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Purpose: Exacerbations of COPD (ECOPD) significantly impact disease progression and mortality. Visiting a respiratory specialist
(RS) in proximity to the exacerbation may lead to prompt treatment and improved outcomes. We aimed to evaluate the association
between an RS visit 30-days before admission and exacerbation outcomes.

Patients and methods: The prospective study included subjects that were hospitalized with ECOPD between 2017 and 2019 in 13
medical centers. Pre-admission, in-hospital, and 30-day outcomes were assessed and compared between patients with and without
a 30-day RS visit, using propensity score matching. A sub-group analysis was performed based on the reason for the RS visit
(emergent vs regular follow-up).

Results: Three hundred and forty-four subjects were included, and 105 (31%) had pre-admission RS visit (RS group). Before
matching, indicators of severe COPD were prevalent in the RS group, while after matching there were no differences. RS visits were
associated with pre-hospital initiation of short acting bronchodilators (50% vs 36%), antibiotics (30% vs 17%), and systemic steroids
(38% vs 22%). The RS group had longer duration between first symptoms to hospital arrival (median 5 vs 3 days, p < 0.01) and shorter
hospital length-of-stay (median 4 vs 5 days, p = 0.04). In-hospital and 30-days outcomes were similar between the groups. However,
a non-emergent pre-hospital RS visit was associated with improved in-hospital and 30-day outcomes.

Conclusion: Routine RS visits could lead to correct and early treatment for ECOPD with a potential for improved outcomes. These
findings highlight the need for available specialists and higher awareness.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality."* While considered
a chronic disease, a substantial number of patients suffer from exacerbations of COPD (ECOPD),** which frequently
leads to hospital admission and to a negative impact on disease progression and mortality.*> Research from recent years
indicates that standard of care pharmacological and non-pharmacological long-term interventions offer opportunities to
reduce exacerbations, hospitalizations, and readmissions for patients with COPD."®” For example, treatment with triple
inhaler therapy in patients with previous ECOPD was shown to be associated with improved outcomes including
survival.* Although treatments specifically for ECOPD, such as short acting bronchodilators (SABD) and systemic
steroids, are not considered to be associated with improvement in long-term outcomes,'® their prompt initiation is of
importance. Studies have shown that early recognition of ECOPD and initiation of treatment improves recovery and
reduces the risk of hospitalization."""'? This aspect is especially problematic among patients and health care providers
with low awareness to the disease'® or patients deciding not to seek medical advice when new symptoms occur.
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For the reasons above, respiratory specialists (RS) have a main role in disease management, both before and during
exacerbations, providing education and correct care.'*1® The possible effects of RS follow-up after ECOPD on disease
outcomes were evaluated by different studies.*'*'” For example, Gavish et al found a higher readmission rate among
patients without an RS follow-up'?. Still, research evaluating the significance of an RS visit before admission with
ECOPD is scarce. We hypothesized that an RS visit during the short term before admission with an exacerbation could be
associated with an early recognition of the event by the patients, increase the availability and use of an at-home
“treatment bundle”, and possibly lead to better outcomes. Therefore, we aimed to evaluate the associations between an
RS visit 30-days before admission and exacerbation outcomes.

Methods

This is a prospective observational study performed in 13 medical centers across Israel between 2017 and 2019, as part of
the COPD Israeli survey (COPDIS), which was discussed in detail before.'”'® In summary, subjects admitted with
ECOPD at one of the centers were approached for participation. To be included, the diagnosis of ECOPD had to be the
primary admission diagnosis and verified by a respiratory specialist before enrollment. All subjects signed informed
consent, completed a structured interview, and were followed during their hospitalization and 30-days after. Diagnostic
criteria for COPD was a prior result of post-bronchodilator FEVI/FVC < 0.7, combined with respiratory symptoms
documented by the patient or at prior medical visit. In the few cases with high suspicion but no available spirometry
results, a prior pulmonologist visit that described an obstructive pattern and initiated a relevant inhaler therapy was also
considered diagnostic.

The study was conducted in accordance with the declaration of Helsinki and approved by each center’s institutional
ethical committee. The study was performed according to STROBE guidelines.

