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Abstract

Objective
To assess the changes of blood �ow in adenomyosis after higher-dose oxytocin(OT) in different
doses,and to evaluate the safety for patients.

Methods
A total of 124 patients with adenomyosis were randomly divided into four groups with continuous
intravenous infusion of oxytocin as 0.06U/min, 0.12U/min, 0.24U/min and 0.36U/min, respectively. The
changes of arteries of adenomyosis before and after intravenous infusion of OT were observed by color
Doppler ultrasound. The changes of blood �ow volume of artery of adenomyosis before and after
intravenous infusion of OT were compared among the four groups, and the vital signs and adverse drug
reactions were monitored during intravenous drip.

Results
During the trial, no severe adverse reactions occurred and the vital signs of all the patients were stable. In
the four groups of patients, compared with those before intravenous infusion of OT, except that there was
no signi�cant difference in the diameter of vessels around the lesion and the peak blood �ow velocity
within the lesion in the 0.06 U/min OT intravenous drip group (P 0.05), the peak blood �ow velocity, mean
blood �ow velocity, vascular diameter and blood �ow volume decreased after intravenous drip of OT,
while the resistance index increased, and the difference was statistically signi�cant (P 0.05). Among the
four groups, it was found that there was signi�cant difference in the change of blood �ow volume of
blood artery in adenomyosis lesions between 0.06 U/min OT group and the other three groups after
intravenous drip of OT(P 0.05), but there were no signi�cant difference in blood �ow volume among the
three groups(P 0.05), and the difference of adverse drug reactions was statistically signi�cant with the
increase of OT dose (P 0.05).

Conclusion
Oxytocin can effectively reduce the blood �ow volume of adenomyosis lesions, and continuous
intravenous infusion of 0.12 U/min OT is an appropriate dose that can not only minimize the blood �ow
volume but also reduce the incidence of adverse drugreactions.

Trial registration
: Chinese Clinical Trial Registry (NO.ChiCTR1800017048).
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Background
Adenomyosis (AM) is a common disease in women of childbearing age, which causes menorrhagia,
severe dysmenorrhea and infertility, making a serious impact on the physical and mental health of
patients 1-3. At present, the clinical treatment for adenomyosis is limited, among which the traditional
hysterectomy is the main means. The management for patients who want to preserve their reproductive
function is di�cult and complex in the �eld of gynecology, and the recurrence rate is high4-5. In recent
years, with the continuous application of minimally and non-invasive methods in the treatment of
adenomyosis, which achieved good results, and put forward new ideas to conservative treatment of
adenomyosis. Among them, high-intensity focused ultrasound (HIFU) is the focus of related research.
HIFU is a novel technology, which makes use of the physical characteristics of ultrasound to cause
coagulative necrosis of the lesion tissue without damaging the surrounding normal organ, so as to
achieve the purpose of reducing the size of the uterus and relieving related symptoms, enabling patients
to avoid invasive treatment such as hysterectomy. A large number of clinical studies have con�rmed that
HIFU can effectively control the growth of lesions and alleviate clinical symptoms in patients with
symptomatic adenomyosis6-8.However, the duration of symptom relief and re-intervention after HIFU are
closely related to the ablation rate of adenomyosis, among which, the rich blood supply of lesion is an
important factor affecting the ablation effect9.Therefore, to explore a method that can effectively reduce
the blood supply of the lesions and improve the ablation rate is very important for the HIFU treatment of
adenomyosis.

   Oxytocin(OT) is the earliest discovered and synthesized neuropituitary hormone, which promotes uterine
smooth muscle contraction mainly through the combination of OT and OT receptor (OTR). It is widely
used in obstetrical �elds such as induced labor, and postpartum hemorrhage. There are great individual
differences in sensitive threshold and inactivation rate in vivo during intravenous infusion of OT, so there
is no standard dose, safe dose and dangerous dose for clinical application of OT. In the treatment of
postpartum hemorrhage, intramuscular injection of OT 10U is recommended, followed by continuous
intravenous infusion of 10-20U with 500ml crystal solution. The conventional recommended speed is
250ml/h, which is about 80mU/min, and the total amount of 24h should be controlled within 60-80U10-

12.However, the lowest effective dose of OT for the treatment of uterine atony is still being explored.

