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Ultrasound-guided percutaneous 
microwave ablation for 
adenomyosis: efficacy of 
treatment and effect on ovarian 
function
Yang Yu1, 2, Zhang Jing1, Han Zhi-yu1, Ma Xia1, 2, Hao Yan-li1, Xu Chang-tao1, Xu Rui-fang1 & 
Zhang Bing-song1

A total of 142 premenopausal women with symptomatic adenomyosis underwent ultrasound (US)-
guided percutaneous microwave ablation (PMWA) at the Chinese PLA General Hospital. This study 
aimed to evaluate changes in serum pituitary, gonadal hormone and cancer antigen 125 (CA125) 
levels after US-guided PMWA. Therefore, estradiol (E2), follicle-stimulating hormone (FSH), prolactin 
(PRL) and CA125 levels were evaluated before ablation and at 3, 6, 9 and 12 months after ablation. 
No significant differences were observed in the E2 and FSH levels pre-ablation and during follow-up 
(E2: p = 0.933, p = 0.987, p = 0.106, p = 0.936; FSH: p = 0.552, p = 0.295, p = 0.414, p = 0.760). The mean 
absolute values of serum CA125 and PRL were significantly decreased at 3, 6, 9 and 12 months after 
ablation (CA125: p < 0.001, p < 0.001, p < 0.001, p = 0.003; PRL: p < 0.001, p < 0.001, p < 0.001, p < 0.001). A 
significant correlation between changes in CA125 levels and uterine volume was found (p < 0.001). No 
evidence of a decline in ovarian function was observed after US-guided PMWA.

Adenomyosis is a common disease among women of childbearing age. Menorrhagia and dysmenorrhea 
are two of the most common symptoms and always require clinical intervention. Suppressive hormo-
nal treatments can temporarily relieve symptoms, but these treatments interfere with patient fertility1,2. 
Hysterectomy is the standard treatment for adenomyosis3 but may not be accepted by every patient of 
reproductive age.

Conservative treatments for adenomyosis are rapidly being developed. Ensuring the efficiency of treat-
ment without negatively affecting ovarian function remains a longstanding challenge in these patients4. 
Ultrasound (US)-guided percutaneous microwave ablation (PMWA) has been used in the treatment of 
symptomatic adenomyosis and fibroids5–9, which has produced satisfactory clinical outcomes. However, 
changes in serum hormone levels after PMWA have not been thoroughly studied. In previous studies, 
follicle-stimulating hormone (FSH) and estradiol (E2) levels were typically assessed to determine the 
remaining ovarian reserve10. In addition, clinical signs of the menopausal transition, such as amenorrhea, 
hot flashes, mood disorders, and vaginal dryness, may also be used to assess ovarian function11. On the 
other hand, the measurement of serum cancer antigen 125 (CA125) and PRL levels are useful in mon-
itoring adenomyosis and the effects of treatment12,13,14; therefore, changes in this hormone may be used 
to evaluate the efficacy of treatments.
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Thus, this study was undertaken to analyze the efficacy of treatment and effect on ovarian function 
of PMWA for adenomyosis.

Materials and Methods
Patients.  From February 2011 to May 2014, a total of 278 premenopausal women with symptomatic 
adenomyosis underwent US-guided PMWA at the Department of Interventional Ultrasonics, General 
Hospital of Chinese PLA, Beijing, China. All of the patients were diagnosed with adenomyosis based 
on ultrasound and magnetic resonance imaging (MRI). The criteria for this study of adenomyosis on 
ultrasound were: (1) No distinction of the endometrial-myometrial junction; (2) asymmetry of the ante-
rior and posterior myometrium; (3) subendometrial myometrial striations; (4) myometrial cysts; and (5) 
heterogeneous myometrial echotexture15. The criteria for this study of adenomyosis on MRI were: (1) a 
myometrial mass with indistinct margins of primarily low intensity, (2) diffuse or local widening of junc-
tional zones on T2 weighted images, (3) junctional zone wider than 35 mm, (4) uterine enlargement16.

The selection criteria for this study were as follows: (1) adenomyosis-related symptoms, e.g., men-
orrhagia, dysmenorrhea, pelvic pain or bulk pressure; (2) an age younger than 45 years; (3) no clinical 
signs of the menopausal transition; (4) FSH and E2 levels typical of women of reproductive age; (5) no 
hormonal treatment within the 3 months preceding the study; (6) no history of malignancy; (7) no pelvic 
infection; (8) childbearing completed; (9) hysterectomy or other conservative treatments declined; and 
(10) normal ThinPrep cytology test results.

