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Abstract
Background:Uterine niche is defined as a triangular anechoic structure at the site of the scar or a gap in themyometrium at the site
of a previous caesarean section. The main clinical manifestations are postmenstrual spotting and intrauterine infection, which may
seriously affect the daily life of nonpregnant women. Trials have shown an excellent safety and efficacy for the potential of
mesenchymal stem cells (MSCs) as a therapeutic option for scar reconstruction. Therefore, this study is designed to investigate the
safety and efficacy of using MSCs in the treatment for the uterine niche.

Methods/design: This phase II clinical trial is a single-center, prospective, randomized, double-blind, placebo-controlled with 2
arms. One hundred twenty primiparous participants will be randomly (1:1 ratio) assigned to receive direct intramuscular injection of
MSCs (a dose of 1∗107 cells in 1mL of 0.9% saline) (MSCs group) or an identical-appearing 1mL of 0.9% saline (placebo-controlled
group) near the uterine incision. The primary outcome of this trial is to evaluate the proportion of participants at 6 months who is found
uterine niche in the uterus by transvaginal utrasonography. Adverse events will be documented in a case report form. The study will
be conducted at the Department of Obstetric of Southern Medical University Affiliated Maternal & Child Health Hospital of Foshan.

Discussion: This trial is the first investigation of the potential for therapeutic use of MSCs for the management of uterine niche after
cesarean delivery.

Conclusion:This protocol will help to determine the efficacy and safety of MSCs treatment in uterine niche and bridge the gap with
regards to the current preclinical and clinical evidence.

Trial registration number: NCT02968459 (Clinical Trials.gov: http://clinicaltrials.gov/).

Abbreviations: ANCOVA = analysis of covariance, CRF = case report form, MSCs = mesenchymal stem cells, RMT = residual
myometrial thickness, SMCs= smoothmuscles cells, SPIRIT= Standard Protocol Items: Recommendations for Interventional Trials.
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1. Introduction

Approximately 210 million women become pregnant annually,
and about 140 million newborn babies are born each year
around the world.[1] Of these infants, about one-third are
delivered by cesarean section in the United States.[2,3] In China,
the overall annual rate of cesarean deliveries increased from
28.8% in 2008 to 34.9% in 2014, a mean increase of 1.0%
point per year.[4] Although it allows safe in many situations, the
risks of severe maternal complications associated with cesarean
delivery are higher than those associated with vaginal
delivery.[5] These maternal complications include short-term,
such as hemorrhage, anesthetic complications, cardiac arrest,
wound hematoma, puerperal infection, venous thromboembo-
lism,[6] long-term, such as chronic pelvic pain, pelvic adhesions,
infertility, ectopic pregnancy,[7] the next pregnancy, such as
scar pregnancy with life-threatening bleeding, spontaneous
abortion, preterm birth, small for gestational age fetus,
morbidly adherent placenta, dehiscence or uterine rupture,[8,9]

and the nonpregnant state, such as abnormal uterine bleeding,
postmenstrual spotting.[10]
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Figure 1. Chart of trial design.

Table 1

Eligibility criteria.

Inclusion criteria Exclusion criteria

Primiparous women receiving cesarean
delivery

Multiple gestation

Gestation ages ≥37 wks and <42 wks Antepartum hemorrhage
Ages between 21 and 35 y Preeclampsia/eclampsia
Willing to give and sign an informed consent

form and a photographic release form
Hepatic or renal dysfunction

Willing to comply with study dosing and
complete the entire course of the study

Fibroids

Placenta previa/Placenta abruption
Any systemic uncontrolled disease or

inability to provide consent
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Uterine niche, also called cesarean scar defect, deficient cesarean
scar, pouch, or diverticulum, is defined as a triangular anechoic
structure at the site of the scaror agap in themyometriumat the site
of a previous cesarean section.[11] It is one of the most common
complications associated with previous cesarean section. The
diagnosis of uterine niche can be made by transvaginal
ultrasonography,[12] and the best time to performultrasonography
is in the early proliferative phase.[13] The main clinical manifes-
tations are postmenstrual spotting and intrauterine infection,
whichmay seriously affect the daily life of nonpregnantwomen.[14]

