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ABSTRACT

ARTICLE HISTORY

Objective: This study evaluated the effect of oxytocin administration prior to microwave ablation
(MWA) of hypervascular uterine fibroids.
Methods: Thirty-two patients with 38 hypervascular uterine fibroids (Adler blood flow grade 3) were
equally apportioned to receive intravenous oxytocin infusion (0.32 U/min) 20 min before ultrasoundguided percutaneous MWA, or no oxytocin (control). Changes in Adler blood supply grade and myoma
volume were observed via color Doppler ultrasonography (CDU). All patients underwent quantitative
ablation with single or double needle and microwave power 50 W (180 s). Treatment continued for
those who did not reach the therapeutic goal. The myoma necrotic volume was evaluated by contrast-enhanced ultrasound. Ablation rate was the percent of MRI nonenhanced myoma volume after
treatment, relative to myoma volume before treatment, 2 days after surgery.
Results: Twenty minutes after oxytocin administration, CDU showed significant decrease of blood vessels in myomas, and Adler blood supply decreased from grade 3 to grade 1 or grade 0 in 10 and
9 myomas, respectively. Myoma volumes were reduced by 2.12 ± 0.24%. Necrotic volumes in the oxytocin (control) groups were 36.96 ± 2.78 cm3 (22.68 ± 3.38 cm3) and ablation rates were 95.4 ± 2.7%
(85.7 ± 3.3%; t ¼ 12.68, 8.866, p ¼ 0.001, both). No serious complication was noted.
Conclusion: Intravenous oxytocin administered before percutaneous MWA of hypervascular uterine
fibroids can effectively block the blood supply vessels of the myoma, reduce the heat sink effect, and
thereby increase the ablation volume and improve the local therapeutic effect.
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Introduction
Uterine fibroids are the most common benign lesion in the
female reproductive system. The rate of incidence n women
of childbearing age is 20–25%. They are the main cause of
abnormal menstrual flow, anemia, chronic pelvic pain, infertility and frequent urination [1]. With general improvements
in people’s quality of life and health awareness, patients
have come to expect effective and minimally invasive treatment of uterine fibroids, with uterine preservation.
Treatment options for uterine fibroids may be medical,
surgical or nonsurgical. Medical methods can be hormonal or
nonhormonal; surgeries include myomectomy and hysterectomy. The available non-surgical treatments are uterine
artery embolization (UAE), and image-guided local thermal
ablation. In the former, patients are exposed to X-ray radiation. Common complications include postoperative pain,
postembolization syndrome and infection, while premature
ovarian failure and endometrial atrophy are rarer [2].
Image-guided local thermal ablation includes high-intensity
focused ultrasound (HIFU), microwave ablation (MWA) and
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radiofrequency ablation (RFA). HIFU is noninvasive and local [3],
but may be less effective for treating large uterine fibroids [4].
Medical imaging-guided MWA and RFA are minimally
invasive thermal techniques that are feasible and safe, with
fewer complications, strong reproducibility and definite curative effect. They have been widely used in the treatment of
liver, kidney, thyroid and lung tumors [5–8]. A previous study
reported that the indications and clinical efficacy of MWA
and RFA were comparable for hepatocellular carcinoma [9].
Ultrasound-guided percutaneous MWA is an easy and fast
procedure [10] that in recent years has been used to treat
uterine fibroids and adenomyosis. Reports are that, for uterine fibroids, the percent volume of the non-enhanced field in
the lesion after ablation relative to the volume before ablation (i.e., the ablation rate) ranges from 64.9 to 100% [11,12].
However, all these investigations focused on the changes in
the fibroid volume, whereas the ablation effect on blood
supply of the fibroid was not addressed.
A heat sink effect in thermal ablation occurs when the
blood supply around or inside the tumor is abundant, and
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the blood flow carries away the local heat generated by the
MWA or RFA. This can mean that the tissue around the
blood vessel is not sufficiently heated, the temperature rises
slowly, and ultimately the tissue is not completely ablated
[13]. Therefore, the question remains whether using a chemical blockade before treatment to reduce the blood supply of
tumors will improve the ablation effect. Previous studies
found that the blood perfusion of uterine fibroids could be
significantly reduced by administration of oxytocin [14]. This
could significantly decrease the energy required for ablating
the uterine fibroids, shorten treatment time and improve
treatment efficiency [15].
The present preliminary prospective study investigated
whether the use of oxytocin prior to MWA of uterine fibroids
with abundant blood supply could improve the efficacy
of MWA.

