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Abstract 
Background: Variable hospital care for COPD and underutilization of pulmonary rehabilitation 

(PR) may contribute to poor outcomes. Clinical pathways can optimize care by providing real-

time decision support based on evidence and expert consensus. An inpatient COPD pathway was 

implemented in May 2021. 

Research Question: To evaluate the impact of the COPD pathway on LOS, discharge 

disposition, resource use, PR referrals and readmissions. 

Study Design and Methods: A two-part COPD pathway embedded into the electronic health 

record was built by multidisciplinary providers across a large academic medical center. Providers 

could place orders and document notes directly from the pathway. We identified all COPD 

hospitalizations one year after pathway implementation using International Classification of 

Disease, Tenth Revision, Clinical Modification (ICD-10-CM) codes according to methods used 

by the Centers for Medicare & Medicaid Services.  

Results: 766 patients contributed 971 hospitalizations.  The pathway was opened in 142 (14.6%) 

hospitalizations. No significant differences in demographics, insurance or smoking status were 

noted between pathway versus non-pathway patients. Bivariate analyses demonstrated lower 

LOS (5.4 days v. 7.1 days, p=0.001) and total costs ($5,756 v. $8,781, p< 0.001) with pathway 

use, but no significant difference between 30-day readmissions (16% v 22%, p=0.12). In 

multivariable analysis, pathway use was associated with greater PR referrals (OR 5.76 95% CI 

2.47-13.45, p<0.001) and discharges to home (OR 1.96 95% CI 1.13-3.39, p=0.016).  

Interpretation: Despite low utilization, pathway use was associated with more PR referrals and 

discharges to home with a trend toward lower LOS, resource use, and decreased readmissions. 
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Introduction 
 
Chronic obstructive pulmonary disease (COPD) is characterized by airflow obstruction that leads 

to increased work of breathing, exercise intolerance and impaired quality of life.1 Acute 

exacerbations are a leading cause of hospitalizations.1 Inpatient care during COPD admissions, 

however, remains variable.2   Moreover, COPD is often misdiagnosed 3-5 as comorbidities 

presenting with similar symptoms are common. Gaps exist between published guidelines for 

management of acute exacerbations and practice patterns, with low rates of appropriate 

medication prescriptions and referrals to tobacco cessation or pulmonary rehabilitation as 

examples. 6-9  Suboptimal adherence to evidence-based practice in hospital care may contribute 

to readmissions and high healthcare costs. 10, 11 Multiple strategies have been employed to 

promote evidence-based care and improve hospital outcomes in COPD, including the use of care 

navigators, care bundles and discharge order sets with variable benefits for reducing 

readmissions or quality of life (QOL).12-19   Barriers to care bundle implementation include 

resource and time constraints, suboptimal staff engagement, and unclear ownership of tasks.12,20   

 

Care pathways (CPs) represent another strategy to enhance adherence to best practice without 

requiring intense education to providers, time, or extra personnel for implementation.21 By 

optimizing adherence to evidence-based practice, such pathways also have the potential to 

reduce hospital readmissions and healthcare costs for COPD. 15, 22-25 CPs at their core represent 

multi-disciplinary plans that provide real-time decision support by integrating guidelines and 

best evidence at the point of care. By sharing a continuous cognitive architecture that can be 

followed by any care provider at any time, CPs can standardize care and support tailored 

decisions within a large healthcare system. Additionally, when integrated within the electronic 
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health record (EHR), CPs allow physicians to perform supported tasks, place orders, and 

document notes in one sitting without interrupting daily workflows.  

 

The effectiveness of CPs depends on many factors including establishing the correct diagnosis, 

provider engagement and meaningful use of pathways. Most previous studies of CPs in patients 

hospitalized for COPD have not been structured for actionable use at the point of care. 26-28 The 

aim of this study was to evaluate the impact of a two-part inpatient COPD CP embedded in the 

EHR in real-time across a large healthcare system. We hypothesized that the use of the CP would 

streamline resource use and improve both process and clinical outcomes related to the hospital 

admission. 

 

Study Design and Methods 

 

This study was approved by the Institutional Review Board of Yale University who granted a 

waiver of informed consent (Protocol #2000032391). 

 

Design, Setting, Patients 

The Yale-New Haven Health System (YNHHS) is a large healthcare system with five delivery 

networks comprised of seven hospitals in Connecticut and Rhode Island, ranging from small 

community hospitals to large tertiary care academic centers. We conducted a retrospective cohort 

study of all inpatient adults aged 18 or older who were hospitalized at YNHHS for a coded 

primary discharge diagnosis of COPD exacerbation or primary diagnosis of acute respiratory 

failure with a secondary diagnosis of COPD from June 1, 2021 to May 30, 2022. This was the 
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12-month time-period after the implementation of the COPD pathway.  We defined the cohort 

using International Classification of Disease, Tenth Revision, Clinical Modification (ICD-10-

CM) codes in accordance with methods used by the Centers for Medicare & Medicaid Services 

(Full list of diagnosis codes shown in Table 1 in online supplement). Unique individuals could 

have contributed more than one index hospitalization. 

