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ABSTRACT

Research QuestionWhat are the growth patterns of uterine

myomas in untreated premenopausal women? Which factors

influence the growth rate of uterine myomas in premenopau-

sal women?

Method All premenopausal women who presented to the

outpatient myoma consultation clinic between January 2005

and March 2022 at least twice were screened. Exclusion crite-

ria were hormonal therapy, pregnancy, and postmenopausal

status.

Results A total of 189 patients were included in our study

which focused on the respective largest uterine myoma of

each woman. An ideal linear growth over time was assumed.

Most myomas (82%) increased in size. The mean annual

growth of these myomas was 68.42 cm3. The most important

prognostic factor for growth was the initial size of the myoma.

The absolute annual growth of myomas measuring > 50 cm3

at first presentation was higher compared to smaller myomas

(p < 0.001). The relative annual growth rate was highest for

myomas measuring between 20 and 50 cm3 at the initial pre-

sentation (p = 0.003). The relative annual growth rate in wom-

en older than 40 years was significantly lower than that in

women below the age of 40 years (p = 0.003).

Conclusion Overall, it is difficult to make an individual prog-

nosis about the growth pattern of a uterine myoma in a spe-

cific patient. It should be noted especially in asymptomatic

patients that spontaneous regression of myoma size can also

occur in premenopausal women.

ZUSAMMENFASSUNG

Fragestellung Wie entwickelt sich das Volumen von Myo-

men bei prämenopausalen Frauen über die Zeit ohne thera-

peutische Intervention? Welche Faktoren beeinflussen die

Wachstumskinetik von Myomen bei prämenopausalen Frau-

en?

Methodik Alle prämenopausalen Patientinnen einer Klinik-

Myomsprechstunde, die sich zwischen Januar 2005 und März

2022 mindestens 2-mal dort vorgestellt hatten, wurden er-

fasst. Ausschlusskriterien waren Hormontherapie, Schwan-

gerschaft und Postmenopause.
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Ergebnisse Insgesamt konnten 189 Patientinnen mit dem je-

weils initial größten Myom in die Analyse einbezogen werden.

Es wurde eine ideale, lineare Größenveränderung über die Zeit

postuliert. Die meisten Myome (82%) nahmen an Größe zu.

Die mittlere Zunahme wachsender Myome pro Jahr betrug

68,42 cm3. Der wichtigste Prognosefaktor für das Wachstum

war die initiale Größe der Myome. Das jährliche Wachstum

von Myomen, die bei Erstvorstellung > 50 cm3 groß waren, ist

absolut am größten im Vergleich zu Myomen, die kleiner wa-

ren (p < 0,001). Das relative jährliche Wachstum ist allerdings

in der Gruppe der Myome zwischen 20 und 50 cm3 bei Erst-

vorstellung am größten (p = 0,003). Bei Frauen über 40 Jahre

war das relative Wachstum pro Jahr statistisch signifikant ge-

ringer als bei Frauen bis 40 Jahre (p = 0,003).

Schlussfolgerung Insgesamt ist eine individuelle Vorhersage

des Wachstumsverhaltens von Myomen für eine konkrete Pa-

tientin schwierig. Vor allem bei der Betreuung von asympto-

matischen Patientinnen mit Myomen sollte beachtet werden,

dass es prinzipiell auch bei jeder prämenopausalen Frau zu

einer natürlichen Myomregression kommen kann.
Introduction
In most cases, uterine fibroids are asymptomatic (80%), but they
can nevertheless severely reduce the quality of life of affected
women [1,2]. Myoma-related symptoms which should be investi-
gated and treated include bleeding disorders, dysmenorrhea, and
a feeling of pressure in the lesser pelvis as well as fertility disorders
[3, 4]. Although in some patients the myoma can be quite large,
expectant management is almost always possible for asymptom-
atic well-informed patients. Many patients have unfounded fears
about their myoma findings which are often based on their own
internet searches. It is important to first inform myoma patients
that myomas are common at a certain age and are “normal”, that
they are always benign and, according to current scientific knowl-
edge, do not transform into malignant lesions. Myomas are often
asymptomatic and therefore only constitute a finding, not a dis-
ease per se. Moreover, myomas are easily treatable and there are
several different treatments.

