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ABSTRACT

ackground: To evaluate agreement in reading dimercaptosuccinic acid (DMSA)
scintigrams and the potential reasons for disagreement.

Material: DMSA scintigramswereread by 4 observers. Consensusin reading was evalu-
ated and also compared to potential for the presence of kidney scars as projected by the
clinical conditions. These conditions excluded recent pyelonephritis. Two sets of DMSA
scintigrams were eval uated.

Result: In thefirst set of 59 kidneys, intrapersonal correlation ranged from 72 to 97%.
Agreement (by all 4 or 3 out of 4) readers asto defect grades and defect areaswasin 48/
59 kidneys = 81%. In the second set (i.e. after a session of discussion asto criteriain
reading defects) of 76 kidneys, agreement as to defect score, size and now including site
was 43/76 kidneys = 57%.

Conclusion: These suggest that the discussion was inadequate in depth that increasing
parametersin reading (i.e. the addition of site of defect on to defect scores and size of
defect) and low volume reading probably account for the lower agreement in the second
set of reading.

Key words: renal scar, scan defect, correlation, vesicoureteral reflux, Tc-99m,
defect score.

INTRODUCTION

DMSA (dimercaptosuccinic acid) is now
an accepted tracer for detecting varied ab-
normalities of the kidneys, particularly
renal parenchymal involvement in acute
pyelonephritis (UTI) and subsequent re-
nal scars, such asrelated to vesico-ureteral
reflux (VUR)®3. The ability to tag it with
Tc-99m facilitates its imaging which fur-
ther popularisesits use. As expected, with
subjectiveinterpretation of images, thisis
then followed by questioning the accuracy

and consistency in 'seeing' and ‘interpret-
ing' photon defects at varied anatomical
sites. Aside from a single study in pigs®
using histological scars in the kidney as
the gold standard, other reports on accu-
racy rests on inferior imaging devices for
scars such as ultrasound®, contrast pyel-
ography® or using the nephrographic
phase of contrast arteriography to delin-
eate normality(. As often, reliance was
placed on comparing correlations among
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readers®19. These gave conflicting results.
In two, there were a very high degree of
agreement® 9 while the other reported
widedifferencesdespiteasession at acon-
sensus. The reasons for observer differ-
ences may beintuitively guessed at: num-
ber of scintigraphic criteria [as discussed
by De Sadeleer et a.?], methods of ob-
taining the image [e.g. pinhole vs full or
partial SPECT®* ], and lack of proper
guidelines particularly among thelow vol-
ume readers. This latter rests on high
acquai ntancy with non-homogeneous pat-
tern seen on normal kidneys'” and or be-
ing able to compare the result to a gold
standard, which in human is non-existent.

At our unit, weread DM SA scan for evalu-
ating kidney scar. Potentials for incorrect
and inconsistent reading of DMSA scan
come from what were written above
namely: no consensus, low volume, no
repeated study to allow evaluating appear-
ance or disappearance of defects and no
reference towards a gold standard.

The aim of this study was to determine
variability (Intra and interpersonal varia-
tion) in the interpretation of DM SA scin-
tigraphy among 4 observers with differ-
ent level of experiences, before and after
"exchangeof criteria’ wherethe exchange
consisted of discussing criteriasfor accept-
ing defectsasbeing pathological in DM SA
scan.

MATERIAL AND METHODS

Study Design: Four observersat our insti-
tution, 3 are nuclear medicine physicians
(1 of whom read scintigram only occasion-
aly) and 1 pediatric nephrologist were
asked to read and report two sets of Tc-
99m-DM SA scintigraphic study selected
independently. Theoriginal request for and
the report on each scintigram were only

used to select the casesfor review and were
not available to the observer. All patients
had been imaged in the same ingtitution
and the datawere displayed in the uniform

way.
Patient selection

The first set consisted of 30 patients. No
attempt was made to select studies on the
basis of technical quality. Most patients
were sent for investigation by the pediat-
ric nephrologist as part of afollow-up of
vesicoureterd reflux (VUR). Among these
patients, urinary tract infection (UTI) had
to be absent for at |east 6 months. Few had
recurrent UTI. Others were investigated
for anatomical abnormalities of the kid-
ney and a few were kidney donors. The
second set of scintigrams consisted of 38
cases, also randomly selected. Four were
repeats from the first set. All cases were
masked to the observers.

Imaging and interpretation

Patients were imaged on adigital gamma
camera computer system equipped with a
low-energy, high-resolution collimator
(Toshiba GCA-901 A/HG). The images
were obtained 2 hours after intravenous
injection of Tc-99m-DMSA. The adult
dose was 111-185 MBq (3-5 mCi); the
doses administered to children were re-
duced to 0.05-0.1 mCi/kg. Planar anterior,
posterior and laterally right and left pos-
terior oblique images of both kidneys
(800k-1,000k countsin a512 x 512 ma-
trix) were obtained. The images were
stored in the computer such that they can
be read off the screen with all the atten-
dant image enhancement and magnifica-
tion.

