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Abstract Öz 
Purpose: The aim of this study was to compare the 
diagnostic performances of abbreviated protocol (AP) 
magnetic resonance imaging (MRI), AP combined with 
diffusion-weighted imaging (DWI), and full dynamic 
protocol (FDP) in the differentiation of breast cancers 
from benign breast diseases. 
Materials and Methods: The total study population 
consisted of 68 patients who underwent breast MRI (1.5 
Tesla) between January 2016 and December 2021 for the 
evaluation of suspicious findings on mammography or 
ultrasonography. All lesions were evaluated by 2 
radiologists using AP, AP+DWI, and FDP. The reader 
sensitivity, specificity, and accuracy were analyzed using 
the “Chi-squared” test. The inter-observer agreement 
(IOA) between the Breast Imaging Reporting and Data 
System (BI-RADS) category assessments of the two 
readers was evaluated by using the “Kappa statistics”. 
Results: Sixty-eight patients with 72 lesions (31 malignant 
and 41 benign) were analyzed. The sensitivity/specificity 
for AP and AP+DWI for reader 1 was 67.7/90.2% and 
80.6/87.8%, respectively, and for reader 2 was 67.7/92.6% 
and 70.9/90.2%, respectively. The sensitivity/specificity 
for FDP for reader 1 was 83.7/85.3% and for reader 2 was 
80.6/90.2%. The IOA in the BI-RADS category 
assessment was almost perfect in all models between two 
readers (the kappa value was 0.907, 0.825, and 0.858 in AP, 
AP+DWI, and FDP, respectively). 
Conclusion: FDP showed greater diagnostic efficiency in 
the characterization of tumor biology as compared to AP 
and AP +DWI. Combining AP with DWI improved the 
diagnostic performance of MRI for the determination of 
malignancy. 

Amaç: Bu çalışmanın amacı meme kanserini benign meme 
hastalıklarından ayırma da kullanılan kısaltılmış protocol 
(AP) manyetik rezonanas görünütleme (MRG), AP ile 
difüzyon ağırlıklı görüntülemenin (DWI) kombine 
kullanımı ve tam dinamik protokolün (FDP) tanısal 
performansını karşılaştırmaktır. 
Gereç ve Yöntem: Toplam çalışma populasyonu Ocak 
2016 ile Aralık 2021 tarihleri arasında mamografi veya 
ultrasonografide şüpheli bulguların değerlendirilmesi 
amacıyla meme MRG (1,5 Tesla) çekilen 68 hastadan 
oluşmaktadır. Tüm lezyonlar 2 radyolog tarafından AP, 
AP+DWI ve FDP ile değerlendirildi. Okuyucu duyarlılığı, 
özgüllüğü ve doğruluğu “Ki kare” testi ile analiz edildi. Her 
iki okuyucunun Meme Görüntüleme Raporlama ve Veri 
Sistemi (BI-RADS)’ne göre oluşturduğu kategoriler 
arasındaki gözlemciler arası uyum (IOA), “Kappa 
istatistiği” kullanılarak değerlendirildi. 
Bulgular: 72 lezyonu olan 68 hasta (31 maligniteli ve 41 
benign patolojili) analiz edildi. Okuyucu 1 için AP ve 
AP+DWI için duyarlılık/özgüllük oranları sırasıyla 
%67.7/%90.2 ve %80.6/%87.8 iken okuyucu 2 için bu 
oranlar sırasıyla %67.7/%92.6 ve %70.9/%90.2’idi. FDP 
için duyarlılık/özgüllük oranları, okuyucu 1 için 
%83.7/%85.3 iken okuyucu 2 için %80.6/90.2’idi. BI-
RADS kategori değerlendirmesindeki IOA, iki okuyucu 
arasında tüm modellerde neredeyse mükemmel uyum 
kategorisindeydi (kappa değeri AP, AP+DWI ve FDP'de 
sırasıyla 0.907, 0.825 ve 0.858’idi). 
Sonuç: FDP, tümör biyolojisinin karakterizasyonunda AP 
ve AP+DWI'den daha iyi tanısal etkinlik göstermektedir. 
AP'ye DWI’nin eklenmesi, malignitenin öngörülmesinde 
MRG'nin tanısal performansını arttırmaktadır. 
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protocol breast MRI, breast cancer. 
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INTRODUCTION 

