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Abstract 
Acute kidney injuries (AKI) are a common problem encountered by intern-
ists in the inpatient and outpatient setting. Uncovering the etiology becomes 
important in tailoring treatment. Point-of-care ultrasound (POCUS), when 
used in conjunction with a patient’s history and physical exam, can quickly 
identify if hydronephrosis is present and shed light on the underlying etiolo-
gy. In this article, we discuss how incorporating POCUS into the initial as-
sessment of patients with an AKI can reduce the number of unnecessary and 
expensive formal renal ultrasounds and potentially expedite clinically appro-
priate treatment. The purpose of this review is to examine the benefits, relia-
bility, and feasibility of POCUS to further evaluate and manage patients with 
AKI. An extensive review of the literature was performed and found POCUS 
to be a reliable and realistic method for internists to incorporate into their 
assessment of patients with AKI. In this article, we also provide instruction 
on how to perform a POCUS exam of the kidneys and how to identify hy-
dronephrosis. Furthermore, we discuss the challenges we face and ideas for 
further practice including the emergence of hand-held ultrasounds. 
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1. Introduction 

Acute kidney injury (AKI) is defined by the Kidney Disease Improving Global 
Outcomes (KDIGO) as a rise in serum creatinine by at least 0.3 mg/dl above the 
baseline within 48 hrs, an increase in creatinine by at least 1.5× baseline presumed 
to have occurred within the prior 7 days, or urine output of 0.5 ml/kg/h or less for 
6 hours [1]. Of all hospitalized patients, 5% - 78% will either present with, or de-
velop, an AKI during their hospital course, making diagnosis and management of 
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AKI a common and crucial component of every internist’s practice [2] [3]. Addi-
tionally, the presence of an acute kidney injury significantly increases patient 
mortality and costs healthcare systems billions of dollars each year [4]. Historical-
ly, some providers reflexively order a formal, radiologist-read renal ultrasound as 
part of the initial work-up for all patients with acute kidney injuries. Naturally 
this led to an abundance of unnecessary and costly imaging tests [5] [6] [7] [8]. 
One study looked retrospectively at renal ultrasounds performed at a university 
hospital in Texas over a three-year period [9]. They found that 1471 renal ultra-
sounds were performed, of which, 55% were for the evaluation of AKI. Ultrasound 
findings were normal in 62% of those imaged and hydronephrosis was only de-
tected in 5%. Therefore, it was concluded that many formal ultrasounds were un-
necessary. There is also a significant amount of time between when the provider 
places the renal ultrasound order to when a sonographer performs the exam, and 
then the radiologist reading it releases a report. This can potentially lead to a sub-
stantial delay in initiation of appropriate treatment.  

There are a vast number of hospitalized patients who are treated for acute 
renal injuries and limiting unnecessary imaging in this population can make a 
huge difference in regards to healthcare costs and utilization of hospital re-
sources. With the emergence of point-of-care ultrasound (POCUS) and the re-
cent push for its incorporation into the field of Internal Medicine, we propose 
that POCUS can be a useful tool to extend the physical exam during the initial 
assessment of patients with an AKI.  

This review aims to first examine the benefits of using POCUS in patients 
with AKI, focusing on reduction in unnecessary formal renal ultrasounds per-
formed and a quicker initiation of appropriate treatment. We determine whether 
the use of POCUS by the internist is reliable, practical, and can be reasonably 
incorporated into current practice. An extensive literature review was performed 
on this subject. Table 1 highlights a selection of relevant studies specifically 
looking at the use of POCUS in AKI (Table 1). Additionally, we provide a 
how-to section for performing renal POCUS and identifying hydronephrosis. 
Finally, we close with a discussion of the current challenges in this field and 
ideas for future practice.  