The etiopathogenesis of the uterine niche may be a result of
suturing technique during previous cesarean section[15] as well as
patient-related factors, such asmaternal age, number of previously
performed cesarean sections, and flexion of the uterus.[16] The
incidence of uterine niche has been reported to be 78% in women
with a history of 1 cesarean delivery.[17] The treatment includes
medical treatment, such as oral contraceptives,[18] and surgical
methods, such as hysteroscopy resectoscopic correction,[19]

endometrial ablation,[20] laparoscopic surgery,[13,21] and trans-
vaginal repair surgery.[22,23] Although goodoutcomes are reported
in each study, present treatments could not decrease the incidence
among women after undergoing cesarean section.
Smooth muscle cells (SMCs) are found within the walls of

blood vessels, and organs such as the uterus and urinary
bladder.[24] Mesenchymal stem cells (MSCs) are long-lived cells
with the ability of both self-renewal and differentiation into
multipotential cells, such as osteoblasts, adipocytes, and
SMCs.[25] Human MSCs (hMSCs) can be isolated from somatic
tissues, such as bone marrow, adipose or fetal tissue, including
amniotic fluid, Wharton jelly, umbilical cord, and umbilical cord
blood.[26] Recent preclinical studies have found that MSCs play a
major role in regulating SMC expression in animal model[27,28]

and exert a specialized function in arterial smooth muscle
regeneration and functional recovery.[29] Trials have shown an
excellent safety and efficacy for the potential of MSCs as a
therapeutic option for myocardial infraction.[30–32]

Cesarean uterine scar reconstruction is still a tough task for
obstetricians and gynecologists. We postulate that MSCs can
promote uterine scar reconstruction and reduce uterine niche
incidence during cesarean section. To test the hypothesis, we
thereforeundertakeaPhase IIclinical trialof thetreatment foruterine
niche among primiparous women who undergo cesarean section.

2. Methods

This phase II clinical trial is a single-center, prospective,
randomized, double-blind, placebo-controlled with 2 arms. The
protocol has been developed following the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT).[33] It
will be conducted in accordance with the Declaration of Helsinki
and all of the enrolled participants will be provided written
informed consent. The protocol and the consent form have been
approved by the ethics committee of the Southern Medical
UniversityAffiliatedMaternal&ChildHealthHospital of Foshan.
All the randomization, allocation, recruitment, intervention, and
analysis, etc., will be conducted in Southern Medical University
AffiliatedMaternal&ChildhealthHospital of Foshan.Theoverall
trial profile is shown in Fig. 1. It has been registered with
ClinicalTrials.gov, NCT02968459 (http://clinicaltrials.gov/).

2.1. Participants

Primiparous womenwith a singleton pregnancy between the 37th
and 42nd week of gestation will be eligible for inclusion if they
2

are aged 21 to 35 years. Gestational age will be estimated in
accordance with the guidelines of the American College of
Obstetricians and Gynecologists.[34] Participants will come from
our maternity clinic. Obstetricians will answer for the informa-
tion, details, and requirements of the trial. We will exclude
participants who met one of the following criteria: multiple
gestation, placenta abruption, placenta previa, fibroids, ante-
partum hemorrhage, preeclampsia/eclampsia, hepatic or renal
dysfunction, any systemic uncontrolled disease or inability to
provide consent. After being screened for inclusion and exclusion
criteria (Table 1), eligible participants will be introduced in the
trial. Each eligible participant must provide their informed
consent, and then randomly allocated to MSCs or placebo group
according to a randomization numbers. Through the interview,
the assistant researchers will be responsible to assess and record
the participants’ baseline data.
2.2. Randomization and masking

In total, 120 participants will be randomly assigned to 1 of 2
groups in a 1:1 ratio, the MSCs or placebo-controlled groups.
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Figure 2. Direct intramuscular injection sites. (A) Real scene showing injection
sites; (B) Schematic drawing showing injection sites. Injection sites will be
selected near the incision at evenly 20 different sites.
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Randomization numbers are completed by using the computer-
generated list of random numbers. An independent statistician
who is involved in neither the treatment nor data collection will
randomize assignments in this study. It will be blinded to random
allocation of participants to the 2 groups. The final group
assignments will be sealed in opaque envelopes. Other than the
investigational pharmacist who prepared the study drug, clinical
and research staff members will be blinded in this trial. The
assessors and statisticians for the data collection and analysis will
be also blinded to the assignments.

