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Abstract

Objective: The purpose of study was to assess the diagnostic efficacy of multiparametric magnetic resonance imaging in differentiating common subtypes of 
renal cortical tumors.
Methods: The study group was formed with 85 renal cortical tumors of 75 patients who underwent surgery for renal mass and who had preoperative multipa-
rametric magnetic resonance imaging. Two radiologists were blinded to pathology results evaluated using T2-weighted images, apparent diffusion coefficient 
maps, and dynamic contrast-enhanced T1-weighted images. T2 signal intensity ratio, apparent diffusion coefficient ratio, corticomedullary phase enhancement 
ratio, nephrogenic phase enhancement ratio, and delayed phase enhancement ratio were calculated for each tumor type.
Results: Between clear cell renal cell carcinomas and papillary renal cell carcinomas, T2 signal intensity ratio, corticomedullary phase enhancement ratio, neph-
rogenic phase enhancement ratio, and apparent diffusion coefficient ratio were statistically significantly different (P < .001, P < .001, P = .003, P = .03, respec-
tively). Also, there was a significant difference in corticomedullary phase enhancement ratio between clear cell renal cell carcinomas and chromophobe renal 
cell carcinoma (P = .031). Between papillary renal cell carcinomas and chromophobe renal cell carcinomas, T2 signal intensity ratio (P < .001), corticomedullary 
phase enhancement ratio (P < .001), nephrogenic phase enhancement ratio (P = .007), delayed phase enhancement ratio (P = .004), and apparent diffusion coef-
ficient ratio (P < .001) were statistically significantly different. Nephrogenic phase enhancement ratio and delayed phase enhancement ratio showed a significant 
difference between chromophobe renal cell carcinomas and oncoctyomas (P = .038 and P = .032, respectively). The most efficient parameter in distinguishing 
clear cell renal cell carcinoma was corticomedullary phase enhancement ratio, and the sensitivity was 80.4% and the specificity was 73.5% with a cutoff value 
of 283.6.
Conclusion: We think that the use of multiparametric magnetic resonance imaging quantitative parameters was useful in differentiating subtypes of renal cortical 
tumors.
Keywords: Diffusion-weighted imaging, magnetic resonance imaging, oncocytomas, renal cell carcinomas, renal cortical tumors

INTRODUCTION
Renal cell carcinoma (RCC) is the most frequent renal malignancy in adults and has 3 main subtypes: clear (75%), papillary (10%-15%), and 
chromophobe (5%) forms.1,2 Prognosis of papillary and chromophobe subtypes is better than clear cell RCCs.3 Oncocytomas compose 3%-7% of 
solid renal tumors and are known to be benign neoplasms. Oncocytomas have similar origin as chromophobe RCCs and therefore have convergent 
histological and imaging features.4

The histopathology of approximately 10%-30% of renal tumors excised surgically is benign.5,6 In order to avoid unnecessary surgical operations, an 
image-guided biopsy is recommended before treatment; however, its use remains controversial as it is invasive and not time efficient.7-9 In elderly or 
inoperative patients, treatment predilections such as active surveillance and focal ablation are used as an alternative to surgery in clinical practice. 
The presence of less invasive alternative treatment methods has led to a clinical need for accurate recognition of renal lesions before treatment to 
avoid potentially inadequate treatment.10 Multiparametric magnetic resonance imaging (mpMRI) established on various anatomic and functional 
parameters have an important role and add diagnostic value in the detection and differentiation of renal cortical tumors.11 Magnetic resonance imag-
ing may be beneficial in distinguishing benign solid renal masses from some RCC subtypes and foreseeing the histologic grade of a tumor and play 
a crucial role in ensuring appropriate patient management to avoid unnecessary surgery or other interventions.

The purpose of this study was to assess the diagnostic efficacy of mpMRI differentiating frequent subtypes of renal cortical tumors.

1
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METHODS
Patient Group
This single-institution, retrospective study was approved by the insti-
tutional ethics committee, and informed consent was waived (ethics 
committee number: 11484, date: September 25, 2022). In our study, the 
hospital database images of patients older than 18 years who had par-
tial or radical nephrectomy surgery because of malignant renal masses 
between May 2018 and January 2022 were scanned retrospectively. 
Preoperative abdominal MRIs were performed in 98 of the patients. 
As the pathology results of 8 of the 98 patients could not be accessed, 
and the MRI examination of 5 patients was carried out without a con-
trast agent, these patients were excluded from the study. Three patients 
with histopathological results compatible with angiomyolipoma 
(AML) and 7 patients with rare forms of RCCs (multilocular, cystic 
carcinoma, tubulocystic renal cell carcinoma, and papillary adenoma) 
were excluded. Seventy-five patients overall with 85 renal cortical 
tumors were included in the study, with 1 patient having bilateral and 
5 patients having multifocal renal cortical tumors. Fifty-one of tumors 

were reported as clear cell carcinoma, 16 were reported as papillary 
cell carcinoma, 8 were reported as chromophobe cell carcinoma, and 
10 as oncocytoma. The study flow chart is shown in Figure 1.

Magnetic Resonance Imaging Protocol
All MRI examinations were carried out on the same 1.5-T MRI sys-
tem (Magnetom Symphony; Siemens Medical Solutions, Erlangen, 
Germany) with a phased-array body coil. The MRI protocol comprised 
of the following sequences: turbo-spin echo T2-weighted images 
(T2WI); axial T2WI with fat suppression (FS); axial gradient-echo 
T1-weighted images (T1WI) with and without FS; axial diffusion-
weighted images (DWIs) with b-values of 0, 400, and 800 s/mm2. 
Three-dimensional axial T1WI images with FS were obtained both 
before and after contrast agent. Gadopentetate dimeglumine (Gadovist, 
Bayer Healthcare, Berlin, Germany) was administered at a dose of 0.1 
mL/kg with an injection rate of 3 mL/s, followed by a 10 mL of nor-
mal saline infusion. After intravenous gadolinium injection, dynamic 
contrast enhanced (DCE) images were performed in 3 post-contrast 
phases, each with a delay of 30 s.

Magnetic Resonance Imaging Evaluation
Magnetic resonance images of 85 renal masses included in the study 
were estimated retrospectively by 2 radiologists (reader 1 with 11 years 
of abdominal radiology practice and reader 2 with 10 years), indepen-
dently of histopathological results. All MRI images were uploaded to 
a picture archiving communication system. While evaluating T2WI, 
apparent diffusion coefficient (ADC) maps, and DCE–T1WI, a circular 
region of interest (ROI) was placed in the tumor and normal cortex 
parenchyma. The mean ROI size used was 100 mm2.

T2 measurements were evaluated from both the tumor and non-tumor 
normal renal cortex. Region of interest measurements were taken from 

MAIN POINTS

•	 Multiparametric magnetic resonance imaging plays a crucial role and 
adds diagnostic value in the detection and differentiation of the renal 
cortical tumors.

•	 Corticomedullary phase enhancement ratio is the most effective 
parameter in distinguishing clear cell renal cell carcinomas with an 
accuracy of 77.7%.

•	 Multiparametric magnetic resonance imaging can be used to recog-
nize non-clear cell renal cell carcinomas in patients at high medical 
risk for interventional procedures or surgery and to encourage active 
surveillance in appropriate patients.

Figure 1.  Study flowchart. MRI, magnetic resonance imaging; RCC, renal cell carcinoma.
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3 different points in the solid areas of the tumor without necrosis, and 
the mean value of these measurements was recorded. This measure-
ment was also carried out similar to the normal non-tumor renal corti-
cal area. T2 signal intensity ratio (T2SIR) (tumor (Tu) SI/normal renal 
cortex (C) SI) × 100 was calculated from the measurements taken from 
the tumor and normal renal cortex.

In the DCE images, a single ROI was placed over the solid enhancing 
region without necrosis avoiding vascular structures, cystic compo-
nents of the tumor, and retroperitoneal adipose tissue in the cortico-
medullary phase. The tumor enhancement ratio (ER) was calculated 
from the corticomedullary, nephrogenic, and excretory phases. The ER 
was calculated as [(post-contrast SI – pre-contrast SI)/pre-contrast SI] 
× 100. Three ERs were calculated based on the post-contrast phase: 
an ERc using corticomedullary phase, an ERn using the nephrogenic 
phase, and an ERd using the delayed phase.

Apparent diffusion coefficient measurements were taken from both the 
tumor and non-tumor normal renal cortex. Considering T2W and DCE 
images, ROI measurements were taken from 3 different points in the 
solid areas of the tumor without necrosis, and the mean value of these 
measurements was recorded. This measurement was also carried out 
similar to the normal non-tumor renal cortical area. The ADC ratio 
(ADCr) (tumor ADC/normal renal cortex ADC) × 100 was calculated 
from the measurements taken from the tumor and normal renal cortex.

All quantitative parameters were calculated independently by 2 read-
ers. Disputes among readers were resolved by consulting a radiologist 
with 12 years of abdominal radiology experience.

Statistical Analysis
IBM Statistical Package for Social Sciences version 25.0 (IBM SPSS 
Corp.; Armonk, NY, USA) statistical analysis software was used in the 
analysis of the data. Shapiro–Wilk test was used to evaluate the nor-
mality of quantitative data distribution. The Mann–Whitney U test and 
Kruskal–Wallis test were used to compare quantitative data that did not 
exhibit normal distribution. The Bonferroni correction was carried out 

for the comparison of more than 2 groups. A receiver operating charac-
teristic analysis was used to determine the cutoff values of radiological 
parameters for the prediction of the pathologically diagnosed clear cell 
RCC. Therefore, the area under the curve, sensitivity, and specificity 
values were calculated. Data were presented as mean ± SD and n (%). 
P values of <.05 were considered statistically significant.

RESULTS
Patient Demographics and Renal Tumors
The mean age of the patients was 56.7 ± 11.5 years (range: 18-85). 
Thirty-three (38.8%) of the patients were female and 52 (61.2%) were 
male. The mean tumor size was 45.6 mm (median: 40, range: 8-127) 
for clear cell RCCs, 36.5 mm (median: 29.5, range: 11-98) for papillary 
RCCs, 62.8 mm (median: 76, range: 18-114) for chromophobe RCCs, 

Table 1.  Quantitative Parameters for Common Renal Cortical Tumor Types

Clear Cell 
RCC

Papillary 
RCC

Chromophobe 
RCC Oncocytoma

T2SIR
  R1 129.3 ± 34.7 84.2 ± 17.3 121.2 ± 11.7 140.7 ± 36.1
  R2 133.5 ± 44.2 95.3 ± 26.3 114.4 ± 10.2 174.2 ± 44.2
ERc
  R1 332.5 ± 62.2 182.3 ± 38.5 248.6 ± 52.1 319.3 ± 47.9
  R2 310.2 ± 48.2 188.1 ± 42.2 233.5 ± 49.4 308.4 ± 42.5
ERn
  R1 316.9 ± 63.9 247.7 ± 56.9 244.4 ± 50.1 360.7 ± 103.1
  R2 322.4 ± 72.4 259.5 ± 61.3 249.5 ± 53.4 369.1 ± 112.3
ERd
  R1 302.8 ± 67.1 260.9 ± 46.6 241.2 ± 49.4 371.6 ± 125.8
  R2 314.8 ± 71.7 271.3 ± 55.9 249.6 ± 55.2 383.2 ± 133.4
ADCr
  R1 92.4 ± 15.9 60.4 ± 21.4 85.5 ± 12.8 108 ± 27.6
  R2 96.3 ± 17.2 58.4 ± 19.2 89.6 ± 13.4 101 ± 26.7
ADCr, apparent diffusion coefficient ratio; ERc, corticomedullary phase enhancement ratio; 
ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio; R1, 
reader 1; R2, reader 2; RCC, renal cell carcinoma; T2SIR, T2 signal intensity ratio.

Figure 2.  Clear cell renal cell carcinoma in the right kidney of a 63-year-old man. (A) Axial T2-weighted magnetic resonance (MR) image shows the renal mass with 
high signal intensity compared with renal parenchyma (T2SIR = 109.3). A region of interest has been drawn in the solid enhancing region without necrosis avoiding 
vascular structures and cystic components of the tumor and then reported on all sequences. (B) Apparent diffusion coefficient (ADC) maps show slight restriction of 
diffusion in the renal mass (ADCr = 83.6). Axial non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and 
delayed (F) phases show early and intense enhancement of mass in corticomedullary phase followed by washout (ERc: 366.6 , ERn: 329.5, ERd: 321.1). ADCr, ADC 
ratio; ERc, corticomedullary phase enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.
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and 33.8 mm (median: 29, range: 18-87) for oncocytomas. There were 
statistically significant differences in tumor sizes between chromo-
phobe RCCs and papillary RCCs and between chromophobe RCCs and 
oncocytoma (P < .012). No significant difference in size was observed 
between other tumor groups.

Multiparametric Magnetic Resonance Imaging the Quantitative 
Analysis of Renal Tumors
Table 1 presents the results of 2 readers for all the evaluated MRI 
parameters.

Interobserver agreement was almost perfect, with weighted K val-
ues ranging from 0.89 to 0.93 in the calculation of MRI quantitative 
parameters.

There was a statistically significant difference between papillary RCCs 
and the other renal cortical tumors in T2SIR (P < .001).

Considering the post-contrast dynamic behavior, there was a statisti-
cally significant difference between clear cell RCCs (Figure 2) and 
papillary RCCs (Figure 3), clear cell RCCs and chromophobe RCC 
(Figure 4), and papillary RCC and oncocytoma (Figure 5) in ERc (P 
< .001, P = .031 and P < .001, respectively). There was a statistically 
significant difference between clear cell RCC and papillary RCC, chro-
mophobe RCC and oncocytoma, and papillary RCC and oncocytoma 
in ERn (P = .004, P = .038 and P = .007, respectively). There was a sta-
tistically significant difference between chromophobe RCC and onco-
cytoma and between papillary RCC and oncocytoma in ERd (P = .040 
and P = .031, respectively) (Table 2).

Figure 3.  Papillary renal cell carcinoma in the right kidney of a 51-year-old man. (A) Axial T2-weighted magnetic resonance (MR) image shows significant a 
renal mass with low signal intensity compared to renal parenchyma (T2SIR = 67). (B) Apparent diffusion coefficient (ADC) maps show markedly low ADC values 
in the renal mass (ADCr = 44.5). Axial non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and delayed 
(F) phases show slowly increasing enhancement of the mass (ERc: 78.2, ERn: 93.4, ERd: 121.7). ADCr, ADC ratio; ERc, corticomedullary phase enhancement 
ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.

Figure 4.  Chromophobe renal cell carcinoma in the left kidney of a 39-year-old man. (A) Axial T2-weighted magnetic resonance (MR) image shows a renal mass 
with almost the same signal intensity compared to renal parenchyma (T2SIR = 98). (B). Apparent diffusion coefficient (ADC) maps show diffusion restriction in the 
solid areas of renal mass (ADCr = 59.5). Axial non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and 
delayed (F) phases show moderate enhancement of the mass without washout (ERc: 122.6, ERn: 126.6, ERd: 128). ADCr, ADC ratio; ERc, corticomedullary phase 
enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.
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There was a statistically significant difference in ADCr between clear 
cell RCC and papillary RCC, and between papillary RCC and oncocy-
toma (P < .001).

