
R E V I E W

Lack of Evidence Regarding Markers Identifying 
Acute Heart Failure in Patients with COPD: An 
AI-Supported Systematic Review
Sanne HB van Dijk 1,2, Marjolein GJ Brusse-Keizer 1,3, Charlotte C Bucsán2,4, Eline H Ploumen1,5, 
Wendy JC van Beurden 2, Job van der Palen 3,4, Carine JM Doggen 1,6, Anke Lenferink 1,2,6

1Health Technology & Services Research, Technical Medical Centre, University of Twente, Enschede, the Netherlands; 2Department of Pulmonary 
Medicine, Medisch Spectrum Twente, Enschede, the Netherlands; 3Medical School Twente, Medisch Spectrum Twente, Enschede, the Netherlands; 
4Cognition, Data & Education, Faculty of Behavioural, Management & Social Sciences, University of Twente, Enschede, the Netherlands; 5Department 
of Cardiology, Medisch Spectrum Twente, Enschede, the Netherlands; 6Clinical Research Centre, Rijnstate Hospital, Arnhem, the Netherlands

Correspondence: Anke Lenferink, Health Technology & Services Research, Technical Medical Centre, University of Twente, Hallenweg 5, Enschede, 
NH, 7522, the Netherlands, Tel +31 0534896311, Email a.lenferink@utwente.nl 

Background: Due to shared symptoms, acute heart failure (AHF) is difficult to differentiate from an acute exacerbation of COPD 
(AECOPD). This systematic review aimed to identify markers that can diagnose AHF underlying acute dyspnea in patients with 
COPD presenting at the hospital.
Methods: All types of observational studies and clinical trials that investigated any marker’s ability to diagnose AHF in acutely 
dyspneic COPD patients were considered eligible for inclusion. An AI tool (ASReview) supported the title and abstract screening of 
the articles obtained from PubMed, Scopus, Web of Science, the Cochrane Library, Embase, and CINAHL until April 2023. Full text 
screening was independently performed by two reviewers. Twenty percent of the data extraction was checked by a second reviewer 
and the risk of bias was assessed in duplicate using the QUADAS-2 tool. Markers’ discriminative abilities were evaluated in terms of 
sensitivity, specificity, positive and negative predictive values, and the area under the curve when available.
Results: The search identified 10,366 articles. After deduplication, title and abstract screening was performed on 5,386 articles, 
leaving 153 relevant, of which 82 could be screened full text. Ten distinct studies (reported in 16 articles) were included, of which 9 
had a high risk of bias. Overall, these studies evaluated 12 distinct laboratory and 7 non-laboratory markers. BNP, NT-proBNP, MR- 
proANP, and inspiratory inferior vena cava diameter showed the highest diagnostic discrimination.
Conclusion: There is not much evidence for the use of markers to diagnose AHF in acutely dyspneic COPD patients in the hospital 
setting. BNPs seem most promising, but should be interpreted alongside imaging and clinical signs, as this may lead to improved 
diagnostic accuracy. Future validation studies are urgently needed before any AHF marker can be incorporated into treatment decision- 
making algorithms for patients with COPD.
Protocol Registration: CRD42022283952.
Keywords: COPD, chronic heart failure, biomarkers, systematic review, differential diagnosis

Introduction
Chronic obstructive pulmonary disease (COPD) is the third most important cause of death worldwide,1 and known for 
progressive deterioration of lung function.2 In 8% to 23% of COPD patients, comorbid chronic heart failure (CHF) is 
diagnosed,3 doubling their risk of death and reducing their quality of life.4 The coexistence of COPD and CHF is not 
surprising, given that they share several risk factors, smoking giving the highest risk.3 Both COPD and CHF are chronic 
progressive diseases characterized by periods of deteriorated symptoms. However, acute exacerbations of COPD 
(AECOPD) and acute heart failure (AHF) require different additional treatment. In an acute situation, diagnosis of 
AHF in COPD patients can be particularly difficult, given that AECOPD and AHF share symptoms such as acute 
worsening of dyspnea,5 but also often occur simultaneously.6
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A systematic review published in 2018 showed that none of the signs and symptoms, with which acutely dyspneic 
patients present at the emergency department (ED), are acceptably sensitive nor specific to rule in or out AECOPD and 
AHF.7 Although this review did not investigate other diagnostic approaches besides signs and symptoms,7 it endorses 
that relying solely on signs and symptoms is insufficient. Furthermore, most laboratory tests are neither sensitive nor 
specific enough to rule in or out cardiac or lung disease as the cause of dyspnea, as an expert narrative review stated.3 

