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Purpose: Dyspnea is a leading symptom of COPD that causes presentations in emergency departments or negatively impacts on them. 
Guideline-based inhalation therapies are intended to reduce dyspnea in COPD patients. This study analyzed how common guideline 
recommended inhalation therapy regimens are occurring in clinical practice among COPD patients presenting to emergency depart-
ments due to adverse drug reactions in polytherapy using data of the German ADRED database.
Patients and Methods: In total, 269 COPD cases were identified. In a further analysis, all cases were analyzed for documented 
GOLD stage and guideline-recommended inhalation therapy for COPD. Dyspnea and other symptoms identified during ED presenta-
tion were analyzed and compared between patients who did and did not receive the guideline’s recommended inhalation therapy.
Results: In this observation, 41% (n = 46) of all 112 cases with a documented COPD and GOLD stage received an underdosed 
therapy according to current guidelines. Dyspnea was the most common identified symptom (32%, n = 36) in this cohort and occurred 
more often in patients who received an underdosage of inhalation therapy (p < 0.01).
Conclusion: Patients with COPD presenting to ED with ADRs show a high rate of non-guideline-recommended inhalation therapy 
and present more often with dyspnea compared to those COPD patients who received an adequate dosing of inhalation therapy.
Keywords: emergency department, dyspnea, guideline therapy, chronic obstructive pulmonary disease, adverse drug events

Introduction
Chronic obstructive pulmonary disease (COPD) is one of the most common pulmonary diseases, with an increasing 
prevalence worldwide.1 Chronic progression and limitations due to the symptoms of COPD present challenges to both 
patients and health-care systems.2 Leading symptoms of COPD are dyspnea and cough. In acute cases, patients may 
primarily present to emergency departments. In Germany, hospital admission rates as a result of COPD are significantly 
higher than in other countries, up to 200 admissions per 100.000 people.3 Various risk factors, such as age, severity of 
COPD and poor lung function influence patient outcomes.4 Recurrent hospital admissions and emergency presentations, 
coupled with disease progression, also lead to increased personnel and financial burdens in the healthcare system.5

Inhalation therapies that use bronchodilators have been established for decades. Long-acting beta-2 agonists (LABA) 
and long-acting muscarinic antagonists (LAMA) improve lung function, COPD symptoms and health status6–9 whilst 
short-acting beta-2 agonists and anticholinergics can reduce dyspnea.3 Inhaled glucocorticoids, in combination with 
bronchodilatators, can reduce the frequency of acute exacerbations.10 Current scientific data on optimal therapy for 
COPD, such as combination therapies of different drug classes, have been collated and summarized into guideline 
recommendations to improve patient care. Guideline recommendations provide guidance to physicians concerning 
optimal therapy in clinical practice. In Germany, the established guideline recommendations for the treatment of 
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COPD have been based on the GOLD report which requires the inhaled therapy to be adjusted according to COPD 
severity and symptoms. Depending on the severity, monotherapy (LABA, LAMA) is extended to combination therapy 
(LABA+LAMA) or triple therapy (LABA+LAMA+ICS).11,12 The more severe the pulmonary obstruction is, the sooner 
patients become symptomatic and an adjustment of the anti-obstructive therapy takes place.

We used patient data from the observational ADRED cohort study on emergency admissions due to adverse drug 
reactions,13 to analyze how common guideline-based inhalation therapy regimens are applied in clinical practice for 
COPD patients who present to emergency departments with adverse drug reactions from polytherapy treatments.