 

Intervention 

A two-component COPD CP for inpatient care was developed by local clinical consensus from 

multi-disciplinary stakeholders across YNHHS including Hospital Medicine, Pulmonary & 

Critical Care Medicine, Palliative Care, Respiratory Therapy, Nursing, Pharmacy, Physical 

Therapy, Care Management, and Social Work.  Pathway content was based on current evidence-

based COPD care as recommended in the GOLD Report. 1  The pathways are provider-level 

interventions which if effective will generate patient-level outcomes. The COPD pathway was 

embedded into the clinical EHR on May 11, 2021 at all seven hospitals across the YNHHS and 

developed using proprietary software from AgileMD, Inc. (San Francisco, CA). The pathway 

was socialized with YNHHS providers through multiple mechanisms including e-mail 

communication, newsletters, dedicated educational conferences, ad-hoc meetings, rounding to 

influence, and word-of-mouth. YNHHS providers had also been familiarized previously with the 

existence of a CP for management of COVID-19.  We collected data in the 12 months after the 

pathway went live to allow for a run-in phase concurrent with the promotion campaign. 

 

The pathway provided clinical decision-support in real time and allowed providers to document 

and place orders directly from the pathway. Since hospitalized patients commonly receive care 
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from different providers on the day of admission versus subsequent hospitalization days, the 

pathway was divided into two parts for ease of use. The first component focused on the 

admission of patients with suspected acute COPD exacerbation (Figure 1). Guidance to confirm 

the COPD diagnosis with inpatient spirometry or prior CT imaging was provided since there is 

often a broad differential for the associated symptoms, and many hospitalized patients have 

never had COPD confirmed with spirometry. 29,30 Criteria for specialty and support referrals 

were established based on evidence and consensus, including consultation with clinical experts, 

i.e., Palliative Care, Pulmonary Medicine, Hospital Medicine, Respiratory Therapy, Social Work, 

Care Management, and ancillary services e.g., physical therapy, nutrition, etc. Suggested 

indications for Palliative Care included: ≥ 2 admissions for COPD in last year; history of 

refractory or repeated respiratory failure despite home BPAP or home mechanical ventilation; 

refractory symptoms and/or progressively declining functional status; or concurrent advanced 

comorbidities.  Suggested indications for Pulmonary Consult included: ≥ 2 admissions for COPD 

in last year; history of respiratory failure with prior intubation or non-invasive ventilation; 

unclear diagnosis; not improving in two days; questions about medications and/or therapeutic 

adjustments; COPD diagnosis and < 40 years old; or prior to Palliative Care consult. 

 

The subsequent day care pathway component focused on patient education, functional disability 

(including need for rehabilitation services), need for specialty care referrals and/or social work 

services, and assessment of need for supplemental oxygen and/or presence of ventilatory 

insufficiency requiring non-invasive ventilation (Figure 2).  This component again reminded 

providers to confirm the COPD diagnosis, anticipate discharge needs, schedule follow-up 

appointments, and refer to PR and tobacco cessation programs or other specialty services. In so 
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doing, the pathway promoted patient-centric care and provided resource stewardship since 

patients without confirmed COPD should not receive non-beneficial treatments, e.g., steroids or 

inappropriate referrals. 

 

While pathways had to be activated voluntarily by providers, the COPD pathway was suggested 

within the patient chart when certain criteria were met, such as receipt of both steroids and 

nebulized anticholinergic medications. All providers, including medical trainees, hospitalists, 

respiratory and other specialists and allied health professionals had access to the pathway. All 

actions available on the pathway were also available through standard order entry off the 

pathway, e.g. inpatient consult to Pulmonary Medicine. 

 

Outcomes 

Utilization and clinical outcomes 

Because providers had to enter the pathway intentionally, pathway utilization was measured. 

Utilization was defined as any opening of either COPD pathway component during 

hospitalization. It was possible for clinicians to use either the admission or the subsequent day 

pathway in isolation or together. Opening the pathway required providers to click either a 

suggestion bar or the pathway tab to locate the COPD pathway. There was no incentive to 

opening a pathway unless there was intent to use the pathway for any number of activities 

including: medical decision support, placing orders ( for medications, diagnostics, consults or 

ambulatory referrals), documenting notes, launching patient education videos,  accessing scripts 

regarding tobacco cessation, operational guidance (for how to measure an ambulatory 

saturation), and general knowledge transfer (how to verify COPD diagnosis). To define 
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meaningful use, the number of Vitamin D orders was also compared between admissions where 

the pathway was and wasn’t opened.  Vitamin D is included in best practice on the pathway, but 

not routinely measured for COPD admissions as it does not directly treat an acute COPD 

exacerbation. Therefore, Vitamin D orders were a surrogate to demonstrate the pathway was 

used and not merely opened in the EHR.  

 

Because pathways were designed to improve the process measures that are felt to be key drivers 

of clinical outcomes, the primary outcome of the study was referral to PR, an intervention 

associated with decreased mortality and reduced hospital readmission risk in COPD. 24,25,31  The 

prespecified secondary clinical outcome was discharge to home with or without homecare 

services, a clinical outcome of importance to patients and a leading strategy to control post-acute 

costs.32 Exploratory analyses focused on the association of the COPD pathway use with tobacco 

cessation referrals, length-of-stay (LOS), and 30-day all-cause readmission. 

