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Application of the Kaiser score by MRI in patients with breast lesions by
ultrasound and mammography

Qibin Wang

Fengli Fu AILEERTS , , , -
This study aimed to verify whether the use of the Kaiser score can improve the diagnostic per-

Yao Chen formance in breast magnetic resonance imaging (MRI) for suspicious lesions and avoid further
DiVYa ng invasive diagnostic approaches.

Jianjun Zhang METHODS

Huajun Yu This retrospective study enrolled 97 patients who underwent breast MRI before undergoing
. breast biopsy or surgery. Evaluations were conducted on all MRl images individually by 2 radiolo-
Lina Su gists using the Kaiser score. Neither radiologist had the knowledge of the final histopathological
diagnosis. The ability of the Kaiser score in diagnosis was established via a receiver perform-
ing characteristic (ROC) analysis, which was measured by the area under the ROC curve (AUC).
Youden index was used to define the optimal cutoff value. Kaiser score categories were dichoto-
mized into positive (cutoff score > 4) and negative scores (cutoff score < 4). Cohen'’s kappa coef-

ficient was used to analyze the inter-rater agreement.

RESULTS

Histopathology revealed 56 malignant and 41 benign lesions. The AUC for all lesions evaluated
by the Kaiser score was 0.992 (95% Cl: 0.981-1.0) and 0.958 (95% Cl: 0.920-0.996) for 2 radiologjists,
respectively. Inter-rater agreement of the dichotomized Kaiser score was excellent (k=0.894,
P < .001). A total of 20 lesions (33.8%) previously categorized as BI-RADS 4 were reduced to
BI-RADS 2/3 (19 benign lesions and 1 malignant lesion).

CONCLUSION

The Kaiser score is a valuable auxiliary diagnostic tool for improving the diagnostic ability of
radiologists, whose experiences in breast MRI are diverse. In some cases, the application of the
Kaiser score could possibly avoid unnecessary breast biopsies.

reast magnetic resonance imaging (MRI) has been proven as a considerable assis-
tant method when clinical and routine imaging examinations (mammography and
ultrasound) cannot completely solve the diagnostic task of confirming or excluding
malignant breast lesions.” Solving the problem depends on the negative predictive value
(NPV) of breast MRI.> A meta-analysis performed by Bennani-Baiti et al.* reported a sensitiv-
ity of 99% with a high NPV of 100% for the evaluation of non-calcified equivocal findings.
For example, asymmetry in mammography, visible only in one view, in which a negative
finding of breast MRI can effectively exclude malignancy.®”
However, a variety of MRI protocol and different criteria for interpretation may result in
an increase in the false-positive rate.®'¢ In order to facilitate the interpretation, the Breast
From the Department of Radiology Imaging Reporting and Data System (BI-RADS)' is developed to become a structured
(LS. suln13@163.com), Zhejiang Hospital, report for breast imaging (mammography, ultrasound, and breast MRI). It provides a lexicon
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of descriptors to ensure effective and unified communication between the radiologist and
Received 31 January 2021; revision requested 23 March  other physicians in the decision-making and management of breast lesions.'®'® However,
5851 last revision received 1 July 2021; accepted 7July v ot a clear classification system such as a flowchart, the clinical use of BI-RADS to con-
firm or exclude malignant breast lesions on breast MRI is still challenging, especially for
younger radiologists. Thus, with the intention of improving this issue, a definitive classifica-
DOI: 10.5152/dir.2022.201075 tion system combined with BI-RADS is needed.
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Kaiser score is such a classification system
in the form of a flowchart.’?' It is based on
the lesion’s morphology, enhancement
pattern, apparent diffusion coefficient
(ADC) value, as well as the presence of
micro-calcifications (if available).?? The final
score can result in corresponding BI-RADS
category with management recommen-
dation. Previous studies®®*???* have inves-
tigated the role of the scoring system in
distinguishing benign from malignant
lesions on breast MRI; however, these stud-
ies did not include the optional moderators
such as suspicious mammographic micro-
calcifications and high ADC value.

Therefore, this study aimed to verify
whether the additional use of the Kaiser
score (with optional moderators) can
improve the diagnostic performance in
breast MRI for suspicious lesions and avoid
superfluous breast biopsies.

Methods

Study population and reference standard

The Ethics Committee at Zhejiang
Hospital approved this study (approval
no.:2019 11K), waiving informed consent
because of its retrospective nature. From
April 2018 to February 2020, 97 patients
with suspicious lesions on mammogra-
phy or ultrasonography (BI-RADS 4-5) on
the institutional database were enrolled.
These patients underwent breast MRI
before undergoing percutaneous breast
biopsy or surgery.

Histopathological diagnosis was car-
ried out by professional and skilled breast
pathologists by means of percutaneous
biopsy or open surgery and it was consid-
ered the reference standard.

