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Abstract
As the coronavirus disease 2019 (COVID-19) continues to spread across the globe, the knowl-
edge of its epidemiology, clinical features, and management is rapidly evolving. Nevertheless,
the data on optimal fluid management strategies for those who develop critical illness remain
sparse. Adding to the challenge, the fluid volume status of these patients has been found to
be dynamic. Some present with several days of malaise, gastrointestinal symptoms, and con-
sequent hypovolemia requiring aggressive fluid resuscitation, while a subset develop acute
respiratory distress syndrome with renal dysfunction and lingering congestion necessitating
restrictive fluid management. Accurate objective assessment of volume status allows physi-
cians to tailor the fluid management goals throughout this wide spectrum of critical illness.
Conventional point-of-care ultrasonography (POCUS) enables the reliable assessment of flu-
id status and reducing the staff exposure. However, due to specific characteristics of COVID-19
(e.g., rapidly expanding lung lesions), a single imaging method such as lung POCUS will have
significant limitations. Herein, we suggest a Tri-POCUS approach that represents concurrent
bedside assessment of the lungs, heart, and the venous system. This combinational approach
is likely to overcome the limitations of the individual methods and provide a more precise
evaluation of the volume status in critically ill patients with COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), is rapidly spreading across the globe. While most
infected patients have only a mild disease, about 5% develop critical illness requiring intensive
care unit (ICU) admission, which is substantial in terms of absolute numbers [1]. Acute
hypoxemic respiratory failure from acute respiratory distress syndrome (ARDS) is the most
common complication in these patients, and acute kidney injury (AKI) is a frequent accompa-
niment with an incidence ranging from 0.5 to 27% [2, 3]. Variability in disease manifestations
coupled with limited availability of direct evidence on optimal management strategies pose
unique challenges to the healthcare providers including nephrologists taking care of these
patients. Based on the indirect evidence from studies pertaining to sepsis and ARDS, point-
of-care ultrasonography (POCUS) could have a distinctive role in guiding management in this
setting.

Why Is Volume Status Assessment Complicated?

The volume status of patients with COVID-19 is dynamic and can range from severe hypo-
volemia to overt hypervolemia [4]. A subset of patients with COVID-19 present with hypovo-
lemia due to anorexia, vomiting, and diarrhea requiring fluid resuscitation [5]. On the other
hand, later in the course of the disease they can develop ARDS and distributive shock, in which
case continued fluid expansion may have deleterious consequences exacerbating the pre-
existing gas exchange abnormalities, particularly in the setting of oliguric AKI [6]. There is an
abundance of data demonstrating the negative effects of volume overload and tissue edema
on multiple organ systems as well as survival [7]. Not surprisingly, a recent autopsy study in
patients deceased from COVID-19 reported cardiomegaly with right ventricular dilatation,
which could be a result of ARDS itself compounded by fluid overload and the effects of positive
pressure ventilation [8]. Paradoxically, overzealous attempts at keeping such patients “dry”
may not be an optimal strategy as reduction in cardiac output and pulmonary blood flow
would lead to an increase in alveolar and physiological dead space, ultimately worsening the
gas exchange [9]. Further complicating the picture, cytokine storm is a known feature of
COVID-19, which can lead to increased vascular permeability, worsening pulmonary edema,
third-space fluid loss, intra-abdominal hypertension, and multiorgan failure [10]. Therefore,
achieving an “optimal” intravascular volume is crucial to maintain adequate tissue perfusion
while minimizing the alveolar flooding and third-spacing. These factors should be carefully
taken into consideration when assessing the fluid status of these patients and synthesizing a
treatment plan.

What Is the Problem with “Conventional” Assessment?

Conventional physical examination has limited diagnostic utility to predict the fluid
status and to guide vasoactive therapy in hemodynamically unstable patients [11]. Of
particular note, the diagnostic accuracy of auscultation for detection of alveolar-pulmonary
edema is only about 55-67% [12], which is likely to be even lower when using disposable
stethoscopes in the noisy ICU environment. Adding to this, several of our clinical assumptions
are either inaccurate or have limited value in the case of critically ill patients. For example,
the presence of peripheral edema and/or positive fluid balance do not necessarily indicate
fluid overload, as these patients can still be intravascularly depleted or euvolemic. Similarly,
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Fig. 1.The Tri-POCUS approach for volume status assessment in critically ill patients. Common abnormali-
ties/assessments pertinent to each of these sonographic applications are listed. PLR, passive leg-raise ma-
neuver to assess fluid responsiveness; VExUS, venous excess ultrasound grading; IVC, inferior vena cava;
DVT, deep vein thrombosis.

not all hypotension is hypovolemia. Interestingly enough, atypical presentations such as
heart failure with acute myopericarditis have been reported in patients with COVID-19, which
can be associated with hypotension but not volume depletion [13]. Even laboratory param-
eters commonly associated with volume overload such as an elevated B-type natriuretic
peptide level are not reliable owing to their non-specificity [14].