Pre-ablation Preparations.  Before ablation, all of the patients underwent examinations, including 
routine blood, serum gonadal hormone and CA125 testing.

In addition, uterine volume was recorded. The mean uterine diameter and volume were calculated 
using the following formulas: mean diameter = (length + width + height)/3 and volume = 4/3*π*r3, where 
r is the mean radius (mean diameter/2).

All of the patients were counseled on the potential risks and benefits of PMWA and on possible alter-
native treatments. All of the patients provided written informed consent.

Instruments.  A microwave tumor coagulator (KY-2000, Kangyou Medical Instruments Company, 
Nanjing, China) with a frequency of 2,450 MHz and continuous MW emission modes was used. The 
needle antenna had a 15-gauge external diameter (1.9 mm).

All of the hormone and CA125 assays were performed at a single (local) laboratory using the elec-
trochemiluminescence method and standard laboratory techniques on a Cobas E601 analyzer (Roche, 
Germany).

Therapy Procedures.  The patients adopted the supine position. Ablation was performed under 
intravenous conscious sedation (induction: midazolam 1.0 mg, fentanyl 0.05 ng, propofol 1.0–1.5 mg/
kg; maintenance: propofol 0.4-1.2 mg/kg·h). Under the guidance of real-time US, the antenna needle 
was percutaneously inserted into the lesion (Fig. 1). Percutaneous approaches are associated with a risk 
of bowel puncture; therefore, the intestinal tract must be carefully pushed off from the abdominal wall 
using a probe before inserting the needle. Special attention should be paid to the shape of coagulation 
necrosis lesions, which are spheroid but not perfectly spherical. Therefore, the needle tip is not inserted 

Figure 1.  The diagram of PMWA.
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into the center of the endometrial-myometrial area or adenomyoma but close to the periphery. Then, an 
output energy of 50 W or 60 W was selected for the ablation in most cases5. The entire procedure was per-
formed under real-time US guidance. Once the hyperechogenic signal covered at least 50% of the entire 
lesion, the microwave energy was discontinued5. Then, the effectiveness of the ablation was immediately 
assessed using contrast-enhanced ultrasound (CEUS). The non-enhanced regions on contrast-enhanced 
sonography indicate necrotic areas17. When the non-enhanced area did not exceed 50% of the lesion, 
supplementary PMWA was immediately performed (Fig. 2).

Clinical Follow-up.  The patients were asked to return for re-evaluation on the same day of the men-
strual cycle on which the ablation was performed (e.g., day 8, 9, 10, or 11). A total of 142 patients met 
these criteria. Measurements of uterine volume (based on transvaginal ultrasonography) and CA125, 
PRL, FSH and E2 levels were obtained 3, 6, 9 and 12 months after ablation. In addition, clinical signs of 
the menopausal transition and fertility-related data were evaluated.

Statistical Analysis.  All of the statistical analyses were performed using SPSS 13.0 (SPSS Inc., Chicago, 
IL, USA). Normality tests were applied for all of the continuous variables using the Shapiro-Wilk test. 
The Wilcoxon Matched-Pairs Signed-Rank Test was used to analyze the CA125 and serum hormone 
levels pre-ablation and at each follow-up visit.

A Spearman’s correlation coefficient analysis was used to determine the correlation between the 
CA125 and PRL levels and uterine volume.

Statistical significance was assumed at a P-value < 0.05.

Results
The mean ( ± SD) age of the patients was 38.42 ( ± 4.07) years, and the ages ranged from 26–45 years. All 
of the patients were Chinese.

Regarding ovarian function after PMWA, the FSH and E2 results are shown in Table 1. No significant 
differences were detected between the levels pre-ablation and at follow-up. Because of losses to follow-up, 
the numbers of patients at 6, 9 and 12 months were 49, 33 and 39, respectively. One patient who was 44 
years of age developed amenorrhea after ablation, but her FSH and E2 levels were in the normal range 
(E2 = 208 pmol/L and FSH = 7.9 U/L on the 3rd day of the menstrual cycle). Therefore, the abnormity in 
this patient was considered Asherman’s syndrome. The rest of the patients had regular, ovulatory men-
strual cycles, and no menopausal transition symptoms were observed in this study.

Compared with the levels pre-ablation, a significant reduction in the CA125 levels was found dur-
ing the follow-up period in patients with a uterine volume larger than 240 cm3 (Table  2). The median 
CA125 levels throughout the follow-up period exceeded 50 U/ml. The PRL levels declined in most of the 
patients: 137/142 patients (3 months), 46/49 patients (6 months), 31/33 patients (9 months) and 37/39 
patients (12 months) (Table 1).

