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OZET

AMAC: Bu calisma, boyut ve biiylime dahil olmak tizere miyom-
larin cesitli 6zelliklerinin degerlendirilmesinde Doppler ultraso-
nografi (USG) ve Manyetik rezonans goriintileme (MRG) 6zel-
liklerini karsilastirmayir amaglamaktadir.

GEREC VE YONTEM: Tanimlayici tipteki bu calisma, Tirkiye'de
0zel bir jinekoloji klinigine basvuran kadin hastalar tizerinde ya-
pilmistir. Hastalarin Doppler USG ve MRG o6l¢limleri yapildi ve
asagidaki indeksler hesaplandi: diyastolik ortalama orani (DAR),
sistolik/diyastolik orani (SDR), end-diyastolik velosite (EDV), pik
sistolik hiz (PSV), hizlanma suiresi ( AT), zaman ortalamali ortala-
ma hiz (Tmean), empedans indeksi (LML), akselerasyon indeksi
(Al), diyastolik/sistolik oran (DSR), diren¢ endeksi (RI), pulsatilite
indeksi (Pl), zaman ortalamali maksimum hiz (TAMX). Bu indeks-
ler tim calisma grubunda ve 49 yasindan buytkler arasinda de-
gerlendirildi.

BULGULAR: PSV, EDV, TAMX, Tort, PI, RI, SDR, AT, Al, DSR, LML,
DAR indeksleri ve timér boyutu degisim ortalamalarinin Dopp-
ler USG ve MRI sonuglari hem calisma grubunda hem de 49
yasindan daha buyuk kadinlarda benzer bulundu. Calisma gru-
bundaki kadinlarin Doppler USG ile dl¢lilen PSV, EDV, TAMX,
Tort, Pl, RI, SDR, AT, Al, DSR, LML, DAR indeksleri ve timor boyu-
tu ile MRG olclimleri arasinda gii¢li pozitif korelasyon oldugu
bulundu.

SONUC: Arastirmada elde edilen sonuclar Doppler USG'nin mi-
yom tanisinda MRG kadar uygun oldugunu ortaya koymustur.

ANAHTAR KELIMELER: Leiomyoma, Manyetik Rezonans G&-
riintileme, Ultrasonografi, Uterus
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ABSTRACT

OBJECTIVE: This study aimed to compare Doppler ultrasonog-
raphy (USG) and magnetic resonance imaging (MRI) in the eva-
luation of various characteristics of myomas, including size and
growth.

MATERIAL AND METHODS: This descriptive study was condu-
cted on female patients admitted to a private gynecology clinic
in Turkey. Doppler USG and MRI measurements of the patients
were performed and the following indices were calculated: Di-
astolic average ratio (DAR), Systolic/diastolic ratio (SDR), End-di-
astolic velocity (EDV), Peak systolic velocity (PSV), Acceleration
time (AT), Time-averaged mean velocity (Tmean), Impedance
index (LML), Acceleration index (Al), Diastolic/systolic ratio
(DSR), Resistivity index (RI), Pulsatility index (PI), Time-averaged
maximum velocity (TAMX). These indices were evaluated in the
whole study group and also among those older than 49 years.

RESULTS: Doppler USG and MRI results of PSV, EDV, TAMX, Tort,
PI, RI, SDR, AT, Al, DSR, LML, DAR indexes and tumor size change
averages were found to be similar in both the study group and
women older than 49 years. It was found that there were strong
positive correlations between Doppler USG and MRl measure-
ments of PSV, EDV, TAMX, Tort, P, RI, SDR, AT, Al, DSR, LML, DAR
indices and tumor size change among the women in the study
group.

CONCLUSIONS: The results found in the research revealed that
Doppler USG is as convenient as MRI in the diagnosis of myo-
mas.
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INTRODUCTION

Myomas are benign monoclonal tumors of
myometrium smooth muscle cells (1). Uterine
fibroids are the most common benign neoplas-
ms in women of reproductive age and their life-
time prevalence is between 30-70% (2).

Choosing the right medical treatment depends
on determining the size, number and position
of fibroids (1). Ultrasonography (USG) and Mag-
netic Resonance Imaging (MRI) are considered
to be the most appropriate methods to evalu-
ate the number, volume, additional structure
and location of myomas, as well as providing
information regarding their relationship with
endometrial cavity and uterine layers in terms
of vascularization and differential diagnosis (3).

