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Birth of a healthy infant after bone marrow-derived
cell therapy
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Bone marrow-derived cell (BMDC) therapy has numerous applications as potential biological cells for use in regenerative medicine. Here, we
present an original case of endometrial atrophy associated with genital tuberculosis in a woman who achieved a live birth with BMDC. This
27-year-old woman came to our center with endometrial atrophy and primary infertility. She had a past history of genital tuberculosis and
amenorrhea. Her husband’s semen quality was normal. The patient was counseled for hysteroscopy due to thin endometrium and advised in
vitro fertilization (IVF) with donor eggs in lieu of poor ovarian reserve. Several attempts of IVF with hormone replacement therapy (HRT) were
made, but the desired thickness of the endometrium was not achieved. Uterine artery injection of BMDC through interventional radiology
was given, followed by HRT for three months, which resulted in improved endometrium. This was subsequently followed by IVF with donor
egg. The treatment resulted in the conception and delivery of a 3.1-kg baby boy through lower segment caesarean section with no antenatal,
intranatal or postnatal complications. Recently, there has been massive interest in stem cells as a novel treatment method for regenerative
medicine, and more specifically for the regeneration of human endometrium disorders like Asherman syndrome and thin endometrium,

which was the reason behind using this strategy for treatment.
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Introduction

The human endometrium is a dynamic remodeling tissue that un-
dergoes more than 400 cycles of growth, differentiation, and shed-
ding of endometrial cells during the reproductive period [1]. Asher-
man syndrome (AS) is an uncommon gynecological disorder caused
by the destruction of the endometrium due to repeated or aggressive
curettages and/or endometritis. As a result, there is a loss of function-
al endometrium in many areas, and the uterine cavity is obliterated
by intrauterine adhesions, leading to amenorrhea, hypomenorrhea,
infertility, recurrent pregnancy loss, and/or abnormal placentation,
including placenta previa and accrete [2,3].

Endometrial atrophy (EA) is another rare condition in which the
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endometrium is too thin and never grows more than 5 mm thick.
Factors that can cause EA include prolonged use of oral contracep-
tives and Tamoxifen. Genital tuberculosis (TB) affects endometrial re-
ceptivity leading to defective endometrial markers and EA. The prev-
alence of this pathology is 0.5% in infertile women undergoing as-
sisted reproductive treatments (ARTs) [2].

Successful implantation in ART requires a high-quality embryo, re-
ceptive endometrium, and perfect embryo transfer technique. Cur-
rent treatment strategies for AS aim to break up the synechiae and
induce endometrial proliferation in order to restore functionality to
the uterine cavity. Unfortunately, the risk of treatment failure is high.
These fibrotic synechiae often lack endometrial lining entirely, or, if
present, the lining is thin and largely nonfunctional [4].

Evidence suggests that adult stem cell populations exist in the hu-
man endometrium. Hence it might be possible to activate endoge-
nous endometrial stem/progenitor cells in cases of atrophic or thin
endometrium or to transplant bone marrow-derived cells (BMDCs) in
the uterine lining for endometrial regeneration in AS or severe cases
of intrauterine adhesions. Low levels of circulating BM-derived hemo-
poietic stem cells, mesenchymal stem cells, and endothelial progeni-
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tor cells integrate into damaged tissues and trans-differentiate into
host tissues, including the endometrium. Evidence is available where
BMDC has been used to treat AS and EA in an attempt to achieve nor-
mal reproductive functioning of the endometrium [1,5,6].

Case report

A 27-year-old female presented to our center on May 15, 2017. Her
husband's age was 29 years, and they had been married for the last 4
years. The patient gave a history of secondary amenorrhea for 2 years
and she informed that her menstrual cycle was very irregular (just
drops during her periods) but denied any abdominal pain or cramps
during this time. Her last menstrual period (LMP) was April 8, 2017.

Previous medical history revealed that she had genital TB 2 years
before presentation to our clinic. TB was diagnosed by laparohys-
teroscopy done at another center, which revealed tubercles in the
whole abdomen. Her husband’s semen analysis was found to be
normal at 46 million counts, and motility was 54%. Transvaginal so-
nography was performed, which revealed that the endometrial lin-
ing was very thin with fluid (< 5 mm) (Figure 1). She was given estra-
diol 2-mg tablet for 10 days but there was no improvement in the
lining of the endometrium (Figure 2). On May 29, 2017, hysteroscopy
was performed on the 14th day of the cycle, which showed that the
cervix was stenosed and the uterus was acutely anteverted. Bands of
adhesions were seen on the fundus and lateral walls (Figure 3). The
fibrotic bands of adhesions were cut, and lateral metroplasty was
done to enlarge the cavity. Hormone replacement therapy (HRT) was
continued, and progesterone (10 mg/day) was added on June 18 for
5 days. The patient got withdrawal bleeding (very scanty on July 8).