Timely recognition of AHF, however, is crucial in the treatment and management of COPD,2,8–10 given the fact that up to 
26% of AECOPDs may be triggered by the heart.10 Despite this knowledge, AHF is often overlooked as a possible (co- 
existing) cause of acutely worsened dyspnea in COPD patients.4 Hence, many patients receive initial treatment for 
AECOPD only,11 whereas (additional) treatment for AHF would have been appropriate and important to limit further 
cardiac deterioration.12

(Bio)markers have proven to be useful in AECOPD diagnosis,13,14 and might also aid the diagnosis of AHF in COPD. 
The most recent clinical guidelines regarding COPD proposes the same diagnostic approach for AHF in COPD patients 
compared to non-COPD patients, which includes (bio)marker use.2 Currently, cardiac markers, such as N-terminal pro 
b-type natriuretic peptide (NT-proBNP), are commonly used to rule in or out AHF in suspect patients presenting at the 
hospital after interpretation of the results of physical examination, electrocardiography, and imaging.12 However, these 
markers might also be elevated in COPD patients and are, therefore, not as specific as compared to non-COPD patients.15–17 

By using sensitive and specific diagnostic markers of AHF in COPD patients, appropriate and timely treatment could be 
given. Thereby, disease progression could be delayed,10 and the length of hospital stay may be shortened.

Given the mentioned limitations of the current diagnostic procedures, it is important to improve differentiating AHF 
from AECOPD in patients with COPD presenting with acute dyspnea in the clinic, as patients would clearly benefit from 
improved diagnostics. However, a systematic overview of potential useful (bio)markers for this purpose is still lacking, 
for laboratory as well as for non-laboratory markers. This systematic review therefore aimed to assess which markers are 
able to diagnose AHF in acutely dyspneic COPD patients presenting at the hospital. This provides a knowledge base that 
contributes to more accurate diagnoses and differentiation between AHF and AECOPDs.

Methods
This report is in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement.18 The review protocol was registered in PROSPERO (CRD42022283952).

Search Strategy
To identify relevant articles, PubMed, Scopus, Web of Science, Embase, the Cochrane Library, and CINAHL were 
searched until April 24, 2023 without filters or search restrictions. This review combined the terms (and their synonyms) 
“COPD”, “Heart failure”, and “Marker”. A detailed search strategy can be retrieved from the registered protocol as well 
as from Supplementary Table 1.

Study Selection
All search results were combined into one dataset within the reference manager software EndNote X9. Covidence was 
used as review manager software in the reviewing process.19 Duplicates were removed in EndNote first, and a second 
time in Covidence, given that EndNote is not very sensitive in identifying duplicates.20 The title and abstract screening 
were supported by the artificial intelligence (AI) tool ASReview version 0.17.21 This tool ranks the titles and abstracts of 
all articles on their probability of being relevant, based on earlier decisions used to train the algorithm. The article ranked 
number one by the AI tool is proposed to the reviewer, who then decides whether or not to include this article for full text 
screening. This decision is then again taken into account in the next ranking, and, consequently, the next number one 
article is proposed to the reviewer (ie, active learning). It is, thus, the AI tool that proposes articles based on probability 
of being relevant, but a human who decides which articles to in- and exclude.