 

Standardized Cost 

Standardized costs were calculated using a proprietary method from Strata Decision Technology 

(Chicago, IL). Strata provides the financial analytics, planning and performance platform used 

by YNHHS. Data from Strata include information standard to hospital discharge files, as well as 

date-stamped logs of all billed items such as medications, laboratory tests, diagnostics, and 

therapeutic services. Strata contains costs at the item level and total hospitalization costs. These 

costs are calculated using accounting methods to allocate hospital incurred expenses to billed 

items. As such, Strata data are a reasonable proxy for utilization. 
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Statistical analysis 

Sociodemographic characteristics analyzed included age, sex, race/ethnicity, insurance status, 

and current tobacco use.31 Asian/Pacific Islander and American Indian/Alaska Native were 

grouped in the “Other” category because of small numbers. We analyzed race, ethnicity, and 

insurance status features to assess if there were any disparities in pathway use related to these 

factors.  The Charlson co-morbidity index was calculated and assigned based on ICD-10 

secondary diagnosis codes. Discharge to home included those discharges with and without 

homecare services in the multivariable analysis. Descriptive statistics are presented as median 

(interquartile range) for continuous variables and proportions for categorical variables. 

  

Multivariable logistic regression models were constructed to determine the contribution of 

COPD pathway use on the primary outcome of PR referral and the secondary outcome of 

discharge to home with or without homecare services. Statistical analyses were conducted in 

IBM SPSS statistics, Version 26.0 (IBM Corp., Armonk, NY) and p ≤ 0.05 was considered 

statistically significant for both outcomes of PR referral and discharge to home. 

 

Results 

 

Pathway Use and Patient Characteristics 

A total of 766 unique patients contributed 971 COPD hospitalizations.  Any COPD pathway 

component was opened in 142 (14.6%) of hospitalizations. For all COPD hospitalizations, the 

median patient age was 65 years, 590 (60.7%) were female, 627 (64.6%) were Non-Hispanic 

White, 221 (22.7%) were non-Hispanic Black, 92 (9.4%) were Hispanic, and 31 (3.2%) were 
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classified as Other. Primary insurance was identified as 377 (38.8%) with Private insurance, 266 

(27.4%) with Medicare, 312 (32.1%) with Medicaid, and 16 (1.6%) with Other. There were no 

statistically significant differences regarding demographics or primary insurance between those 

hospitalizations with versus without pathway use (Table 1). Patients for whom the COPD 

pathway was accessed did not differ in current, past, or never-smoking status (p = 0.12); 

Charlson co-morbidity scores (mean, 3.8 v. 3.9, p=0.65); or ³ one admission in the prior year 

(p=0.36) compared with those who never had the COPD pathway accessed. Although the 

pathway used group was less likely to have a history of congestive heart failure (CHF), no other 

differences were noted in the prevalence of individual comorbidities between groups.  

 

Association between Pathway Use and Outcomes 

In bivariate analyses, referrals to PR were more frequent (8.5% v. 1.6%, p <0.001) among 

hospitalizations with pathway use, but referrals to tobacco cessation remained low in both groups 

(0.0% v. 0.6%, p=0.54). The proportion of patients discharged to home with or without homecare 

services was greater (87.3% v 74.7%, p=0.001) with versus without pathway use. The LOS was 

lower (mean, 5.4 days v. 7.1 days, p=0.001) for those hospitalizations with versus without 

pathway use. Although 30-day readmissions were also lower among the pathway group, this 

difference was not statistically significant (16.2% v 22.0%, p=0.12). Vitamin D orders were also 

higher in the pathway group (8.5% v 2.1%, p<0.001). 

 

In multivariable analysis, admissions where the pathway was used had greater odds of receiving 

a referral to PR when compared to admissions without pathway use (OR 5.76, 95% CI 2.47-13.4) 

(Table 2). Other factors associated with increased odds of receiving PR referral included male 
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gender (OR 2.86, 95% CI 1.19-6.87, and history of smoking (OR 5.12, 95% CI 1.61-16.8). 

Pathway use was also associated with greater odds of discharge to home with or without services 

(OR 1.96, 95% CI 1.14-3.39) (Table 3). Other characteristics associated with greater odds of 

home discharge included Hispanic ethnicity (OR 2.33, 95% CI 1.13-4.77). Variables associated 

with lower odd of home discharge included age (OR 0.96, 95% CI 0.94-0.98), Medicare (OR 

0.59, 95% CI 0.39-0.89), Medicaid (OR 0.54, 95% CI 0.33-0.87), admission in past 12 months 

(OR 0.64, 95% CI 0.44-0.92), use of non-invasive ventilation during admission (OR 0.59, 95% 

CI 0.40-0.86), and LOS (OR 0.92, 95% CI 0.90-0.95). Additional multivariable analyses 

explored the association of the pathways with LOS and 30-day readmissions as outcomes but did 

not find a statistically significant association (data not shown). 