Breast magnetic resonance imaging (MRI) has a high 
sensitivity for malignancy1. MRI is a widely used 
method for screening women at high risk for breast 
cancer (BC) and staging, preoperative evaluation, and 
post-treatment follow–up of patients2. The breast 
MRI acquisition time is approximately 35 to 40 
minutes. The long acquisition time required for full 
dynamic protocol (FDP) breast MRI increases costs 
and extends interpretation time, and it may also cause 
patient discomfort. Kuhl et al. developed an 
abbreviated protocol (AP) breast MRI consisting of 
precontrast T1-weighted sequence with fat 
saturation, single early postcontrast sequence, and 
maximum intensity projection (MIP) images. In the 
study by Kuhl et al., AP and FDP were found to have 
equivalent diagnostic accuracy1. Its ability to reduce 
healthcare costs and interpretation time increased the 
popularity of AP. A recent meta-analysis showed that 
the diagnostic performances of the AP and FDP used 
in either screening or enriched cohorts were 
comparable3. The studies included in that meta-
analysis used the AP developed by Kuhl et al. or a 
combination of AP with T2-weighted (T2W) 
sequences1,3. A study by Park et al. revealed an 
equivalent accuracy for AP with T2W and FDP in the 
MRI surveillance of patients with a history of BC4. 

The sequences which have to be included in AP are 
still controversial. The majority of the studies in the 
relevant literature analyzed the performance of AP 
with or without T2W; however, there are only a few 
studies analyzing the impact of combining AP with 
diffusion-weighted imaging (DWI)1,3,5,6. DWI is a 
non-invasive and cheap method that evaluates the 
micro-structural attributes of water diffusion in 
tissues. DWI gives quantitative information about 
water diffusion by using apparent diffusion 
coefficient (ADC) maps which show the cellularity of 
the lesions. When tissue cellularity increases, the 
diffusion of water molecules reduces7. Two previous 
meta-analyses revealed that a combined model of 
dynamic contrast-enhanced (DCE) MRI and DWI 
was more valuable in the differentiation of 
malignancy compared to DWI and DCE-MRI8,9. The 
previous studies evaluating the impact of combining 
AP with DWI generally focused on the comparison 
of the diagnostic performances of DWI and contrast-
enhanced sequences10-12. However, using the 
combination of DWI and AP was reported in a few 
studies13,14. A recent study demonstrated that 

combining AP with DWI provided a diagnostic 
performance similar to FDP in the determination of 
BC13. Additionally, Chen et al. revealed that adding 
DWI to AP improved specificity in the diagnosis of 
BC14. 

Although DWI is an inexpensive and relatively fast 
imaging modality, there was no consensus in the 
literature regarding the integration of DWI into AP. 
This study aimed to compare the modalities of AP, 
AP with DWI, and FDP in terms of accuracy and 
determine whether the integration of DWI into AP 
could improve the diagnostic performance of breast 
MRI. 

MATERIALS AND METHODS 

Study population 
Our retrospective study was approved by the 
Institutional Review Board of Dr. Abdurrahman 
Yurtaslan Ankara Oncology Training and Research 
Hospital (Decision number 2022-04/1797 dated 
20/04/2022). Informed consent was obtained from 
all participants. A total of 340 patients who 
underwent breast MRI (with a 1.5 Tesla scanner) 
between January 2016 and December 2021 at Koru 
Hospital, Ankara for the evaluation of suspicious 
findings on mammography or ultrasonography were 
included in this study. The research data including, 
MR images, histopathological results, and 
demographics were obtained from the electronic 
registration system of Koru Hospital. Out of 340 
patients, 271 were excluded from the study due to the 
unavailability of histopathological results at our 
institution. One patient was excluded from the study 
due to the inadequate quality of DCE sequences. 
Finally, 68 patients with histopathological results at 
our hospital were included in the study. Tru-cut 
biopsy or excisional biopsy was used for the 
histopathologic diagnoses of all lesions. All 
specimens were evaluated by an experienced 
pathologist. 