An extensive description of how the AI-supported screening was applied and what choices were made for this review 
has been reported elsewhere.22 In brief, the used algorithm was trained with three relevant and three randomly selected 
irrelevant articles. The first reviewer (SvD) used the AI tool in the selection of articles until the predefined stopping 

https://doi.org/10.2147/COPD.S437899                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 532

van Dijk et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=437899.pdf
https://www.dovepress.com
https://www.dovepress.com


criterion was reached. Twenty percent of the decisions based on title and abstract were again checked by a second 
reviewer (MBK, AL). The inter-reviewer agreement was relevant to assess, given that the reliability of the proposed 
articles by the AI tool depends on the decisions made by the first reviewer.

Full text articles were reviewed in duplicate (SvD, MBK, AL, CB, JvdP, CD). All types of observational studies with 
human subjects that investigated any marker’s ability to diagnose AHF in acutely dyspneic COPD patients were 
considered eligible for inclusion. Also, clinical trials that measured markers for the same purpose were considered 
eligible. Reviews, case studies, letters, and conference abstracts were excluded. Reference lists of included articles and 
relevant reviews identified by the search were screened to identify additional relevant articles. Only studies reporting 
original research of which full texts could be retrieved were considered for inclusion. The complete study selection 
process is visualized by a PRISMA flowchart (Figure 1) and verifiable through Supplementary Figure 1 and data files 
referred to in the data availability statement.

Articles identified through 
various sources (N = 10,366)

PubMed (n = 2,504)
Scopus (n = 2,689)
Web of Science (n = 2,241)
Cochrane Library (n = 332)
Embase (n = 2,558)
CINAHL (n = 42)

Duplicate articles removed 
(n = 4,980)

Articles screened on title and 
abstract, supported by AI
(n = 5,386)

Articles excluded (n = 5,233):
Labelled irrelevant by reviewer 
(n = 1,051)
Not showed by AI tool before 
reaching stopping criterion
(n = 4,182)

Articles sought for retrieval
(n = 153)

Articles not assessed (n = 71):
Congress abstract (n = 61)
Review (n = 4)
Not retrievable (n = 4)
Duplicate (n = 2)

Articles assessed against 
eligibility criteria (n = 82)

Articles included (n = 16)
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Additional article found eligible 
through snowballing (n = 1)

Articles excluded (n = 67):
No AHF diagnosis (n = 26)
No COPD population investigated (n = 20)
No acute dyspnea (n = 17)
No diagnostic information (n = 4)

Identification of studies via databases and registers

Studies included (n = 10)

Figure 1 PRISMA flowchart reflecting the study selection process. 
Abbreviations: AHF, acute heart failure; COPD, Chronic Obstructive Pulmonary Disease.
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Data Extraction and Quality Assessment
The data extraction (ie, bibliographic and study information, population characteristics, performance of the marker) was 
performed by the first reviewer and a random 20% was checked by another reviewer (CB). In case the data for this 
review’s purpose was not sufficiently reported, authors were contacted and asked to provide the necessary data items. For 
example, in case a study was performed in the ED, subgroup data of only COPD patients were requested.

The study quality was assessed in duplicate (SvD, CB). For this purpose, the Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS-2) was used.23 The QUADAS-2 tool evaluates the individual studies’ risk of bias for four 
domains: patient selection, index test (ie, marker), reference standard (ie, AHF diagnostic criteria), and the flow of 
patients through the study and timing of the index test and reference standard (“flow and timing”, see Figure 2).23 

A study was graded with an overall low risk of bias when it was assessed as low risk on all four risk of bias domains. 
When at least one risk of bias domain was assessed as unclear or with a high risk of bias, the overall study quality was 
judged as high risk of bias, in accordance with the QUADAS-2 guidelines.23 Furthermore, the extent to which the 
findings of a study are applicable to diagnostics in practice were assessed for the first three domains as low or high 
concern. Overall, applicability concerns with regard to a study were present when at least one of the three domains raised 
high concerns or was unclear.