2.3. Procedures

On the basis of previous preclinical safety and bioactivity
analyses, participants will be randomly assigned to receive direct
intramuscular injection of MSCs (a dose of 1∗107cells in 1mL of
0.9% saline) (MSCs group) or an identical-appearing 1mL of
0.9% saline (placebo-controlled group).
Figure 3. Schematic drawing showing niche parameters. (A) Longitudinal sec
triangular hypoechoic scar niche; L = length of the triangular hypoechoic sca
hypoechoic scar niche.
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Cesarean procedures and care followed usual practices. All
participants will be performed by obstetricians from our
department using a unified double-layer uterine closure technique
with a continuous absorbable polyglycolic 1–0 suture. After
suturing the uterine incision, direct local intramuscular injection
will be performed in the uterine incision as soon as possible on the
operating table. One milliliter will be injected as 20 aliquots of
0.05mL into each injection site on the incision using 23-gauge
needles. Injection sites will be selected near the incision at evenly
20 different sites (Fig. 2).
The MSCs are obtained from the umbilical cord of a healthy

donor after delivery. All donors must be provided written
informed consent. All procedures for cell processing are carried
out according to Good Manufacturing Practice from Health-
Biotech Pharmaceutical Company (Guangzhou, China).
MSCs release criteria for clinical use will be as follows: absence

of pathogen contamination (bacterial, fungal, viral, or myco-
plasma); viability >80% as evaluated by trypan blue staining;
immune phenotype, showing the expression of CD73, CD90, and
CD105 (Src homology-2) surface molecules (95%); and absence
of CD45, CD34, CD11b, CD19, and HLA-DR markers (<2%).
2.4. Outcome
2.4.1. Primary outcome. As a primary outcome of this clinical
trial, we will evaluate the proportion of participants at 6 months
who is found uterine niche in the uterus by transvaginal
utrasonography.
The ultrasound examination will be performed using a 4 to 9

MHz convex transvaginal probe of Voluson E8 (General Electric
Medical Systems, Chicago, IL). The niche is defined as a
triangular anechoic area at the presumed site of incision.[35] The
standardized approach for imaging and measuring niche will be
used as described in detail in a previous publication.[12]

Meanwhile, the following niche parameters, such as width of
the triangular hypoechoic scar niche (W), depth of the triangular
hypoechoic scar niche (D), length of the triangular hypoechoic
scar niche (L), residual myometrial thickness (RMT), on the
transection of the uterus will be also measured (Fig. 3). When the
niche is not found, only the RMT value will be measured.
tion of the uterus; (B) transverse section of the uterus. D = depth of the
r niche; RMT = residual myometrial thickness; W = width of the triangular
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Table 2

Schedule of visits and assessments.

Time point, wks Baseline 6 12 24

Uterine nice
p

Scar thickness
p p p

Scar area
p p p

Milk and serum (IgG, IgA, IgM, C3, C4)
p p p

Tumor markers (CA12–5, CA15–3,
CA19–9, and CEA)

p p

Adverse events
p p p p

CEA = carcinoembryonic antigen.
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2.4.2. Secondary outcome. Secondary outcomes will be
measured individually at 6 weeks and 3 and 6 months post
treatment. Table 2 has provided the time points and specific
measurements of data. The mainly secondary outcomes are as
follows:
(1)
 Uterine scar thickness and area
The uterine scar thickness and area will be measured using

a transvaginal utrasonography device.
Mother’s milk and serumwill be collected at each visit and the
(2)

immunoglobulin (IgG, IgA, IgM) and the complement (C3,
C4) will be detected by transmission immune turbidity
method using automatic biochemical analyzer.

2.5. Adverse events

On the basis of clinical severity, all adverse events, including mild,
moderate, and severe, will be obtained and recorded at baseline
and throughout the 6-month follow-up. Every time when follow-
up, the participants will come to the interviewing room where the
case report form (CRF) with adverse events will be filled with their
feedback and the specialist checks. We will focus on the wound
infection, endometritis, or other infections occurring up to 6
months after delivery in both groups. To evaluate tumor formation
as a delayed reaction, we will test the tumor markers (CA12–5,
CA15–3, CA19–9, and carcinoembryonic antigen) at baseline and
6 months. The principal investigator (ZL) will be responsible for
managing the adverse events clinically. All adverse events will be
reported to the Adverse Events Monitoring Committee.
2.6. Sample size

The sample size calculation is based on the primary outcome.
According to previously published study, the proportion of
uterine niche is 78% in women with a history of 1 cesarean
delivery.[17] We estimated a power of 90% and a 2-sided 0.05
level of significance, and a drop-out rate of 15% is taken into
consideration. Finally, we plan to recruit 120 participants (60 in
each group) would detect a 15% relative reduction in the primary
outcome.
2.7. Data management and monitoring

