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Abstract

Assessment of volume status in hospitalized patients with heart fail-
ure is a critically important diagnostic skill that clinicians utilize fre-
quently. However, accurate assessment is challenging and there is 
often significant inter-provider disagreement. This review serves as 
an appraisal of current methods of volume assessment amongst differ-
ent categories of evaluation including patient history, physical exam, 
laboratory analysis, imaging, and invasive procedures. Within each 
category, this review highlights methods that are particularly sensitive 
or specific, or those that carry impactful positive or negative likeli-
hood ratios. Utilization of the information that this review provides 
will allow clinicians to determine volume status of hospitalized heart 
failure patients more accurately and more precisely in order to pro-
vide appropriate and effective therapies.

Keywords: Volume status; Heart failure; Diagnostic; Volume assess-
ment

Introduction

Accurate assessment of volume status among hospitalized pa-
tients with chronic heart failure (HF) is a critically important 
skill for physicians to master. Volume overload, or hyperv-
olemia, is a frequent condition among these patients, espe-
cially those with increasing age, nutritional deficiencies, renal 
disease, or poor medication adherence [1]. Further, accurate 
assessment of volume status (i.e., euvolemia vs. hypo-/hyperv-
olemia) often determines diagnostic and therapeutic strategies 
utilized by clinicians [2]. Many methods of volume analysis 
exist, ranging from invasive tests such as right heart catheteri-

zation, to noninvasive procedures such as echocardiography 
or point-of-care ultrasound (POCUS), to simple history and 
physical examination. Yet, determination of volume status 
frequently remains challenging and there is growing literature 
to suggest that many patients with HF are discharged without 
achieving complete clinical decongestion [2-4]. This review 
will serve as an assessment of the clinical, laboratory, physical 
exam, imaging, and procedural tools that we as providers have 
available for the assessment of volume status, while exploring 
the efficacy, difficulty, cost, and patient discomfort associated 
with each method of evaluation.

The pathophysiology of HF is complex, but the fundamen-
tal feature of this disease is cardiac compromise with a result-
ant decrease in cardiac index leading to compensatory expan-
sion of circulating plasma volume (PV) [5-7]. As a result of 
impaired blood flow to the kidneys, there is increased activity 
of the renin-angiotensin-aldosterone system (RAAS) leading 
to renal retention of sodium and water, generating intravas-
cular and interstitial volume expansion and redistribution [6, 
8]. Initially, this compensatory response serves to maintain 
perfusion pressures, but over time becomes detrimental as the 
volume of fluid surpasses the existing intravascular capacity, 
hence the development of clinical congestion, extravascular 
fluid accumulation and increased cardiac afterload [8]. In or-
der to blunt the effects of this pathologic volume expansion, 
a mainstay of HF therapy focuses on maintenance of clinical 
euvolemia, largely through the use of diuretics [2, 7]. Assess-
ment of patients’ volume status is therefore a vital aspect of 
the management of HF patients. The intent of this review will 
be to provide a centralized reference to the various methods of 
volume assessment in an effort to determine fluid status more 
effectively and objectively in our patients.