MRI Protocol 
All MRI examinations were performed with a 1.5 T 
MRI scanner (GE Optima 360, USA®) by using the 
breast coil while the patient was in the prone position. 
A routine protocol was performed including pre-
contrast axial T1-weighted (TR/TE, 443/10.2; 
matrix, 320x224; NEX, 2; slice thickness, 5 mm) and 
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non-fat suppressed, T2-weighted fast spin-echo 
(TR/TE, 5800/68; matrix, 288x244; NEX, 2; slice 
thickness, 5 mm). Both before and after intravenous 
injection of the contrast material, 6 sequential fat-
suppressed LAVA sequences were obtained, and 
subtraction was performed. DCE images were 
obtained after the administration of 0.1 mmol/kg of 
gadoteric acid. The scanning parameters for dynamic 
contrast-enhanced MRI were TR/TE, 3.35/1.6; 
matrix, 256x256; NEX, 1; slice thickness, 2 mm; flip 
angle, 10◦; FOV, 3.6x3.2 cm; acquisition time (56 
secs), respectively. Prior to the dynamic analysis, 2D 
spin-echo echo-planar images (EPI) were obtained 
with diffusion gradients in the x, y, and z planes at b 
values of 0 and 1000 s/mm2. The DWI sequences 
were obtained with the following parameters: 
TR/TE, 5500/78; matrix, 96x128; NEX, 2; slice 
thickness, 5 mm). The ADC maps and MIP images 
were created automatically. 

Image analysis 
All MRI examinations were evaluated by two 
experienced radiologists (11 and 6 years of 
experience) who were blinded to patient data. We 
established 3 models which were AP, AP+DWI, and 
FDP. While AP consisted of a pre-contrast and the 
first post-contrast T1W sequence, and MIP images, 
AP+DWI was the combination of AP with the axial 
DWI findings. FDP included all breast MRI 
sequences which were defined in the MRI protocol 
section. First, the readers indicated a category 
according to the American College of Radiology 
(ACR) Breast Imaging Reporting and Data System 
(BI-RADS) 5th edition MR imaging criteria for the 
AP of each patient. Two weeks later from the first 
interpretation, the readers determined the BI-RADS 
category for the model of AP+DWI. Two weeks later 
from the second interpretation, the BI-RADS 
category was assessed for the FDP of each patient. 
The BI-RADS classifications were separated into two 
groups as positive and negative to evaluate the 
diagnostic accuracy: BI-RADS 1, 2, and 3 were 
considered negative, and BI-RADS 4A, 4B, 4C, and 
5 were considered positive. According to these 
findings, the sensitivity, specificity, and accuracy of 3 
models were calculated for each reader using the 
histopathological diagnosis as the gold standard. 

Statistical analysis 
The Kolmogorov-Smirnov test was used to analyze 
the normality of the distribution. The reader 

sensitivity, specificity, and accuracy were analyzed 
using the “Chi-squared” test. Continuous variables 
were presented as mean ± standard deviation. 
Patients were compared in terms of differences in age 
by using the “Student-T” test. The inter-observer 
agreement (IOA) between readers was evaluated 
using Cohen’s weighted kappa statistics, considering 
categories according to Landis and Koch 
recommendations (Kappa (K) value; <0 Poor; 0.00-
0.20 Slight; 0.21-0.40 Fair; 0.41-0.60 Moderate; 0.61-
0.80 Substantial; 0.81-1.00 Almost perfect) with 95% 
confidence interval (CI). Analyses were performed 
with SPSS (version 22). The "p" value of less than 
0.05 was considered statistically significant.  

RESULTS 

The total study population consisted of 68 patients 
with 72 lesions including 31 (43%) malignant lesions 
and 41 (56.9%) benign lesions. Four patients had 
bilateral breast lesions. The lesion was counted as one 
lesion for each side of the breast. In the malignant 
group, there were 27 patients with invasive carcinoma 
(grade 1 in 19 patients, grade 2 in 5 patients, and grade 
3 in 3 patients) and 4 patients with ductal carcinoma 
in situ (DCIS). The mean age of the patients with 
malignant lesions was 54.1±10.7 years and that of the 
benign group was 49.9±12.3 years. The difference 
between groups in terms of mean age was not 
statistically significant (p: 0.14). 

The distributions of BI-RADS category assessments 
for each reader are demonstrated in Figures 1 and 2. 
In benign lesions, the rates of BI-RADS 1 to 3 
category assignment of reader 1 were 90.2%, 87.8%, 
and 85.3% by AP, AP+DWI, and FDP respectively. 
Reader 2 assigned BI-RADS 1 to 3 category in 92.6%, 
90.2%, and 90.2% of patients with benign pathology 
by AP, AP+DWI, and FDP respectively. For the 
malignant group, the rates of BI-RADS 4 or 5 
category assignment were 67.7%, 80.6 and 83.7 for 
AP, AP+DWI, and FDP respectively by reader 1. 
Reader 2 assigned BI-RADS 4 or 5 category in 67.7%, 
70.9%, and 80.6% of malignant patients by AP, 
AP+DWI, and FDP respectively. 

