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Renal Ultrasonography in the Evaluation
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Background: In adult inpatients with acute kidney in-

jury (AKI), clinicians routinely order a renal ultrasonography (RUS) study. It is unclear how often this test provides clinically useful information.
Methods: Cross-sectional study, including derivation and
validation samples, of 997 US adults admitted to Yale–
New Haven Hospital from January 2005 to May 2009, who
were diagnosed as having AKI and who underwent RUS
to evaluate elevated creatinine level. Pregnant women, renal transplant recipients, and patients with recently diagnosed hydronephrosis (HN) were excluded. Demographic and clinical characteristics were abstracted from
the medical records. A multivariable logistic regression
model was developed to create risk strata for HN and HN
requiring an intervention (HNRI); a separate sample was
used for validation. The frequency of incidental findings
on RUS was assessed for each stratum.

Results: In a derivation sample of 200 patients, 7 factors
were found to be associated with HN: history of HN; recurrent urinary tract infections; diagnosis consistent with
obstruction; nonblack race; and absence of the following:
exposure to nephrotoxic medications, congestive heart failure, or prerenal AKI. Among 797 patients in the validation sample (mean age, 65.6 years), 10.6% had HN and
3.3% had HNRI. Of 223 patients in the low-risk group, 7
(3.1%) had HN and 1 (0.4%) had HNRI (223 patients
needed to be screened to find 1 case of HNRI). In this group,
there were 0 incidental findings on RUS unknown to the
clinical team. In the higher-risk group, 15.7% had HN and
4.7% had HNRI.
Conclusion: In adult inpatients with AKI, specific factors can identify patients unlikely to have HN or HNRI
on RUS.
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line) or decreased urine production (⬍0.5
mL/kg/h over 6 hours), AKI is significantly associated with increased mortality.2,3 In the initial evaluation, a renal (or
retroperitoneal) ultrasonography (RUS)
study is often ordered to exclude an obstructive cause.4,5 If diagnosed, patients
with urinary tract obstruction may require further interventions.

Associate Editor’s Note: Licurse et al have tackled the problem of the
workup of AKI developing during hospitalization. Although it is well known
that obstruction is an uncommon cause of AKI in this setting, it is common practice to order a kidney ultrasonography study to rule out this possibility. Licurse et al have developed a decision rule to help clinicians identify patients at sufficiently low risk of obstruction so that ultrasonography
can be deferred or avoided, and their data suggest that approximately 25%
of patients may fit into this low-risk group. It is well known that incidentolomas are found on all kinds of imaging and lead to additional testing
and sometimes additional procedures. Thus, for this subset of patients with
hospital-acquired AKI, it appears that Less Is More.
Kirsten L. Johansen, MD
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CUTE KIDNEY INJURY (AKI)

is a common problem in
hospitalized patients, with
an incidence increasing
from approximately 10 to
25 per 1000 discharges over the last 15
years.1 Defined as an abrupt decline in renal function, indicated either by increased serum creatinine (CR) level (⬎0.3
mg/dL [to convert CR to micromoles per
liter, multiply by 88.4] or 50% above base-
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However, most cases of AKI are not
caused by obstruction.1 In fact, hydronephrosis (HN), the evidence of obstruction on imaging, is only identified on RUS
in 1% to 10% of patients with AKI.6-9 As a
result, findings from RUS do not initiate
a change in clinical management in the majority of patients with AKI who undergo
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the test. It has also been suggested that RUS might yield
additional clinically useful information, yet little is known
about how frequently this occurs.8,10
Targeting RUS evaluation toward patients with a higher
risk of HN would not only be clinically useful but could
potentially conserve resources.11 This type of patientcentered decision making and targeting of testing toward those most likely to benefit has been recently recommended by the Institute of Medicine and is a central
component of comparative effectiveness research.12
Further information is needed to stratify patients with
AKI according to the likelihood that RUS will yield clinically meaningful results. We sought to create a stratification system that would help clinicians ascertain the risk
of renal obstruction among those with AKI. This approach would improve the pretest probability of a positive finding on RUS and hence the likelihood of influencing the management of patients most likely to benefit
from intervention. Specifically, we designed and validated a decision rule that would identify those patients
at low risk of obstruction, as well as those patients at low
risk for an obstruction requiring surgical intervention.
As a secondary analysis, we evaluated the additional value
of RUS by assessing the presence of other non-HN but
clinically useful findings. Finally, we assessed RUS use
at Yale–New Haven Hospital (YNNH), New Haven, Connecticut, and the effectiveness of RUS screening in terms
of number needed to screen (NNS).
METHODS

