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Context: Nephrocalcinosis is a complication of hypoparathyroidism and other metabolic disorders.
Imaging modalities include ultrasonography (US) and computed tomography (CT). Few studies
have compared these modalities, and standard clinical practice is not defined.

Objective: The objective of the study was to determine the preferred method for assessing
nephrocalcinosis.

Design: The design of the study was a retrospective, blinded analysis.
Setting: The study was conducted at a clinical research center.
Patients: Twenty-two hypoparathyroid subjects and 7 controls participated in the study.

Interventions: Contemporaneous renal US and CT images were reviewed in triplicate by 4 blinded
radiologists. Nephrocalcinosis was classified using a 0-3 scale with 0 meaning no nephrocalcinosis
and 3 meaning severe nephrocalcinosis.

Main Outcome Measures: Intraobserver, interobserver, and interdevice agreements were measured.

Results: Intraobserver agreement was high, with an overall weighted kappa of 0.83 for CT and 0.89 for US.
Interobserver agreement was similar between modalities, with kappas of 0.74 for US and 0.70 for CT. Only
moderate agreement was found between US and CT scores, with an intermodality kappa of 0.47 and 60%
concordance. Of discordant pairs, 81% had higher US scores and only 19% had higher CT scores. Of nephro-
calcinosis seen on US and not CT, 45%, 46%, and 9% were grades 1, 2, and 3, respectively. Overall, US scores
were higher than CT with a cumulative odds ratio (95% confidence interval) of 5.97 (2.60, 13.75) (P <.01).
In controls, 100% of US ratings were 0, and 95% of CT ratings were 0.

Conclusions: US is superior to CT for assessment of mild to moderate nephrocalcinosis in patients
with hypoparathyroidism. This finding, in combination with its low cost, lack of radiation, and
portability, defines US as the preferred modality for assessment of nephrocalcinosis. (J Clin Endo-
crinol Metab 98: 989-994, 2013)
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enal calcifying disorders include nephrocalcinosis, de-  lithiasis (12). US, however, has advantages for assessment
R scribing parenchymal calcium deposition (1-3),and  of nephrocalcinosis because it is radiation-free, portable,
nephrolithiasis, defined as calcifications within the col-  and relatively inexpensive (5). Few studies have system-
lecting system (4). Despite anatomically different loca-  atically compared these modalities, and best clinical prac-
tions, these conditions share common etiological features.  tice is undefined.
Unlike nephrolithiasis, which may occur in healthy indi- This study compares renal US and CT in subjects with
viduals, nephrocalcinosis suggests an underlying endo-  hypoparathyroidism to determine the preferred imaging
crine or metabolic disorder (2, 5), such as hypoparathy-  modality for assessment of nephrocalcinosis.
roidism. Deficiency or decreased activity of parathyroid
hormone results in hypocalcemia, hyperphosphatemia,
and relative hypercalciuria, placing patients at risk for Materials and Methods
renal calcification (6-9). Unlike nephrolithiasis, nephro-
calcinosis is asymptomatic, and severe disease may prog- ~ Subjects
ress to renal insufficiency (6, 9). Early diagnosis is impor- Contemporaneous renal US and CT images were Obtaine,d

. . .- from 22 subjects with hypoparathyroidism. Subjects ranged in

tant because therapeutic interventions may stabilize, slow

. 3 . age from 9 to 50 years, with a median age of 32.5 years. Table
or, rarely, reverse disease (10, 11). Thus, surveillance in = {,cludes demographic and laboratory data for each subject at

high-risk patients is a crucial component of management.  the time imaging was obtained. All subjects were initiated on
Diagnostic imaging for nephrocalcinosis includes ra-  calcium and vitamin D analogs at the time of diagnosis, with

diographs, computed tomography (CT), and ultrasonog- multiple dose adjustments over the ensuing years by their health
raphy (US). Radiographs are insensitive due to poor de- € providers. At the time imaging was obtained at the National
phy ; grap P Institutes of Health (NIH), 7 of the subjects were being managed

lineation of r ena‘l anatomy and confqundmg by b_O‘.Nd 8aS- with sc injections of PTH 1-34. Subjects were thus treated with
CT offers superior contrast resolution and definition of 3 range of therapeutic regimens, which varied over their disease

anatomic structures and is the gold standard for nephro-  course.