Recognition of Clear Cell Renal Cell Carcinoma
The most efficient parameters in discriminating clear cell RCC 
from other renal cortical tumors were ERc and T2SIR (Table 3). 
Between the 2 tumor groups, sensitivity was 80.4% and specificity 
was 73.5% in ERc with a cutoff value of 283.6 and sensitivity was 
78.4% and specificity 70.6% in T2SIR with a cutoff value of 107.2  
(Figure 6).

DISCUSSION
In our study, T2 signal ratios, ADCr, and ER parameters obtained from 
mpMRI examination had high diagnostic accuracy in differentiating 
common subtypes of renal cortical tumors.

Each subtype of renal cortical tumors has different T2 signal properties 
as they have different histological, morphological, and genetic char-
acteristics. Clear cell RCCs tend to be hyperintense on T2WI due to 
necrosis and/or cystic degeneration. Papillary cell RCCs are usually 
hypointense on T2WI due to hemosiderin deposition.12,13 Whereas, 
chromophobe RCCs tend to have moderate-to-low T2 signals. T2 sig-
nals of oncocytomas are usually high compared to the renal cortex, 

Figure 5.  Oncocytoma in the right kidney of a 41-year-old man. (A) Axial T2-weighted magnetic resonance image shows a renal mass with slightly high SI 
compared to renal parenchyma (T2SIR = 116). (B) Apparent diffusion coefficient (ADC) maps show diffusion restriction in the renal mass (ADCr = 75). Axial 
non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and delayed (F) phases show strong heterogenous 
enhancement of mass in corticomedullary followed by washout (ERc: 281.9, ERn: 259, ERd: 250.4). ADCr, ADC ratio; ERc, corticomedullary phase enhancement 
ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.

Table 2.  Statistically Significant P Values of the Quantitative Characteristics Between Each Renal Cortical Tumor Type

Clear Cell RCC 
and Papillary 

RCC
Clear cell RCC and 
Chromophobe RCC

Clear cell RCC and 
Oncocytoma

Papillary RCC and 
Chromophobe RCC

Papillary RCC and 
Oncocytoma

Chromophobe RCC 
and Oncocytoma

T2SIR <.001 1.000 1.000 <.001 <.001 1.000
ERc <.001 .031 1.000 .639 <.001 .352
ERn .004 .075 1.000 1.000 .007 .038
ERd .264 .202 .813 1.000 .040 .031
ADCr .001 1.000 1.000 .317 <.001 .424
ADCr, apparent diffusion coefficient ratio; ERc, corticomedullary phase enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio; RCC, renal 
cell carcinoma; T2SIR, T2 signal intensity ratio. Statistically significant p values are in bold format.

Table 3.  Results of ROC Analysis and Measures of Accuracy in Determining Clear Cell RCC

T2SIR ERc ERn ERe ADCr
AUC 0.771 (0.662-0.881) 0.828 (0.736-0.921) 0.668 (0.543-0.793) 0.59 (0.463-0.717) 0.682 (0.55-0.814)
P <.001 <.001 .009 .162 .005
Cutoff 107.2 283.6 291.1 283.05 80.25
Sensitivity 78.4 (64.68-88.71) 80.4 (66.88-90.18) 74.5 (60.37-85.67) 54.9 (40.34-68.87) 84.3 (71.41-92.98)
Specificity 70.6 (52.52-84.9) 73.5 (55.64-87.12) 61.8 (43.56-77.83) 52.9 (35.13-70.22) 58.8 (40.7-75.35)
PPV 80 (69.97-87.29) 82 (71.91-89.02) 74.5 (64.94-82.19) 63.6 (53.12-72.99) 75.4 (66.89-82.36)
NPV 68.6 (55.32-79.36) 71.4 (58.06-81.87) 61.8 (48.52-73.46) 43.9 (33.55-54.82) 71.4 (55.49-83.37)
Accuracy 75.3 (64.75-84.01) 77.7 (67.31-85.97) 69.4 (58.47-78.95) 54.1 (42.96-64.98) 74.1 (63.48-83.02)
ADCr, apparent diffusion coefficient ratio; AUC, area under curve; ERc, corticomedullary phase enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase 
enhancement ratio; NPV, negative predictive value; PPV, positive predictive value; RCC, renal cell carcinoma; T2SIR, T2 signal intensity ratio.
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and a hypointense stellate scar may be found in the central part.14 In a 
study, Cornelis et al15 determined that the T2 signal ratio was the lowest 
in papillary RCCs and AMLs of renal cortical tumors, while this rate 
was higher in chromophobe RCCs, clear cell RCCs, and oncocytomas. 
In our work, parallel to the literature, T2SIR was the lowest in papil-
lary RCCs, and there was a statistically significant difference in the 
differentiation from other types of tumors. In the univariate analysis, 
T2SIR was statistically different in distinguishing between clear cell 
RCCs and other renal cortical tumors (P = .004). Between the 2 tumor 
groups, sensitivity was 78.4% and specificity was 70.6% in T2SIR with 
a cutoff value of 107.2. The use of TSIR in multiparametric MRI plays 
a crucial role in the differentiation of subtypes of renal cortical tumors 
by increasing the diagnostic efficiency.

Diffusion-weighted imaging, which provides information on the cell 
density, has been valuable in oncological imaging and has also been 
used for differentiation of RCC subtypes. Most researchers briefed that 
the ADC values of clear cell RCCs are higher compared to RCC sub-
types but are similar to oncocytomas.16,17 As ADC values vary based on 
devices and magnetic field strength, we used the ADCr in our study, 
which we considered could eliminate these differences. There are few 
studies in the literature that differentiate RCCs using the ADCr.15,18,19 
Zhong et al18 used ADCr to distinguish oncocytoma from chromophobe 
RCCs and found a statistically significant difference. In our study, the 
highest ADCr was in oncocytoma and the lowest ADCr was in pap-
illary RCCs. There was a statistically significant difference between 
papillary RCCs and oncocytoma and between papillary RCC and clear 
cell RCC (P < .001). The findings of our study were parallel to those 
of the study by Cornelius et al.15 In differentiating clear cell RCC and 
other renal cortical tumors, the sensitivity was 84.3 and the specificity 
was 58.8, with a cutoff value of 0.80 in ADCr. We think that this may 
be employed as a determining parameter in the differentiation of RCC 
subtypes, regardless of the device.

As clear cell RCC is known to have higher vascularity than other RCC 
subtypes, such as chromophobe RCCs and especially papillary RCCs, 

researchers have aimed to differentiate renal tumor subtypes based on 
the degree of enhancement of tumors on contrast enhanced comput-
erized tomography and MRIs.20-23 These researchers identified statis-
tically significant differences between the degree of enhancement in 
different RCC subtypes. Also, this made it difficult to distinguish clear 
cell RCC with contrast-enhancement alone, as the contrast levels of 
clear cell RCC and other renal cortical tumors, especially oncocytoma 
and angiomyolipoma, were generally similar.24 In our work, there was 
a statistically significant difference between papillary RCC and both 
clear cell RCC and oncocytoma in ERc and ERn (P < .008). There was 
a statistically significant difference between chromophobe RCCs and 
clear cell RCCs in ERc and between chromophobe RCCs and oncocy-
toma in ERn and ERd (P = .031, P = .038 and P = .031, respectively). In 
the logistic regression analysis between clear cell RCC and other renal 
cortical tumors, the parameters that were statistically significant in both 
univariate and multivariate analyses were ERc and ERn (P < .001). The 
most effective parameter in the differentiation of the 2 groups was ERc, 
with a cutoff value of 283.6; sensitivity was 80.4%, specificity was 
73.5%, positive predictive value was 82%, negative predictive value 
was 71.4%, and accuracy was 77.7%. Multiparametric magnetic reso-
nance imaging can be used to distinguish clear cell RCC from other 
renal cortical tumors in patients with small tumors that are less likely 
to be diagnosed by biopsy or who are at high medical risk for interven-
tional procedures.

Our study has some limitations. First, it is designed retrospectively. 
While readers are blinded to the final pathology, there is inherent bias 
in this structure. Second, ROI locations and assessments were made 
in agreement with 2 radiologists, and interobserver variability was 
not calculated. Studies with more than 1 reader will confirm these 
results. Third, the number of chromophobe RCCs in our study was 
low in proportion to the incidence of this subtype among society. At 
last, our study did not cover the entire RCC spectrum, as undifferenti-
ated RCC subtypes and other rarer subtypes were not included in our 
study. However, we do not think these 3 subtypes we selected affect the 
power of our study as they constitute 90% of all RCCs encountered in 
clinical practices.

CONCLUSION
We think that the diagnostic sensitivity and specificity of mpMRI, 
including T2SIR and ERc, which is used to distinguish clear cell RCC 
from other common subtypes of renal cortical tumors, is high. The use 
of the quantitative parameters of mpMRI may be useful in treatment 
planning in elderly patients with comorbidities at high risk for biopsy 
or surgery, or to encourage active surveillance where appropriate.
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Figure 6.  Receiver operating characteristic curves for parameters T2 signal 
intensity ratio (T2SIR), corticomedullary phase enhancement ratio (ERc), 
nephrogenic phase enhancement ratio (ERn), delayed phase enhancement ratio 
(ERd), and apparent diffusion coefficient ratio (ADCr).
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Abstract

Objective: Cutis verticis gyrata is a rare condition of scalp thickening, characterized by deep grooves and gyriform ridges that can be observed on computed 
tomography scans and magnetic resonance imaging. It is a benign and asymptomatic condition, but sometimes, it may be associated with some systemic diseases 
in the secondary form.
Methods: Review of the 4026 magnetic resonance imaging studies from a clinics’ archive revealed 29 patients with cutis verticis gyrata. Obtained images were 
re-evaluated for symmetry, localization, and direction. History and previous medical records of the subjects were evaluated, and laboratory or clinic findings that 
could be related to cutis verticis gyrata were noted.
Results: Around 44.8% (n = 13) of the subjects were male and 55.2% (n = 16) were female. Age range was 28-87 years with a mean of 61.10 ± 15.25 years. 
Evaluation of the history and previous medical records of the subjects revealed no laboratory and no clinic findings that could be related with cutis verticis 
gyrata; therefore, the cases were accepted as primary. About 21 patients had bilateral involvement, which was asymmetric in 8 of them; 24 patients (82.8%) had 
a chronic disease, 11 out of them (37.9%) had diabetes mellitus, 15 (51.7%) had hypertension; 18 cases (62.1%) had magnetic resonance imaging signs of small 
vessel disease.
Conclusion: When encountered during radiological imaging, clinicians must be aware of possible diseases that may be associated with cutis verticis gyrate, and 
further investigations may be performed to rule out these diseases.
Keywords: Cutis verticis gyrata, magnetic resonance imaging

INTRODUCTION
Cutis verticis gyrata (CVG) is a rare condition of scalp thickening, characterized with deep grooves and gyriform ridges, sometimes giving a spiky 
cogwheel appearance on computerized tomography (CT) scans and magnetic resonance imaging (MRI).1,2 Cutis verticis gyrata has a primary form, 
where there is no known etiology, and this form may be associated with mental retardation, cerebral palsy, epilepsy, cataract, and blindness.3,4 
It may also be secondary to local scalp diseases, genetic syndromes, minoxidil and testosterone use, and endocrine and systemic diseases like 
acromegaly.3 It is estimated that CVG is seen in 1 in 100 000 males and in 0.026 in 100 000 females.4 In histopathological examination, there is 
hypertrophy of sebaceous structures with no evidence of collagen thickening. Overgrowth of the scalp in the form of CVG is observed in 10%-
15% of acromegaly patients. The ridges of the skin in CVG develop due to the overgrowth of the scalp on a narrow surface limited by scalp fascia. 
Secondary form of CVG regresses after the treatment of the underlying condition, but sometimes, surgical interventions may be necessary.4

In the present article, we aimed to document 29 cases who had CVG apparent on MRI images. We obtained demographic and clinical data of the 
cases, like the presence of systemic diseases, and aimed to discuss available information and compare this with that of similar reports from the 
literature.

METHODS
Patients and Magnetic Resonance Imaging Protocol
Our MRI archive containing 4026 MRI studies of the head for the period from October 2021 to October 2022 was reviewed after obtaining local 
ethical committee’s approval. Review of the MRI archive revealed 29 patients with CVG. A 3T MRI (MAGNETOM Skyra, Siemens Healthcare, 
Erlangen, Germany) had been used. The performed magnetic resonance examinations yielded 3-mm thick coronal and axial images. Patients were 
examined with conventional sequences like sagittal spin-echo T1-weighted images (T1WI), axial and coronal spin-echo T2-weighted images 
(T2WI), and axial fluid attenuation inversion recovery sequence (FLAIR) and standard head coils were used. Obtained images were re-evaluated 
for symmetry, localization, and direction. History and previous medical records of the subjects were evaluated, and laboratory or clinic findings 
that could be related to CVG were noted.
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Statistical Analysis
Statistical analyses were made with the International Business 
Machines’ Statistical Package for the Social Sciences version 22.0. 
(IBM SPSS Corp.; Armonk, NY, USA). The distribution of the numeri-
cal data was analyzed with Shapiro–Wilk test; Independent samples 
t-test was used for group comparisons. Analyses of categorical vari-
ables were made with Fisher’s exact or Fisher–Freeman–Halton test. 
Descriptive statistics for numerical variables were given as mean and 
standard deviations and for categorical variables with numbers and per-
centages. A statistically significant value of P< .05 was used.

RESULTS
Around 44.8% (n = 13) of the subjects were male and 55.2% (n = 16) 
were female. Age range was 28-87 years with a mean of 61.10 ± 15.25 
years. None of the patients had a complaint related to scalp thickening 
and CVG was observed incidentally during brain MRIs, performed for 
various other indications. Evaluation of the history and previous medical 
records of the subjects revealed no laboratory and no clinic findings that 
could be related to CVG; therefore, the cases were accepted as primary.

Characteristic ridges and grooves of the scalp were apparent on coronal 
images and they were mostly seen at the vertex (Figure 1). They were 
running anteroposteriorly and extended up to the occipital region. Signal 
intensities of the ridges and grooves were normal. No endocrine inves-
tigation was found in their records. All CVG cases had a generalized 
thickening of the skin, but in only 5 cases, the scalp was extensively cor-
rugated and had a wavy appearance, demonstrating a cogwheel pattern.

About 21 patients had bilateral involvement, which was asymmetric 
in 8 of them (Figure 2). In all patients, CVG was seen in the vertex 
with variable anterior or posterior extensions to the frontal or occipital 
regions. Transverse folds were better visualized on the sagittal plane, 
whereas longitudinal CVG folds were clearer on the coronal plane. 
Calvarium was normal in all patients.

Co-existing diseases are listed in Table 1. Totally 24 patients (82.8%) 
had a chronic disease and 11 of them (37.9%) had diabetes mellitus 
(DM) and 15 (51.7%) had hypertension (HT). In 18 cases (62.1%), 
there were MRI signs of small vessel disease (SVD) (Figure 3). One 
patient also had normal pressure hydrocephalus (Figure 4).

