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Ovarian freezing and transplantation has garnered increasing interest as a potential 
way of preserving fertility in cancer patients. This special report aims to identify the 
success rate of frozen compared with fresh ovarian cortex transplantation (in one 
single series from one center for the sake of consistency), as well as potentially provides 
insight into the mechanism behind ovarian follicle recruitment. A comparison of fresh 
versus frozen transplantation techniques is presented, highlighting the similarity and 
differences between the fresh and frozen transplantation procedures. Much of the 
literature is scattered case reports with different patient populations and different 
techniques. This represents an effort to simplify and popularize an approach that 
has yielded favorable results (all cases recovered ovulation and 75% had successful 
spontaneous pregnancy) in one single, disciplined study.
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Ovary freezing and transplantation has gar-
nered increasing interest as a possible way 
to preserve fertility for cancer patients and 
even for the decline in fertility, which natu-
rally occurs in all women with aging. Yet 
these are mostly case reports, with no consis-
tent ‘denominator’ to indicate success rates, 
and no scientific analysis of the mechanism 
of resting follicle recruitment. The original 
papers have been published, and this is sim-
ply a review of results reported from one cen-
ter  [1–15]. 22  women underwent fresh donor 
ovary cortex or frozen ovarian cortex trans-
plantation in one center with one surgical 
technique over a decade of follow-up. Eleven 
were fresh and eleven were frozen. Recovery in 
the recipients was measured by return of men-
ses, day 3 FSH, LH, estradiol, AMH, ultra-
sound and pregnancy. Patient characteristics 
are all summarized in Tables 1 & 2 [1].

All recipients of fresh or frozen ovarian 
transplants had the same robust return of 
FSH to premenopausal levels by 150 ± 5 days, 

menstruation by 130 days and massive AMH 
elevation by 170 ± 7 days. The anti-Müllerian 
hormone (AMH) then fell to below normal 
by 240 ± 4 days and remained at that level 
for many years with normal ovarian cycling 
and hormonal function. Seventeen babies 
resulted from eleven fresh and six frozen 
cycles. Grafts of one-third of an ovary cor-
tex lasted as long as 8 years or more despite 
eventually low AMH. Our results support 
a hypothesis that ovary freezing and trans-
plantation is clinically a robust method of 
preserving ovarian function, and it supports 
a hypothesis that ovarian stromal density gra-
dient can account for the early meiotic arrest 
of fetal oogonia, and also for ‘resting’ follicle 
recruitment in the adult.

Successful fresh as well as frozen ovar-
ian cortex transplants in humans were 
first published in 2004 and 2005, as a case 
reports, and many other case reports have 
subsequently followed [1–15]. However, there 
has been no systematic report from one 
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center comparing a large series of both fresh donor 
and frozen ovary autografts, and there has been little 
analysis of ovarian function an resting follicle recruit-
ment gleaned from study of these procedures. Never-
theless, there has been a rapidly growing interest in 
ovarian cortical transplantation despite the absence 
of a clearly documented success rate for this proce-
dure. The primary impetus for this procedure has 
been to cryopreserve ovarian tissue prior to sterilizing 
cancer treatment with the objective of transplanting 
the tissue back after cancer cure, after the proof of 
principle was reported in sheep in 1994 [16]. The pos-
sibility also loomed of preserving fertility and even 
hormonal function against the natural decline caused 
by aging [17,18].

Oocyte freezing is often mentioned as another 
alternative for preserving fertility  [19–21]. How-
ever, many different centers do it in different ways 
and most have not verified long-term viability of 
the oocytes. There could therefore be many disap-
pointed women in years to come. Among the pitfalls 
to oocyte freezing are too rapid and changing osmo-
lality with dangerously quick osmotic shifts. Also, 
there is a common failure to ensure a rapid enough 
freeze, and worse yet not a rapid enough thaw. The 
commercial kits that are designed to make this ‘easy’ 
often fail in this regard, and closed freezing is more 
problematic than open freezing for rapid freeze and 
thaw. It was not until 2005 that a highly efficient 
method was published, which stimulated a huge wave 
of enthusiasm, for this approach, also known as the 
‘bridge’ technique (Figure 1A–F), but it also is very 
user dependent, and none of the oocyte vitrification 

