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Focused Renal Sonography Performed
and Interpreted by Internal Medicine
Residents

ocused sonography is gaining widespread acceptance in
emergency and critical care medicine, offering the ability to
rapidly diagnosis many life-threatening conditions. Patients

who present with acute renal failure of unknown etiology often
require sonography to identify obstructive uropathy and evaluate
for stigmata of chronic kidney disease. The American College of
Emergency Physicians and the American College of Chest Physi-
cians endorse clinician-performed focused sonography, including
assessment for hydronephrosis, in appropriate patients.1,2 The
American College of Chest Physicians has published guidelines
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ORIGINAL RESEARCH

Objectives—Intensivist-performed focused sonography, including renal sonography,
is becoming accepted practice. Whether internal medicine residents can be trained to
accurately rule out renal obstruction and identify sonographic findings of chronic kid-
ney disease is unknown. The purpose of this study was to test the ability of residents to
evaluate for this specific constellation of findings.

Methods—Internal medicine residents were trained in a 5-hour module on focused
renal sonography evaluating renal length, echogenicity, hydronephrosis, and cysts on a
convenience sample of medical ward, intermediate care, and medical intensive care unit
patients. All patients underwent comprehensive sonography within 24 hours. The pri-
mary outcome was represented by the Fleiss κ statistic, which indicated the degree of
interobserver agreement between residents and radiologists. Sensitivity, specificity,
and positive and negative predictive values were calculated using the comprehensive
radiologist-read examination as the reference.

Results—Seventeen internal medicine residents imaged 125 kidneys on 66 patients.
The average number of studies performed was 7.3 (SD, 6.6). Residents demonstrated
excellent agreement with radiologists for hydronephrosis (κ= 0.73; P < .001; SE, 0.15;
sensitivity, 94%; specificity, 93%), moderate agreement for echogenic kidneys (κ =
0.43; P < .001; SE, 0.13; sensitivity, 40%; specificity, 98%), and substantial agreement
for renal cysts (κ = 0.61; P < .001; SE, 0.12; sensitivity, 60%; specificity, 96%). Res-
idents showed sensitivity of 100% and specificity of 88% for identification of atrophic
kidneys, defined as length less than 8 cm.

Conclusions—After a 5-hour training course, medical residents accurately identified
hydronephrosis and key sonographic findings of chronic kidney disease in a cohort of
medical patients. Screening for hydronephrosis and renal atrophy can be performed
by medical residents after adequate training.
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establishing core competencies in intensivist-performed
focused sonography, including focused renal sonography.2

Before widespread use of focused renal sonography can be
recommended, however, clinicians in training should
prove the ability to perform and interpret high-quality
focused studies that show substantial interobserver agree-
ment with comprehensive sonographer-performed and
radiologist-interpreted examinations. In previous studies,
emergency medicine physicians, including residents, have
shown the ability to identify obstructive uropathy with
focused renal sonography.3–11 Urology residents have
used focused renal sonography successfully to diagnosis
hydronephrosis and pyonephrosis.12,13 Whether medical
residents can be taught focused renal sonography in a short
standardized course to accurately identify obstructive
uropathy and distinguish sonographic stigmata of chroni-
cally diseased kidneys is unknown.

Several prior studies have shown that trained
medical residents can perform accurate focused sonogra-
phy.14–17 Chalumeau-Lemoine et al18 showed that resi-
dents could demonstrate excellent agreement with
radiologists for renal obstruction in the critically ill.
Chronically diseased kidneys decrease in size19 and
increase in echogenicity, likely secondary to collagen dep-
osition and fibrosis.20 A high-quality focused renal sono-
gram therefore includes long-axis measurement of renal
length and assessment of cortical echogenicity.21 To the
best of our knowledge, we are the first to test the ability
of residents to evaluate for this specific constellation of
findings. If resident focused examinations demonstrate
high levels of agreement with comprehensive sonogra-
phy, a case might be made for large-scale implementation
of sonographic skills into internal medicine residency
training. We evaluated resident-performed focused
sonography after a short standardized course compared
to sonographer-performed comprehensive sonography.

