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ABSTRACT

Objective To validate an existing clinical decision support
tool to risk-stratify patients with acute kidney injury (AKI)
for hydronephrosis and compare the risk stratification
framework with nephrology consultant recommendations.
Setting Cross-sectional study of hospitalised adults with
AKI who had a renal ultrasound (RUS) ordered at a large,
tertiary, academic medical centre.

Participants Two hundred and eighty-one patients
were included in the study cohort. Based on the risk
stratification framework, 111 (40%), 76 (27%) and 94
(33%) patients were in the high-risk, medium-risk and
low-risk groups for hydronephrosis, respectively.
Outcomes Outcomes were the presence of unilateral or
bilateral hydronephrosis on RUS.

Results Thirty-five patients (12%) were found to have
hydronephrosis. The high-risk group had 86% sensitivity
and 67% specificity for identifying hydronephrosis. A
nephrology consult was involved in 168 (60%) patients
and RUS was recommended by the nephrology service

in 95 (57%) cases. Among patients with a nephrology
consultation, 9 (56%) of the 16 total patients with
hydronephrosis were recommended to obtain an RUS.
Conclusions We further externally validated a risk
stratification framework for hydronephrosis. Clinical
decision support systems may be useful to supplement
clinical judgement in the evaluation of AKI.

INTRODUCTION
Renal ultrasounds (RUS) are commonly
ordered in hospitalised patients with acute
kidney injury (AKI) to evaluate kidney size
and parenchyma and to rule out obstructive
pathology.' * Obstructive uropathy causing
hydronephrosis is an uncommon cause of
AKI, and clinical decision support systems
(CDSS) could be used to inform which
patients may benefit from RUS to rule out
hydronephrosis.' >

A risk stratification framework to iden-
tify patients who are at high risk of having
hydronephrosis has been previously derived,
but is currently underutilised."" " Several
factors may account for this, including lack
of knowledge of the framework and lack of
workflow integration. Recommendations
from consulting nephrologists also inform
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Strengths and limitations of this study

» Our study evaluates the utility of a clinical decision
support tool to risk-stratify patients with acute kid-
ney injury (AKI) for hydronephrosis.

» We found that the clinical decision support tool pre-
dicted hydronephrosis cases with high sensitivity
and moderate specificity.

» Our results highlight that risk stratification frame-
works may supplement clinical judgement in the
evaluation of inpatient AKI.

» Limitations include the study being a single-centre
study that evaluated only patients who had a renal
ultrasound and not all patients with AKI.

» Our analysis was also limited to information present
in the electronic health record.

RUS ordering for hospitalised patients with
AKI; however, the relationship between risk
stratification frameworks and nephrologist
recommendations is unclear.

In this study, we further externally validated
a risk stratification framework for hydrone-
phrosis at our institution. We add to the liter-
ature by comparing the risk stratification tool
with nephrology consultation recommenda-
tions for RUS ordering. We also examined
the reason for the examination, incidental
findings, and additional work-up from RUS.
Understanding the potential role of CDSS to
risk-stratify patients for hydronephrosis may
improve the appropriateness of RUS ordering
in the clinical evaluation of AKL"

METHODS

Study design and population

We performed a cross-sectional study of hospi-
talised adults at an urban, 1134-bed academic
medical centre in New York, New York. We
included all patients who met the following
three criteria: (1) admitted to the hospitalist
service between 9 June 2013 and 24 October
2014; (2) experienced AKI (defined as creat-
inine rise >0.3); and (3) had a formal RUS
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Table 1 Baseline characteristics of patients by risk group for hydronephrosis
High risk Medium risk Low risk
(%, n=111) (%, n=76) (%, n=94) P value