The sensitivity, specificity, and accuracy of the three 
models for each reader are demonstrated in Table 1. 
For both readers, the sensitivity of AP was 67.7% 
which was lower than that of AP+DWI (whose 
sensitivity was 80.6% and 70.9% for reader 1 and 
reader 2, respectively) and than FDP sensitivity 
(which was 83.7% and 80.6% for reader 1 and 2, 

 155 



Tezcan et al. Cukurova Medical Journal 
 

respectively, Table 1). When AP was combined with 
DWI, higher sensitivity and lower specificity were 
observed compared to AP alone (Table 1). 

 
Figure 1. Distribution of Breast Imaging Reporting 
and Data System (BI-RADS) category assessments 
in three models by reader 1  
(BG, benign; MG, malignant; AP, abbreviated protocol; 
DWI, diffusion-weighted imaging; FDP; full dynamic 
protocol). 

A representative image of the lesions which were 
upgraded from BI-RADS 3 to BI-RADS 4 with 
AP+DWI was demonstrated in Figure 3. For both 

readers, the accuracy of FDP was higher compared to 
the other models (accuracy was 84.7% for reader 1 
and 86.1% for reader 2). 

 
Figure 2. Distribution of Breast Imaging 
Reporting and Data System (BI-RADS) category 
assessments in three models by reader 2  
(BG, benign; MG, malignant; AP, abbreviated 
protocol; DWI, diffusion-weighted imaging; FDP; full 
dynamic protocol). 

 

Table 1. Diagnostic performance of established models 
 AP AP+DWI FDP 
Reader 1 Percentages* 

 
P value Percentages* P value Percentages* P value 

Sensitivity 
 

67.7 
(48.6-83.3) 

<0.001 
 

80.6 
(62.5-92.5) 

<0.001 
 

83.7 
66.2-94.5) 

<0.001 
 

Specificity  
 

90.2 
(76.8-97.2) 

<0.001 
 

87.8 
(73.8-95.9) 

<0.001 
 

85.3 
70.8-94.4) 

<0.001 
 

Accuracy 80.5 
(69.5-88.9) 

<0.001 84.7 
(74.3-92.1) 

<0.001 84.7 
(74.3-92.1) 

<0.001 

Reader 2 Percentages* P value Percentages* P value Percentages* P value 
Sensitivity 
 

67.7 
(48.6-83.3) 

<0.001 
 

70.9 
(51.9-85.7) 

<0.001 
 

80.6 
(62.5-92.5) 

<0.001 
 

Specificity 
 

92.6 
(80-98.4) 

<0.001 
 

90.2 
(76.8-97.2) 

<0.001 
 

90.2 
(76.8-97.2) 

<0.001 
 

Accuracy 81.9 
(71.1-90) 

<0.001 81.9 
(71.1-90) 

<0.001 86.1 
(75.9-93.1) 

<0.001 

(*) Data are percentages of patients with a 95% confidence interval in parentheses. AP, abbreviated protocol; DWI, diffusion-weighted 
imaging; FDP; full dynamic protocol. 
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Figure 3. A 40-year-old woman with left breast pain. A. Axial first post-contrast T1-weighted fat-suppressed 
sequence. B. Diffusion-weighted imaging (DWI) (b=1000 s/mm2). C. Apparent diffusion coefficient. A. MR 
imaging showed two masses with smooth margins and homogeneous enhancement in the left breast (arrows). 
These lesions were labeled as Breast Imaging Reporting and Data System (BI-RADS) 3 category with the 
abbreviated protocol (AP) by both readers. B. C. The marked diffusion restriction was observed in the lesions 
(arrows). The category was upgraded to BI-RADS 4 with AP+DWI protocol by both readers. The 
histopathological results were consistent with grade 2 invasive carcinoma. 

 

Five patients (2 with DCIS; 2 with grade 2 invasive 
carcinoma; 1 with grade 3 invasive carcinoma) with 
malignancies were labeled as benign by both readers 
in all models. One patient with DCIS was missed out 
by both readers when they used AP and AP+DWI. 
In that specific patient, the malignancy was diagnosed 
with FDP by reader 1. One patient with DCIS was 
diagnosed correctly in all models by both readers. 
While the malignancy was missed out with AP in 2 
patients (grade 1 and grade 3 invasive carcinoma), the 
correct diagnosis was achieved with FDP by both 
readers. In those patients, the malignancy was 
diagnosed correctly with AP+DWI by reader 1. In 20 
malignant patients (14 with grade 2; 3 with grade 3; 2 
with grade 2 invasive carcinoma and 1 with DCIS), 
patients were assigned with the BI-RADS categories 
of 4 or above in all models by both readers. 

