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Abstract
Background: In patients with azoospermia, pregnancy can be achieved after surgical 
techniques using sperm retrieved from the testis or epididymis, which can impact on 
DNA integrity and epigenetics. DNA of the fetus and placenta is equally derived from 
both parents; however, genes important for placental development are expressed 
from the paternal alleles. Therefore, the origin of sperm may affect fetal and placental 
development.
Objectives: To investigate whether first-trimester trajectories of embryonic and pla-
cental development of pregnancies conceived after intracytoplasmic sperm injection 
(ICSI) with testicular sperm extraction (TESE) or microsurgical epididymal sperm as-
piration (MESA), are different from pregnancies after ICSI with ejaculated sperm or 
natural conceptions.
Materials and methods: A total of 147 singleton ICSI pregnancies, including pregnan-
cies conceived after TESE (n = 23), MESA (n = 25) and ejaculated sperm (n = 99), and 
380 naturally conceived and 140 after IVF treatment without ICSI were selected from 
the prospective Rotterdam periconception cohort. Crown-rump length (CRL), embry-
onic volume (EV), Carnegie stages, and placental volume (PV) at 7, 9, and 11 weeks of 
gestation were measured using 3D ultrasound and virtual reality technology.
Results: Linear mixed model analysis showed no differences in trajectories of CRL, 
EV, and Carnegie stages between pregnancies conceived after ICSI with testicu-
lar, epididymal, and ejaculated sperm. A significantly positive association was dem-
onstrated for PV between pregnancies conceived after TESE-ICSI (adjusted beta: 
0.28(95%CI: 0.05-0.50)) versus ICSI with ejaculated sperm. Retransformation to origi-
nal values showed that the PV of pregnancies after TESE-ICSI is 14.6% (95%CI: 1.4%-
25.5%) larger at 11 weeks of gestation compared to ICSI pregnancies conceived with 
ejaculated sperm.
Discussion and Conclusion: Here we demonstrate that the first-trimester growth tra-
jectory of the placenta is increased in pregnancies conceived after TESE-ICSI com-
pared to those conceived after ICSI with ejaculated sperm. Findings are discussed in 
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1  |  INTRODUC TION

Male factor subfertility is an increasing problem due to aging, 
obesity, and poor lifestyle, which can often be treated with life-
style interventions.1,2 In severe male factor subfertility, however, 
intracytoplasmic sperm injection (ICSI) is often successfully used 
to achieve pregnancy. Sperm used for assisted reproductive treat-
ment (ART) can have different origins dependent on the underlying 
cause or diagnosis of the male factor. In cases of non-obstructive 
azoospermia (NOA) sperm can be retrieved surgically by testicular 
sperm extraction (TESE). TESE can also be performed in the case 
of post-vasectomy, iatrogenic, congenital or post-infectious ob-
structive azoospermia (OA), or when vasovasostomy or microsur-
gical epididymal sperm aspiration (MESA) failed.3 In both cases the 
sperm is not (TESE) or only partially (MESA) transported through 
the epididymis. It is becoming increasingly clear that this transport 
through the epididymis is a key factor in sperm maturation and 
functioning.4 The epididymis secretes epididymal specific proteins, 
hormones, small non-coding RNAs and these factors combined 
can influence sperm epigenetics, gene expression and modify the 
sperm surface.5 Although testicular sperm has not entered the an-
atomical part of the epididymis, it has the ability to activate the 
oocyte after ICSI. However, testicular sperm morphological qual-
ity is usually low and several studies indicate that the incidence 
of chromosomal abnormalities is increased in testicular sperm.6,7 
These abnormalities are associated with a decreased chance of im-
plantation and lower ongoing pregnancy rates, possibly due to an 
increased aneuploidy rate in embryos.7,8 However, a recent study 
in more than 340.000 IVF/ICSI cycles showed no clinical differ-
ences between pregnancies conceived with testicular, epididymal 
or ejaculated sperm regarding pregnancy rate and full-term deliv-
ery.9 To overcome issues of timing and multiple surgical procedures 
for men, sperm can also be cryopreserved and thawed for later use. 
Several studies show similar treatment outcomes between fresh 
and frozen sperm.10,11

The period of embryonic and placental growth in the first tri-
mester of pregnancy is characterized by rapid cell multiplication 
and therefore vulnerable for alterations in both maternal- and pa-
ternal-originated DNA integrity and epigenetic (re)programming. 
Interestingly, paternally imprinted genes are predominantly ex-
pressed in the placenta.12

Embryonic and placental growth can be reliably measured using 
three-dimensional ultrasound (3D-US) techniques in combination 
with virtual reality technology.13 This combination allows in-depth 
perception and assessment of growth by measuring crown-rump 

length (CRL) and embryonic volume (EV). Furthermore, it is possi-
ble to make an accurate assessment of the Carnegie stage based on 
internal and external morphological characteristics, as a marker of 
embryonic development.14

Since there are a number of differences regarding chromosomal 
constitution and epigenetics between sperm retrieved after TESE 
and MESA as compared to ejaculated sperm combined with a large 
preferential paternal expression profile of the placental genome, 
we hypothesize that embryonic and placental growth and develop-
ment might differ between these groups. The aim of this study is 
to investigate whether placental and embryonic growth trajectories 
of ICSI pregnancies conceived with TESE and MESA are different 
from pregnancies after ICSI with ejaculated sperm, IVF or naturally 
conceived.

2  |  MATERIAL S AND METHODS

2.1  |  Ethical approval

This study was conducted according to the guidelines laid down in 
the Declaration of Helsinki and all procedures involving patients 
were approved by the Medical Ethical and Institutional Review 
Board of the Erasmus MC, University Medical Centre, Rotterdam, 
the Netherlands (MEC-2004-227). Written informed consent was 
obtained from all female and male participants at enrollment.

