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Renal length measurements are used in evaluating several
abnormalities of the pediatric genitourinary tract. This study
assesses reproducibility of renal length measurements obtained
with 99mTc—dimercaptosuccinic acid (DMSA) SPECT. Methods:
The lengths of 98 kidneys of 51 children (age range, 1-16 vy;
mean age, 5.4 y) who underwent °°"Tc-DMSA SPECT were
measured independently by 2 observers. Renal length was
calculated by converting pixels between points at the superior
and inferior renal margins on a summated coronal image to
centimeters. Lengths were measured for kidneys as they ap-
peared in situ and after realignment along their long axes.
SPECT reconstruction, choice of display parameters, positioning
of points used for measuring, and alignment were performed
independently by each observer. Interobserver variability, interob-
server correlation, and mean differences between observers’
measurements (expressed as measurement of observer 2 —
measurement of observer 1) were calculated. Results: Correla-
tion between the observers’ measurements was highly significant
for both nonaligned and aligned studies (r = 0.95 and 0.97,
respectively; both, P < 0.0001). Interobserver variability ex-
pressed as 1 SD was 3.6 mm for nonaligned studies and 2.8 mm
for aligned studies. The mean difference between the 2 observ-
ers’ measurements for nonaligned studies was 2.0 £ 4.8 mm
(P < 0.0001) with a range of —11 to 14 mm. For aligned studies
the mean difference between the 2 observers’ measurements
was —0.1 = 4.0 mm (P = 0.88) with a range of —20 to 10 mm.
Differences between observers were not dependent on absolute
renal length (P = 0.68 for nonaligned studies; P = 0.40 for
aligned studies). Conclusion: The variability in renal length
measurements determined by 9°mTc-DMSA SPECT is similar to
that reported previously using sonography. Because the interob-
server differences in renal length are similar to annual renal
growth rates during childhood, caution should be applied when
incorporating renal length measurements determined by %°mTc-
DMSA SPECT into management algorithms. Additional studies
are required to further establish interobserver variability, to
assess intraobserver variability, and to evaluate means of improv-
ing standardization.
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Assessment of renal size is used in the evaluation of
several abnormalities of the pediatric genitourinary trakt (
Sequential measurements of renal length as a child grows
are used to determine if renal growth has been appropriate.
Measurements of renal length in a child of a given age or
overall body size (or both) are compared with the renal
length that is predicted by standard nomogrargsé.
Sonography is the imaging modality most commonly used
for this purpose, although limitations and pitfalls of sono-
graphically determining renal length are well recognizéd (
99mTc—dimercaptosuccinic acid (DMSA) scintigraphy has
assumed an important role in the evaluation of pediatric
genitourinary abnormalities?®™Tc-DMSA scintigraphy is
used primarily to detect cortical abnormalities, for which
purpose SPECT is more sensitive than planar imadgi@,(
and to assess differential renal functi@Tc-DMSA scin-
tigraphy can also provide renal size measurements, but little
is known about the reliability of such measurements. This
study assesses the reproducibility of renal length measure-
ments obtained witPTc-DMSA SPECT.

MATERIALS AND METHODS

A retrospective study was performed using 51 studies of 51
consecutively referred children (30 females, 21 males) who had
99"Tc-DMSA scintigraphy with SPECT during a 3-mo period at our
institution. The mean age was 5.4y (range, 1-16 y). The absence of
patients younger than 12 mo of age reflects a decision that we have
made at our institution to perform pinhole imaging rather than
SPECT in such patients on the basis of limitations in resolution
related to the proximity with which the heads of our triple-detector
gamma camera approach small children. A total of 98 kidneys were
studied (only 1 kidney was visualized in 4 cases).

All children received a weight-adjusted dose %8fTc-DMSA
intravenously (1.85 MBqg/kg). SPECT was perfoané h after
injection using a Multispect 3 system (Gamma Sonics; Siemens
Medical Systems, Hoffman Estates, IL) equipped with an ultrahigh-
resolution collimator. Images were acquired on a 128128
matrix. A noncircular 360° orbit with 120 stops (40 stops per
detector) was used. A Butterworth filter was used (0.3-0.35
cycle/cm cutoff frequency).