2. Incorporating POCUS into Clinical Reasoning 

The causes of AKIs are plentiful and are often divided into groups based on ori-
gin: pre-renal, intra-renal, and post-renal [10] [11] [12] [13]. Typically, provid-
ers focus on a patient’s history, calculation of fractional excretion of sodium (or 
fractional excretion of urea), and a trial of fluids as a way to initially classify the 
injury. If a post-renal etiology is on the differential, then a formal renal US may 
be ordered. However, completing this imaging test and receiving the final report 
can take hours to days depending on the clinical setting and day of the week, 
which can result in a delay in diagnosis.  

The incorporation of POCUS as an extension of the physical exam can be  
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Table 1. A selection of literature that highlights the use of POCUS in AKI. 

Title Type Summary 

Clinical utility of gray scale 
renal ultrasound in acute 
kidney injury [9] 

Retrospective 
cohort 

Looked at 1471 renal US, of which 55% 
were for evaluation of AKI. Results 
were normal in 62% and  
hydronephrosis detected in only 5%. 
Concluded that renal US for evaluation 
of AKI is indicated only if there if  
history suggestive of obstruction. 

Point-of-care ultrasound 
rapidly and reliably  
diagnoses renal tract  
obstruction in patients 
admitted with acute  
kidney injury [14] 

Prospective 
observational 

In patients with AKI, looked at using 
POCUS first to identify  
hydronephrosis. Found it was very 
accurate, saved time, required little 
training, and could be utilized  
by IM doctors. 

Quantifying systemic  
congestion with 
point-of-care ultrasound: 
development of the venous 
excess ultrasound grading 
system [15] 

Post-hoc 
analysis of a 
single-center 
prospective 
study 

Tested invention of a venous  
grading system to assess vasculature  
of the kidney in patients with AKI. 

Simplified approach for 
the assessment of kidney 
perfusion and acute kidney 
injury at the bedside using 
contrast-enhanced  
ultrasound [16] 

Letter to  
the editor 

Discussed using contrast-enhanced  
US to assess microvasculature. Found 
that patients with renal injury had 
higher contrast inflow time. 

The role of point-of-care 
ultrasound monitoring in 
cardiac surgical patients 
with acute kidney injury 
[17] 

Review  
article 

Discusses the role of POCUS in AKI, 
including hydronephrosis and renal 
resistive indexes of renal vessels. 

Ultrasound assessment of 
acute kidney injury [7] 

Review  
article 

Describes US findings in AKI from a 
radiologist’s point-of-view. 

Reducing unnecessary 
testing: ultrasound in acute 
kidney injury [8] 

Letter/QI 

Describes a QI project to reduce  
number of renal US’s ordered.  
Intervention was education on utility. 
Result was less US orders and all  
orders now justified. 

 
useful in making an immediate initial assessment of a patient. This can help mi-
nimize the time spent with diagnostic uncertainty, leading to faster diagnosis 
and quicker initiation of the correct management. For example, Novaes et al. 
present a case in which an infraumbilical lump prompted a POCUS exam which 
revealed evidence of long-term obstruction by the presence of a distended blad-
der, large bladder diverticulum, and bilateral hydronephrosis [18]. The POCUS 
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findings led to quick action with urinary catheter placement to relieve the ob-
struction. 

We propose that using POCUS to extend the physical exam during the initial 
assessment of patients with an AKI can be incorporated into your clinical rea-
soning to help uncover the underlying etiology and determine if a formal, radi-
ologist-read, renal ultrasound is truly needed (Figure 1). If after history, physical 
exam, and renal POCUS, there is high confidence (low pretest probability) that 
hydronephrosis is not present, additional work-up and treatment targeted to-
wards pre-renal and intrarenal causes should be pursued. Similarly, if there if 
high confidence that hydronephrosis is present (high pretest probability), im-
mediate intervention including urinary catheter placement, can be initiated. In 
cases where confidence levels are low with respect to the POCUS findings or if 
there are incidental or unexpected findings, then formal renal ultrasound or 
another imaging modality could be considered if clinically indicated. Using this 
method of stratification, patients who have the potential to benefit the most 
from renal ultrasound will be selected, and unnecessary orders will be mini-
mized. 