protocols are as fool proof and easy as freezing of 
ovarian tissue. A benefit of ovary cryopreservation 
and transplantation over oocyte freezing, however, 
is the putting off of hormonal menopause as well as 
preserving fertility. It is well known that unilateral 
oophorectomy does not diminish fertility, and does 
not hasten menopause. Thus, it is speculatively pos-
sible that grafts taken from young women could be 
used to delay menopause in the future [22–24].

Ovarian cortical transplantation
The technique of ovarian cortical transplantation 
in this study is not exactly the same as others have 
reported,  [6,9–10] but we have already described our 
technique with great detail in the literature  [1,13–14]. 
Except for one case performed with microvascu-
lar anastomosis, all were ovarian cortical grafts onto 
denuded medulla with a classical skin grafting-type 
technique, the same as was originally reported with 
our first case [3]. For ovarian tissue freezing, from 1997 
until 2008, we used classic ‘slow freeze’, [3,25] and since 
2008 we have only used ‘vitrification’ [26–28].

Nine of the eleven patients with fresh donor to recipi-
ent ovary transplantation were identical twins in whom 
the donor twin had proven fertility and the other twin 
had undergone premature ovarian failure (POF). One 
of the nine recipients had suffered POF from bone mar-
row transplantation from her identical twin sister, who 
was now years later, donating her ovary.

More germane to practical clinical application, 
11 patients more recently underwent thawing of prior 
frozen ovarian cortex to restore fertility that was lost 
from cancer or autoimmune treatment. Eight have 

Table 1. Pregnancy and duration of function of fresh donor ovarian grafts from identical twin sister 
(9) or nonidentical sister allograft (2). 

Days of ovarian function 
after transplant

Date of 
transplant

Ovarian function 
end date

Miscarriage Baby born Girl Boy

975 21/4/04  22/12/06 1 1 1  

3025 20/4/05 1/8/13   3 1 2

2285 7/6/05 9/9/11   2 1 1

1534 23/8/05 4/11/10 1 1   1

1107 20/9/05 1/10/08        

752 11/7/06 1/8/08   1 1  

2410+ 16/8/06 N/A 2 2   2

1666 9/1/07 1/2/11   1 1  

618 21/4/08 30/12/09 1      

263 21/7/10 10/4/11        

1172+ 11/2/11 N/A 1      

N/A: Not applicable. 
Adapted with permission from [1] © Elsevier (2015).
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long enough follow-up to evaluate pregnancy potential 
(greater than 1 year). However, one of those eight fro-
zen transplant recipients is intentionally avoiding preg-
nancy using barrier contraception and is just interested 
in return of hormonal function.

Results
Since most of the literature is simply composed of 
case reports of frozen transplants, it was hoped that a 
single large series of both fresh and frozen transplants 
from one center with the same techniques and studied 
physiologically in a uniform way would improve our 
understanding of resting follicle recruitment, as well 
as evaluate the clinical robustness of the procedure. Of 
the 11 menopausal women who underwent fresh trans-
plantation of ovarian cortex from their donor sister, 
there were 11 healthy babies (five boys and six girls) 
from 14 pregnancies (four miscarriages) in seven of the 
recipients. Of the four out of 11 recipients who did not 
have a baby, two had severe radiation damage to the 
uterus from bone marrow transplantation, one became 
pregnant but miscarried and then became menopausal 
again (her donor sister had a low ovarian reserve in the 
one ovary which she chose to donate) and the fourth 
was 40 years at the time of transplant. Surrogacy was 
not recommended in cases like these, because IVF will 
only yield a small number of eggs, even though they 
ovulate a good egg each month. It is hard to stimu-
late those patients and get a large number of good eggs 
for surrogacy. However, surrogacy would be possible if 
the patient were to request it, due to her uterine inad-
equacy. The patients referred here did not want surro-

gacy. Thus, among the recipients of fresh donor ovarian 
cortex, the majority got pregnant (8/11) and delivered 
(7/11) 11 live healthy babies. But even the four out of 
11 who failed to get pregnant had normal continuing 
return of hormonal and menstrual ovarian function 
otherwise. All recipients had return of ovarian function 
at the same time postoperatively (4.5 months).

