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Abstract

Background and Aims Upper GI bleeding (UGIB) is a common indication for inpatient esophagogastroduodenoscopy (EGD).
Guideline adherence improves post-EGD care, including appropriate medication dosing/duration and follow-up procedures
that reduce UGIB-related morbidity. We aimed to optimize and standardize post-EGD documentation to improve process
and clinical outcomes in UGIB-related care.

Methods We performed a prospective quality improvement study of inpatient UGIB endoscopies at an academic tertiary
referral center during 6/2019-7/2021. Guidelines were used to develop etiology/severity-specific electronic health record
note templates. Participants (39 faculty/15 trainees) completed 10-min training in template content/use. We collected pre/
post-intervention process data on ‘“Minimal Standard Report” (MSR) documentation including patient disposition, diet, and
medications. We also recorded documentation of re-bleed precautions and follow-up procedures. Study outcomes included
guideline-based medication prescriptions, ordering of follow-up EGD, and post-discharge re-bleeding. Pre/post-intervention
analysis was performed using chi-square tests.

Results From a pre-intervention baseline of 199 patients to 459 patients post-intervention, compliance improved with inpa-
tient PPI (53.4-77.9%, p <0.001) and discharge PPI (31.3-61.0%, p <0.001) prescriptions. There was improvement in MSR
completion (28.6-42.5%, p <0.001). Compliance improved with octreotide prescriptions (75.0-93.6%, p =0.002) and follow-
up EGD order (61.3-87.1%, p <0.001). There was no change in post-discharge re-bleeding. 82.6% of cases used templates.
Conclusions Our project leveraged endoscopy software to standardize documentation, resulting in improved clinical care
behavior and efficiency. Our intervention required low burden of maintenance, and sustainability with high utilization over
9 months. Similar endoscopy templates can be applied to other health systems and procedures to improve care.

Keywords Upper gastrointestinal bleeding - Standardization - Electronic health record - Minimal-standard report

Abbreviations GI Gastrointestinal
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Gastroenterology Annual Meeting in the Presidential Plenary UGIB Upper gastrointestinal bleeding
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prevent re-bleeding. EGD findings dictate important post-
procedure care, including (1) Timing/type of diet [3], (2)
Medications to treat/prevent re-bleeding (proton pump inhib-
itors (PPIs) or octreotide) [3, 4] or minimize complications
(antibiotics in cirrhosis) [4], (3) Acuity of inpatient care, and
(4) Follow-up EGD as an inpatient (i.e., prevent re-bleeding)
[5] or outpatient (i.e., rule out neoplasia and surveillance).
The endoscopist is responsible for communicating these
important, standard-of-care follow-up recommendations
to the consulting service and patient. This communication
often occurs through the documented endoscopy report, con-
sultation notes, and verbal communication.

Adherence to guideline-based care in inpatient UGIB
can decrease length of stay, reduce costs/patient harms, and
improve outcomes [6, 7]. The potential harms associated
with antibiotic [8] and PPI overuse [9] are well documented.
Overutilization of follow-up endoscopies contributes to cost
[10] and underuse raises the risk of re-bleeding and missed
high-risk varices [11] or neoplasia [12, 13]. Unfortunately,
post-EGD standard-of-care is not uniformly followed,
resulting in medical errors of omission and commission.
For example, low-risk peptic ulcer disease and esophagitis
carry low risk of re-bleeding, thus warrant oral PPI and early
discharge [14], but intravenous (IV) PPI overuse is common
[15, 16]. Follow-up EGDs are often both over and under
recommended [17].

A possible contributor to non-adherence to post-EGD
standard-of-care may be inconsistent communication of rec-
ommendations. Deficiencies in endoscopist documentation
have been observed in several diseases including inflam-
matory bowel disease, varices, and Barrett’s esophagus
[18-20]. Professional GI societies have defined “Minimal
Standard Terminology” for endoscopic classification of
pathology [21], but there are currently few requirements
regarding what elements should be in a Minimal Standard
Report (MSR) including recommendations and follow-up
[22]. Outside of the non-closed loop communications of the
endoscopy report/consultation note, the inpatient GI ser-
vice often provides verbal and/or electronic health record
(EHR)-mediated recommendations to consulting services.
However, in the era of shift-work [23], these messages and
results can be missed during handoffs due to both incomplete
documentation and information overload in the EHR [24,
25]. Given that communication failure is one of the leading
causes for medication errors and other safety events [26],
timely, precise, and comprehensive endoscopic documenta-
tion of post-procedure recommendations (diet, medications,
acuity of care, follow-up) from endoscopist to consulting
teams (primary providers and nursing staff) can serve a criti-
cal role in guideline-adherent post-EGD care.