Table 2. Inter-observer agreement of established 
models 
 Kappa value P value 
AP 0.907 <0.001 
AP+DWI 0.825 <0.001 
FDP 0.858 <0.001 

AP, abbreviated protocol; DWI, diffusion-weighted imaging; FDP; 
full dynamic protocol. 

The agreement in the BI-RADS category assessments 
was almost perfect in all models between two readers 
(k value, 0.907, 0825, and 0.858 in AP, AP+DWI, and 
FDP, respectively; Table 2). The agreement was 
higher in AP as compared to the other models. The 
lowest agreement was found in AP+DWI. There was 
disagreement in 3 patients (2 with grade 2 carcinoma; 
1 with fibroadenoma) by AP. By AP+DWI, no 
agreement was achieved in 6 patients (3 with 
fibroadenoma; 1 with fibrocystic disease; 1 with grade 

2 carcinoma; 1 with grade 3 carcinoma) between 
readers. By FDP, there was disagreement in 5 patients 
(3 with fibroadenoma; 1 with fibrocystic disease; 1 
with DCIS). 

DISCUSSION 

Breast screening is substantially based on bilateral 
mammography which has been proven to reduce 
mortality by 16-40% in the literature15, 16. 
Nevertheless, heterogeneous and dense breast 
pattern decreases the sensitivity of mammography. 
The ACR has recommended various additional 
imaging techniques including breast tomosynthesis, 
breast ultrasound, and MRI with FDP or different 
APs, especially in patients with a history of BC, dense 
tissue, and BC diagnosed before 50 years of age17. In 
recent years, among these techniques, AP has gained 
popularity in breast MRI due to the advantages of 
patient comfort, cost-effectiveness, and minimization 
of interpretation time1-3. While achieving the purpose 
of the APs, the risk of missing out on the malignancy 
is the main problem of APs in breast MRI1, 3, 6, 11. 
Although the majority of previous studies revealed 
promising results regarding the diagnostic 
performance of AP, it has not been able to replace 
FDP in several settings, yet. Besides its use in 
screening, the problem-solving role of FDP including 
the assessment of disease extension or response to 
chemotherapy limits the widespread use of AP 
against FDP in breast MRI. Our study demonstrated 
that FDP had a higher sensitivity than the other 
models. Nevertheless, AP provided a more accurate 
diagnosis in benign patients with higher specificity. A 
recent meta-analysis evaluating the diagnostic 
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performance of AP and FDP in either screening 
studies or enriched cohorts revealed that the 
diagnostic performance of AP was equivalent to FDP 
in enriched cohorts but lower than that of FDP in 
screening studies3. However, the heterogeneity in 
APs investigated in the studies included in that meta-
analysis might limit the evaluation of the 
performance of AP compared to FDP. Contrary to 
the literature, our study indicated better overall 
accuracy with FDP than with AP and AP+DWI. 
Despite its advantages, the risk of missing out the 
malignancy limits the use of AP. Additionally, not 
having a well-defined single protocol of AP leads to 
confusion and hinders the universal use of the 
protocol. 

Most of the previous studies evaluated the 
performance of abbreviated protocols similar to the 
one reported by Kuhl et al1-3, 18-22. Some studies 
analyzed APs with T2- weighted images3. In the 
literature, there was no consensus about the 
sequences which have to be included in AP. At this 
point, DWI has gained popularity due to its being 
non-invasive and cost-effective. As mentioned in 
previous reports, DCE-MRI had high sensitivity but 
low to moderate specificity which may result in 
unnecessary biopsy procedures23. The majority of 
previous studies showed that the specificity of FDP 
improved with the addition of DWI8, 9. However, 
only a few of the previous studies evaluated the 
addition of DWI to AP13, 14. Shao et al. suggested that 
AP combined with DWI had an equivalent diagnostic 
performance to FDP and better sensitivity and 
accuracy than AP, with no decrease in specificity13. 
Chen et al. also showed better sensitivity and 
specificity with the integration of DWI to AP 
compared to the use of AP alone14. Similar to 
previous studies, in our study, the sensitivity 
increased when DWI was added to AP13, 14. However, 
we found a mild decrease in specificity in AP+DWI 
compared to AP alone which was different from the 
outcomes of previous studies13, 14. These different 
results may be related to the characteristics of our 
patient population who had MRI due to the 
suspicious findings on mammography or 
ultrasonography instead of as a part of cancer 
screening.  