Table 1. Subject Demographics and Clinical Data

Duration of  Serum Urine Ca, eGFR, mL/min Mean Mean
Subject Sex Age,y Diagnosis Disease,y Ca, mg/dL mg/kg-d per 1.73 m?> US Grade CT Grade NL
1 F 9 CaSR mutation 9 7.8 7.45 214 2 0 N
2 F 9 CaSR mutation 9 10.0 6.49 79 3 2.67 N
3 F 9 CaSR mutation 9 9.4 4.14 81 2.17 2.83 N
4 M 12 CaSR mutation 12 8.4 1.79 120 3 2.67 N
5 M 15 AIRE mutation 13 8.8 4.65 117 2.67 1.33 N
6 F 16 CaSR mutation 16 8.0 3.61 49 2.33 0.83 Y
7 M 16 CaSR mutation 16 8.4 6.56 113 0.33 0 N
8 F 18 22911 deletion 18 8.1 5.81 108 0.50 0.33 N
9 M 18 AIRE mutation 9 89 3.64 115 0 0 N
10 F 29 Postsurgical 5 7.8 3.89 92 0.83 0 N
11 M 31 Congenital 31 7.1 2.72 70 1.17 0 N
idiopathic
12 F 34 Postsurgical 5 8.5 7.88 59 0 0 N
13 F 38 Postsurgical 6 8.1 3.59 114 2 0 N
14 M 40 CaSR mutation 40 8.3 10.89 72 3 3 Y
15 F 40 22911 deletion 40 7.6 3.74 97 0.33 0.17 N
16 F 41 Postsurgical 6 7.8 1.14 103 0 0.83 N
17 F 42 Postsurgical 4 7.5 3.18 87 0.33 0 N
18 F 42 Postsurgical 4 9.2 3.60 101 0 0 N
19 F 44 Postsurgical 8 7.8 3.41 63 2.5 0.83 N
20 F 45 Postsurgical 4 7.6 5.96 105 0.33 0 N
21 M 49  Acquired 5 7.3 2.42 81 0.5 0 N
idiopathic
22 M 50 CaSR mutation 50 7.4 8.90 70 0 0 N

Abbreviations: AIRE, autoimmune regulator; Ca, calcium; CaSR, calcium sensing receptor; eGFR, estimated glomerular filtration rate; F, female; M,
male; N, no; NL, nephrolithiasis; Y, yes. Normal range for serum calcium is 8.2-10 mg/dL; to convert serum calcium to SI units (millimoles per liter),
divide by 4. Normal urine calcium excretion is less than 4 milligrams per kilogram per day; to convert Sl units (millimoles per kilograms per day),
divide by 40. The estimated glomerular filtration rate was determined using the Schwartz equation for patients under age 18 years (22), and the
chronic kidney disease epidemiology collaboration (CKD-EPI) equation for subjects aged 18 years and older (23). Classification of the stages of
chronic kidney disease based on the Kidney Disease Outcomes Quality Initiative guidelines are as follows: eGFR 90 or greater is stage 1, eGFR 60—
89 is stage 2; eGFR 30-59 is stage 3; eGFR 15-29 is stage 4; eGFR less than 15 or dialysis is stage 5 (24).
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Seven controls without known risk factors for nephrocal-
cinosis (aged 30—74 years, median 45.8 years) were identified
using NIH’s Biomedical Translational Research Information
System (13) with approval of the Office of Human Subjects
Research. Subjects participated in institutional review
board-approved protocols at the NIH and gave informed
consent/assent.