Figure 2.  A 35-year-old woman with adenomyosis. Her uterus size was 9.3 cm*8.0 cm*8.7 cm. (a) MRI 
(T2WI): the enlargement of the junctional zone in the anterior wall. (b) CEUS before ablation: contrast 
agent perfused in the entire uterus. (c) The microwave energy radiated from the emission tip. (d) After the 
hyperechogenic signal covered at least 50% of the entire lesion, CEUS was performed to assess the volume 
of the non-perfused region. (e) Three days after PMWA, contrast-enhanced MRI was performed to evaluate 
both the efficacy of the ablation and the viability of the organs surrounding the uterus.
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Based on the Spearman’s correlations, a significant correlation was found between the CA125 levels 
and a uterine volume larger than 240 cm3 (correlation coefficient = 0.486, p < 0.001). No correlation was 
found between the PRL levels and uterine volume or between the CA125 and PRL levels.

Seven patients gestated spontaneously after PMWA, and their fertility results are shown in Table 3.

Discussion
In this study, the mean serum FSH and E2 values were not significantly different pre-ablation and during 
the follow-up period.

FSH is released from the pituitary gland to stimulate the growth of immature follicles10. A monotropic 
increase in FSH is the most consistently observed endocrine change in women who enter the perimen-
opausal period. This increase is the result of decreased negative feedback on the pituitary gland18. Low 
E2 levels under the influence of high FSH levels are indicative of diminished ovarian reserve10. PMWA is 
a method that uses in situ uterine ablation, which theoretically does not disturb blood perfusion in the 
ovaries. In this study, the mean serum FSH and E2 values were not significantly different pre-ablation and 
during the follow-up period. In addition, none of the patients complained of menopause-related clinical 
symptoms. Therefore, based on these observations in women younger than 45 years of age, PMWA does 
not have an observable effect on the ovaries within 1 year following the procedure. However, this study 
had a limitation. The levels of anti-Mullerian hormone (AMH), which is a more sensitive biomarker of 
ovarian reserve19–21, were not evaluated in this study; therefore, this protein warrants consideration in 
future studies.

N
Pre-ablation M (P25, 

P75)
Post-ablation M (P25, 

P75) Z p

E2

  3 months 142 364.40 (212.94, 573.89) 397.63 (255.00, 533.30) −0.084a 0.933

  6 months 49 345.56 (217.93, 651.19) 350.00 (262.93, 600.92) −0.016a 0.987

  9 months 33 304.25 (204.72, 431.72) 400.88 (273.41,671.84) −1.616a 0.106

  12 months 39 326.32 (205.60, 573.01) 350.13 (244.22, 480.38) −0.080a 0.936

FSH

  3 months 142 4.98 (3.44, 6.98) 4.89 (3.13, 6.49) −0.594a 0.552

  6 months 49 5.71 (3.70, 6.99) 5.14 (3.60, 6.68) −1.048b 0.295

  9 months 33 5.72 (3.73, 7.15) 4.59 (3.30, 6.84) −0.817b 0.414

  12 months 39 5.37 (3.65, 6.23) 5.59 (2.90, 8.24) −0.305b 0.76

PRL

  3 months 142 21.35 (14.89, 32.27) 8.59 (6.65, 11.94) −7.162a  < 0.001

  6 months 49 23.69 (16.05,32.40) 8.00 (6.22, 11.65) −4.914a  < 0.001

  9 months 33 23.69 (13.35, 30.35) 10.01 (7.38, 13.04) −3.736b  < 0.001

  12 months 39 21.33 (13.55, 35.41) 9.53 (7.15, 15.38) −3.582a  < 0.001

Table 1.  Serum hormone outcomes before and after PMWA. M：median; P:percentile. Z: Z-score. p: 
significance probability. aBased on the positive ranks. bBased on the negative ranks.

N
Pre-ablation M (P25, 
P75)