DISCUSSION
Cutis verticis gyrata has a primary and a secondary form. The cases 
in the present study had no condition in their medical records that 
would be related to CVG; therefore, all cases were considered primary. 
Although these were all primary cases, there was no mental retardation, 
cerebral palsy, epilepsy, cataract, and blindness either, which are the 
conditions that could be associated with the primary form. This form 
of primary CVG, which is not associated with these abnormalities, is 
called the primary essential form.4

Primary essential form constitutes 79.6% of all primary cases,5 
whereas all cases of our study group were of the primary essential type. 
In a larger group of CVG patients, non-essential type would also be 
encountered and the ratio that we found may change.

Asymptomatic cases of essential primary CVG, where the ridges and 
grooves are not that prominent, may be overlooked by both the clini-
cians and radiologists.5 There were only 5 cases in our group who had 
prominent grooves and ridges. It is quite possible to overlook milder 
cases, especially when the orientation of the ridges and grooves is par-
allel to the imaging plane.

The characteristics of the ridges and grooves were similar to other stud-
ies. It was reported that the ridges and grooves have usually an antero-
posterior direction except for the ones in the occipital region, where 

MAIN POINTS

•	 Cutis verticis gyrata (CVG) is a rare condition of scalp thickening.
•	 Cutis verticis gyrata is characterized by deep grooves and gyriform 

ridges, sometimes giving a spiky cogwheel appearance on thickening 
scalp on sectional imaging.

•	 This condition has a primary and a secondary form.
•	 The secondary form of the disease can be associated with many sys-

temic conditions.

Figure 1.  T1- and T2-weighted axial magnetic resonance images demonstrate cutis verticis gyrata on the scalp without any cerebral abnormalities. G, gyriform 
structure; S, sulcal morphology.
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they are usually obliquely oriented.5 A similar orientation pattern was 
observed also in our cases.

Cutis verticis gyrata is seen in 1 in 100 000 males and in 0.026 in 100 
000 females.4 Around 29 CVG patients on 4026 MRI images appear to 
be a very high rate. An explanation might be that the CVG prevalence 
given in the present article is not from a radiological study. Although 
there are no big series reported yet in the literature, we believe that 
CVG prevalence, especially the prevalence of the secondary form, 
might increase with the increase in the use of cross-sectional imaging. 

In addition, there are studies that report incidences of up to 12.5% in 
certain psychiatric diseases.6,7

Male to female ratio in the present study was 13 : 16. Cutis verticis 
gyrata was more common in female patients, which is in contrast with 
Okamoto et al’s5 study where it was reported that male to female ratio 
was 5-6 : 1. The cases from the present study consist of non-symp-
tomatic CVG cases who had undergone MRI for different indications. 
The cases we detected may not be representing all CVG cases during 
the same time period and our findings may not be reflecting a correct 
male-to-female ratio.

Both HT and DM seemed frequent in the CVG cases. The prevalence 
of DM in Turkey is 16.5% according to the TURDEP II study from 
2013,8 whereas the prevalence of HT is 30.3% according to Sengul 
et al9 Our CVG group has a relatively higher age (61.10 ± 15.25 years) 
in contrast to the study populations of the prevalence studies, which 
consist of adults older than 20 years of age. It is known that HT and 
DM are more frequent in older ages.8,9 The increased rate of HT and 
DM among CVG cases could not be associated with the presence of 

Figure 2.  Axial T1- and T2-weighted magnetic resonance images show mild and asymmetric cutis verticis gyrata morphologies.

Table 1.  Co-existing Conditions of CVG

n %
Chronic disease 24 100
Diabetes mellitus (DM) 5 20.8
Hypertension (HT) 9 37.5
DM+HT 6 25
Other diseases 4 16.7
CVG, cutis verticis gyrate.

Figure 3.  Axial T1- and T2-weighted magnetic resonance images show small vessel plaques associated with cutis verticis gyrata.
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CVG, because we do not have a comparable prevalence data from a 
matching non-CVG population.

In 62.1% of cases, there were MRI signs of SVD. White matter lesions 
and lacunar infarcts are referred to as SVD and it is a common find-
ing in MRI and CT images of elderly people. Small vessel disease is 
related to some diseases that are vascular risk factors like atheroscle-
rosis, hypertension, DM, and atrial fibrillation.10,11 We observed higher 
percentages of both hypertension and DM in our cases; therefore, the 
percentage of SVD was also relatively high as expected. Chronic kid-
ney disease, obstructive sleep apnea, current and former smoking, and 
branch atheromatous disease are other risk factors for SVD.12

The present study was conducted retrospectively. That the evaluation 
was made on routine head and neck cranial imaging, rather than spe-
cific imaging planned especially for CVG, has been a limitation of the 
present study. A prospective study with detailed maxillofacial examina-
tion data and sequence optimization for a better scalp evaluation could 
reveal more reliable data. According to our knowledge, there are no 
established criteria for the radiological distinction of CVG from cutis 
laxa (CL). Cutis verticis gyrata is basically a dermatological diagno-
sis. For the distinction of CVG from CL, some physical examination 
maneuvers are necessary on a clinical basis. The retrospective setting 
of the present study was not appropriate to make a clear distinction 
because each patient had not been examined specifically for CVG. 
Therefore, it is possible that some of our cases might have CL. This 
has been another major limitation of our study. Further studies are nec-
essary, in which clinicians and radiologists will work in cooperation.

In conclusion, CVG is a rare and benign condition of the scalp charac-
terized by deep grooves, gyriform ridges, and thickened skin. There is 
a primary and secondary form. The secondary form is associated with 
systemic diseases like acromegaly. Neuroradiologists should be aware 
of this scalp condition to interpret its characteristic radiological find-
ings correctly and remind clinicians to rule out possible systemic dis-
eases that may be underlying or co-existing with this benign condition.
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Abstract

Objective: Preoperative foresight of primary parotid tumors is decisive for surgical planning. We aimed to assign the role of 3 tesla diffusion-weighted magnetic 
resonance (3T DW-MR) imaging, apparent diffusion coefficient (ADC) mapping, aging, and gendering in differentiating the primary parotid tumor subtypes on 
the basis of histopathological correlation.
Methods: Thirty-one primary parotid tumors and tumor-free contralateral parotid glands of the same patients were evaluated retrospectively. The 3T DW-MR 
imaging, ADC, calculated apparent diffusion coefficient value, and demographic data were compared, and receiver operating characteristic analysis was carried 
out with histopathological results. A P-value <.05 was considered to be statistically significant.
Results: The apparent diffusion coefficient value of primer parotid tumors (n = 31) was 1.43 ± 0.51 × 10–3 mm2/s, of benign parotid tumors (n = 25) was 1.61 ± 
0.38 × 10–3 mm2/s [Warthin tumors (n = 7): 1.14 ± 0.20 × 10–3 mm2/s, pleomorphic adenomas (n = 18): 1.80 ± 0.24 × 10–3 mm2/s], of malignant parotid tumors 
(n = 6) was 0.69 ± 0.25 × 10–3 mm2/s, and of normal parotid gland (n = 31) was 0.94 ± 0.18 × 10–3 mm2/s. Statistically, an intergroup differences was found between 
malignant and benign parotid tumors (P < .001). An intragroup difference was found between Warthin tumor and pleomorphic adenoma (P < .001). The results 
showed that aging and gendering were significantly different within primary parotid tumors (P < .001).
Conclusion: Using the results of 3T DW-MR imaging and ADC mapping with aging and gendering may provide preoperative primary parotid tumor character-
ization. The ADC value and age and gender might be useful in differentiating benign malign primary parotid tumors including subtypes such as Warthin tumor 
and pleomorphic adenoma. This aspect might be applied in routine applications.
Keywords: 3T DW-MR imaging, ADC mapping, primary parotid tumor, benign parotid tumor, Warthin tumor, pleomorphic adenoma, malignant parotid tumor

INTRODUCTION
The largest salivary glands and parotid gland have a specific structure; saliva is secreted through the parotid duct and digestion starts in the mouth.1,2 
Reports observed that parotid glands have a large variety of textures with aging and gendering and have a different histopathological subgroup of 
primary parotid tumors.3-6 Pleomorphic adenomas display myxoid and chondroid matrices.7 Adenoid carcinoma has myxoid, hyalinized, and muci-
nous matrices.8 The management of parotid tumors needs a detailed figure of the histopathological processes affecting the parotid glands. While 
local residue and recurrence risk are high in pleomorphic adenomas (>80%), they are less in Warthin tumors (<5%) with regard to the same surgical 
procedure.9,10 Determining a convenient surgical procedure for primary parotid tumors is not only a differential diagnosis between groups of malig-
nant or benign parotid tumors but also a distinction of benign histopathological subgroups including Warthin tumor and pleomorphic adenoma.8,11

Image-guided fine-needle aspiration biopsy (IG-FNAB) is approved as a useful method for preoperative differential diagnosis, with cytopathologi-
cal accuracy between 80% and 90% in primary parotid tumors.10,12 IG-FNAB risk might be a potential inoculation, which can spearhead a higher 
possibility of local residue recurrence, particularly in malignant parotid tumors and pleomorphic adenomas.8,11 The cytopathological differential 
diagnosis for several primary parotid tumors might be unfeasible or difficult.9,10 Pleomorphic adenomas have a labile histopathological design 
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that could mimic adenoid and mucoepidermoid carcinomas.13 By using 
IG-FNAB alone, the distinction between adenoma and adenocarci-
noma is mostly impossible.10

Magnetic resonance (MR) imaging can identify the characteristics of 
primary parotid tumors and determine the contiguity and extension.14,15 
However, routine MR imaging cannot differentiate primary parotid 
tumors from histopathological subtypes by preoperative planning and 
operation procedure alone.10-13 Diffusion-Weighted (DW) MR imag-
ing, apparent diffusion coefficient (ADC) mapping, and calculated 
ADC values depict random molecular diffusion of the parotid gland 
and affect gland perfusion and salivating.15-17 The adjustment b-factor is 
critical and decisive in determining ADC mapping. There is an inverse 
relationship between the ADC value and the b-factor. High b-factors 
are preferred to minimize the effect of the parotid gland.18

The parotid gland has a unique texture that increases fat accumula-
tion and other chances of aging and gendering.19,20 Primary parotid 
tumors contain complex tissues composed of myxomatous and lym-
phoid matrices and cystic and necrotic tissues.3 Primary parotid 
tumors may not be homogeneous due to the presence of cystic areas, 
necrosis, degeneration, or bleeding.9 Therefore, the evaluation of a 
large region of interest (ROI) in the myxomatous tumor might have 
misleading results in the primary parotid tumors.21,22 DW MR imag-
ing and ADC mapping can reveal biophysical disturbances associated 
with histopathological alterations in the tumoral process and might 
segregate with gantry strength.23,24 To minimize this dilemma and 
achieve optimum image quality and tissue, characterization using 3 
tesla (3T) DW-MR imaging with a 64-channel head and neck coil 
appears necessary.3,18 Demographic data might be useful in distin-
guishing primary parotid tumors.25 Benign parotid tumors are seen in 
younger patients, whereas Warthin tumor tendency is seen in elderly 
patients.26 Gender was not dominant in the primary parotid tumors, 
while male predominance was shown in Warthin tumor.5 In the current 
study, we investigated 3T DW-MR imaging and ADC mapping using 
aging and gendering of the benign and malign primary parotid tumor 

and common subtypes of benign parotid tumors such as Warthin tumor 
and pleomorphic adenoma with histopathological correlation and to 
check our data with previous literary instructions.

METHODS
The institutional ethics committee approved our study (date: July 5, 
2018, Session: 07, Decision: 18.07.24). Our medical study had retro-
spective consideration and was administered following the Helsinki 
Declaration. Moreover, this research was approved by the corporate 
ethics board. Thirty-one patients (20 females, 11 males; mean age 
43 (18-81) years) who had primary parotid tumors were included. 
The study group consisted of patients with operated primary parotid 
tumors. The control group was established as contralateral normal 
parotid glands of the same patients. The exclusion criteria were poor 
MR imaging, simple cyst, and metastatic parotid tumors. The 3T-DW 
MR imaging of patients was performed between 2016 and 2018. 
The study was conducted at Şanlıurfa Harran University Hospital 
Radiology Department.

Magnetic Resonance Imaging Protocol
Each patient with a primary parotid tumor underwent MR imag-
ing using the 3T MR scanner system (Magnetom Skyra, Siemens 
Healthcare, Erlangen, Germany) and using a 64-channel phasedar-
ray head and neck coil. Routine MR imaging was performed with 
T1-weighted (T1W) (Time to Repetition (TR): 300 ms, Time to Echo 
(TE): 2 ms, Flip Angle (FA): 70°), T2W (TR: 4930 ms, TE: 91 ms, FA: 
180°), turbo spin echo (tse), and fat saturation (fs) T1W (TR: 822 ms, 
TE: 13 ms, FA: 160°) images in the axial and T2W (TR: 4150 ms, TE: 
37 ms, FA: 160°) tse images in the coronal plane. After an intravenous 
injection rate of 3 mL/s of 0.1 mmol/kg Gadobutrol (Gadovist; Bayer 
Schering Pharma, Berlin, Germany) fs T1W (TR: 822 ms, TE: 13 ms, 
FA: 160°) axial and T1W (TR: 300 ms, TE: 2 ms, FA: 700) sagittal and 
coronal images were obtained. 3 Tesla DW MR imaging (TR: 6400 
ms, TE: 98 ms, FA: 90°, number of excitations (nex: 1, interslice: 0.5 
mm, field: 22 × 22, thickness: 5 mm, matrix: 128 × 128) was obtained 
in an axial plane using an echo-planar Spin Echo (SE) sequence with 
a b value of 1000 mm2/s tracing on conventional MR imaging. The 
acquisition time for 3T DW-MR images was 46 s.

Magnetic Resonance Imaging Processing and Data Analysis
Apparent diffusion coefficient mapping was generated from 3T 
DW-MR images for each patient, and ADC values were calculated 
manually by using the ellipsoid ROI for the appropriate placement of 
the primary parotid tumor and the contralateral normal parotid gland, 
in the same patient with routine MR image guiding, excluding cystic 
and necrotic areas. The ADC value from the contralateral normal gland 
was calculated in the same patient from the control group. For each 
measurement of parotid tumor and normal parotid glands, the ROI was 
placed at 4 mm2 as symmetrically as possible except for intra-parotid 
lymph nodes and retromandibular vein.

Histopathological Analysis
After 3T DW-MR imaging, histopathological examinations were 
handled for the primary parotid tumors that were surgically resected 
to support definitive histopathological data in all patients. An experi-
enced pathologist (M.E.G.) evaluated all surgical resection specimens. 
Histopathological subtypes of the primary parotid tumors (n = 31) were 
benign parotid tumors (n = 25), including Warthin tumor (n = 7), pleo-
morphic adenoma (n = 18), and malignant parotid tumor (n = 6), includ-
ing mucoepidermoid carcinoma (n = 2), squamous cell carcinoma 
(n = 2), non-Hodgkin lymphoma (n = 1), and leiomyosarcoma (n = 1).

MAIN POINTS

•	 The largest salivary glands and parotid gland have a specific structure. 
Parotid glands have a large variety of textures with aging and gender-
ing and have a different histopathological subgroup of primary parotid 
tumors.

•	 Management of parotid tumors needs a detailed figure of the histo-
pathological processes affecting the parotid glands. While local resi-
due and recurrence risk are high in pleomorphic adenomas (>80%), 
they are less in Warthin tumors (<5%) with regard to the same surgical 
procedure.