With the discovery of OTR in the non-gestational uterusOT has been used to promote uterine contraction
of women with menorrhagia to reduce the amount of bleeding .OT has also been used to promote uterine
contractions and reduce bleeding in laparoscopic or open myomectomy. In recent years, OT has also been
used in HIFU ablation for uterine �broids and adenomyosis to reduce the blood perfusion in the target
area in real time and improve the acoustic environment to make ultrasonic energy deposition more
effective13-15.Zhang Xin et al.16 compared the effect of intravenous infusion of OT and glucose on
ultrasonic ablation for adenomyosis and the results showed that intravenous infusion of OT could
effectively improve the non-perfused volume (NPV) rate and shorten the treatment time, but the ablation
e�ciency could not be improved with the increase of intravenous drip dose of OT (0.32U/min or
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0.48U/min)17, and there is a lack of research comparison in lower dose group. With the saturation of OTR,
stepping up the dose of OT may increase the adverse drug reactions. Therefore, the appropriate dose of
OT that can effectively reduce the blood supply of adenomyosis and the adverse reactions is still unclear.
On this basis, this study further explored the difference of lower dose of OT in reducing the blood supply
of adenomyosis, in order to provide the basis for the dose selection of OT in ultrasound ablation of
adenomyosis.

Materials And Methods
1.1 Subjects

A total of 124 patients were diagnosed with adenomyosis by gynaecologist and radiologist based on
clinical presentation and magnetic resonance imaging (MRI) in the First A�liated Hospital of Chongqing
Medical University from July 10, 2018 to January 10, 2019.They were randomly divided into groups A, B,
C and D according to the double blind method. Neither the patient nor the measurer was aware of the
groups they are included in. The inclusion criteria were as follows:(1) localized adenomyosis with uterine
wall thickness≥30mm; (2) Color Doppler �ow imaging(CDFI) can show obvious blood �ow signal and
collect blood �ow index in adenomyosis lesion; (3) patients who agree to participate in the OT test.
Exclusion criteria:(1)Patients with severe organic diseases of important organs: malignant hypertension,
a history of myocardial infarction, heart failure, liver and kidney failure, etc; (2) Patients with a history of
allergy to OT or multiple drug allergies(≥2 drugs) ; (3) Patients also with uterine �broids. This study was
approved by the Ethics Committee of Chongqing Medical University (Approval number: 2016016).It was
registered in the Chinese Clinical Trial Registry (registration number: ChiCTR1800017048).All methods
were carried out in accordance with the approved ethical guidelines. All patients had signed written
informed consent forms.

1.2 Instruments and Drugs

   Philips HD3 color Doppler ultrasound diagnostic system(Philips, USA.) was used. The probe frequency
was 3.5MHz and the depth range was 15cm, and the gray gain was 0~50dB.The color Doppler gain is
adjusted to 50dB.The pulse Doppler gain is 4-5dB.The sampling volume is 2-3mm, and the angle between
the sound beam and the blood �ow is less than 60°.OT (China Shanghai Shangyao First Biochemical
Pharmaceutical Co.Ltd.Speci�cations: 1ml: 10U).