Clinical Features of Volume Overload

Obtaining a focused clinical history remains the cornerstone of 
volume assessment. The majority of symptoms resulting from 
volume overload secondary to HF are nonspecific, including 
shortness of breath, dyspnea on exertion, weight gain, lethargy, 
fatigue, abdominal pain, loss of appetite, confusion, and diz-
ziness [7, 9]. More specific symptoms include orthopnea (the 
feeling of increased shortness of breath while lying supine), 
and paroxysmal nocturnal dyspnea (PND, acute attacks of 
shortness of breath and coughing spells often awaking patients 
from sleep) [9]. Among these symptoms, orthopnea confers 
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the highest positive likelihood ratio for hypervolemia [9]. An-
other atypical, often overlooked symptom of hypervolemia in 
HF patients is bendopnea, in which patients experience dysp-
nea when bending or leaning forward [10]. Recently, a system-
atic review and meta-analysis demonstrated that bendopnea 
is strongly associated with orthopnea, PND, New York Heart 
Association (NYHA) class IV symptoms and mortality in HF 
patients [11]. Additionally, close attention should be paid to 
risk factors for worsening HF including: hypertension, hyper-
lipidemia, recent myocardial infarction (MI), acute emotional 
stressors, worsening coronary artery disease (CAD), diabetes, 
and chronic kidney disease [5, 7]. Another important consid-
eration in those with known HF is adherence to lifestyle modi-
fication and medications. Patients with HF are frequently on 
multiple cardiac medications, instructed to follow a low-salt 
diet and/or an oral fluid restriction with which poor compli-
ance may predispose them to an acute exacerbation [7, 12]. 
While there is no one clinical feature of HF that is diagnostic 
of the disease, the patient’s history provides a clear first step 
for the clinician to determine an approximate pre-test probabil-
ity of hypervolemia prior to further investigating with other 
methods of volume evaluation.

Physical Examination

Physical examination of a patient with suspected volume over-
load resulting from HF is a free, noninvasive, generally pain-
less assessment that should be regularly performed prior to 
moving forward with any laboratory, imaging, or procedural 
methods of evaluation. As is often the case, the physical ex-
amination of a patient with suspected hypervolemia begins 
with carefully obtaining a patient’s vital signs. While no vital 
sign abnormalities are sensitive or specific for volume over-
load, tachycardia, hypertension, hypotension, tachypnea, and/
or decreased peripheral oxygen saturation (SpO2) may be sug-
gestive and abnormal vital signs can be indicative of severity 
of hypervolemia [7, 12].

Cardiac and lung auscultation remain an important com-
ponent of the evaluative process for hypervolemia. The finding 
of a third heart sound (S3) on cardiac auscultation is associated 
with elevated intracardiac filling pressures [13]. A positive, re-
producible S3 is associated with a strongly positive likelihood 
ratio (LR) for decreased ejection fraction (LR = 3.4 - 4.1), 
elevated left atrial pressures (LR = 3.9), and elevated B-type 
natriuretic peptide (BNP) levels (LR = 10.1), each of which 
are strong indicators of volume overload secondary to HF [13]. 
The findings of a fourth heart sound (S4) and/or valvular mur-
murs may also be associated with HF and hypervolemia, but 
less strongly [13]. Of note, a positive S3 may resolve after re-
turn to euvolemia, while valvular murmurs and S4 often will 
not [13].

Rales on lung auscultation are neither sensitive nor spe-
cific for hypervolemia secondary to HF, yet they remain an 
important clue to both the presence of cardiogenic pulmonary 
edema as well as response to treatment with diuretic therapy 
[7, 13]. A positive pulmonary auscultation finding of inspira-
tory and/or expiratory rales in a patient with known heart dis-

ease carries a LR of 2.1 for the presence of elevated left atrial 
pressure (again, a common manifestation of hypervolemia sec-
ondary to HF), and the dissipation of rales following therapy 
may be an indicator of resolving pulmonary edema [13]. Be-
ing that many patients with clinical volume overload complain 
of dyspnea, it is important to rule out pneumonia and other 
pulmonary parenchymal diseases prior to initiating therapy for 
HF [7]. Skillful auscultation of the lungs is an excellent, high-
value and reliable method of narrowing one’s differential for 
dyspnea, as volume overload is not associated with wheezing, 
egophony, or changes in tactile fremitus, each of which would 
be suggestive of a separate or concomitant pulmonary process 
being present [13].

