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1. Diagnosis and management of acute kidney injury 

using point of care ultrasound (POCUS) 

Acute kidney injury is a pervasive issue for patients 

admitted to the intensive care unit (ICU). Not only is it 

common, but it is also associated with high mortality rates 

of up to 60%, so early recognition and optimization of 

renal resuscitation is paramount [1,2]. Bedside ultrasound 

assists with determining the etiology for AKI and allows 

providers to evaluate vascular flow patterns to obtain a 

reliable evaluation of volume status and guide 

individualized therapies to help improve renal outcomes. 

Hemodynamic AKI 

Hemodynamic AKI involves hypoperfusion and is 

attributable to hypovolemia or low oncotic states seen in 

heart or liver failure. Cardiac ultrasound can be highly 

beneficial to help further delineate between these 

potential etiologies. The ejection fraction depends on 

ventriculo-arterial coupling, thus is determined by both 

intrinsic cardiac function and the afterload state [6]. As 

such, hyperdynamism, or an ejection fraction >70%, may 

be seen either in states of hypovolemia or vasoplegia as 

seen in liver failure or sepsis. Heart failure on the other 

hand is not typically associated with a hyperdynamic 

heart [7]. If hyperdynamism is visualized, performing a left 

ventricular outflow tract (LVOT) velocity time integral 

(VTI) measurement can help distinguish between 

hypovolemia and vasoplegia. A low VTI, or one <18 cm, 

is consistent with low stroke volume and low cardiac 

output, as seen in hypovolemia. Conversely, a high VTI, 

or >22cm, is more consistent with a high output state as 

seen with vasoplegia and distributive shock (Figure 1) [8].  

Intrinsic AKI 

Renal Resistive Index 

The renal resistive index (RRI) evaluates the resistance 

to flow and as such can be used to assess macrovascular 

perfusion to the kidney. The RRI is obtained at the level 
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Figure 1. LVOT VTI calculated by obtaining a 5-

chamber apical view and using a pulsed-wave Doppler 

at the opening of aortic valve to trace along the edge 

of the velocity to measure the area under the curve. 
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of the segmental arteries and is calculated as follows [9]: 

RRI = [(peak systolic velocity – end diastolic velocity)/

peak systolic velocity]   

Normal values are roughly 0.6 with levels >0.70 used as 

a cut-off for an abnormal value in native kidneys and 0.8 

in transplanted kidneys (Figure 2).  Higher levels portend 

to worse renal outcomes and are predictive for AKI in 

general as well as for severity of AKI in various patient 

populations [9-12].   

The RRI may be increased in CKD or AKI when due to 

obstruction, acute rejection, hepatorenal syndrome, or 

acute tubular necrosis (ATN) [9]. The RRI can be helpful 

to distinguish between AKI secondary to pre-renal 

azotemia, where it remains normal, compared to ATN 

when it is often elevated [13]. Studies have shown a 

resistive index >0.75 correlates to a diagnosis of ATN 

with over 90% of patients having ATN compared to only 

20% with pre-renal azotemia, most of which had 

hepatorenal syndrome [9,12-16].
 
 

The RRI has several limitations. Firstly, it can be affected 

by heart rate as tachycardia can falsely elevate the end 

diastolic pressure and thus falsely decrease the RRI [17]. 

The RRI may also be affected by increased 

intraabdominal pressure, medications, and the location 

where it is measured [18,19]. Previous studies have 

shown reproducibility of RRI among different operators, 

however most studies involved expert sonographers and 

intra-observer variability may exist in novice 

sonographers [20,21].
 
Lastly, while the RRI evaluates 

macrovascular perfusion, it is unable to assess slow flow 

velocities in vessels <2 mm and microcirculatory 

perfusion plays an important role in AKI due to sepsis 

[22,23].  

Post-renal AKI 

Hydronephrosis 

Ultrasound is the main imaging modality to evaluate for 

hydronephrosis, which causes 1-3% of AKI in the ICU 

and is seen on ultrasound in up to 95% of patients with 

obstruction
 
[25-28]. There are different degrees of 

hydronephrosis including mild, moderate, and severe 

with varying degrees of disruption of the pelvicalyceal 

system (Figure 3) [10,29]. Of note, it is critical to place 

color Doppler over the kidney as renal vasculature or 

vascular malformations can easily mimic hydronephrosis 

(Figure 3). Although AKI in the setting of obstructive 

uropathy in the ICU is rare, it is a potentially reversible 

cause of AKI that can change your management. 