Our quality improvement (QI) study leveraged the EHR
as a platform for intervention to address gaps between post-
endoscopic communication and clinical care after UGIB.

The aim of our study was to streamline and standardize
post-EGD documentation of recommendations to improve
guideline-adherent care for inpatient UGIB patients.

Methods
Setting and Target Patient Population

This QI project was conducted at a high-volume (703 beds)
tertiary academic referral medical center (including liver
transplantation) where inpatients with UGIB are cared for by
teaching and non-teaching services in the inpatient ward and
step-down/intensive care units [27]. All inpatient endoscopic
procedures are performed by a teaching gastroenterology
consultation or hepatology service. We included patients
aged 18 and over who underwent inpatient EGD (includ-
ing antegrade small bowel enteroscopy) for gastrointestinal
bleeding or anemia between June-2019 through July-2021.
There were no exclusion criteria. The study was exempt as
“Not-Human Subject Research” after review by the Colo-
rado Multiple Institutions Review Board.

Intervention Framework and Development

We used the Standards for Quality Improvement Reporting
Excellence (SQUIRE) framework to describe our QI study
[28], which standardizes assessment of the domains that
impact the viability of a QI project: the project team, exist-
ing microsystem, local QI support/capacity, presiding clini-
cal organization, and external environment. We met with
our multidisciplinary stakeholder team (gastroenterology
and medicine faculty, trainees, and nurses) twice between
November-2019 and January-2020 to identify potential tar-
gets for intervention. We used a fishbone diagram to organ-
ize contributors to our problem such as medical knowledge
(i.e., UGIB guidelines), diagnostic reasoning (i.e., re-bleed-
ing mitigation), therapeutic choices (i.e., inconsistent medi-
cation prescriptions), materials/machines (i.e., lack of real-
time endoscopic documentation and multiple EHR systems),
personnel/people (i.e., shift handoffs), and communication
(i.e., fragmented multidisciplinary teams) (See Supplemen-
tary Digital Content 1, which shows the fishbone diagram)
[29]. We used swimlane diagrams to map complex multi-
disciplinary system processes (See Supplementary Digital
Content 2, which shows a sample swimlane diagram) [29].

Based on stakeholder team input, we identified guide-
line-based, specific communication of recommendations
as the top priority to improve post-EGD care. The endos-
copy report was identified as the ideal platform to com-
municate recommendations since it is completed by the
providers who are best suited to provide the recommenda-
tions (endoscopist) at a time when all of the information for
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complete recommendations is available (post-procedure). It
is also the single document that all team members review
post-procedure, is stored in a designated results/procedures
area of the EHR (thus unlikely to get obscured among other
notes), and is available to primary care providers/patients
via online portal.

To optimize delivery of thorough post-procedural rec-
ommendations, we developed integrated endoscopy report
templates. Because post-procedure recommendations differ
based on etiology of bleeding/risk of re-bleeding, we utilized
the most widely accepted 2007 American Association for
the Study of Liver Diseases guidelines on variceal UGIB
[4], 2019 International Consensus Group guidelines on non-
variceal UGIB [3], and established 2015 quality measures
from the American Society of Gastrointestinal Endoscopy/
American College of Gastroenterology Task Force on Qual-
ity in Endoscopy[5] to build five etiology- and severity-spe-
cific note templates within institutional endoscopy software
(Provation, Minneapolis, Minnesota) (Table 1). Guided
by stakeholder feedback, we built three core templates in
summer 2020 (high-risk non-variceal UGIB, low-risk non-
variceal UGIB, variceal UGIB) and two additional templates
in February/March 2021 (portal hypertensive gastropathy
and obscure overt GI bleeding) (See Supplementary Digi-
tal Contents 3—7, which show sample templates). After the
templates were pilot-tested among 3 endoscopists over a
four-week period, 39 gastroenterology/hepatology faculty,
and 15 gastroenterology fellows completed a 10-min train-
ing session on template content (i.e., free-text and selectable
options for core templates) and use (i.e., workflow to access
templates) led by TY.