Another crucial aspect of the physical exam is an evalua-
tion of jugular venous pressure (JVP). The assessment of the 
right jugular vein is often a difficult skill for clinicians to mas-
ter, as it requires careful, delicate observation and additionally 
may be obscured in patients with especially large necks [13]. 
However, mastery of this skill can be helpful when examining 
for cardiac congestion. A JVP of > 8 cm of H2O is associated 
with a LR of 3.9 for the presence of elevated left atrial diastolic 
pressures, though a JVP of < 8 cm of H2O does not carry a 
significant negative LR for the same measure [13]. A carefully 
measured JVP has the potential to provide a strong positive 
predictive value for cardiac congestion by a skilled examiner. 
The diagnostic accuracy of JVP by experienced providers has 
been validated, with 85% of central venous pressure estimates 
based on JVP being within 4 cm of H2O of catheter-obtained 
measurements [13]. Further augmenting the jugular venous 
examination, one may assess the hepatojugular reflex (HJR, 
a maneuver designed to displace splanchnic venous blood to-
wards the heart). This maneuver requires a skilled provider but 
in experienced hands provides a positive LR of 8.0 and a nega-
tive LR of 0.3 for the presence of elevated cardiac pressures 
[13].

Just as hypervolemic HF patents can develop increased 
hydrostatic pressures in their pulmonary vasculature contrib-
uting to pulmonary edema, the development of increased hy-
drostatic forces in systemic veins often leads to bilateral lower 
extremity edema [14]. While the presence or absence of bilat-
eral leg pitting edema does not carry a significant positive or 
negative LR for the presence of HF, a reproducible presence 
of bilateral leg pitting edema does have a specificity of > 95% 
for the presence of HF in a patient with known or suspected 
cardiac compromise [13]. Clinicians should monitor the de-
gree of peripheral edema during the course of hospitalization 
as a marker for response to diuretic therapy [7]. Diminished 
or absent peripheral pulses, in the absence of significant pe-
ripheral arterial disease, may reflect reduced cardiac output in 
decompensated congestive HF [15]. Relatedly, it is necessary 
to assess perfusion to distal extremities via observation of skin 
color and temperature. A bluish hue and/or cold temperature 
of the distal extremities reflects a lack of blood flow to distal 
organs, a concerning sign of decompensated HF [13, 15].

Another common method of fluid status evaluation is dai-
ly body weight (BW) monitoring. The simple premise for BW 
monitoring suggests that as patients accumulate fluid, their 
BW will increase, and providers can measure BW concurrently 
with diuretic therapy to assess therapy response. A growing 
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body of literature supports the use of BW monitoring in the 
outpatient setting to guide diuretic regimens and assess risk for 
hospitalization for decompensated HF [16-18]. However, evi-
dence for BW monitoring in hospitalized patients is lacking. 
Recently, a post hoc analysis was performed of the ASCEND-
HF trial that examined BW changes during and after hospitali-
zation. Patients with weight gain or minimal weight loss dur-
ing hospitalization had significant associations with increased 
all-cause mortality, cardiovascular mortality and rehospitaliza-
tion [19]. Significant weight loss during hospitalization was 
weakly associated with improvements in dyspnea and urine 
output [19]. Due to the strong infrastructure in place, ease of 
obtainment and low cost, the American College of Cardiology/
American Heart Association (ACC/AHA) recommends moni-
toring of patient weights during hospital admissions for vol-
ume overload secondary to HF, supported by level C evidence 
[7]. Several physical examination findings and their sensitives, 
specificities, positive, and negative likelihood ratios can be 
found in Table 1 [9, 13].

Laboratory Abnormalities and Biometric Evalu-
ation

In patients with suspected decompensated HF, serum levels of 
N-terminal pro-B-type natriuretic peptide (NT-ProBNP) have 
become a routinely ordered study [5, 7, 20, 21]. The physi-
ologic basis for this test is derived from the phenomenon that 
increased ventricular blood volume causes stretching of the 
ventricular myocytes, leading to the release of NT-ProBNP 
[22]. Serum NT-ProBNP level has been shown to correlate 
with the degree of volume overload and decompensated HF in 
patients [20, 21]. A baseline serum level of NT-ProBNP can be 
measured during periods of relative euvolemia, thereby pro-
viding clearer context to a particularly elevated value when the 
same patient is demonstrating signs and symptoms of hyper-
volemia [7]. The use of NT-ProBNP has become so impactful 
that multiple national cardiology societies have recommended 
the use of the marker to rule out the presence of decompen-
sated HF when values are low [5, 22, 23]. The evidence for 
the use of NT-ProBNP for ruling out decompensated HF with 
volume overload is derived from the high sensitivity for the 
detection of decompensated HF [5, 23, 24]. NT-ProBNP is a 