•	 The apparent diffusion coefficient (ADC) value of pleomorphic ade-
noma was significantly higher than that of Warthin tumor and malig-
nant parotid tumor. The ADC value of Warthin tumor was lower than 
that of the pleomorphic adenoma and higher than that of the malignant 
parotid tumor. By aging in pleomorphic adenoma was lower when 
compared to Warthin tumor and malign parotid tumor, and gendering 
in Warthin tumor was male dominance when compared to pleomor-
phic adenoma and malign parotid tumor. 3 Tesla DW-MR imaging 
and ADC mapping with aging and gendering might be useful in dif-
ferential diagnosing of malignant and benign parotid tumors including 
Warthin tumors and pleomorphic adenomas.
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Statistical Analysis
The obtained ADC values of the primary parotid tumor and contra-
lateral normal parotid gland from all patients were evaluated by the 
Shapiro–Wilk normality test to see whether ADC values showed nor-
mal distribution. One-way analysis of variance (ANOVA) and post-hoc 
least significant difference test (Tukey) were used for normal distributed 
data. The data were recorded as mean ADC value ± SD. Whether the 
data were normally distributed or not was evaluated with the Shapiro–
Wilk test. For comparisons between the 2 groups, normally distributed 
parameters were evaluated with the Student’s t-test and non-normally 
distributed parameters were evaluated with Mann–Whitney U test. For 
comparisons between more than 2 groups, normally distributed param-
eters were evaluated with 1-way ANOVA and non-normally distrib-
uted parameters were evaluated with Kruskal–Wallis H test. Results 
were expressed as the mean difference and P-value. Differences among 
the ADC values and demographic data for malign and benign parotid 
tumors, within common benign parotid tumors including Warthin 
tumor and pleomorphic adenoma, and normal parotid gland were 
evaluated using 1-way ANOVA. If the P-value was significant, a mul-
tiple comparison test was used to determine the differences between 
groups. We averaged the ADC value of primary parotid tumors and 
healthy parotid glands of each patient. Statistical analyses were per-
formed with Statistical Package for the Social Sciences version 23.0. 
(IBM SPSS Corp.; Armonk, NY, USA) . 3 Tesla DW MR image analy-
sis was implemented independently by 2 head and neck radiologists 
(A.D. and V.K.). The difference between malignant and benign pri-
mary parotid tumors and common benign subtypes of Warthin tumor 
and pleomorphic adenoma was investigated, and the threshold value 
was determined using receiver operating characteristic (ROC) analysis. 
Statistically significant value was accepted as P < .05.

RESULTS
Thirty-one primary parotid tumors [7 Warthin tumors, 18 pleomorphic 
adenomas, 6 malignant parotid tumors (2 mucoepidermoid carcinomas, 
2 squamous cell carcinoma, 1 non-Hodgkin’s lymphoma, and 1 leio-
myosarcoma)] and 31 contralateral normal parotid gland were included 
in the current study.

The calculated ADC values (Table 1) for histopathologically confirmed 
primary parotid tumors were demonstrated as follows; the primary 
parotid tumor: 1.43 ± 0.51 × 10–3 mm2/s, the benign parotid tumor: 1.61 
± 0.38 × 10–3 mm2/s [Warthin tumor: 1.14 ± 0.20 × 10–3 mm2/s (Figure 1) 
and pleomorphic adenoma: 1.80 ± 0.24× 10–3 mm2/s (Figure 2)], the 

malignant parotid tumor: 0.69 ± 0.25 × 10–3 mm2/s (Figure 3); and the 
contralateral normal parotid gland: 0.94±0.18 × 10–3 mm2/s.

The age distribution of the primary parotid tumor was 42.9 ± 16.1 (18-
81) years, of the benign parotid tumor was 39.2 ± 14.5 (18-76) years 
(Warthin tumor: 55.0 ± 12.8 (39-76) years, pleomorphic adenoma: 
33.1 ± 9.8 (18-50) years), and of the malign parotid tumor was 58.3 ± 
13.7 (42-81) years.

Gender dispersion of the primary parotid tumor demonstrated a male 
predominance, as the male-to-female ratio was 20/11, that of the benign 
parotid tumor was 16/9, that of Warthin tumor was 7/0, that of pleomor-
phic adenoma was 10/8, and that of the malign parotid tumor was 4/2.

Box plots of ADC mapping of primary parotid tumors and individual 
aging are shown in Figure 4.

ADC mapping in the primary parotid tumor (Table 2), we found that 
pleomorphic adenoma had significantly higher ADC value than Warthin 
tumors (P < .001) and malign parotid tumors (P < .001). Warthin tumor 
had a higher ADC value and a statistically significant difference than 
malign parotid tumor (P = .007). The normal parotid gland has a sig-
nificantly lower ADC value than the pleomorphic adenoma (P < .001). 
Nevertheless, the normal parotid gland ADC value was lower than the 
Warthin tumor (P = .176) and higher than malignant parotid tumors 
(P = .146) but not statistically significant and hence indistinguishable.

Table 1.  ADC Mapping of Primary Parotid Tumors

Groups n Gender Age (Years)
ADC Value 

(Mean ± SD)
Primer parotid 
tumor

31 20 male/11 female 42.9 ± 16.1 
(18-81)

1.43 ± 0.51 × 
10–3 mm2/s

Benign parotid 
tumor

25 16 male/9 female 39.2 ± 14.5 
(18-76)

1.61 ± 0.38 × 
10–3 mm2/s

Warthin tumor 7 7 male/0 female 55.0 ± 12.8 
(39-76)

1.14 ± 0.20 × 
10–3 mm2/s

Pleomorphic 
adenoma

18 10 male/8 female 33.1 ± 09.8 
(18-50)

1.80 ± 0.24 × 
10–3 mm2/s

Malign parotid 
tumor

6 4 male/2 female 58.3 ± 13.7 
(42-81)

0.69 ± 0.25 × 
10–3 mm2/s

Normal parotid 
gland

31 20 male/11 female 42.9 ± 16.1 
(18-81)

0.94 ± 0.18 × 
10–3 mm2/s

ADC, apparent diffusion coefficient.

Figure 1.  A 42-year-old female with left parotid pleomorphic adenoma. A–C, benign parotid tumor located in deep lobe tumor on axial 3T DW-MR image (A) and 
ADC mapping (B) and histopathological image (C) myoepithelial cells without atypia are observed on myxoid ground (HE, ×400).
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Figure 2.  A 69-year-old male with right parotid Warthin tumor. A–C, benign parotid tumor located in superficial lobe on axial 3T DW-MR image (A) and 
ADC mapping (B) and histopathological image (C) lymphoid stroma, cystic structures covered with oncocytic cells and eosinophilic secretion in the cyst lumen 
(HE, ×200).

Figure 3.  A 58-year-old female with right mucoepidermoid carcinoma. A–C, located in right superficial lobe malignant parotid tumor on axial 3T DW-MR image 
(A) and ADC mapping (B) and histopathological image (C) mucin-containing tumor tissue consisting of atypical epithelial cells is observed (HE, ×400).

Figure 4.  Box plots of apparent diffusion coefficient value (A) and ageing (B) associated with primary parotid tumors: Warthin tumor, pleomorphic adenoma, 
malignant parotid tumor, and normal parotid gland.

Table 2.  Intergroup ADC Comparisons, Post-Hoc Test

Groups Benign Parotid Tumor Warthin Tumor Pleomorphic Adenoma Malign Parotid Tumor
Normal Parotid 

Gland
Primer parotid tumor <0.001
Benign parotid tumor <0.001 <0.001
Warthin tumor <0.001 0.007 0.176
Pleomorphic adenoma <0.001 <0.001 <0.001
Malign parotid tumor <0.001 0.007 <0.001 0.146
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With aging in the primary parotid tumor (Table 3), we found that the 
age of the malign parotid tumor was higher than that of the benign 
parotid tumor (P = .028) and the age of the Warthin tumor was higher 
age than that of pleomorphic adenoma (P < .010).

Gendering in the primary parotid tumor, Warthin tumor had a higher 
male predominance than pleomorphic adenoma and malign parotid 
tumor.

Using the distinction performance of ROC analysis in the diagnosis 
of primary parotid tumors was appreciated. The sensitivity, specificity, 
positive and negative predictive value, area under the curve (AUC), 
and 95%CI were evaluated (Table 4). The cutoff value for benign and 
malignant parotid tumors was 0.96 × 10–3 mm2/s and that for Warthin 
tumor and pleomorphic adenoma was 1.41 × 10–3 mm2/s. The 95% CI) 
was 0.95-1.00. Sensitivity and specificity were 96% and 100%, respec-
tively, and positive and negative predictive values were 86% and 100%, 

respectively (Figure 5). Interobserver correlation for 3T DW-MR imag-
ing and ADC mapping was high (0.96 intraclass coefficient).

DISCUSSION
Among all organs, the parotid gland is the organ with the largest tumor 
subgroup histopathologically. Tumors often originate from the parotid 
gland. Salivary gland tumors constituted 3%-12% of head and neck 
regional tumors and 2%-3% of tumors that can be observed in the whole 
body.1 Also, parotid gland tumors are 80% of salivary gland tumors.27 
The most common benign parotid tumors are Warthin tumors and pleo-
morphic adenoma.28 The possibility of the primary parotid tumor is 1 of 
these 2 tumors that should be considered first.11,29 Pleomorphic adenoma 
tends to be seen in younger patients than Warthin tumors and malig-
nant parotid tumors.5 Pleomorphic adenoma is well-circumscribed, 
encapsulated, and slightly lobulated, containing myxoid, mucoid, and 
chondroid matrices which provide prominent hyperintense and hypoin-
tense heterogenous areas due to the epithelial component on T2W-MR 

Table 3.  Intergroup Age Comparison, Post-Hoc Test

Groups Benign Parotid Tumor Warthin Tumor Pleomorphic Adenoma
Malign Parotid 

Tumor
Normal Parotid 

Gland
Primer parotid tumor <0.001
Benign parotid tumor 0.028 0.667
Warthin tumor <0.010 0.980 0.243
Pleomorphic adenoma 0.010 0.004 <0.141
Malign parotid tumor 0.028 0.980 0.004 0.117

Table 4.  Primary Parotid Tumors, ROC Analysis Between Each Groups

ADC value Cutoff Value Sensitivity Specificity PPV NPV AUC 95% CI
Primer parotid tumor and normal parotid gland 0.93 80 61 67 76 0.79 0.67-0.92
Benign parotid tumor and malign parotid tumor 0.96 96 100 86 100 0.99 0.95-1.00
Pleomorphic adenoma and Warthin tumor 1.41 100 71 90 100 1.00 1.00-1.00
Pleomorphic adenoma and primer parotid tumor 1.37 100 63 62 100 1.00 1.00-1.00
Warthin tumor and primer parotid tumor 0.93 100 72 46 100 0.80 0.57-1.00
Malign parotid tumor and primer parotid tumor 0.96 96 100 40 92 0.98 0.95-1.00
Benign parotid tumor and normal parotid gland 1.34 80 100 91 88 0.93 0.87-1.00
Pleomorphic adenoma and normal parotid gland 1.36 100 100 100 100 1.00 1.00-1.00
Warthin tumor and normal parotid gland 0.98 86 65 35 95 0.76 0.57-0.95
Malign parotid tumor and normal parotid gland 0.75 67 81 40 92 0.78 0.56-0.96
ADC, apparent diffusion coefficient; AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.

Figure 5.  Receiver operating characteristic analysis graphs in primary parotid tumor—normal parotid gland (A), benign parotid tumor—malignant parotid tumor 
(B), and Warthin tumor—pleomorphic adenoma (C).
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imaging.8,23 Pleomorphic adenoma contains various textures, including 
secretory glands, epithelium, and surrounding fatty stroma.7 Glandular 
areas in adenoma and adenoid group tumors can consist of fluid depos-
its. Causatively, protons move freely in fluid accumulation areas and 
reflect a high ADC value in pleomorphic adenoma.16,30

We peruse the role of 3T DW-MR imaging and ADC mapping in rec-
ognizing primary parotid tumor histopathological subtypes. Our study 
showed that there was a prominent distinction between malignant and 
benign parotid tumors and within Warthin tumor and pleomorphic ade-
noma. Pleomorphic adenoma had a higher ADC value than Warthin 
tumor, malignant parotid tumor, and normal parotid gland. Warthin 
tumor and malignant parotid tumor might be nearly isointense, indis-
tinguishable from a normal parotid gland on ADC mapping. Aging and 
gendering might be associated with increasing recognition of primary 
parotid tumors. The core of our outcomes from this study is using aging 
and gendering ADC mapping might be a prominent foresight in the dif-
ferential diagnosis of primary parotid tumors.

The parotid gland has a unique and inhomogeneous texture, which 
consists of the interstitium and salivary components, and has shown 
extensive individual variety and changes with aging and gendering.6,9 
The parotid gland indicates a decreasing ADC value due to increased 
fat aggregation.19 In a recent study, malignant parotid tumors and the 
Warthin tumors had been reported to appear isointense to the normal 
parotid gland on ADC mapping.9 However, The ADC value of the 
malignant parotid tumor was lower than the normal parotid gland and 
the ADC value of the benign parotid tumor and the Warthin tumor was 
higher than normal parotid gland but it was not statistically significant 
in our study.

In another study, a small proportion of pleomorphic adenoma was 
reported to exhibit a typical shiny hyperintensity.7,16 Nevertheless, pri-
mary parotid tumors cannot be diagnosed using routine MR imaging 
properties.10,16 Warthin tumor is inclined to be seen in older patients 
than pleomorphic adenoma with a male predominancy.5 Warthin tumor 
is well-edged, unencapsulated, and lobulated, with cystic components 
and colloid matrices.30 Warthin tumor consists of rich lymphoid areas, 
germinal centers, and prominent follicles and exhibits hypercellularity, 
higher microvesselling, and micronecrotic changes.3 Hypointensity on 
DW-MR imaging and ADC mapping is usually observed in the Warthin 
tumor as well as in malignant parotid tumors.16,17 No significant dif-
ference was observed between Warthin tumor and malignant parotid 
tumors, so there was overlapping with ADC mapping in most of the 
study.1,16

Malignant parotid tumors can be histopathologically diagnosed accord-
ing to mitotic activity, cellular anaplasia, necrosis, and neural inva-
sion.31 Malign parotid tumors, including lymphoma, carcinoma, and 
carcinosarcoma or mixed tumors, exhibit hypercellularity and limited 
proton diffusion space of extracellular fields, as a result of restricted 
DW-MR imaging.23 Malignant parotid tumors, such as adenoid cystic 
carcinoma and mucoepidermoid carcinoma, indicate an increased sig-
nal intensity reflecting the cystic component due to mucin secretion.8,17 
Malignant parotid tumors exist lower ADC values than Warthin tumors; 
and also benign parotid tumors exist lower ADC values than Warthin 
tumors.5 Cystic carcinoma and pleomorphic adenoma had higher ADC 
values and overlapping.10 Therefore, most authors reported that ADC 
mapping could not discriminate between benign and malignant parotid 
tumors.8,16 Carcinosarcoma is a mixed malignant primary parotid 
tumor, an extremely rare but important subgroup of malignant parotid 

tumors characterized by reproducing from pleomorphic adenoma or 
primarily de novo.32,33 In contrast to these findings, ADC mapping of 
malignant parotid tumors was lower than benign parotid tumors in our 
study, and there was no overlap between malignant and benign parotid 
tumors.