1.3 Methods

Color or power Doppler ultrasound was used to assess the direction of blood �ow and vascular
parameters18.After the lesion of adenomyosis was clearly displayed by two-dimensional ultrasound, then
convert to color energy Doppler ultrasound mode, and the energy box contains the tissue of the lesion and
the normal myometrium of 3mm outside the lesion, then carefully observe the distribution characteristics
of blood �ow in the lesions. The artery with the largest diameter and the most obvious pulsation inside
and around the lesion was selected. The diameter of the artery was measured, and then the sampling
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volume was placed in the center of the artery, and pulse Doppler ultrasonography mode was used to
measure the relevant vascular parameters, including the peak systolic velocity (PSV), mean velocity
(Vmean), and resitstance index (RI).The intravenous infusion of OT was adjusted to 30 drops / min.
Group A, group B, group C and group D were given 0.06U/min, 0.12U/min, 0.24U/min and 0.36U/min,
respectively. The body weight of all patients was recorded before and after OT test, and the adverse
reactions were observed and recorded at the beginning of drip. The diameters and vascular parameters of
peripheral and internal arteries obtained before OT infusion were measured again in the same way under
the same conditions after infusion of 20min, and the parameters were consistent in the whole process of
ultrasonic measurement by a single operator (JS.L.). During the whole process of OT test, the vital signs
of patients were dynamically observed by electronic ECG monitor. Systolic blood pressure, diastolic blood
pressure, mean arterial pressure and heart rate were recorded 5min before OT, 0min after OT, 5min after
OT, 10min after OT, 20min after OT, 5min after stopping drip and 10min after stopping drip, respectively.
The dose-effect relationship of different doses of OT on blood vessels was compared by calculating the
changes of blood �ow volume. The calculation formula of blood �ow volume was as follows: Q =π×R
2×V, where R is the radius of blood vessels and V is the average blood �ow velocity.

 1.4 Statistical analysis

      SPSS20.0 software was used for data analysis. After testing, the measurement data of normal
distribution was expressed by mean±standard deviation (`X±S),T test or chi-square test. Repeated
measurement analysis of variance was used for vital signs. In univariate analysis, the chi-square test or
Fisher exact probability was used for classi�ed variables. Univariate regression analysis was used for
quantitative data, and multivariate regression analysis was performed for univariate factors with
statistical differences. P < 0.05 was statistically signi�cant.

Results
2.1 General information of patients

All 124 patients received OT test with an average age of 40.5±5.5 (25- 53) years old, and an average body
mass index of 22.8±3.1 (16.5-31.9)kg/m2mong them 6 patients were complicated with single underlying
diseases, including hypertension (1 case), hepatitis B virus carriers (1 case), hypothyroidism (2 cases),
chronic peptic ulcer (1 case), and asthma (1 case).Fifteen cases had a history of drug allergy, including
penicillin (4 cases), cephalosporin (3 cases), sulfonamide (1 case), metronidazole (1 case), β-lactam
drugs (1 case), misoprostol (1 case), high protein (2 cases), cosmetics (1 case) and mango (1 case).There
was no signi�cant difference in age, body mass index, underlying disease and allergy history among the
four groups (P > 0.05).See table 1.

2.2 Characteristics of color Doppler ultrasonography

The distribution of blood �ow signal in the lesion was similar to that in the myometrium, and the
difference is not obvious. The blood �ow signal in the periphery of the focus is reticular or short linear,
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while in the internal of the focus were dot-like, short-line, small reticular dense and diffuse. After
intravenous infusion of OT: the peripheral blood supply of focus disappeared completely by 4.0% (5/124)
and decreased by 91.9% (114/124); the internal blood supply completely disappeared by 12.1%(15/124)
and decreased by 79.8% (99/124). See �gure 1.

2.3 Vascular parametersof adenomyosis

  Compared with those before OT, the changes of vascular parameters of arteries in peripheral and
internal of adenomyosis in the four groups with different OT doses showed signi�cant differences after
the administration of OT(P 0.05).Except for the changes of peripheral vascular diameter and internal
peak blood �ow velocity in 0.06U/min OT group, there was no signi�cant difference (P > 0.05). The
diameter of other blood vessels decreased, resistance index increased, blood �ow velocity decreased,
blood �ow decreased, and the difference was statistically signi�cant (P < 0.05). See �gure 2 and �gure 3.

2.4 Comparison of blood �ow changes of artery with different doses of OT.

The blood �ow volume after intravenous infusion of OT of both the peripheral and internal arteries of the
adenomyosis in the four groups decreased, and there was signi�cant difference (P 0.05).The changes of
blood �ow volume of peripheral and internal arteries of the four groups before and after intravenous drip
of OT were compared. It was found that only the change of blood �ow volume in the 0.06U/min
intravenous drip group was signi�cantly different from the other three groups(P 0.05). Increasing the
dose on the basis of 0.12U/min, any signi�cant difference in the change of blood �ow volume among the
other three groups was not found (P 0.05).See �gure 4.