For renal length measurement, the tips of the superior and
inferior poles of each kidney were defined manually on the basis of
visual inspection of summated coronal SPECT images. The pixel
distance between these 2 points was automatically calculated and
converted to centimeters using a calibration factor determined for
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the gamma camera. Measurement was performed for each kidifey= 0.88) with a range of-20 to 10 mm. Bland and Altman
as it appeared in its anatomic position (Figs. 1A and B). A separgifots (L1) are presented in Figure 2. Slope tests based on linear
measurement was performed for each kidney after computeggression indicated that differences between observers were not

assisted alignment pf the kidney along its long axis (Figs. 1C araépendem on absolute renal length= 0.68 for nonaligned
D). Two observers independently performed all steps involved Budies:P = 040 for aligned studies). Renal length measure-
renal measurement and realignment. They were unaware of eac% !

) ments increased significantli? (< 0.0001) for both observers
other’s results.

Interobserver variability, interobserver correlation, and mean di1"fe¥'\-’hen studies were aligned with 1 observer recording a mean

ences between observers' measurements (expressed as measuren{Bg{8fS€ 0f 5.3 mm and the other a mean increase of 3.2 mm. The
observer 2— measurement of observer 1) were calculated. Pears@@$ults are summarized in Table 1.

coefficients ) were calculated to evaluate the interobserver correlation

for nonaligned and aligned studies. Paitadsts were used to assesDISCUSSION

differences between observers and between methods. The 95% confly icio s clinical use of a length measured by an imaging
dence intervals for interobserver differences were determined by %he

Student distribution (L0). The Bland and Altman method) was used est treqwres unde_rst:f'all_r:dlng t::te df_fegrteteh t(: which meaSL![re-
to determine whether differences between observers were dependeﬁ«p&ﬁ1 error or variability mignt aftect that measurement.

absolute renal length for nonaligned and aligned studies. StatistE4P™ @ clinical standpoint, interobserver variability and
analysis was performed using version 9.0 of the SPSS software pack&an interobserver difference in measurements are more
(SPSS Inc., Chicago, IL). Analysis was conducted on measurement§iganingful gauges of interobserver reproducibility than is
98 kidneys for nonaligned studies and measurements of 97 studiesifierobserver correlation, which can be high even when
aligned studies. The lower number of kidneys aligned reflects the fasterobserver agreement is pod@dy,
that 1 observer found 1 kidney to be too poorly visualized to be aligned Interobserver variability and mean interobserver differ-
accurately. ence in renal length measurements of children must be
considered in the context of expected annual renal growth
RESULTS during childhood. Renal growth rates of 1-1.5 mm/mo
Correlation between observers was highly significant for botturing the first year of life and 2-4 mm/y thereafter until
nonaligned and aligned studigs< 0.95 and 0.97, respectively; puberty have been described usfgTc-DMSA scintigra-
both,P < 0.0001). Interobserver variability, expressed as 1 Sphy (12) and sonography5j. With this as a frame of
was 3.6 mm for nonaligned studies and 2.8 mm for alignedference, the interobserver variability of 3.6 mm for
studies. The smaller variability for aligned studies compared wittonaligned studies and 2.8 mm for aligned studies as well as
nonaligned studies was statistically significat 0.004). The the mean difference(SD) between observers’ measure-
mean difference between the 2 observers’ measurementsnfants of 2.0+ 4.8 mm for nonaligned studies and of Gt1
nonaligned studies was 2#04.8 mm P < 0.0001) witharange 4.0 mm for aligned studies can be considered sizable.
of —11 to 14 mm. For aligned studies the mean differendeailure of a kidney to grow for 2-3 y could easily go
between the 2 observers’ measurements w4 = 4.0 mm undetected if one were to use limits equal to 2 SDs (95%

B“
FIGURE 1. Renallength measurements

D
using coronal SPECT displayed as poste-
rior projection. On nonaligned study, ob-
server 1 recorded length measurements
of 80 mm for left kidney and 70 mm for
right kidney (A), whereas observer 2 re-
corded measurements of 82 mm for left
kidney and 71 mm for right kidney (B).
After alignment of left kidney along its long

axis, observer 1 (C) and observer 2 (D)
both measured kidney as being 83 mm in
length.
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FIGURE 2.

Difference between observers’ measurements plot-

ted against mean of measurements for nonaligned (A) and
aligned (B) studies. For each plot, solid line represents mean
interobserver difference, and dashed lines indicate 95% confi-

dence interval for individual studies.

differences between 2 renal length measurements performed
on the same kidney by 2 sonologists ranged from 387
2.39 mm to 5.49t 3.27 mm. Sargent and Wilsot4) found

that the mean difference=SD) of 2 renal length measure-
ments performed by 2 sonologists ranged from (t24.81

mm to 0.96+ 3.95 mm for kidneys considered as normal
and from 0.39*+ 6.6 mm to 1.83+ 6.58 mm for kidneys
considered as abnormal. The magnitude of the differences
between measurements obtained by 2 sonologists in a series
of Carrico et al. {5) ranged from 3.1 to 3.6 mm.