 

Association between Pathway Use and Standardized Cost  

To better understand resource utilization during hospitalization between those COPD admissions 

where the pathway was versus was not used, we examined the percentage of the total cost of 

hospitalization by different service areas (e.g. labs, diagnostic imaging, therapeutic services, etc). 

Bivariate analysis showed that total standardized costs were lower in the pathway group ($5,756 

v. $8,781, p< 0.001), with statistically significant differences in cost of pharmacy, labs, 

diagnostic imaging, blood products, and therapeutic services which includes items such as 

Physical and Occupational Therapy and endoscopic swallow evaluation. A list of the top items in 

each category is provided in Table 2 in the online supplement. 

 

Discussion 
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This study highlights the feasibility of implementing a COPD-focused inpatient CP in the EHR 

across a large healthcare system. Despite a relatively low utilization rate, pathway use during 

hospitalization for COPD exacerbation was associated with increased patient referrals to PR, 

increased discharges to home, with a non-statistical trend toward lower total standardized 

hospitalization-related costs, lower LOS, and 30-day readmissions. The pathway was built into 

the EHR over several weeks using proprietary software from AgileMD, Inc. (San Francisco, CA) 

and evidence-based content was developed by the YNHHS multidisciplinary COPD Clinical 

Consensus Group. The CP was minimal cost to the healthcare system and no dedicated 

personnel, such as nurse navigators, were required for its implementation or maintenance. 

 

Several patient-, provider- and healthcare system-related factors are associated with 

hospitalization risk for people with COPD. 33-35 Some of these are potentially modifiable, 

including confirmation of accurate diagnosis, optimization of pharmacotherapy, supplemental 

oxygen and/or noninvasive ventilation, tobacco cessation, and improvement in physical function.  

Correctly identifying COPD is an essential first step in guiding acute management at admission, 

informing subsequent inpatient care, and coordinating discharge plans. Confirming COPD also 

avoids the use of inappropriate treatments that may pose risks to patients, incur unnecessary 

costs, and prolong LOS. Since many conditions mimic COPD and COPD exacerbation, our 

pathway focuses on verifying the underlying COPD diagnosis, as well as discriminating the 

causes of acute changes in patients’ symptoms resulting in hospitalization. An order for inpatient 

spirometry (done in the pulmonary function lab by certified PFT technicians) was available for 

individuals without any prior confirmation of the COPD diagnosis.  Because the diagnosis can be 

established with historical PFTs and CT scans prior to the index admission, which would obviate 
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the need for inpatient PFTs, we were unable to measure accurately those patients who had COPD 

confirmed prior to versus at the time of pathway use.  

 

Interestingly, prior qualitative pathway research found that providers worried about “tunnel 

vision” 36 where clinicians anchor to a specific diagnosis without considering alternatives. We 

found evidence to support the contrary.  The COPD pathway was opened on patients who were 

not discharged with a diagnosis of COPD (data not shown), so were not included in our study 

cohort. This suggests, however, that some clinicians may have questioned the presumptive 

diagnosis of COPD and changed course after following the pathway, which explicitly lists a brief 

differential for shortness of breath that can be confused with COPD, e.g., congestive heart failure 

and pulmonary embolism. Because of known diagnostic misclassification of COPD 3-5, the first 

step in our pathway can reduce the heuristic fallacy and “tunnel vision” of an initial diagnosis 

that is often continued when patients transition from the Emergency Department to the inpatient 

medical ward, between day and night staff, and at discharge.   

 

The existing literature around CPs and COPD for adults is limited with most reports evaluating 

CPs not embedded in the EHR.26-28 One small prospective study among 44 patients hospitalized 

for COPD exacerbation found that use of a care bundle embedded in the EHR and focused on 

nursing protocols, medications and discharge orders was associated with reduced readmission 

rates, lower LOS and 90-day hospital costs.37  In our study, readmission rates among pathway 

users was 16.2% compared to 22% in non-pathway users. While this finding did not reach 

statistical significance, 16.2% is lower than the reported national average of 19% among US 

COPD admissions 38 which may suggest some benefit of pathway use on readmissions. 
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Similarly, we found a non-statistically significant lower LOS and cost among pathway-users, but 

this may have also been driven by a lower proportion of CHF among the pathway cohort 

compared to the CHF-no pathway group. In bivariate subgroup analyses of the CHF cohort 

alone, we found the CHF-pathway users had a statistically significant lower LOS (5.3 v. 8.1 

days, p < 0.001) and cost ($6,098 v. $10, 627, p < 0.001) as compared to the CHF-no pathway 

group. A recent systematic review 39 analyzed six studies published since the year 2000 that met 

similar criteria for CP intervention.  Only one study was conducted in the US, with other 

evidence coming from Asia, Australia, and European hospitals. Four of the interventions 

required a human navigator, no studies addressed EHR integration, and no studies analyzed 

EHR-based CPs for their effect on process measures such as PR referral. To our knowledge, our 

study is novel in that regard. Our CPs allow direct ordering from the pathway using links pre-

populated with information at the point of care rather than as an extra step clinicians must 

perform. Seamless EHR integration also makes pathways available at any time, regardless of 

care setting such as the ED, medical ward, or ICU. Thus, CPs are immune to changes in doctors, 

nurses, or case managers during a hospitalization. They are self-contained in that they do not 

require a nurse navigator or consultant's participation in their deployment, thereby incurring only 

the cost of developing the pathway.  