Materials and Methods
Study Population
Participants of the multicentre prospective observational study trial named Adverse Drug Reactions in Emergency 
Departments (“ADRED”; DRKS-ID: DRKS00008979) were analyzed. The ADRED study draws on adverse drug 
reaction (ADR) cases in four large hospital EDs of tertiary care and academic teaching hospitals in Germany. These 
cases are classified as possible, probable or certainly related to drug intake. The recruitment of participants in the study 
followed the guidelines of the World Health Organization–Uppsala Monitoring Centre system for causality assessment by 
a trained physician or pharmacist.14 Data collection in ADRED draws on medical records (eg, diagnoses) of COPD cases, 
current medication plans and participant interviews. All medications taken by patients (including dosage) before 
presentation in the emergency department were recorded and analyzed. Further information of the ADRED study design 
has been published elsewhere.13,15 The ADRED database contained 2939 cases at the time of the study, with patients 
enrolled in the trial between 2015 and 2018. The ADRED study was approved by the responsible ethical committee of 
the University of Bonn (202/15), with all participants providing informed consent in accordance with the World Medical 
Association’s Declaration of Helsinki.

Data Collection and Classification of Cases
Cases with a co-diagnosis of COPD (according to ICD-10 codes) were selected from the ADRED cohort regardless of the reason 
for presentation to the emergency department. Demographic and clinical data including current drug intake, pre-existing 
diagnoses and reported symptoms were recorded. Symptoms were classified according to the “medical terminology for drug 
regulatory authorities” (MedDRA) and were analyzed on the “preferred term” level (PT).16

In total, 309 cases with a diagnosed COPD were identified. Subsequently, cases with multiple presentations during case 
recruitment or with incorrect documentation were excluded (40 cases). The remaining cases were analyzed against the 
international COPD classification of GOLD3 using documented ICD codes (ICD-10 codes). Cases with an undefined 
GOLD classification were excluded from further analysis, resulting in the enrollment of 112 cases. Two pneumologists 
analyzed and assessed the cases prescribed inhalation therapy against the graduated GOLD stage. Both pneumologists 
independently assessed whether the drug prescription met the current standard of COPD treatment according to the German 
COPD guideline.11 Each case’s drug prescription was examined for anti-obstructive drug classes (long-acting β-agonists 
(LABA), long-acting muscarinic-antagonists (LAMA), short-acting β-agonists (SABA), short-acting muscarinic-antagonists 
(SAMA) and inhaled corticosteroids (ICS)) and prescription errors. Prescription errors were classified as errors in dosage, in 
frequency of use and/or in the appropriateness of the combination of the prescription. Identified inappropriate prescriptions 
for COPD patients using inhaled therapies included, eg, single shot use of olodaterol/tiotropium respimat or multiple uses of 
salbutamol (SABA) per day without using a LABA or LAMA in basic therapy. The expert assessments were then compared 
and where assessments differed, cases were discussed and a common consensus was reached.

Following this work, patients with adequate therapy were compared to the group of patients with inadequate therapy. 
This comparative analysis examined typical symptoms of COPD including dyspnea and cough, which are treated by 
inhalation drug classes, reporting by patients in the emergency department. Further analysis examined whether the cause 
of presentation to the emergency department was also associated with dyspnea or worsening of COPD. For this purpose, 
the cases were bundled for the admission diagnoses dyspnea (R06) and COPD (J44) according to the common ICD-10 
classification, which were then compared.
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Statistical Analysis
Descriptive statistics were calculated for the study population. Continuous parameters were tested for normal distribution 
using the Kolmogorov–Smirnov test. Where results were not normally distributed, continuous parameters were presented 
as median and interquartile range (IQR) and compared using Mann–Whitney test. Categorical parameters were presented 
in absolute numbers and percentages. The frequency of symptoms and main diagnoses was compared between the two 
groups using the chi-squared test.

Results
A total of 112 cases (42%) were found with a defined GOLD stage3 with 19 cases (17%) classified as GOLD I, 40 cases 
(36%) as Gold II, 29 cases (26%) as GOLD III and 24 cases (21%) as GOLD IV. The median age of the study’s 
participants was 74 years old, with 61% of the cases male and 39% female. The study also identified that the median for 
drugs taken was 11 different drugs. Further characteristics of the study population are shown in Table 1.