Data Collection and Outcomes

All eligible upper endoscopies were identified from insti-
tutional endoscopy software (Provation). Data collection
was performed through a combination of structured EHR
data output (Provation) and manual chart review (Epic,
Verona, Wisconsin) [30]. Accuracy of data entry was
audited by two independent personnel (TY, JE) for 10% of
all data entries. All data were collected and managed using
Research Electronic Data Capture (REDCap) [31]. Retro-
spective pre-intervention data on all consecutive patients
were collected from December-2019 to January-2020,
and one-week blocks were collected from June-2019 to
November-2019 using simple randomization to ensure pre-
intervention data were representative of rotating provider
schedules. Post-intervention data were collected Novem-
ber-2020 through July-2021 after the intervention was
implemented in October-2020. We collected patient demo-
graphics, American Society of Anesthesiologists (ASA)
classification, date/time of procedure, daily endoscopy

@ Springer

center procedural volume, provider specialty, trainee
involvement, level of care, admission diagnosis, hospital
length of stay, readmission within 30 days of discharge for
diagnosis of gastrointestinal bleeding or anemia, same-day
colonoscopy, endoscopy findings, and interventions.

We collected provider process metrics including com-
pleteness (present/absent) of documentation of standard-
of-care recommendations (patient disposition, diet, medi-
cations, re-bleeding scenarios, repeat endoscopy) and
usage of templates. To measure the burden of our inter-
vention on workload, the number of mouse “clicks,” free-
text characters, and time required to document a complete
endoscopic report was recorded/compared in a testing ses-
sion with and without the use of each template.

We collected clinical care metrics including standard-
of-care medication regimens and appropriate planning for
repeat EGD when indicated. Standard-of-care medication
regimens were defined as adherence to the regimen rec-
ommended in the endoscopy report or guideline-based
regimens [3-5] based on lesion and intervention success.
Inpatient medication regimens were considered compli-
ant if implemented within 24-h post procedure. Outpatient
medication regimens were considered compliant if the dis-
charge prescription was for the correct class and dose of
medication and if an appropriate stop-date was noted on
the discharge prescription. Plans for repeat EGD, if indi-
cated based on culprit lesion or stated recommendation,
was considered compliant if a follow-up EGD was sched-
uled or ordered by the day of discharge from the hospital.

We defined a Minimal Standard Report (MSR) consist-
ing of disposition, diet, and etiology-specific medication
recommendations.

Iterative Quality Improvement

After core templates were implemented in October-2020,
we utilized stakeholder feedback and Pareto charting (See
Supplementary Digital Content 8, which shows a sam-
ple Pareto chart) to target areas for high-impact iterative
improvements. Pareto charting, based on the principle that
80% of a problem derives from 20% of the causes, tracks
the frequency of individual defects (i.e., process/clinical
care metrics) and their cumulative impact on non-compli-
ance (i.e., MSR and overall care non-compliance) [32].
Our iterative improvements included refinement of tem-
plate content, addition of “obscure overt gastrointestinal
bleeding” & “portal hypertensive gastropathy” templates,
refinement of existing EHR gastroenterology consult
notes, and training of new first-year fellow providers at
3,5, 7, and 9 months after core template implementation

(Fig. 1).
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Sample Size and Statistical Analysis logistic regression was performed on all significant covariates

with p value less than 0.05. All tests were two-sided and evalu-

To have 80% power to detect a 20% improvement in inpatient ~ ated at an alpha of 0.05, unless otherwise specified. R Version
PPI dose/route, discharge PPI dose/frequency and repeat  4.0.2 (R Core Team, 2020) was used for all analyses.
EGD recommendation, assuming a baseline performance
of 40%, a minimum of 97 patients in each group pre- and
post- intervention were required, respectively.