Materials and Methods

This prospective, observational pilot study was undertaken
at Lenox Hill Hospital, a 652-bed community teaching
hospital in New York City. The cohort was a convenience
sample of medical intensive care unit, intermediate care,
and general ward patients. Internal medicine residents tak-
ing an elective in critical care sonography were trained in a
curriculum limited to focused renal sonography written
jointly by the critical care and nephrology departments.
Institutional Review Board approval was granted, and
informed consent was obtained from all patients.

Inclusion and Exclusion Criteria 
Patients were eligible for inclusion if they were 18 years or
older and ordered for formal renal sonography, for any pur-
pose, performed by a sonographer and interpreted by a
board-certified radiologist. Exclusion criteria were a history
of a renal transplant, the presence of nephrostomy tubes,
hemodynamic instability, and decisional impairment. 

Training 
Resident training in focused renal sonography consisted of
5 hours of didactics followed by 3 supervised examinations,
by an intensivist attending physician and critical care
research fellow, both of whom had received formal training
in focused sonography. At the commencement of the elec-
tive in critical care sonography, which lasted either 2 or 4
weeks, residents were trained in ultrasound physics, knobol-
ogy, and patient safety, including the ALARA (as low as rea-
sonably achievable) principle. No residents had any prior
training in focused sonography. Residents were from all
years of training. During the supervised examinations, res-
idents were assisted in optimizing image acquisition. Resi-
dents were provided with visual examples of normal and
abnormal findings for all parameters measured, and were
trained to evaluate for the following: (1) the presence of
hydronephrosis; (2) a maximal kidney length less than 8
cm in a sagittal view at the midaxillary line, noted to be
atrophic and thus suspicious for chronic kidney disease; (3)
renal echogenicity relative to the liver and spleen, with
increased echogenicity suspicious for chronic kidney dis-
ease; and (4) the presence of cysts (Table 1).

Residents used a 3.5–5-MHz curvilinear probe and
imaged at the midaxillary line in sagittal and transverse
views. Residents found the maximal renal length in a sagit-
tal view, measured with electronic calipers present on all
machines. Resident determination of echogenicity was
made qualitatively in relation to the liver or spleen, similar

Caronia et al—Focused Renal Sonography by Internal Medicine Residents

J Ultrasound Med 2013; 32:2007–20122008

Table 1. Diagnostic Criteria for Resident Focused Examinations

Parameter Views Diagnostic Criteria

Renal length Sagittal Maximal length measured with 

electronic calipers

Echogenicity Sagittal Qualitative comparison with echo 

texture of liver on right and spleen

on left

Hydronephrosis Sagittal and Anechoic fluid within a dilated 

transverse collecting system; dilated and 

visible ureters also considered

pathologic

Cysts Sagittal and Well-circumscribed anechoic areas

transverse in cortex
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to the method used by radiologists. Cysts were observed in
sagittal and transverse views. Transverse views were taken
of the upper, middle, and lower poles of both kidneys.
M-Turbo (SonoSite, Inc, Bothell, WA) and z.one ultra
(Zonare Medical Systems, Mountain View, CA)
ultrasound units were used. Images were stored and
labeled for subsequent review by the resident. Diseases
were only graded by the residents as present or absent.
Hydronephrosis, if present, was not graded in severity by
the resident. Echogenicity was graded only as normal or
hyperechoic. Cysts were not classified as simple or com-
plex, only present or absent. This binary approach to
focused sonography, present or absent, has been advocated
by expert authors.22 After the residents completed and sub-
mitted their data forms, they reviewed their own focused
studies and the comprehensive examinations with the
research fellow. Residents got feedback regarding their
image acquisition and compared their results to the radi-
ologist reading. However, they could not amend their data
forms on the basis of this review.

Comparison to the Formal Radiologic Report
Residents reviewed all images and filled out a data form,
which was collected by the research fellow (J.C.) and com-
pared to the comprehensive reading. Focused and com-
prehensive studies were performed within 24 hours of each
other. A research fellow could be present as an observer
during the resident examinations but was unable to assist
in image acquisition or interpretation. Since this work was
a pilot study, no clinical decisions were made on the basis
of resident findings. If residents performed their studies
after the formal examination, they were blinded to the
results, which was ensured by the research fellow, who
assigned the residents to specific patients and obtained
informed consent. Sonographers and radiologists were
unaware of resident interpretations.