Inhalation therapy regimes were prescribed in 76 (68%) of all cases with a known Gold classification. A minimum of 
one long acting bronchodilatator was prescribed in 56 cases (74%) and a minimum of one short acting bronchodilatator 
was taken in 44 cases (58%). For cases with a documented inhalation therapy, LABA were prescribed in 49 cases (65%), 
LAMA in 45 cases (59%), ICS in 34 cases (45%), SABA in 41 cases (54%) and SAMA in 31 cases (41%). A LABA/ 

Table 1 Characteristics of the COPD-Cases in ADRED in General and Compared Between Cases with Adequately Dosage and 
Underdosage of Inhalation Therapy

∑ n= (% or IQR)

ADRED cases 2939 (100%)

COPD cases 309 (11%)

COPD cases classified according to GOLD Total  
∑ n=112

Cases with 
underdosage  

∑ n=46

Cases with adequately 
dosage  
∑ n=54

Male, n (%) 68 (61) 27 (59) 35 (65)

Female, n (%) 44 (39) 19 (41) 19 (35)

Age (years), median (IQR) 74 (68; 82) 76 (71; 84) 73 (64; 81)

Amount of drugs, median (IQR) 11 (7; 14) 12 (8; 16) 9 (6; 12)

Amount of drugs (excluding inhalative drugs), median 
(IQR)

9 (6; 12) 10 (8; 13) 7 (6; 10)

Co-diagnosis diabetes mellitus, n (%) 38 (34) 12 (26) 23 (43)

Co-diagnosis coronary heart disease, n (%) 41 (37) 17 (37) 19 (35)

Co-diagnosis chronic kidney disease, n (%) 22 (20) 15 (33) 5 (9)

Co-diagnosis hypertension, n (%) 84 (75) 34 (74) 42 (78)

Co-diagnosis obesity, n (%) 4 (4) 1 (2) 3 (6)

COPD Gold I 19 (17) 2 (4) 16 (30)

COPD Gold II 40 (36) 9 (20) 26 (48)

COPD Gold III 29 (26) 18 (39) 8 (15)

COPD Gold IV 24 (21) 17 (37) 4 (7)

Note: All numbers rounded to integral numbers. 
Abbreviation: IQR, inter quartile range.
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LAMA combination therapy was taken in 15 cases (20%), a triple therapy including LABA/LAMA/ICS in 23 cases 
(30%) and a LABA/ICS combination in 6 cases (8%). The study also identified that single therapy was used in 5 cases 
(6%) for LABA, 7 cases (9%) for LAMA and in 5 cases (6%) for ICS. The study also found that 20 patients (26%) took 
both SABA and SAMA (Figure 1).

A total of 46 patients (41%) were classified as underdosed according to their GOLD stage and current guidelines,3 