Although APs were generally based on shortening the 
duration of scanning and interpretation, the use of 
contrast agents is one of the limitations of AP. 
Studies comparing DWI with contrast-enhanced 
techniques in AP have been also reported in the 

literature. Yamada et al. found that unenhanced 
abbreviated MRI based on DWI was comparable to 
AP based on postcontrast MRI including MIP images 
of the second early phase (60–120 s) on DCE-MRI 
and fat-suppressed T2 weighted imaging in the 
lesions ≤2 cm in diameter5. In the study of Yamada 
et al., the sensitivity of AP including contrast-
enhanced sequence and T2 image was higher than the 
sensitivity we obtained for AP in our study5. This may 
be related to the diagnostic impact of the T2 image 
which was not included in AP in our study. The study 
of Bickelhaupt et al. analyzing the efficacy of AP 
combined with DWI with background suppression 
(DWIBS) and T2 images, showed better sensitivity 
and specificity in DWIBS protocol than in 
postcontrast AP (the sensitivity/specificity for 
DWIBS protocol and postcontrast AP was 
92%/94% and 85%/90%, respectively)10. A previous 
study reported similar sensitivity but improved 
specificity for the unenhanced protocol which 
included DWI compared to DCE-MRI11. In our 
study, the overall accuracy of AP combined with 
DWI was higher than that of AP alone. Although the 
diagnostic performance of FDP was better than that 
of AP and AP+DWI, the potential value of DWI in 
the diagnosis should be primarily considered while 
determining the components of AP. Additionally, the 
DWIBS protocol, reported in the study of 
Bickelhaupt et al., may enhance the diagnostic 
performance of DWI in AP for the prediction of 
malignancy10.  

We observed that in most of the cases, invasive 
carcinomas were diagnosed correctly in all models. In 
our study, among the patients with DCIS, only one 
patient was diagnosed as malignant (BI-RADS 4 or 
above category) by two readers with all models. Shao 
et al. indicated that the probability of missing out on 
the malignancy was fewer in AP+DWI compared to 
AP in patients with invasive carcinoma13. However, 
Shao et al. suggested that the risk of missing out on 
DCIS was comparable between the protocols in the 
study13. In our study, the impact of AP on the 
diagnosis of DCIS was not evaluated adequately due 
to the limited number of patients with DCIS.  

We found almost perfect agreement between the 
readers in AP, AP+DWI, and FDP (k value ˃ 0.80). 
The highest agreement was observed in AP (k value, 
0.907) followed by FDP (k value, 0.858) in our study. 
Even though the lowest agreement was in AP+DWI 
(k value, 0.825), the agreement category of the 
combined AP+DWI was still almost perfect. 
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Although, there was a lower agreement among the 
readers in DWI-combined AP compared to the other 
models; the high k value of AP+DWI represented the 
high-reliability potential of DWI. Shao et al. 
demonstrated high agreement in AP, AP+DWI, and 
FDP which is consistent with our study13. 
Additionally, they reported the agreement between 
AP+DWI and FDP to be higher than that between 
AP and FDP13. In the present study, disagreement 
was observed mostly in the cases of fibroadenoma by 
AP+DWI and FDP. There was no disagreement 
between the readers when it came to invasive 
carcinomas diagnosed by FDP. 

Our study has some limitations that need to be 
pointed out here. First, the study design was 
retrospective and our sample size was small to 
generalize the results. Second, our study evaluated the 
agreement between the two readers without 
considering the experience levels of readers which 
may have influenced the agreement. Third, all 
examinations were performed at a single center by 
using the same protocol which might have induced 
similar approaches by readers. Tru-cut biopsy or 
excisional biopsy was used for the histopathologic 
diagnoses in this study; the Tru-cut biopsy might 
have impacted the accuracy of histopathological 
results due to the lack of evaluation of all parts of 
lesions on the specimens. The present study included 
patients who underwent MRI due to suspicious 
findings on mammography or ultrasonography. For 
this reason, the diagnostic performance of APs in the 
screening of women with high risk was not taken into 
consideration in our analyses due to the 
characteristics of the patients. 