low-cost lab test, which continues to become more affordable 
as testing becomes more standardized [25, 26]. Monitoring of 
NT-ProBNP has been demonstrated to be a high-value meth-
od of HF screening, as it holds the potential to decrease the 
number of further procedural tests and imaging studies per-
formed, though this subject needs further study [25]. While the 
diagnostic utility of NT-ProBNP is promising, limitations of 
its use include false elevation in older patients, patients with 
atrial fibrillation, and patients with renal failure [20-22]. Alter-
natively, falsely low measurements may be obtained in obese 
patients [20-22].

Several other serum biomarkers have been assessed for 
utility in HF patients. These include troponin, galectin-3 and 
ST2 [27]. Among these, troponin is the most commonly used 
in clinical practice, though it is most well-studied and most 
commonly used in patients with concern for acute coronary 
syndromes [27]. The vast majority of patients with acute de-
compensated HF will have detectable troponin, so it has been 
proposed as a sensitive marker of HF decompensation [27, 
28]. However, it is not directly associated with elevated intra-
cardiac pressures and lacks specificity for hypervolemia, thus 
it is not recommended to be trended throughout hospitaliza-
tion HF [28]. Galectin-3, a lectin product that is upregulated 
in response to stress or injury, has recently demonstrated as-
sociation with worsening HF outcomes [29]. However, this 
marker has also not been found to be directly associated with 
hypervolemia [27, 29, 30]. Galectin-3 likely requires prospec-
tive study to demonstrate utility in guiding therapy, but it is 
currently given a grade IIb recommendation for use in patients 
with ACC stage C or D HF for the purposes of risk stratifica-
tion and prognostication [7, 27]. ST2, the gene for interleu-
kin-1 receptor-like 1 (IL1RL1), has long been known to be a 
marker of cardiomyocyte strain [31]. More recently, ST2 has 
demonstrated association with acute decompensated HF, HF 
mortality, and all-cause mortality independent of NT-ProBNP 
or troponin values [32, 33]. As with galectin-3 and troponin, 
ST2 has not been directly correlated to elevated filling pres-
sures and thus, while each of these biomarkers carry useful 
prognostic information, their role in assessment of volume sta-
tus remains limited [27]. Nonetheless, these markers, especial-
ly galectin-3 and ST2, represent opportunity for future study.

Another common lab analysis obtained in the evaluation 
of a patient with suspected volume overload is serum creati-

Table 1.  Sensitivity, Specificity and LRs of Various Physical Exam Findings for Detection of Elevated Intracardiac Pressures in 
Patients With Known or Suspected HF

Exam finding Sensitivity (%) Specificity (%) LR of positive  
finding

LR of negative  
finding

Third heart sound 12 - 37 85 - 99 5.7 - 11 0.80 - 0.88
Fourth heart sound 5 - 71 50 - 97 1.6 0.98
Bilateral pulmonary rales in patient with known cardiac disease 12 - 60 78 - 96 2.8 0.51
Bilateral lower extremity pitting edema 10 - 50 78 - 96 2.3 0.64
JVP > 8 cm H2O 10 - 58 92 - 97 3.9 - 5.1 0.66
Hepatojugular reflex 24 - 84 83 - 98 6.4 - 8.0 0.30 - 0.79

LR: likelihood ratio; HF: heart failure; JVP: jugular venous pressure.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 5