Means and frequencies were calculated. Chi-square tests
were used to compare pre- and post-intervention baseline char-
acteristics, process, and clinical care metrics. Multivariable
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Results

Of 658 patients who underwent inpatient EGD for UGIB,
146(22.2%) had varices, 127(19.3%) had portal hyperten-
sive gastropathy, 347(52.7%) had excavated/inflammatory
lesions (ulcer/erosion, Cameron lesion, Mallory—Weiss tear,
esophagitis, gastritis, or duodenitis), 36(5.5%) had vascular
lesions (Dieulafoy lesion, arteriovenous malformation/ecta-
sia, gastric antral vascular ectasia), and 12(1.8%) had malig-
nancy. 462(70.2%) had multiple coexisting lesions (Table 2).

When comparing baseline characteristics of 199 patients
pre-intervention versus 459 patients post-intervention,
patients in the post-intervention group had more advanced
ASA classification (82.6 vs 58.3%, p <0.001), higher risk
lesions (33.3% vs 22.7%, p=0.007), and more concurrent
lesions (73.2% vs 63.3%, p=0.011). Overall endoscopy
center procedural volume (41.3 vs 51.1 procedures/day,
p<0.001) was lower in the post-intervention period. There

were otherwise no significant differences in patient, proce-
dural, or lesion characteristics (Table 2).

Process Metrics

Workload was reduced by a mean of 33 “clicks,” 356
free-text characters, and 2 min per report. Template usage
remained above 75% after implementation (Fig. 1A) for an
aggregate utilization of 82.6%. Inclusion of diet and dis-
position recommendations in the EGD report significantly
improved from 63.3 and 66.8% pre-intervention, to 73.0%
and 75.4% post-intervention (p =0.013 and p=0.024),
respectively. Re-bleeding guidance recommendations also
improved from 18.6 to 43.8% (p <0.001). Other metrics did
not significantly change after intervention. Overall fulfill-
ment of MSR criteria significantly improved from 28.6 to
42.5% (p <0.001) (Table 3).

Table 2 Patient, procedure, and lesion characteristics pre and post core template implementation

Overall Pre-Intervention Post-Intervention P
n (%) n (%)
n=199 n=459
Patient characteristics
Age (years, SD) 58.4 (16.3) 58.4 (16.3) 58.4 (16.3) 0.967
Male sex 382 (58.1%) 119 (59.8%) 263 (57.3%) 0.550
Admission for bleeding or anemia 374 (56.8%) 121 (60.8%) 253 (55.1%) 0.176
Floor level of care (vs intensive care unit) 516 (78.4%) 152 (76.4%) 364 (79.3%) 0.403
Length of stay (days, SD) 9.7 (13.3) 9.1 (14.2) 9.9 (13.0) 0.441
Readmission for bleeding or anemia 53 (8.1%) 15 (7.5%) 38 (8.3%) 0.748
ASA classification I1I-V 495 (75.2%) 116 (58.3%) 379 (82.6%) <0.001
Primary care physician listed 557 (84.7%) 170 (85.4%) 387 (84.3%) 0.716
Procedure characteristics
Weekday procedure 562 (85.4%) 167 (83.9%) 395 (86.1%) 0.476
Daytime procedure 642 (97.6%) 192 (96.5%) 450 (98.0%) 0.234
Daily endoscopy center volume (mean, SD) 44.3 (22.2) 51.1 (25.0) 41.3 (20.1) <0.001
Gastroenterology endoscopist (vs hepatologist) 588 (89.4%) 176 (88.4%) 412 (89.8%) 0.614
Simultaneous upper endoscopy and colonoscopy 114 (17.3%) 32 (16.1%) 82 (17.9%) 0.579
Fellow involvement in case 491 (74.6%) 146 (73.4%) 345 (75.2%) 0.627
High-risk lesion seen 198 (69.9%) 45 (22.7%) 153 (33.3%) 0.007
Hemostasis achieved (among high-risk lesions) 142 (71.7%) 34 (75.6%) 108 (70.6%) 0.515
Lesion characteristics
Varices 146 (22.2%) 36 (18.1%) 110 (24.0%) 0.096
Portal hypertensive gastropathy 127 (19.3%) 36 (18.1%) 91 (19.8%) 0.604
Excavated or inflammatory lesion 347 (52.7%) 115 (57.8%) 232 (50.5%) 0.087
Vascular lesion 36 (5.5%) 7 (3.5%) 29 (6.3%) 0.147
Malignancy 12 (1.8%) 3 (1.5%) 9 (2.0%) 0.690
Multiple concurrent lesions 462 (70.2%) 126 (63.3%) 336 (73.2%) 0.011