Although the clinical results seem promising 
from this large series of fresh ovarian transplants, 
the functional results may be even more interesting 
(Figures 2, 3, 5 & 6). Day 3 FSH came down from meno-
pausal range to normal or near normal levels in all 11 
cases by 150 days, and menstrual cycling resumed in 
all 11 recipients by 130 days. Since all developing fol-
licles were destroyed or excluded from the thin (1 mm) 
donor ovarian cortical graft, this would represent the 
number of days required for resting follicles to be 
recruited and develop to the ovulatory stage when they 
would finally become sensitive to cyclic FSH and LH.

The relationship between FSH levels, menstrua-
tion and AMH levels in these fresh transplants is 
indicative of resting follicle recruitment (i.e., number 
of functional resting follicles, Figure 2). As the FSH 
returned to normal by 130 days, the very low AMH 
level of the recipient began to rise in response to an 
increasing number of mature gonadotropin sensitive 
follicles [28,29]. The AMH of the recipient then contin-
ued to rise to well above the normal baseline AMH of 
the donor. Contrary to what might have been expected 
from earlier studies  [30], this indicated no significant 
loss of follicles from the transplantation, which was 
also indicated by ultrasonographic examination of 

Table 2. Pregnancy after frozen ovary autografts.

Days of ovarian function 
after transplant

Diagnosis Miscarriage Baby born Girl Boy

804 POF   1 1  

884 Hodgkins   1   1

997 POF 1 0    

1155+ Hodgkins   0    

564+ MS   1 1  

487+ POF   1 1  

496+ Brain cancer   0    

502+ Blood disorder   1   1

328+ Synovial sarcoma   0    

294+ ALL   0    

306+ Breast cancer   0    

Total 1 5 3 2

ALL: Acute lymphoblastic leukemia; Blood disorder: Myeloproliferative disorder; Hodgkins: Hodgkin’s lymphoma; MS: Multiple sclerosis; 
POF: Premature ovarian failure.
Adapted with permission from [1] © Elsevier (2015).
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Figure 1.  The ‘bridge’ technique for oocyte vitrification. (A) The ‘bridge’ technique for oocyte freezing. (B) Setup for ‘bridge’ 
equilibration. (C) First ‘bridge’ between ES and isotonic hepes media; 3 min. (D) Second ‘bridge’ equilibration; 3 min. (E) Transfer to 
full concentration ES; 9 min. (F) Transfer from ES to VS; 60–90 s. Caption: high cryoprotectant concentration is not toxic. It is just the 
rapid osmotic shifts that kill the egg or embryo and give the incorrect impression of toxicity. To avoid over rapid osmotic shifts (that 
are more poorly tolerated by the egg than the embryo) the original ‘bridge’ technique is best. ES solution droplets are first ‘bridged’ 
over to the iso-osmotic solution the egg is in, and 3 min later another droplet of ES solution is ‘bridged’ over to the original solution 
very gradually and continuously raising the osmolality of the solution the oocyte is resting in. 
ES: Equilibration solution; VS: Vitrification solution. 

All drops 20–30 µl

ES 9 min

ES 3 min

ES 3 min

Hepes

VS 60–90 s
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stimulated tissues at this period, which showed a very 
robust follicular response to gonadotropin stimulation 
when IVF was attempted (third identical twin case). 
Then by 240 days the AMH of the recipient descended 
to well below baseline levels, and then remained steady 
at this level usually for many years (Figure 3) [25–29].