STUDY DESIGN
We conducted a cross-sectional study of hospitalized patients
with AKI using separate derivation and validation samples. A
derivation sample was analyzed using the presence of HN on
RUS as the dependent variable. Strata were created based on
the presence of risk factors associated with HN. A validation
sample was developed using all RUS studies performed over a
16-month period, and the presence of HN and HNRI was assessed in each risk group. This study was approved by the Yale
Human Investigation Committee.

PATIENTS
A 2-step approach was used to create samples of inpatients with
AKI who undergo RUS. First, patients were identified by searching the YNNH imaging database for RUS studies performed on
hospitalized adults (age ⬎18 years) with suspected AKI from
January 1, 2005, to May 1, 2009. Suspicion of AKI was defined
by a list of terms we piloted in a 3-month analysis of RUS studies, including hydronephrosis, creatinine, and arf (for a complete list, see eAppendix; http://www.archinternmed.com). Only
those patients who underwent RUS were included, rather than
all patients with AKI, to construct an enriched sample of patients whose clinicians were concerned enough about an obstructive cause to order an RUS study.
Second, patients were excluded who did not meet the definition of AKI: a peak rise in serum CR level of at least 0.3 mg/dL
from baseline during inpatient admission. Though AKI is a complex disorder with a changing definition, we operationalized it
according to recent recommendations from the Acute Kidney Injury Network, whose members represent key societies in nephrology.3 Baseline serum CR level was defined as the lowest value in

2097 Studies (January 1, 2005–
December 31, 2007)

• Randomly selected 1
study per patient until
n = 100 with HN and
n = 100 without HN
• Excluded pregnant women,
renal transplant recipients,
patients recently
diagnosed as having
HN, non-AKI patients

200 Derivation cohort

404 Studies excluded
117, Earlier study for same
patient selected
6, Pediatric patient
98, Outpatient or ED study
35, Pregnant women
5, Renal transplant recipient
71, Recent US or CT positive for
HN: 50, not AKI (Relevation
was < 0.3 mg/dL)
22, Missing data in records

797 Validation cohort

Figure 1. Study flow diagram. To convert creatinine (CR) to millimoles per
liter, multiply by 88.4. AKI indicates acute kidney disease; CT, computed
tomography; US, ultrasonography.

the 3 months prior to admission (if unavailable, then in the following order: lowest value 12 months prior to admission, baseline value described in the admission note, or lowest value during the current admission). Additional exclusion criteria included
pregnancy, history of renal transplant, and previous diagnosis of
HN within 30 days prior to RUS (considered follow-up studies,
rather than primary diagnostic evaluations).
Separate derivation and validation samples were constructed
from those eligible studies (Figure 1). In the derivation sample,
100 studies with HN on RUS and 100 randomly selected studies
with normal findings were included. This approach was used to
maximize power in the derivation sample, since HN is a relatively rare finding. In the validation sample, all eligible studies
from January 1, 2008, to May 1, 2009, were included. In both derivation and validation samples, 1 study per patient was included.

ASSESSMENT OF RISK FACTORS
AND OUTCOMES
We chose candidate risk factors based on clinical relevance and
description in the salient medical literature.7,8,10 All data were
abstracted from medical records (discharge summaries and clinical notes) by 4 trained reviewers. The abstraction form was piloted and refined on a sample of 50 patients. Interobserver agreement was calculated for 10% of the derivation sample across
36 total variables, each treated as an independent unit. The average proportion of identically abstracted variables between one
reviewer (A.L.) and each of the other 3 reviewers was 95%. Medical chart reviewers were blinded to the RUS result for each patient. Demographic data included race, age, and sex. Clinical
data were abstracted in 2 general categories: factors predisposing to obstructive AKI, such as history of abdominal or pelvic
cancer, and factors making another more likely cause (eg, prerenal AKI). Other variables included laboratory data (eg, granular casts on urinalysis) or certain inpatient exposures (eg, radiographic contrast) (Table 1). Clinical variables were only
coded if they were available and known by the clinical team
prior to the maximum serum CR value and RUS date.
All data were constructed as categorical variables, except for
the mean rise in CR level, age, and white blood cell count, which
were constructed as continuous variables. Age and white blood
cell count were subsequently dichotomized based on preliminary bivariate analysis. One variable was coded 2 ways. In our
primary model “prerenal AKI” included history of sepsis or use
of pressors during current admission, while in a second model
(designed for sensitivity analysis), this variable also included
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1201 Studies (January 1, 2008–
May 1, 2009)