All researchers will be given complete good clinical practical
training. They will independently assess the effects of the
interventions and collect the data. Both paper and electronic
versions of the CRF will be kept in the secure research archives at
the Southern Medical University Affiliated Maternal & Child
Health Hospital of Foshan for 10 years. The principal
investigator will be responsible for the confidential clinical
4

information. Data monitoring committee, which comprises an
epidemiologist, a statistician, and an obstetrician, will responsi-
ble for reviewing the results. They have the right to decide
whether the trial should continue.
2.8. Statistical analysis

For data analysis, all analyses will be performed according to the
intention-to-treat principle. Continuous data will be expressed as
mean/standard deviation if it meets normal distribution,
otherwise it will be presented by medians/interquartile range;
categorical data will be expressed as frequency and percentage. In
terms of comparison between the 2 groups, 2-tail Student t test
for continuous data or the Chi-square test or Fisher exact test for
categorical data will be used for outcomes. Relative risks and
95% confidence intervals will be calculated for outcomes. To
assess changes of outcome levels over time, an analysis of
variance (ANOVA) for repeated measures with post-hoc paired t
tests or Wilcoxon signed rank test will be used for continuous
data. Statistical significance is established at P< .05. Statistical
analysis will be performed using R 3.0.3.
2.9. Trial status

The preparation of the study started in December 2016 and the
first recruitment started in January 2017. It is anticipated to take
30 months to finish recruiting all the subjects and data collection.
Data analysis is expected to be finished a month after data
collection. The results will be disseminated via both national and
international conferences and formal publication in an academic
peer-reviewed journal.
3. Discussion

During the past decade, many experiments have demonstrated
that MSCs have the characteristics of self-renewal and are able to
differentiate into adipocytes, osteoblasts, neurons, myoblasts,
and endothelium. They have been discovered in muscles,
umbilical cord blood, amniotic fluid, and other tissues,[36] and
are potent therapeutic sources to repair damaged tissues, such as
cardiac tissue, spinal cord injury, and complex perianal fistulas.
Limited clinical trials evidences have supported that MSCs is a

safe and effective for refractory disease. A phase I, first-in-man
study showed that single intracerebral doses of human neural
stem cells were associated with improved neurological function
and induced no adverse events.[37] Another phase 3 trials also
showed that allogeneic adipose-derived MSCs represented a safe
and effective treatment for complex perianal fistulas in patients
with refractory Crohn disease.[38] Meanwhile, a pilot trial
suggested that autologousMSCs can be safely administered to the
hearts with myocardial ischemia and impaired cardiac func-
tion.[39] Furthermore, a randomized phase I/II clinical trial
demonstrated that intradermal transplantation of autologous
stem cells was an effective and safe strategy to promote in vivo
mechanical stretch induced skin regeneration, and they can
provide complex skin defect reconstruction with plentiful of
tissue.[40]

Uterine niche, a major public health focus, is a common
complication affecting about three-fourths women with previous
cesarean section. Most women suffered the postmenstrual
spotting and prolonged menstrual bleeding. In this prospective,
randomized, double-blind, placebo-controlled with 2 arms
study, we hypothesized that MSCs can promote uterine scar
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reconstruction and reduce uterine niche incidence during
cesarean section.
To our knowledge, this trial is the first to investigate the

potential of therapeutic use of MSCs for the management of
uterine niche after cesarean delivery. The outcomes from this
study will help to determine the efficacy and safety of MSCs
treatment in uterine niche and bridge the gap with regards to the
current preclinical and clinical evidence. Importantly, if a positive
outcome is identified, it will provide us with an effective
therapeutic strategy to combat uterine niche, and would pave the
way for achieving enormous public health benefit.
References

[1] Graham W, Woodd S, Byass P, et al. Diversity and divergence: the
dynamic burden of poor maternal health. Lancet 2016;388:2164–75.

[2] Peleg D, Eberstark E, Warsof SL, et al. Early wound dressing removal
after scheduled cesarean section: a randomized controlled trial. Am J
Obstet Gynecol 2016;215:388e1–5.

[3] Weinstein RA, Boyer KM. Antibiotic prophylaxis for cesarean delivery:
when broader is better. N Engl J Med 2016;375:1284–6.