Sociodemographics
Age

18-39 9 7 12 0.30

40-59 19 22 31

60-74 37 42 33

>75 35 29 24
Sex

Male 64 51 53 0.15

Female 36 49 47
Race/ethnicity

Non-Hispanic white 34 24 11 <0.001*

Non-Hispanic black 14 39 63

Hispanic 32 29 22

Other 20 8 4
Risk criteria
History of hydronephrosis 27 0 0 <0.001*
Non-black race 86 61 37 <0.001*
History of recurrent UTls 18 & 1 <0.001*
Diagnosis consistent with possible 70 45 16 <0.001*
obstruction
Absence of nephrotoxins 68 39 10 <0.001*
Absence of CHF 92 86 44 <0.001*
Absence of prerenal AKI 78 67 58 0.005*
Laboratory results
Creatinine at admission, mean (SD) 4.2 (4.1) 3.7 (3.9) 3.0 (2.3) 0.048*
Baseline creatinine, mean (SD) 2 (1.5) 1.8 (1.3) 1.6 (0.9) 0.078

x2 tests were used to compare whether categorical variables differed by risk group for hydronephrosis. Analysis of variance tests were used
to compare whether continuous variables (laboratory values) differed by risk group for hydronephrosis.

*Statistically significant at p<0.05.

AKI, acute kidney injury; CHF, congestive heart failure; UTls, urinary tract infections.

completed. Imaging was performed by trained, experi-
enced ultrasonographers.

Risk stratification

Our primary predictor was high-risk, medium-risk, or low-
risk category for hydronephrosis based on the risk strat-
ification framework developed by Licurse et al (online
supplemental table 1)."? The following are the seven
criteria included in the framework: a history of hydrone-
phrosis (4 points), and non-black race, history of recur-
rent urinary tract infections (UTIs), diagnosis consistent
with possible obstruction (abdominal or pelvic mass,
benign prostatic hypertrophy, pelvic surgery, or neuro-
genic bladder), absence of exposure to inpatient nephro-
toxic agents (aspirin >81 mg, diuretics, ACE inhibitors or
vancomycin), absence of congestive heart failure, and/or
absence of prerenal AKI (pressor use or sepsis) (1 point
each). A total score of 4 or more points was classified as

high risk, 3 points as medium risk, and 2 or fewer points
as low risk.'* We performed an additional sensitivity anal-
ysis defining prerenal AKI as pressor use, sepsis or history
of hypotension, defined as at least two consecutive blood
pressure measurements below 80 mm Hg systolic or below
60mm Hg diastolic. Additional predictors were presence
of nephrology consultation and RUS recommended by
nephrology.

We performed a retrospective chart review of data in
the electronic health record (EHR) to determine the
presence or absence of each predictor, using only data
available before the RUS was ordered. One author (JZ)
performed the initial chart review, which was recorded in
the REDCap web-based application (Vanderbilt Univer-
sity). Another author (CG) independently reviewed a
random selection of 10% of medical records, with 96%
agreement (Cohen’s k=0.913, p<0.001).
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Table 2 Risk stratification versus nephrology consult
recommendation for RUS in hospitalised patients with AKI
and prevalence of hydronephrosis

Total
cases Hydronephrosis Hydronephrosis
(n=281) (n=35) (%)
Risk stratification
High-risk 111 30 27
Medium-risk 76 1 1
Low-risk 94 4 4
Nephrology consult recommendation
RUS recommended 95 9 9
Not recommended 73 7 10
No nephrology 113 19 17
consult

AKI, acute kidney injury; RUS, renal ultrasound.

Outcomes

Our primary outcome was the presence of unilateral or
bilateral hydronephrosis. Severity of hydronephrosis
(mild, moderate and severe) was ascertained by radiolo-
gists in the official RUS report. Secondary outcomes were
incidental findings in the RUS radiology report, urolog-
ical procedure after RUS, and further imaging as a result
of RUS during the hospitalisation. Incidental findings
were classified into the following categories: increased
echogenicity, simple cysts, complex cysts, renal atrophy or
cortical thinning, non-obstructive nephrolithiasis, renal
enlargement, renal mass, absence of kidney, obstruc-
tive nephrolithiasis, or other.!* We also determined the
reason for RUS ordering based on comments written in
the ‘Reason for exam’ field in the RUS order.