USG is an easy, accessible, harmless and inex-
pensive diagnostic procedure (3). Color Dopp-
ler USG provides an assessment of vascularity,
which may be useful in distinguishing solid and
cystic uterine masses and in the differential di-
agnosis of adenomyosis (4). MRI has very low
intra-observer variability which is perfect for
precise mapping of the individual fibroid po-
sition and is also safe for the measurement of
very large fibroid dimensions, despite its limi-
tations in discriminating or directly diagnosing
endometrial polyps (4). MRI helps define what
can be expected in surgery and can help the
surgeon be aware of all myomas during surgery
(5). Despite its well-defined advantages, MRI is
expensive and accessibility may be a limiting
factor in some regions. Furthermore, MRl is not
recommended in early pregnancy (6). Compari-
sons between the efficacy of Doppler USG and
MRI in various diseases have been performed
previously (7, 8). However, there are only a few
studies evaluating Doppler USG and MRI with
regard to their capabilities in the detection and
assessment of myomas (9). Thus, the aim of this
study was to compare Doppler USG and MRI in
the evaluation of various myoma-related indi-
ces, including size and growth.

MATERIALS AND METHODS

This descriptive study was conducted with a to-
tal of 256 women who were admitted to a pri-
vate gynecology clinic in Turkey.

The MRI machine used in this research was a
1.5-Tesla scanner produced by Siemens Health-
care (Erlangen, Germany). In the measurement
of the masses, the classical uterine MRI protocol
was followed. Following the coronal SSFSE po-
sitioning of the baseline image, small FOW and
higher resolution pelvic array were used. Both
T1 and T2-weighted images were recorded. The
Doppler USG machine used in this research was
manufactured by SonoSite Titan (Bothell, USA).

Measurements were performed by trained and
experienced technicians who had 12 years of
experience and were blinded to the objectives
of the study.

In order to prevent systematic bias that may
arise from always performing the first measure-
ment with one of the modalities (MRI or Dopp-
ler USG), the first measurement method used
was chosen randomly in each patient. Both me-
asurements were conducted on the same day
in order to prevent possible time-dependent
variations in measured variables.

The following indices were calculated from both
modalities: DAR: Diastolic average ratio, SDR:
Systolic/diastolic ratio, EDV (cm/s):End-diasto-
lic velocity, PSV (cm/s):Peak systolic velocity, AT
(ms):Acceleration time, Tmean (cm/s):Time-ave-
raged mean velocity, LML: Impedance index, Al:
Acceleration index, DSR: Diastolic/systolic ratio,
RI: Resistivity index, Pl: Pulsatility index, TAMX
(cm/s): Time-averaged maximum velocity. Mo-
reover, the change in tumor size relative to the
baseline value was calculated as a percentage.
In addition to evaluating the results of the who-
le study group, we also analyzed a subgroup
that was comprised of patients older than 49
years.

Collected data were analyzed by means of
Statistical Package for Social Sciences prog-
ram version 15.0 (SPSS IBM, Armonk, NY, USA).
Continuous variables were expressed as mean
+ standard deviation, and categorical vari-
ables were denoted as numbers or percenta-
ges where appropriate. The suitability of the
data for normal distribution was evaluated by
Smirnov-Kolmogorov test. Pearson correlation
analysis was used to evaluate the correlations
between Doppler USG and MRI results. Statis-
tical significance level was accepted as p<0.05.



Ethical Committee

Approval was obtained from the Non-Interven-
tional Clinical Research Ethics Committee of Is-
tanbul Medipol University (Decision Number:
518, Decision Date: 25/06/2020).The study was
conducted in accordance with the Declaration
of Helsinki and the Good Clinical Practice. The
patients were given detailed information about
the purpose and scope of the study. After the
written consent of the patients who agreed to
participate in the study was obtained, measure-
ments were performed and data were recorded.

RESULTS

Doppler and MRl results of PSV, EDV, TAMX, Tort,
PI, Rl, SDR, AT, Al, DSR, LML, DAR indexes and tu-
mor size change averages were found to be sta-
tistically similar with the two modalities Table
1. In the analysis of the whole study group, we
found very strong positive correlations betwe-
en the Doppler USG and MRI measurements of
the following indices: PSV, EDV, TAMX, Tort, PI,
RI, SDR, AT, Al, LML and DAR. Additionally, we
also found that there was an excellent positive
correlation between DSR index (as measured
by Doppler USG) and tumor size change (as me-
asured by MRI) (Table 1).