Table 1. Patient Characteristics and HN Status, Derivation Sample
Patients
Patients With HN, % (n = 100)
Without HN, %
(n = 100)
Total HN Cases No Intervention Intervention P Value a

Candidate Predictor
Demographics
Age ⬍55 y
Race, nonblack
Male sex
Laboratory data
Granular casts on urinalysis, 3 d before or after maximum serum CR value
White blood cell count ⬎16 000/µL
Mean absolute rise in serum CR, mg/dL
Urine output, ⬍500 mL/d
Clinical history consistent with obstructive AKI
Documented history of HN
History of HN on previous imaging, CT or RUS
Abdominal or pelvic cancer
Recurrent UTIs, mentioned by name in medical chart, or ⱖ2 in year
prior to current admission
BPH
1 Functional kidney
Neurogenic bladder
Pelvic surgery
Flank pain
Hematuria
History of HN b
History of a diagnosis consistent with obstruction c
Clinical history consistent with nonobstructive AKI
Congestive heart failure
Hypotension, ⱖ2 measurements of either SBP ⬍100 mm Hg
or DBP ⬍80 mm Hg within 5 d prior to maximum serum CR level
Sepsis, mentioned directly in medical chart
Cirrhosis
Hypertension
Diabetes
Chronic kidney disease
Hospital-acquired AKI, AKI for which the maximum serum CR value
was reached ⬎2 d after admission date
History of prerenal status d
History of prerenal status, with hypotension e
Medications and nephrotoxic exposures, within 10 d prior
to maximum serum CR value
IV contrast, angiography or cardiac catheterization f
Aspirin ⬎81 mg/d
NSAID
Diuretic or ACE inhibitor
Pressor
Vancomycin
Any IV antibiotic
Exposure to nephrotoxic medications g

28
69
56

17
80
56

14
59
42

3
21
14

28
48
1.97
11

18
24
2.67
12

16
15
4.05
7

1
3
14
6

9
28
38
19

4
16
24
15

5
12
14
4

.01
⬍.001
⬍.001
⬍.001

10
1
0
11
2
4
3
29

14
6
7
19
6
13
28
60

13
4
6
16
5
10
16
42

1
2
1
3
1
3
12
18

.38
.054
.007
.11
.15
.02
⬍.001
⬍.001

22
55

13
39

9
30

4
9

.09
.01

19
5
68
45
34
46

10
3
61
33
28
35

7
0
45
27
18
27

3
0
16
6
10
8

.07
.47
.30
.08
.36
.005

22
61

12
41

8
24

4
17

.06
.005

1
13
1
42
18
44
59
63

6
5
3
20
6
25
55
39

6
5
0
14
4
20
51
29

0
0
3
6
2
5
4
10

.054
.048
.31
⬍.001
.02
.005
.57
.001

2
9
2.23
5

.06
.07
⬎.99
.09
⬍.001
.11
.76

Abbreviations: ACE, angiotensin-converting enzyme; AKI, acute kidney injury; BPH, benign prostatic hyperplasia; CR, creatinine; CT, computed tomography;
DBP, diastolic blood pressure; HN, hydronephrosis; NNS, number needed to screen; NSAID, nonsteroidal anti-inflammatory; RUS, renal ultrasonography;
SBP, systolic blood pressure; UTI, urinary tract infection.
SI conversion factors: To convert white blood cell count to ⫻109/L, multiply by 0.001; to convert CR to micromoles per liter, multiply by 88.4.
a Value for pairwise comparison of patients with vs patients without HN.
b Diagnosis consistent with possible obstruction: benign prostatic hyperplasia, abdominal, or pelvic cancer, neurogenic bladder, single functional kidney, or
previous pelvic surgery.
c History of HN: documented history of HN in the medical record or any imagining history of HN in the 2 years prior to the current RUS study.
d History of prerenal status: use of pressors or history of sepsis.
e History of prerenal status including hypotension: use of pressors, history of sepsis, or documented hypotension.
f Inpatient exposure to contrast was defined as any angiography or cardiac catheterization owing to their association with contrast-induced nephropathy.13,14
g Nephrotoxic medications: aspirin (⬎81 mg/d), diuretic, ACE inhibitor, or intravenous vancomycin.