Ultrasound is a vital tool to make this diagnosis quickly at 

the bedside that should be employed by every provider 

for any patient presenting with AKI. 

2. Nephroprotective strategies 

While it is important to correct hypovolemia and 

supplement preload during early management, 

particularly for distributive and hypovolemic shock, 

guiding ongoing fluid administration after the initial 

resuscitation can be nebulous and nuanced. It has been 

proposed by Malbrain et al. that there are several stages 

of fluid management, or the 4 D’s. These include drug, 

dosing, and duration which revolve around the type and 

amount of fluid resuscitation as well as de-escalation as 

it relates to fluid removal [29]. POCUS can be used 

during both the resuscitative and de-resuscitative stages 

Figure 2. Renal Resistive Index 

(RRI) can be calculated automatical-

ly by ultrasound or plugging into 

formula: RRI = [(PSV– EDV)/PSV], 

where PSV = peak systolic velocity, 

EDV = end diastolic velocity. 
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of management.  

The use of POCUS to optimize resuscitation 

Static markers such as CVP were used in the past, 

however, have not been shown to reliably identify 

patients that benefit from the administration of fluids [30]. 

As such, there is an emphasis on using dynamic 

measures to assess for fluid responsiveness, which is 

defined as an increase in cardiac output or cardiac index 

by 15% or more in response to a fluid challenge. Many of 

these dynamic measures used to evaluate for fluid 

responsiveness rely on heart-lung interactions during 

mechanical ventilation and involve the use of ultrasound. 

It is important to note limitations for the following 

assessments of fluid responsiveness as they can be 

affected by spontaneous breathing, arrhythmias, or low 

tidal volume ventilation [31-36].  

Venous System – Inferior Vena Cava 

The inferior vena cava (IVC) should be viewed in long 

axis from the subcostal position with measurements 

taken 2 cm distal to the junction with the right atrium, or 

just distal to the inlet of the hepatic vein. Due to 

differences in IVC collapsibility by sampling location and 

displacement associated with respirophasic cycles 

multiple measurements at different levels should be 

taken, including the short axis (Figure 4) [37,38]. There 

have been many studies looking at the IVC for fluid 

responsiveness and the best evidence exists for patients 

on mechanical ventilation [39,40]. IVC collapsibility, when 

used in spontaneously breathing patients, loosely 

correlates to CVP and acts as a static measure of 

volume status. Conversely, given the vessel distends on 

receiving a mechanical breath instead of collapsing, IVC 

distensibility assesses vessel compliance in addition to 

right atrial pressure and the transmural gradient between 

intraabdominal and intrathoracic pressures. The IVC 

distensibility thus provides a better assessment for 

volume responsiveness from a physiologic perspective 

for patients on mechanical ventilation compared to those 

with spontaneous respirations, and multiple studies 

Figure 3. A) Example of moderate hydronephrosis, B) Example of hydronephrosis with color to rule out vasculature.  

Figure 4. A) IVC-long 

axis view, B) IVC-short 

axis view, C) IVC- M-

mode to assess for res-

piratory variation and 

collapsibility. 
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support this physiologic rationale [41].  

Measurement of IVC size and its collapsibility can act as 

a surrogate measure for CVP and RAP where a size 

>2.1 cm with <50% collapsibility indicates a CVP of 15. 

Conversely, an IVC <2.1 cm with >50% collapsibility is 

consistent with a normal RAP of 3 mmHg [41]. An 

underfilled IVC can help identify hypovolemia, particularly 

in patients with known volume losses. In states such as 

sepsis or liver failure, however, where vasoplegia occurs 

and there is loss of vascular tone, care should be taken 

to use measures other than the IVC to determine 

whether to give additional IVF. In such patients, there is a 

higher ratio of unstressed to stressed volume, and 

volume overload would need to occur to manifest any 

change in the stressed volume as visualized by IVC 

measurement. Conversely, a plethoric IVC indicates the 

presence of hypervolemia and can help rule out 

hypovolemic shock. However, the IVC may be plethoric 

without the presence of hypervolemia and volume 

overload when tricuspid regurgitation, elevated right 

sided heart pressures from elevated pulmonary 

pressures, and cardiac tamponade are present.   