US and CT methodology and scoring system

Renal US was performed using a curved array sector with a 2-
to 4-MHz frequency. Subjects underwent multidetector helical
noncontrast CT. Slice thickness was variable: 2 mm in 8 subjects,
2.5 mmin 6 subjects, 5 mm in 14 subjects,and 10 mm in 1 control
subject.

Each scan was copied in triplicate, yielding a total of 87 stud-
ies per modality. Studies were deidentified, assigned unique iden-
tification numbers, and randomly sorted. Two radiologists spe-
cializing in US (T.H.S. and M.C.H.) and 2 specializing in CT
(S.C.H.andP.L.C.) interpreted their respective modalities. Thus,
within each subject there were 6 replicate US scores (2 radiolo-
gists X 3 readings) and 6 replicate CT scores, for 174 (6 scores X
29 subjects) replicate readings per modality. Radiologists were
blinded to diagnosis and were not informed that they were read-
ing identical studies in triplicate.

Studies were evaluated for both nephrocalcinosis and neph-
rolithiasis. Nephrocalcinosis was defined as the presence of cal-
cifications identified within the renal parenchyma, outside the
collecting system. Nephrolithiasis was defined as the presence of
calcifications located within the collecting system.

A nephrocalcinosis grading system was developed and agreed
upon by all radiologists prior to analysis, based on previously
described radiographic features of progressive nephrocalcinosis
(1, 3). US grades were as follows: grade 0, no echogenicity; grade
1, mild echogenicity around medullary pyramid borders; grade 2,
moderate echogenicity around and inside pyramids; and grade 3,
severe echogenicity of entire pyramids. For CT the grades were
as follows: grade 0, no calcific deposits; grade 1, 1-3 pyramidal
punctate calcifications; grade 2, increased pyramidal density;
grade 3, calcification of pyramids (Figure 1). The presence of any
involved papillae yielded a score greater than 0; no minimal
number of papillae was required. When features of multiple

Grade 0 Grade 1

W
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grades were present, or the extent of disease differed between the
2 kidneys, the higher score was assigned.

Statistical analysis

Because scores were on an ordinal rather than binomial
scale, the weighted kappa statistic was used to summarize
intraobserver, interobserver, and intermodality agreements.
The weighted kappa statistic adjusts for disagreement on the
ordinal scale (eg, score of 3 vs 1 or 2 vs 1) by using weights
proportional to the degree of difference in ordinal values. A
kappa coefficient of 1 implies perfect agreement; the level of
agreement decreases with a decreasing score. Kappa statistics
were complicated by replicate scores; thus, all possible pair-wise
comparisons within and between subject-level replicates of dif-
ferent raters were included in calculation of weighted kappa sta-
tistics. This approach was permissible due to perfect data balance
among subjects. Because standard formulas for standard errors
of kappa are not valid for replicated measures, bootstrap meth-
odology with 95th percentile confidence limits was used to es-
timate the error in weighted kappa.

Spearman rank correlations were performed to test for any
monotonic increasing or decreasing associations between dura-
tion of hypoparathyroidism and the mean nephrocalcinosis
score (across both CT and US for each subject). Next, the dura-
tion of hypoparathyroidism was dichotomized among subjects
as 1, meaning short duration of less than 10 years, and 2, mean-
ing long duration with 10 or more years of hypoparathyroidism
(the split was based on a 9 year median duration). The weighted
kappa statistic testing for agreement between CT and US was
then estimated separately for subjects with the short or long
duration of hypoparathyroidism.

Generalized linear mixed models (GLMM) (SAS, version 9.2,
Proc GLIMMIX; SAS Institute, Cary, North Carolina) were fit to
the data using a multinomial distribution using with a cumlogit
link (proportional odds), Laplace parameter estimation, and
random effects for subject and specialist. To improve the model
convergence, the GLMM models were fit to a 3-point nephro-
calcinosis scale (grades 1 and 2 combined). CT thickness was
dichotomized as thin and thick CT slices. The GLMM was fit
with and without CT thickness as a model covariate.