Table 1: Correlation of Doppler US and MRI indices

Doppler USG MRI

MeanzSd (%99 CI) MeanzSd (%99 CI) T P

PSV (cm/s) 90.4727.82 (85.95-94.98) 91.32:28.54 (86.69-95.95) 098 <0.0001%
EDV (cm/s) 28.97:17.09 (26.20-31.74) 29301744 (26.47-32.13) 099 <0.0001*
TAMX (cm/s) 52.82+21.46 (49.33-56.29) 53.32421.98 (49.75-56.88) 099 <0.0001%
Tort (cm/s) 26.5512.68 (24.49-28.61) 26.79+12.96 (24.68-28.89) 099 <0.0001*
Pl 153068 (1.42-1.64) 1.54+0.69 (1.43-1.65) 099 <0.0001%
RI 0.80£0.10 (0.78-0.82) 081211 (0.79-0.83) 090 <0.0001%
SDR 3.52£1.34 (3.30-3.74) 3.56+137 (3.33-3.78) 099 <0.0001*
AT (ms) 115.8327.11 (111.43-12023 116.95+28.09 (112.39-121.50) 097 <0.0001%
Al 0.82+0.25 (0.78-0.86) 0.83+0.26 (0.79-0.87) 098 <0.0001%
DSR 0.26+1.63 (0.31-0.41) 0.26+1.65 (0.31-0.41) 100 <0.0001*
LML 3.62+1.35 (3.40-3.84) 3.66+1.39 (3.43-3.88) 099 <0.0001*

DAR 0.570.18 (0.54-0.60) 0.58£0.18 (0.55-0.61) 0.98 <0.0001*

Tumor size change (%) 10.77£21.07 (7.32-14.19) 10.68+20.92 (7.29-14.10) 1.00 <0.0001*

* values less than 0.05 are accepted as statistically significant

In women older than 49 years, similarly, the in-
dices and tumor size change were found to be
statistically similar with Doppler USG and MRI
Table 2. The PSV, TAMX, Tort, PI, RI, SDR, AT, Al,
LML, DAR indices were found to have a very
strong positive correlation in measurements
performed with Doppler USG and MRI. In ad-
dition, it was found that the Doppler USG and
MRI results of EDV, DSR indices and tumor size
change correlated significantly (Table 2).
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Table 2: Correlation of Doppler US and MRI indices in women
older than 49 years

Doppler USG MRI

Meansd (%99 CI) Meanzsd (%99 CI) r P

PSV (cm/s) 88.87£26.19 (80.69-98.45 89.35£26.30 (81.17-99.54) 098 <0.0001%

EDV (cm/s) 27.0016.24 (21.26-32.73) 27.24+16.87 (21.28-33.20) 1.00 <0.0001*

TAMX (cm/s) 55.20£21.59 (47.57-62.82) 55.67+22.21 (47.82-63.51) 0.99 <0.0001*

Tort (cm/s) 27.57+13.54 (22.79-32.56) 27.7313.90 (22.82-32.64) 0.99 <0.0001*

Pl 1.48£0.67 (1.25-1.72) 1.49+0.65 (1.26-1.72) 099 <0.0001*

RI 0.80+0.11 (0.76-0.84) 0.80£0.11 (0.76-0.84) 091 <0.0001*

SDR 3.35:1.27 (2.90-3.79) 338+1.33 (2.91-3.85) 099 <0.0001*

AT (ms) 113.4630.35 (102.74-124.18) 114.10£30.65 (103.27-124.92) 098 <0.0001*

Al 0.8220.26 (0.72-0.91) 0.820.26 (0.73-0.91) 098 <0.0001*

DSR 0.370.39 (0.23-0.51) 0.370.38 (0.23-0.50) 1.00 <0.0001*

LML 3.55:1.41 (3.05-4.04) 3.58+1.48 (3.05-4.10) 099 <0.0001*

DAR 0.5620.17 (0.50-0.62) 0.56£0.17 (0.50-0.62) 0.98 <0.0001*

Tumor size change (%) 11.87£23.15 (3.69-20.04) 11.71£23.25 (3.50-19.92) 1.00 <0.0001*

*p values less than 0.05 are accepted as statistically significant

DISCUSSION

Imaging is crucial for the diagnosis and mana-
gement of myomas. The main purpose of ima-
ging is the determination of the number, size
and location of fibroids as well as the dimensi-
ons of the uterus, and determination of vascu-
larity (4). This study aims to compare Doppler
USG and MRI to determine whether there are
any differences that might affect the imaging
indices related to the size and properties of
myomas.