Myomas tend to increase in size over the entire reproductive
life span of a woman. However, there are currently no prospective
studies on long-term myoma growth patterns over several years
nor has there been a scientific evaluation of growth prognoses.
There are only a few studies in the literature which have consid-
ered the natural growth patterns of fibroids in a narrow or wider
sense. Some working groups use MRI images to monitor the prog-
ress of the fibroid [5–8]. A few working groups use vaginal ultra-
sound as it is less expensive and more commonly used in clinical
gynecological practice [9–13]. Even though MRI findings are
more reproducible compared to vaginal ultrasound, [14], MRI is
still more expensive and complex in clinical practice.

Even now, a “myoma with a rapid increase in size” or a “rapidly
growing myoma” is considered to indicate a developing sarcoma
[15], but the criterion “rapid” (an increase in size by howmany cm
or cm3 per unit of time?) has not been properly defined. More
than a decade ago, the American College of Obstetricians and
Gynecologists already stated that this clinical diagnosis must not
be the sole indication for myoma enucleation or hysterectomy
[16–19]. The German Society for Gynecology and Obstetrics has
also pointed out in its appropriate guideline that no definition of
what constitutes “rapid growth” of a sarcoma exists and that data
about the significance of such changes is controversial [20]. De-
spite various attempts, there are still no clinical or imaging proce-
dures which can unambiguously exclude sarcoma [21]. In clinical
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practice, patients are often upset if they present with a growing
myoma, even though this type of growth is normal.

We recorded and analyzed the growth patterns of myomas in a
large group of untreated premenopausal patients using ultra-
sound to obtain evidence for use in clinical practice.
Patient Cohort and Method

Inclusion criteria

The data evaluation included all patients who presented to the
outpatient myoma consultation clinic of Charité/Campus Vir-
chow-Klinikum at least twice between January 2005 and March
2022. Additional inclusion criteria were: no surgical treatment or
medication to treat the myoma between the two examinations,
no postmenopausal status (no menstruation for at least one year),
no pregnancy and no hormone treatment. The data of the largest
myoma was recorded (▶ Fig. 1). The vaginal ultrasound examina-
tions to measure the myoma were all carried out by the same in-
vestigator (M.D.). If the fibroid was very big or imaging of the my-
oma was difficult using vaginal ultrasound, abdominal ultrasound
was additionally carried out. The location (submucosal, subse-
rous, transmural) and size (diameter in all three planes) of every
fibroid was determined. The calculation of the myoma volume
was done using a formula based on that of Ichimura et al. (1998)
which is similar to the formula used to calculate the volume of el-
lipsoid shapes. If only two diameters were recorded, the third di-
ameter was approximated by taking the mean value of the other
two diameters.

Statistical evaluation

The statistical program SPSS 18.0 (SPSS Inc., Chicago, IL, USA) was
used for data evaluation. The results were characterized using
mean, median, standard deviation (SD) and interquartile range
(IQR). Differences between selected characteristics were analyzed
using non-parametric Mann-Whitney test. Linear and multiple re-
gression analysis was carried out, using absolute difference in size,
daily and annual growth rate and annual growth rate in percent as
the dependent variables and age, initial size of the myoma, and
location of the myoma as independent variables. Results were
considered significant if the significance level was less than 5%.
Because of the explorative nature of the study, no adjustment
was done for multiple testing.
447The author(s).



▶ Table 1 Patients included in the analysis (n = 189) and myoma-
related characteristics.