Second attempt to prepare the endometrium was made in July
with HRT, which comprised of Estradiol 2 mg, Norethisterone along
with the addition of Estrogel three times a day (subcutaneous estro-

Figure 1. Transvaginal sonography showing endometrial lining was
very thin with fluid (<5 mm).
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gen supplementation) and Aspirin 75 mg three times a day. Endo-
metrial thickness was measured on the 8th day, which was 4.7 mm.
On the 15th day, it was observed that the endometrium was patchy,
and endometrial thickness was 5.5 mm. Progesterone was given to
induce bleeding. She had scanty bleeding on the 14th of August.
Endometrial preparation was again tried with HRT plus adjuvants
such as Arginitric sachet and Sildenafil. On August 30, 2017, the ul-
trasound showed an endometrial thickness of 4.3 mm with endome-

trial fluid. So, on September 5, 2017, a relook hysteroscopy was done,
which revealed no adhesion in the cavity, and the endometrium was

Figure 2. Transvaginal sonography showing thin echogenic line and
no improvement in lining after hormone replacement therapy.

Figure 3. Hysteroscopy showing fibrotic bands in uterine cavity.
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found to be pink (Figure 4). The patient did not come to the clinic for
3 months after this visit.

The patient reported to the center again on December 25, 2017,
with LMP on December 20, 2017 (scanty bleeding). Endometrial
preparation was tried with gonadotropin stimulation (injection HMG
75 mg) plus adjuvants such as Arginitric sachet and Sildenafil. On the
13th day, the endometrial thickness was 5.5 mm, and one follicle
was seen on the left side of size 20 mm. Human chorionic gonado-
tropin (HCG) trigger was given on the 15th day. On the day of em-
bryo transfer, endometrial thickness was 5.8 mm with a patchy en-
dometrium. Embryo transfer was done, but with negative results.

The patient stopped all treatment after that visit and came back
after 1 year. It was observed on studying the records that despite giv-
ing HRT, gonadotropin and adjuvants) multiple times, the endome-
trial thickness was not achieved. So, the patient was counseled about
the BMDC therapy for which she gave her consent.

1. Pre-procedure workup for BMDC

The patient was admitted on January 16, 2019, early morning and
pre-procedure workup was commenced with injection Ceftriaxone
1g IV statim, O, @ 2-4 L/min for 30 minutes, injection vitamin C150
mg (diluted in 100 mL normal saline [NS]), and injection glutathione
600 mg (diluted in 100 mL NS).

2. Collection of bone marrow aspirate
The patient was made to lie down in the horizontal position. The

Figure 4. Relook hysteroscopy showing endometrium without
adhesion.
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procedure began 1 hour later on the same day with sedation of the
patient with intravenous Midazolam and Fentanyl. Approximately,
60ml of bone marrow aspirate (BMA) was collected over acid citrate
dextrose-anticoagulant (5 mL) from the patient’s anterior superior
spine of the iliac crest. The position of the Jamshidi needle was con-
firmed by loss of resistance after piercing the compact bone. BMA
was collected in a 60 mL syringe in a series of discrete pulls on the
plunger (targeting a collection of 5-10 mL per pull) with reposition-
ing of the needle tip between pulls based on the reported enrich-
ment of progenitor cells.

3. Preparation of BMDC

About 10 mL of diluted BMA (1:2 with sterile phosphate buffer sa-
line [PBS]) was aseptically transferred to a 15.0 mL sterile centrifuge on
top of a 3.0 mL density gradient solution. The tube was then centri-
fuged at 2000 RPM for 30 minutes at room temperature (15°C-25°C).
This centrifugation step eliminated erythrocytes and poly leukocytes
from the mixture of cells and a sharp band appeared containing
mononuclear cells (BMDC). BMDC was then collected in an aseptic
tube, washed with PBS twice, and counted using a hemocytometer.
Cell viability was analyzed using trypan blue assay, and then cells (15
million cells/mL) were prepared for administration to the patient
without any further manipulations.

4. Intra-arterial injection

Two hours after BMA and proper consent, the patient was taken for
intra-arterial injection into the catheterization laboratory. Under asep-
tic precautions, bilateral femoral artery access was taken with 6-Fr
sheath via the Seldinger technique under local anesthesia. Six-Fr diag-
nostic JR catheter was used to reach the contralateral internal iliac ar-
tery over a 0.035-inch Terumo guide wire. It was then exchanged for
6-Fr JR 3.5 guiding catheter over 0.035-inch stiff wire. The uterine ar-
tery was identified by contrast dye injection in the internal iliac artery.
Super selective cannulation of the uterine artery and subsequently
spiral arterioles was done with a microcatheter over 0.014-inch PTCA
workhorse wire. On January 16, 2019, uterine artery spiral arterioles
BMDC treatment was performed. Patency of artery post-injection was
confirmed by contrast dye injection from guide catheter through the
internal iliac artery. Post-procedure femoral sheaths were removed in
the catheterization laboratory with manual compression, and lower
limb immobilization was done in the supine position for 6 hours in the
recovery room. The patient was slowly mobilized under observation
and discharged the next day.