Lymphoma, which forms an important subgroup of malignant parotid 
tumors, is characterized by diffuse and abundant infiltration of ana-
plastic lymphoid cellular in the germinal center and conspicuous fol-
licles.16,34 The ADC value of lymphoma is lower than carcinomas.5,17 
Lymphoma grouped in malignant parotid tumors with carcinomas in 
our series has a low ADC value. Therefore, lymphoma and malignant 
parotid tumors with low ADC values can be distinguishable from 
benign parotid tumors, including Warthin tumors and pleomorphic ade-
noma. The ADC mapping of malignant parotid tumors was lower than 
benign parotid tumors in our study, and there was no overlap between 
malignant and benign parotid tumors. By the way, we demonstrate that 
ADC mapping is helpful and can differentiate benign and malignant 
parotid tumors.

Management of primary parotid tumors is complicated due to their 
diversity, complex structure, various histopathological subgroups, 
and even subgroups exhibiting different biological behaviors.4,11 
Preoperative evaluation and deciding the appropriate surgical proce-
dure requires a high-diagnostic technique.20,33 Routine MR imaging is 
useful in differential diagnosis and frequently encounters distinctive 
morphological features.16,22 Benign parotid tumors and also pleomor-
phic adenoma markedly hyperintense heterogeneous in T2W-MR 
imaging.7,13 Warthin tumors with excess cystic components might 
resemble pleomorphic adenoma, and smaller cystic components might 
mimic malignant parotid tumors.5 Heterogeneous hypointensity with 
contour irregularity might be facilitates diagnosis in malignant parotid 
tumors.1,5 Preoperative differential diagnosis of a primary parotid tumor 
is important in terms of preoperative surgical planning.11,35 Benign pri-
mary parotid tumors such as Warthin tumors and pleomorphic ade-
nomas are excised with lobectomy, and subtotal parotidectomy, but 
malign parotid tumors are resected by total parotidectomy.16,36

MR imaging assists in determining the signal intensity, boundary, lat-
erality, plurality, location, extension, and invasion of adjacent muscular 
and fascial parapharyngeal planes and facial nerve for surgical resection 
planning in primary parotid tumors.16,34 Magnetic resonance imaging 
is widely used to differentiate malignant parotid tumors with irregu-
lar and vague margins, extraglandular extension, and accompanying 
lymph nodes.2,30 Inhomogeneity and hypointensity of T2W MR imag-
ing mostly suggest malignant parotid tumors, but it not sufficient to 
differentiate diagnosing them alone.11,23 A benign parotid tumor might 
be an inhomogeneous nautre resembles malignant parotid tumors.8 
Therefore, the precise diagnosis of a primary parotid tumor with vari-
ous histopathological subgroups cannot be situated by MR imaging.1 
Contrast-enhanced MR imaging could be used with diagnostic success, 
but using gadolinium has become lessened in recent years, and there is 
a need to develop new MR techniques without gadolinium.1,14

DW-MR imaging as a functional MR imaging modality might be pro-
vide qualitative and quantitative evaluation by demonstrating random 
movement of protons in a microtexture in routine without gadolin-
ium.1,16 DW-MR imaging in head and neck have susceptibility artifacts 
and impaired imaging, swallowing, and movement.4,14 Using a 3T 
MR imaging system and a 64-channel head and neck coil with shorter 
imaging time and higher resolution, it is possible to obtain the optimal 
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DW-MR imaging and ADC mapping and calculate the ADC value 
of the parotid gland and primary parotid tumor.18-24 The ADC value 
increases with respect to increasing fluid content in the primary parotid 
tumor.16 Cystic and necrotic areas and pure cystic tumors might be 
excluded from ROI, to reflect the histopathology of the primary parotid 
tumor, and solid areas might be mapped and measured.10,30 In a recent 
study, a lower ADC value reflects restricted proton movement in highly 
cellular areas of Warthin tumors.5,16 However, in the aforementioned 
study, the authors included the whole tumor including necrotic cystic 
areas in the ROI.3 As we defined, we excluded the cystic necrotic area 
from ROI to avoid variable ADC mapping. In agreement with these 
findings, the ADC value of the Warthin tumor was higher than that of 
the malignant parotid tumors. Therefore, we found that ADC mapping 
was useful to discriminate benign parotid tumors, including Warthin 
tumors, from the malignant parotid tumor. In a recent study, the ADC 
value of malign parotid tumor, Warthin tumor, and pleomorphic 
adenoma were reported as a 1.04 ± 0.35 × 10–3 mm2/s, 0.97 ± 0.35 × 
10–3 mm2/s, and 1.74 ± 0.37 × 10–3 mm2/s.16 The ADC value in benign 
parotid tumor was 1.50 ± 0.48 × 10–3 mm2/s and in malignant parotid 
tumor was 1.07 ± 0.29 × 10–3 mm2/s.23 In a recent study, the primary 
parotid tumors suggest isointense with normal parotid gland without 
distinguish of differantial diagnosis.9 We revealed a little higher ADC 
value for the Warthin tumor (1.14 ± 0.23  × 10–3 mm2/s). Moreover, 
Warthin tumor has a propensity lower ADC value than pleomorphic 
adenoma, and higher than the malign parotid tumor. In agreeing with 
these findings, ADC mapping of the malignant parotid tumor and 
Warthin tumor was not significantly different from the normal parotid 
gland we studied. Even so, we noticed that ADC mapping might be 
helpful to differentiate malign from benign parotid tumors and Warthin 
tumor and pleomorphic adenomas but not from the normal parotid 
gland. Using 3T DW-MR imaging and 64-channel head and neck coil, 
to compose the ADC mapping and using aging and gendering might be 
useful in differentiate diagnosing from malignant and benign parotid 
tumors and Warthin tumor and pleomorphic adenoma.

Study Limitations
Our study has several limitations. First, there were limited primary 
parotid tumors, and therefore only a small number of subgroups of pri-
mary parotid tumors were included in the study, but smoking status 
was not addressed. We included Warthin tumors, pleomorphic adeno-
mas, and malignant primary parotid tumors because malignant parotid 
tumors were few and heterogeneous, and it is not possible to identify 
3T DW-MR imaging and ADC mapping in each subgroup statistically. 
Second, primary parotid tumor location, growth patterns, margins, sig-
nal intensity, cystic and necrotic content, and contrast enhancement 
were not evaluated, because this study was designed on standard head 
and neck MR imaging and focused on 3T DW-MR imaging ADC map-
ping. Thirdly, 3T DW-MR imaging ADC mapping was organized with 
b-values of 500-1000 sc/mm2, higher b-values (2000-3000 sc/mm2) 
might improve the study. However, there were several studies with 
conflicting results, and the first report was on qualitative and quan-
titative evaluation of primary parotid tumors using age, gender, and 
histopathological data using 3T DW-MR imaging and ADC mapping 
to characterize primary parotid tumors.

Further prospective studies must be carried out with a high number 
and wide histopathological subgroup of primary parotid tumors, and 
this evaluation method of primary parotid tumors using a cutoff value 
is expected to be an indicator of the distinction of the primary parotid 
tumor subgroups. Consequently, this research study can aid the rel-
evant literatüre and implies for future research and via emphasizing 

the 3T DW-MR imaging and ADC mapping, together with aging and 
gendering, on the distinction of malignant and benign parotid tumors 
and subgroups, which should be addressed in routine primary parotid 
tumor imaging protocol.

CONCLUSIONS
In conclusion, our results suggested that 3T DW-MR imaging and ADC 
mapping with aging and gendering could prominently improve the dis-
tinction of malignant and benign parotid tumors including Warthin 
tumors and pleomorphic adenomas. The ADC mapping of pleomor-
phic adenoma was significantly higher than that of Warthin tumor and 
malignant parotid tumor, but the ADC value of Warthin tumor was 
lower than that of the pleomorphic adenoma and higher than that of 
malignant parotid tumor. Aging in pleomorphic adenoma was lower 
when compared to Warthin tumor and malign parotid tumor, gendering 
in Warthin tumor was male dominance than pleomorphic adenoma and 
malign parotid tumor. It indicated that the 3T DW-MR imaging and 
ADC mapping with aging and gendering might be useful in differen-
tial diagnosing of malignant and benign parotid tumors, including the 
Warthin tumors and pleomorphic adenomas.
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Abstract

Objective: The aim of this study was to investigate the correlation between qualitative and quantitative characteristics of contrast-enhanced dynamic magnetic 
resonance imaging with hepatospecific contrast agent gadoxetic acid (primovist) and histopathological differentiations in hepatocellular carcinoma.
Methods: This study included 32 consecutive naïve patients with needle biopsy-proven hepatocellular carcinoma. All patients were divided into 2 groups: those 
with well-differentiated tumors and those with moderately/poorly differentiated tumors. Pre-contrast and post-contrast signal intensities, relative signal intensity 
ratios, and enhancement ratios of tumors were determined during the hepatobiliary phase of magnetic resonance imaging.
Results: There were no significant differences between 2 groups regarding patients’ age (P = .657), gender (P = .589), chronic hepatitis etiology (P = .665), 
α-fetoprotein levels (P = .156), Child-Pugh classes (P = .166), contrast-enhancing pattern (P = .479), visually registered signal intensities (P = .228), and mean 
pre-contrast relative signal intensity ratios (P = .444). Mean post-contrast relative signal intensity ratios and enhancement ratios of well-differentiated tumors 
were significantly higher compared to moderately/poorly differentiated tumors’ values (P = .017 and P = .014, respectively). The test power of quantitative prop-
erties was calculated as good (area under curve for post-contrast relative signal intensity ratio by 0.74, sensitivity by 73%, and specificity by 76%; area under 
curve for enhancement ratio by 0.71, sensitivity by 82%, and specificity by 76%)).
Conclusion: The quantitative but not qualitative parameters of hepatocellular carcinoma detected during hepatobiliary phase of contrast-enhanced dynamic 
magnetic resonance imaging with gadoxetic acid (primovist) may provide objective and predictive information in terms of the differentiation between well-
differentiated and moderately/poorly differentiated tumors.
Keywords: Contrast agent, gadoxetic acid, primovist, hepatocellular carcinoma, histopathological differentiation, magnetic resonance imaging

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the liver and ranks third among cancer-causing cancers.1 In 
recent years, with the advances in screening, diagnosis, and treatment methods, the detection frequency of HCC at early stage has increased, and 
with the application of appropriate treatments, survival times of more than 5 years have been achieved.2 To predict better treatment results, mul-
tivariate statistical analyses were performed and risk factors for possible relapse were investigated. Tumor stage, liver functions, general patient’s 
performance status, tumor biomarkers, and histopathological differentiation of HCC are recognized as main prognostic factors. A needle or surgical 
biopsy in HCC still provides beneficial information about the morphological variants and subtypes that can serve as important surrogates of tumor 
behavior for targeted therapies for HCC. Thus, tumor biopsy is being recognized as an invaluable tool for the diagnosis, management, and prognos-
tication of HCC. Moreover, tumor differentiation was included as independent criterion for determining patient selection for liver transplantation in 
the expanded Toronto criteria.3 However, currently, tissue biopsies are used less frequently for HCC diagnosis. The main reasons for this tendency 
are some limitations due to the invasiveness of this procedure such as pain, bleeding, needle tract seeding, possible risk of mortality, and sampling 
errors along with interpretative errors. On the other hand, HCC is unique among malignancies due to specific tumor characteristics on cross-sec-
tional multiphasic contrast computed tomography (CT) or dynamic magnetic resonance imaging (MRI) that allow for a highly accurate diagnosis of 
HCC without an invasive biopsy in significant number of patients. Since the histological differentiation of the tumor is widely accepted as important 
prognostic factor, non-invasive imaging tests are needed to determine the differentiation of the tumor before treatment in HCC patients.

1

3
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Gadol​inium​-etho​xyben​zyl-d​iethy​lenet​riami​ne pentaacetic acid 
(Gd-EOB-DTPA, Primovist; Bayer AG, Leverkusen, Germany) is 
used in the routine clinical practice in many radiological departments 
as a liver-specific contrast agent. Gadol​inium​-etho​xyben​zyl-d​iethy​
lenet​riami​ne pentaacetic acid , injected intravenously, conjoins in the 
liver parenchyma with specific organic anion transporting polypeptide 
(OATP) in the hepatocytes and then excretes through the biliary system 
and kidney.4-6 Gadol​inium​-etho​xyben​zyl-d​iethy​lenet​riami​ne pentaacetic 
acid combines futures of dynamic bolus extracellular contrast agent with 
a delayed hepatobiliary phase;7 therefore, Gd-EOB-DTPA-enhanced 
MRI is very sensitive and accurate in the detection of HCC in cirrhotic 
patients.8 In MRI examinations performed with Gd-EOB-DTPA contrast 
agent, the relationships between tumor intensity and histopathological 
differentiation of the tumor were previously investigated.9,10 However, 
these studies are qualitative in their nature and based on visual evalua-
tion.9,10 Studies with quantitative measurements are few in number, and 
conflicting results are obtained.11-15 For this reason, the aim of this study 
was to investigate the correlation between qualitative and quantitative 
characteristics of the HCC on dynamic MRI with Gd-EOB-DTPA and 
histopathological differentiations of the tumors.

METHODS
Study Population
This study was conducted as a single-center retrospective investi-
gation in accordance with the Helsinki Declaration with approval 
from Çukurova University Medical School Institutional Ethical 
Committee for Clinical Researches (decision number 7 from April 
10, 2020). Written informed consent was obtained from all patients 
for MRI examination and biopsy before each procedure. This study 
included 32 consecutive naïve patients (93.7% males, median age 66 
years) with HCC histopathologically proven by tru-cut needle biopsy. 
Inclusion criteria were patient’s age above 18 years old, histopatho-
logically proven diagnosis of HCC, and biopsy performed within 1 
month after dynamic Gd-EOB-DTPA MRI study. Exclusion criteria 
were as follows: more than 1-month period between MRI and tissue 
biopsy, history of previously performed transarterial embolization, 
thermal ablation therapy or systemic chemotherapy regarding the liver, 
and reduced iron-laden MRI signal secondary to hemochromatosis or 
hemosiderin accumulation.

Magnetic Resonance Imaging Protocols
In this study, dynamic MRIs were performed within 1 month before tis-
sue biopsy using 3.0 Tesla scanner (Philips Achieva, Phillips Medical 
Systems, Best, The Netherlands) with 16-channeled body coil. Dynamic 
images were obtained as non-contrast phase, arterial phase at 20th 

second, portal phase at 70th second, equilibrium phase at 180th sec-
ond, and hepatobiliary phase at 20th minute after injection of contrast 
agent. Three-dimensional turbo-field-echo images (T1 high-resolution 
isotropic volume examination) with parameters determined as TR 3.4 
ms, TE 1.8 ms, slice thickness 2 mm, slice spacing 2 mm, matrix size 
336 × 2060, and field of view 320-380 mm were achieved. The contrast 
agent was injected with a 22 G intravenous catheter inserted into the 
antecubital vein with a power injector at a rate of 2 mL/s with a dose of 
0.025 mmol/kg. After the contrast agent injection, 20-30 mL of 0.9% 
saline was injected sequentially, at the same rate.