 

Our findings are generally consistent with prior literature, suggesting that CPs are effective in 

decreasing readmission rates, although our readmission finding was not statistically significant. 

Our finding of a low referral rate of patients for post-hospitalization PR is consistent with other 

studies in the US, which demonstrate rates of PR following COPD hospitalization in the range of 

1.5 to 4%. 9,31,40,41 Given the importance of PR in improving patient outcomes including reducing 
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readmission rates 42,43 and mortality 31, referral of suitable patients to PR is a critical component 

of post-acute care.  A recent analysis of top-performing US hospitals with PR referral rates above 

the 95th percentile (6.58%) found that systems to identify COPD patients enabled targeted 

education, care, and discharge planning, including PR referral.44  Our study demonstrates the 

power of the EHR-embedded clinical pathway to enhance process metrics such as PR referrals 

easily and without the need for more people-power. The CP quickly redresses any knowledge 

deficit among providers about both the benefits of and how to order PR which requires a time-

consuming workflow to locate a program. 42,45  The pathway prepopulated the link for the PR 

facility based on the patient’s location and with one click in the EHR, facilitated referrals.  This 

likely explains our finding of a PR referral rate of 8.5% among the pathway group which is 

higher than prior reported PR utilization rates. 9,31,40,41 

 

We did not find the same effect of our pathway on tobacco cessation referrals. We believe this is 

likely attributable both to the paucity of available outpatient tobacco cessation programs and 

healthcare professionals’ low knowledge of them. Instead, the pathway directed clinicians and 

patients to free tobacco cessation resources including state-funded nicotine replacement. Because 

referrals and follow-up with these free resources are completed outside of the EHR, we were not 

able to capture fully the difference in tobacco cessation guidance distributed to patients. 

 

Our finding of a higher odds of discharging to home with pathway utilization is important given 

the expense of skilled nursing facilities and the dearth of readily available beds which can lead to 

increased hospital LOS. 46  The pathway nudges providers to anticipate discharge needs on the 

second day of hospitalization. For example, by measuring ambulatory oxygen saturations and 
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peak inspiratory flow rates early, durable medical equipment can be ordered, and medications 

can be changed and communicated to the patient well prior to the day of discharge. Early 

planning for potential needs and support increases the likelihood of a successful home discharge. 

But the full mechanisms underlying the higher odds of discharge to home are not clear. 

Promotion of standards of clinical care such as use of oral rather than intravenous steroids, found 

to reduce hyperglycemic episodes 47, and optimized use of other pharmacotherapies could have 

played a role. Moreover, the pathway includes a standard protocol to determine home oxygen 

needs, with streamlined ordering of home oxygen, again pre-populated with information specific 

to the patient. This may have broadened the scope of providers who could assess this and in turn 

may have expedited the process, rather than relying on physical therapy to document the oxygen 

needs, which is common practice at our institution. This could also contribute to the trend toward 

decreased LOS among admissions with pathway use. Adherence to evidence-based practice and 

decreased LOS could also have contributed to standardized cost reduction. 

 

Our study has some limitations, including our measurement of pathway opening. Although we 

were not able to locate which element of the pathway was used by the clinician, the fact that 

there was a difference in Vitamin D ordering suggests that pathways that were “opened” were 

actively used by clinicians. Another study limitation was the low percentage of relevant 

hospitalizations for which the COPD pathway was used (14.6%). Encouragement of routine 

pathway use requires culture change, particularly for common conditions such as COPD, where 

some healthcare professionals may believe they do not need clinical guidance for patient 

management. It is not yet known whether increasing the percentage of hospitalizations during 

which the COPD pathway is used can have still greater effect on clinical patient outcomes and 
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process metrics such as hospital readmissions, LOS or healthcare costs.  Also, we were unable to 

determine which of the two pathway components (admission or subsequent day), or 

subcomponents within these had impact on the outcomes assessed. Further, patients did not 

participate in pathway development. Lastly, there are additional outcomes important for future 

study, including (but not limited to) the impact of pathway use on evidence-based use of 

pharmacotherapy, recognition and treatment of ventilatory insufficiency, and recognition of need 

for palliative care services.  The high percentage of patients in our cohort who self-identified as 

never-smokers was somewhat surprising, but we were unable to formally assess other potential 

risk factors for COPD as part of this study. While our study focused on COPD, people with other 

chronic respiratory diseases may benefit similarly from EHR-based CPs. Moreover, while our 

US-based healthcare system provides care for a diverse patient population, the generalizability of 

our findings for patients in other systems including those with national healthcare where routine 

process audit procedures are used (such as for PR referrals) is unknown.    