while there were 9 cases (8%) where the therapy was overdosed and 3 cases that had to be excluded due to insufficient 
documentation. The most commonly reported symptom at presentation to the emergency department in all COPD 
patients was “dyspnea” with 32% (n = 36); however, this diagnose was more often reported in the group of patients 
with underdosed therapy than in patients who were not underdosed (n = 24, p < 0.01). There was no significant difference 
between the two groups for the symptom “cough” (p = 0.23) and, except for dyspnea, there were no significant 
differences among the 10 most frequently complained ADR symptoms resulting in emergency admission between the 
groups (Table 2). COPD patients with underdosed therapy were more likely to be admitted to the emergency department 
due to worsening COPD (J44) and dyspnea (R06) (p = 0.03). Other ADR symptoms such as anemia, falling and dizziness 
did not differ between the adequately dosed versus underdosed COPD groups (Table 2). The most frequent diagnoses 
leading to the ED admission were “acute renal failure” (N17), “heart failure” (I50), “volume depletion” (E86) or “lung 
cancer” (C34), where each diagnosis represented 7% (n = 3) of the cases and was not more frequent compared to the 
other group with adequate inhaled therapy (p = 0.51).
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Figure 1 Therapy in the COPD Gold group (n=112); (A) inhalative therapy, (B) inhalative drug classes, (C) Venn chart of long-acting bronchodilatators and ICS, (D) Venn 
chart of short-acting bronchodilatators, All numbers rounded to integral numbers. 
Abbreviations: LA, long-acting bronchodilatator; SA, short-acting bronchodilatator; ICS, inhalative glucocorticoid; LABA, long-acting β-agonists; LAMA, long-acting 
muscarinic-antagonists; SABA, short-acting β-agonists; SAMA, short-acting muscarinic-antagonists.
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The characteristics of the different groups are compared in Table 1. Patients with underdosed therapy regimes tended 
to be older and differed in comorbidities including chronic kidney disease, or diabetes. Cases with underdosed inhalation 
therapy were more often assigned to advanced Gold stages (COPD Gold III 39%, COPD Gold IV 37%) while cases with 
underdosed inhalation therapy regimes classified as Gold Stage II, III and IV complained more often of dyspnea during 
ED presentation compared to cases with adequate inhalation therapy regimes and advanced Gold stages (Table 3).

Discussion
This observational study shows that within a cohort of patients who present to emergency departments due to an ADR, 
dyspnea is the major symptom for COPD patients. However, dyspnea is more often observed in patients with under-
dosed inhalation therapy than COPD patients who are prescribed according to the guideline’s recommended inhalation 
therapy.

Table 2 Analysis of the Inhalation Therapy, Top 10 Symptoms Complaint and Admission Diagnosis “Dyspnea”

Top 10 Symptoms Complaint Cases with 
Underdosage  
∑ n=46 (%)

Cases with Adequately Dosage  
∑ n=54 (%)

Significance (Pearson Chi 
Square)

1 Dyspnea 24 (52) 12 (22) <0.01*

2 Dizziness 5 (11) 3 (6) 0.32

3 Cough 4 (9) 9 (17) 0.23

4 Anemia 4 (9) 8 (15) 0.34

5 Nausea 4 (9) 3 (6) 0.53

6 Reduction of general 
condition

4 (9) 8 (15) 0.34

7 Melaena 3 (7) 5 (9) 0.61

8 Hemoptysis 3 (7) 3 (6) 0.83

9 Fall 3 (7) 2 (4) 0.51

10 Asthenia 2 (4) 2 (4) 0.86

Admission diagnosis° Cases with 
underdosage  
∑ n=46 (%)

COPD cases with adequately 
dosage  

∑ n=54 (%)

Significance 
(Pearson Chi Square)

R06 + J44 23 (50) 16 (30) 0.03*

Notes: All numbers rounded to integral numbers, *significant, according to ICD-10 (R06.0 Dyspnea, J44 COPD).

Table 3 Dyspnea in COPD-Cases Compared to GOLD and Therapy Assessment

Cases with Underdosage ∑ n=46 Cases with Adequately Dosage ∑ n=54

Total Dyspnea (%) Total Dyspnea (%)

COPD Gold I 2 0 (0) 16 1 (6)

COPD Gold II 9 4 (44) 26 7 (27)

COPD Gold III 18 11 (61) 8 3 (38)

COPD Gold IV 17 9 (53) 4 1 (25)

Note: All numbers rounded to integral numbers.
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Analysis of the patient’s treatment when compared to the guideline’s derived dose found 41% of patients did not 
receive the recommended dosage of the inhalation therapy. This high number could be due to an accumulation of patient 
vulnerability factors as the ADRED cohort includes cases of severe ADRs presenting to the ED with severe symptoms. 
However, the evaluation of dosing shows that in 41% of ADRED patients with COPD, the recommended dose was not 
given and dyspnea was a common symptom which lead to ED admission. This finding suggests that a guideline- 
appropriate dose might have avoided the ED admissions.