Characteristics n %

Size of largest myoma

at first examination < 20 cm

(n = 43)

3

Size of largest myoma

at first examination 20–50 cm

(n = 50)

3

Study cohort

(n = 189)

Second examination between

January 2005 – March 2022

Exclusion criteria:

Surgical therapy or medication

to treat the myoma between

the two visits

Postmenopausal status

(no menstrual bleeding

for at least one year)

Pregnancy

Hormone treatment

Patients who attended the

outpatient myoma consultation

clinic of Charité/Campus

Virchow-Klinikum between

January 2005 – March 2022

One-off examination during

the study period to decide

on appropriate therapy

or obtain a second opinion

Size of largest myoma

at first examination > 50 cm

(n = 96)

3

▶ Fig. 1 Flow chart showing the composition of the study cohort.
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The anonymized data evaluation was discussed and approved
by the Institutional Board of the hospital. The Statute of the Char-
ité on Ensuring Good Scientific Practice and the stipulations of the
Berlin law on data protection were complied with.
Age of themyoma patients
(grouped)

≤ 40 years 104 55

> 40 years  85 45

Myoma-related symptoms no  74 39

yes 115 61

Location
(site of the myoma)

submucosal   6  3

subserous  49 26

intramural 133 71

Size of the myoma
at first presentation

< 20 cm3  43 23

20–50 cm3  50 26

> 50 cm3  96 51
Results

Study cohort

A total of 189 women with myomas were included in the evalua-
tion, although in each case only the differences in size of the pa-
tientʼs largest or dominant myoma were analyzed. The second vis-
it to the myoma consultation clinic was unsystematic and was
often initiated by the patient herself; the intervals between the
two examinations therefore differed in length (mean 641 days,
SD 501 days). ▶ Table 1 shows information about the age distribu-
tion of the women included in the analysis, as well as whether
they reported myoma-related symptoms and the location and size
of the myoma.

Absolute difference in size over time

In 81.5% of examined cases, the myomas showed an increase in
size. No significant differences were found between shrinking my-
omas and growing myomas with regard to the location of the my-
oma, the size of the myoma at first presentation, and the patientʼs
age group. However, there was an important difference between
the difference in size of shrinking myomas and growing myomas:
the mean increase in size for growing myomas was 68.42 cm3,
whereas the mean change in the size of shrinking myomas was on-
ly 17.03 cm3 (p < 0.001). As the interval between first and second
448 Seidel V et al. Sono
examinations varied considerably and was random, the mean dif-
ference in size per day was calculated, using the formula

growth day ¼
difference in volume in cm3

examination 2 � examination 1

time difference in days examination 2 � examination 1

The mean difference per day for myomas increasing in size was
0.17 cm3 and the mean difference for shrinking myomas was
0.054 cm3 (p < 0.001). It should be noted that this assumes an
ideal continual change in growth per unit of time.

When analyzing growing myomas, two additional time-cor-
rected variables were calculated in addition to the primary end-
graphic Monitoring of… Geburtsh Frauenheilk 2023; 83: 446–452 | © 2023. The author(s).



points “absolute growth of the myoma” (V2−V1) and “growth per
day”: myoma growth per year (growthday × 365), using the
formula

growth year ¼ growth day � 365

and relative annual growth (relative to the size of the myoma at
the first examination) using the formula

relative annual growth year ¼ growth year

myoma volume examination 1
� 100

Factor “myoma size at first examination”

We investigated whether the parameters “myoma size at first ex-
amination” and “age” affected myoma growth patterns. “Myoma
size” was subdivided into three categories (< 20 cm3, 20–50 cm3,
> 50 cm3) and “age” was divided into the groups ≤ 40 years and
> 40 years. It was found that myoma size had a significant effect
with regard to both the absolute and the relative increase in size.
Myomas which were larger at the initial examination grew faster
(▶ Table 2). The biggest absolute annual growth was found for
myomas which were > 50 cm3 at the first examination (mean:
99.3 cm3/year) compared to myomas which were smaller at the
initial presentation (p < 0.001). However, the relative annual
growth was greatest for myomas between 20 and 50 cm3 at the
first examination (102%, p = 0.033).