ANALYSIS OF IMAGES
Qualitative Analysis
The MR images were evaluated by 2 radiologists unaware of the results 
of histopathological analysis with 12 and 6 years of experience in the 
field of abdominal radiology. All disagreements were resolved by con-
sensus. Analysis of all images was performed at IntelliSpace Portal 
workstation (Phillips Medical Systems).

In the images obtained, signal intensities (SIs) of the tumor and non-
tumor liver parenchyma were visually evaluated. Hepatocellular car-
cinomas that were visible as hyperintense tumors in the arterial phase 
(so-called wash-in phenomenon) and hypointense in the portal and/or 
venous phase (wash-out phenomenon) were considered as lesions with 
typical contrast pattern. On the other hand, tumors that did not show 
this specific feature of HCC were considered as lesions with an atypi-
cal contrast pattern. In the hepatobiliary phase, the SIs of the tumor and 
non-tumor liver parenchyma were compared visually. All tumors were 
divided into 2 groups: hypointense or iso/hyperintense tumors by com-
parison to the non-tumoral sections of the liver parenchyma.

Quantitative Analysis
Signal intensity measurements were performed with operator-defined 
region of interest (ROI) of the tumor and liver parenchyma on the pre-
contrast and hepatobiliary phase images, corresponding to the same 
place in both sequences. Region of interest locations were selected 
from image slices outside of heterogeneous areas, vascular/biliary 
structures, or necrosis area on pre-contrast slices on the T1-weighted 
sequences with a round ROI with diameter at least of 1 cm11 (Figure 1). 
In addition, the measurement locations for the liver parenchyma were 
determined to be at least 1 cm away from the tumor. The pre-contrast 
relative SI ratio (pre-contrast relative signal intensity ratio (RSIR)) and 
the same parameter during hepatobiliary phase (post-contrast RSIR) 
from the tumor and non-tumor liver parenchyma with the enhancement 
ratio (ER) were calculated as follows: RSIR = tumor SI/non-tumor liver 
parenchyma SI and ER = (post-contrast RSIR−pre-contrast RSIR)/pre-
contrast RSIR × 100%, respectively.

Laboratory Tests and Histopathological Evaluation
All patients were evaluated by laboratory tests 1 week before tis-
sue biopsy. Child-Pugh scores and α-fetoprotein (AFP) values were 
recorded. The biopsies were performed with 16 G tru-cut needle under 
ultrasound guidance and local anesthesia using 2% prilokain solution. 
A single sample was taken from the tumor because of possible risk of 
major complications such as bleeding and needle tract seeding. The 
material obtained by tissue biopsy was evaluated histopathologically 
by the pathologist with more than 9 years of experience in the field. All 
tumors were divided into 2 groups as well-differentiated and moderately/
poorly differentiated tumors according to Edmondson and Steiner crite-
ria15 (Figure 1). The main reason for this approach was that distribution 
between groups regarding tumor differentiation was not equal (n = 19, 

MAIN POINTS

•	 The quantitative but not qualitative parameters of hepatocellular car-
cinoma detected during hepatobiliary phase of gadol​inium​-etho​xyben​
zyl-d​iethy​lenet​riami​ne pentaacetic acid (Gd-EOB-DTPA)-enhanced 
magnetic resonance imaging (MRI) may provide objective and pre-
dictive information in terms of the differentiation between well-differ-
entiated and moderately/poorly differentiated tumors.

•	 Post-contrast relative signal intensity ratio and enhancement ratio 
on Gd-EOB-DTPA-enhanced MRI provide useful information about 
histological differentiation of the tumor with high sensitivity and 
specificity.

•	 These quantitative metrics can be used in the selection of an optimal 
candidate for liver transplantation. 
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n = 9, and n = 4 for well-differentiated, moderate, and poor-differentiated 
HCC, respectively). Provisional performed one-way analysis of vari-
ance test with post hoc tests for 3 groups showedn that the group sizes 
are unequal, and type I error levels are not guaranteed. After splitting all 
patients into 2 groups, reasonable equality was achieved in terms of the 
number of patients in this approach (19 patients with well-differentiated 
vs. 13 patients with moderately/poorly differentiated tumors).

Statistical Analysis
In this study, demographic information and clinical features of patients 
were expressed with descriptive statistical data. Quantitative data 
showing normality were presented with mean + standard deviation, 
and quantitative data without normality were presented with median 
and range (minimum–maximum values). Qualitative data were 

summarized as numbers and percentages. Qualitative features of both 
groups regarding histopathological differentiation were analyzed with 
chi-square test with Fischer’s exact test, while quantitative parameters 
were analyzed with Student’s t-test. Threshold values for quantitative 
properties were calculated using the receiver operating characteristic 
curves. P value <.05 was accepted as statistically significant. Statistical 
analyses were performed with SStatistical Package for the Social 
Sciences version 20.0. (IBM SPSS Corp.; Armonk, NY, USA).

RESULTS
Demographic and Clinical Features of the Study Population
In this study, 32 naïve HCC patients (93.7% males) with a median age 
of 66 years (range, 50-75) were evaluated. The patients' demographic 
and clinical features are presented in Table 1. Briefly, all patients 

Figure 1.  Representative images showing HCC on gadoxetic acid-enhanced dynamic MRI with varied histopathological tumor differentiation. (A) 71-year-old 
male with well-differentiated HCC. Dynamic MRI shows nodular type of the tumor at the liver segment 8 with post-contrast RSIR 0.75. (B) 71-year-old male with 
well-differentiated HCC shown on (A). Microscopic imaging shows well-differentiated HCC (hematoxylin and eosin, magnification ×200). (C) 62-year-old male 
with moderate differentiated HCC. Dynamic MRI shows nodular type of the tumor at the liver segments 4,5, and 8 with post-contrast RSIR 0.53. (D) A 62-year-old 
male with moderate differentiated HCC shown on (C). Microscopic imaging shows moderate differentiated HCC (hematoxylin and eosin, magnification ×200). (E) 
50-year-old male patient with poorly differentiated HCC. Dynamic MRI shows infiltrative type of the tumor at the liver segments 2-4 with post-contrast RSIR 0.63. 
(F) 50-year-old male patient with poorly differentiated HCC shown on (E). Microscopic imaging shows poorly differentiated HCC (hematoxylin and eosin, 
magnification ×200). HCC, hepatocellular carcinoma; MRI, magnetic resonance imaging; RSIR, relative signal intensity ratio.

Table 1.  Demographic and Clinical Characteristics of the Study Population

Parameters Well-Differentiated HCC Moderately/Poorly Differentiated HCC P
Age, years; median (range) 67 (54-74) 65 (50-75) .657
Sex, n (%)
  Male 13 (86.7) 16 (94.1) .589
  Female 2 (13.3) 1 (5.9)
Chronic hepatitis etiology, n (%)
  HBV 13 (86.7) 13 (76.5) .665
  HCV - 3 (17.6)
  Cryptogenic 2 (13.3) 1 (5.9)
α-fetoprotein, n (%)
  ≤ 20 (ng/mL) 9 (60.0) 6 (35.3) .156
  > 20 (ng/mL) 6 (40.0) 11 (64.7)
Child-Pugh class, n (%)
  A 11 (73.3) 8 (47.1) .166
  B 4 (26.7) 9 (52.9)
HCC, hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis C virus.
Chi-square test with Fischer’s exact test.



74

Curr Res MRI 2022;1(3): 71-78

had clinically proven chronic hepatitis supported by laboratory tests. 
Chronic hepatitis etiologies included hepatitis B virus (n = 26; 81.4%), 
hepatitis C virus (n = 3; 9.3%), and cryptogenic (n = 3, 9.3%). At the 
time of diagnosis, AFP values of 15 (46.9%) patients were ≤20 ng/mL 
and AFP values of remaining patients (n = 17; 53.1%) were >20 ng/mL. 
Patients were in the Child-Pugh class A or B (n = 13; 46.6% and n = 19; 
53.4%, respectively). As a result of histopathological evaluation of the 
lesions, 19 (59.3%) well-differentiated and 13 (41.7%) moderately/
poorly differentiated tumors were detected.

There were no statistically significant differences between 2 groups regard-
ing patients’ age (P = .657), gender (P = .589), chronic hepatitis etiology (P 
= .665), AFP levels (P = .156), and Child-Pugh classes (P = .166).

Qualitative Magnetic Resonance Imaging Findings
When contrasting pattern of the tumors was evaluated in contrast-
enhanced MRI, typical enhancement pattern (so-called wash-in 
followed by wash-out) was detected in 11 (58.8%) patients with well-
differentiated tumors and atypical enhancement pattern in 8 (42.2%) 

patients from the same group. On the other hand, 7 (53.8%) patients 
with the moderately/poorly differentiated tumors had a typical contrast 
pattern, while remaining 6 (47.2%) patients had the atypical contrast 
pattern. There was no significant difference between the contrasting 
pattern of the 2 groups (P = .479). When SIs of the tumors and liver 
parenchyma were compared during the hepatobiliary phase of dynamic 
MRI, most of the well-differentiated tumors (n = 15, 78.9%) had 
hypointense SIs relative to the liver parenchyma and 4 (21.1%) were 
iso- or hyperintense. Additionally, SIs of moderately/poorly differenti-
ated tumors were hypointense in 12 (92.3%) patients and iso-or hyper-
intense in 1 (7.7%) patient compared to adjacent liver parenchyma. 
There was no statistically significant difference between the SIs during 
hepatobiliary phase of 2 groups (P = .228). Qualitative MRI findings 
of tumors, contrasting patterns, and SIs at the hepatobiliary phase are 
summarized in Table 2.

Quantitative Magnetic Resonance Imaging Findings
The mean values of the pre-contrast RSIR of the tumors were 0.76 ± 0.12 
for well-differentiated tumors and 0.71 ± 0.22 for moderately/poorly 

Table 2.  Qualitative Findings of Gadoxetic Acid-Enhanced Dynamic MRI in the Study Population

Parameters Well-Differentiated HCC Moderately/Poorly Differentiated HCC P
  Tumor size, mm; median (range) 77 (57-97) 83 (64-102) .649
Enhancement pattern, n (%)
  Typical 7 (58.8) 7 (53.8) .479
  Non-typical 6 (42.2) 6 (47.2)
Hepatobiliary phase SI, n (%)
  Hypointense 15 (78.9) 12 (92.3) .228
  Iso/hyperintense 4 (21.1) 1 (7.7
MRI, magnetic resonance imaging; HCC, hepatocellular carcinoma; SI, signal intensity.
Chi-square test with Fischer’s exact test.

Figure 2.  Relationship between pre-contrast RSIR and HCC differentiation in patient population. Student’s t-test shows no difference between well-differentiated 
and moderately/poorly differentiated HCC in study population (P = .444). RSIR, relative signal intensity ratio; HCC, hepatocellular carcinoma.
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differentiated tumors. There was no significant difference between the 
mean pre-contrast RSIR values between 2 groups (P = .444) (Figure 2). 
The mean values of the post-contrast RSIRof the tumors were 0.74 

± 0.19 and 0.58 ± 0.17 for well-differentiated tumors and for mod-
erately/poorly differentiated tumors, respectively. Mean ER values of 
tumors were 89.8 ± 60.55 for well-differentiated tumors and 47.7 ± 

Figure 3.  Relationship between post-contrast RSIR and HCC differentiation in patient population. Student’s t-test shows statistically significant difference between 
well-differentiated and moderately/poorly differentiated HCC’s post-contrast RSIR values in study population (P = .017). RSIR, relative signal intensity ratio, 
HCC, hepatocellular carcinoma.

Figure 4.   Relationship between ER and HCC differentiation in patient population. Student’s t-test shows statistically significant difference between well-
differentiated and moderately/poorly differentiated HCC’s ER values in study population (P = .014). ER, enhancement ratio, HCC, hepatocellular carcinoma
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25.8 for moderately/poorly differentiated tumors. Mean post-contrast 
RSIR and ER valuesof well-differentiated tumors were statistically 
significantly higher compared to the mean post-contrast RSIR and ER 
valuesof moderately/poorly differentiated tumors (P = .017 and P = 
.014, respectively) (Figures 3 and 4, respectively). Quantitative MRI 
findings, contrasting patterns, and SIs during hepatobiliary phase are 
summarized in the Table 3.

DISCUSSION
Tumor differentiation of HCC is a well-known independent factor 
directly representing the prognosis of the disease detected at the time 
of diagnosis. Tamura et al16 analyzed the clinicopathological informa-
tion of 53 patients who underwent liver transplantation due to HCC and 
found that the risk of recurrence after treatment was directly connected 
to the tumor differentiation. Later, tumor differentiation was included 
as an independent criterion for determining patient selection for liver 
transplantation in the expanded Toronto criteria.3 In the present study, 
regarding the histopathological differentiation of HCCs, tumors were 
divided into 2 groups as well-differentiated and moderately/poorly dif-
ferentiated due to the fact that moderately/poorly differentiated tumors 
have much worse prognosis.17 Qualitative and quantitative character-
istics of the 2 groups determined on MRI with Gd-EOB-DTPA at the 
time of the diagnosis were evaluated. While there was no difference 
between the qualitative characteristics of the 2 groups with different 
tumor differentiation, a significant difference between the quantitative 
features between the values of post-contrast RSIR and ER was detected 
(P = .017 and P = .014, respectively).

According to the American Association for the Study of Liver Diseases 
guidelines,18 in cirrhotic patients, hyper​atenu​ation​/hype​rinte​nsity​ dur-
ing arterial phase, and hypoa​tenua​tion/​hypoi​ntens​ity during portal and/
or venous phase in tumors larger than 1 cm on dynamic CT or MRI 
is sufficient for the diagnosis of HCC. On the other hand, the sensi-
tivity of this typical contrast enhancement pattern for diagnosis was 
determined to be variable and limited (33%-81.8%).2,15 In the study by 
Leoni et al.19 204 HCCs with a pathologically proven <3 cm nodule 
were evaluated visually in terms of the contrast pattern. Typical con-
trasting pattern was detected in 47% (47/101) of all HCCs. In addition, 
moderately and poorly differentiated tumors showed a significantly 
more frequent typical contrast pattern than well-differentiated tumors 
(48% (67/141) vs. 13% (8/63)). In this study, 43.7% (14/32) of tumors 
showed a typical contrast-enhancing pattern and the rates were consis-
tent with the previously published data.20,21 There was no difference in 
terms of frequency of showing typical contrast enhancement pattern of 
well-differentiated and moderately/poorly differentiated tumors (P = 
.479). This may be because the typical contrast enhancement pattern 
does not fully reflect tumor differentiation. The relationship between 
tumor carcinogenesis steps and tumor vascularity of HCCs was previ-
ously investigated; it was determined that the tumor has blood supply 
from the both arterial and portal system in early carcinogenesis stages 

and that the tumor has blood supply only from the arterial system in 
the advanced carcinogenesis stages. These changes in the blood sup-
ply determine the contrast pattern of the tumor in dynamic CT and 
MR imaging.22,23 For this reason, we think that the typical contrast 
enhancement pattern detected in CT/MRI may be a predictive marker 
for moderate/poor histological differentiation of tumors, although its 
sensitivity is limited in HCC patients.