history of hypotension prior to the onset of AKI, defined as at
least 2 consecutive blood pressure measurements below 80
mm Hg systolic or below 60 mm Hg diastolic.
The study outcomes were HN and HN requiring intervention (HNRI). Any RUS report that described “hydronephrosis”

in the findings section was considered an outcome event. HNRI
was defined as a RUS-diagnosed HN followed by either placement of a urologic stent or nephrostomy tube after the RUS date.
Incidental non-HN findings on RUS were defined as anatomic abnormalities or masses described in the RUS report (for a list of
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search terms, see eAppendix). To determine whether these findings were previously known to the clinical team, we searched for
prior documentation in the medical record, dating back to the
beginning of the patient’s first encounter at YNHH.

STATISTICAL ANALYSIS
The association between candidate risk factors and presence
of HN on RUS was initially assessed for the derivation sample
using bivariate logistic regression analysis. Clinically relevant
candidate variables with a P value ⬍.20 from the bivariate analysis were evaluated in a logistic regression model (benign prostatic hyperplasia was also included owing to its clinical significance; P=.38). Some clinically related variables were collapsed
into single composite variables (Table 1). In multivariable logistic regression, variables were removed in order of decreasing P value, and the model’s quality was assessed at each iteration using the Akaike information criteria (AIC) and C statistic.
The AIC is used to compare models with a penalty for the number of variables evaluated, to balance the model’s explanation
of the data (ability to identify patients with HN) with its parsimony (number of variables).15 Stepwise regression was continued until the model’s quality was optimized (according to
the C statistic and AIC). We selected the most accurate model
(ie, discrimination) and applied it to the validation sample. For
a sensitivity analysis, we evaluated a second model, differing
from the main model only in the definition of a single clinical
variable (“prerenal status”), which showed poorer discrimination between patients with HN and patients without HN but
had a lower AIC than the primary model.
A risk score was developed based on the individual odds ratio (OR) of each covariate. Because all but 1 risk factor had similar ORs, they were each awarded 1 risk point. Any patient with
a history of HN was assigned a priori to the high-risk group,
since these patients were considered most likely to need RUS
in the setting of AKI. Also, this variable was the only one with
an OR greatly different from the others (approximately 11, compared with 2-3). Using this scoring system, we segregated patients into 3 risk groups based on the prevalence of HN among
patients with each risk score. This stratification was then applied to a validation sample. The sample size (N=800) was calculated a priori and provided 80% power to detect a prevalence of HNRI in the low-risk group of 0.3% to 0.5%.
Finally, we calculated NNS to find 1 case of HN or HNRI for
each risk group (ie, the total number of patients in each group divided by number of outcome events). To estimate cost associated
with a positive finding, we multiplied the NNS by the approximate
cost per study according to Medicare reimbursement.11
RESULTS

DERIVATION SAMPLE
AND BIVARIATE ANALYSIS
Our derivation sample consisted of 100 patients with HN
and 100 patients without HN. The mean age was 65.6
years, 56.5% were male, and 25.5% were black; none of
these characteristics was significantly related to HN status (Table 1). Overall, patients with HN were more likely
to have a previous diagnosis of HN (on RUS or abdominal/
pelvic computerized tomography; 3% of patients without HN vs 28% of patients with HN; P⬍ .001), a history
of abdominal or pelvic cancer (14% vs 38%; P ⬍.001),
previous pelvic surgery (10% vs 19%; P = .11), a single
functional kidney (1% vs 6%; P=.054), or hematuria (4%