Statistical analysis

We described patient characteristics according to risk group
for hydronephrosis, presence of nephrology consultation,
and RUS recommended by the consult service. We deter-
mined the prevalence of patients with hydronephrosis by
risk group, nephrology consultation, and RUS recommen-
dation. 3* and analysis of variance tests were performed to

Table 3 Performance characteristics of risk stratification
framework

Hydronephrosis No hydronephrosis

(n=35) (n=246) Total

(A) High cut-off

High-risk 30 81 111

Medium-risk or 5 165 170

low-risk

Total 35 246 281
(B) Medium cut-off

High-risk or 31 156 187

medium-risk

Low-risk 4 90 94

Total 35 246 281

Table 4 Factors significantly related to hydronephrosis in
the study cohort

P value of Pearson

Factor Count r correlation
History of hydronephrosis 30 0.5 <0.001*
Recurrent UTI 23 0.32 <0.001*
Diagnosis consistent with 127 0.2 <0.001*
obstruction

Non-black race 176 0.03 0.66
Absence of exposure to 114 0.15 0.012*
nephrotoxic agents

Absence of CHF 208 0.15 0.012*
Absence of prerenal AKI 184 -0.09 0.12

Pearson correlation coefficients were used to assess the correlation of factors
in the risk score with hydronephrosis in our population.

*Statistically significant at p<0.05.

AKI, acute kidney injury; CHF, congestive heart failure; UTI, urinary tract
infections.

compare patient characteristics by risk group for hydrone-
phrosis and nephrology consultation status. We reported
the test characteristics of the risk stratification framework for
identifying hydronephrosis. We calculated Pearson correla-
tion coefficients to assess the correlation of factors in the
risk score with hydronephrosis in our population. Methods
to account for multiple comparisons, such as Bonferroni
correction, were not employed. Analyses were performed in
Stata V.15 statistical software.'’

Patient and public involvement

Patients were not involved in the design of the study,
including the research question, outcome measures, or
conduct. Results will be disseminated to patient groups
via email listservs and via publication in the peerreviewed
literature.

RESULTS

Patient demographics

Three hundred and twenty-two patients admitted to
the hospitalist service received an RUS during the study
period. Forty-one of these patients were not included
because they did not have AKI. The final cohort included
281 patients. The mean age was 64 years, 57% of patients
were male, and 63% were non-black (table 1).

Risk stratification framework

There were 111 (40%), 76 (27%), and 94 (33%) patients
in the high-risk, medium-risk, and low-risk groups for
hydronephrosis, respectively. Patients in the high-risk
group were less likely to be black (14% vs 63%, p<0.001)
and had higher creatinine levels at admission (4.2 mg/
dL vs 3.0mg/dL, p=0.048) compared with those in the
low-risk group (table 1). Thirty-five patients (12%) were
found to have hydronephrosis, of whom 30 (86%) were
captured in the high-risk group (table 2). Thirty of the
high-risk patients (27%), one medium-risk patient (1%),
and four of the low-risk patients (4%) were found to have
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hydronephrosis on RUS. The high-risk group had 86%
sensitivity and 67% specificity for identifying hydrone-
phrosis (table 3A). The medium-to-high-risk group had
89% sensitivity and 37% specificity for identifying hydro-
nephrosis (table 3). Among patients with hydronephrosis,
17 of 35 (49%) had unilateral hydronephrosis and 18 of
35 (51%) had bilateral hydronephrosis. Test characteris-
tics did not meaningfully change after sensitivity analysis
changing the definition of prerenal AKI (online supple-
mental table 2). Five of the seven criteria were found to
be statistically significantly correlated with increased risk
of hydronephrosis in our population (table 4).

Nephrology consultation

A nephrology consult was involved in 168 patients (60%).
Patients with nephrology consultation had fewer recur-
rent UTIs (2% vs 17%, p<0.001), higher creatinine

levels at admission (4.7 mg/dL vs 2.2mg/dL, p<0.001),
and higher baseline creatinine (2.1 mg/dL vs 1.3mg/
dL, p<0.001) compared with those who did not have
nephrology consultation (table 5). RUS was recom-
mended by the nephrology service in 95 of 168 cases
(57%). Similarly, in the low-risk patient group, of the 61
low-risk patients (65%) who had a nephrology consult, 35
(57%) were recommended to obtain an RUS. Of the 95
patients recommended for an RUS, 9 (9%) had hydrone-
phrosis. Among patients with a nephrology consultation,
9 (56%) of the 16 total patients with hydronephrosis were
recommended to obtain an RUS (table 2).

