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ABSTRACT

Background: AHF is one of the most frequent diagnosis in ED hospitalized
patients. AHF diagnosis in ED patients is difficult, and the condition's show high
frequency in the emergency room. This study's aim to systematically review the
operational characteristics of the diagnostic tools used by emergency physicians
diagnose AHF. Method: We conducted a systematic review of studies that
examined the characteristics of the tests utilized by emergency physicians to
diagnose AHF in patients who present with dyspnea in the ED. The systematic
review was conducted according to the Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA) standards. PubMed, Scopus, and EMBASE
were used to search the medical literature between January 2016 and October
2024. Result and conclusion: Five publications were included in this systematic
review. ADHEF is better diagnosed using natriuretic peptides. Low-cost methods
for identifying ADHF include BIA and IVCu, particularly in older patients with
renal failure. BNP testing can accurately diagnose heart failure, but it has no
discernible effect in diagnosing patients with dyspnea. The creation of BNP
nomograms that are modified for HF history, age, gender, and ethnicity may
increase the usefulness of BNP in the emergency department. AHFS-related acute
dyspnea and pulmonary-related acute dyspnea may be distinguished with more
accuracy with LCI integrated ultrasonography than with other techniques.
Although LCI integrated ultrasonography is helpful for quickly evaluating acute
dyspnea in the emergency department, more study is needed to determine how it

affects diagnosis and decision-making.

Keywords: Emergency physician, acute heart failure, diagnosis

1o0f8


https://doi.org/10.54905/disssi.v29i158.e55ms3552
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

REVIEW | OPEN ACCESS

1. INTRODUCTION

Acute heart failure (AHF) patients commonly visit emergency department (ED) with dyspnea (Adams et al., 2005). AHF characterized
by decline in heart failure symptoms that requires immediate medical attention. In the United States, more than one million ED visits
are attributed to an AHF main diagnosis (Storrow et al., 2014). Even though AHF is quite common in the ED, it can be difficult to
diagnose in patients with undifferentiated dyspnea, particularly if they have advanced age and other medical conditions (Hawkins et
al.,, 2009). No single physical examination, radiography, electrocardiogram (ECG), or history can accurately identify or rule out AHF as
the cause of dyspnea. In 44% of cases Januzzi et al., (2005), ED diagnosis of AHF depend on the history, physical examination, chest x-
Ray (CXR), and ECG accuracy was low as it differs from the final discharge diagnosis in one out of four cases (Bayés-Genis et al., 2004).
Natriuretic peptide (NP) testing is now a standard part of the workup of AHF patients and reduces diagnostic ambiguity for
individuals who are acutely dyspneic (Januzzi et al., 2005). Nevertheless, the misdiagnosis rate stays between 14% and 29% even when
NP testing is included in the clinical workup for acute dyspnea (Collins et al., 2006). Although their further clinical usefulness has not
yet been thoroughly described, alternative diagnostic modalities such bedside echocardiography Huang et al., (2006), lung
ultrasonography (US) Al-Deeb et al., (2014), and bioimpedance Piccoli et al., (2012) have been demonstrated to aid in differentiating
AHF from other main causes of dyspnea. This systematic review aimed to find the best available data on the diagnostic accuracy of

index tests that could be used to distinguish AHF from other clinical conditions in patients who present to the ED with dyspnea.

2. METHOD

We carried out a comprehensive analysis of research that looked at the features of the operative tests that emergency physicians (EPs)
employ to diagnose AHF in patients who arrive at the ED with dyspnea. We follow the Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA) criteria in the conduct of the systematic review. From January 2016 and October 2024, PubMed,
Scopus and EMBASE were used to search the medical literature. The search terms used include (heart failure, dyspnea, sensitivity and
specificity, predictive value of tests, physical examination, history taking, electrocardiography, ultrasonography, natriuretic peptide,
ultrasonics, bioelectrical impedance, and echocardiography). Relevant studies were found by searching the references of review papers
found by these searches.