Factors “age” and “location”

When age was taken into consideration, the relative myoma
growth per year was significantly lower in women over the age of
40 years (mean 68.5%) compared to women up to the age of
40 years (mean 94.2%, p = 0.003) (▶ Table 3). A significant differ-
▶ Table 2 Increase in size of growing myomas, depending on the initial volu

Myoma size at
first examination

Absolute increase in
size (V2−V1) (cm3)

P value

< 20 cm3 < 0.001

N  33

Mean  13.0

Median  11.0

SD  11.1

IQR  11.0

20–50 cm3 N  38

Mean  46.5

Median  26.0

SD  57.9

IQR  40.2

> 50 cm3 N  83

Mean 100.5

Median  78.7

SD  94.1

IQR 117.0
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ence with regard to myoma location was only found for V2−V1
(p = 0.025).

Multivariate analysis

To predict myoma size over time, regression analysis was done to
identify a linear association between the dependent variable “in-
crease in size (volume)” and “time” between the two visits to the
outpatient myoma consultation clinic (▶ Fig. 2).

The prognostic values for growing myomas can be obtained
using the following formula:

myoma size = 50.27 + 0.03 × time between the examinations (in days)

Multiple regression analysis confirmed the main result of uni-
variate analysis. Myoma size at initial examination in 2 categories
(≤ 50 cm3 versus > 50 cm3) had a significant and biggest impact
on all studied endpoints (“V2−V1”, “growthday”, “growthyear”
and “relative annual growthyear”; p < 0.001). Age and location
played no significant role in multiple regression analysis.
Discussion
Many existing studies on myoma growth are based on MRI and
therefore not particularly suitable for clinical practice [5,7, 8,22].
Although transvaginal ultrasound is slightly more inaccurate than
MRI to detect and measure myomas [12], transvaginal ultrasound
is a useful diagnostic procedure for investigating myomas and can
be easily integrated into every gynecological examination; it also
offers a high level of reproducibility and sufficient accuracy for
daily clinical practice. In 2002, De Waay et al. published study re-
sults from a case series of asymptomatic women examined using
vaginal ultrasound. The aim of their investigation was to deter-
me at first examination.

Annual growth
(cm3/365 d)

P value Relative growth/
year (%)

P value

< 0.001 0.033

  8.4  81.5

  6.9  51.8

  7.7  90.4

  8.3  59.0

 30.4 102.0

 22.5  85.4

 29.0  91.6

 29.9 105.4

 99.3  73.4

 45.6  45.9

152.4  88.5

 89.0  75.2
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▶ Table 3 Increase in size of growing myomas, depending on the age of the patient at first examination.

Age (grouped) Absolute increase in
size (V2−V1) (cm3)

P value Annual growth
(cm3/365 d)

P value Relative growth/
year (%)

P value

≤ 40 years 0.852 0.705 0.003

N 82

Mean 69.9  71.4  94.2

Median 29.3  22.5  72.8

SD 89.0 121.9  82.6

IQR 67.8  59.3 103.7

> 40 years N 72

Mean 67.7  53.1  68.5

Median 38.5  24.9  36.6

SD 76.7 116.8  96.3

IQR 93.0  49.4  69.4

3000

t2−t1 (time between the first and second examination in days)

y = 50.27 + 0.03 · x

25002000150010005000

V
2

−
V

1
(c

m
)