vs 13%; P = .02) during the selected admission. A history of urologic dilatation on imaging not considered HN,
described as “pelvicaliectasis” or “caliectasis,” was not
significant, nor was an imaging history of anatomic abnormalities, stones, masses, or cysts.
Conversely, patients with a normal RUS result were
more likely to have granular casts on urinalysis (28% vs
18%; P = .09), a white blood cell count greater than
16 000/µL (48% vs 24%; P⬍ .001); a history of congestive heart failure (22% vs 13%; P=.09); documented hypotension during the current admission (55% vs 39%;
P=.01); or exposure to either aspirin (⬎81 mg/d), a diuretic or angiotensin-converting enzyme inhibitor, or intravenous vancomycin during the current admission (63%
vs 39%; P=.001). Use of any intravenous antibiotic was
also assessed but was not significant.
DERIVATION OF CLASSIFICATION SCHEMES
The final model was selected based on its high accuracy
and low AIC score (Table 2). It consists of 7 variables (see
Table 2 for item definitions): (1) history of HN (high-risk
group); (2) recurrent urinary tract infections (1 point); (3)
diagnosis consistent with possible obstruction (1 point);
(4) nonblack race (1 point); and absence of the following:
(5) exposure to inpatient nephrotoxic medications (1 point),
(6) congestive heart failure (1 point), or (7) prerenal AKI
(1 point). This system was applied to the derivation sample
and the prevalence of HN was assessed for each risk score.
Three distinct risk groups emerged: low (⬍2 points, 1%20% prevalence of HN), medium (3 points, 20%-40% HN),
and high (⬎3 points, ⬎40% HN).
VALIDATION OF CLASSIFICATION SCHEMES
Our validation sample consisted of 797 patients (mean
age, 65.6 years). Of these patients, 54.6% were male and
22.8% were black. Overall, 10.6% had HN, of which 31.7%
required an intervention (3.3% of total sample).
Two models were used in this sample (Table 3). Our
primary model 1 differed from model 2 only in its definition of prerenal status. It was more sensitive for HN
but included fewer patients in the low-risk group (ie, less
specific). Of 797 patients, 223 (27.8%) were assigned to
the low-risk group, of whom 3.1% had HN (1 patient,
or 0.4% [0.01%-2.5%] had HNRI). The prevalence of HN
was 10.7% in the middle-risk group and 16.1% in the highrisk group (Figure 2). When dichotomized to low risk
vs all others, the negative predictive value (NPV) of the
stratification was 96.9% (95% confidence interval [CI],
95.7%-98.1%) for HN and 91.8% (95% CI, 89.9%93.7%) sensitive, with a negative likelihood ratio (NLR)
of 0.27. When the outcome was HNRI, the NPV increased to 99.6% (95% CI, 99.1%-100%) and the sensitivity increased to 96.3% (95% CI, 94.9%-97.6%), with
an NLR of 0.13.
We assessed the presence of incidental findings on RUS
in the entire validation sample. Among the 797 patients, there were 8 incidental findings (1%) unknown
to the clinical team: 2 horseshoe kidneys, 4 extrarenal
pelvises, and 2 complex cysts. Of these, none were found
in low-risk patients.
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Table 2. Multivariable Model, Derivation Sample
Adjusted Odds Ratio (95% CI, Adjusted)
Patient Characteristic
Race
Nonblack
Black
History of recurrent urinary tract infections
Yes
No
Diagnosis consistent with possible obstruction a
Yes
No
History of HN b
Yes
No
History of CHF
No
Yes
History of prerenal AKI, use of pressors or history of sepsis
No
Yes
History of prerenal AKI, use of pressors, history of sepsis, or hypotension
No
Yes
Exposure to nephrotoxic medications prior to AKI c
No
Yes
Model characteristic
AIC, score
Accuracy, %
C statistic

% With HN

Model 1,
Primary

53.7
39.2

P Value

Model 2

2.1 (1.0-4.4)
1 [Reference]

.06

2.2 (1.0-4.6)
1 [Reference]

.046

76.0
46.3

2.7 (0.8-8.5)
1 [Reference]

.10

2.3 (0.7-7.1)
1 [Reference]

.16

67.4
36.0

2.4 (1.2-4.6)
1 [Reference]

.01

2.4 (1.2-4.7)
1 [Reference]

.009

90.3
42.6

11.1 (3.0-41.3)
1 [Reference]

⬍.001

11.7 (3.0-45.2)
1 [Reference]

⬍.001

52.7
37.1

2.1 (0.8-5.2)
1 [Reference]