Study Variables

The structured interviews were questionnaires performed by one of the research teams and were based on a case report
form (CRF). They were comprised of questions regarding baseline and COPD-related characteristics. In cases of
uncertainty, answers were validated by data from medical records. Baseline characteristics included sex, age, and
comorbidities. COPD-related characteristics included long-acting inhaler treatments, prior pulmonologists visits, mod-
ified Medical Research Council (mMRC) and CAT scores (addressing their pre-exacerbation condition), and pre-
admission variables, such as 30-days RS visit before admission (and reason for visit), time from symptoms to
hospitalization, and home treatment initiated for ECOPD.

Clinical variables (investigations, management, and outcomes) were extracted during the hospitalization. Spirometry
was not performed as part of the COPDIS, as it is not performed during exacerbations and COPDIS was an observational
trial. For this work, prior forced expiratory volume in the first second (FEV1) results were only available from tests
performed within the participating centers, without available access to analyze ambulatory tests. Finally, two exacerba-
tion severity scores were calculated to validate the robustness of our matching. This analysis includes the BAP-65"
(BUN, altered mental status, and tachycardia) and DECAF? scores, both validated to predict in-hospital outcomes and
were without missing values in our cohort.

Pre-hospital outcomes included the initiation of ECOPD-related treatments at home by the patient and the duration
from first respiratory symptoms to hospital arrival. The composite of in-hospital mortality, intubation, and transfer to the
intensive care unit (ICU) was termed “in-hospital outcomes”. The hospital length of stay (LOS) was analyzed as well.
The composite of 30-day mortality and/or readmission was termed “30-day outcomes”. Mortality was collected from an
electronic database which is updated based on the Israel National death registry. Readmissions were evaluated by the
research team 30-days after discharge by a follow-up call (n = 234) or by medical records when a patient was
unavailable.

Statistical Analysis
Characteristics of the study cohort were compared between the subjects with an RS visit (RS group) and without
(control). Continuous variables were presented as median (inter-quartile range, IQR) and compared using Mann—Whitney
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test. Categorical variables were presented as total (percentage) and compared using Chi-square test. We hypothesized that
there would be significant differences in baseline variables between the groups, and therefore a propensity score
matching was performed using the nearest neighbor algorithm in a 1:1 ratio. The matching was based on age, sex,
Charlson comorbidity score, history of heart failure, obstructive sleep apnea (OSA), prior ECOPD, mMRC above 1, and
use of home oxygen. These variables were chosen by the research team based on their clinical relevance and their
difference between the groups. Matching was restricted by a caliper distance of 0.01 without replacement. Outcomes
were compared after matching. To further analyze the associations between RS visits and outcomes, we performed a sub-
analysis, dividing the RS group between emergent visits for the ECOPD and those as part of a routine follow-up.
Predictors for 30-day outcomes were assessed by logistic multivariate regression model. This model included variables
found to be significant based on univariate analysis. All analyses were performed by SPSS version 28.0.

Results

The study cohort included 344 subjects, 105 (31%) visited an RS in the 30 days before admission (RS group), while 239
(69%) did not (control), as shown in Figure 1. The overall median age (IQR) was 71 (63-78), 38% were female, and 88%
had >10 pack years smoking history. Of those with an RS visit, 45 (43%) had a routine follow-up visit, while 60 (57%)
visited due to worsening symptoms as part of the ECOPD.

Comparison of baseline characteristics between the groups, before and after propensity score matching, appears in
Table 1. Before matching, age and sex were similar between the groups, while the RS group had higher rates of history of
heart failure, OSA, prior COPD exacerbation, an mMRC score above 1, and home oxygen use (p < 0.01 for all). Baseline
inhaler therapy was also different before matching, with more patients using long-acting inhalers in the RS group (82%
vs 60%). FEV1 was available for 248 patients, and was lower in the RS group before matching (median [IQR] 57
[36-68] vs 66 [50-78] Y%predicted). After matching, there were no differences in any of the baseline characteristics. In
addition, all exacerbation-related variables, including the DECAF and BAP-65 scores were similar between the matched
groups.