Raco et al Cardiol Res. 2023;14(1):2-11

nine (Cr) and a derived estimated glomerular filtration rate 
(eGFR). Worsening renal function (WRF) occurs in > 90% of 
patients with decompensated HF, frequently resulting in acute 
kidney injury (AKI), defined as serum Cr > 1.5 × above base-
line or > 0.3 mg/dL increase [34, 35]. The pathophysiology 
of cardiorenal syndrome (CRS) is remarkably complex and 
continually being further studied, but the current understand-
ing indicates that WRF in patients with decompensated HF is 
a multi-systemic process occurring as a pathologic response 
to cardiac and intravascular congestion [34, 35]. In effort to 
reduce this congestion, CRS is generally treated with diuret-
ics with improvement in serum Cr [35]. However, current data 
are mixed regarding the prognostic utility of WRF in hyperv-
olemic patients and whether or not providers should be target-
ing a return to baseline serum Cr [35, 36]. As such, no strong 
recommendation has been made for or against the monitoring 
of serum Cr in HF patients admitted to the hospital, but with 
the low cost associated with this lab test, monitoring remains 
standard practice and appears to be safe [23, 35, 36].

As stated previously, PV expansion is a hallmark of wors-
ening HF. Several methods of PV measurement exist, but direct 
monitoring with radioisotope assays is invasive and are expen-
sive [37, 38]. As such, a method of estimating plasma volume 
status (PVS) noninvasively has long been sought after, with 
multiple estimation equations studied in recent years [37, 38]. 
Ling et al studied a proposed PVS equation in 2014 based upon 
actual plasma volume (aPV) and ideal plasma volume (iPV) in 
order to derive a minimally-invasive, cost-effective method of 
true PVS [37]. The study concluded that their calculated PVS 
accurately reflected patient’s degree of volume overload and 
was independently correlated to patient outcomes [37]. The 
proposed equation may be found here (Supplemental Material 
1, www.cardiologyres.org). In 2018, Fudim et al conducted a 
review of estimated PV calculations and their correlation to 
aPV, concluding that calculated estimates of PV demonstrate 
limited association with aPV, though they may retain prog-
nostic utility [38]. Recently, Yaranov et al investigated total 
blood volume (TBV), PV and red blood cell volume (RBCV) 
monitoring via the CardioMEMS implantable pulmonary ar-
terial pressure monitor in a 20-patient cohort [39]. Findings 
indicated that pulmonary arterial and intracardiac pressures, 
which are traditionally relied upon measures of volume status 
in HF patients, may not be representative of TBV in select pa-
tients and phenotypes [39]. Future research is required to fully 
elucidate the nuanced balance of pressure-volume phenotypes 
in HF patients and invasive volume-guided phenotyping may 
hold promise in improving clinical outcomes with respect to 
achieving euvolemia [39]. Invasive hemodynamic monitoring 
is discussed further below.

Bioelectrical impedance analysis (BIA) has been stud-
ied as a rapid, noninvasive and inexpensive method for the 
evaluation of volume status [40-45]. Bioimpedance analysis 
utilizes electrical currents from superficially-placed electrodes 
to assess fluid composition across a given area, operating on 
the theory that fluid will more efficiently conduct electricity 
than solid tissue [40]. Both whole body or segmental BIA can 
be measured depending on placement of electrodes and may 
provide an objective assessment of the fluid content within a 
given area [40]. Parrinello et al first established the reliability 

of BIA in 2008 when it was found to correlate well with BNP 
and diagnosis of decompensated HF [40]. Since this time, sev-
eral retrospective and prospective analyses have demonstrated 
utility of BIA as an independent prognostic marker for patients 
with HF and specific parameters have been suggested to have 
clinical utility to indicate successful decongestion [42, 44, 45]. 
While not yet incorporated into routine clinical practice to 
the degree of serum biomarkers such as NT-ProBNP, BIA has 
potential to augment clinician judgment with regards to vol-
ume assessment [43, 45]. Prospective, controlled such as the 
SCALE-HF trials using BIA to guide clinical decision making 
in HF patients are currently underway [46, 47]. This nonin-
vasive, objective modality of evaluation holds considerable 
promise in improving clinician ability to accurately ascertain 
congestion status.