2.5 Adverse reactions

No severe adverse events occurred. Among the 124 patients, the vital signs were relatively stable and
�uctuated within the normal range during the whole test(P 0.05).Among them, 24 cases had adverse drug
reactions, including craniofacial fever (n = 14), uterine contraction pain (n = 15), chest tightness (n = 3),
diarrhea (n = 1) and stomach discomfort (n = 2). Among the 15 patients with uterine contraction pain,
only one patient developed progressive aggravation during intravenous drip of OT 0.12U/min and
disappeared spontaneously after 10min of stopping the infusion of OT. The symptoms of 24 patients
with adverse reactions disappeared spontaneously during intravenous drip and after 20min of stopping
intravenous drip. The incidences of adverse reactions occurred in groups of 0.06U/min, 0.12U/min,
0.24U/min and 0.36U/min were 9.7% (3/31), 9.7% (3/31), 19.4% (6/31) and 38.7% (12/31), respectively.
There was signi�cant difference in the incidence of adverse reactions among groups with different doses
of OT (P < 0.05). The adverse reactions ranged from mild to moderate level and there was no signi�cant
difference in the degree of adverse reactions among different dose groups(P 0.05).Multivariate
regression analysis showed that only the dose of OT(B=0.019,P=0.005) and an allergic
history(B=-3.023,P=0.000) had signi�cant effects on the occurrence of adverse reactions (P < 0.01).

Discussion And Conclusion
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OT is a kind of circular nine-peptide amino acid, which is mainly secreted by hypothalamus and widely
distributed in organs of human body. As an effective uterine contractile agent, it is widely used to induce
labor, prevent postpartum hemorrhage and play a role in other obstetrical �elds. Richer O et al.19found
that OT receptor exists not only in the uterus of pregnant women, but also on the surface of uterine
smooth muscle cells of non-pregnant uterus. Weston GC et al.20 further found that there are OT receptors
in uterine macrovascular endothelial cells and microvessels of uterine myometrium, which provides a
basis for the use of OT in the treatment of gynecological diseases. Through systematic review and meta-
analysis of 26 randomized controlled trials, Samy An et al.21 found that OT infusion is the most effective
hemostatic method in minimally invasive myomectomy compared with open myomectomy. Zhang Xin et
al.16-17 further con�rmed that OT in ultrasonic ablation of adenomyosis can effectively reduce the energy
for ultrasonic ablation of adenomyosis and shorten the treatment time, but increasing the dose of OT to
0.48U/min further on the basis of intravenous drip of 0.32U/min OT cannot improve the e�ciency of
ultrasonic ablation, and a lower effective dose of OT has not been explored. Although there were no
severe adverse reactions occurred in all the subjects in this study, multiple factors interfered in the
observation of adverse reactions of OT, such as sedative and analgesic drugs used in the treatment of
HIFU. Therefore, for the safety and e�cacy of this study, we further explore the safety of single-factor
intravenous drip of OT and the dose-effect relationship of lower dose of OT on the blood vessels of
adenomyosis, so as to �nd a more suitable, safe and effective dose for ultrasonic ablation of
adenomyosis. In this study, the changes of blood �ow index of artery in the cases of adenomyosis were
measured by color Doppler ultrasonography before and after intravenous infusion of OT. The results
showed that after intravenous infusion of 0.06U/min, 0.12U/min, 0.24U/min and 0.36U/min OT, the
average blood �ow velocity decreased, RI increased, diameter decreased and blood �ow volume
decreased. The changes of blood �ow volume in the internal and peripheral arteries of the four groups
were compared before and after intravenous infusion of OT. t was found that there was signi�cant
difference in the change of blood �ow volume between the 0.06U/min intravenous drip group and the
other three groups, but there was no signi�cant difference among 0.12U/min, 0.24U/min and 0.36U/min
groups. That means, continuous intravenous drip of OT dose of 0.12U/min can minimize the blood �ow
of the internal and peripheral arteries of the adenomyosis, while increasing the OT dose cannot further
reduce the blood �ow volume of the adenomyosis, and with the increase of OT drip dose, the incidence of
adverse reactions in the four groups were 9.7% (3/31), 9.7% (3/31), 19.4% (6/31) and 38.7% (12/31),
respectively. Thus it can be seen that the incidence of adverse drugreactions rises with the increase of
intravenous drip dose of OT. It can also be found that continuous intravenous drip with 0.12U/min OT is a
safe and effective dose which can reduce the blood �ow volume of adenomyosis.