IVC size and collapsibility in spontaneously breathing 

patients can be affected by elevated intra-abdominal 

pressures and heavy spontaneous breathing efforts and 

it is only loosely related to CVP. Careful consideration 

should be taken when using ultrasound of the IVC in 

isolation to determine volume status. Rather, it should be 

used in conjunction with the overall clinical context and 

constellation of ultrasound findings. 

The use of POCUS to optimize de-resuscitation 

It is critical to avoid volume overload which causes tissue 

edema and prolonged ventilator weaning, and is an 

independent predictor of mortality in ICU patients, 

particularly those with sepsis, ARDS, intra-abdominal 

hypertension, and acute kidney injury. As such, de-

resuscitation is a critical phase of a patient’s ICU 

management [42-46]. POCUS can be used to guide this 

phase of therapy.  

Cardiac Ultrasound 

In addition to assessing the left ventricle (LV), right 

ventricular size and function should be evaluated, 

particularly with regards to assessing volume status. 

Enlargement of the right ventricle (RV) can be either a 

sign of volume or pressure overload. The parasternal 

short axis view can be utilized to evaluate which of these 

processes predominates as septal bowing seen in 

systole corresponds to pressure overload on the RV, 

suggesting an etiology such as pulmonary embolism, 

whereas septal bowing in diastole corresponds to volume 

overload that should prompt diuresis [47,48]. 

Diastolic function can also be used to assess volume 

status where e’ maximal velocity reflects the rate of LV 

relaxation and E/e’ correlates to LV filling pressures. 

There are studies in the ICU showing an abbreviated 

assessment can be valuable and diagnostic for increased 

left ventricular end-diastolic pressure (LVEDP) [49,50].
 

Using pulse-wave Doppler with the gate just above the 

mitral valve leaflet tips, obtain a spectral waveform. An E 

< A wave indicates grade 1 diastolic dysfunction (DD) 

with normal left atrial pressure and thus normal LVEDP 

(Figure 5). If E > A, perform an e’ measurement placing 

TDI over the septal and/or lateral mitral annulus (Figure 

5). An E/e’ >15 is consistent with an elevated LVEDP 

that should prompt diuresis [51,52].
  
Studies have shown 

an E/e’ >15 in the point of care setting to be 100% 

sensitive and 95% specific for heart failure when found in 

conjunction with B lines on lung ultrasound, also 

Figure 5. A) Grade 1 diastolic dysfunction showing E<A wave, B) Grade 3 diastolic dysfunction showing E/A wave 

>2, C) E/e’ > 15 consistent with raised LVEDP. 
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performing better than other modalities such as BNP and 

chest x-ray for diagnosing decompensated heart failure 

[51]. Conversely, if the E/e’ is <8, then the LVEDP is 

likely normal [52].
 
 

Lung Ultrasound 

Depending on one’s comfort level with more advanced 

echocardiography techniques, a lung ultrasound is 

simple to perform and can also be beneficial in assessing 

volume status in conjunction with other modalities. The 

presence of A-lines indicates normal lung aeration with 

dry interlobular septa and low or normal LAP [53]. A B-

profile, on the other hand, indicates an underlying 

process is present causing increased density to lung 

tissue consistent with alveolar-interstitial syndrome [54-

55]. When present bilaterally and diffusely, typically this 

indicates the presence of pulmonary edema, a diagnosis 

heightened by the concomitant presence of pleural 

effusions. The presence and quantity of B lines from 

suspected pulmonary edema correlates well with an 

elevated LVEDP [56]. Ultrasound is more sensitive for 

both pulmonary edema and pleural effusions compared 

to chest radiography, and is rapidly performed at the 

bedside [54,55]. However, lung ultrasound also has its 

limitations as the presence the presence of B-lines does 

not always correlate with increased extra-vascular lung 

water and could be related to pneumonia, ARDS, or 

pulmonary fibrosis.  