3. Accuracy 

For renal POCUS to be a useful adjunct, it must be accurate in its ability to pre-
dict pathology. Throughout the literature the use of POCUS by physicians has 
been shown in medical literature to be a relatively accurate means to identify 
hydronephrosis. A prospective observational study by Nepal, Dachsel, and 
Smallwood took physicians with varying amounts of training in a POCUS  
 

 
Figure 1. A proposed decision tree demonstrating how POCUS can be incorporated into 
the initial evaluation of patients with AKI. 
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curriculum and measured their ability to detect hydronephrosis in patients with 
AKI [14]. When compared to formal renal US or CT scan, they found that accu-
rate identification of the presence or absence of hydronephrosis occurred in 95 
out of 96 cases (sensitivity of 90%, specificity of 100%, positive predictive value 
of 100% and a 99% negative predictive valve). These results suggest that POCUS 
is an acceptable alternative to formal renal ultrasound. This point was again 
demonstrated by Pathan, et al. who looked at the accuracy of emergency room 
physicians’ ability to identify and grade severity of hydronephrosis of POCUS 
images when compared to radiologists’ interpretation and CT findings [19]. Pres-
ence or absence of hydronephrosis was agreeable between emergency physicians 
and radiologists with a sensitivity of 85.7% and a specificity of 65.9%. These values 
were slightly lower when CT comparison was used. However, when stratified by 
severity, consensus between emergency physicians and CT scans was found to 
have a specificity of 94.6% for detection of moderate or severe hydronephrosis. 
Thus, in moderate to severe disease states, POCUS can reliably be used to rule-in 
hydronephrosis. Another study looking at POCUS accuracy compared emergency 
room residents and attendings vs. CT imaging or ultrasound read by radiologists 
[20]. Participating physicians completed any kind of formal ultrasound training 
course prior to the study. The detection of hydronephrosis was the primary out-
come. Results showed a sensitivity of 77.1% and specificity of 71.8% which im-
proved with higher degrees of hydronephrosis. Authors concluded that POCUS 
was not adequate as a “stand-alone diagnostic tool,” but may help predict those 
patients who require further imaging. Overall, the ability for providers to detect 
hydronephrosis, especially severe hydronephrosis, has been shown to be highly 
accurate and a reliable means to guide clinical decision making.  

4. Skill Acquisition 

In order for renal POCUS to be reasonably incorporated into current practice 
the skills required to perform the imaging must be attainable with little addi-
tional training. Adequate POCUS skills can be acquired by general physicians 
through short training courses. With recent pushes to incorporate ultrasound 
training into residencies and medical school curriculums, numerous studies, in-
cluding those by Javaudin et al., show that with relatively little training, physi-
cians can accurately identify hydronephrosis [21]. In this prospective observa-
tional study, six physicians were given a 16-hour training session over the course 
of two days and were then assessed on their ability to detect hydronephrosis on 
POCUS. Overall, 50 ultrasounds were performed and identification of hydro-
nephrosis had a sensitivity and a negative predictive value of 100%. A similar 
study also employed a 16-hour training course in which 9 residents took part 
[22]. They were trained in a variety of aspects of POCUS including heart, lung, 
vascular, and renal exams. Success was gaged with pre- and post-course assess-
ments. Average scores increased from 11/20 to 15/20 on post-course multiple 
choice questions and from 6/10 to 9/10 on post-course image association ques-
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tions. These studies tell us that learning how to perform POCUS and integrating 
POCUS into clinical practice is feasible for the internist. 