.12

2.0 (0.8-5.0)
1 [Reference]

.14

53.0
35.3

2.3 (0.9-6.2)
1 [Reference]

.10

NA
NA

NA
NA

60.2
40.2

NA
NA

NA
NA

2.1 (0.9-3.6)
1 [Reference]

.04

62.2
38.2

2.1 (1.0-3.85)
1 [Reference]

.053

1.8 (0.9-3.6)
1 [Reference]

.09

237
74
0.79

P Value

235
73
0.80

Abbreviations: AIC, Akaike information criterion; AKI, acute kidney injury; CHF, congestive heart failure; CI, confidence interval; HN, hydronephrosis; NA, not
applicable.
a Diagnosis consistent with possible obstruction: benign prostatic hyperplasia, abdominal or pelvic cancer, neurogenic bladder, single functional kidney, or
previous pelvic surgery.
b History of HN: documented history of HN in the medical record or any imagining history of HN in the 2 years prior to the current RUS.
c Nephrotoxic medications: aspirin (⬎81 mg/d), diuretic, angiotensin-converting enzyme inhibitor, or intravenous vancomycin.

Model 2 was less sensitive but more specific for HN. In
the low-risk group there were 331 patients (41.5%), 5.1%
of whom had HN (1 patient [0.3%] had HNRI). The NPV
for HN was 94.9% (95% CI, 93.3%-96.4%) (for HNRI, 99.7%
[95% CI, 99.3%-100.1%]), with a sensitivity of 80.0% (95%
CI, 77.2%-82.8%) (for HNRI, 96.3% [95% CI, 94.9%97.6%]) and an NLR of 0.45 (0.09 for HNRI).
NNS AND COST SAVINGS ESTIMATE
The NNS to find 1 case of HN in the low-risk group for
model 1 was 32, compared with HNRI, which required
an NNS of 223 (Figure 3). If no RUS studies were ordered for low-risk patients, models 1 and 2 would permit reduced RUS use of 27.8% and 41.5%, respectively.
At YNNH in 2008, approximately 700 RUS studies were
performed in the setting of AKI on adult inpatients who
met our inclusion criteria; 30% of whom were in the lowrisk group. At an approximate cost of $200 per study, a
30% reduction in RUS imaging would result in an annual savings of $42 000 at one institution. To find 1 case
of HN in the low-risk group for model 1 costs $6371 per
positive study result; for HNRI in the same model, the
cost is $44 600 per positive study result.

COMMENT

In this retrospective study, we found that approximately 10% of patients who had RUS ordered in the setting of AKI had HN on RUS and 3% had HNRI. This prevalence estimate of HN is similar to that in previous
studies.6-9 We also derived and validated a decision rule
to stratify inpatients with AKI by HN risk. It is based entirely on common clinical information and can be easily
applied. Our primary model was 91.8% sensitive and had
an NPV of 96.9% for HN. To our knowledge, no such
decision model exists in the literature.7,8,10
In addition to considering all cases of HN, we also assessed those requiring an intervention. These cases are most
important to identify because they represent patients for
whom RUS affected their management. We defined HNRI
as an immediate surgical intervention most likely to be performed in the setting of HN, which 27 of the patients
(31.8%) with HN received in our validation sample. Our
primary model was highly sensitive for HNRI (96.3%), with
an NPV of 99.6%. Each model had an NLR of near 0.1 for
HNRI, a value that affects the pretest probability of a positive finding to a large degree.16 There were other interven-
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Table 3. Performance of Stratification in Validation Sample
Model 1, Primary
HN as Outcome

With HN

Without HN

With HN

Without HN

7
78

216
496

17
68

314
398

Risk stratification
Low risk, No. of patients
Medium or high risk, No. of patients
Test performance
Negative predictive value a
Sensitivity a
Specificity a
Negative likelihood ratio
Prevalence of HN in the low-risk group, %

HNRI as Outcome

Model 2

96.9 (95.7-98.1)
91.8 (89.9-93.7)
30.3 (27.2-33.5)
0.27
3.1

94.9 (93.3-96.4)
80.0 (77.2-82.8)
44.1 (40.7-47.6)
0.45
5.1

With HNRI

Without HNRI

With HNRI

Without HNRI

1
26

222
548

1
26

330
440

Risk stratification
Low risk, No. of patients
Medium or high risk, No. of patients
Test performance
Negative predictive value a
Sensitivity a
Specificity a
Negative likelihood ratio
Prevalence of HN in the low-risk group a

99.6 (99.1-100.0)
96.3 (94.9-97.6)
28.8 (25.7-32.0)
0.13
0.4 (0.01-2.5)

99.7 (99.3-100.1)
96.3 (94.9-97.6)
42.9 (39.4-46.3)
0.09
0.3 (0.01-1.7)

Abbreviations: HN, hydronephrosis; HNRI, hydronephrosis requiring intervention.
a Data are given as percentage (95% confidence interval).