Imaging

Dyspnea is a frequent chief complaint of patients with volume 
overload secondary to HF, and as such, chest X-rays (CXRs) 
are frequently the first-line imaging study obtained upon ini-
tial patient evaluation [48]. While the specificity of CXR for 
diagnosis of decompensated HF is poor, there is value in us-
ing this study to rule out alternative cardiopulmonary causes 
of dyspnea such as chronic obstructive pulmonary disease 
(COPD) and pneumonia [48-51]. Although no CXR findings 
are diagnostic of HF, there are several suggestive findings that 
may further suggest a patient’s clinical diagnosis. These find-
ings include upper lung zone flow redistribution, lung inter-
stitial or alveolar edema, pleural effusions, pulmonary vessel 
cephalization, and cardiomegaly [48, 51]. Advantages of CXR 
in the initial evaluation of suspected HF patients include the 
relative ease of interpretation as well as cost-effectiveness, es-
pecially when compared to specialized imaging studies such as 
echocardiography, computed tomography (CT), and magnetic 
resonance imaging (MRI) [48]. Finally, having documentation 
of CXRs in the electronic medical record consisting of both 
baseline and volume overloaded states may be helpful for fu-
ture providers during exacerbations of clinical status [48]. The 
American College of Radiology therefore recommends obtain-
ing a CXR during the evaluation of all patients with dyspnea 
of suspected cardiac origin [50]. A number of CXR findings 
and their associated sensitivities, specificities, and positive and 
negative predictive values are outlined in Table 2 [48, 51]. As 
stated previously, CXR findings alone are insufficient for di-
agnosis of HF.

Due to its high sensitivity and specificity for the diagnosis 
of cardiac congestion, transthoracic echocardiography (TTE) 
is recommended by multiple international radiologic and car-
diovascular societies as an essential initial investigation in 
the diagnosis of volume overload secondary to HF [23, 50, 
52]. This recommendation is further supported by TTE’s rela-
tively low cost, ease of administration, patient comfortability, 
and lack of radiation exposure, as well as its ability to assess 
hemodynamics, cardiac structure and function [52-54]. With 
experienced providers and new echocardiographic technology 
including three-dimensional (3D) capability and Doppler as-
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sessments, TTE has the ability to accurately assess left ventric-
ular systolic and diastolic function, valvular competency, left 
atrial volume, right atrial pressure estimates, and regional wall 
motion abnormalities [52, 54]. Further, TTE can be performed 
at rest or as part of a cardiac stress evaluation, providing essen-
tial data regarding cardiac function and exercise tolerance [52, 
53]. With the versatility of this study, it is reasonable to suggest 
that TTE is the gold standard, noninvasive diagnostic study for 
both HF and volume overload states. However, in advanced 
HF states, echocardiographic findings may be insufficient and 
require further evaluation with more invasive procedures for 
accurate and reliable assessment of volume status, intracardiac 
filling pressures and cardiac output [52-55].

It is important to note that a formal echocardiographic 
evaluation, performed and interpreted by a highly trained pro-
vider is required in order to achieve the complete benefits of 
a TTE study [53]. However, as ultrasound technology contin-
ues to evolve, the use of POCUS for basic cardiologic assess-
ment by general medical providers has become increasingly 
common and represents an exciting and innovative area of 
contemporary research [56-58]. The routine use of ultrasound 
investigation of cardiopulmonary measures at the bedside 
has drawn both support and cautious criticism [56, 57, 59]. A 
number of small, randomized trials have evaluated the utility 
of POCUS as a tool for improving efficiency and accuracy 
of diagnosis of a variety of intrathoracic conditions includ-
ing respiratory failure and cardiopulmonary congestion from 
HF, the results of which have been in favor of its use [60-63]. 
There is some evidence to suggest that demonstration of pul-
monary B-lines on POCUS and measurement of inferior vena 
cava (IVC) diameters may outperform traditional objective 
measures of volume assessment including NT-ProBNP level 
and CXR findings [64, 65]. Expert opinion currently supports 
the use of POCUS as an augmentation to comprehensive vol-
ume status examination, which has been supported by consen-
sus statements and recommendations by the American Society 
of Echocardiography and the American College of Physicians 
[66, 67]. As the technology and practice of POCUS continues 
to advance, it may be incorporated into standard of practice 
for evaluation of patients with hypervolemia or dyspnea sus-
pected to be related to HF.