[4] Li HT, Luo S, Trasande L, et al. Geographic variations and temporal
trends in cesarean delivery rates in China, 2008–2014. JAMA
2017;317:69–76.

[5] Lumbiganon P, Laopaiboon M, Gulmezoglu AM, et al. Method of
delivery and pregnancy outcomes in Asia: the WHO global survey on
maternal and perinatal health 2007–08. Lancet 2010;375:490–9.

[6] Liu S, Liston RM, Joseph KS, et al. Maternal mortality and severe
morbidity associated with low-risk planned cesarean delivery versus
planned vaginal delivery at term. CMAJ 2007;176:455–60.

[7] Silver RM. Delivery after previous cesarean: long-term maternal
outcomes. Semin Perinatol 2010;34:258–66.

[8] Silver RM. Abnormal placentation: placenta previa, vasa previa, and
placenta accreta. Obstet Gynecol 2015;126:654–68.

[9] Fan DZ, Wu S, Wang W, et al. Prevalence of placenta previa among
deliveries in Mainland China: a PRISMA-compliant systematic review
and meta-analysis. Medicine 2016;95:e5107.

[10] Bij de Vaate AJ, Brolmann HA, van der Voet LF, et al. Ultrasound
evaluation of the Cesarean scar: relation between a niche and
postmenstrual spotting. Ultrasound Obstet Gynecol 2011;37:93–9.

[11] Bij de Vaate AJ, van der Voet LF, Naji O, et al. Prevalence, potential risk
factors for development and symptoms related to the presence of uterine
niches following Cesarean section: systematic review. Ultrasound Obstet
Gynecol 2014;43:372–82.

[12] Pomorski M, Fuchs T, Rosner-Tenerowicz A, et al. Standardized
ultrasonographic approach for the assessment of risk factors of
incomplete healing of the cesarean section scar in the uterus. Eur J
Obstet Gynecol Reprod Biol 2016;205:141–5.

[13] Liu SJ, Lv W, Li W. Laparoscopic repair with hysteroscopy of cesarean
scar diverticulum. J Obstet Gynaecol Res 2016;42:1719–23.

[14] Schepker N, Garcia-Rocha GJ, von Versen-Hoynck F, et al. Clinical
diagnosis and therapy of uterine scar defects after caesarean section in
non-pregnant women. Arch Gynecol Obstet 2015;291:1417–23.

[15] Fabres C, Arriagada P, Fernandez C, et al. Surgical treatment and follow-
up of women with intermenstrual bleeding due to cesarean section scar
defect. J Minim Invasive Gynecol 2005;12:25–8.

[16] Roberge S, Demers S, Berghella V, et al. Impact of single- vs double-layer
closure on adverse outcomes and uterine scar defect: a systematic review
and metaanalysis. Am J Obstet Gynecol 2014;211:453–60.

[17] Osser OV, Jokubkiene L, Valentin L. Cesarean section scar defects:
agreement between transvaginal sonographic findings with and without
saline contrast enhancement. UltrasoundObstet Gynecol 2010;35:75–83.

[18] TaharaM, Shimizu T, Shimoura H. Preliminary report of treatment with
oral contraceptive pills for intermenstrual vaginal bleeding secondary to
a cesarean section scar. Fertil Steril 2006;86:477–9.

[19] Raimondo G, Grifone G, Raimondo D, et al. Hysteroscopic treatment of
symptomatic cesarean-induced isthmocele: a prospective study. J Minim
Invasive Gynecol 2015;22:297–301.
5

postmenstrual bleeding due to cesarean scar defect. Int J Gynaecol Obstet
2010;111:88–9.

[21] Li C, GuoY, Liu Y, et al. Hysteroscopic and laparoscopic management of
uterine defects on previous cesarean delivery scars. J Perinat Med
2014;42:363–70.

[22] Zhou J, Yao M, Wang H, et al. Vaginal repair of cesarean section scar
diverticula that resulted in improved postoperative menstruation. J
Minim Invasive Gynecol 2016;23:969–78.

[23] Luo L, Niu G, Wang Q, et al. Vaginal repair of cesarean section scar
diverticula. J Minim Invasive Gynecol 2012;19:454–8.

[24] Pajoohesh M, Naderi-Manesh H, Soleimani M. MicroRNA-145-based
differentiation of human mesenchymal stem cells to smooth muscle cells.
Biotechnol Lett 2016;38:1975–81.