Breast MRI protocol

All breast MRI were carried out on a 3.0T
Simens Skyra scanner. A bilateral, dedi-
cated, 16-channel phased-array breast coil

- Kaiser score is a flowchart for diagnos-
ing breast lesions on magnetic reso-
nance imaging.

- Kaiser score shows excellent inter-rater
agreement in the characterization of
breast lesions.

- In some cases, applying the Kaiser
score possibly could avoid unnecessary

breast biopsies.

was used. Standard imaging was carried out
as well, including 4 sequences as follows: (1)
an axial, fast spin-echo T1-weighted imag-
ing sequence, after generating the image
of a bilateral lateral localizer; (2) an axial
T2-weighted turbo inversion recovery mag-
nitude (T2 TIRM) sequence; (3) an axial reg-
ular diffusion-weighted imaging sequence,
with b values of 0 and 1000 s/mm?; (4) 29
phases of dynamic contrast-enhanced
T1-weighted images were obtained. A
high-pressure syringe was employed to
deliver gadolinium-diethylenetriaminepen-
taacetic acid (Gd-DTPA, Magnevist) through
the antecubital vein using a high-pressure
injector (0.2 mmol/kg of body weight at 3
mL/s), followed by a 20 mL saline flush. The
detailed parameters are shown in Table 1.

Image analysis

All MRI images were assessed retrospec-
tively by 2 radiologists individually using
the fifth edition of BI-RADS' and the Kaiser
score,’ which was previously called the
tree flowchart. R1 represents the radiolo-
gist with 10 years of experience and R2 is
the radiologist with 4 years of experience.
Neither radiologists had the knowledge of
the final histopathological diagnosis. The
suspicious lesion with a histopathological
analysis was noted in advance so that each
radiologist analyzed the same lesion.

According to malignant probability, the
final BI-RADS results were scored as 3, 4,
or 5, and 3 represents that the lesion prob-
ably is benign, where a short-term follow-
up is suggested, 4 represents that the lesion
is suspected to be abnormal and biopsy
is recommended, and 5 strongly suggests
that the lesion is malignant and biopsy is
recommended.'® Five criteria of morphol-
ogy and kinetics are edema, lesion margins,
root sign, contrast enhancement kinetics,

Table 1. Protocols of MRI sequences

and internal enhancement patterns. The
optional moderators should be consid-
ered: suspicious microcalcifications on
mammography should upgrade the Kaiser
scores by 2 points to avoid false-negative
ductal carcinoma in situ (DCIS) diagnoses’®;
high ADC values which are greater than
14 x 10 mm?/s should be regarded as
an additional for benign lesions,** which
may reduce the Kaiser score by 4 points.
According to the above criteria, the Kaiser
score ranges from 1 to 11, corresponding
to the increase of malignant probability
(Figure 1) and the final score can be trans-
lated into BI-RADS categories as follows:
1-4: minimal risk of breast cancer—BI-RADS
2/3; 5-7: intermediate risk of breast can-
cer—BI-RADS 4; 8-11: high risk of breast
cancer—BI-RADS 5.%°

Statistical analysis

All calculations are performed based on
each lesion. With the intention of establish-
ing the Kaiser score’s overall diagnostic fea-
sibility, a receiver operating characteristic
(ROC) analysis was carried out by measuring
the area under the ROC curve (AUC). Youden
index was used to define the optimal cutoff
value. Evaluations on the sensitivity, speci-
ficity, as well as positive and NPVs were con-
ducted. The Kaiser score categories were
dichotomized into positive (cutoff score >
4) and negative scores (cutoff score < 4).
Inter-rater agreement between the 2 expe-
rienced breast radiologists was analyzed by
Cohen'’s kappa coefficient. Values (k) were
interpreted as suggested: poor (k is less
than 0.20), fair (x ranges from 0.21 to 0.40),
moderate (k ranges from 0.41 to 0.60), good
(x ranges from 0.61 to 0.80), and excellent
(x is greater than 0.81).2 In our research,
Statistical Package for the Social Sciences
(version 22.0) was employed to perform the

TIWI T2TIRM DWI DCE-MRI
TR (ms) 260 3770 5410 4.5
TE (ms) 2.56 70 56 1.54
FOV (mm) 370 340 340 360
Slice thickness (mm) 4 4 5 4
Matrix size 512512 448 x 448 156 x 240 448 x 448
NEX 1 2 2 1
Acquisition time (s) 58 160 261 494

MRI, magnetic resonance imaging; T1WI, T1-weighted imaging; T2 TIRM, T2-weighted turbo inversion recovery
magnitude; DWI, diffusion-weighted imaging; DCE, dynamic contrast-enhanced; TR, repetition time; TE, echo time;
FOV, field of view; NEX, number of excitations.
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Kaiser score flowchart
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Figure 1. Kaiser score flowchart: The Kaiser score is assigned by following a simple flowchart from the top to the bottom, which lets the reader assign the

presence or absence of 4 diagnostic criteria.

statistical analysis. The P value indicates the
level of significance, if it is less than 0.05, the
difference is significant.