3

500

400

300

200

100

0

▶ Fig. 2 Prognosis for the increase in size of growing myomas: the red line (regression line showing the correlation between volume and time,
mean prognosis) corresponds to a visualization of the equation for the prognosis of myoma growth over time. Blue dots: increase in size of every
myoma included in the analysis between the first and the second examination. t1: time of the first examination, t2: time of the second examination,
V1: (volume at t1), V2: volume at t2, green curves: 95% confidence intervals for the mean prediction.
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mine the incidence and rate of regression of endometrial polyps
and myomas. Only 18% had myomas (n = 18). At 2.5 years after
the first examination, the mean myoma growth was found to be
1.2 cm (0.9–6.8 cm). In four women no myomas were visible at
the second examination [10]. In 2010, Mavrelos et al. published
another retrospective longitudinal study which used vaginal ultra-
sound to monitor myoma growth patterns. They were able to fol-
low up 122 myoma patients between the ages of 27 and 45 years
over an 8-year period. During the study period, the largest myoma
of each patient increased by 35.2% per year. However, 21.3% of
myomas investigated using vaginal ultrasound showed a signifi-
cant reduction in size of at least 5% compared to the initial mea-
surement within the space of one year [11].

The figures for our study cohort were similar: out of a total of
189 measured myomas, 35 (18.5%) shrank while 154 (81.5%) of
the myomas increased in size. Peddada et al. (2008) also reported
a regression rate of 7% after a relatively short observation period
of 6 months for their cohort of 72 women investigated using MRI,
with myoma shrinkage rates of more than 20% found in some of
the women.

In our observational ultrasound-based study of myoma growth
patterns in untreated women presented here, myomas which
were large (> 50 cm3) at the first examination were found to show
the greatest absolute growth per year, whereas myomas between
20–50 cm3 showed the greatest percentage growth. It is possible
that a “critical” myoma size exists after which vascularization can
no longer sustain the increase in size over the longer term. The
literature on this is contradictory: one (MRI-based) study was able
to show that larger myomas showed significantly fewer changes
in terms of their short-term growth than smaller myomas [22].
Peddada et al. (2008) found that myoma location and myoma
size, BMI of the woman, and parity had no impact [6]. According
to Mavrelos et al. (2010), myoma size is an independent predictor
for myoma growth. However, in the respective study small myo-
mas (diameters of < 20mm) were found to grow the fastest [11].
Mavrelos et al. examined all myomas of one of the women in-
cluded in their study cohort. A study carried out in African-Amer-
ican women also found that the small myomas in particular
tended to grow the most. At the same time, 23% of the small my-
omas also disappeared spontaneously [23]. In contrast, our analy-
sis which only investigated the largest myoma in each woman,
found that the greatest growth occurred in the group of me-
dium-sized myomas (between 20–50 cm3). It is possible that if
several myomas are present, this may affect the growth rate of in-
dividual myomas. The relative myoma growth per year was signif-
icantly higher in women up to the age of 40 years compared to
women older than 40 years. This could reflect the gradual
changes in hormone levels occurring before the onset of clinical
symptoms of menopause. A decrease in inhibin-B and a conse-
quent increase in FSH levels, particularly in the early follicular
phase, is known to occur even before the occurrence of perimeno-
pausal symptoms [24].

This attempt at predicting size over a period of time may be
useful when counselling affected women in clinical practice,
although it should also always be mentioned that some myomas
may spontaneously shrink.
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Limitations

1. The cohort was non-randomized but was randomly consti-
tuted.

2. The time which elapsed between examinations was not stan-
dardized.

3. There were very few submucosal myomas in the cohort.
4. Other factors influencing fibroid growth patterns such as preg-

nancy [25], hormonal influences [26], and genetic and molec-
ular factors [27] were not included in the analysis.

Strengths and conclusions

1. Overall, it is difficult to make an individual prognosis about the
growth behavior of myomas for a specific patient. This once
again underscores the importance of following the current rec-
ommendations which state that tumor growth patterns should
not be used if the suspected diagnosis is uterine sarcoma.

2. Our analysis provides a basis for discussing treatment with pa-
tients, particularly when caring for asymptomatic patients with
myomas. The information about the natural growth patterns
of myomas could reassure many women and persuade them
to agree to a conservative approach. When planning therapy,
it is also important to be aware that natural myoma regression
can, in principle, occur in every premenopausal woman.
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