Hospitalized with COPD
exacerbation between 2017-
2019 in 13 medical centers
N=344

A A
RS visit No visit
N=105 N=239

\ 4 A 4

Propensity score matching

(demographic and clinical
variables)

\4 \4
RS visit No visit
N=105 N=105

A 4

[ Study cohort J

Figure | Study inclusion process. RS, respiratory specialist.
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Table | Baseline Characteristics Compared Between Patients with and without 30-Day Pre-Admission RS Visit, Before and

After Propensity Matching

Variable RS Visit n=105 (%) Unmatched Cohort Matched Cohort
No Visit n=239 (%) p' No Visit n=105 (%) P2

Age 71 (64-77) 71 (63-78) 0.84 71 (65-80) 0.47
Female sex 45 (43) 84 (35) 0.17 40 (38) 0.48
Smoking

Past 61 (58) 111 (46) 0.07 53 (51) 0.43

Current 40 (38) 117 (49) 45 (43)
Charlson score 5 (4-7) 5(3-7) 0.28 6 (4-7) 0.44
Obese (BMI>30) 38 (36) 76 (32) 0.43 37 (35) 0.89
Heart failure 34 (32) 41 (17) <0.01 30 (29) 0.55
OSA 20 (19) 18 (8) <0.01 13 (12) 0.19
Pre-exacerbation treatment:

Not using long-term inhaler 19 (18) 95 (40) <0.01 34 (32) 0.08

LAMA 26 (25) 35 (14) 18 (17)

ICS-LABA 21 (20) 5121 26 (25)

LAMA-LABA 19 (18) 30 (13) 12 (1)

Triple therapy 20 (19) 28 (12) 15 (14)
Prior COPD exacerbation 90 (86) 153 (64) <0.01 93 (89) 0.40
FEVI, %predicted® 57 (36-68) 66 (50-78) 0.01 60 (41-71) 0.45
MMRC >| 90 (86) 155 (65) <0.01 88 (84) 0.70
CAT score® 15 (10-23) 14 (10-23) 0.63 16 (10-24) 0.72
Home oxygen use 55 (52) 83 (35) <0.01 54 (51) 0.89

Exacerbation-related variables

Saturation <91% 61 (59) 129 (54) 0.40 66 (63) 0.48
DECAF risk score: <0.01 0.57

Low 40 (38) 122 (51) 40 (38)

Intermediate 26 (25) 69 (29) 32 31)

High 39 (37) 48 (20) 33 31)
BAP-65 0.54 0.56

1-2 75 (71) 160 (67) 67 (64)

3 28 (27) 72 (30) 35 (33)

4-5 2(2) 8 (3) 3(3)
Blood eosinophils, cells/pL® 150 (0-200) 120 (0-200) 0.24 100 (0-200) 0.14
First CRP> 10 mg/L 54 (51) 92 (38) <0.01 50 (48) 0.58

Notes: P' — p-value for comparison in the non-matched cohort. P? — p- value for comparison in the matched cohort. *Missing data for 28 patients in the RS group, 68 in
the unmatched group, and 23 in the matched group. PPatients were asked to base their answers on their pre-exacerbation condition. Missing data for 22
patients in the unmatched group. “First blood eosinophil count result taken in the emergency department.

Abbreviations: CAT, COPD assessment test; FEV |, forced expiratory volume in the first second; ICS, inhaled corticosteroid; LABA, long-acting beta agonist;
LAMA, long-acting muscarinic antagonist; MMRC, modified Medical Research Council; OSA, obstructive sleep apnea; RS, respiratory specialist.

Analysis of pre-hospital treatment, initiated by each subject at home, appears in Table 2. The RS group had higher
rates of pre-hospital treatment, including short-acting bronchodilators (50% vs 36%, p = 0.04), antibiotics (30% vs 17%,
p = 0.03), and systemic steroids (38% vs 22%, p = 0.01).

The duration between first respiratory symptoms to hospital arrival was longer in the RS group compared to the
matched control group (median 5 [2-7] vs 3 [2-5] days, p < 0.01, Figure 2). The RS group also had shorter hospital LOS
compared to the matched control group (median 4 [3—6] vs 5 [3-7] days, p = 0.04, Figure 2).