The autotransplantation of frozen ovary tissue yielded 
results almost identical to fresh (as might have been 
guessed by failure to notice any histological damage 
from freezing)  [25–28]. As with fresh ovary transplants, 
the FSH always returned to normal in these cases by 
150  days without exception, and menstrual cycles 
resumed shortly before that. The return to normal was 
no different for slow freeze cases than for vitrification 
cases. In all of these cases, just like with fresh transplants, 
the AMH rose to very high levels shortly after the FSH 
returned to normal, at about 170 days. Then the AMH, 
exactly as with fresh transplant cases, came down to a 
lower baseline level by 240 days and remained at that 
lower indefinitely, although our earliest frozen cases were 
less than 1–4 years ago (Figures 4 & 5A–C).

After their transplants, eight of the 11 frozen cases 
have regained ovarian function for over 1 year, and 
thus, those cases are suitable to look at pregnancy 

potential. However, one of these eight has chosen not 
to get pregnant yet and is using barrier contracep-
tion. Of the remaining seven, six have gotten pregnant 
although one miscarried. Thus, frozen results were 
similar to fresh in terms of hormonal function and 
pregnancy outcome. Quite remarkable was the repeat-
able concordance of functional results thus far seen in 
all 22 cases of fresh ovary donor transplantation and 
frozen ovary autotransplantation.

Discussion
What began as one usual case of discordance between 
identical twins for idiopathic POF, which was treated 
successfully with ovarian cortex transplantation, even-
tually led to a large series of 22 human ovarian trans-
plants, 11 fresh from donor sisters and 11 with ovar-
ian cortical tissue that was frozen for preservation of 
fertility prior to treatment for cancer or autoimmune 
disease. The success in 11 cases of frozen as well as the 
11 cases of fresh ovary transplants have vast implica-
tions for cancer patients. In all of these frozen cases just 
like fresh, there is a robust return of menstrual cycling 
and normal ovarian function at precisely the same time 
postoperatively (4.5 months) in every single recipient, 
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Figure 2. Nine fresh isografts and two allografts.  
FSH: Follicle-stimulating hormone. 
Adapted with permission from [1] © Elsevier (2015).
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and five healthy babies out of seven recipients of frozen 
tissue who were trying to get pregnant, not to mention 
the 11 babies from 11 fresh transplants. Thus, the preg-
nancy and live baby rate for fresh as well as for frozen 
ovary transplantation is about 75%. There are many 
case reports of healthy babies delivered to otherwise 
sterile cancer survivors via frozen ovary transplants, 
which support the enthusiasm for this approach, 
despite being only scattered case reports [7–12,15,17].

But there may be an additional scientific value to 
these observations that is, understanding resting fol-
licle recruitment and fetal oocyte meiotic arrest. First, 
this was an unusual opportunity in humans to compare 
fresh ovarian tissue transplantation to frozen, in one 
center using the same uniform technique, and there was 
no difference in an unusual opportunity in humans to 
compare fresh ovarian tissue transplantation to frozen, 
in one center using the same uniform technique, and 
there was no difference between fresh and frozen. But 
aside from that clinical benefit, data were obtainable 
which may afford a better understanding of ‘resting 
follicle’ recruitment in the human. Primordial follicles 
are not subject to hormonal stimulation. Just how they 

are recruited to develop, and how quickly, into second-
ary and antral follicles that are sensitive to hormonal 
stimulation, is a puzzle worth solving, as is the puzzle 
of early fetal oocyte meiotic arrest.

In fact primordial follicles should not be referred to 
as ‘resting’ follicles, because in truth they are ‘arrested’ 
in early fetal life at meiotic prophase. When they are 
recruited in adult life to develop into secondary follicles 
and eventually ovulatory follicles, in fact they are escap-
ing from their ‘arrested’ state. In early fetal life, primor-
dial germ cells meet retinoic acid at the genital ridge, 
which upregulates the Stra8 gene that stimulates the 
primordial germ cells in females to enter meiosis [31–34]. 
In males, the Sertoli cells of the testis block this effect 
of retinoic acid, and so in the male fetus, the germ cells 
do not enter meiosis. Why do these fetal oogonia not 
just continue through meiosis, and eventually all rapidly 
disappear by the time of birth? Why do not they just 
keep on developing into eggs and therefore eventually 
be gone by the time of birth? Why are they ‘arrested’ 
in early meiosis? And could that also be the mechanism 
that controls recruitment of resting follicles in the adult?