Abdominal Ultrasound – Venous System 

It is critical to identify the presence of volume overload 

and venous congestion not only in patients with heart 

failure or cardiogenic shock, but in all forms of pathology. 

As volume reaches the upper limits of systemic venous 

capacitance, venous pressure will rise causing 

congestive changes that can be visualized on ultrasound 

of the IVC, portal vein, hepatic veins, and the interlobar 

renal veins [57-60].
 
  

Hepatic Vein 

Given the multivariate etiologies for its morphology and 

respirophasic behavior, other venous waveforms should 

be assessed in conjunction with the IVC to identify 

venous hypertension and congestion. The hepatic vein 

will be thin-walled and branch off of the IVC. It can be 

evaluated from the right coronal plane in long axis view 

with the pulsed-wave Doppler gate placed perpendicular 

to the flow to obtain a waveform. Alternatively, the 

hepatic vein can be obtained anteriorly with the IVC in 

short axis. In the absence of pathology, there should be 

an anterograde S and D wave (Figure 6). There is an 

initial retrograde a wave generated by increased RAP 

from atrial contraction at end diastole, which is followed 

by an anterograde S wave caused by decreasing RAP 

during early mid-systole. If the tricuspid valve is open, 

however, retrograde deflection can occur causing 

reversal of the S wave, as seen with tricuspid 

regurgitation or significant venous congestion. The final 

D wave is an anterograde deflection caused by 

decreasing RAP from rapid early diastolic right 

ventricular filling. With increasing venous congestion, 

there is a spectrum of waveform changes that occur. The 

S wave is typically larger, however, with increased RAP 

and mild congestion, the D wave becomes deeper than 

the S wave, and with severe congestion, there will be 

reversal of flow with a retrograde S wave (Figure 6).  

Portal Vein 

In contrast to the hepatic veins, the portal vein and its 

branches will have thicker, echogenic walls and will have 

flow directed towards the transducer. The portal vein 

should be assessed for pulsatility. Normally the portal 

vein should have only mild respirophasic variation and 

should be fairly uniform. With increasing congestion and 

right atrial pressure elevation, however, the cyclical 

pressure changes in the right atrium from cardiac 

contractility get transmitted to the portal circulation 

creating a pulsatile flow pattern. Once severe congestion 

is present, the flow form may become biphasic with a 

sinusoidal retrograde and anterograde flow pattern 

(Figure 6). The pulsatility index can be measured as 

follows where normal PI is less than 30% and significant 

venous congestion is present with a PI >50%:  

PI (%) = 100 x [(maximum velocity – minimum velocity)/

maximum velocity] 

There have been several studies looking at portal vein 

pulsatility in patients with congestive heart failure and 

following cardiac surgery. In one study, of the patients 

who had portal flow pulsatility, over 60% developed an 

AKI in the week following surgery [59].
 
 

Interlobar Renal Veins 

The interlobar renal veins can also be assessed for the 

presence of venous congestion. Studies looking at 

ultrasound findings of venous congestion in patients with 

congestive heart failure have shown that portal vein 

pulsatility was also associated with alterations of 

intrarenal venous flow [59,60].
 
  

After obtaining a view of the kidney, color Doppler should 

be placed over the corticomedullary junction to pick up 

flow through the interlobar vessels with the pulsed-wave 

Doppler gate placed at the corticomedullary junction 

ideally obtaining both arterial and venous waveforms. 

The resistive index can be calculated from the arterial 

waveform and the venous waveform morphology can 

also be assessed. Venous flow should be monophasic 

and continuous, however, with increasing congestion will 

become pulsatile throughout the cardiac cycle, and with 
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severe congestion venous flow will only be present in 

diastole (Figure 6). 

Conclusion 

Bedside ultrasound can be used to help delineate 

etiologies for acute kidney injury and to assist in 

management. Furthermore, ultrasound should be used 

daily in the ICU to help prevent renal injury by optimizing 

volume management throughout a patient’s admission. 

Ultrasound should also be used not only in the initial 

resuscitation, but to guide de-resuscitation as well. More 

studies are needed regarding the use of bedside 

ultrasound to better optimize renal perfusion as well as to 

systematically guide volume removal by continuous renal 

replacement therapy. 
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