Twenty-four subjects (11%) had an in-hospital outcome, which was lower in the RS group, although not statistically
significant (9% vs 14%, p = 0.13). Forty-four subjects (21%) had a 30-day adverse outcome, with similar rates between

the groups (20% vs 22%). In a sub-group analysis (Figure 3), seeing an RS as part of a routine follow-up was associated
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Table 2 Pre-Hospital Treatment and Exacerbation Outcomes Between Patients
with and without 30-Day RS Visit Following Matching

Variable RS Visit n=105 (%) | No Visit n=105 (%) P

Home SABD 53 (50) 38 (36) 0.04
Home ICS 14 (13) 7(7) 0.11
Home systemic steroids 40 (38) 23 (22) 0.0l
Home antibiotics 31 (30) 18 (17) 0.03
In-hospital outcomes® 909 15 (14) 0.13
30-day outcomes® 21 (20) 23 (22) 0.73

Notes: Bold p-values stand for statistically significant results. ®Includes in-hospital mortality, intubation,
and transfer to the intensive care unit. "Includes 30-day mortality and re-admission.
Abbreviations: RS, respiratory specialist; SABD, short-acting bronchodilators; ICS, inhaled corticosteroids.

with a lower rate of in-hospital outcomes (2.2% vs 14%, p = 0.048) and 30-day outcomes (8.9% vs 22%, although not
statistically significant, p = 0.056) compared to the control group. There were no differences in outcomes between the
emergent RS visit and the control group.

We evaluated independent predictors for the composite 30-day outcomes, to identify subjects that have the highest
potential to benefit from an early post-hospital RS visit (Table 3). Independent predictors for 30-day outcomes were prior
ECOPD (adjusted OR 6.24, 95% CI 1.79-21.7, p < 0.01), in-hospital use of bi-level positive airway pressure (AOR 2.16,
95% CI 1.13-4.11, p = 0.02), and acute kidney injury during hospitalization (AOR 2.39, 95% CI 1.06-5.38, p = 0.04).

Discussion

In this study, by analyzing a prospective multicenter cohort of hospitalized subjects with ECOPD coupled with
a propensity score matching, we assessed the potential impact of a RS visits during the 30 days before admission. We
found that prior RS visits were associated with a longer duration between the first ECOPD symptoms to hospitalization
and with higher rates of correct home-treatment. Subjects with prior RS visits also had shorter hospitalizations. Subjects
with routine RS visit had improved outcomes, while there was no difference in outcomes among subjects with an
emergent RS visits (for the ECOPD). Finally, we evaluated independent predictors for 30-day adverse outcomes, to better
identify those that could possibly benefit from an early RS visit post-hospitalization.

15 RS visit
T it M No
M vYes
12
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o
9
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3
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Symptoms to hospital Hospital stay

Figure 2 Time from first respiratory symptoms to hospital arrival and duration of hospital stay, compared between patients with and without prior 30-day RS visit.
Abbreviation: RS, respiratory specialist.
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Figure 3 Sub-group analysis based on the reason for the RS visit (emergent or routine follow-up) for their association with in-hospital outcomes (panel (A)) and 30-days
outcomes (panel (B)).

Prior to matching, subjects with prior RS visits had significantly higher prevalence of comorbidities and more severe
COPD-related characteristics. Previous studies have shown that these variables are strong negative prognostic factors,
associated with more ECOPD and hospitalizations.?' 2* That said, subjects with prior RS visits still had similar or better
outcomes compared to others. This likely indicates better ambulatory treatment among those visited a specialist, which
could prevent further complications or prolonged hospital stay. Moreover, the longer duration between first symptoms
and hospital arrival in the RS group supports the assumption of proper ambulatory self-management. As these patients
received better ambulatory treatment and still require admission, they may also represent a more severe acute disease,
which further highlights the findings of our study.

By focusing on hospitalized patients, we could not evaluate the associations of RS visits in patients with ECOPD that
improved and did not require hospitalization. Still, evidence exists on the general impact of RS in patients with COPD."?
A national medical review conducted in South Korea found out that the rates of COPD exacerbation requiring admission
to a general ward, emergency room, or intensive care unit were significantly lower in those with frequent outpatient
visits.”> There is also evidence that COPD care solely by a general practitioner (GP) is inferior to that by
a pulmonologist. A randomized controlled trial by Aaron et al showed that an intervention by pulmonologist compared
to usual care by GP (notified for the presence of COPD) resulted in lower respiratory-related health care utilization,
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Table 3 Predictors for 30-Day Mortality or Readmission