The study shows real-world data of the treatment of COPD in Germany, irrespective of current national or 
international recommendations.1,3,17 It is interesting to note that 45% of cases took an ICS despite sufficient control of 
symptoms under a LABA/LAMA combination therapy. Only 58% of the patients on inhaled therapy reported using 
a short-acting bronchodilator even though these treatments recommended for dyspnea.18

Dyspnea is a common reason for presentation in EDs. Studies from the USA showed that dyspnea was the main 
reason for presentation in 12% of cases and that in 13% of these cases COPD was the cause of dyspnea.19 Similar data 
from Australia and Southeast Asia support these observations. There, COPD was estimated to be the cause of complained 
dyspnea in the ED at 19.7% and the incidence of acute exacerbated COPD was estimated at 13.6%.20,21 There was no 
investigation whether the presentation was also associated with insufficient adherence to the different classes of inhaled 
substance taken before presentation at the ED.

Causes of dyspnea, including exacerbation as a reason for presentation in ED, have been studied and discussed for 
years. In particular, classic risk factors identified in several studies4 found that age, comorbidities, the severity of COPD 
according to GOLD classification, lung function, or scores such as the Bode Index played a role in identifying causes of 
dyspnea.22–25 In addition, our study has shown that inadequate inhalation therapy in COPD patients resulted in dyspnea 
once patients were admitted to the ED following an ADR episode. Chavez et al found that only 55% of patients with 
COPD received the guideline’s recommended therapy;26 however, the data referred to general presentations and not 
explicit presentations to EDs. However, respecting a potentially less quality in medication documentation in EDs due to 
the urgency of cases, with a total of 49% of inadequate treated patients in our sample seem to be comparable to Chavez 
et al’s results despite the different health-care environments.

In addition, our study showed that when inhaled therapy guideline recommendations are not followed, there are more 
frequent presentations of dyspnea and patients presenting with worsening of COPD to EDs. This conclusion is supported by 
COPD treatment adherence data where27 less adherence to guidance leads to more hospitalizations and less adherence 
medication guidance leads to worsening of COPD symptoms.28,29 While we cannot make assumptions concerning medica-
tion adherence in our sample, the study shows comparable associations due to inadequately prescribed inhalation therapy. 
The results of this study draw on patients suffering from COPD who have been impacted by ADR and explicitly excludes 
patients with COPD admitted to the ED who have not been impacted by an ADR event which is a limitation of this study. 
However, COPD patient data that includes ADR are rare, so this study increases knowledge within this field. Another 
limitation of the study is the increased allocation of cases with underdosage of inhalation therapy in advanced stages of 
COPD compared to the group with adequate inhalation therapy. This is due to the fact that, according to the guidelines, 
inhaled therapy is not mandatory in early stages and is primarily administered on an as needed basis. Despite these 
limitations, the available data support the finding that dyspnea tends to be more frequent in the undertreated group with 
advanced COPD compared to patients with adequate dosing and advanced COPD. Additionally, the impact of comorbidities 
such as diabetes or chronic kidney disease on the main results of this study needs further critical examination.

The available data does not enable the drawing of conclusions as to why the patients in the study received inadequate 
care and cannot rule out other factors such as incorrect medication use by the patient or an incorrectly prescribed 
medication according to the guidelines. This study finds that poor adherence to therapy not only leads to a deterioration 
in the health status of patients but also results in increased costs for the healthcare system.

Conclusion
In a cohort of COPD patients presenting to EDs with ADRs, dyspnea is the most commonly presented symptom and was 
found significantly more in cases whose treatment did not follow the guideline’s recommended therapy compared to 
those COPD patients with an adequate dosing of inhaled therapy that complied with the guidelines.
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Further studies should investigate ways to improve monitoring of therapy and education of COPD patients which 
would be expected to lead to better care outcomes and a reduction of unnecessary emergency department presentations.
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