly reduced,
a per patient savings of $26,600, specifically attributed to the

significantly reduced time delay in achieving gastrostomy
placement. PUG performed at the bedside by the primary
ICU team also minimizes patient transport, care handoffs, and
exposures to COVID-19.
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