Gadol​inium​-etho​xyben​zyl-d​iethy​lenet​riami​ne pentaacetic acid is a 
paramagnetic liver-specific contrast agent. Previously published stud-
ies showed that Gd-EOB-DTPA at the hepatobiliary phase increased 
the sensitivity of early detection of HCCs compared to other contrast 
agents. Due to the fact that hepatocytes and HCC cells have differ-
ent Gd-EOB-DTPA uptakes, tumors during the hepatobiliary phase are 
detected mostly as hypointense compared to background liver paren-
chyma. Therefore, HCCs can be easily detected visually in the hepato-
biliary phase.24,25 However, in later studies, it was found that all HCCs 
were not hypointense in the hepatobiliary phase, and some tumors 
showed iso- or hyperintense features. In the systematic review by Erra 
et  al.26 13% (418/3110) of pathologically proven HCCs detected in 
MRI with Gd-EOB-DTPA showed iso- or hyperintense properties. In 
the study by Choi et al.6 it was determined that in the tumors detected 
during hepatobiliary phase as hypointense, histological differentiation 
was poor and the risk of recurrence was higher. Chang et al27 found 
that low post-contrast RSIR values on MRI performed with Gd-EOB-
DTPA are predictive markers for poor histological differentiation of 
the tumor. In the study by Jin et  al.28 in the hepatobiliary phase on 
MRI with Gd-EOB-DTPA, ER values of well-differentiated tumors 
were significantly higher compared to moderately/poorly differentiated 
tumors (P < .01).

In this study, in the visual (qualitative) evaluation performed in the 
hepatobiliary phase, no difference between the signal intensity char-
acteristics of the well-differentiated and moderately/poorly differenti-
ated tumors was detected. However, there was a significant difference 
between the quantitative parameters of the well-differentiated and 
moderately/poorly differentiated tumors (P = .017 for post-contrast 
RSIR and P = .014 for ER). Gadol​inium​-etho​xyben​zyl-d​iethy​lenet​
riami​ne pentaacetic acid is taken into hepatocytes through specific 
OATP-8 proteins located in the cell membranes. In the study by 
Kitao et al.29 it was determined that as the HCC tumor carcinogenesis 
steps progress, OATP-8 expression in the cell membrane decreases. 
Therefore, moderately and poorly differentiated tumors show lower 
signal characteristics in MRI with Gd-EOB-DTPA than well-differen-
tiated tumors. We think that the qualitative assessment made in MRI 
with Gd-EOB-DTPA is open to errors because of its subjective nature. 
Moreover, post-contrast RSIR and ER value differences in HCC dur-
ing hepatobiliary phase lead to conclusion that quantitative evaluation 
could be an objective predictive marker for tumor differentiation. Our 
findings are in accordance with results of the study of Chang et al.27 

Table 3.  Quantitative Findings on Gd-EOB-DTPA-Enhanced Dynamic MRI in the Study Population

Parameters, Mean + SD Well-Differentiated HCC Moderately/Poorly Differentiated HCC P
Pre-contrast RSIR 0.76 ± 0.12 0.71 ± 0.22 .044
Post-contrast RSIR 0.74 ± 0.19 0.58 ± 0.17 .017
ER 89.8 ± 60.55 47.7 ± 25.8 .014
Gd-EOB-DTPA, gadol​inium​-etho​xyben​zyl-d​iethy​lenet​riami​ne pentaacetic acid; MRI, magnetic resonance imaging; SD, standard deviation; HCC, hepatocellular carcinoma; RSIR, relative 
signal intensity ratio; ER, enhancement ratio.
Student’s t-test.
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which determined post-contrast RSIR threshold values to differentiate 
other tumors from poorly differentiated tumors; sensitivity was 81.4% 
and specificity was 93.9% for this test. In this study, the test power 
of quantitative properties for the threshold values determined for the 
separation of well-differentiated and moderately/poorly differenti-
ated tumors was calculated as good (area under curve for post-contrast 
RSIR = 0.74, sensitivity = 73%, and specificity = 76%; area under curve 
for ER = 0.71, sensitivity = 82%, and specificity = 76%) (Figures 5 and 
6, respectively).

There were some important limitations in this study. First, this investi-
gation was conducted retrospectively although we included all consec-
utive patients with histologically proven HCC in the study. Since this 
study was a retrospective, sufficient sample size was not calculated. 
Another important limitation is due to the relatively small number of 
patients because routine biopsies unfortunately are not commonly done 
due to possible complications of this procedure. Nevertheless, the num-
ber of patients is not significantly less compared to many other pub-
lished studies. In order for the number of tumors examined in groups 
to be similar, moderately and poorly differentiated tumor diffraction 
was handled within the same group, but it may have affected study 
results. Another important limitation is that histopathological exami-
nations were performed on the single specimen obtained by tru-cut 
biopsy. Thus, the presence of different tumor diffraction sites in the 
investigated tumor was ignored. Although there were no patients with 
Child-Pugh Class C in the groups, the effect of impaired liver function 
on the enhancement pattern and amount of contrast agent involvement 
was neglected in cirrhotic patients.

In conclusion, the quantitative but not qualitative parameters of HCC 
detected during hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI 
may provide objective and predictive information in terms of the differ-
entiation between well-differentiated and moderately/poorly differenti-
ated tumors. Post-contrast RSIR and ER on Gd-EOB-DTPA-enhanced 
MRI provide useful information about histological differentiation of 
the tumor with high sensitivity and specificity. These quantitative met-
rics can be used in the selection of an optimal candidate for liver trans-
plantation. Further studies with standardized quantitative protocols and 
pre-calculated sample size are needed to clarify the exact threshold 
values for tumor differentiation in HCC.
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Abstract

Objective: One of the most typical brain anomalies seen in humans is agenesis of the corpus callosum. Its estimated prevalence in the general population is 3-7 
per 1000. Apart from the absence of the corpus callosum, one of the most common symptoms is colpocephaly. In this study, we aimed to measure the lateral 
ventricle diameters by magnetic resonance imaging in cases of colpocephaly secondary to corpus callosum agenesis.
Methods: Patients diagnosed with colpocephaly secondary to corpus callosum agenesis between January 2005 and December 2021 were re-evaluated in retro-
spective scans. The patients' age, gender, and their measurement values in the magnetic resonance examination were noted.
Results: The study was carried out with 90 patients who met the criteria. It was found that if the occipital horn of the lateral ventricle is over 20 mm and the 
other horns are smaller than 7 mm, it can predict the presence of colpocephaly with a sensitivity of 94% and a specificity of 95% (area under the curve = 0.728).
Keywords: Agenesis, corpus callosum, lateral ventricle

INTRODUCTION
The band of over 200 million nerve fibers known as the corpus callosum joins the left and right cerebral hemispheres. The rostrum, genu, anterior 
midbody, isthmus, and splenium have historically been considered to comprise the corpus callosum's 5 different components. The main function 
of the corpus callosum is to allow interhemispheric transmission utilizing both inhibitory and excitory mechanisms.1 It begins to mature through a 
difficult process of neuronal migration and development around the 12th week of pregnancy. By week 20, fetal magnetic resonance imaging (MRI) 
or an ultrasound examination can detect the corpus callosum. As with most brain structures, the corpus callosum is thought to be fully developed at 
age 4, but it probably continues to evolve over the years.2,3 Agenesis of the corpus callosum (CCA) is one of the most frequent brain abnormalities 
seen in humans. Its prevalence is estimated to range from 3 to 7 per 1000 live births in the general population, depending on diagnostic methods and 
sample groups. Colpocephaly is one of the indispensable criteria in CCA.4 Although there are many studies measuring lateral ventricular diameters 
in the literature, there is no measurement in cases of corpus callosum and colpocephaly. In this study, we aimed to measure the lateral ventricle 
diameters in adult patients with corpus callosum agenesis and colpocephaly.

METHODS
The Institutional Review Board gave its approval for this retrospective investigation. Because this was a retrospective study, informed consent was 
not required (ethics committee number: 43576​249-5​02.01​.02-E​.4033​6, date: July 10, 2022, Erzincan Binali Yıldırım University).

Between January 2005 and December 2021, the hospital medical archive was retrospectively scanned for the words “colpocephaly” and “corpus 
callosum agenesis.” Patients younger than 18 years of age were excluded from the study, but no other exclusion criteria were applied. Measurements 
were carried out in the 1.5 T magnetic resonance (MR) system (Magnetom Aera, Siemens Healthcare, Erlanger, Germany) cranial MR examination 
using standard T2 axial images (slice thickness is 5 mm, FoV read is 220 mm, FoV phase is 100%, voxel size:0.7 × 0.7 × 5 mm dist factor is 20%, 
the repetition time 5600 ms and time of echo 103 ms, and averages are 1). While the measurements in the frontal and temporal horns were made 5 
mm deep at the farthest distance, the measurements in the occipital horns were made from the widest part. Measurements were made only in axial 
sections in the transverse plane. Examples of measurements taken are schematized in Figures 1-3.

The instrument used to analyze the study's data was the Statistical Package for the Social Sciences (SPSS) for Windows 20 (IBM SPSS Inc., 
Chicago, Ill, USA). The normal distribution of the data was confirmed by the Kolmogorov–Smirnov test. The mean and standard deviation of 
numerical data with a normally distributed distribution are shown. Data that do not have a normal distribution are shown using the median. The 
Mann–Whitney U test and the Student's t-test were used to compare numerical variables between groups. Pearson and Spearman correlation 
analyses were used to look for any relationships between the variables. Positive predictive value, negative predictive value, and receiver operating 
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characteristic (ROC) analyses were used to assess the effectiveness of 
the investigated diagnostic techniques. P = .05 was considered as the 
statistically significant value.

RESULTS
About 108 patients who met the criteria were found, and since the 
images of 18 of them could not be accessed, 90 patients remained. 
The mean age was calculated as 40 (range: 18-64 years). Fifty of the 
patients (55%) were men and 40 were women (45%). In cases with 
corpus callosum, no significant difference was observed between the 2 
groups in terms of gender (P > .05). The lateral ventricle frontal horn 
diameters were 5.10 mm, the occipital horn diameters were 19 mm, 
and the temporal horn was 5.5 mm (5.10 ± 2.5 mm, 19 ± 5.5 mm, 5.5 ± 
2.2 mm, respectively). There was no significant difference between the 
cases in terms of right or left comparison (P > .05). As a requirement 
of colpocephaly, occipital horns were found to be significantly higher 
than frontal and temporal horns (19 ± 5.5 mm vs. 5.10 ± 2.5 mm and 
5.5 ± 2.2 mm, P < .01) (Table 1). It was found that if the occipital horn 
of the lateral ventricle is over 20 mm and the other horns are smaller 
than 7 mm, it can predict the presence of colpocephaly with a sensitiv-
ity of 94% and a specificity of 95% (area under the curve = 0.728).

DISCUSSION
There are just 2 other adult cases reported in medical literature, mak-
ing colpocephaly a diagnosis that is well accepted in pediatrics. Benda 
originally identified it as a congenital type of ventriculomegaly in 
1941. There were relatively few occurrences of colpocephaly that were 
discovered in adults, according to Srivastava et al. Esenwa and Leaf5 

MAIN POINTS

•	 Recognizing the lateral ventricle diameters in cases of colpocephaly 
facilitates diagnosis.The most important radiological finding in cases 
with colpocephaly is the occipital horn of the lateral ventricle greater 
than 20 mm. Another supporting finding in the diagnosis is the other 
segment measurements of the lateral ventricle less than 7 mm.

•	 Although the sample size of our study was not sufficient, it was larger 
than other similar studies.In addition, only the pediatric age group 
should be included in the study, which should be our goal in the next 
study.

Figure 1.  The measurement of the frontal horns of the lateral ventricles in a 
40-year-old male patient with colpocephaly and agenesis of the corpus 
callosum is schematized. The measurements were 4.25 mm on the right and 
5.38 on the left in both lateral ventricles.

Figure 2.  The measurement of the occipital horns of the lateral ventricles in a 
40-year-old male patient with colpocephaly and agenesis of the corpus 
callosum is schematized. The measurements were 18.87 mm on the right and 
19.55 on the left in both lateral ventricles.

Figure 3.  The measurement of the temporal horns of the lateral ventricles in a 
40-year-old male patient with colpocephaly and agenesis of the corpus 
callosum is schematized. The measurements were 5.68 mm on the right and 
5.36 on the left in both lateral ventricles.
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described an adult patient who experienced symptoms all of her life. 
Asymptomatic cases of corpus callosum agenesis or dysgenesis may 
be diagnosed early or discovered incidentally in obstetric ultrasound 
scans. A rapid increase in head size due to postpartum hydrocephalus, 
signs of tense fontanelles, vomiting, decreased sucking, and signs of 
epileptic seizures may occur in severe cases.1

Numerous congenital insults can cause colpocephaly. It has been sug-
gested that chromosomal anomalies, maternal toxin exposure, anoxic 
encephalopathy, and prenatal infections—anomalies such toxoplasmo-
sis—are possible causes. The fetus has a stage of relative hydrocepha-
lus just before the fifth month of life, which is typically reversed by 
the expansion of the surrounding white matter and corpus callosum, 
glial cell migration, and glioma.6 The retained fetal ventricular shape 
that characterizes colpocephaly may be brought on by any intrauterine 
injury that hinders this maturation process.7

There are few studies in the literature that include occipitofrontal ratio 
measurement. Esenwa and Leaf5 stated that if this ratio is above 3, it 
suggests colpocephaly. However, there are no studies measuring lateral 
ventricular diameters and normal ranges in cases of colpocephaly. In 
our study, the diameters of colpocephaly were measured as 5.1 mm in 
the frontal horn, 19 mm in the occipital horn, and 5.5 mm in the tem-
poral horn. In this sense, it is the first study to give the mean diameters 
of colpocephaly. As it is known in colpocephaly, there is an increase 
in the occipitofrontal ratio in the lateral ventricle. In this sense, in our 
study, if the lateral ventricle occipital horn is larger than 20 mm and the 
other horns are smaller than 7 mm, it predicts colopocephaly with high 
sensitivity and specificity.

Adult patients were included in our study. Therefore, it is incompat-
ible with pediatric measurements. It is recommended to determine the 
measurements with new studies that include pediatric subgroups in the 
future. Although occipitofrontal ratio measurements are available in 
the adult groups, they are not available in the literature in the pediatric 
group. Evaluation of proportional measurements together with lateral 
ventricular measurements in pediatric patients will increase the diag-
nostic quality.

There are many volumetric measurements for the lateral ventricle in the 
literature. However, the inclusion of volumetric measurements in cases 
of colpocephaly and CCA will facilitate the diagnosis in the future.

About 90 patients were included in the study, which is not sufficient. 
For this reason, studies with a larger population will increase reliability. 
Atrophic changes were not taken into account in our study. For this 
reason, there may have been misleading findings in the measurements. 
Re-evaluation with new studies and subgroups including the degree of 
atrophy in the future may provide high diagnostic power. The lack of 
proportional measurements of the lateral ventricles and the lack of vol-
umetric calculations also reduced the diagnostic quality of our study. 
In addition, not using the data in tabular form in our study may cause 
difficulties in concentrating the attention of the readers.