To be certain that the reading was of simi-
lar format, we agreed on these definitions.
A DM SA scintigraphic defect was defined
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asrelativedecreasein radioactivity at sites
different from normal. The defects had to
be scored asto site and severity along the
lineof aformat reported by Lagunaet al.*?
Thegradingswere: grade 0, normal; grade
1, equivocal to dlight; grade 2, moderate
defect; grade 3 severe reduction in activ-
ity, and grade 4, practically absent uptake.

The images from the first set of patients
[30 cases and 59 kidneys (one of the pa-
tients had a single kidney)] were evalu-
ated by the 4 observers independently.
Each observer had to record the grade of
the defect and the area involved twice,
several days apart. From these,
intraobserver correlation and interobserver
variation were calculated. After that, the
4 observers al read most of images to-
gether and exchanged their criteria for
scoring.

Within two months of thefirst reading, the
second set of DM SA scan was separately
recorded by the same 4 observers. At this
time, additional data on the isotopic den-
sity of each kidney was provided to cir-
cumvent potential error from eyeballing
or averaging the gray or colored images.
Also, aside from the defect score and its
approximate size, they had to record the
defect location relying on the posterior
view of the kidney, e.g. upper, middle or
lower and each further divided into lateral ,
central or medial portions.

Data analysis

The gradings (defect score) and extent of
involvement (site and sizein terms of per
cent whole kidney) for each kidney were
summarized, averaged and tabulated for
each reader without a prior knowledge of
the patient.

Agreement on the interpretation of each
kidney scintigram were divided thus: 4:0

implied that all 4 agreed; 3:1 implied one
differed; 2:2implied 2 pairs, each pair had
defect scores differing by at least 1 grade;
and"all" disagreedimplied that 3or 4 dis-
agreed from one another (e.g. defect scores
of 0, 0, 1.5, 3.0 for each of the four read-
ers). Defect scores that differed by less
than 1 was considered equivaent. A de-
fect with an areaof 5% or lessof thewhole
kidney was considered inconsequential.
Correlations were calculated in percent-

ages.

The scoring for concordance in the sec-
ond set was made more strict in that the
defect score, the size of the defect and the
site had to match. Absolute difference in
defect area cannot exceed 20%. The site
had to be in the same upper, middle or
lower part of the kidney although it can
differ dightly whether it is medial, cen-
tral or lateral. For example, defectsof 1.0-
1.8 among 3 readerswere accepted assimi-
lar if the sizes of defects were 10%, 25%
and 30%, and all werein the upper half of
that kidney.

The decision with regards to agreement
was made by one reader (TY). The result
was partitioned into the varied concor-
dances according to the defect scores and
accompanying diseases (not known until
after the table was constructed).

The probability of having scarson the kid-
neyswasjudged from theclinical diagno-
sis for each kidney. The possibility was
predicted by the clinical nephrologist
(PV). Hence we have 4 subdivisions with
regards to kidney scar: no scars (N); pos-
sibly no scar (PN) was judged from those
with previous UTI or with contralateral
VUR; probable scar (PS) was assumed
among thosewith grade 1-2 VUR, or with
neurogenic bladder or recurrent UTI;
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lastly, the definite scar (S) included those
with dilated VUR (grade 3-5), duplex kid-
ney, post partia nephrectomy or hydro-
nephrosis and the one patient with ileal
conduit.

RESULTS

Themedian ageat DM SA scintigraphy for
all patients in the first set was 4.0 years
(range 3 months-13 years) and in the sec-
ond set thiswas 9.1 years (range 2 months-
41 years). The 5 kidney donorswere 22 to
41 yearsold.

Inthefirst group of 59 kidneysin 30 sub-
jects, there were 4 subjects with UTI, 8
kidneys with non-dilated VUR (grade 1-
2), 29 kidneyswith dilated VUR (grade 3-
5), 12 normal kidneys with contralateral
VUR, one subject had aduplex kidney and
partial nephrectomy.

In the second group of 76 kidneysin 38
subjects, there were 5 kidney donors, 6
subjects with previous cystitis or UTI, 13
kidneyswith non-dilated VUR (4 subjects
had involvement of both kidney), 19 kid-
neys with dilated VUR (5 subjects had
involvement of both kidneys), 12 normal
kidneys with contralateral VUR. The re-
mainder included one with neurogenic
bladder, one with an ileal conduit and 3
subjects with duplex kidneys. Among
those with duplex kidneys, one had a50%
right heminephrectomy. Contrast pyelo-
gram showed asmaller right kidney. M ost
read that the DM SA scintigram of theright
kidney showed scar at the upper pole in-
volving 12% of the kidney area. The scin-
tigram of theleft kidney wasread as show-
ing low defect score averaging 6% of the
kidney. Another of the duplex kidney had
bilateral heminephrectomy also 50% each.
The pyelogram from this showed sightly
reduce kidney size, left not different from

right. All readers disagreed on the scinti-
graphic defects of both kidney varying
from grade O to 3 but occupying areas of
10% or less.