Results
A concise overview of the study selection process is given in Figure 1. A more detailed overview of the AI-supported 
study selection is shown in Supplementary Figure 1. The search yielded 10,366 articles, of which 4,980 duplicates were 
removed. From the 5,386 articles that proceeded to the title and abstract screening, 1,204 (22%) articles were screened, 
whereafter the stopping criterion was reached and the 4,182 (78%) remaining articles were automatically excluded. Of 
the 1,204 articles screened on title and abstract, 153 were labelled relevant. The inter-reviewer agreement regarding titles 
and abstracts screened in the original search combined with the search update was strong (96% agreement, κ = 0.83).24 

Of these relevant articles, 82 were original articles which could be retrieved full text, so these were screened in full text 
in duplicate. The other 71 were not assessed and, consequently, excluded. Additional data regarding subgroup analyses 
including only patients with a history of COPD or unclarities was requested from the authors of 24 out of the 82 articles. 

Study
Risk of bias Applicability concerns

Patient 
selection Index test Reference 

standard
Flow and 

timing
Patient 

selection Index test Reference 
standard

Dieplinger, 2009,25 

Dieplinger, 201026 + + + + + + +

Fabbian, 201127 ? + + ? + + +

Gálvez-Barrón, 201928 - - + ? - - +
Høiseth, 2016,29 Winther, 
2016,30 Winther, 2017,31

Pervez, 2017,32 Pervez, 
201833

+ ? + - + + +

Johannessen, 202334 + + + - + + +
McCullough, 2003,35

Maisel, 200236 ? ? + - - + +

Moon, 200537 + ? - + + + ?

Tinè, 202038 ? ? + + + ? -

Tung, 200639 + + ? + - + +

Yamanoğlu, 201540 - - + - + + +

Figure 2 Risk of bias and applicability assessment, using the QUADAS-2 tool.22 

Notes: red cells/-: high risk/concern; orange cells/?: unclear risk/concern; green cells/+: low risk/concern.
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We received sufficient data of 7, but 17 articles had to be excluded. In total, 67 articles were excluded due to the reasons 
listed in Figure 1.

In total, 16 articles from 10 unique studies were included in this systematic review. The included studies are shown in 
Table 1, as are details regarding markers evaluated, inclusion period, study setting, AHF prevalence, reference standards 
and overall risk of bias. A more detailed assessment of the risk of bias and applicability is shown in Figure 2 and 
Supplementary Table 2. In the vast majority of studies, concerns or unclarities that may introduce a high risk of bias were 
observed. These concerns arise from inappropriate or unclear flow and timing domain in most studies. Also, concerns 
regarding the patient selection and index test domains result in a high risk of bias. Only one study25,26 had a low risk of 
bias. The overall impression is that the applicability (ie, whether included studies apply to the review question) of the 
included studies is of lower concern: five studies were assessed as low concern regarding applicability in practice 
(Figure 2).

Laboratory Tests
A summary of the diagnostic performances of the laboratory markers is shown in Table 2. Predominantly, B-type 
natriuretic peptide (BNP) was investigated, as was NT-proBNP. BNP was analyzed at different cut-off values across three 

Table 1 Characteristics of 10 Included Studies

Author, Publication year Marker(s) Inclusion 
Period

Study Setting AHF Diagnoses / Number 
of COPD Patients Included 
(AHF prevalence in %)

Reference 
Standard

Risk of 
Bias

Dieplinger, 200925 Dieplinger, 
201026

BNP, MR-proANP, MR-proADM, 
Copeptin, CT-proET-1, ST2, 
Adiponectin, Proguanylin, and 
Prouraguanylin

10/2003 - 
02/2004

Emergency 
Department

24/65 (37%) Framingham & 
Echocardiography

Low

Fabbian, 201127 NT-proBNP 01/2009 - 
11/2009

Internal 
Medicine Ward

15/32 (47%) ESC definition* High

Gálvez-Barrón, 201928 SaO2, Heart rate, 6MWD 11/2010 - 
04/2012

Internal 
Medicine, 
Cardiology & 
Respiratory 
Ward

27/84 (32%) ESC definition* High

Høiseth, 2016,29 Winther, 
2016,30 Winther, 2017,31 

Pervez, 2017,32 Pervez, 
201833

hs-TnT, NT-proBNP 06/2009- 
11/2010

Emergency 
Department

19/103 (18%) ESC definition* High

Johannessen, 202334 Lung ultrasound: B-lines 05/2017-06/ 
2017 and 
02/2020-09/ 
2021