18
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240
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No. Needed to Screen

12
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8
6
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0
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Figure 2. Prevalence of hydronephrosis (HN) and hydronephrosis requiring
intervention (HNRI) in validation sample, according to risk group.

tions performed on the patients with HN, but these were
less likely to be a direct result of finding obstruction on RUS:
60% of patients received a urology consult; 13%, Foley placement; 2%, cystoscopy; and 1%, lithotripsy. Our models
stratified all but 1 of the 27 patients with HNRI as either
medium or high risk, with an NPV approaching 100%. They
each classified the same patient with HNRI as low risk—a
woman admitted with urosepsis and a history of colectomy and nephrolithiasis, who was diagnosed as having hepatocellular carcinoma after the time of RUS (beyond our
window of analysis, after RUS).
We also considered the value of RUS in terms of its
ability to provide clinically useful information other than
the presence of HN. Though the primary reason a clinician orders a RUS study is to identify an obstructive cause,

Medium

High

Risk Group

Figure 3. Number needed to screen and cost in validation sample, according
to risk group. HN indicates hydronephrosis; HNRI, hydronephrosis requiring
intervention.

there are other incidental findings that may be important to discover, including cysts, masses, or anatomic abnormalities. In our validation sample of nearly 800 patients, there were no previously unknown incidental
findings found in low-risk patients. Other findings, such
as size and echogenicity were not included because they
were considered unrelated to inpatient management. For
many patients, the test result was not important enough
to even be noted in the medical record. In the low-risk
groups of both models, there were 20 unique patients with
HN, 19 of whom did not receive an intervention. In 5 of
these 19 cases, there was no mention of the RUS result
in the patient’s progress notes. For another 7, the result
was not mentioned in their discharge summaries.
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Cost per HN and HNRI Found, $

220

14

Prevalence, %

44 000
HN
HNRI

230

The evaluation of AKI is a nuanced process, one that
likely requires clinical judgment not currently captured
by our model. We were not able to include all possible
risk factors for obstruction, either to maintain model parsimony or because of a lack of statistical evidence, or both.
For instance, oliguria, a seemingly intuitive indication
of obstruction, was not associated with HN, perhaps because of the degree of obstruction necessary to have a significant effect on urine production (ie, a specific but insensitive marker). As with the 1 patient with HNRI in
the low-risk group, there are likely risk factors not included in this model that should be incorporated into
clinical decision making, such as the fractional excretion of sodium, that would likely add further discrimination to the model. Since as many as 40% of adult inpatients with AKI may be assigned to the low-risk group
by our model, there is room for studies to be ordered for
patients whose risk of obstruction is likely higher than
calculated, while still markedly decreasing overuse. Patients who are at higher risk for obstruction according
to this model should always receive sonographic evaluation, while most low-risk patients should not.
The cost savings we estimate are substantial. To find
1 case of HNRI, we estimate that approximately $45 000
needs to be spent on RUS studies. Moreover, this analysis was conservative. We did not take into account all the
potential savings of improved RUS use, such as decreased length of stay. Because unnecessary diagnostic
imaging contributes significantly to rising health care
costs, this rule may lead to significant potential savings
for health care institutions.17-19 Establishing evidencebased guidelines may also ameliorate the marked geographic variation in medical spending.20-22
One likely objection to the selective use of RUS may be
that a RUS study would still need to be ordered, regardless of a patient’s risk of obstruction, under certain circumstances. For instance, those patients whose serum creatinine continues to rise after intravenous hydration and
removal of nephrotoxic medications. In these situations,
a RUS evaluation should likely be undertaken. However,
anecdotal experience suggests that many studies are not
ordered in this setting after an attempt at management has
been made, but rather as part of an initial workup of increased CR level. Indeed, for many of the patients included in our study, a RUS study was ordered at the first
sign of AKI, often concurrently or prior to hydration or
medication changes. If our decision rule, at the least, causes
clinicians to delay ordering a RUS study until their patients’ AKI persists in the face of medical management, the
use of RUS will still be markedly improved.
Our study has limitations. The decision rule was derived and validated in a retrospective fashion in a single
institution. Future refinement and validation of the model
should be pursued in prospective studies in other populations. In addition, our study population represents only
those patients who underwent an inpatient RUS. Therefore, our sample likely represents a population enriched
with obstruction (ie, those patients at such low risk of
obstruction who never underwent RUS were not included). Therefore, the inclusion of all patients admitted with AKI, not just those who underwent RUS, would
likely skew our HN prevalence data downward (improv-