Variable Univariate Multivariate

OR (95% CI) P AOR (95% CI) p
Age 1.01 (0.99-1.04) | 041 - -
Gender 1.07 (0.59-1.95) | 0.82 - -
Charlson score I.15 (1.02-1.31) | 0.03 | 1.02 (0.89-I1.17) | 0.79
Obese 1.17 (0.63-2.15) | 0.62 - -
Prior ECOPD 8.68 (2.64-28.5) | <0.01 | 6.24 (1.79-21.7) | <0.01
MMRC >| 3.78 (1.56-9.14) | <0.01 | 2.35(0.92-5.98) | 0.07
Home oxygen 1.93 (1.07-3.46) | 0.03 | 0.93 (0.48-1.81) | 0.84
In-hospital oxygen 1.73 (0.91-3.29) | 0.09 - -
In-hospital BiPAP 2.78 (1.54-5.02) | <0.01 | 2.16 (1.13—4.11) | 0.02
Acute kidney injury® | 2.73 (1.34-5.54) | <0.01 | 2.39 (1.06-5.38) | 0.04

Notes: Bold p-values stand for statistically significant results. *Defined as an increase in
creatinine of 20.3 mg/dL from baseline.

Abbreviations: ECOPD, exacerbation of COPD; MMRC, Modified Medical Research
Council; BiPAP, bi-level positive airway pressure.

1.° Garcia-Aymerich et al described the results of a questionnaire

improved symptoms and a higher increase in FEV
among patients with COPD exacerbations and showed lower rates of pharmacological and non-pharmacological treat-
ments in patients managed by their GP and not a pulmonologist, while their disease severity was similar.”’

Visits with RS should generally include patient education, focusing on early recognition of exacerbation, correct
inhaler use, and when to seek help.' These factors were also chosen in a large Delphi study described by Korpershoek
et al as behaviors that reduce exacerbations and their major impact on patients.”®> We unfortunately did not evaluate if
patients were educated for an action plan or the interventions performed during clinic visits, although the improved pre-
hospital treatment could indicate on such practice. Previous studies have shown that early detection of ECOPD and
treatment initiation improve recovery and reduce the risk of hospitalizations.'""'* The interaction with an RS could also
facilitate self-management interventions that were found to lower respiratory-related hospital admissions.”® Care
provided by RS was shown in a systematic review from 2018 to yield direct and indirect cost reductions.*
Considering these positive associations, there are still major gaps in the availability of RS that present a major barrier
for patients.>’ This issue must be a top priority of policy makers, especially given the high rate of burnout among
pulmonologists, that will only grow without adequate interventions.*?

By evaluating 30-day outcomes (readmissions and death) after discharge, we have identified certain independent
predictors to signify patients that could best benefit from an early RS visit. Similar to our findings, having recurrent
exacerbations are a well-described risk factor for early adverse-events, resulting in shorter time to exacerbation and increased
mortality with every additional exacerbation.**** In comparison, acute kidney injury (AKI) is a less known risk factor for
adverse outcomes after ECOPD, although its prognostic value is well documented in other conditions.>> These at-risk patients
could benefit from an early post-discharge follow-up and more frequent clinic visits. Predicting which patient will exacerbate
is not easy, yet it could assist in personalizing the follow-up plan. Still, it is not enough, as many patients will exacerbate
without seeing a pulmonologist in the months before. For these cases, flare-up clinics, available for early and fast evaluations
to patients experiencing worsening respiratory symptoms, might have a similar effect, although it remains to be evaluated.

This study has limitations. First, as mentioned above, only hospitalized patients were included, a fact that limits the
ability to evaluate the general impact of RS visits. Studying only hospitalized subject’s likely leads to selection bias of
the more severe cases, which the matching process could not entirely account for. Second, the study considered all pre-
admission RS visits without isolating the specific recommendations given during the visit and the time prior to the
ECOPD, which were beyond the scope of the present analysis. Third, although most clinical variables were collected
prospectively, there are missing data for lung functions (which were collected retrospectively) and the study was not
controlled for the RS visit, hence, could not infer on causality. There is a need to further study COPD patients from the

ambulatory setting by controlled trials, in order to better evaluate the impact of RS visits on exacerbations.
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Conclusions

Our study demonstrates that an early RS visit before ECOPD is associated with improved exacerbation characteristics
and outcomes. This stresses the importance of making RS follow-ups available in the community and raising awareness
to their importance. Further high-quality research in this field is needed to affect healthcare decision makers and
introduce accessible RS clinics for subjects with high risk for exacerbations or new worsening symptoms.
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