5. Post-procedure follow-up
The patient was put on HRT for 3 months consisting of sequential

estrogen and progesterone therapy. In April, we checked her uterine
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lining with HRT and the serial scan showed good triple line and im-
proved thickness (Figure 5). The endometrium was monitored every
month until the month of frozen embryo transfer (FET). The patient
showed an increase in the volume of menstrual blood flow for three
cycles. Description of menstrual flow after the therapy is described in
Table 1.

6. Frozen embryo transfer

Formation of embryos with donor eggs was performed. A total of
10 eggs were retrieved from a healthy donor of 31 years of age, fertil-
ized with the patient’s sperm sample. Four blastocysts were formed
for prospective embryo transfer. FET was performed in May, endome-
trial preparation was done by HRT comprising of tablet Estradiol val-
erate 2 mg, Estrogel thrice a day, Arginitric sachet thrice a day and As-
pirin 75 mg. On the 8th day of HRT, endometrial thickness was 5.4
mm, and on day 11, it was found to be 7.1 mm. Post-bone mar-
row-derived stem cells (BMDSC) in the endometrium showed im-
proved response to HRT in terms of the thickness and echo texture
both (Figure 6). Color doppler was favorable. Injection progesterone
for 5 days was added for blastocyst transfer. The blastocyst was frozen
under Kitazato vitrification and warming protocol before transfer.

Figure 5. Post-bone marrow-derived stem cells: the response to
hormone replacement therapy showed drastic improvement in lining,
thickness as well as echo texture in the April 2019.

Table 1. Description of menstrual flow after the therapy

Date No. of pads used
January 28,2019 2-3
February 26,2019 3-4
March 27,2019

April 24,2019 4

May 13,2019 3-4
www.eCERM.org
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On May 30, 2019, the embryo transfer was performed smoothly
without any difficulty. Only one blastocyst of grade 3AA was trans-
ferred. Luteal phase support was given, and beta HCG was tested on
June 14, 2019, which turned out to be 1,212 mg/dL. Doubling titer
repeated on July 16, 2019, was 3,286.6, confirming a positive result.
The first scan was performed at around 7 weeks that showed single
live intrauterine pregnancy (Figure 7). The antenatal period was un-
eventful, except for an episode of preterm pain at around 24 weeks.
Planned lower segment caesarean section (LSCS) was performed af-
ter 38 weeks of gestation. A 3.1-kg baby boy was delivered, and LSCS
was uneventful.

Figure 6. Post-bone marrow-derived stem cells: the response to
hormone replacement therapy showed drastic improvement in lining,
thickness as well as echo texture in May 2019 when frozen embryo
transfer was done.

Figure 7. Scan showing single live intrauterine pregnancy.
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Discussion

Adult bone marrow is a reservoir of stem and progenitor cells. BM-
DCs can trans differentiate into multiple non-hematopoietic cell lin-
eages, and play a role in the reconstitution of the human endometri-
um. Clinical studies suggest that ischemic/reperfusion injury pro-
vides a strong stimulus for homing and engraftment of BMDCs into
the uterus and it has been suggested that one of the mechanisms by
which uterine injury may improve endometrial receptivity is via in-
creasing recruitment of BMDCs to the endometrium. Systemic ad-
ministration of BMDCs can improve uterine scar healing and fertility
in AS [7]. Santamaria et al. [2] conducted a clinical study to analyze
the effect of BMDSC in patients with refractory AS and/or EA. BMDSC
mobilization was performed by granulocyte colony-stimulating fac-
tor injection in a total of 16 patients. Endometrial thickness increased
from an average of 4.3 mm to 6.7 mm. Similarly, four of the five EA
patients experienced an improved endometrial cavity, and endome-
trial thickness increased from 4.2 mm to 5.7 mm [2].

Another study was conducted by Cervello et al. [8] using the en-
graftment of BMDSC predominantly around the endometrial blood
vessels of traumatized endometrium. Results revealed that BMDSCs
induces proliferation of the neighboring endometrial cells in the
damaged endometrium, mainly at the epithelial component [8]. Azizi
et al. [9] investigated whether BMDC treatment could improve the
restoration of the endometrium and increase the endometrial recep-
tivity. A thin endometrium model was designed, and BMDC was
transplanted by tail vein injection. Results revealed that BMDC has a
valuable effect on the thin endometrium, and may play a role
through migration and immunomodulatory effect of BMDC [9].

To the best of our knowledge, this was one of the first successful
cases of treating endometrial atrophy with BMDC leading to a living
birth. This rare and novel form of treatment paves a way for future re-
search in the treatment of endometrial factors of infertility by regen-
erative medicine.
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