Bold value indicates p <0.05

SD standard deviation
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Table 3 Process and clinical
care metrics pre versus post
template implementation

Pre-intervention
n (%)
n=199

Post-intervention ~ p
n (%)
n=459

Process metrics
Diet recommendation
Disposition recommendation
PPI recommendation*
Repeat EGD recommendation
Re-bleed recommendation
Antibiotics recommendation**
Octreotide recommendation**

Minimal-standard portal hypertension report**
Minimal-standard non-portal hypertension report*
Minimal-standard report (all etiologies)

Clinical care metrics
Bleeding Cessation
Inpatient PPI compliance*
Discharge PPI compliance*
Octreotide compliance**
Antibiotics compliance**
Coordination of repeat EGD

126 (63.3%) 335 (73.0%) 0.013
133 (66.8%) 346 (75.4%) 0.024
101 (62.0%) 242 (69.3%) 0.098
98 (49.2%) 240 (52.3%) 0.473
37 (18.6%) 201 (43.8%) <0.001
15 (41.7%) 59 (53.6%) 0.212
23 (63.9%) 67 (60.9%) 0.750
5(13.9%) 37 (33.6%) 0.023
52 (31.9%) 158 (45.3%) 0.004
57 (28.6%) 195 (42.5%) <0.001
184 (92.5%) 421 (91.7%) 0.748
87 (53.4%) 272 (77.9%) <0.001
51 (31.3%) 213 (61.0%) <0.001
27 (75.0%) 103 (93.6%) 0.002
26 (72.2%) 92 (83.6%) 0.131
122 (61.3%) 400 (87.1%) <0.001

Bold value indicates p <0.05

Statistical analysis using X testing

*Among 163 cases pre-intervention versus 349 cases post-intervention without visualized varices

**Among 36 cases pre-intervention and 110 cases post-intervention with visualized varices

Clinical Care Metrics

Among those with non-portal hypertensive bleeding, com-
pliance with inpatient and discharge PPI prescriptions
improved from 53.4% and 31.3% to 77.9% and 61.0%,
respectively, after intervention (p <0.001). Among those
with variceal bleeding, compliance with inpatient octreo-
tide orders improved from 75.0 to 93.6% after interven-
tion (p =0.002). Planning of repeat EGD, when indicated,
improved from 61.3 to 87.1% after intervention (p <0.001).
There was no significant change in antibiotic orders and
post-discharge re-bleeding (Table 3).

Although the intervention was implemented in Octo-
ber-2020, iterative improvements were made thereafter.
Planning of repeat EGD and compliance with inpatient and
discharge PPI prescriptions continued to improve over time
(Fig. 1B).

After implementation, among 77 cases of non-variceal
bleeding with non-compliant inpatient PPI regimens,
71(92.2%) received overtreatment due to excess IV PPIL.
Among 136 non-variceal cases with non-compliant dis-
charge PPI prescriptions, 100(73.5%) received overtreatment
due to indefinite duration of twice daily oral PPI.

Among 59 cases after implementation where a follow-
up EGD was indicated, but not ordered, 20 (33.9%) were

@ Springer

for follow-up of varices, 24 (40.7%) for follow-up of Los
Angeles classification grade C or D esophagitis to exclude
Barrett’s-related neoplasia, 3 (5.1%) for follow-up of gastric
ulcers to exclude malignancy, and 12(20.3%) for other indi-
cations. 44 (74.6%) reports recommended follow-up EGD
but did not have a repeat EGD ordered, while 15 (25.4%)
reports did not provide a recommendation for repeat EGD.