The search results for each relevant diagnostic modality were separately filtered by two authors. Studies that addressed the
diagnosis of AHF in the ED population were eligible to be included in the systematic review. Additionally, only English-language
human studies were included in the search. Two authors independently selected articles for each index test from the combined
database search for full text review. Each reviewer selected research that could be eligible on their own before the two writers decided
on the list of publications for full text examination. Disagreements on study selection, were solved through discussion. After reviewing
the methods sections of the full-text versions of the studies that would be appropriate for inclusion, each author utilized the designated
inclusion and exclusion criteria to choose which publications to include in the systematic review.

Articles from the combined database search for full text review were separately chosen by two or more writers for each index test.
Before both authors agreed on the list of papers for full text evaluation, each reviewer individually chose studies that may be qualified.
Consensus was reached to settle differences in study selection. Each author used the specified inclusion and exclusion criteria to choose
which papers to include in our systematic review after reading the methods sections of the full-text versions of the studies that would
be suitable for inclusion. Consensus was reached via debate and decision-making. We collected data from the included studies using a
predesigned data collection form, collected information include (study design, study population, methods, key diagnostics,

intervention, tests outcomes and main findings).

3. RESULTS

In this study we included 5 articles (Figure 1). The studies by Gil-Martinez et al., (2016) and Lokuge et al., (2010) show the significance
of biomarkers in diagnosing acute decompensated heart failure (ADHF). Natriuretic peptides (e.g., NT-proBNP) are used commonly,
and according to Gil-Martinez et al., (2016) these markers are not sufficient for a definitive diagnosis. Age, renal function, and other
comorbidities must be considered for interpretation. Bioelectrical impedance analysis (BIA) and IVCu were found to be non-expensive
techniques that can be used with natriuretic peptides, mainly in elderly patients with renal impairment. Lokuge et al., (2010) study,
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examined the utility of BNP testing in heart failure diagnosis, they found that BNP’s diagnostic accuracy did not affect the clinical

decision in the ED for patients presenting with dyspnea.

= Records removed before screening:
% Records identified from: ?nui)lfgl)te records removed
:".E. ggtailggsr:sirsn_:o)B 6) | Records marked as ineligible by
3] 9 - automation tools (n = 8)
2 Records removed for other reasons (n = 4)
A\ 4
Records screened » | Records excluded
(n=59) (n=21)
\ 4
Reports sought for retrieval »| Reports not retrieved
o (n=38) (n=5)
=
=
[¢}]
g
O
N A4
Reports assessed for eligibility
_ _—>
(n=33) Reports excluded:
Insufficient data (n= 12)
Population not ED patients with dyspnoea
and heart failure (n= 11)
Duplicate (n=5)
\4
e L . .
g Studies included in review
3 (n=5)
(&S]
£

Figure 1 PRISMA consort chart of studies selection
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Incorporating advanced imaging techniques into clinical practice is another important aspect of diagnosing ADHF, as seen in the

findings from (Hacialiogullar: et al., 2021; Kajimoto et al., 2012). Hacialiogullari et al., (2021) used lung ultrasound (LUS) to assess B-

lines and IVC diameters, which proved to be more effective than BNP and echocardiographic measurements of ejection fraction (EF) in

diagnosing pulmonary edema secondary to ADHF. The integration of IVC measurements with B-lines was especially useful in making

decisions about patient hospital admission and discharge from the ED. This method provide accurate diagnosis, improving clinical

decision and patient outcomes. Kajimoto et al., (2012) show the advantages of LCI integrated ultrasound, which combines lung

ultrasound with IVC assessments.

This combination provides difference between AHFS-related acute dyspnea and pulmonary-related acute dyspnea in relation to

other diagnostic approaches, such as BNP testing alone. Jobs et al., (2020) research aims to explore IVC assessments addition to clinical

evaluations and its effect to improve patient outcome, by enhancing the NT-proBNP as a diagnostic tool. In addition to the emphasis on

biomarkers and imaging techniques, there help in developing more accurate diagnostic approaches. This includes the promise for BNP

nomograms designed to specific variables such as age, gender, ethnicity, and HF history, as suggested by Lokuge et al., (2010) Such

adjustments could make BNP testing more reliable in diagnosing heart failure in the ED. Methodology of the included studies

presented in (Table 1), and main findings presented in (Table 2).