In conclusion, we found AP had a slightly lower 
diagnostic performance than FDP did, which is 
contrary to the results in the literature. However, the 
agreement was higher in AP. AP or AP combined 
with DWI was found to be efficient in the diagnosis 
of invasive carcinoma. Adding DWI to AP decreased 
the possibility of missing out on malignancies when 
compared to AP alone. While determining the 
components of AP, DWI should be given priority as 
it has higher accuracy potential in the diagnosis. 

Yazar Katkıları: Çalışma konsepti/Tasarımı: ST; Veri toplama: ST, ÜB; 
Veri analizi ve yorumlama: ST; Yazı taslağı: ST; İçeriğin eleştirel 
incelenmesi: ST, FUÖ;  Son onay ve sorumluluk: ST, ÜB, FUÖ; Teknik 
ve malzeme desteği: ÜB; Süpervizyon: ST; Fon sağlama (mevcut ise): 
yok. 
Etik Onay: Bu çalışma için Sağlık Bilimleri Üniversitesi Dr. 
Abdurrahman Yurtarslan Onkoloji Sağlık Uygulama ve Araştırma 
Merkezi Klinik Araştırmalar Etik Kurulundan 20.04.2022 tarih ve 2022-
04/1797 sayılı kararı ile etik onay alınmıştır.  
Hakem Değerlendirmesi: Dış bağımsız. 

Çıkar Çatışması: Yazarlar çıkar çatışması olmadığını beyan etmişlerdir. 
Finansal Destek: Yazarlar finansal destek almadıklarını beyan 
etmişlerdir. 
Author Contributions: Concept/Design : ST; Data acquisition: ST, 
ÜB; Data analysis and interpretation: ST; Drafting manuscript: ST; 
Critical revision of manuscript: ST, FUÖ; Final approval and 
accountability: ST, ÜB, FUÖ; Technical or material support: ÜB; 
Supervision: ST; Securing funding (if available): n/a. 
Ethical Approval: For this study, the University of Health Sciences  
Ethical approval was obtained from the Dr. Abdurrahman Yurtarslan 
Oncology Health Practice and Research Center Clinical Research Ethics 
Committee with the decision dated 20.04.2022 and numbered 2022-04 
/1797.. 
Peer-review: Externally peer-reviewed. 
Conflict of Interest: The authors have declared that there is no conflict 
of interest. 
Financial Disclosure: The authors have declared that they have not 
received financial support. 

REFERENCES 

1. Kuhl CK, Schrading S, Strobel K, Schild HH, Hilgers 
RD, Bieling HB. Abbreviated breast magnetic 
resonance imaging (MRI): first postcontrast 
subtracted images and maximum-intensity projection-
a novel approach to breast cancer screening with MRI. 
J Clin Oncol. 2014;32:2304-10. 

2. Oldrini G, Derraz I, Salleron J, Marchal F, Henrot P. 
Impact of an abbreviated protocol for breast MRI in 
diagnostic accuracy. Diagn Interv Radiol. 2018;24:12-
6. 

3. Baxter GC, Selamoglu A, Mackay JW, Bond S, Gray 
E, Gilbert FJ. A meta-analysis comparing the 
diagnostic performance of abbreviated MRI and a full 
diagnostic protocol in breast cancer. Clin Radiol. 
2021;76:154.e23-154.e32. 

4. Park KW, Han SB, Han BK, Ko ES, Choi JS, Rhee SJ 
et al. MRI surveillance for women with a personal 
history of breast cancer: comparison between 
abbreviated and full diagnostic protocol. Br J Radiol. 
2020;93:20190733. 

5. Yamada T, Kanemaki Y, Okamoto S, Nakajima Y. 
Comparison of detectability of breast cancer by 
abbreviated breast MRI based on diffusion-weighted 
images and postcontrast MRI. Jpn J Radiol. 
2018;36:331-9. 

6. Ikizceli T, Gulsen G. The diagnostic accuracy of 
abbreviated breast magnetic resonance imaging 
(abbreviated breast MRI). Dicle Tıp Dergisi. 
2021;48:468-77. 

7. Park EK, Cho KR, Seo BK, Woo OH, Cho SB, Bae 
JW. Additional value of diffusion-weighted imaging to 
evaluate prognostic factors of breast cancer: 
correlation with the apparent diffusion coefficient. 
Iran J Radiol. 2016;13:e33133. 