This study does not assess the precision of renal length
measurements witi"Tc-DMSA SPECT. In animal models,
measurement by°"Tc-DMSA planar imaging has been
shown to overestimate actual renal length despite the
foreshortened appearance of the kidneys associated with
their anatomic tilt that would be expected on anterior or
posterior images. Wallin et alL§) reported that renal length
in piglets was overestimated by 1.7% compared with
measurements of excised kidneys and by 3.9% compared
with measurements of in vivo kidneys. Rossleigh et ) (
found that renal length measuremen?#yTc-DMSA planar
imaging was higher by 6% than was measurement on
pathologic examination. Scintigraphic measurements using
SPECT on a kidney phantom have overestimated length by
5% (16). In contrast, animal models have shown sonography
to underestimate renal length by as much as 22%1Q.

This indicates a potential pitfall in comparing renal length
determined sonographically with renal length measured by
99MTc-DMSA scintigraphy.

The establishment of standard nomograms for kidney
length on the basis of*"Tc-DMSA SPECT is also not
addressed by this study. We doubt that valid standard
nomograms are likely to be developed usigTc-DMSA
scintigraphy. Performingf™Tc-DMSA scintigraphy on chil-
dren without known or suspected genitourinary abnormali-
ties to obtain a normal database is not justifiable from an
ethical standpoint. The use of kidneys contralateral to
kidneys with a known or suspected abnormality is not

confidence interval) of the interobserver variability anduitable for establishing norms because growth alterations of

differences reported here.

a kidney contralateral to a kidney affected by genitourinary

Limited reproducibility of renal length measurements hasathology is a well-known occurrence. Derivation of nomo-
also been reported using sonography. Schlesinger &t3)l. (grams from9"Tc-DMSA studies interpreted as normal in
reported that the mean=SD) of the absolute values of thechildren being evaluated for suspected renal disease is 1

TABLE 1
Summary of Results
Kidneys Nonaligned Aligned

Number 98
Mean length = 1 SD (mm)

Observer 1 784 +15.0 83.7 +15.3

Observer 2 80.4 =152 83.6 =156
Interobserver correlation 0.95 0.97
Mean interobserver variability = 1 SD (mm) 3.6 2.8
Mean interobserver difference = 1 SD

(mm) 20+48 -01*40

strategy that has been applied with planar imagih§).(
Although this is probably the most suitable alternative, it is
subject to error because of renal damage that is below the
resolution of scintigraphy or below the interpretive thresh-
old of the individuals evaluating the studies. Standard
nomograms derived from sonograpt®~) are not directly
applicable to measurements obtained WARTc-DMSA
scintigraphy because of the factors discussed above regard-
ing precision. Standard nomograms derived from intrave-
nous urography20) are also not directly applicable to renal
length measurements determined $§Tc-DMSA SPECT
because numerous factors, particularly increase in renal size
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associated with the osmotic effect of iodinated contragsed for length assessment rather than perform the steps de-
agents, affect renal length measurement by intravenaesibed and suggested here.
urography. Any standard nomogram reflects the norms only
for the population for which it was derived and may not be
appropriate for use in individuals of different ethnicityCONCLUSION
different geographic location, or different socioeconomic Interobserver differences in measurement of renal length
status. This problem has been encountered using standaitth °"Tc-DMSA SPECT are similar to those that have
nomograms derived from sonography).(An additional been reported previously for sonographically determined
problem regarding nomograms of renal length in childrernal length measurements. Interobserver differences im-
relates to the expected yearly growth of kidneys and tlp@se significant limitations on the use of sequential renal
wide variation of renal lengths encountered in norma¢éngth measurements in evaluating renal growth during
children. Using a conventional normal range of 2 SDs, thehildhood. Additional studies are required to further estab-
same kidney size can be considered normal across a rangksbfinterobserver variability, to assess intraobserver variabil-
6 or more years with 1 widely used nomogran ( ity, and to evaluate means of improving standardization.

These findings suggest that sequential measurements basedmly with such studies can the appropriateness of assessing
9mTc-DMSA SPECT are likely to be more meaningful for dongitudinal renal growth witli°"Tc-DMSA SPECT during
particular patient than is a single measurement at any given agjeldhood be determined.
Therefore, improving reproducibility of renal length measure-
ments may be more important than assessing their precision OrFERENCES
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