Methods
Research subjects
The research treatment protocol was approved by the ethics
committee of the hospital. All patients provided informed
signed consent prior to surgery.
Patients between May 2016 and May 2018 who met the
International Federation of Gynecology and Obstetrics (FIGO)
classification for uterine fibroids grades 1–6 were selected. All
received diagnoses, in our hospital or by our collaborator. The
patients conformed to the following criteria: excessive menstruation, abdominal pain, low back pain, anemia or oppression of
adjacent organs; Adler blood supply grade 3 [16]; and fibroid
diameter and volume 4.5–7.5 cm and 47.6–220.8 cm3, respectively. In addition, none of the patients sought to maintain fertility, and all refused surgical excision or other treatment methods.
Patients with any of the following were excluded from
this study: severe acute or chronic heart, brain or lung disease; suspicious malignant tumors such as uterine sarcoma,
endometrial cancer or other malignant tumors; previously
received local thermal ablation or interventional therapy; or
uterine fibroids category 0 or 7 under FIGO classification.
The qualified patients were equally apportioned to receive
oxytocin (oxytocin group) or not (control group) by random
allocation. The patient groups were matched with regard to
volume and number of fibroids.

Study characteristics
Thirty-nine patients met the inclusion criteria, but seven were
excluded according to the exclusion criteria. Thus, 32 patients
(38 myomas) were included in this study. Paired design grouping based on the principle of equal size and number of myomas led to two groups of 16 patients each (each group with
19 fibroids, of which 13 were single myoma and 3 were double myoma). The mean ages of patients in the oxytocin and
control groups were 38.3 ± 4.3 and 39.2 ± 4.1 years, respectively. The mean diameters of the myomas were 5.6 ± 0.82 and
5.6 ± 0.81 cm, and mean volumes were 89.6 ± 36.7 and
89.9 ± 37.3 cm3. Of the 19 myomas in the oxytocin and control

Table 1. Characteristics of patients in both treatment groups.
Age (years)
Number of fibroids (n)
Volumes (cm3)
Location in uterus (n)
Intramural
Subserosal
Submucosal

Oxytocin

Control

38.3 ± 4.3
19
89.6 ± 36.7

39.2 ± 4.1
19
89.9 ± 37.3

14
2
3

14
2
3

Data were presented as mean ± standard deviation or n number of fibroids.

groups, 14 were intramural (FIGO grades 2–5), 2 were subserosal (FIGO grade 6) and 3 were submucosal (FIGO grade 1).
The study characteristics of both groups were comparable at
baseline. Baseline was defined as the demographic and clinical
data collected for each participant at the beginning of study
before intervention. There were no significant differences
between the groups (p > 0.05; Table 1).

Preoperative preparation
For all patients who underwent preoperative pelvic magnetic
resonance imaging (MRI), the size, shape, location and surrounding tissues and organs of the fibroids were observed.
The diameter of the fibroids was calculated as (length þ
width þ height)/3. The volume of the fibroids was defined as
4/3pr3, where r ¼ mean radius of the myoma.
Uterine fibroids were observed using color Doppler ultrasound (CDU). Blood flow signals were adjudged according to
Adler blood supply grade [16], as follows: 0, no blood flow
signal; I, stellate blood flow signals (diameter <1 mm); II,
short strip blood flow signals (number of blood vessels 3);
III, >4 blood vessels or vessels were interwoven into a network in the myoma. Routine blood and biochemical examination, serum lactate dehydrogenase examination, and routine
ultrasound-guided 18 G cutting needle biopsy (HS Hospital
Service S.P.A., Roma, Italy) were performed. The biopsy success rate was 100%. Patients were fasted 12 h before surgery.
Skin preparation at the pubic symphysis was performed and
urinary catheter was indwelled 1 h before surgery.

Application of oxytocin
For the oxytocin group, oxytocin 80 U (Hepatunn, Chengdu,
P. R. China) was added into 500 ml physiological saline solution, and administered by intravenous drip at a rate of 2 ml/
min (0.32 U/min) 20 min before MWA. The control group was
administered with 500 ml physiological saline.