In the first set, the intrapersonal correla
tion was 90, 95, 72 and 97%. The lowest
correlation was from the pediatric neph-
rologist, thiswas her first exposureto read-
ing scintigrams. Table 1 shows the result
fromthefirst reading. Thetotal agreement
in 26 kidneys among the 4 readers (4:0)
could be further subdivided into an agree-
ment that there were no scar (defect score
= 0) and an agreement that there were
marked scarring occupying an average of
over half the kidney (average area 56%).
Inthe next rows, themgjority agreed (3:1)
that no defect existed in 17 kidneys, the
dissenter was the only one seeing signifi-
cant scar (1.6 defect score) and averaging
nearly afifth of the kidney shadow (19%).
In the other five of the 3:1 agreement, the
difference was in the degree of severity,
the average absolute differencewas 1.3 +
0.3 (i.e. the difference in defect score be-
tween the 3 readers versus the one reader
independent of thearithmetic sign) and the
dissenter gave higher scores than the ma-
jority in 4 out of the 5 readings.

From the table, one calculated the inter-
personal agreement as 44%, 37%, 7% and
12% for the 4.0, 3:1, 2:2 and no agree-
ment respectively. Note aswell that there
appeared to be very little relationship be-
tween potential scars on the kidney ver-
sus the defect score given by the majority
of the readers.

The result from the interpretations of
DM SA scan from the second set are sum-
marized in table 2. Similar to the first set,
total agreement in 24 kidneys were either
because they wereread as no scar (14 kid-
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Table 1 Results of 4-observer reporting of DMSA scintigraphy (first set)

Agreement N Defect Area Potential scar

Kidney (subject) (Score) (%) N PN PS S

4:0 21(13) 0 0 - 9 4 8
5(5) 27+0.9 56 + 29 1 - 4

3:1 17(12) Ovsl6+04 19+8 - 3 3 11
5(5) 23+04 32+8vs38+16 - 1 1 3

vs3.2+0.7

2:2 3(3) Ovs20+0.3 33+15 - 2 - 1
1(2) 25vs3.7 38vs40 - - - 1

All 7(6) - - 1 1 1 4

Legend to table 1. N refers to number of kidneys (number subjects contributing towards these
kidneys). [ NB. The numbers of subjects in the brackets together will be greater than the real
number studied since these are not mutually exclusive]. Defect score represents the average
defect + SD. Area represents the percentage of the kidney size that was judged to be occupied
by the defect.

The abbreviation for potential scars according to the clinical conditionsare: N = no scar, PN
= possible no scar, PS= probable scar, S= high probability of having kidney scar.

There were 2 subdivisions to the 4 :0, and 3:1 agreement depending on whether the average
reading of the defect suggests no defect (score = 0) or definite defect (score> 1).(eg. for the
3:1,0vs.1.6 impliesthat 3 read as no defect but the one who read different saw significant
defectsin all the 17 kidneys).

Table 2 Results of 4-observer reporting of DMSA scintigraphy (second set)

Agreement N Defect Area Potential scar

Kidney (subject) (Score) (%) N PN PS S

4:0 14(11) 0 0 1 3 6 4
10(8) 27+0.7 29+ 15 - - 1 9

3:1 15(14) Ovs14+0.6 Ovs20+ 23 6 4 2 3
4(3) 1.8+0.7 14+8 1 - - 3

vs0.3+ 0.5 vs3+6

2:2 18(14) 1.5+0.5vs0 15+ 8vs0 4 5 6 3
All 15(12) - - 2 5 3 5

Legend similar to table 1.
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neys with zero defect score) or heavily
scarred (2.7 defect score occupying 29%
of the kidney area). In thislatter the clini-
cal predictions tallied with the defect
scoresin that 9 was expected to show defi-
nite scar because of the dilated VUR.

The next 2 rows summarize the category
wheretherewasadiscordant reader. Inthe
first of these (15 kidneys in 14 subjects),
the majority read as showing no defect
whilethe dissenter read defects averaging
1.4 + 0.6 with an area of 20 + 23% (the
size of the area suggested that the differ-
ence was unlikely to be a misread by
chance). A clinical assessment suggested
that in 6 kidneys out of the 15, therewasa
low likelihood of having scars. It should
be pointed out that a single reader (TY)
accounted for 11 of the 15 differences. In
contrast to the preceding, the next row
shows that in 3 out of the 4 kidneys, the
dissenting reader observed no defect while
the mgjority averaged the defect at 1.8 +
0.7 with an average area for scar of 14 +
8% (14% area comprised a seventh of the
area of the kidney). Clinically, most of
these kidneys should be scarred.