Grade 2 Grade 3

Figure 1. Representative images for nephrocalcinosis grading system. Panels A-D are US images corresponding to grades 0, 1, 2, and 3,
respectively. Panels E-H are CT images corresponding to grades O, 1, 2, and 3 respectively. The arrow in panel F points to a single punctate
calcification in the medullary periods typical of grade 1 nephrocalcinosis.
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Results

Intra- and interobserver agreement was high for both mo-
dalities. Pair-wise comparisons between raters were in
complete agreement for 81.6% of the CT scores and
69.7% of the US scores.

Only moderate agreement was found between US and
CT scores, with a weighted kappa of 0.47 (0.221, 0.663),
and 60% concordance (Figure 2). Of the 40% discordant
pairs, 81% had higher US scores and only 19% had higher
CT scores (Figure 2). Eighty of 174 replicate US scores
(46 %) were greater than 0, whereas only 47 of 174 rep-
licate CT scores (27%) were greater than 0. Of nephro-
calcinosis seen on US and not CT, 45%, 46%, and 9%
were grades 1, 2, and 3, respectively. Overall, US scores
were higher than CT with a cumulative odds ratio (OR) of
5.97 (2.60, 13.75) (P < .01). In 7 control subjects, 100%
of US ratings were 0, whereas 95% of CT ratings were 0.

The weighted kappa improved to 0.68 (0.375, 0.861)
when agreement with US was limited to just the thick CT
slices (5 and 10 mm). However, agreement was found to
be very poor when the comparison was limited to the US
and thin CT slices (2 and 2.5 mm), with a weighted kappa
of only 0.08 (—0.151, 0.246). Adding covariates for CT
thickness or duration of hypoparathyroidism had no sig-
nificant effect on the cumulative OR (effect of CT thick-
ness: P = .5607; effect of duration: P = .7156).

A follow-up analysis was subsequently performed in 1
hypoparathyroid subject. The initial US and CT revealed
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Figure 2. Density plot showing relative frequencies of paired
observations of US and CT scores, expressed as percentages. The cells
along the diagonal show the relative frequency of the scores in which
both devices are in perfect agreement. The cells above the diagonal
have a higher density than the cells below the diagonal, illustrating the
tendency of the US to score individual scans higher than CT.

Ultrasound vs CT for Nephrocalcinosis in Hypopara

J Clin Endocrinol Metab, March 2013, 98(3):989-994

no nephrocalcinosis; however, after a 12-month period,
he developed grade 1 nephrocalcinosis on US, whereas CT
showed no nephrocalcinosis.

Discussion

Analysis of contemporaneous renal US and CT revealed
that US is superior to CT for the detection of nephrocal-
cinosis in hypoparathyroidism, particularly in the early
stages of the disease. Nephrocalcinosis screening is an im-
portant component of management in patients with hy-
poparathyroidism, who are at risk due to impairment in
urinary calcium reabsorption (6, 8, 14). Development of
nephrocalcinosis is somewhat unpredictable, but is likely
related to both the degree and duration of hypercalciuria.
Urinary calcium excretion may vary widely between and
within individuals and is highly dependent on treatment,
medication compliance, and diet. Etiology of hypopara-
thyroidism may also play a role in the development of
nephrocalcinosis, as hypercalciuria is typically more pro-
nounced in patients with activating mutations of the cal-
cium sensing receptor (15). In addition to hypoparathy-
roidism, nephrocalcinosis is seen in a variety of endocrine
and metabolic disorders, most frequently associated with
hypercalciuria, hyperoxaluria, hyperphosphaturia (5),
and prematurity (16). Thus, determining the most accu-
rate modality to identify nephrocalcinosis in its earliest
stages is important to a broad patient population.
Defining evidence-based practice for the evaluation of
nephrocalcinosis has been limited by a lack of studies com-
paring imaging modalities. In 1990, Manz et al (17) eval-
uated 12 patients with nephrocalcinosis (including 9 bi-
opsy proven cases) using radiographs, US,and CT. CT and
x-ray showed concordance with histopathology, but US
findings were nonspecific. Kim et al (18) performed ra-
diographs, US, and CT in 18 long-term furosemide users
and found nephrocalcinosis on 15 ultrasounds, 12 CT
scans, and 2 radiographs. Cramer et al (19) performed a
prospective comparison of US and CT in rabbits, in which
nephrocalcinosis was induced and radiographic findings
were correlated with histopathology. US demonstrated su-
perior sensitivity (96% vs 64% for CT) but lower speci-
ficity for nephrocalcinosis (85% vs 96%). More recently,
Cheidde et al (20) compared US, CT, and x-ray in 62
patients with nephrocalcinosis; however, interpretation
was limited by low inter- and intraobserver agreement.
Similar to the studies in rabbits and furosemide users,
our results suggest US is more sensitive than CT for the
evaluation of nephrocalcinosis. US appeared particularly
sensitive for mild to moderate nephrocalcinosis, as most
discordant scores were US grades 1 and 2 paired with
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negative CT studies. These findings suggest that early
nephrocalcinosis becomes visible on US prior to CT. This
is supported by observations in a subject with initially
normal studies, who went on to develop grade 1 nephro-
calcinosis on US that was not seen on CT. Longitudinal
studies are needed to investigate the radiological evolution
of nephrocalcinosis.