Invasive Evaluation

While a diagnosis of volume overload secondary to HF can 

be made through a combination of careful clinical history 
taking and examination along with use, when indicated, of 
noninvasive imaging such as echocardiography, there are sev-
eral instances in which invasive hemodynamic assessment is 
appropriate. Indications for these invasive strategies include 
confirmation of pulmonary hypertension suggested on echo-
cardiography, evaluation of persistent hemodynamic instabil-
ity, investigation of treatment resistance, worsening of renal 
function with therapy, and further evaluation in patients be-
ing considered for heart transplant or mechanical circulatory 
support [7]. Advantages of these techniques include their high 
diagnostic precision and the ability to directly measure param-
eters that would otherwise require derived or inferred values, 
though their utility is balanced by their potential for proce-
dural complications, associated patient discomfort and cost 
when compared with previously described methods of evalua-
tion [7]. As such, noninvasive, low-cost and readily-available 
methods of volume assessment, such as those discussed pre-
viously, remain the cornerstone of evaluation in HF patients, 
which is reflected in Figure 1.

The most common invasive technique for assessment of 
intravascular volume status in HF patients is the right-heart 
catheterization (RHC) with a pulmonary artery catheter [7, 
68, 69]. RHC allows providers the ability to directly record 
intracardiac and intrapulmonary pressures to the point of the 
pulmonary capillaries, with right atrial pressures (RAP) or 
central venous pressures (CVP), right ventricular pressures 
(RVP), mean pulmonary artery pressures (mPAP), and pul-
monary capillary wedge pressures (PCWP) being the most 
commonly utilized datapoints [68-70]. A recording of el-
evated right heart and pulmonary arterial pressures provide 
valuable information for both the presence and extent of 
intravascular congestion, giving care teams direct insight 
into intrathoracic hemodynamics [68, 70]. Recently, Ma et 
al studied the association of a “cardiac congestion index” in 
which the investigators divided post-RHC patients into two 
groups: those with a RAP + PCWP of < 30 mm Hg (low) and 
those with a RAP + PCWP of > 30 mm Hg (high) [71]. It was 
found that patients with a low cardiac congestion index had a 
significantly lower 6-month mortality rate, rehospitalization 
rate and transplantation rate, indicating that a cardiac con-
gestion index has significant prognostic utility [71]. While 
further study is required in order to determine if this is a vi-
able strategy for influencing treatment of volume overloaded 
HF patients, the authors concluded that this congestion index 
has the potential to indicate the need for more aggressive in-
terventions for patients in the high index subgroup with the 

Table 2.  Sensitivity, Specificity and PPV of Various CXR Findings for Diagnosis of HF

CXR finding Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Interstitial edema 18 - 29 93 - 95 78 - 82 54 - 57
Alveolar edema 2 - 12 97 - 99 39 - 93 50 - 53
Bilateral pleural effusions 1 - 20 95 - 99 76 - 81 53 - 55
Pulmonary vessel cephalization 18 - 20 93 - 94 70 - 75 56 - 70
Cardiomegaly 54 - 64 71 - 79 69 - 71 63 - 66

CXR: chest X-ray; PPV: positive predictive value; NPV: negative predictive value; HF: heart failure.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 7

Raco et al Cardiol Res. 2023;14(1):2-11

possibility of decreasing mortality in this cohort [71]. While 
it is clear that in certain instances, RHC gives critical infor-
mation to providers, the invasiveness of the procedure has 
led to the ACC/AHA (2013), as well as the European Society 
of Cardiology (2021) to recommend against routine RHC in 
patients with HF, except for those whose fluid status remains 
uncertain despite noninvasive evaluation, select patients in 
cardiogenic shock, and patients who are refractory to diuretic 
therapy [7, 28, 70].