The next portion of the table (2:2) shows
differences between 2 pairs of readers
where one pair saw no defect while the
other pair gave an average score for the
defect as 1.5. Note as well that the dis-
senter in the previous 3:1 agreement was
alsointhepair that consistently read scars.
The clinical estimation of scars did not
help to decide the probability asto which
pair of readers was more likely to be cor-
rect. Lastly, in 15 kidneys, al or 3 out of 4
read differently.

Fromthistable, it is seen that interpersonal
agreement is now 32%, 25%, 24%, and
20% respectively, ranging fromfull agree-
ment (4.0) to all disagreed (all).

DISCUSSION

We attempted to answer whether low vol-
ume operators (our nuclear medicine staff)
and non-experienced readers would be
able to agree on the reading of scars (de-
fects) in DM SA scintigrams, and whether
following ashort exchange of criterias, the
agreement can beimproved. The data used
were retrospective records from patients
where the mgjority were investigated be-
cause of VUR and where 33 out of 59 (set
1) and 27 out of the 76 (set 2) kidneyshad
high probability of scars. Farnsworth et
al.® showed results suggesting correlation
between presence of DMSA scar and se-
verity of VUR. Theresultsasseenintable
1 and 2 were disappointing but not unex-
pected in that neither the agreement among
the 4 readers improved following a dia-
logue (despite an intrapersonal agreement
of greater 90% in 3 out of 4 readers) nor
did the reading of scarstally with the dis-
ease process. Surprisingly, given the com-
position of our reader, thisresult parallels
that of Gacinovic et al.® using 7 observ-
ers and exact same 32 scintigrams for the
first and second readings 6 months apart
and al so interspersed by aconsensus. Fur-
ther more, they were ableto show that one
of the2who 'over-read’ and 1 of the2who
‘under-read’ persisted in the pattern of their
scoringsin the second attempt, very simi-
lar to one of uswho often over-detect scars
on DM SA scintigrams. These results are
in marked contrast to the report of Craig
et a.® In that report, 2 very experienced
readers showed very high degree of match-
ing in 882 pediatric kidneys where there
were about 50 moderately severe defects
(by DMSA). Disagreement (they scored
their defects as we did) was seen in only
0.7%. De Sadeleer et al .9 utilised 42 read-
erswho were alowed only 4 options; nor-
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mal, abnormal, equivocal and lack of qual-
ity, but no account was made asto site nor
size. They reported that 90% or more of
the readers agreed in the given optionsin
78 out of apossible 98 kidneys. Thesewere
patients investigated for acute pyelone-
phritis. They commented that agreement
depended also on the number of criteria
used for theinterpretation eg. grades, site,
Size etc. of defects.

From the present data and review of lit-
erature, we wish to make the following
comments and suggestions as to ways to
improve accuracy and consistency in read-
ing and interpreting scars in kidneys by
DM SA scintigraphy. Thismay also berel-
evant in post-grad training.

1. Carefully arrived at a consensus of
normal DM SA scintigraphy@3,
Note that the appearances of cut off
or hypoactive poles were reported
as uncommon.

2. Itisworth noting that Gordon et
al.® showed that injected DM SA
in kidneys reach a plateau at 6
hours while most nuclear physi-
cians agreed on a 3 hours image
after intravenous introduction of
the agent®. We did oursin 2 hours.
Would timing after injection made
any difference in accentuating or
attenuating photon deficient areas?.
Mandell et al.® suggested collect-
ing delayed-images in certain
instances.

3. Would the technic of imaging
increase its resolution and hence
alow better recognition of photon
defects?. As stated, Rossleigh et
al.® found that pinhole collimator
was highly accurate when the gold
standard was macroscopic experi-
mentally-induced kidney scar in
pigs. (out of 24 possible scars, the
imaging by pin-hole collimator
detected 23, while planar parallel
holes and SPECT picked up only
19 and 18 respectively). Other
consensus?® also made similar
suggestion but baulked at the
acquisition time as being too long.
Peng et al.™Y suggested that SPECT
may provide better delineation and
if so, then 180° posterior would be
better than the 180° anterior
(because of abdominal attenuation)
or 360° rotation. Such manouver
may reduce the apperances of
'hypoactive' upper poles.

4. Wethink that the advice on not
using color enhancement@? is
worth investigating. We also think
that reading the scan by using a
format for scoring the defect® and
denating size and site would ensure
better commitment and subsequent
re-evaluation.
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