In this study, 83.3% of OT adverse reactions occurred in patients ≥ 35 years old to premenopausal, which
may be related to the �uctuation of hormone secretion and decreased tolerance in women of this age
group, but there were no severe adverse reactions occurred. It has been reported that the sensitivity of OT
receptor to OT is regulated by the level of estrogen in vivo, and estrogen can improve the sensitivity of OT
receptor to OT22. With the increase of age, the hormone secretion of physiological level in the body also
�uctuates greatly, older people are more likely to have adverse drug reactions. In addition, the analysis of
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the in�uencing factors of adverse drug reactions of OT showed that the occurrence of adverse reactions
was mainly related to the dose of OT and an history of allergy (P < 0.05). Therefore, attention should be
paid to the safety of drug use in patients with allergic constitution in clinical practice. Although the dose
of OT in this study has exceeded the application scope of OT drug instructions in obstetrics, the incidence
of adverse drug reactions caused by intravenous administration of OT was signi�cantly lower than that
caused by obstetrical use of OT (19.4% vs 14 - 77.5%) 23-25, This may be related to the signi�cantly lower
level of OT receptor distribution in non-pregnant women than in pregnant women 19-20.All of the 24
adverse drug reaction in this study were not life-threatening, and they disappeared in 20min after
stopping infusion of OT.

In this study, due to the targeted subject and the small sample size of each group, a prospective
randomized controlled trial with large samples is needed to verify the study results in the next stage. The
effect of different operators and different instruments on the results also requires further multicenter
randomized controlled trial. Further studies need to be conducted to determine whether factors such as
ovarian cycle and reproductive history during intravenous infusion of OT will affect the expression of OT
receptor.

In conclusion, OT can effectively reduce the blood �ow volume of adenomyosis lesions in non-pregnant
women. Intravenous infusion of OT with 0.12U/min may be the appropriate dose to reduce the blood
supply of adenomyosis lesions with the minimal adverse reactions.
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Table
Tab.1 The characteristics of 124 patients with adenomyosis

Variable Group A  Group B Group C Group D P-value

OT dose
(U/min)

0.06 0.12 0.24 0.36 /

N 31 31 31 31 /
Age year 39.9±6.3

25-53
41.7±4.4

34-49
40.6±6.1

28-51
39.2±5.0

29-48
0.279

BMI kg/m2 21.9±2.4 17.7-27.7 22.8±3.0 16.5-29.3 23.9±3.0
19.2-30.5

22.7±3.0 18.4-30.0 0.051

Allergic history n 1(3.2%) 5(16.1%) 4(12.9%) 5(16.1%) 0.380

Underlying disease n 1(3.2%) 1(3.2%) 2(6.5%) 2(6.5%) 0.999

NOTE: Date expressed as mean±SD, and data in parentheses represents the range.
Abbreviations: OT=oxytocin, BMI=body mass index.
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Figure 1
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Color Doppler ultrasonography of adenomyosis before(A) and ten minutes after(B) intravenous drip of
oxytocin.

Figure 2

Changes of blood �ow parameters before and after intravenous infusion of oxytocin in peripheral artery
of adenomyosis.
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Figure 3

Changes of blood �ow parameters before and after intravenous infusion of oxytocin in internal artery of
adenomyosis.
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Figure 4

Changes of blood �ow volume in peripheral arterial (left picture) and internal arterial (right picture) before
and after intravenous infusion of oxytocin.