It is worth mentioning that hemodynamic monitoring of 
left-sided cardiac pressures via left heart catheterization (LHC) 
procedures may also play a role in the assessment of volume 
overloaded HF patients by allowing for measurement of left 
ventricular end diastolic pressure (LVEDP) [7, 70]. However, 
the clinical indications of this procedure are significantly nar-
rower than those for RHC and it is higher risk than RHC due 
to the need for arterial access [70]. LHC’s limited utility for 
intravascular volume assessment makes the procedure fall be-

yond the scope of this review.
In recent years, several implantable hemodynamic moni-

tors (IHMs) have been produced in an effort to provide con-
tinuous hemodynamic measurement without subsequent car-
diac catheterization procedures [23, 72]. These devices include 
wireless pulmonary artery pressure monitors (CardioMEMS), 
thoracic impedance measurements (OptiVol), implantable 
RVP monitoring systems (Chronicle), implanted cardiac defi-
brillators (ICD), dual-chamber pacemakers and cardiac resyn-
chronization therapy devices (CRT) [72-75]. It is hypothesized 
that remote monitoring of HF patients may be more accurate 
than patient-reported changes in weight or subjective dyspnea 
for ambulatory monitoring of patients susceptible to decom-
pensated HF [72]. The physiologic parameters measured by 
the devices can be delivered to either a clinician or the patient 
to guide management decisions [72]. Each of these implant-
able devices have been studied in large, randomized controlled 
trials with mixed evidence for reductions in HF hospitaliza-

Figure 1. Suggested diagnostic approach for volume status assessment in hospitalized patients with HF. HF: heart failure; NT-
ProBNP: N-terminal pro-B-type natriuretic peptide.
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tions, cardiovascular mortality and all-cause mortality [73-
75]. A recent systematic review and meta-analysis of remote 
monitoring for HF found that while these devices have not 
significantly improved previously mentioned endpoints, RV 
and/or pulmonary pressure monitoring may reduce HF hospi-
talizations [72]. Several other IHMs are currently in develop-
ment and hold promise for improving the care delivered to HF 
patients [72].

Artificial Intelligence

Despite the abundance of information available to the modern-
day clinician, successful restoration of euvolemia in HF pa-
tients remains challenging, as many patients hospitalized with 
acute decompensated HF are discharged with persistent vol-
ume overload [7, 23]. Numerous tools remain in development 
to aid clinician assessment. One such consideration is the use 
of automated intelligence (AI) to assist with provider discre-
tion. Recently, Celik et al, in the ART-IN-HF study, evaluated 
the plausibility of AI assisted CXR interpretation and con-
cluded that AI may hold promise in new-diagnosis of HF [76]. 
Further, Yasmin et al performed a review on the role of AI in 
modern HF diagnosis and treatment, highlighting the potential 
benefits that AI may offer in coming years [77].

Conclusions

The various clinical, laboratory, imaging, and procedural tools 
that providers have for the assessment of volume status in HF 
patients are continually evolving. This has led to a drastic ex-
pansion of data points that we as clinicians have at our dis-
cretion for patient evaluation. Though it remains critical that 
our evaluations are built upon detailed and thorough history 
taking, physical examination and noninvasive imaging tech-
niques, considerable progress has been made with biomark-
ers, remote monitoring devices, bioimpedance analysis and 
invasive monitoring that providers must remain familiar with. 
Utilization and mastery of a multi-modal approach to volume 
assessment may improve rates of successful decongestion and 
restoration of euvolemia, conferring better health and reduced 
hospitalizations for our patients with HF.
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