Equipment
For MWA, a MWA therapeutic instrument was used (KY 2000,
Nanjing Yigao Microwave System Engineering, Nanjing, P. R.
China) with the following features: frequency 2450 MHz; lowtemperature water circulation cooling system 14 G electrode
needle; and front-end microwave radiator, 1.0 cm. The puncture guidance device was a CDU diagnostic instrument (GE
LOGIQ-E9, GE Healthcare, Chicago, IL), probe model L2-5 MHz.
Sulfur hexafluoride microbubbles (Bracco Imaging SpA, Milan,
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Italy) were used as an ultrasound contrast agent. The contrast
agent was dissolved in 5.0 ml of sodium chloride solution
(0.9%) w/v and after mixing, 2.4 ml of intravenous injection
was used each time. The MRI equipment was from Centauri
(1.5 T, Altech Medical Systems, Chengdu, P. R. China). The
contrast agent gadodiamide (GE Healthcare, Chicago, IL),
0.3 mmol/kg at 2.0 ml/s, was used for enhanced MRI.

Anesthesia and assisting techniques
Anesthesia was applied using local 1.0% lidocaine (Shandong
Hualu Pharmaceutical, Shandong, P. R. China) combined with
intraoperative intravenous sufentanil (Yichang Humanwell
Pharmaceutical, Hubei, P. R. China; 0.2–0.3 mg/kg, starting dose
at 0.2 mg/kg, intravenous slow injection). Artificial ascites was
produced to assist ablation of the myoma adjacent to the
intestine or bladder, and 500–800 ml of physiological saline
was injected into the pelvic cavity before treatment to isolate
the intestine and bladder. A central venous catheter was introduced via ultrasound guidance pelvic puncture, and 0.9%
sodium chloride solution was injected into the catheter under
real-time ultrasound monitoring. The injection was stopped
when the ultrasound showed that the uterus was separated
from the surrounding intestinal tract. Before treating the submucosal fibroids, an 8.0 Fr catheter was inserted into the uterine cavity and 5.0 ml of physiological saline was injected to
protect the endometrium. There were 14 patients (7 in each
group) in whom artificial ascites had to be induced. Overall,
the success rate at the first attempt was 100%.
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Ultrasound was used to monitor the myoma changes. The
microwave radiation was stopped when the hyperechoic
area reached the edge of the myoma. Myomas with a mean
diameter 5.0 cm were treated by single needle therapy.
Otherwise, myomas were treated with double needle therapy, with the distance between two needles ranging from
1.0 to 1.5 cm. In both the oxytocin group and control group,
6 fibroids were treated with single needle, and 13 fibroids
were treated with double needle. Respiration, blood pressure, electrocardiogram and oxygen saturation were monitored during the procedure. Pelvic contrast-enhanced MRI
was performed 2 days afterward.

Observation indicators
CDU was used to observe changes in intrauterine vessels and
myoma volume before and after oxytocin infusion in the oxytocin group. The rate of reduction of myoma was calculated as
[(myoma volume before treatment—myoma volume after treatment)/myoma volume before treatment]  100%. CEUS was
used to assess the necrotic volume of myomas in both groups
after quantitative ablation. Contrast-enhanced MRI was used to
evaluate the ablation rate of myoma in the two groups before
and after surgery (Figure 1). The ablation rate of myoma was
calculated as: (MRI non-enhanced myoma volume after treatment/myoma volume before treatment)  100%. Adverse reactions during and after surgery were observed.

Statistical analysis
Microwave therapy
According to the lesion site, the nearest location of myoma to
the abdominal wall was chosen as the puncture point. The
operative area was routinely disinfected and covered with a
clean towel. The probe was covered with a sterile protective
sheath. The microwave electrode was inserted into the
myoma under ultrasound guidance and the electrode needle
was inserted along the central axis of the lesion. After needle
placement, the water-cooled catheter and microwave cable
were connected, the power was set at 50 W, and time was set
to 180 s for quantitative ablation. After stopping ablation for
5 min, contrast-enhanced ultrasonography (CEUS) was performed and the range of non-perfusion area was measured.
After CEUS was complete, treatment was continued for
patients in both groups who did not achieve the treatment
goal after quantitative ablation. Quantitative ablation was
defined as quantitative assessment of MWA fibroid coverage by
50 W  180 s. The mean diameter of myoma in both groups
was 4.5–7.5 cm, the mean volume was 47.6–220.8 cm3. Thus the
minimum volume of myoma was larger than the volume of
quantitative ablation, and the ablation time of both groups was
longer than the initial (quantitative ablation) time. The primary
therapeutic goal of the ablation was based on the echogenic
changes covering the fibroid area. The end indication was
changes of the myoma from hypoechoic before treatment to
diffuse hyperechoic. The main indicator of the end of ablation
in both groups was uniform hyperechogenicity of the myoma.