Medical Ward 48/123 (39%) ESC definition* High

McCullough, 2003,35 Maisel, 
200236L

BNP 04/1999 - 
12/2000

Emergency 
Department

87/417 (21%) Framingham & 
Echocardiography

High

Moon, 200537 BNP 03/2004 - 
07/2004

Emergency 
Department

5/25 (20%) Framingham High

Tinè, 202038 Combined ED diagnosis 01/2014 - 
12/2018

Emergency 
Department

48/119 (40%) ESC definition* High

Tung, 200639 NT-proBNP 03/2003 - 
09/2003

Emergency 
Department

55/216 (25%) Clinical likelihood 
and ED diagnosis

High

Yamanoğlu, 201540 Minimum & maximum inspiratory IVC 
diameter

12/2012 - 
03/2013

Emergency 
Department

19/55 (35%) BNP levels and 
Echocardiography

High

Notes: *ESC definition: rapid or gradual onset of symptoms and/or signs of heart failure, severe enough for the patient to seek urgent medical attention, leading to an 
unplanned hospital admission or an emergency department visit12 LThe study population might have contained a certain proportion of asthma patients. 
Abbreviations: AHF, acute heart failure; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro b-type natriuretic peptide; MR-proANP, mid-regional pro-atrial 
natriuretic peptide; MR-proADM, mid-regional pro-adrenomedullin; CT-proET-1, C-terminal pro-endothelin-1; ST2, soluble interleukin 1 receptor-like 1; ESC, European 
Society for Cardiology; SaO2, oxygen saturation of the arterial blood; 6MWD, 6-minute walking distance; hs-TnT, high-sensitivity troponin-T; IVC, inferior vena cava.
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studies showing sensitivities ranging from 92 to 100% and negative predictive values (NPV) from 94% to 100%.25,37,41 

Good discriminative ability in terms of AUC (0.90) was reported in one study.39 NT-proBNP showed a sensitivity from 
73% to 87% and NPV from 69% to 84%,27,39 and an AUC of 0.90.39 One study reported lower discriminative ability 
specifically among elderly COPD patients for NT-proBNP (AUC: 0.68, 95% CI: 0.48–0.88), although a higher cut-off 
value was used for the more elderly patients.27

One study25 evaluated several additional biomarkers in 65 patients with COPD that were not investigated in other 
studies. A few of these biomarkers showed an AUC significantly above 0.50, indicating discriminative ability better than 
random guessing. Midregional pro-atrial natriuretic peptide (MR-proANP) and copeptin showed a sensitivity of 88% and 
96% and an NPV of 91% and 90%, respectively.25 The AUC of MR-proANP was 0.86 and of copeptin 0.67. The soluble 
interleukin 1 receptor-like 1 (ST2) cardiac biomarker had 92% sensitivity, 82% NPV and an 0.71 AUC. Adiponectin had 
88% sensitivity, 75% NPV and a 0.67 AUC.25 The cut-off values that correspond to these sensitivity and NPV figures are 
shown in Table 2.

Table 2 Diagnostic Performances of Laboratory Markers Detecting AHF in Acutely Dyspneic Patients with COPD in a Hospital 
Setting

Laboratory 
Marker

Study Number of 
Patients 
(AHF %)

AUC  
(95% CI)

Cut-off Sn (%) Sp (%) PPV (%) NPV (%)

BNP Moon, 200537 5/25 (20%) 133 pg/mL 100 85 63 100

McCullough, 2003,35 Maisel, 200236L 87/417 (21%) 100 pg/mL 93 77 52 98

Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.88 (0.80–0.97) 160 pg/mL 92 73 67 94

Prouroguanylin Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.60 (0.46–0.73) 4.0 ng/mL 100 12 40 100

Copeptin Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.67 (0.54–0.80) 5.2 pmol/L 96 22 42 90