Reason for examination, incidental findings and additional
work-up

The majority of RUS were ordered for AKI or renal failure
(57%) or to rule out hydronephrosis or obstruction

Table 5 Baseline characteristics of patients by nephrology consultation

Nephrology consult,
RUS recommended

No nephrology
consult (%,

Nephrology consulit,
RUS not recommended

(%, n=95) (%, n=73) n=113) P value
Sociodemographics
Age
18-39 12 7 9 0.70
40-59 23 26 23
60-74 41 37 34
>75 24 30 85
Sex
Male 56 56 58 0.92
Female 44 44 42
Race/ethnicity
Non-Hispanic white 28 22 20 0.30
Non-Hispanic black 31 36 44
Hispanic 28 34 23
Other 13 8 12
Risk criteria
History of hydronephrosis g 10 12 0.75
Non-black race 69 64 56 0.12
History of recurrent UTls 1 4 17 <0.001*
Diagnosis consistent with possible 40 45 50 0.39
obstruction
Absence of nephrotoxins 39 37 44 0.57
Absence of CHF 67 77 78 0.19
Absence of prerenal AKI 68 60 66 0.53
Laboratory results
Creatinine at admission, mean (SD) 5.2 (4.4) 4.0 (3.6) 2.2 (1.6) <0.001*
Baseline creatinine, mean (SD) 2.3(1.4) 2.0(1.4) 1.3(0.7) <0.001*

x2 tests were used to compare whether categorical variables differed by nephrology consultation status. Analysis of variance tests were used
to compare whether continuous variables (laboratory values) differed by nephrology consultation status.

*Statistically significant at p<0.05.

AKI, acute kidney injury; CHF, congestive heart failure; RUS, renal ultrasound; UTls, urinary tract infections.
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Table 6 Reason for RUS examination

Total

(n=236)*,
Reason for examination n (%)
AKI or renal failure 134 (57)
Rule out hydronephrosis or obstruction 56 (24)
Oliguria or anuria 9 (4)
Rule out pyelonephritis or abscess 6 (3)
Other 6 (3)
Evaluate for nephrolithiasis 4(2)
ESRD or new ESRD 4 (2)
CKD 4(2)
Recurrent UTls 3 (1)
Costovertebral tenderness or flank pain 3(1)
Evaluate ureteral stent or nephrostomy tube 2 (1)
Haematuria 2(1)
Concern for hepatorenal syndrome 2 (1)
Renal cyst or mass seen on CT scan 1(0.4)
Obstructive nephrolithiasis 1(0.4)

*Excludes examinations with ‘Reason for exam’ listed as blank or
N/A.

AKI, acute kidney injury; CKD, chronic kidney disease; ESRD, end-
stage renal disease; N/A, not applicable; RUS, Renal ultrasound;
UTls, urinary tract infections.

(24%). Additional reasons for examination were AKI
indicated predominantly by oliguria or anuria, rule out
pyelonephritis or abscess, evaluate for nephrolithiasis,
and other (table 6). Twenty-four percent of RUS listed

rule out hydronephrosis or obstruction as the reason
for examination. Only three RUS specifically listed the
reason for examination as evaluating kidney size, echoge-
nicity, or chronicity of kidney disease.

Only 37 patients (13%) had no abnormal findings on
RUS. Even within the low-risk group, only 16% of RUS
were without abnormalities. The most common finding
was increased echogenicity, which occurred in 195
patients (69%). One hundred and two (36%) had simple
cysts and 34 (12%) had complex cysts (table 7).

Four patients (1.4%) in the entire cohort underwent
a urological procedure, all of whom were in the high-
risk group. Thirty-five patients (12%) received further
imaging as a result of the RUS findings. Of the patients
who underwent further imaging, 21 (60%), 11 (31%) and
3 (9%) were in the high-risk, medium-risk and low-risk
groups, respectively.

DISCUSSION

We found that the high-risk group in a risk stratifica-
tion framework identified 86% of episodes of hydrone-
phrosis in hospitalised patients with AKI who obtained
an RUS.M 2 The majority (60%) of RUS were ordered
on medium-risk or low-risk patients, while only 3% of
these patients were found to have hydronephrosis. Our
findings highlight the potential additive role of CDSS for
hydronephrosis in supplementing clinical judgement in
the evaluation of AKI.