All data were analyzed with SPSS 19.0 statistical software
(SPSS, Chicago, IL). The results were presented as mean± standard deviation. Comparisons between groups were

Figure 1. Contrast-enhanced MRI of uterine fibroids before and after microwave ablation. (A) Sagittal plane; (B) axial plane.
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determined with the paired t-test, while categorical data
were compared with chi-squared test. p < 0.05 was considered statistically significant.

oxytocin group was significantly larger than that of the control group (Table 2).

The final therapeutic effect of both groups

Results
Changes in CDU after oxytocin infusion in the
oxytocin group
After 20 min of intravenous oxytocin infusion, the mean volume of the uterine fibroids decreased slightly from
89.6 ± 36.7 cm3 before infusion to 86.6 ± 33.7 cm3, with a
mean reduction of 2.12 ± 0.24%. CDU showed that the Adler
blood supply grading of the 19 hypervascular fibroids
decreased from grades 3 to 1 in 10 myomas, and to grades
0 in 9 myomas (Figure 2).

In both groups, treatment was continued for patients who
did not reach the therapeutic goal after quantitative ablation.
By the end of treatment, the ablation time of the control
group (485 ± 79 s) was significantly longer than that of the
oxytocin group (362 ± 55 s; t ¼ 15.2669, p ¼ 0.000). On the
second postoperative day, contrast-enhanced MRI showed
that the ablation rate of myoma in the oxytocin group
(95.4 ± 2.7%) was significantly higher than that of the control
group (85.7 ± 3.3%; t ¼ 8.866, p ¼ 0.001).

Adverse reactions
Quantitative MWA
The technical success rate of ultrasound-guided myoma
puncture in both groups was 100%. After quantitative ablation, CEUS showed different degrees of filling and missing
areas, which indicated coagulative necrosis of the myoma
(Figure 3). The volume of coagulative necrosis in the

In the oxytocin group, four drug-related adverse reactions
occurred, including one case of prickling precordial pain, and

Figure 3. CEUS after quantitative ablation (50 W  180 s). (A) Oxytocin group.
(B) Control group.

Table 2. Results of quantitative ablation (50 W  180 s) of myoma in
both groups.
Major axis, cma
Anteroposterior diameter, cmb
Left and right diameter, cmc
Volume, cm3 d

Control
3.78 ± 0.51
3.29 ± 0.43
3.55 ± 0.39
22.68 ± 3.38

Data were presented as mean ± standard deviation.
The longest upper and lower diameter of the myoma in the sagittal plane.
The longest anterior and posterior diameter of the myoma in the sagittal plane.
c
The longest left and right diameter of the myoma in the axial plane.
d
t ¼ 12.68, p ¼ 0.001.
a

b

Figure 2. CDU showed hypervascular fibroids (A) before oxytocin administration (Adler grade 3); (B) after 20 min of intravenous oxytocin administration.
Blood supply of myoma decreased to Adler grade 0.

Oxytocin
4.42 ± 0.45
3.91 ± 0.42
4.28 ± 0.41
36.96 ± 2.78
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three cases of facial flushing, increased heart rate and dizziness that were alleviated after slowing the oxytocin drip rate.
There were six cases of adverse reactions related to microwave therapy during the procedure, all of which involved
lower abdominal distension and pain, and which disappeared
after treatment. In the control group, there were five cases
of lower abdominal distension and pain, and no adverse
drug reactions occurred. All cases of abdominal pain in both
groups were treated with sufentanil 0.1 mg/kg by the anesthesiologist via slow intravenous injection, and the pain was
significantly relieved. Vaginal secretions (fluid discharge from
the vagina) occurred in both groups after ablation, including
eight and six cases in the oxytocin and control groups,
respectively. All vaginal secretions consisted of a small
amount of light yellow or bloody fluid. Patients were advised
to clean the perineum and take prophylactic anti-inflammatory drugs orally for 5 days, and all vaginal secretions
resolved after 6–21 days.