Results

A total of 97 lesions (maximum diameter
range, 0.5-8.3 cm) from 97 patients (mean
age, 48 + 10.7 years; age range, 25-74 years;
median age, 48 years) were included in our
study. Histopathology revealed 56 (57.7%)
malignant lesions and 41 (42.3%) benign
lesions. The malignant lesions consisted of 46
invasive ductal carcinomas, 3 invasive papil-
lary carcinomas, 1 medullary carcinoma, and
6 DCIS. The benign lesions consisted of 23
fibroadenomas, 13 breast adenosis, and 5
intraductal papilloma.

The Kaiser scores of the 97 lesions were
as follows: 1 (n=18),2 (n=12), 3 (n=3), 4
(n=6),5(n=3),6(n=3),7 (n=7),8 (h=6),
9(n=17),10 (n=8), and 11 (n=14). Kaiser
score was >4 in 58 patients (59.8%) and
<4 in 39 patients (40.2%).

Examples of the Kaiser score applications
are shown in Figures 2-4.

The AUC for all lesions evaluated by
the Kaiser score was 0.992 (95% Cl: 0.981-
1.0) and 0.958 (95% Cl: 0.920-0.996) for
R1 and R2, respectively (Figure 5). With a
cutoff of >4 determined by the maximum
Youden index (0.907), the Kaiser score

achieved a sensitivity and specificity of
0.980 and 0.927 for R1, 0.940 and 0.805 for
R2, respectively (Table 2).

Two readers independently read 97 con-
secutive cases and the value of k was 0.894,
with P < .001, meaning that the inter-rater
agreement between the 2 readers was
excellent.

The application of the Kaiser scoring sys-
tem changed the BI-RADS assignation of
53 lesions. Among them, 1 lesion previously
classified as BI-RADS 3 was upgraded to
BI-RADS 5 (final histology was invasive duc-
tal carcinoma); 29 lesions previously clas-
sified as BI-RADS 4 were raised to BIRADS
5, all the final histopathological diagnoses
showed malignancy; 20 lesions previously
classified as BI-RADS 4 were relegated to
BI-RADS 2/3, 19 of which proved to be
benign and 1 was confirmed to be malig-
nant; and 3 of them were relegated from
previous BI-RADS 5 to BI-RADS 4 (all proven
malignancy) (Table 3).

Discussion

The Kaiser score is a flowchart incorporat-
ing not only 5 criteria of morphology and
kinetics mentioned above but also optional
moderators (the presence of micro-cal-
cifications and ADC value) to distinguish
benign breast lesions from the malignant
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ones.'”?" DCIS lesions presented suspicious
microcalcifications on mammography may
be false negative on breast MRI.2 In this situ-
ation, the Kaiser scores should be upgraded
by 2 points to avoid false-negative DCIS
diagnoses.” In addition, high ADC values,
which are greater than 1.4 x 10 mm?/s,
as an optional moderator may reduce 4
points of the Kaiser score.* The result of
following the flowchart from the top to the
bottom is a diagnostic score, ranging from
1 to 11. It reflects an increase in the possi-
bility of malignancy. Then the correspond-
ing BI-RADS category is given with a clinical
decision.

According to ROC curve analysis, the
results of our study demonstrated that the
performance of Kaiser score was excellent
in diagnosing suspicious breast lesions,
even for the less-experienced radiologist
(AUC was 0.958). The results of this study
achieved higher diagnostic accuracy than
the previous studies.?** |n the study by
Woitek et al.* different MRI scans from a
variety of units and field strengths were
employed, which is likely to limit the ability
of Kaiser score in interpreting images and
is one potential reason why the AUC was
lower than our study. However, the differ-
ence in image quality of MRI scans shows
the consistency of the Kaiser score in clinical

Wang et al.
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Figure 2. a-f. Representative axial slices of T2-TIRM sequence (a), apparent diffusion coefficient (ADC) image (b), early (c) and (b), delayed (d) post-
contrast T1-weighted sequences, and signal-intensity time curve (e) and flowchart (f) are shown. A mass lesion presented with absent root sign, persistent
enhancement, circumscribed margin, and high ADC (2.5 x 10~ mm?/s), classified as Kaiser score 1. Pathological diagnosis revealed a fibroadenoma.

applications. Wengert et al.?? added a lot of
evidence and proposed the role of the Kaiser
score in solving BI-RADS 4 mammography
calcifications, and Maria et al?' showed
that tree flowchart is applicable not only to
masses but also to non-mass lesions.