Chromogranin Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.47 (0.32–0.62) 3.4 nmol/L 96 5 44 67

ST2 Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.71 (0.59–0.84) 121 ng/L 92 22 41 82

MR-proANP Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.86 (0.77–0.96) 147 pmol/L 88 71 64 91

Adiponectin Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.67 (0.53–0.81) 8.7 mg/L 88 22 40 75

Proguanylin Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.64 (0.50–0.78) 6.0 ng/mL 88 24 40 77

NT-proBNP Tung, 200639 55/216 (25%) 0.90 <50y: 450 pg/mL 
≥50y: 900 pg/mL

87 85 65 84

Fabbian, 201127 15/32 (47%) 0.68 (0.48–0.88) ≤75y: 900 pg/mL 
>75y: 1800 pg/mL

73 53 58 69

Høiseth, 2016,29 Winther, 2016,30 

Winther, 2017,31 Pervez, 2017,32 Pervez, 
201833

19/103 (18%) Median levels (IQR): 
AHF: 2,380 pg/mL (621–17,087) 
AECOPD with concomitant LVD: 1,012 pg/mL (340–2,268) 
AECOPD: 298 pg/mL (145–578)

MR-proADM Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.64 (0.49–0.79) 0.52 nmol/L 83 32 42 77

CT-proET-1 Dieplinger, 2009,25 Dieplinger, 201026 24/65 (37%) 0.62 (0.46–0.77) 28 pmol/L 79 27 39 69

hs-TnT Høiseth, 2016,29 Winther, 2016,30 

Winther, 2017,31 Pervez, 2017,32 Pervez, 
201833

19/103 (18%) Median levels (IQR): 
AHF: 41.2 ng/L (19.2–74.2) 
AECOPD with concomitant LVD: 24.8 ng/L (13.1–36.8) 
AECOPD: 15.2 ng/L (7.5–24.6)

Note: LThe study population might have contained a certain proportion of asthma patients. 
Abbreviations: AHF, acute heart failure; AUC, area under the curve; CI, confidence interval; Sn, sensitivity, Sp, specificity; PPV, positive predictive value; NPV, negative 
predictive value; BNP, brain natriuretic peptide; ST2, soluble interleukin 1 receptor-like 1; MR-proANP, mid-regional pro-atrial natriuretic peptide; NT-proBNP, N-terminal 
pro b-type natriuretic peptide; IQR, inter-quartile range; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; LVD, left-ventricular dysfunction; MR- 
proADM, mid-regional pro-adrenomedullin; CT-proET-1, C-terminal pro-endothelin-1; hs-TnT, high-sensitivity troponin T.
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Non-Laboratory Tests
The diagnostic performance of several non-laboratory tests was assessed, including, for example, inferior vena cava 
(IVC) diameter and lung ultrasound which are also used as diagnostic tests in current clinical practice. The results of 
these tests are shown in Table 3. None of the vital signs showed discriminative performance. The maximum and 
minimum inspiratory IVC diameter were the only imaging markers with a high diagnostic accuracy (AUC significantly 
above 0.50), investigated in 55 COPD patients. The maximum IVC diameter (cut-off: 18.3 mm) showed a 74% 
sensitivity, an 83% NPV, and an AUC of 0.83 (95% CI: 0.72–0.94). The minimum IVC diameter (cut-off: 9.0 mm) 
had a 95% sensitivity, a 96% NPV, and an AUC of 0.90 (95% CI: 0.81–1.00).40

Discussion
This systematic review summarized the available evidence regarding markers investigated to diagnose AHF in acutely 
dyspneic patients with COPD, thereby differentiating between AHF and AECOPD or detecting AHF accompanying an 
AECOPD. In multiple studies, laboratory markers BNP and NT-proBNP were evaluated with modest to good discrimi-
native ability in establishing AHF underlying acute dyspnea in COPD patients. Across the ten studies that were included, 
we observed a large variety in clinical settings, reference standards, markers, and cut-off values. The quality of the 
included studies was low, except for one. It is striking that so little, and low-quality, research has been conducted into 
such a well known, frequently occurring and important clinical problem.16