5. The Role of Renal POCUS for the Internist 

The emergence of POUCS has become a great tool for the internist. Acute kid-
ney injuries are managed in almost every medical setting, including a large por-
tion on inpatient medicine services. It has been shown that the proficient use of 
POCUS can be achieved with relatively short training periods, which makes it a 
realistic skill to incorporate into internal medicine training. Currently the use of 
POCUS in many hospitals remains within the emergency room setting, as its use 
there has been historically emphasized. This explains why the vast majority of 
the cited references occurred in the emergency room setting. POCUS is a newer 
skill set for Internal Medicine providers.  

The literature names many possible renal uses for bedside ultrasound, includ-
ing use as an aid in differentiating AKI etiologies, assessing renal vasculature, 
and identifying obstructing stones [15] [16] [17] [23] [24] [25] [26] [27] [28] 
[29]. Here we focus on its utility in identifying hydronephrosis. This can be 
helpful in both the inpatient and outpatient settings. In the inpatient setting, a 
POCUS exam can be performed at any point during a patient’s hospital stay, and 
Internal Medicine providers typically have continuity with their patients. 
POCUS exams performed during the initial assessment can aid in the diagnostic 
process and management decisions, and serial POCUS exams on subsequent 
days can be used to assess response to treatment and/or assist with rethinking a 
particular diagnosis. 

6. Using POCUS to Detect Hydronephrosis 

The kidneys are located in the retroperitoneum with the left kidney lying slightly 
more superior and posterior compared to the right (Figure 2). Each one is 
composed of the cortex, medullary pyramids, renal sinus, and the ureter. Blood 
is filtered at the glomerulus located in the cortex. Filtrate then moves through 
the proximal convoluted tubules, loop of Henle, distal convoluted tubules, and 
collecting duct, moving from the cortex to the pyramids, and then into the renal 
sinus and out into the ureter [30] [31]. On ultrasound imaging, the cortex forms 
the outline of the kidney, as shown below (Figure 2). In a normal kidney, the 
medullary pyramids are the hypoechoic regions within the kidney boundaries, 
and the renal sinus appears as the most hyperechoic region within the middle of 
the kidney. 

Post-renal causes of acute kidney injuries include pathologies that obstruct the 
ureters, bladder outlet, or urethra, leading to a back-up in pressure and distension 
of the renal system. Most common etiologies are benign prostatic hypertrophy and 
nephrolithiasis, followed by other causes including neurogenic bladder, retroperi-
toneal fibrosis, crystals, clots, and tumors [32] [33] [34]. When obstruction is great 
enough to cause AKI, hydronephrosis of one or both kidneys may be seen.  
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Figure 2. Scanning technique and kidney anatomy. A visual representation of an ultrasound scan of the right kidney in longitu-
dinal view, along with images demonstrating important anatomic structures of the kidney. 
 

To obtain a view of the kidney using POCUS, begin by selecting a low fre-
quency probe (curvilinear or phased array) and set it to the abdominal preset 
[35]. First obtain a longitudinal view of the right kidney [36]. With the probe in-
dicator pointing up towards the patient’s head, place the probe on the right 
flank. Use the bottom of the sternum and the mid-axillary line to guide initial 
probe placement. Slide the probe inferiorly as needed to locate the right kidney, 
then fan through from the anterior edge to the posterior edge to assess the kid-
ney in its entirety. Next, rotate the probe 90 degrees counterclockwise so the 
probe marker faces towards the patient’s right to obtain a transverse (short axis) 
view of the kidney. Fan through from superior pole to inferior pole to assess for 
abnormalities. The same can be done to assess the left kidney. For the left side, 
begin by placing the probe at the level of the bottom of the sternum in the post-
erior axillary line. Slide the probe inferiorly as needed to locate the kidney, then 
fan through from the anterior edge to the posterior edge. Rotate the probe 90 
degrees counterclockwise to obtain the transverse view, fan from the superior 
pole to the inferior pole.  
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The presence of hydronephrosis in either kidney can be detected as distorted 
architecture and an increase in hypoechoic regions within the renal sinus 
(Figure 3). Grading of mild, moderate, and severe hydronephrosis is determined 
by the extent of structure dilation. Several grading systems have been established 
but there has been no consistent consensus on their use [37]. In general, disease 
states progress from dilation of the ureter and renal pelvis to the major calyces, 
then minor calyces, and finally to dilation and thinning of the renal cortex. In 
mild hydronephrosis, there is dilation of only the renal pelvis and calyces [38]. 
Progression to moderate hydronephrosis means the pressure build-up is now 
causing flattening of the medullary pyramids and outpouching of the calyces. In 
severe hydronephrosis, the differentiation between cortex and medulla is lost 
and the cortex thins (Table 2). 