Statistical Analysis
The Fleiss κ statistic, indicating the degree of interobserver
agreement between residents and radiologists, was calcu-
lated for hydronephrosis, echogenic kidneys, and cysts.

Sensitivity, specificity, and positive and negative predictive
values were calculated for resident determinations of
hydronephrosis, atrophic (<8 cm) kidneys, echogenic kid-
neys, and the presence of cysts using the formal examina-
tion as the reference standard. Resident and radiologist
length measurements were compared by the Pearson cor-
relation coefficient and intraclass correlation coefficient.

Results

The study was performed over a 12-month period from
June 2011 to June 2012. Seventeen internal medicine res-
idents examined 125 kidneys on 66 patients. Three
patients had nephrectomies, and 4 patients allowed only 1
kidney to be imaged; these patients had unilateral exami-
nations. The average number of studies performed by each
resident was 7.3 (SD, 6.6). The maximal number of exam-
inations performed was 25 by 1 resident. Three residents
performed only 2 studies. Thirty-eight male and 28 female
patients were enrolled in the study. The average age of the
patients was 68 years (SD, 15 years). Eighty-five percent
of patients were admitted to a general medical floor, 
9% were admitted to the medical intensive care unit, and
6% were admitted to the medical intermediate care unit.
A total of 6 radiologists read the formal sonograms. Ten of
the participating residents were postgraduate year 3, 5 were
postgraduate year 2, and 2 were postgraduate year 1.

For hydronephrosis, residents demonstrated a Fleiss
κvalue of 0.73 (P < .001; SE, 0.15) in comparison to radi-
ologists, corresponding to substantial but not perfect
interobserver agreement. Residents correctly identified
15 of 16 cases of hydronephrosis. One left-sided hydrone -
phrosis classified as mild on the formal examination was
not identified by the resident. The κ value for echogenic
kidneys was 0.43 (P < .001; SE, 0.13), corresponding to
moderate agreement with radiologists. The κ value for
identification of renal cysts was 0.61 (P < .001; SE 0.12),
corresponding to substantial interobserver agreement. The
sensitivity and specificity of the focused examinations are
shown in Table 2. Table 3 shows the sensitivity and speci-
ficity for each participating resident, the number of exam-
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Table 2. Sensitivity, Specificity, and Positive and Negative Predictive Values  for the Resident Focused Renal Examinations

Parameter Sensitivity, % Specificity, % PPV, % NPV, %

Hydronephrosis (n = 16) 94 93 65 99

Atrophic kidneys (<8 cm in length; n = 2) 100 88 16 100

Echogenic cortex (n = 35) 40 98 88 80

Renal cysts (n = 33) 60 96 83 87

NPV indicates negative predictive value; and PPV, positive predictive value.
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inations performed, and the level of training of each resi-
dent. Table 4 shows the number of significant findings in
our cohort. Figure 1 shows an example of focused and
comprehensive examinations.

For right renal length, the Pearson correlation coeffi-
cient indicated a strong positive association between meas-
urements provided by residents and radiologists (r = 0.71;
P < .001). However, residents tended to underestimate
renal length. The mean right kidney length noted by resi-
dents was 10.1 cm (SE, 0.19 cm; 95% confidence interval
[CI], 9.7–10.5 cm; SD, 1.5 cm), whereas the mean length
noted by radiologists was 11.1 cm (SE, 0.18 cm; 95% CI,
10.7–11.4 cm; SD, 1.4 cm). For the left kidney, the Pear-
son correlation coefficient indicated a moderate positive
association between resident and radiologist measure-
ments (r = 0.47; P < .001). The mean left renal length
noted by residents was 10.1 cm (SE, 0.22 cm; 95% CI, 9.6–
10.5 cm; SD, 1.7 cm), whereas the mean left renal length
noted by radiologists was 11.3 cm (SE, 0.17 cm; 95% CI,

10.9–11.6 cm; SD, 1.3 cm). The intraclass correlation coef-
ficient for right renal length was 0.83 (95% CI. 0.72–0.90;
P < .001). The intraclass correlation coefficient for the left
kidney was 0.62 (95% CI, 0.37–0.78; P < .001). 