Table 3 Diagnostic Performances of Non-Laboratory Markers Detecting AHF in Acutely Dyspneic Patients with COPD in a Hospital 
Setting

Non-laboratory Marker Study Number of Patients 
(AHF %)

AUC (95% CI) Cut-off Sn (%) Sp (%) PPV (%) NPV (%)

Minimum inspiratory IVC 
diameter

Yamanoğlu, 
201540

19/55 (35%) 0.90 (0.81–1.00) 9.00 mm 95 75 67 96

Maximum inspiratory IVC 
diameter

Yamanoğlu, 
201540

19/55 (35%) 0.83 (0.72–0.94) 18.30 mm 74 69 56 83

SaO2 decrease Gálvez-Barrón, 
201928

27/84 (32%) 1 point 73 15 32 50

2 points 55 35 32 58

3 points 46 50 33 63

Heart rate increase Gálvez-Barrón, 
201928

27/84 (32%) 10 bpm 40 60 36 65

15 bpm 36 75 44 68

6MWD decrease Gálvez-Barrón, 
201928

27/84 (32%) 35 m 30 55 26 60

40 m 30 61 29 6

ED diagnosis, consisted of 
combination: 
- blood count  
(used in 100%) 
- blood gas analysis  
(used in 100%) 
- chest X-rays  
(used in 100%) 
- CRP (used in 37%) 
- NT-proBNP (used in 37%)

Tinè, 202038 48/119 (40%) 23 99 92 65

Lung ultrasound: positive 
B-lines

Johannessen, 
202334

48/123 (39%) 0.53 (0.47–0.59) ≥3 B-lines present in ≥2 
thoracic zones

17 89 50 63

Abbreviations: AHF, acute heart failure; AUC, area under the curve; CI, confidence interval; Sn, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative 
predictive value; IVC, inferior vena cava; SaO2, oxygen saturation of the arterial blood; 6MWD, 6-minute walking distance (m); ED, emergency department; CRP, C-reactive 
protein; NT-proBNP, N-terminal pro b-type natriuretic peptide.
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The fact that BNP and NT-proBNP were the only markers that showed discriminative ability in more than one study 
is in line with the view of experts and guidelines: heart failure guidelines dictate that NT-proBNP can rule in or out AHF 
in acutely dyspneic COPD patients following an initial assessment by electro- and echocardiography.12 This is in general 
described as a fairly good strategy to support the differential diagnosis in COPD patients presenting with acute 
dyspnea.2,42 Despite their evident discriminative ability, clinical use of BNP and NT-proBNP in COPD patients is still 
ambiguous because COPD-specific cut-off values are not sufficiently studied, hence cannot be presented in the COPD 
guidelines.2 To illustrate, two studies evaluated NT-proBNP in terms of sensitivity, specificity and predictive values, but 
used different cut-off values.27,39 Given that levels of BNP and NT-proBNP are already elevated in stable COPD 
patients,16,17 during an AECOPD,4,43 and in the elderly with COPD,4,27,43 it would be advisable to apply higher cut-off 
values for the differential diagnosis of acute dyspnea in these patients. Before the AHF diagnostic workflow can be 
specified for COPD patients, future research should define and validate an optimal cut-off value for BNP and NT-pro 
BNP with not only a high sensitivity, but also a high specificity.

Biomarkers MR-proANP, copeptin, ST2, and adiponectin had modest to good discriminative ability. However, these 
results were found in only one study with a small sample size.25,26 Because these markers are not yet validated in various 
high quality studies including large COPD populations, these are not ready for clinical use.44