While the female germ cells invade the very dense 



222 Womens Health (2016) 12(2)

Figure 4. Follicle-stimulating hormone curves for frozen ovary transplants. 
FSH: Follicle-stimulating hormone. 
Adapted with permission from [1] © Elsevier (2015).

Figure 3. Follicle-stimulating hormone and anti-Müllerian hormone levels after fresh ovarian tissue. 
AMH: Anti-Müllerian hormone; FSH: Follicle-stimulating hormone. 
Adapted with permission from [1] © Elsevier (2015).
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stroma of the tunica albuginea, which becomes the 
ovarian cortex, the tunica albuginea of the testes 
really is no different histologically from the ovarian 
cortex except for the absence of eggs. In the mouse, 
the time period around meiotic initiation (exactly 
when Stra8 is upregulated) is the key period for set-

ting up growing follicles in the medulla and nongrow-
ing follicles in the cortex, which supports our clinical 
observations of too many follicles beginning to grow 
and develop if they do not invade the cortex [32,34].

There is a gradient of stromal density in the ovarian 
cortex with the most tissue pressure and density near 
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Figure 5.  Follicle-stimulating hormone and anti-Müllerian hormone levels after frozen ovary tissue transplant. 
(A-C) FSH and AMH levels for individual patients after frozen ovary tissue transplants. 
AMH: Anti-Müllerian hormone; FSH: Follicle-stimulating hormone. 
Adapted with permission from [1] © Elsevier (2015).
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Figure 6. Stromal density gradient in ovarian cortex. (A-C) Stromal density gradient in ovarian cortex. (D) Follicles 
develop inward toward the softer ovarian medulla.
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the surface, and gradually getting less dense toward the 
center and finally the least dense tissue is the ovarian 
medulla (Figure 6) [34]. It has already been postulated 
via in vitro follicle culture that pressure may have a 
huge effect on resting follicle development [35,36]. Also 
it is well known that the ‘resting’ (or arrested is a better 
term) primordial follicles are recruited first from the 
least dense internal stroma of the cortex and develop 
toward the medulla, which is the least dense tissue and 
hence the least pressure (Figure 6). The stromal density 
gets less and less the further inward from the surface 
of the ovarian cortex. Then once the follicles become 
Graafian follicles and ready to ovulate they are not on 
the ovarian surface, but just burst through the surface 
from the medulla to ovulate (Figure 6).

The results in this series of ovarian transplants sup-
port the theory that it is tissue pressure or stromal 
density which governs resting follicle recruitment and 
which allows the fetal ovarian cortex to arrest the oogo-
nia in early meiosis [35,36]. Roughly not too far off from 
Gougeon’s predictions,  [37] in our 22 cases of ovarian 
transplant, whether fresh or frozen, menstrual cycling 
returned at 130 days, day 3 FSH returned to normal 

at 150 days, AMH levels rose at 170 days to very high 
above normal levels and then went down to below nor-
mal levels at 240 days. This indicates that shortly after 
the cortical graft was placed a massive recruitment of 
‘resting’ follicles occurred and depleted a large num-
ber of eggs from the graft. Then after full return of 
the normal tissue pressure, the AMH stabilized and a 
normal rate of recruitment resumed.