 

Interpretation: 

Implementation of an inpatient COPD CP is feasible, and despite a low utilization rate by 

healthcare professionals, is associated with improvements in referrals to PR at time of discharge 

and increased discharges to home. CPs provide a practical vehicle to standardize evidence-based 

care across a large complex healthcare system and ensure that all providers always have access 

to the most expert knowledge available without the need for additional human resources.  As 

such, they can be powerful platforms to create learning healthcare systems, and in turn have the 

potential to improve patient outcomes. 
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Table 1. Patient Characteristics of COPD Admissions by Pathway Utilization 
 

Characteristic  Full Cohort 
N 

Pathway Used 
N (%) 

No Pathway Used 
N (%) 

P value 

Encounters (N) 971 142 (14.6) 829 (85.4) NA 
Unique patients (N) 766 NA NA NA 
Demographics     
 Age in years,  

median (IQ range) 
59/65/76 
(IQR) 

67 (Mean) 
66 (median) 

67 (Mean) 
65 (median) 

.949 

 Gender - male 381 55 (38.7) 326 (39.3%)  
 Gender – female 590 (60.7%) 34 (61.3) 503 (60.7%) .894 
 Race/ethnicity     
 Non-Hispanic White 627 (64.6%) 89 (62.7) 538 (64.9)  
 Non-Hispanic Black 221 (22.7%) 34 (23.9) 187 (22.6)  
 Hispanic 92 (9.4%) 18 (12.7) 74 (8.9)  
 Other 31 (3.2%) 1 (0.7) 30 (3.6) .156 
 Primary Insurance     
 Private 377 (38.8%) 48 (33.8) 329 (39.7)  
 Medicare  266 (27.4%) 45 (31.7) 221 (26.7)  
 Medicaid  312 (32.1%) 47 (33.1) 265 (32.0)  
 Other 16 (1.6%) 2 (1.4) 14 (1.7) .511 
Tobacco use     
 Current smoker 308 (31.7%) 52 (36.6) 256 (30.9)  
 Past smoker 71 (7.3%) 14 (9.9) 57 (6.9)  
 Never smoker 591 (60.8%) 76 (53.5) 515 (62.2) .122 
Charlson Comorbidity Index 2/3/5 (IQR) 

 
3.81 (mean) 
3.00 (median) 

3.90 (mean) 
3.00 (median) 

.649 

Comorbidities     
 COVID 10 1 (1.8) 9 (2) .917 
 Congestive heart failure 287 31 (21.8) 256 (30.9) .029 
 Kidney failure 134 20 (14.1) 114 (13.8) .915 
 Hypertension 480 73 (51.4) 407 (49.1) .610 
 Diabetes 245 39 (27.5) 206 (24.8) .507 
 Obesity 413 63 (44.4) 350 (42.2) .633 
 Peripheral vascular disease 98 9 (6.3) 89 (10.7) .108 
 Malnutrition or BMI < 20 125 21 (14.8) 104 (12.5) .461 
Pulmonary function test (PFT)     
 Any in 2 years prior or 4 

months after admission 
465 77 (54.2) 388 (46.8) .102 

 Inpatient PFT 47 10 (7.0) 37 (4.5) .186 
Hospital admissions in 12 months 
before index admission 

    

 None 8 0 (0.0) 8 (1.0)  
 1 392 57 (40.1) 335 (40.4)  
 2 205 36 (25.4) 169 (20.4)  
 ≥ 3 366 49 (34.5) 317 (38.2) .357 
Non-invasive ventilation during 
index admission 

254 28 (19.7) 226 (27.3) .059 

Invasive ventilation during index 
admission 

31 3 (2.1) 28 (3.4) .428 
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Discharge to home with or without 
services 

744 124 (87.3) 620 (74.7) .001 

Length of Stay (days) 2.9/4.5/7.1 
(IQR) 

5.4 (mean) 
4.1 (median) 

7.1 (mean) 
4.6 (median) 

.001 

Readmission within 30 days of 
discharge, (N, % encounters) 

205 (21.1) 23 (16.2) 182 (22.0) .120 

Total cost/case $8,339.4 $5,756.3 $8,781.8 <.001 
Vitamin D Lab order 29 12 (8.5) 17 (2.1) <.001 
Referrals made during admission     
 Pulmonary rehabilitation 25 12 (8.5) 13 (1.6) <.001 
 Tobacco cessation 7 1 (0.7) 6 (0.7) .980 
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Table 2. Pulmonary Rehabilitation Referral Multivariable Analysis 

Variable Odds Ratio 95% Confidence Interval P-Value 
Pathway use 5.762 2.468 13.453 <0.001 
Demographic     
Age  1.000 0.952 1.050 0.994 
Gender - male 2.859 1.190 6.867 0.019 
Race/ethnicity     
Non-Hispanic White ref    
Non-Hispanic Black 0.478 0.129 1.764 0.288 
Hispanic 0.230 0.027 1.955 0.178 
Primary Insurance     
Private ref    
Medicare  1.502 0.564 4.000 0.416 
Medicaid  0.695 0.200 2.414 0.567 
Other 2.237 0.237 21.126 0.482 
Tobacco use     
Never smoker ref    
Current smoker 1.275 0.452 3.594 0.646 
Past smoker 5.199 1.607 16.823 0.006 
Clinical characteristics     
Charlson Comorbidity Index 1.026 0.831 1.268 0.809 
Admission in past 12 months  0.883 0.375 2.081 0.776 
Non-invasive ventilation  0.550 0.163 1.851 0.334 
Invasive ventilation  1.471 0.108 20.088 0.772 
Length of stay 1.008 0.968 1.050 0.698 
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Table 3. Discharge to Home Multivariable Analysis 