The average values of the various indices and
tumor size change measured by both imaging
modalities were statistically similar in the study
groups and also in women aged over 49 years.
It was found that the Doppler USG and MRI me-
asurements of baseline PSV, EDV, TAMX, Tort, P,
RI, SDR, AT, Al, LML, DAR indices demonstrated
significant and positive correlations. In women
aged over 49 years, it was found that there were
significant and positive correlations between
Doppler USG and MRl results of PSV, TAMX, Tort,
PI, RI, SDR, AT, Al, LML and DAR. In addition, it
was found that EDP, DSR indices and Doppler
USG and MRI results of the tumor size change
correlated significantly.

In a systematic review evaluating the importan-
ce of USG and MRI in the diagnosis of myoma,
it was reported that MRI (sensitivity 77%, spe-
cificity 89%) was superior to transvaginal USG
(sensitivity 72%, specificity 81%) in the diagno-
sis of myoma (10). In another study, it was re-
ported that the results of MRI (sensitivity: 0.77,
specificity: 0.89) were more favorable than the
results of transvaginal USG (sensitivity: 0.72-
0.82, specificity: 0.85-0.81) in the diagnosis of
adenomyoma (11). According to the results of
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a meta-analysis in which the results of 31 stu-
dies were previously evaluated, the diagnostic
performance of transvaginal USG (sensitivity
0.79, specificity 0.83) and MRI (sensitivity 0.78,
specificity 0.93) was reported to be similar in
the diagnosis of adenomyosis (12). In the study
of Sam et al,, Transvaginal USG was reported to
be a highly specific (91.8%), cost-effective and
readily available alternative for the diagnosis of
uterine adenomyosis compared to MRI, but less
sensitive (36.8%) (13). According to Hameed's
research, the correct detection rate of myoma
on USG (73.3%) was significantly lower than the
rate of correct detection on MRI (98.1%). Accor-
ding to this study, the mean number of fibroids
detected by USG (1.62+1.07) was lower than
the number detected by MRI (2.14+1.49) (14).

Interestingly, Kim et al. reported that Doppler
USG (sensitivity: 100%, specificity: 92%) was
more reliable than MRI (sensitivity: 91%, speci-
ficity: 91%) in detecting subserosal and extra-
uterine myomas (9). This latter result suggests
that the localization of the tumor may provide
some advantages to USG evaluation, especially
considering that MRI results would not be par-
ticularly altered with regard to location. Howe-
ver, it is also possible that better results related
with USG examination are associated with the
personal experience and skillfulness of the so-
nographers. Measurement of fibroid growth ra-
tes has an important role in the development
of tumor-inhibiting treatment modalities for
perimenopausal women. Unlike Doppler USG,
MRI remains as an expensive imaging tool that
requires more resources (15). Previously, findin-
gs from some other studies have confirmed the
general evidence for the reliability of Doppler
USG when performed by experienced and skil-
led sonographers (16 - 22). In the present study,
the results of Doppler USG and MRI related to
fibroid size changes and other indices were si-
milar.

The findings of the present study indicate that
Doppler USG is as successful as MRI in measu-
ring fibroid growth and other features of myo-
mas. As such, in settings where MRI is unavai-
lable, clinical diagnosis of myomas and decision
making for treatment can be safely based on
Doppler USG findings. Therefore, Doppler USG
can still be addressed as a reliable tool for the
diagnosis and management of fibroids.

More extensive research is needed to evaluate
the possible limitations of both Doppler USG
and MRI in the detection and assessment of
myomas.

Limitations

The power of the present study is limited by a
relatively small cohort size, its conductance at a
single center and lack of comparison with histo-
pathological findings.

REFERENCES

1. Parker WH. Etiology, symptomatology, and diagnosis
of uterine myomas. Fertil Steril. 2007;87(4):725-36.

2. Doherty L, Mutlu L, Sinclair D, Taylor H. Uterine fibroids:
clinical manifestations and contemporary management.
Reprod Sci. 2014;21(9):1067-92.

3. Testa AC, Di Legge A, Bonatti M, Manfredi R, Scambia
G. Imaging techniques for evaluation of uterine myomas.
Best Practice & Research Clinical Obstetrics & Gynaeco-
logy. 2016;34:37-53.

4. Mclucas B. Diagnosis, imaging and anatomical classifi-
cation of uterine fibroids. Best Practice & Research Clini-
cal Obstetrics & Gynaecology. 2008;22(4):627-42.