8. Zhang L, Tang M, Min Z, Lu J, Lei X, Zhang X. 
Accuracy of combined dynamic contrast-enhanced 
magnetic resonance imaging and diffusion-weighted 
imaging for breast cancer detection: a meta-analysis. 
Acta Radiol. 2016;57:651-60. 

9. Zhu CR, Chen KY, Li P, Xia ZY, Wang B. Accuracy 
of multiparametric MRI in distinguishing the breast 

 159 



Tezcan et al. Cukurova Medical Journal 
 

malignant lesions from benign lesions: a meta-
analysis. Acta Radiol. 2021;62:1290-7. 

10. Bickelhaupt S, Laun FB, Tesdorff J, Lederer W, 
Daniel H, Stiever A et al. Fast and noninvasive 
characterization of suspicious lesions detected at 
breast cancer X-ray screening: capability of difusion-
weighted MR imaging with MIPs. Radiology. 
2016;278:689–97. 

11. Shin HJ, Chae EY, Choi WJ, Ha SM, Park JY, Shin 
KC et al. Diagnostic performance of fused diffusion-
weighted imaging using unenhanced or postcontrast 
T1-weighted MR imaging in patients with breast 
cancer. Medicine (Baltimore). 2016;95:e3502. 

12. Kul S, Metin Y, Kul M, Metin N, Eyuboglu I, 
Ozdemir O. Assessment of breast mass morphology 
with diffusion-weighted MRI: beyond apparent 
diffusion coefficient. J Magn Reson Imaging. 
2018;48:1668-77. 

13. Shao Z, Liu P, Zhang S, Lu H. Abbreviated protocol 
combining quantitative diffusion-weighted imaging: a 
new strategy increasing diagnostic accuracy for breast 
magnetic resonance imaging? Gland Surg. 
2021;10:2705-14. 

14. Chen SQ, Huang M, Shen YY, Liu CL, Xu CX. 
Abbreviated MRI protocols for detecting breast 
cancer in women with dense breasts. Korean J Radiol. 
2017;18:470-5. 

15. Pham R, Marshall H, Plecha D. Abbreviated protocol 
breast MRI. AJR Am J Roentgenol. 2020;215:765-9. 

16. Wang J, Greuter MJW, Vermeulen KM, Brokken FB, 
Dorrius MD, Lu W et al. Cost-effectiveness of 
abbreviated-protocol MRI screening for women with 

mammographically dense breasts in a national breast 
cancer screening program. Breast. 2022;61:58-65. 

17. Monticciolo DL, Newell MS, Moy L, Niell B, Monsees 
B, Sickles EA. Breast cancer screening in women at 
higher-than-average risk: recommendations from the 
ACR. J Am Coll Radiol. 2018;15:408-14. 

18. Grimm LJ, Soo MS, Yoon S, Kim C, Ghate SV, 
Johnson KS. Abbreviated screening protocol for 
breast MRI: a feasibility study. Acad Radiol. 
2015;22:1157–62. 

19. Harvey SC, Di Carlo PA, Lee B, Obadina E, Sippo D, 
Mullen L. An abbreviated protocol for high-risk 
screening breast MRI saves time and resources. J Am 
Coll Radiol. 2016;13:R74–80. 

20. Moschetta M, Telegrafo M, Rella L, Stabile Ianora 
AA, Angelelli G. Abbreviated combined MR protocol: 
a new faster strategy for characterizing breast lesions. 
Clin Breast Cancer. 2016;16:207–11. 

21. Heacock L, Melsaether AN, Heller SL, Gao Y, 
Pysarenko KM, Babb JS et al. Evaluation of a known 
breast cancer using an abbreviated breast MRI 
protocol: correlation of imaging characteristics and 
pathology with lesion detection and conspicuity. Eur 
J Radiol. 2016;85:815–23. 

22. Machida Y, Shimauchi A, Kanemaki Y, Igarashi T, 
Harada M, Fukuma E. Feasibility and potential 
limitations of abbreviated breast MRI: an observer 
study using an enriched cohort. Breast Cancer. 
2017;24:411–9. 

23. Aydın H, Güner B, Esen Bostancı I, Coşkun Bilge A, 
Bulut ZM, Arıbaş B et al. Relationship between 
dynamic MRI findings and the prognostic factors of 
breast cancer. Acta Oncol Tur. 2021;54:128-40. 

 

 

 160 


	Research
	Introduction
	Materials and Methods
	Study population
	MRI Protocol
	Image analysis
	Statistical analysis

	Results
	Discussion
	References