The physics underlying the inferiority of CT to detect
early of nephrocalcinosis is not entirely understood. De-
tection of calcification on CT requires sufficient density to
attenuate x-rays transiting the body. The density of cal-
cification early in the course of nephrocalcinosis may not
be sufficient for detection by CT. In contrast, US depends
on the ability of small reflectors, such as small calcific
aggregations with significant impedance mismatches to
normal tissue, to act as strong scatterers of ultrasound
waves, resulting in enhanced detection of the small cal-
cium deposits found in nephrocalcinosis (21).

There are several inherent study limitations. CT slice
thicknesses were not uniform between subjects. There was
greater agreement between US scores and thick-slice CT as
compared with thin-slice CT scores; however, the odds of
scoring lower on CT was not affected by slice thickness.
Conventional ultrasound transducers (2-4 MHz) opti-
mized for abdominal imaging were used in this study. It is
possible that higher frequency transducers (7-9 MHz)
may have resulted in a higher detection rate of nephrocal-
cinosis; however, it is not always possible to visualize the
kidneys with these higher frequency transducers. Higher-
frequency transducers resulted in lower specificity for US
compared with CT in 1 study (19). Finally, a central lim-
itation is the lack of a gold standard for diagnosis because
renal biopsies were not available to confirm the presence
or absence of nephrocalcinosis. For the purposes of this
study, the assumption was made that positive findings
were true positives in this high-risk population. However,
if US is less specific for nephrocalcinosis, as was reported
in the animal study by Cramer et al (19), cases seen on US
and not CT may represent false positives. That no nephro-
calcinosis was observed in controls argues against this pos-
sibility. Even if this were the case, for clinical management
purposes a more sensitive modality may be preferable to
one that is less sensitive but more specific, given that: 1)
nephrocalcinosis may stabilize or even reverse with im-
proved clinical management, and therefore, patients who
are undiagnosed lose the opportunity to prevent disease
progression; 2) treatment is conservative and involves op-
timizing therapy to avoid hypercalciuria, and thus, a false-
positive finding is unlikely to result in invasive or costly
interventions; and 3) US offers practical and safety bene-
fits over CT, including lack of ionizing radiation, lower
cost, and portability. The possibility of overdiagnosis by a
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potentially less sensitive imaging modality must thus be
weighed against the additional cost and risk associated
with CT.

In conclusion, ultrasound is superior to CT for the de-
tection of mild to moderate nephrocalcinosis in hypopara-
thyroidism. This finding is likely generalizable to other
diseases associated with nephrocalcinosis. Given its sug-
gested greater sensitivity, lack of radiation, portability,
and lower cost, US is the preferred modality for evaluation
of nephrocalcinosis.
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