Table 1 Methodology of the included studies

. Study Key )
Study Study Design ) Methods ) . Intervention/Tests Outcomes
Population Diagnostics
) Final diagnosis
Patients .
. . (discharge or
with o No direct .
Clinical LUS, IVCUS, ] ] hospital
L. . symptoms intervention, L
Hacialiogullar1 Prospective ) assessment, LUS, | CXR, BNP, and ) admission) and
consistent observational use of . .
etal., 2021 cohort study ) IVCUS, CXR, other diagnosis accuracy
with ADHF ultrasound as
] and lab tests biomarkers ) . based on ED
presenting diagnostic tool .
physician
to the ED o
decisions
Ultrasound-
. guided .
. Patients . . . Change in NT-
Randomized ) IVC ultrasound, decongestion Primary endpoint:
with ADHF o proBNP levels
Jobs et al., 2020 controlled . clinical therapy, NT- NT-proBNP .
) at 15 trial . from baseline to
trial . assessment proBNP levels, reduction .
sites o discharge
clinical
assessment
Sensitivity,
specificity,
Prospective ) Randomized to diagnostic
. Dyspneic .
Lokuge et al., randomized tients { BNP testing or BNP test, ECG, BNP levels tested for | accuracy, ROC
atients in
2010 controlled I];D non-BNP testing | CXR, TTE the BNP group only | curve analysis for
study group BNP and ED
physicians' HF
probability
) Lung, cardiac, . Diagnosis based on Sensitivity,
. . Patients Rapid lung, . .
Kajimoto et al., Prospective . and IVC . integrated specificity, ROC
with acute cardiac, and
2012 cohort study ultrasound ultrasound and BNP | curve for BNP,
dyspnea IVC ultrasound . .
(Vscan), blood levels diagnostic
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tests, CXR accuracy for AHFS
Diagnostic
) accuracy based on
. Patients . .
. , Prospective . BIA, IVC BIA, IVC Diagnosis of ADHF | BIA, IVC
Gil-Martinez et . with
observational . ultrasound, NT- ultrasound, NT- | or non-ADHF based | ultrasound, and
al., 2016 dyspnea in L
study the ED proBNP test proBNP levels on clinical judgment | NT-proBNP
e

compared to final

diagnosis

Table 2 Main findings of the included studies

Study Diagnostic Tools & Efficiency for Heart Failure

NT-proBNP is effective in ADHF diagnosis. Elevated levels are inversely related to eGFR. MaxIVC, MinIVC,
Gil-Martinez et al., 2016 | CIx, Rz/h, and Xc/h, had diagnostic efficiency, which distinguish ADHF from non-ADHF with statistical

significance.

BNP Testing had a high specificity for diagnosing heart failure, with sensitivity of 66% and specificity of

Lokuge et al., 2010 . . . o

90%. BNP > 500 pg/mL. BNP <100 pg/mL indicate low diagnostic efficiency.

IVC assessment effective for monitoring decongestion and assessing heart failure, especially in ADHF
Jobs et al., 2020 patients. NT-proBNP combined with IVC measurements, NT-proBNP improves diagnostic accuracy for

decongestion status and heart failure evaluation.

. BNP Levels significantly higher in ADHF patients, show diagnostic value for heart failure. LUS & B-Lines
Hacialiogullari et al.,

01 showed diagnostic utility in evaluating lung congestion, contribute in the diagnosis of heart failure,

especially in respiratory distress.

ECG is effective for differentiating cardiogenic from non-cardiogenic causes of dyspnea, contributing to
. heart failure diagnosis. BNP used with ECG and imaging tools, increasing diagnostic efficiency in

Kajimoto et al., 2012 . iy . . . T .
identifying heart failure. CXR is effective for distinguishing between cardiac and pulmonary causes of heart

failure.

4. DISCUSSION

In this systematic review study we included 5 articles aimed to assess the diagnostics method emergency physicians used to diagnose
heart failure in ED, method used in the included articles were (NT-proBNP, BIA, BNP levels, Clinical examination, LUS, IVC diameters,
EF, Urinary Output, and Lung-Cardiac-Inferior Vena Cava (LCI) integrated ultrasound) (Gil-Martinez et al., 2016; Hacialiogullar1 et al.,
2021; Jobs et al., 2020; Kajimoto et al., 2012; Lokuge et al., 2010). The most common cause of mortality and hospitalization globally is
acute decompensated heart failure, a clinical condition with symptoms including congestion, pleural effusion, tiredness, and dyspnea
(Muniz et al., 2018). It is one of the most prevalent symptoms among patients who come to EDs and the underlying cause of dyspnea in
up to 40% of older individuals (Pivetta et al., 2019).