Variable Odds Ratio 95% Confidence Interval P-Value 
Pathway use 1.963 1.136 3.393 0.016 
Demographic     
Age  0.962 0.944 0.980 <0.001 
Gender - male 1.245 0.873 1.776 0.226 
Race/ethnicity     
Non-Hispanic White ref    
Non-Hispanic Black 1.081 0.705 1.659 0.720 
Hispanic 2.326 1.134 4.773 0.021 
Other 0.782 0.328 1.866 0.580 
Primary Insurance     
Private ref    
Medicare  0.592 0.393 0.891 0.012 
Medicaid  0.539 0.333 0.871 0.012 
Other 0.428 0.132 1.394 0.159 
Tobacco use     
Never smoker ref    
Current smoker 1.440 0.961 2.158 0.077 
Past smoker 2.156 0.960 4.840 0.063 
Clinical characteristics     
Charlson Comorbidity Index 0.964 0.899 1.034 0.311 
Admission in past 12 months 0.636 0.443 0.915 0.015 
Non-invasive ventilation  0.589 0.402 0.864 0.007 
Invasive ventilation  0.674 0.249 1.828 0.439 
Length of stay 0.922 0.896 0.949 <0.001 
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Figure 1. Screenshot of COPD Admission Pathway Component 
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Figure 2. Screenshot of COPD Subsequent Day Pathway Component 
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Online Supplement 
Table 1. Full list of diagnosis codes 
Supplemental Table 1. COPD Cohort Inclusions   

ICD-10-CM Code Description 
Principal Diagnosis 

Code - No Additional 
Coding Requirements 

Principal Diagnosis Code - 
Requires Secondary Diagnosis 

Code of J44.0 or J44.1 

J41.0 Simple chronic bronchitis Y - 
J41.1 Mucopurulent chronic bronchitis Y - 
J41.8 Mixed simple and mucopurulent chronic bronchitis Y - 
J42 Unspecified chronic bronchitis Y - 

J43.0 Unilateral pulmonary emphysema [MacLeod's syndrome] Y - 
J43.1 Panlobular emphysema Y - 
J43.2 Centrilobular emphysema Y - 
J43.8 Other emphysema Y - 
J43.9 Emphysema, unspecified Y - 
J44.0 Chronic obstructive pulmonary disease with (acute) lower respiratory infection Y - 
J44.1 Chronic obstructive pulmonary disease with (acute) exacerbation Y - 
J44.9 Chronic obstructive pulmonary disease, unspecified Y - 

J96.00 Acute respiratory failure, unspecified whether with hypoxia or hypercapnia - Y 
J96.01 Acute respiratory failure with hypoxia - Y 
J96.02 Acute respiratory failure with hypercapnia - Y 

J96.20 Acute and chronic respiratory failure, unspecified whether with hypoxia or 
hypercapnia - Y 

J96.21 Acute and chronic respiratory failure with hypoxia - Y 
J96.22 Acute and chronic respiratory failure with hypercapnia - Y 

J96.90 Respiratory failure, unspecified, unspecified whether with hypoxia or 
hypercapnia - Y 

J96.91 Respiratory failure, unspecified with hypoxia - Y 
J96.92 Respiratory failure, unspecified with hypercapnia - Y 
R06.03 Acute respiratory distress - Y 
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R09.2 Respiratory arrest - Y 
 
 
Table 2. full list of costs tabulated 

Supplemental Table 2. Cost Driver Top 10 Charges 
   
Pharmacy   
 ERX - 57572 - 20 $8,568,660.72 

 ERX - 57568 - 15 $6,285,400.08 

 ERX - 56164 - REMDESIVIR 100 MG INTRAVENOUS POWDER FOR SOLUTION 2,127 $4,923,330.16 

 NDG - 51975 - 2 ML VIAL : SUGAMMADEX 100 MG-ML INTRAVENOUS SOLUTION 12,329 $1,753,313.62 

 NDG - 53256 - 1000 UNITS : HUM PROTHROMBIN CPLX(PCC)4FACT 1,000 UNIT (800-1,240 UNIT) IV SOLUTION 345 $1,660,269.93 

 NDG - 03553 - 1 ML VIAL : HEPARIN (PORCINE) 5000 UNIT-ML INJECTION 25,676 $1,494,306.40 

 ERX - 58896 - 3 $1,466,791.17 

 
NDG - 12386 - 200 ML VIAL : IMMUNE GLOBGAMM(IGG) 10 %-PRO-IGA 0 TO 50 MCG-ML INTRAVENOUS 
SOLUTION 287 $1,313,951.16 

 ERX - 12689 - RIFAXIMIN 550 MG TABLET 1,213 $1,174,326.95 

 NDG - 51198 - 20 ML : BUPIVCAINE LIPOSOME INJECTION (EXPAREL) 4,108 $1,134,350.71 
Laboratory   
 EAP - 30000001 - HC COLLECTION OF VENOUS BLOOD BY VENIPUN 44,595 $2,221,997.15 