Knowing the lateral ventricle diameters and using frontal and occipital 
threshold values together facilitate the diagnosis in cases of colpoceph-
aly developing secondary to the corpus callosum.
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Abstract

Objective: The study aimed to characterize tumefactive demyelinating lesions by magnetic resonance imaging multicomponent T2 relaxation.
Methods: Quantitative T2 mapping of the intra/extra-cellular water was compared with conventional T2-weighted Fluid-Attenuated Inversion Recovery 
(FLAIR) and contrast-enhancement T1-weighted imaging.
Results: Tumefactive demyelinating lesions showed typical open-ring-like contrast enhancement, with no T2 hypointense rim on both FLAIR and T2-weighted 
but a clear heterogeneity in the intra/extra-cellular water maps. The intra/extra-cellular water T2 mapping showed a rim of shorter T2 in the same area of ring 
enhancement and a longer T2 in the central portion of the lesion.
Conclusions: Intra/extra-cellular water T2 mapping has a unique potential to evidence heterogeneity features and a rim of shorter T2 in tumefactive demyelinat-
ing lesion and deserves to be further investigated.
Keywords: Quantitative MRI, T2 lesions, multiple sclerosis, MRI

INTRODUCTION
Tumefactive multiple sclerosis or tumefactive demyelinating lesion (TDL) is one of the variants of multiple sclerosis (MS) and is the consequence 
of central nervous system idiopathic inflammatory demyelinating diseases.1 Tumefactive demyelinating lesions are not a rare occurrence with a 
prevalence in the range of 1.4%-8.2% of MS patients.2 The radiological presentation of patients with TDL is variable and atypical for demyelinat-
ing disease due to the differences in size and location of the lesion. Tumefactive demyelinating lesions can be a challenging scenario for clinicians 
due to difficulties distinguishing them from other conditions, such as neoplasm or infection, and because they can be caused by a heterogeneous 
range of disorders.1-3

Magnetic resonance imaging (MRI) characterization of the myelin component can provide information on demyelinating diseases, offering greater 
insight into MS-driven pathology and its clinical manifestations.4 To date, several techniques have been identified and one of the methods is 
based on the analysis of the transverse relaxation times (T2) of the axonal tissue, with multi-echo sequences and multi-exponential analysis (T2 
relaxation). The multi-component nature of the white matter has been established, attributing to each component a different T2, of which at least 1 
component is due to water trapped in the myelin lipid membrane and the other to the intra/extra-cellular water.5 The application of multi-component 
T2 relaxometry in MS has been mainly focused on the myelin water pool, that is, myelin water fraction, and the intra/extra-cellular water (IEw) 
was only occasionally investigated in diffusely abnormal white matter.6

Herein, we describe a case of TDLs assessed for the first time by IEwT2 relaxation, combined with conventional FLAIR, T2-weighted, and post-
contrast T1-weighted MRI. We aimed to investigate whether IEwT2 can provide additional information, especially concerning TDL heterogeneity.

CASE PRESENTATION
A 44-year-old female, affected by relapsing-remitting MS, was recruited from an institutional review board-approved study on the application of T2 
relaxometry in MS. The patient had disease onset at the age of 28, with clinical relapses at ages 30 and 31, when she started treatment with a first-
line disease-modifying therapy (DMT) until the age of 42 when she experienced clinical relapse with Expanded Disability Status Scale (EDSS) of 
2.5. After steroid treatment with benefit, the patient changed therapy with fingolimod (approved as second-line DMT in Europe). The patient was 
fine until she presented relapse with EDSS 3.5 and underwent the MR examination described in the following.
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The patient underwent conventional MRI, including FLAIR, 
T2-weighted, and pre- and post-contrast T1-weighted sequences. 
Additionally, multi-component T2 relaxation was performed by a 
multi-echo sequence with 32 equally spaced echoes (10-320 ms). The 
T2 decay signal was decomposed into 3 main components: myelin 
water below 40 ms, intra-extracellular water (IEw) between 40 and 250 
ms, and free water above 250 ms. The obtained IEwT2 mapping was 
compared with conventional T2, FLAIR, and T1 imaging. Two active 
TDLs plaques were identified (Figures 1 and 2), showing open-ring 
contrast enhancement, with no T2 hypointense rim on both FLAIR and 
T2-weighted images, which resulted in homogeneous hyperintensity, 
but a clear heterogeneous pattern in the IEw maps. The IEwT2 showed 
a rim of shorter T2 in the same area of ring enhancement and a longer 

T2 in the central portion of the TDLs. Finally, in the 2 TDLs, quantita-
tive IEwT2 showed a T2 that increases with the size of the lesion.

DISCUSSION
Pseudotumoral TDLs occur in MS and related diseases and are con-
sidered an atypical manifestation of central nervous system demyelin-
ation. Lesions are called “pseudotumoral” as they may be mistaken 
for neoplasm, leading to morbidity from brain biopsy and other pro-
cedures, delays in appropriate treatment, and unnecessary anguish for 
patients.2 Although some radiological characteristics can help make 
a differential diagnosis easier, a cerebral biopsy may still be neces-
sary. Helpful MRI characteristics that favor a tumefactive demyelin-
ating lesion include size, surrounding edema, a T2 hypointense rim, 

Figure 1.  From top to bottom: T1-weighted images (pre- and post- contrast enhancement), maps of the intra-extracellular water component (IEwT2 map on the 
left and the corresponding amplitude on the right), T1-weighted images (FLAIR on the left and T2-image on the right). The green rectangular contour identifies the 
same region on all the different images/maps. IEwT2, T2 mapping of the intra/extra-cellular water.

Figure 2.  From top to bottom: T1-weighted images (pre- and post- contrast enhancement), maps of the intra-extracellular water component (IEwT2 map on the 
left and the corresponding amplitude on the right), T1-weighted images (FLAIR on the left and T2-image on the right). The green rectangular contour identifies the 
same region on all the different images/maps. IEwT2, T2 mapping of the intra/extra-cellular water.
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open-ring enhancement, and the presence of other more typical MS 
demyelinating lesions elsewhere on the MRI.2

Contrast enhancement shaped as an open ring or a crescent circum-
scribed to the white matter is considered a specific neuroimaging sign 
for differential diagnosis and distinguishing demyelinating lesions from 
neoplasms and infections.7 Furthermore, the presence of a T2 hypoin-
tense ring around the lesion is also a feature that may point toward 
the diagnosis.3 Such T2 hypointense rim is often present in the same 
area of ring enhancement with the majority of lesions showing some 
degree of associated T1 hypointensity.1 Hypointense T2 rims have also 
been associated with non-tumefactive ring-enhancing MS lesions.8 In 
a study of 54 patients presenting radiographically with TDL (1 of the 
largest published cohorts of patients), 42% showed a T2 hypointense 
rim.9 Moreover, in the patients with a tumefactive onset, the absence of 
a T2 hypointense rim resulted in an appreciably (although not signifi-
cant) longer conversion time to MS compared to the patients with a T2 
hypointense rim. In that study, no other radiological characteristics of 
TDLs had any correlation with conversion to MS.11

In the reported case, no clear T2 hypointense ring was visible on both 
FLAIR and T2-weighted images in 2 TDLs, while IEwT2 evidenced 
a clear heterogeneous pattern, with a rim characterized by a shorter 
T2. In a recent study, quantitative IEwT2 mapping resulted in higher 
sensitivity than conventional FLAIR to detect subtle brain tissue altera-
tions,10 suggesting that current T2 relaxometry, at the price of lower 
spatial resolution, can offer improved T2 resolution than FLAIR. The 
reported case demonstrated that IEwT2 can also provide more infor-
mation than conventional T2 imaging, due to the intrinsic discrimina-
tion between the amplitude and the T2 decay of the signal, allowing 
much better detection of T2 lesion heterogeneity. This unique potential 
deserves to be further investigated in TDLs and in other ring-enhancing 
and/or heterogenic MS lesions.
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Abstract

Brucellosis is a zoonosis that may affect various organs or systems. The musculoskeletal system is the most commonly affected site in human brucellosis. 
Brucellosis usually presents with unilateral involvement in sacroiliac joints. Herein, a case of bilateral asymmetric involvement of brucellosis in both sacroiliac 
joints is presented with magnetic resonance imaging findings.
Keywords:  Brucellosis, magnetic resonance imaging, sacroiliitis, sacroiliac joint

INTRODUCTION
Human brucellosis remains a significant public health problem in most developing countries. The musculoskeletal system is one of the most com-
mon sites affected by this zoonosis and affects 20%-40% of the patients with brucellosis.1 Vertebral osteomyelitis related to brucellosis is com-
monly encountered in Mediterranean countries.2 Moreover, the sacroiliac joint is the most commonly reported osteoarticular space in the literature 
for this disease.3 Sacroiliitis is defined as the inflammation of the sacroiliac joint or both sacroiliac joints, and this entity may have an acute or 
chronic presentation. The chronic presentation can usually be underlaid by rheumatic inflammatory and non-inflammatory diseases. Acute sacroili-
itis is rare and is more likely caused by infectious or neoplastic processes.4,5 Patients may present with severe pain because of nerve irritations, due 
to the adjacent lumbosacral plexus, mainly due to the involvement of L4-L5 nerves.6 Magnetic resonance imaging (MRI) is a very useful imaging 
technique to detect the involvement of brucellosis in sacroiliac joints. The typical involvement pattern of brucella sacroiliitis is unilateral, and the 
aim of this article is to present the bilateral asymmetric involvement of brucellosis in sacroiliac joints.

CASE REPORT
After obtaining the consent form from the patient, the history and laboratory results were noted, and MR images were obtained using the picture 
archiving and communication system to prepare this article.

1

3

Figure 1.  T1-weighted coronal plane images indicate bilateral subchondral sclerosis with hypointense signal in both sacroiliac joints (yellow arrows show the 
hypointensity representing subchondral sclerosis).
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A 46-year-old female patent was admitted to the physical therapy and 
rehabilitation department complaining of lower back and right flank 
pain. The patient was living in a rural area, and she was a farmer. She 
did not have any history of psoriasis, urethritis, diarrhea, trauma, or 
familial inflammatory arthropathy. Her temperature, blood pressure, 
and heart rate were normal. Her leukocyte count was 6900/µL, sedi-
mentation rate was 46 mm/h, and C-reactive protein level was 94.8 mg/
dL. Alanine transaminase, aspartate transaminase values, serum cal-
cium, uric acid results, and urine test results were within normal limits. 
There was no positive result for a purified protein derivative (PPD) test 
for tuberculosis and the results of the other rheumatological laboratory 
tests were negative. Brucella Rose Bengal test was positive, and the 
Brucella immunocapture test was positive for 1/320 titer. She was then 
consulted with the infectious diseases department, and the clinicians 
requested a sacroiliac MRI.

Sacroiliac MR images revealed bilateral subchondral sclerosis (low 
signal on T1W and T2W images) (Figure 1) and bone marrow edema 
(low signal on T1W images and high signal on T2W images, especially 
on T2W short tau inversion recovery (STIR) images) in ilium and 
sacrum (Figure 2). There were patchy contrast-enhanced areas in the 
joints’ iliac and sacral sides. The distribution of MRI findings showed 
right-sided and sacral dominance (Figure 3). An obvious periarticular 
involvement had not been indicated; however, MRI revealed high sig-
nals in the superior intraarticular space of the right sacroiliac joint on 
the T2-weighted fat-saturated coronal plane which might represent a 
small amount of intraarticular fluid accumulation with chondral edema 
(Figure 3C).

DISCUSSION
Brucellosis is a well-known zoonosis caused mainly by animal contact 
or consumption of unpasteurized milk. Patients generally present with 
undulating fever. Myalgia, arthralgia, and back pain are other common 
complaints and symptoms of this disease. Blood tests should be done 
to confirm the diagnosis. Brucellosis may present with hepatomegaly, 
splenomegaly, or lymphadenopathy, but none of them are characteristic 
of this disease that affects various organs and tissues.

Brucella spondylodiscitis constitutes 6%-58% of all brucellosis osteo-
articular involvements. The most affected areas in the spinal system are 
as follows: the lumbar area (60%), thoracic area (19%), and cervical 

Figure 2.  T2-weighted axial plane short tau inversion recovery (STIR) images reveal the subchondral and medullar edema in both sacroiliac joints with right-sided 
dominance, and the yellow arrows point to areas of bone marrow edema in the magnified image.

MAIN POINTS

•	 Psoriatic arthritis, gout, or reactive arthritis are usually encountered with 
bilateral asymmetrical involvement.

•	 Enteropathic arthritis, ankylosing spondylitis, and rheumatoid arthritis 
tend to present with bilateral and symmetric sacroiliitis.

•	 Pyogenic septic arthritis, tuberculous sacroiliitis, and brucella sacroilii-
tis are usually observed with unilateral involvement.



Kızılgöz. Magnetic Resonance Imaging Findings of Bilateral Asymmetrical Involvement of Brucella Sacroiliitis

87

area (12%).7 Unilateral sacroiliitis is the most common form of sacroi-
liitis in brucellosis. However, asymmetric bilateral involvement may 
also be encountered.8

Especially in the early stages, plain radiography has a limited role 
in diagnosing sacroiliitis due to the poor sensitivity of this imaging 
technique. However, conventional x-rays are still used as the initial 
imaging method. Computed tomography has higher sensitivity than 
radiography for detecting joint space narrowing and millimetric bony 
erosions.9

Magnetic resonance imaging, with the absence of ionizing radiation, 
has the advantage to reveal the early involvement and is still the imag-
ing method of choice for sacroiliitis. Bone marrow edema in subchon-
dral areas is characterized by low T1 and high T2 signals. As a very 
sensitive MRI sequence for bone marrow edema, the STIR sequence 
is also helpful in determining edema in the early stages of the disease. 
Contrast-enhanced T1-weighted fat-saturated images are also valuable 
for detecting active disease in sacroiliitis. T2-weighted imaging and 
STIR sequences are very helpful to show intraarticular fluid collec-
tion; moreover, bony erosions can also be depicted using MRI. Imaging 
periarticular soft tissue involvement is another advantage of MRI as 
this technique has the superiority to revealing the extent of sacroili-
itis to muscle and other periarticular soft tissues. This modality will 

also reveal subchondral sclerosis, bony erosions, and ankylosis in the 
chronic phase of the infection.10

Involvement of sacroiliitis by various diseases can be classified con-
cerning bilateral–unilateral or symme​trica​l–asy​mmetr​ical involvement 
of the disease. Psoriatic arthritis, gout, or reactive arthritis are usually 
encountered with bilateral asymmetrical involvement. Enteropathic 
arthritis, ankylosing spondylitis, and rheumatoid arthritis tend to present 
with bilateral and symmetric sacroiliitis. Pyogenic septic arthritis, tuber-
culous sacroiliitis, and brucella sacroiliitis are usually observed with uni-
lateral involvement. In this current case report, we presented a case of 
brucellosis with bilateral asymmetrical involvement of sacroiliac joints.

Besides various infectious and rheumatological diseases, which may 
involve the sacroiliac joints, metastatic lesions, destructive neoplastic 
processes, hyperparathyroidism, and osteitis condensans ilii may also 
mimic sacroiliitis and should be kept in mind for the differential diag-
nosis of sacroiliitis.11

Informed Consent: Written informed consent was obtained from the patient 
who participated in this case report.
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Figure 3.  T1-weighted (A), contrast-enhanced T1-weighted (B), and T2-weighted fat-saturated (C) coronal plane images indicate the asymmetric bilateral 
sacroiliac involvement of the disease. Three-dimensioanal schematic image depicts the subchondral and medullar edema of the sacroiliitis (D).
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