Prior analyses’ ' have externally validated the Licurse
et al'”® risk stratification framework. Ip et al' found 93.4%
sensitivity and 25.1% specificity for hydronephrosis,
similar to our results, using a cut-off between low-risk

Table 7 Ultrasound findings by risk group for hydronephrosis

High-risk Medium-risk Low-risk
Finding (%, n=111) (%, n=76) (%, n=94) P value
Increased renal parenchymal echogenicity 65 72 72 0.41
Simple cyst 39 33 35 0.70
Other 25 20 27 0.55
Complex cyst 14 12 11 0.82
Bilateral hydronephrosis 14 1 1 <0.001*
Unilateral hydronephrosis 13 0 3 0.001*
Renal atrophy or cortical thinning 11 13 7 0.47
No abnormalities 10 15 16 0.41
Non-obstructive nephrolithiasis 8 5 9 0.69
Renal mass 4 3 2 0.81
Renal enlargement 4 3 2 0.81
Absence of kidney (whole or partial, congenital or acquired) 4 1 3 0.63
Obstructive nephrolithiasis 2 1 0 0.44

There were no patients with staghorn calculi, anatomical urinary tract abnormalities, mass of the genitourinary tract, other abdominal mass,

pelvic kidney or horseshoe kidney.

x? tests were used to compare whether variables differed by risk group for hydronephrosis.

*Statistically significant at p<0.05.
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and medium-risk/high-risk patients.* Our results support
the use of a higher cut-off between low-risk/medium-risk
and high-risk patients to improve specificity with minimal
reduction in sensitivity.

Given that this risk stratification framework has been
externally validated and has promising test characteris-
tics, the next step is to prospectively implement and eval-
uate it. The American College of Radiology supports the
use of CDSS as a method to ensure appropriate imaging,
and CDSS has been associated with decreased imaging
utilisation.'® ' A pragmatic randomised trial could assess
if the risk stratification framework built within an EHR-
enabled CDSS versus usual care improves AKI diagnosis,
management, and/or appropriateness of imaging.

The risk stratification framework studied was aimed
specifically at identifying obstructive pathology on RUS
in patients with AKI. To assess if consulting or primary
teams requesting RUS were evaluating factors other
than hydronephrosis, such as size or echogenicity of
kidneys, we assessed the reasons for RUS ordering listed
in the ‘Reason for exam’ field. The majority of RUS were
ordered for AKI or renal failure (57%), without further
explanation. We were thus unable to reliably assess the
clinical rationale for RUS ordering.

We found that the majority (87%) of RUS had inci-
dental findings, which was similar to prior estimates.'®
Incidental findings pose challenges to physicians and
patients, and can cause patient anxiety and additional
interventions.'”” Importantly, over 10% of patients
had important incidental findings, such as complex
cysts, which may require further imaging and evalua-
tion. The high prevalence of incidental findings with
RUS imaging raises questions about when disclosure
of these findings is warranted.”” While the majority of
RUS had abnormalities, there was a low prevalence of
urological procedures and further imaging during the
hospitalisation.

The major strength in our approach was the detailed
chart review used in our analysis. There are also limita-
tions to our results. We conducted a single-site study and
did not assess all patients with AKI, only those who had
an RUS ordered. Our analysis was limited to information
present in the EHR, so we did not capture nephrology
consult recommendations that may have been given
verbally. In some cases where RUS was obtained prior
to nephrology consultation, it was unclear based on the
available documentation whether the consultant would
have also recommended the study. Lastly, the definition
used for prerenal AKI was use of pressors or history of
sepsis, which may lack sensitivity for other clinically signif-
icant hypovolaemic states.'

In conclusion, we further validated a risk stratification
framework for hydronephrosis at our institution. There
was a very high prevalence of incidental findings on RUS,
but additional imaging and procedures were low during
the inpatient hospitalisation. Our findings highlight the
potential utility of CDSS to supplement comprehensive
clinical evaluation in AKI.
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