Predictors of Compliance with Process and Clinical
Care Metrics

Templates were used more often in male patients, patients
admitted for gastrointestinal bleeding/anemia, patients with
high-risk lesions, cases in the intensive care unit or operat-
ing room (versus the endoscopy suite), patients who had
EGD only (versus EGD/colonoscopy), procedures done on
the weekend and days with lower overall endoscopy volume
(See Supplementary Digital Content 9, which shows covari-
ate factors associated with template usage). On multivariable
analysis, only single-procedure EGD (compared to simulta-
neous EGD/colonoscopy) was associated with an increased
probability of usage of templates (Odds Ratio 7.07[95%
Confidence Interval 3.97-12.58], p <0.001).

Compliance with inpatient PPI regimen was higher with
shorter length of stay (8.5 vs 17.1 days, p <0.001) and
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floor-status level of care (80.8% vs 64.5%, p=0.005). Dis-
charge PPI prescription compliance was higher with fellow
involvement (64.4% vs 52.5%, p=0.040), longer lengths
of hospitalization (11.8 vs 8.2 days, p=0.023), and simul-
taneous EGD/colonoscopy (75.7% vs 57.3%, p=0.005).
Other factors were not associated with PPI compliance
(Table 4). There were no significant factors associated
with planning of repeat EGD (Table 5).

Conclusions

Implementation of endoscopy software templates improved
adherence to guideline-based care for adults hospital-
ized with UGIB during their inpatient stay and after a
transition out of the hospital. This QI project resulted in
increased compliance with medication and follow-up EGD

Table 4 Covariate factors associated with inpatient and discharge Proton Pump Inhibitor (PPI) prescription compliance among non-variceal

UGIB after template implementation

Covariates Inpatient PPI non- Inpatient PPI compliant P Discharge PPI Discharge PPl  p
compliant n (%) non-compliant compliant
n (%) 272 (77.9%) n (%) n (%)
77 (22.1%) 136 (39.0%) 213 (61.0%)
Day of the week
Weekday (n=301) 62 (20.6%) 239 (79.4%) 0.098 118 (39.2%) 183 (60.8%) 0.822
Weekend (n=48) 15 (31.3%) 33 (68.8%) 18 (37.5%) 30 (62.5%)
Time of day
Day (n=345) 76 (22.0%) 269 (78.0%) 0.887 136 (39.4%) 209 (60.6%) 0.108
Night (n=4) 1 (25.0%) 3(75.0%) 0 (0.0%) 4 (100.0%)
Daily volume 39.4 (22.2) 42.3(19.2) 0.249 40.2 (19.7) 42.6 (20.1) 0.271
mean (SD)
Specialty
Gastroenterology (n=2338) 75 (22.2%) 263 (77.8) 0.752 133 (39.3%) 205 (60.7%) 0.419
Hepatology (n=11) 2 (18.2%) 9 (81.8%) 3(27.3%) 8 (72.7%)
Fellow Involvement
Yes (n=250) 61 (24.4%) 189 (75.6%) 0.094 89 (35.6%) 161 (64.4%) 0.040
No (n=99) 16 (16.2%) 83 (83.8%) 47 (47.5%) 52 (52.5%)
Admit reason
GIB or anemia
Yes (n=189) 39 (20.6%) 150 (79.4%) 0.484 81 (42.9%) 108 (57.1%) 0.105
No (n=160) 38 (23.8%) 122 (76.3%) 55 (34.4%) 105 (65.6%)
LOS (d) 17.1 (19.4) 8.5 (11.6) <0.001 8.2 (11.2) 11.8 (15.6) 0.023
Mean (SD)
Patient age 61.0 (16.8) 59.3 (17.0) 0.457 58.3(17.4) 60.6 (16.7) 0.222
Patient sex (Male) 40 (20.6%) 154 (79.4%) 0.467 78 (40.2%) 116 (59.85) 0.596
ASA classification
TorIl (n=74) 14 (18.9%) 60 (81.1%) 0.462 28 (37.8%) 46 (62.2%) 0.822
-V (n=275) 63 (22.9%) 212 (77.1%) 108 (39.3%) 167 (60.7%)
Level of care
Floor (n=287) 55 (19.2%) 232 (80.8%) 0.005 115 (40.1%) 172 (59.9%) 0.364
ICU/OR (n=62) 22 (35.5%) 40 (64.5%) 21 (33.9%) 41 (66.1%)
EGD/colonoscopy
Yes (n="70) 13 (18.6%) 57 (81.4%) 0.431 17 (24.3%) 53 (75.7%) 0.005
No (n=279) 64 (22.9%) 215 (77.1%) 119 (42.7%) 160 (57.3%)
High-risk lesion
Yes (n=104) 21 (20.2%) 83 (79.8%) 0.582 42 (40.4%) 62 (59.6%) 0.724
No (n=245) 56 (22.9%) 189 (77.1%) 94 (38.45) 151 (61.6%)
Hemostasis achieved
Yes (n="73) 16 (21.9%) 57 (78.1%) 0.501 31 (42.5%) 42 (57.5%) 0.507
No (n=31) 5(16.1%) 26 (83.9%) 11 (35.5%) 20 (64.5%)