 EAP - 30005291 - HC ZZZCOVID-19 LG OUTPUT INSTMNT AMP PROBE 36,966 $1,715,321.82 

 EAP - 30000666 - HC RBC SCRN ANTIBODY 36,563 $1,636,973.23 

 EAP - 31000452 - HC IMMUNOCHEM PER SPEC; EA SINGLE AB STAIN 3,547 $1,577,123.85 

 EAP - 30000213 - HC GLUCOSE BY DEVICE 8,729 $1,447,139.74 

 EAP - 30000827 - HC LEVEL V - SURGICAL PATHOLOGY GROSS A 5,539 $1,310,687.19 

 EAP - 30000432 - HC BL COUNT CBC AUTO W-AUTO DIFF 91,322 $1,234,685.49 

 EAP - 30005308 - HC COVID-19 + FLU A-B + RSV - CEPHEID 21,574 $1,131,945.67 

 EAP - 30000273 - HC MAGNESIUM 62,079 $1,060,323.69 

 EAP - 30000003 - HC BASIC METABOLIC PANEL 58,187 $1,054,500.75 
Diagnostic Imaging   
 EAP - 32000295 - HC XR EXAM CHEST 1 VIEW 42,729 $5,111,184.68 

https://journal.copdfoundation.org/
https://journal.copdfoundation.org/
https://doi.org/10.15326/jcopdf.2024.0585


PRE-PROOF Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation PRE-PROOF 

Copyright Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation ©2025 
Published online June 9, 2025     https://doi.org/10.15326/jcopdf.2024.0585 

 EAP - 35000045 - HC CT ABD-PEL W-CONTR 16,707 $1,117,681.32 

 EAP - 32000296 - HC XR EXAM CHEST 2 VIEWS 20,726 $1,061,684.56 

 EAP - 35000002 - HC CT HEAD-BRAIN W-O CONTR 21,331 $1,004,568.86 

 EAP - 35000019 - HC CTA CHEST (NONCOR) WW-O CONTR 8,883 $848,973.14 

 EAP - 32000299 - HC XR EXAM ABDOMEN 1 VIEW 8,108 $728,541.34 

 EAP - 61000013 - HC MRI BRAIN WW-O CONTR 4,195 $647,559.49 

 EAP - 40000010 - HC US ABD LTD 7,515 $605,223.67 

 EAP - 35000014 - HC CTA HEAD WW-O CONTR 5,269 $550,590.62 

 EAP - 35000015 - HC CTA NECK WW-O CONTR 5,198 $530,997.24 
Therapeutic Services   
 EAP - 42000033 - HC THER ACT 15 MIN 34,255 $6,145,869.33 

 EAP - 42000028 - HC GAIT TRN 15 MIN 24,330 $2,104,279.76 

 EAP - 42400002 - HC PT EVAL MOD COMPLEX 30 MIN 33,547 $2,077,930.40 

 EAP - 42000025 - HC EXERCISE - XTHER 15 MIN 16,421 $1,949,388.91 

 EAP - 42000004 - HC EVALUATION SWALLOWING CMPLX 8,689 $1,224,704.33 

 EAP - 43400002 - HC OT EVAL MOD COMPLEX 45 MIN 15,215 $1,213,872.63 

 EAP - 44000002 - HC ST TX SWALLOW-ORAL FUNCTION 4,372 $1,212,013.04 

 EAP - 42000036 - HC HOME INSTRUCTION-PROGRAM 15 MIN 8,390 $835,009.55 

 EAP - 42400001 - HC PT EVAL LOW COMPLEX 20 MIN 9,581 $588,301.93 

 EAP - 42000072 - HC ENDOSCOPY SWALLOW TST (FEES) 3,288 $513,292.29 
Blood Products   
 EAP - 39000004 - HC RBCS LR EA UNIT 8,306 $5,136,162.98 

 EAP - 39000032 - HC PLATELETS PHERESIS PATHOGEN REDUCED 1,979 $4,875,241.69 

 EAP - 38100001 - HC RBCS LR IRRADIATED EA UNIT 2,831 $2,427,513.84 

 EAP - 38400004 - HC PLATELETS PHERESIS LR IRRADIATED EA 972 $1,900,851.18 

 EAP - 39000016 - HC CRYOPRECIPITATE PREPOOLED 871 $1,578,813.80 

 EAP - 39000002 - HC BL SPLIT UNIT SPECIFY AMOUNT 582 $745,423.17 

 EAP - 3806539000004 - HC RBCS LR EA UNIT 608 $403,883.52 

 EAP - 39000005 - HC PLASMA FRESH FROZ PROC 880 $340,050.16 

 EAP - 36000599 - HC TRANSFUSE BL-BL COMPONENTS 11,326 $283,299.56 

 EAP - 39000015 - HC PLASMA FROZ 8 TO 24 HRS 697 $166,213.00 
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