[25] Jin M, Wu Y, Wang Y, et al. MicroRNA-29a promotes smooth muscle
cell differentiation from stem cells by targeting YY1. Stem Cell Res
2016;17:277–84.

[26] Jafarian A, Taghikani M, Abroun S, et al. The generation of insulin
producing cells from human mesenchymal stem cells by MiR-375 and
anti-MiR-9. PLoS One 2015;10:e0128650.

[27] Chen H, Yang H, Yue H, et al. Mesenchymal stem cells expressing eNOS
and a Cav1 mutant inhibit vascular smooth muscle cell proliferation in a
rat model of pulmonary hypertension. Heart Lung Circ 2017;26:509–18.

[28] Grieve SM, Bhindi R, Seow J, et al. Microvascular obstruction by
intracoronary delivery of mesenchymal stem cells and quantification of
resulting myocardial infarction by cardiac magnetic resonance. Circ
Heart Fail 2010;3:e5–6.

[29] Schneider F, Saucy F, de Blic R, et al. Bone marrow mesenchymal stem
cells stabilize already-formed aortic aneurysms more efficiently than
vascular smooth muscle cells in a rat model. Eur J Vasc Endovasc Surg
2013;45:666–72.

[30] Makkar RR, Smith RR, Cheng K, et al. Intracoronary cardiosphere-
derived cells for heart regeneration after myocardial infarction
(CADUCEUS): a prospective, randomised phase 1 trial. Lancet 2012;
379:895–904.

[31] Zhang S, Sun A, Xu D, et al. Impact of timing on efficacy and safety of
intracoronary autologous bone marrow stem cells transplantation in
acute myocardial infarction: a pooled subgroup analysis of randomized
controlled trials. Clin Cardiol 2009;32:458–66.

[32] Dill T, Schachinger V, Rolf A, et al. Intracoronary administration of bone
marrow-derived progenitor cells improves left ventricular function in
patients at risk for adverse remodeling after acute ST-segment elevation
myocardial infarction: results of the Reinfusion of Enriched Progenitor
cells And Infarct Remodeling in Acute Myocardial Infarction study
(REPAIR-AMI) cardiac magnetic resonance imaging substudy. Am
Heart J 2009;157:541–7.

[33] Chan AW, Tetzlaff JM, Gotzsche PC, et al. SPIRIT 2013 explanation and
elaboration: guidance for protocols of clinical trials. BMJ 2013;346:
e7586.

[34] Committee on Obstetric PracticeCommittee opinion no. 688: manage-
ment of suboptimally dated pregnancies. Obstet Gynecol 2017;129:
e29–32.

[35] Monteagudo A, Carreno C, Timor-Tritsch IE. Saline infusion sonohys-
terography in nonpregnant women with previous cesarean delivery: the
“niche” in the scar. J Ultrasound Med 2001;20:1105–15.

[36] Ji M, Bai C, Li L, et al. Biological characterization of sheep kidney-
derived mesenchymal stem cells. Exp Ther Med 2016;12:3963–71.

[37] Kalladka D, Sinden J, Pollock K, et al. Human neural stem cells in
patients with chronic ischaemic stroke (PISCES): a phase 1, first-in-man
study. Lancet 2016;388:787–96.

[38] Panes J, Garcia-Olmo D, Van Assche G, et al. Expanded allogeneic
adipose-derived mesenchymal stem cells (Cx601) for complex perianal
fistulas in Crohn’s disease: a phase 3 randomised, double-blind
controlled trial. Lancet 2016;388:1281–90.

[39] Guijarro D, LebrinM, Lairez O, et al. Intramyocardial transplantation of
mesenchymal stromal cells for chronic myocardial ischemia and impaired
left ventricular function: results of theMESAMI 1 pilot trial. Int J Cardiol
2016;209:258–65.

[40] Zhou SB, Zhang GY, Xie Y, et al. Autologous stem cell transplantation
promotes mechanical stretch induced skin regeneration: a randomized
phase I/II clinical trial. EBioMedicine 2016;13:356–64.

http://www.md-journal.com

	Umbilical cord mesenchyme stem cell local intramuscular injection for treatment of uterine niche
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Randomization and masking
	2.3 Procedures
	2.4 Outcome
	2.4.1 Primary outcome
	2.4.2 Secondary outcome

	2.5 Adverse events
	2.6 Sample size
	2.7 Data management and monitoring
	2.8 Statistical analysis
	2.9 Trial status

	3 Discussion
	References