Discussion

After a 5-hour training module, internal medicine residents
demonstrated substantial agreement with radiologists for
hydronephrosis and were able to identify key sonographic
features of chronic kidney disease. Although we do not
believe that a resident-performed focused study could ever
replace a formal examination, screening for hydronephrosis
and renal atrophy were adequately performed and accurately
detected with appropriate training of the medical residents.
Residents had more difficulty identifying echogenic kidneys
and accurately quantifying renal length, implying that these
may not be entry-level skills. However, radiologists have
questioned the accuracy and intraobserver reliability of qual-
itatively measured echogenicity23 and have proposed math-
ematical approaches,24 although visual determination is still
the standard. Resident measurement of renal length differed
from attending measurement by approximately 1 cm, but
the limits of agreement were wide. A difference of about 1 cm
often will not make a difference clinically but, given the ten-
dency of the residents to underestimate length, could lead
to inappropriate classification of kidneys as atrophic.
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Table 3. Sensitivity and Specificity for Each Resident for the Major Parameters Studied

Hydrone- Hydrone- Echogenic Echogenic

Studies phrosis phrosis Cortex Cortex Renal Cyst Renal Cyst

Resident Level Performed, n Sensitivity, % Specificity, % Sensitivity, % Specificity, % Sensitivity, % Specificity, %

1 PGY-3 25 86 94 60 100 25 100

2 PGY-1 21 100 95 22 100 78 83

3 PGY-2 14 100 100 NA 83 50 100

4 PGY-3 7 100 67 NA 100 100 80

5 PGY-1 7 NA 71 50 100 NA 100

6 PGY-2 7 NA 100 50 100 100 100

7 PGY-3 6 NA 100 NA 100 100 100

8 PGY-2 6 NA 100 NA 100 100 100

9 PGY-3 6 NA 100 NA 100 33 100

10 PGY-3 6 100 80 NA 67 NA 83

11 PGY-3 4 100 100 NA 100 100 100

12 PGY-2 4 NA 100 NA 100 NA 100

13 PGY-3 3 NA 100 0 NA 100 100

14 PGY-3 3 N/A 50 NA 100 0 100

15 PGY-3 2 100 NA 100 NA NA 100

16 PGY-2 2 NA 100 NA 100 NA 100

17 PGY-3 2 NA 100 NA 100 NA 100

NA for sensitivity indicates no true-positive or false-negative findings leading to an undefined value; NA for specificity, no true-negative or false- positive

findings leading to an undefined value; and PGY, postgraduate year.

Table 4. Total Number of Significant Findings in Our Cohort

Parameter Cases in Cohort, n

Hydronephrosis 16

Hyperechoic kidneys 35

Cysts 33

Atrophic kidneys (<8 cm) 2
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Other limitations of our study included a substantial
variation in the number of examinations performed by res-
idents, including a small number of examinations per-
formed by some residents. All residents were volunteers
for an elective in focused sonography, indicating an inter-
est in sonography. This factor could have led to a selection
bias and could have limited the generalizibilty of our
results. Our study was not powered to gauge the number
of examinations needed to become proficient in specific
sonographic skills. Our study was performed in a single
center. We believe that it would be useful to perform
larger multicenter studies that may verify these results
and assess feasibility for other internal medicine resi-
dency training programs. Another important area of
future study could be measurement of intrarater reliabil-
ity among the residents. We hope that future efforts will
demonstrate improved patient outcomes with earlier
detection and treatment of acute renal diseases.

Both emergency medicine and critical care medicine
program directors believe that focused sonographic train-
ing is important for trainees.24–26 Some internal medicine
residency programs have begun to incorporate sonogra-
phy into training as well27,28 but seem to be in early stages
of implementation. A few medical schools have even
started to incorporate focused sonography into medical
student training. Our preliminary study may be helpful in
defining both the strengths and limitations of focused renal
sonography performed and interpreted by medical resi-
dents. We join the growing body of evidence proving that
focused sonography can answer basic clinical questions
after a relatively short training program. 
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