It can be difficult to diagnose ADHF, and several investigations needed. Due to their insensitivity, the existing recommendations'
suggested procedures for diagnosing ADHF (a physical examination, a CXR examination, and a BNP measurement) may cause
treatment delays and higher fatality rates (Yancy et al., 2017). The limited effectiveness of current diagnostic techniques has led to a
recent surge in the usage of innovative diagnostic techniques for ADHF (Peacock et al., 2010). Point-of-care US is a bedside, real-time,
radiation-free diagnostic tool that has become an essential tool for EDs and has been used more and more in emergency medicine
practice. It allows for quick narrowing of the differential diagnosis list as well as early diagnosis and treatment among patients who
present to the ED (Daffos et al., 2019).

The study by Kajimoto et al., (2012) showed that rapid evaluation by LCI integrated ultrasound, either alone or in conjunction with
plasma BNP assay, has a higher diagnostic accuracy for distinguishing acute dyspnea caused by AHFS from pulmonary acute dyspnea
(including COPD, asthma, pulmonary fibrosis, and ARDS). According to these results, LCI integrated ultrasonography has emerged as
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a key diagnostic tool for acute dyspnea patients and for choosing early therapy in an emergency situation. Despite the fact that the BNP
test had a high degree of accuracy for diagnosing HF and that BNP values were significantly higher in patients with a final diagnosis of
HF, the accuracy of the disposition diagnosis of HF in the real-world setting was not significantly increased by adding the BNP test to
clinical judgment (Lokuge et al., 2010).

One of the characteristics of ADHF is congestion, which has prompted the development of innovative methods to enhance ADHF
diagnostics. There have been several studies in the past years that have compared NPs with either BIA or IVC Goonewardena et al,,
(2010), Stawicki et al., (2009), some of which include the use of pulmonary ultrasonography (Anderson et al., 2013). Hemodynamic
analysis show a strong relationship between IVC parameters and right atrial pressure readings. Left ventricular filling pressures in the
majority of patients are correlated with right chamber pressure and, as a result, with pressure in the IVC area.

Age, higher NT-proBNP, left atrial size, pulmonary arterial pressure, atrial fibrillation, and tricuspid regurgitation are other
variables linked to increased IVC diameter (Gil-Martinez et al., 2016). When compared to NT-proBNP and a clinical congestion score,
the metric that most closely linked with higher left ventricular filling pressures in patients with congestive HF was Max IVC
Goonewardena et al., (2008), Pellicori et al., (2013), which has been shown to be helpful in diagnosing ADHF in dyspneic patients
(Goonewardena et al., 2010).

5. CONCLUSION
Natriuretic peptides improve the diagnosis of ADHF. BIA and IVCu are low-cost techniques for diagnosing ADHF, especially in

elderly patients with renal impairment. BNP testing is accurate in diagnosing HF but does not significantly improve diagnosis in
dyspneic ED patients. Development of BNP nomograms adjusted for age, gender, ethnicity, and HF history may improve BNP’s utility
in the ED. LCI integrated ultrasound provides better accuracy for differentiating AHFS-related acute dyspnea from pulmonary-related
acute dyspnea than other methods. LCI integrated ultrasound is useful for rapid evaluation of acute dyspnea in the ED but requires

further research to assess its impact on diagnosis and decision-making.

List of abbreviations

AHEF: Acute Heart Failure

ADHEF: Acute Decompensated Heart Failure
BNP: B-type Natriuretic Peptide

BIA: Bioelectrical Impedance Analysis

CXR: Chest X-ray

ECG: Electrocardiogram

ED: Emergency Department

eGFR: Estimated Glomerular Filtration Rate
IVC: Inferior Vena Cava

IVCu: Inferior Vena Cava Ultrasound

LCI: Lung-Cardiac-Inferior Vena Cava

LUS: Lung Ultrasound

NT: proBNP, N-terminal Pro B-type Natriuretic Peptide
ROC: Receiver Operating Characteristic
TTE: Transthoracic Echocardiography
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