Post-ablation M (P25,  
P75) Z p

CA125

  3 months 56 107.45 (68.02, 210.78) 69.79 (48.52, 134.63) −4.764a  < 0.001

  6 months 29 108.30 (83.64, 184.90) 57.90 (39.66, 75.00) −4.660a  < 0.001

  9 months 20 125.80 (89.89, 210.78) 66.06 (48.43, 128.90) −3.845a  < 0.001

  12 months 17 146.90 (75.82, 243.95) 83.79 (58.93, 137.60) −2.959a 0.003

Table 2.  Serum CA 125 before and after PMWA (uterine volume > 240 cm3 ). M median. P: percentile. Z: 
Z-score. p: significance probability. aBased on the positive ranks.b Based on the negative ranks.
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In this study, the CA125 and PRL levels were correlated with adenomyosis and declined significantly 
following PMWA. CA125 mostly originates from ectopic endometriotic tissue and enters the systemic 
circulation22. A previous study demonstrated that high CA125 levels were consistently indicative of a 
severe disease status. This biomarker is important for monitoring the efficacy of conservative surgery 
for adenomyosis and endometriosis patients2,12. A study by Sheth and Ray on the relationship between 
adenomyosis and CA125 levels indicated that a larger uterine size was associated with a greater increase 
in CA125, especially in cases with particularly large uterine volumes (larger than 240 cm3)12. Therefore, 
in the present study, we assessed CA125 alterations in patients with a uterine volume larger than 240 cm3. 
The results revealed that the serum CA125 levels decreased significantly in patients with a uterine volume 
larger than 240 cm3. According to the Spearman’s correlation coefficient analysis, the downtrend was 
significantly correlated with a reduction in uterine volume, which was consistent with a previous study12. 
The CA125 values at each follow-up time point exceeded the standard cut-off value of 35 U/mL, which is 
used to detect epithelial ovarian cancer23. This finding may be due to diffuse adenomyotic lesions. PMWA 
causes local necrotic lesions; therefore, residual endometriosis may have been present after PMWA. It is 
difficult for serum CA125 levels to return to normal (non-endometriosis) levels.

PRL is a functionally versatile hormone with many unique effects and functions, including multiple 
reproductive and metabolic functions. Additionally, PRL is involved in tumorigenicity14, which may be 
due to its molecular heterogeneity24. Most of the research on PRL has been performed in rats. Mori et 
al. suggested that prolactin is a trigger in the genesis of adenomyosis13. Most research in humans has 
suggested that patients with endometriosis-related infertility are always hyperprolactinemic24, and the 
severity of endometriosis is associated with PRL secretion25. Our results did not indicate any correla-
tions between PRL and CA125; however, the PRL levels decreased after PMWA in most of the patients.
Furthermore, in contrast to our findings, treatment with danazol did not result in significant differences 
in basal PRL levels before and after therapy26. Therefore, further studies are needed to evaluate and 
answer these questions.

Patients who have a desire for children are not eligible for PMWA; however, most of the patients 
who undergo PMWA use birth control measures after treatment. In addition, women who present with 
adenomyosis are usually older than 35 years of age, and their fertility has begun to decline. Therefore, the 
results of this study suggest that patients remain fertile after PMWA. In the 7 patients with subsequent 
pregnancies, 4 chose artificial abortion, 1 is still pregnant, 1 had cervical pregnancy and 1 developed 
spontaneous abortion. Nevertheless, we did not define the last two conditions as complications from 
PMWA because these issues can occur in women with a healthy uterus. Therefore, it is difficult to esti-
mate the gestation-specific and infertility risks of PMWA in this study. Synechia occurred at 1 patient in 
this study, less than 1%. Thus, PMWA might be an alternative treatment for women of reproductive age.

No interference with ovarian function was observed after US-guided PMWA. Both serum CA125 
and PRL levels were significantly decreased after treatment. The correlation between uterine volume and 
CA125 levels was strong. While the relationship between the changes in PRL levels and PMWA warrant 
further study.

Characteristics Patients

1 2 3 4 5 6 7

Age (y) 29 36 38 39 43 39 39

Parturition 1 1 1 1 1 1

Per-ablation 

  CA125(U/ml) 32.79 47.73 35.16 15.02 34.52 85.9 74.16

  PRL 8.00 46.15 21.35 33.00 19.51 33.92 16.05

  FSH 2.57 2.30 2.81 3.80 2.81 7.09 5.17

  E2 233.51 336.28 754.78 410.93 469.71 1523.75 247.38

  Uterine size (cm) 6.4*6.0*5.9 8.4*6.4*8.1 7.4*6.1*7.3 5.6*5.4*3.6 7.5*6.7*7.8 7.1*7.7*8.9 10.0*7.1*11.1

  FAA (m) 16 and 20 10 10 12 13 21 14

  gestation (w) 6 and 7 7 12 8 8 8

  outcome AA CP in pregnancy 
(26 weeks) AA SA AA AA

Table 3.   Spontaneous pregnancies after PMWA. FAA: fertilization after ablation AA: artificialIinduced 
abortion. SA: spontaneous abortion. CP: cervical pregnancy. m: month. w: week.
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In conclusion
US-guided PMWA is an effective method in the treatment of adenomyosis, has no significant impact on 
ovarian function and fertility and should be considered as an alternative to hysterectomy in women of 
reproductive age.
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