5. Dueholm M, Lundorf E, Olesen F. Imaging techniques
for evaluation of the uterine cavity and endometrium in
premenopausal patients before minimally invasive sur-
gery. Obstet Gynecol Surv. 2002;57(6):389-403.

6. Mitchell D. Benign disease of the uterus and ovaries.
Applications of magnetic resonance imaging. Radiol Clin
North Am. 1992;30(4):777-87.

7. Terslev L, Torp-Pedersen S, Savnik A, et al. Doppler
ultrasound and magnetic resonance imaging of sy-
novial inflammation of the hand in rheumatoid arth-
ritis: a comparative study. Arthritis & Rheumatology.
2003;48(9):2434-41.

8. Hawkes R, Patterson A, Priest A, et al. Uterine artery
pulsatility and resistivity indices in pregnancy: Compari-
son of MRI and Doppler US. Placenta. 2016;43:35-40.

9. Kim SH, Sim JS, Seong CK. Interface vessels on color/
power Doppler US and MRI: a clue to differentiate subse-
rosal uterine myomas from extrauterine tumors. J Com-
put Assist Tomogr. 2001;25(1):36-42.

10. Champaneria R, Abedin P, Daniels J, Balogun M, Khan
KS. Ultrasound scan and magnetic resonance imaging for
the diagnosis of adenomyosis: systematic review compa-
ring test accuracy. Acta Obstetricia et Gynecologica Scan-
dinavica. 2010;89(11):1374-84.

11. Bazot M, Darai E. Role of transvaginal sonography and
magnetic resonance imaging in the diagnosis of uterine
adenomyosis. Fertility and Sterility. 2018;109(3):389-97.



12. Liu L, Wong L, Mol B, Condous G, Costa F, Leonardi M.
Diagnostic accuracy of transvaginal ultrasound and mag-
netic resonance imaging for the diagnosis of adenomyo-
sis: Systematic review and meta-analysis. Ultrasound in
Medicine & Biology. 2019;45:54.

13. Sam M, Raubenheimer M, Manolea F, et al. Accuracy
of findings in the diagnosis of uterine adenomyosis on
ultrasound. Abdominal Radiology. 2020;45(3):842-50.

14. Hameed AM. A comparative study of ultrasonograp-
hy & magnetic resonance imaging with pathological re-
sults in diagnosis, localization & measurement of uterine
leiomyomas. Muthanna Medical Journal. 2017;4(1):8-19.

15. [dowu BM, lbitoye BO, Adetiloye VA. Uterine Artery
Doppler Velocimetry of Uterine Leiomyomas in Nigerian
Women. Revista Brasileira de Ginecologia e Obstetricia.
2017;39(9):464-70.

16. Cho YW, Park SH. Measurement of pulp blood flow ra-
tes in maxillary anterior teeth using ultrasound Doppler
flowmetry. Int Endod J. 2015;48(12):1175-80.

17. Takase-Minegishi K, Horita N, Kobayashi K, et al. Di-
agnostic test accuracy of ultrasound for synovitis in rheu-
matoid arthritis: systematic review and meta-analysis.
Rheumatology. 2017;57(1):49-58.

18. Cotti E, Esposito SA, Musu D, Campisi G, Shemesh H.
Ultrasound examination with color power Doppler to as-
sess the early response of apical periodontitis to the en-
dodontic treatment. Clin Oral Investig. 2018;22(1):131-40.

19. Dyson A, Jeffrey M, Kluckow M. Measurement of neo-
natal heart rate using handheld Doppler ultrasound. Arc-
hives of Disease in Childhood-Fetal and Neonatal Edition.
2017;102(2):116-9.

20. Hansen KL, Mgller-Sgrensen H, Kjaergaard J, et
al. Vector flow imaging compared with conventional
Doppler ultrasound and thermodilution for estimation
of blood flow in the ascending aorta. Ultrason Imaging.
2017;39(1):3-18.

21. Alavi A, Sibbald RG, Nabavizadeh R, Valaei F, Coutts P,
Mayer D. Audible handheld Doppler ultrasound determi-
nes reliable and inexpensive exclusion of significant pe-
ripheral arterial disease. Vascular. 2015;23(6):622-9.

22. Cantisani V, Maceroni P, D’'andrea V, et al. Strain ra-
tio ultrasound elastography increases the accuracy of
colour-Doppler ultrasound in the evaluation of Thy-3
nodules. A bi-centre university experience. Eur Radiol.
2016;26(5):1441-9.

37