Discussion
Effect of oxytocin on uterine fibroids
Oxytocin is a nonpeptide hormone secreted by the hypothalamus, which has been widely used worldwide to induce
labor. Intravenous oxytocin infusion during myomectomy can
significantly reduce intraoperative blood loss [17,18], indicating that it has a contractile effect on the non-pregnant uterus. Uterine fibroids are estrogen-dependent tumors, and the
estrogen level is often higher in patients with uterine fibroids
[19]. High estrogen levels increase the sensitivity of oxytocin
binding to its receptor [20], resulting in contraction of uterine smooth muscle via an increase of intracellular Ca2þ concentration in the myometrium [21].
In this study, the uterine volume was reduced upon
administration of intravenous oxytocin, and the Adler blood
supply grade of the hypervascular fibroids decreased. This
further confirmed that oxytocin affects uterine smooth
muscle contraction, and promotes the contraction and reduction of blood vessels in fibroids.

Dose of oxytocin
Oxytocin is a commonly used drug in obstetrics for prevention and treatment of postpartum hemorrhage. However,
due to its receptor saturation effect and large individual differences, large doses do not achieve better results, but can
cause adverse reactions that affect hemodynamic stability
[22]. The effective dose of intravenous oxytocin infusion in
HIFU treatment of adenomyosis was previously reported as
0.32 U/min [23]. Thus, a similar dosage was used in this
study, and the adverse drug reactions were consistent with
those already reported, which is, increased heart rate and
hypotension. There were no serious adverse reactions. This
further showed that application of oxytocin in MWA of uterine fibroids is safe and reliable.
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Heat sink effect on the ablation rate of tumors
Goldberg et al. [24] first confirmed the heat sink effect in
RFA, in which the local heat generated by radio frequency is
dissipated by the blood flow in the tumor. The intended
thermal field is thus altered, and the temperature adjacent
to the blood vessels of the tumor is insufficient for tissue
coagulation and necrosis. The actual ablation range becomes
smaller than expected, leading to incomplete ablation of the
lesion and in situ recurrence [25].
It is particularly important to study the temperature
dynamics of the heat sink effect and explore ways to
improve the one-time ablation rate of tumors. At present,
there are physical and chemical methods for blocking the
nourishing vessels of tumors. Intravascular interventional
embolization is the commonly used physical method for
treatment of malignant liver tumors [26]. Intravenous infusion of vasoconstrictor drugs is used as a chemical method,
and the commonly used drugs are pituitary vasopressin,
adrenaline and oxytocin [24].
A previous study [27] reported that oxytocin administration in HIFU treatment of uterine fibroids can increase the
fibroid necrosis rate and reduce operative time. In this study,
the reduction in tumoral volume after quantitative ablation
of the oxytocin group was significantly greater than that of
the control group, and the operative time was significantly
shorter and ablation rate significantly higher. Oxytocin was
associated with reduced ablation time and improved ablation
rate of myoma, and an apparent effective reduction in the
heat sink effect during MWA.

Potential advantages of MWA
UAE has been demonstrated effective to treat hypervascular
fibroids [28], but fibroid recurrence is possible, with approximately 20% of patients subsequently requiring hysterectomy
[29]. HIFU is the only completely noninvasive ablation technique available to date. However, it can be time consuming,
especially for large and hypervascular nodules [4,10,30–32].
RFA often require the aid of laparoscopy, which is invasive
[33,34]. Previous studies showed that RFA is only effective for
fibroids with volume 75 cm3; there was no significant
improvement in symptoms for fibroids with larger volume,
but a high rate of reoperation [33,35]. The potential advantages of MWA include consistently higher intratumoral temperatures, larger tumor ablation volumes, faster ablation
times, use of multiple applicators, and less procedural pain
[10]. Percutaneous puncture under ultrasound guidance
makes the puncture easier and more accurate.

Matters requiring attention
Ultrasound-guided percutaneous MWA of uterine fibroids has
a real-time display, allows dynamic observation, and the
operation is relatively simple. However, the following points
should be noted: After application of oxytocin, the uterus
contracts and the texture become stiff. When puncturing the
uterus or myoma, the uterus may retract and slip. Thus,
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puncturing the uterus or myoma with the ablation needle
should be rapid and forceful.
This is a prospective preliminary study. The myoma
regression rate after MWA has not been reported, and further follow-up reports will be forthcoming. A large sample
study and long-term follow-up is warranted to evaluate the
long-term efficacy and treatment effect on fertility with
this method.

[10]

[11]

[12]

Conclusion
Percutaneous MWA combined with intravenous oxytocin
application in the treatment of hypervascular uterine fibroids
can effectively reduce or block the blood supplying vessels
of the myoma, reduce the heat sink effect during the ablation process, and thereby increase the ablation rate of
myoma and reduce ablation time.
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