Guidelines issued by professional organizations for the management of critically ill
patients with COVID-19 recommend adopting a “conservative” fluid administration strategy
and measuring dynamic parameters to assess fluid responsiveness [15]. POCUS is a bedside
ultrasound examination performed by the clinician to answer focused question(s) and guide
management. Studies have consistently confirmed that it can improve the diagnosticaccuracy
of physical examination in various clinical backdrops [12, 16]. However, isolated use of lung
or inferior vena cava (IVC) ultrasound is subject to limitations in this context. For example,
lung ultrasound (LUS) findings in ARDS may be difficult to distinguish from that of cardio-
genic pulmonary edema and, sometimes, patient positioning may limit the scan zones available
for evaluation. Similarly, IVC ultrasound may not be reliable owing to its dependence on intra-
abdominal pressure, changes in tidal volume, local mechanical factors (e.g., thrombosis, [VC
filter, venous cannulae), and patient-triggered inspiratory efforts.

We believe that a “Tri-POCUS” approach (Fig. 1) combining LUS, focused cardiac ultra-
sound (FoCUS), and venous Doppler ultrasound can overcome the shortcomings of individual
techniques and enhance the reliability by providing valuable insights into patients’ hemody-
namics when interpreted in the clinical context.
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Fig. 2. LUS patterns in ARDS versus cardiogenic pulmonary edema based on the data from Copetti et al. [18].
Alveolar-interstitial syndrome was defined as the presence of more than 3 B-lines or “white lung” appearance
for each examined area. Spared areas were defined as the areas of normal lung pattern in at least one inter-
costal space surrounded by areas of alveolar-interstitial syndrome. Lung pulse was defined as the absence of
lung sliding with the perception of heart activity at the pleural line. LUS, lung ultrasound; ARDS, acute respi-
ratory distress syndrome; ALI, acute lung injury.

Lung Ultrasound

Though relatively non-specific, the characteristic findings of COVID-19 disease on LUS
include a thickened or irregular pleural line, subpleural consolidations, and multifocal or
confluent B-lines [17]. Patients who develop ARDS demonstrate similar findings, though
more widespread and bilateral with confluent B-lines, indicatingloss of aeration and increased
extra-vascular lung water. As mentioned before, it might be difficult to distinguish this
appearance from that of cardiogenic pulmonary edema that can also be seen in patients with
COVID-19. However, certain features can help differentiate these two entities, as depicted in
Figure 2. Notably, reduced or absent pleural sliding as well as the presence of lung pulse and
spared areas are highly suggestive of ARDS, while pleural effusions are more commonly seen
in cardiogenic pulmonary edema [18]. In addition, LUS-derived aeration scores can be used
to monitor response to therapy and for prognostication in COVID-19 patients with ARDS [19].
Furthermore, LUS is a valuable tool to detect complications of positive pressure ventilation
such as pneumothorax and guide appropriate intervention.
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Focused Cardiac Ultrasound

FoCUS allows for rapid evaluation of the “five Es,” as described by Kennedy Hall et al. [20],
which include pericardial effusion, qualitative assessment of left ventricular ejection, right
and left ventricular equality (e.g., right ventricle enlarges due to pulmonary hypertension or
embolism), exit (aortic root diameter), and the entrance (IVC). In the context of fluid status
assessment, exit can be used to indicate stroke volume/cardiac output measurement at the left
ventricular outflow tract. Compared to static measures of preload, such as the central venous
pressure, dynamic calculation of stroke volume reliably predicts “volume responsiveness” or
patient’s position on the Frank-Starling curve. Volume responsiveness is usually defined as a
measurable increase of 15% in cardiac output (or stroke volume in the absence of significant
variation in the heart rate) in response to fluid challenge. Instead of exogenous administration
of fluids, a “passive leg-raise” (PLR) maneuver is typically performed, which redistributes
approximately 300-400 mL of blood from the lower extremities to the heart and stroke volume
is measured 1-2 min later using cardiac ultrasound [21]. Assessment of the response to PLR
virtually eliminates the need for “empiric” intravenous fluid administration, which can be
detrimental in patients with ARDS. This test can be performed in both mechanically ventilated
and spontaneously breathing patients and is fairly reliable even in the presence of arrhythmias.
Moreover, FoCUS can be performed in COVID-19 patients undergoing prone ventilation, albeit
with a minor modification in the image acquisition technique [22].

Variations in the diameter of IVC may be used to predict fluid responsiveness, particu-
larly when using a handheld ultrasound device without spectral Doppler capability or in case
of unobtainable cardiac windows. In a study including 39 mechanically ventilated patients
with septic shock, 12% respiratory variation calculated as the difference between the
maximum and the minimum diameter, normalized by the mean of the two values was asso-
ciated with an increase of cardiac output after fluid infusion [23]. Nevertheless, in view of the
previously stated limitations, the findings should be interpreted with caution.