7. Limitations  

While POCUS use by internists has been of great interest recently, some practic-
al drawbacks still exist. First, new learners must have the opportunity to receive  

 

 
Figure 3. Progression of hydronephrosis. Visual representation of a normal kidney compared to mild, moderate, and severe hy-
dronephrosis as shown on ultrasound with corresponding architectural changes of the kidney. 
 
Table 2. Description of changes seen in the kidney at each stage of hydronephrosis. 

Degree of hydronephrosis Description of changes to kidney architecture 

Mild 
• Dilation of the renal pelvis 
• Dilation of the calyces 

Moderate 
• Flattening of the medullary pyramids 
• Outpouching of the calyces 

Severe 
• Thin cortex 
• Loss of differentiation between cortex and medulla 
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training. This necessitates having supervising physicians who are trained, will-
ing, and motivated to teach new learners. While current studies focus solely on 
initial training sessions, further studies are needed to determine optimal interval 
follow-up periods for maximal retention of newly learned POCUS skills.  

Second, in many hospitals access to POCUS technology and equipment re-
mains a large barrier to its use. Ultrasound machines are expensive and may be 
difficult for smaller hospitals or ones with lower budgets to obtain. In larger 
hospitals with only one or two machines, the extra time it takes to retrieve the 
ultrasound may pose as a barrier to routine use. Additionally, although POCUS 
exams should ideally only take a couple extra minutes, this may add up to a sig-
nificant time burden for physicians with high patient loads. These are some of 
the challenges that will need to be overcome before POCUS can become a uni-
versal part of the internist’s workflow. 

8. Looking to the Future 

Despite the current challenges of incorporating POCUS into the Internal Medi-
cine world, new technology may help reduce or eliminate some of these barriers. 
One such example is the emergence of hand-held ultrasounds. The current lite-
rature regarding the use of and accuracy of hand-held ultrasounds is relatively 
limited given the novelty of the subject. However, for a general internist looking 
for gross abnormalities, a hand-held ultrasound should be sufficient. Several 
early studies have demonstrated their accuracy in cardiac and liver exams [39] 
[40] [41] [42]. Hand-held machines would make the use of ultrasound more 
portable, thus making them more available and decreasing overall time burden 
associated with exam performance. Additionally, the cost of equipment is de-
creasing. The hope is that more hospitals will be able to afford ultrasounds, 
therefore giving more physicians the opportunity to learn and enhance the skills 
needed to confidently incorporate POCUS exams into the inpatient setting.  

9. Conclusion 

Overall, the current literature regarding the use of POCUS in AKI is overwhel-
mingly positive. POCUS has been shown to be accurate in detecting hydro-
nephrosis and adequate skills can be obtained with relatively short training pe-
riods. The literature supports the conclusion that internists can reliably use 
POCUS alongside their history and physical exam to aid in diagnosis and act as a 
means to identify those patients who will benefit most from more formal imag-
ing, thus preserving healthcare resources and cost. Overall, the use of POCUS is 
an accurate, timely, feasible, and realistic method for internists to incorporate 
into their assessment of patients with an AKI in an effort to expedite treatment, 
improve patient care, and reduce the number of unnecessary formal imaging tests. 
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