Bold value indicates p <0.05
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Table 5 Covariate factors

. : e Covariates (all etiologies, post only) Repeat EGD non- Repeat EGD compliant )4
ass.001gted with coordination compliant n (%)
of indicated repeat upper n (%) 400 (87.1%)
endoscopy 59 (12.9%)
Day of the week
Weekday (n=395) 54 (13.7%) 341 (86.3%) 0.194
Weekend (n=64) 5(7.8%) 59 (92.2%)
Time of day
Day (n=450) 57 (12.7%) 393 (87.3%) 0.396
Night (n=9) 2 (22.2%) 7 (77.8%)
Daily volume 39.5(19.9) 42.2 (20.2) 0.168
mean (SD)
Specialty
Gastroenterology (n=412) 54 (13.1%) 358 (86.9%) 0.632
Hepatology (n=47) 5 (10.6%) 42 (89.4%)
Fellow Involvement
Yes (n=345) 49 (14.2%) 296 (85.8%) 0.133
No (n=114) 10 (8.8%) 104 (91.2%)
Admit reason
GIB or anemia
Yes (n=253) 29 (11.5%) 224 (88.5%) 0.324
No (n=206) 30 (14.6%) 176 (85.4%)
LOS (d) 8.3 (10.7) 10.8 (14.0) 0.053
Mean (SD)
Patient age 57.3(17.2) 59.0 (15.8) 0.288
Patient sex (Male) (n=263) 36 (13.7%) 227 (86.3%) 0.536
ASA classification
LorII (n=80) 9 (11.3%) 71 (88.8%) 0.637
-V (n=379) 50 (13.2%) 329 (86.8%)
Level of care
Floor (n=364) 51 (14.0%) 313 (86.0%) 0.147
ICU/OR (n=95) 8 (8.4%) 87 (91.6%)
EGD/colonoscopy
Yes (n=82) 6 (7.3%) 76 (92.7%) 0.098
No (n=377) 53 (14.1%) 324 (85.9%)
High-risk lesion
Yes (n=153) 25 (16.3%) 128 (83.7%) 0.115
No (n=306) 34 (11.1%) 272 (88.9%)
Hemostasis achieved
Yes (n=108) 18 (16.7%) 90 (83.3%) 0.866
No (n=45) 7 (15.6%) 38 (84.4%)

recommendations provided by endoscopists in a large aca-
demic teaching hospital. Templates were highly utilized,
improved clinical workflows, and enhanced MSR comple-
tion facilitating communication of high-quality, comprehen-
sive post-procedure recommendations to multidisciplinary
inpatient teams.

Our intervention provided anticipatory guidance to
endoscopists and multidisciplinary healthcare providers
in a manner that improved efficiency of clinical workflow.
While prior QI studies have utilized endoscopy templates

@ Springer

to improve documentation [19, 33], our study further dem-
onstrated the positive impact of such an intervention on
clinical behavior, such as planning of repeat endoscopy and
medication prescriptions. Incorporation of such standard-
ized templates with discrete trackable data can also serve as
an infrastructure for quality assurance programs, as done in
prior QI studies with colonoscopy [34].