ing the NPV of our model). Finally, our cost analyses are
preliminary and require future work to fully understand the costs of RUS use, as well as the use of our decision rule (eg, the cost of missing a case of severe HN).
We have derived and validated a decision rule to help
clinicians identify those patients at low risk of obstruction
on RUS, and specifically those patients whose RUS result
will likely affect their management. If further refined and
validated, these models may allow clinicians to both order
RUS studies for those patients at high risk for obstruction
and delay or decide not to order a study on the roughly
one-third of patients at low risk. As more attention is paid
to the cost-effectiveness of diagnostic modalities, prioritizing testing for those at higher risk of abnormal findings
will result in more informed diagnostic approaches. For inpatients with AKI, directing RUS studies toward those at
greater risk of obstruction will aid clinical decision making and decrease the cost of evaluation.
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INVITED COMMENTARY

Curbing the Use of Ultrasonography in the Diagnosis
of Acute Kidney Injury
Penny Wise or Pound Foolish?

A

cute kidney injury is a common complication
in hospitalized patients, occurring in approximately 10% of hospitalizations,1,2 and the incidence of AKI appears to be on the rise.3,4 Although the
most common cause of hospital-acquired AKI is acute
tubular necrosis,5 physicians frequently rule out urinary tract obstruction as the underlying cause of AKI using
ultrasonography. While renal ultrasonography is a safe
and noninvasive test, it is not without cost. Moreover,
since obstruction is a relatively uncommon cause of hospital-acquired AKI, the majority of ultrasonography results obtained are negative. Therefore, it is likely that in
at least a subset of patients with AKI, ultrasonography
has limited utility and may not be cost-effective.
Licurse et al attempt to refine our diagnostic algorithm in AKI by developing a scoring system to identify
patients at high and low risk of AKI due to urinary tract
obstruction.6 The study population comprised all hospitalized patients with suspected AKI who underwent renal ultrasonography at Yale–New Haven Hospital between January 2005 and May 2009. Suspected AKI was
based on the indication for ultrasonography. For inclusion into this study, patients were subsequently confirmed to have AKI, defined as a rise in serum creatinine
concentration of at least 0.3 mg/dL.
To identify clinical risk factors for hydronephrosis, a
derivation sample of 100 patients with hydronephrosis

diagnosed with ultrasonography and 100 randomly selected controls was used; results were subsequently validated using 797 ultrasonography studies obtained over
16 months.
The authors considered 36 variables for inclusion in
their risk stratification model, including factors predisposing to obstruction or to other common specific
causes of AKI, such as prerenal azotemia. The primary
study outcomes were hydronephrosis and hydronephrosis requiring an intervention (urologic stent and/or
nephrostomy tube). The authors also considered the
incremental benefit of identifying incidental findings by
ultrasonography.
The authors identified multiple risk factors for hydronephrosis on univariate analysis; reassuringly, these
factors included the following: history of hydronephrosis, history of abdominal or pelvic cancer, prior pelvic
surgery, or a single functioning kidney. Patients with a
history of heart failure, granular casts on urinalysis, elevated leukocyte count, documented hypotension, or exposure to aspirin, diuretics, or vancomycin during hospitalization were less likely to have hydronephrosis. The
authors’ final predictive model included 7 variables. In
the derivation sample, the model had an area under the
receiver operating characteristic curve of 0.79; in the validation sample, the corresponding value was 0.80, indicating satisfactory but not excellent discrimination.
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