We did not identify any vital signs or symptoms with a good discriminative ability in differentiating AHF from AECOPD 
in COPD patients. This seems to be in line with a systematic review that attempted to identify discriminative signs and 
symptoms.7 Although that review was not limited to COPD patients, it also did not find signs or symptoms with acceptable 
discriminative accuracy in a broad population of dyspneic patients.7 One study included in our review found minimum and 
maximum inspiratory capacity of the IVC as a good marker able to differentiate AHF from AECOPD in the ED.40 Especially, 
minimum IVC inspiratory capacity had a high sensitivity, a fairly good specificity, and a high NPV. The authors described the 
minimum inspiratory IVC diameter as the ideal marker to differentiate AHF from AECOPD.40 Given the increased use of 
handheld ultrasound devices in the ED,45 this marker could indeed have this potential. It is important to note, however, that this 
study had a high risk of bias due to concerns regarding the patient selection, interpretation of the index test, and patient flow. 
Furthermore, this marker was investigated in a limited sample size of 55 patients.40 Therefore, this marker needs validation in 
a large COPD population before it can be applied in clinical practice.

No firm advice can be provided on how to implement the use of certain (bio)markers into the acute disease management of 
CHF in patients with COPD, because our review found no markers that are able to diagnose AHF in acutely dyspneic COPD 
patients at an unambiguous cut-off value. NT-proBNP may have the potential to establish AHF in patients with COPD, but 
investigation of a specific cut-off value for this population is needed. Further research is still urgently needed before any 
COPD patient-specific marker can be incorporated into treatment decision-making algorithms, as CHF often remains 
undiagnosed in approximately 20.5% of COPD patients.46,47 Perhaps there is no single marker that can distinguish AHF in 
patients with AECOPD and the possibility of combining a marker with other markers, such as imaging, signs, symptoms and/ 
or clinical characteristics, should be explored, as this approach may lead to improved diagnostic accuracy.48 This is also the 
approach that is currently used in clinical practice in varying strategies depending on the physician’s preference.

Our systematic review made clear that the methodological quality of studies, and consequently, the validity of the 
markers currently available, can be questioned due to methodological flaws or lack of transparent reporting of the chosen 
methodology of the included studies. There were unclarities and concerns mainly regarding the patient selection, use and 
interpretation of the index text (eg, the marker), and patient flow. The methodological approaches of future studies 
should, therefore, be streamlined by medical research authorities in the field to reach firm conclusions. A first suggestion 
would be to design a study following the STARD checklist,49 which meets the requirements of the QUADAS-2 tool, in 
order to report completely and transparently and hence achieve a low risk of bias assessment.23 Secondly, sub-analyses 
on COPD patients, for example as part of a study conducted in a broader ED study population, would help to define how 
to diagnose AHF early in COPD patients. Also stratification of disease severity groups (eg, GOLD or NYHA groups2,50) 
in diagnostic accuracy analyses might improve the understanding, and, consequently, personalized use of biomarkers. 
Clinical practice could profit from clear guidance regarding the differential diagnosis of acute dyspnea in COPD patients. 
But more importantly, it could mean much for our patients if we could draw meaningful and unambiguous conclusions 
about cardiac (bio)markers in COPD at some point.
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Conclusion
This systematic review aimed to identify markers that can diagnose AHF underlying acute dyspnea in COPD patients in order 
to support physicians differentiating between AHF and AECOPD in patients with COPD presenting at the hospital. However, 
little evidence was found that supports implementation of (bio)marker use in clinical practice. Moreover, the overall risk of 
bias was high due to lacking methodological quality. BNPs are the most promising markers, but this review found no 
unambiguous cut-off value to be used in COPD patients, so (NT-pro)BNP values must still be interpreted alongside imaging 
and physical examination. Future studies should focus on validating the biomarkers in COPD patients specifically, and these 
should follow a sound methodology to reach high study quality and unbiased results.

Abbreviations
AECOPD, acute exacerbation of chronic obstructive pulmonary disease; AHF, acute heart failure, AI, artificial intelligence; 
AUC, area under the receiver operating characteristic curve; BNP, b-type natriuretic peptide; CHF, chronic heart failure; 
COPD, chronic obstructive pulmonary disease; ED, emergency department; IVC, inferior vena cava; MR-proANP, mid-
regional pro-atrial natriuretic peptide; NT-proBNP, N-terminal pro b-type natriuretic peptide; NPV, negative predictive value.
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