Several factors contributed to the success of our interven-
tion. First, we leveraged the EHR to simultaneously stand-
ardize and improve ease of documentation. While clinical
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decision support and EHR “macro” templates have been
implemented elsewhere [35], we optimized choice architec-
ture by limiting the number of templates and minimizing
interruption to pre-existing clinical workflow. We intention-
ally selected the procedure note for template implementation
as this is where most inpatient teams looked in their existing
workflows for post-procedure recommendations. This deci-
sion likely contributed to the uptake of endoscopist recom-
mendations by primary teams. Second, our templates did not
require extensive end-user education/training, allowing us
to efficiently train faculty and trainees. Third, the anticipa-
tory guidance provided by our templates had the potential
to decrease downstream burden of work due to multidisci-
plinary miscommunication.

There were several interesting findings. First, we observed
more high-risk and concurrent culprit lesions for UGIB in
sicker patients post-intervention compared to pre-interven-
tion. Given the onset of the coronavirus-19 pandemic after
implementation, this may be related to the overall delay
in medical care or disparities in the presentation of UGIB
observed in other studies although data regarding timing of
EGD and coronavirus-19 status were unavailable [36, 37].
It is possible that the higher acuity nature of these patients
contributed to the unchanged post-discharge bleeding. Sec-
ond, during our pre-intervention period from June—October
2019, outpatient PPI compliance decreased. This was largely
due to over-prescription of PPIs. While we are uncertain of
the cause, this did coincide with initial carcinogenic con-
cerns around ranitidine, perhaps directing patients toward
PPIs instead [38]. After implementation, the majority of
non-compliant prescriptions were due to overuse.

Our study highlights areas that require additional study.
It is unclear why several process metrics (PPI, repeat EGD,
antibiotic, and octreotide recommendations) and antibiotic
regimen compliance did not significantly improve after
intervention. These process metrics may be perceived as
less clinically relevant by endoscopists, and indications for
antibiotic prophylaxis are often subject to competing comor-
bidities. Compliance with guideline-adherent inpatient PPI
regimens was associated with shorter hospitalizations and
lower acuity, while compliance with discharge PPI prescrip-
tions was associated with fellow involvement, longer hospi-
talizations, and simultaneous EGD/colonoscopy. Hospital
length of stay appears to be important in facilitating compli-
ance with medication recommendations in the inpatient and
outpatient setting. This is important to continue to examine
in future iterations of this work given efforts nationwide to
decrease hospital length of stays, ideally within the con-
text of broader QI programs similar to the United Kingdom
UGIB clinical care “bundle” [39].

Our study has several limitations. First, the process
metrics were limited to the presence/absence of MSR
components rather than the quality of such components.

This was done to minimize bias in interpretation of written
recommendations and allow for deviations from standard-
of-care based on endoscopist discretion. Second, our tem-
plates were not used in every case of endoscopy for UGIB.
While the vast majority of UGIB should follow established
guidelines, we recognize a certain subset of complex sce-
narios may be ill-suited to a standardized workflow. We
were unable to assess the impact of template usage on clin-
ical care because only 80 cases (17.4%) did not use tem-
plates and the event rates for process/clinical metrics were
too low to assess clinical/statistical significance. Third, of
reports that did not receive an indicated follow-up EGD,
the majority had a recommendation in the report but no
order. We recognized this as a barrier in EHR interoper-
ability, which has been recognized as an ongoing global
challenge [40]. Fourth, the success of endoscopic template
implementation is subject to an institution’s informatics
infrastructure [41]. For example, templates were used less
frequently after simultaneous EGD/colonoscopy, likely
due to fragmented documentation workflow when tran-
sitioning between procedures. Finally, we were not pow-
ered for an interrupted time series or for measurement of
outcomes such as missed neoplasia or adverse medication
effects. This was outside the scope of a pre/post-design QI
study and should be assessed in larger, potentially multi-
center and international, pragmatic randomized controlled
trials.

In summary, we leveraged the EHR to standardize,
improve, and streamline endoscopic documentation after
UGIB with subsequent improvement in clinical care behav-
ior. We were also able to identify factors associated with
non-compliance to guide future adaptations of our interven-
tion with the goal of continued quality improvement. Future
studies should be done to examine the sustainability of this
intervention over time, as well as expand templates to other
endoscopic scenarios including colonoscopy or advanced
endoscopic procedures for a variety of indications.
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