Thus, both the embryologic data on fetal meiotic 
arrest of oogonia that were stimulated to enter meio-
sis by the presence of retinoic acid, and arrested by 
the ovarian cortex (tunica albuginea in the male) and 
our results with ovarian transplantation, support the 
unifying hypothesis that fetal meiotic arrest and adult 
‘resting’ follicle recruitment is just an inexorable pro-
cess governed by cortical tissue pressure. It should be 
readily understood that it is not just oogonial meio-
sis that is arrested by the fetal ovarian cortex, but also 
non-meiotic resting oocyte development, since meio-
sis and preantral recruitment and development are 
separate phenomena.

Conclusion
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Ovarian tissue, as well as embryo vitrification can 
robustly preserve fertility either for cancer patients 
undergoing sterilizing chemotherapy and radiation, 
or just for women who want to delay their biological 
clock. There are so many babies resulting from these 
vitrification procedures worldwide that they should 
not be considered experimental any longer. Further-
more, post-operative follow-up with patients undergo-
ing ovary transplantation reveals the heretofore unrec-
ognized mechanism of primordial follicle recruitment 
in adults and early oocyte maturation arrest in the 
fetus. The ovarian cortex and its high-pressure fibrous 
density regulates both the preservation of fetal oocytes 
and the gradual recruitment of adult oocytes and 
finally virtually all cases of frozen ovarian transplan-
tation will result in successful return of endocrine 
function and fertility.

Future perspective
First, ovarian freezing and transplantation should 
no longer be considered experimental moving for-
ward. Second, this could provide a unifying theory 
for adult recruitment and fetal arrest of primordial 
follicles. Without a steady controlled release of ‘rest-

ing’ follicles in the adult, women would run out of 
eggs prematurely. Similarly, if fetal oocyte arrest 
did not occur after meiotic activation, there would 
be no oocytes remaining at birth. Similarly, if there 
were not a slow, steady, monthly release of primordial 
(‘resting’ or better, ‘arrested’) follicles from the rest-
ing phase, without any hormonal regulation, related 
to tissue pressure gradients in the ovarian cortex (the 
same tissue as the dense stroma in the tunica albu-
ginea of the male), all the adult follicles also would 
soon be gone. Thus, we propose a unifying theory 
for both fetal oocyte arrest and adult resting follicle 
recruitment.
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Executive summary

•	 Ovary freezing and transplantation is gaining interest as a means of fertility preservation.
•	 Until now, no systematic report from one center comparing a large series of both fresh donor and frozen 

ovary autographs has been published.
Ovarian cortical transplantation
•	 For ovarian tissue freezing from 1997 to 2008, classic ‘slow freeze’ was used and since 2008 only ‘vitrification’ 

has been utilized.
•	 Nine of the 11 patients with fresh donor recipient ovary transplantation were identical twins in whom one had 

proven fertility and the other had experienced premature ovarian failure.
•	 The additional 11 patients received thawed tissue from previously frozen ovarian cortex to restore fertility 

that was lost due to cancer or autoimmune treatment.
Results
•	 Of the 11 menopausal women who underwent fresh transplantation of ovarian cortex from their donor sister, 

there were 11 healthy babies (five boys and six girls) from 14 pregnancies (four miscarriages) in seven of the 
recipients.

•	 Seven of the eight women that received a frozen transplantation and were suitable for follow-up, six 
conceived (including one miscarriage).

•	 All 22 cases experienced robust return of normal follicle-stimulating hormone by 150 days, menstruation by 
130 days and massive anti-Müllerian hormone elevation by 170 days.

Discussion
•	 Results of this study indicate equivalent success rates in fresh versus frozen ovarian transplantation.
•	 Additional scientific value stems from these observations in that make a greater understanding of resting 

follicle recruitment and fetal oocyte meiotic arrest possible.
•	 The results of this ovarian transplantation series support the theory that tissue pressure or stromal density 

governs resting follicle recruitment, which allows the fetal ovarian cortex to arrest the oogonia in early 
meiosis.

Future perspective
•	 Studies of this nature should allow for ovarian tissue freeze and transplantation and no longer be regarded as 

experimental.
•	 The results of this study lend themselves to future investigation of the unifying theory of resting follicle 

recruitment and fetal meiotic arrest.
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