“w

In our study, 20 lesions previously classi-
fied as BI-RADS 4 were relegated to BI-RADS
2/3, including 19 proven to be benign and
1 confirmed to be malignant. Based on
this result, the Kaiser score could avoid
some rate of unnecessary breast biopsies,

thereby reducing medical expense, physi-
cally uncomfortable of patients, as well as
the risk of negative influences resulting
from the invasive diagnostic approaches.
The false-negative result was further ana-
lyzed retrospectively. Because the lesion
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Figure 3. a-f. T2TIRM sequence (a), ADC image (b), early (c) and delayed (d) post-contrast T1-weighted sequences and signal-intensity time curve
(e) and flowchart (f) are shown. A mass lesion in the left breast of a 52-year-old female shows no root sign, a washout enhancement curve type, and
homogeneous internal enhancement that corresponds to a Kaiser score of 4. The patient requested surgery that revealed an intraductal papilloma.
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Figure 4. a-f. Representative axial slices of T2 TIRM sequence (a), ADC image (b), early (c) and delayed (d) post-contrast T1-weighted sequences, and
signal-intensity time curve (e) and flowchart (f) are shown. A mass lesion presented with root sign, plateau enhancement, diffuse ipsilateral edema and
was classified as Kaiser score 10. Pathological diagnosis revealed an invasive ductal carcinoma.
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Figure 5. Receiver-operating characteristic (ROC) curves of all lesions the Kaiser score.
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Table 2. Diagnostic parameters of the Kaiser score readings for each reader

R1

R2

Cutoff Sensitivity

Specificity

Sensitivity Specificity

>4 0.980

0.927

0.940 0.805

R1, radiologist with 10 years of experience; R2, radiologist with 4 years of experience.

Table 3. Summary of MRI reader BI-RADS and MRI Kaiser BI-RADS

MRI reader BI-RADS

MRI Kaiser BI-RADS

BI-RADS
allocations BI-RADS3  BI-RADS4  BI-RADS5 BI-RADS2/3 BI-RADS4  BI-RADS 5
Total lesions 20 59 18 39 13 45

BI-RADS, Breast Imaging-Reporting and Data System; MRI, magnetic resonance imaging.

was too small (with a diameter of 0.5 cm),
we had ignored its tiny root sign (Figure 6).
It should be noted that when the size of the
lesion is small, we need to observe more
carefully. Our findings revealed that apply-
ing a cutoff value <4 can exclude malig-
nancy to a large extent and produce a small
number of false-negative results (i.e., all
cases except 1 invasive ductal carcinoma,
as we ignored a slight root sign). As the
Kaiser score reflects an increased possibility
of malignancy, a positive MRI result (Kaiser
score >4) indicates that a repeat biopsy or

surgical biopsy may be needed even if the
first biopsy was negative, to make an early
diagnosis, early treatment, and improve the
prognosis.

Based on the Kaiser scoring system,
evaluations on the lesions were conducted
by 2 radiologists, whose experiences in
breast MRI were different. The value of k
was 0.894, with P < .001, meaning that the
inter-rater agreement between the 2 read-
ers was excellent. Our results demonstrated
a reduction of inter-rater variability related
to the experience of readers. That is, using

a standardized diagnostic algorithm, the
Kaiser score is easily applicable in breast
MRI and helpful to radiologists in differen-
tiating benign breast lesions from malig-
nant ones, especially in less-experienced
radiologists.

Thisresearch has several limitations as well.
First of all, its retrospective nature shows that
there is a certain degree of bias in choosing
more suspicious cases. The potential effect
tends to overestimate the sensitivity and
underestimate the specificity. Consequently,
our future research should reinforce both
the possibility of breast MRI and Kaiser score
in this setting. Second, the relatively small
number of patients may affect the cutoff
value differentiating benign from malig-
nant breast lesions on breast MRI. Therefore,
larger prospective studies would be needed
to provide a more robust assessment of the
clinical value of the Kaiser score. Third, since
the influence of background parenchymal
enhancement on the ability of breast MRI in
diagnosis is still uncertain,?** whether it may
indeed have an influence on Kaiser score’s
diagnostic accuracy was not assessed.

In conclusion, the Kaiser score is a valu-
able auxiliary diagnostic tool for improving
the diagnostic ability of radiologists with
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Figure 6. a-f. Representative axial slices of T2 TIRM sequence (a), ADC image (b), early (c) and delayed (d) post-contrast T1-weighted sequences,
signal-intensity time curve (e) and flowchart (f) are shown. The false-negative lesion (with a diameter of 0.5 cm) was formerly classified as Kaiser score 4
because its tiny root sign had been ignored. Pathological diagnosis revealed an invasive ductal carcinoma.
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different experiences in breast MRI. In some
cases, the application of the Kaiser score
could potentially avoid unnecessary breast
biopsies.
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