Venous Doppler

Evaluation of blood flow pattern in the hepatic, portal, and intrarenal veins using bedside
Doppler ultrasound to assess venous congestion is another attractive means to gauge fluid
status in critically ill patients, though not specifically studied in those with ARDS. Recently, a
venous excess ultrasound (VExXUS) grading system has been developed using these wave-
forms to quantify systemic congestion [24]. In brief, when the IVC diameter is 2 cm or more,
three grades of congestion were defined based on the severity of abnormalities on hepatic,
portal, and intrarenal vein Doppler ultrasound. Hepatic vein Doppler is considered mildly
abnormal when the systolic (S) component is smaller than the diastolic (D) component, but
still below the baseline while it is considered severely abnormal when the S component is
reversed, that is above the baseline. Portal vein Doppler is considered mildly abnormal when
the variation in velocities during the cardiac cycle ranges between 30 and 50%, while >50%
pulsatility is severely abnormal. Intrarenal venous Doppler is considered mildly abnormal
when it is pulsatile with an S and D phase, and severely abnormal when it is discontinuous
with only a D phase.

Based on our experience in patients with cardiorenal syndrome, we believe venous
congestion assessment provides an important piece of the hemodynamic puzzle, when inter-
preted in the appropriate clinical context. In addition, patients with COVID-19 are atincreased
risk for thromboembolic phenomena and when the clinical suspicion is high, Doppler evalu-
ation of the lower extremities to exclude deep vein thrombosis is a valuable adjunct [25].
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Fig. 3. POCUS findings at presentation and after intravenous diuretic therapy in a patient with cardiorenal
syndrome demonstrating improvement in hypervolemic status. LUS shows B-lines at presentation that tran-
sitioned to A-lines after therapy. IVC shows improvement in the maximal diameter. Hepatic vein waveform
shows the appearance of S and D components below the baseline from the initial monophasic pattern. Portal
vein waveform shows improvement in pulsatility. Below the baseline tracing at presentation represents flow
reversal during the systole, which is a marker of severe congestion.

Case Study

Herein, we concisely describe the case of a hypervolemic patient with minimal symptoms,
where Tri-POCUS played a key role in the accurate determination of volume status and
guiding the management strategy as well as monitoring the response to therapy.

A 55-year-old man with a history of heart failure with reduced ejection fraction of 25%
was found to have AKI of uncertain etiology (serum creatinine of 3.5 mg/dL with a baseline of
1.6 mg/dL). His vital signs were stable and he had no symptoms except for his usual dyspnea
on exertion. In order to objectively explore his volume status, a quick bedside LUS was
performed that revealed an increased extravascular lung water with B-lines particularly in the
lateral scan zones. Interestingly, FoCUS showed a dilated IVC of approximately 3 cm that was
minimally collapsible with inspiration suggestive of increased right atrial pressure. It also
confirmed a low ejection fraction without grossly visible regional wall motion abnormalities
and excluded pericardial effusion. Hepatic and portal vein Doppler disclosed stigmata of
severevenous congestion with pulsatile portal veinand hepatic vein, with only the D component
below the baseline. Based on Tri-POCUS findings, the diagnosis of congestive AKI was made at
the bedside and the patient received high-dose intravenous diuretics. Two days later, his
serum creatinine improved to 2.2 mg/dL. LUS and venous Doppler studies showed remarkable
improvement. There was a reduction in IVC diameter, and both the S and D components were
found below the baseline on hepatic vein Doppler. Similarly, portal vein pulsatility reduced to
approximately 55% (Fig. 3). Diuretic therapy was titrated further based on these findings.
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Why Use Point-of-Care Ultrasound Rather than Traditional Imaging?

First, POCUS is a relatively inexpensive, radiation-free bedside tool that allows rapid
diagnosis impacting the management plan, which is vital in critically ill patients. Second,
ability to perform multiorgan assessment and use it for procedural guidance during the same
encounter improves efficiency and reduces pathogen spread. This is of utmost importance in
patients with COVID-19 where the assessment of fluid volume status can be enhanced through
multiorgan POCUS due to progressive pulmonary lesions and the dynamic nature of their
volume status. In addition, the need for CT scan and repeat chest radiographs is minimized,
limiting the staff exposure during patient transport. Moreover, disinfection of the ultrasound
machine is easier and not associated with any downtime for the radiology room decontami-
nation, unlike CT scan. Most handheld ultrasound devices can be completely encased in a
standard plastic transducer cover that can be discarded after each use.

The Time Is Now

Nephrologists’ opinion is often sought for the optimal management of complex fluid and
electrolyte disorders. The Tri-POCUS approach allows us to titrate fluid resuscitation strat-
egies according to the phases of critical illness and accompanying organ dysfunction. As such,
POCUS-guided objective evaluation of volume status is an invaluable addition to our arma-
mentarium.
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