2.2  |  Study population

Participants selected for this study were enrolled in the Rotterdam 
Periconception Cohort (Predict study).15 This is an ongoing open 
prospective tertiary hospital-based cohort embedded in the out-
patient clinic of the Department of Obstetrics and Gynecology 
of the Erasmus MC, University Medical Center Rotterdam, the 
Netherlands. The design of the cohort study has previously been 
published.15 Women and their partners were eligible for inclusion if 
they were at least 18 years of age and had an ongoing intrauterine 
singleton pregnancy and were less than 10 + 0 weeks of gestational 
age (GA). Participants were recruited for inclusion from November 
2010 onwards.

For the current analysis, we included pregnancies of women 
who conceived after ICSI in combination with testicular, epidid-
ymal, cryopreserved or ejaculated sperm. For a general reference 
group, we included pregnancies of women who conceived through 

the light of known differences in sperm DNA integrity, epigenetics, and placental gene 
expression.
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IVF with ejaculated sperm and women who conceived naturally. 
GA was either based on the exact conception date for ICSI and the 
reported last menstrual period for naturally conceived pregnan-
cies. We excluded pregnancies conceived after using donor semen 
or oocyte donation, and pregnancies complicated by congenital 
malformations and intrauterine fetal demise. Furthermore, we ex-
cluded pregnancies of women with an irregular menstrual cycle 
(menstrual cycle of less than 25  days or more than 31  days) or 
from which no first day of the last menstrual period was known, 
since in these pregnancies GA is based on CRL, which is our main 
outcome parameter.

2.3  |  Sperm retrieval

Men with non-obstructive azoospermia (NOA) all underwent TESE. 
In general, an obstructive component was excluded on medical 
history, physical examination, reproductive hormones (luteiniz-
ing hormone (LH), follicle-stimulating hormone (FSH), and testos-
terone) and scrotal ultrasound. Karyotyping and Y-chromosomal 
microdeletions were determined in all of these patients. All men 
with a diagnosed obstructive azoospermia (OA) initially under-
went MESA. When motile sperm were microscopically detected, 
sperm cryopreservation was performed. When no motile sperm 
was found, TESE was performed. The latter group was excluded 
for analysis to create a homogenous TESE-ICSI group with only 
NOA patients.

TESE was performed under local anesthesia with a standard 
bilateral open surgical biopsy technique. A transverse two centi-
meter scrotal incision was made, the tunica albuginea was incised 
for one centimeter (cm) and a small fragment (approximately 1.5 
cm3) of testicular tissue was dissected using sterile glass slides. 
The collected tissue was subsequently minced and the resulting 
spermatogenic cell suspension was washed with HEPES-HTF, fol-
lowed by centrifugation at 900 g (Thermo Scientific Centrifuge) for 
10 minutes. The pellet was resuspended in one ml HEPES-HTF and 
subsequently diluted 1:1 with cryoprotectant (Test Yolk Buffer, 
Irvine Scientific, United States of America). When in 1 microliter 
suspension in 250 fields of view (FOV) at least one normal sperma-
tozoa was found, cryopreservation was performed in straws (Cryo 
Bio System™, Irvine Scientific, United States of America) by plac-
ing them in liquid nitrogen vapor.

MESA was performed under local anesthesia with a scro-
tal incision and microsurgically opening of one or more tubuli 
in the caput epididymii. Spermatozoa were aspirated with a mi-
cropipette attached to a tuberculin syringe filled with HEPES-
buffered medium. The retrieved sperm was immediately diluted 
in HEPES-buffered medium and cryoprotectant was added before 
cryopreservation.

For logistic reasons, our clinic always freezes TESE and MESA 
sperm. In men requesting semen cryopreservation because of up-
coming spermato-toxic treatments like chemotherapy for malignant 
diseases, fresh ejaculated sperm was diluted 1:1 with cryoprotectant 

(Test Yolk Buffer) and cryopreservation was performed in straws 
(Cryo Bio System™) by placing them in liquid nitrogen vapor. Semen 
cryopreservation was always performed prior to spermato-toxic 
treatment.

2.4  |  Ovarian stimulation and embryo culture

Ovarian stimulation was performed by either a GnRH agonist or –
antagonist followed by recombinant follicle-stimulating hormone 
(FSH). Human chorionic gonadotrophin or a GnRH agonist were 
used as a trigger for final maturation of the oocyte and ovulation. 
Testicular, epididymal, and cryopreserved sperm were thawed and 
the sperm cells with best morphological and motile characteristics 
were selected for oocyte injection. After ovum pickup, the collected 
oocytes were injected with either frozen-thawed testicular, epididy-
mal or cryopreserved sperm or fresh ejaculated sperm. For the IVF 
treatment, fresh ejaculated sperm was washed and added to the 
dishes with oocytes.

All inseminated oocytes were cultured in G-1 PLUS cleavage 
stage medium ((Vitrolife, Goteborg, Sweden) between January 
2010 and November 2014 and SAGE 1-StepTM medium (Origo/
Cooper Surgical) from December 2014 onwards. All inseminated 
oocytes were cultured at 36.8 degrees Celsius with 7% oxygen 
and 5% carbon dioxide. The transfer of fresh embryos was per-
formed on day 3 and the supernumerary embryos were cultured 
until day 4 and then cryopreserved. If a cryopreserved embryo 
was transferred, embryos were thawed and cultured overnight and 
transferred the following day corresponding to day 5 of embryo 
development.

2.5  |  Study parameters

Baseline characteristics and obstetric history were retrieved through 
self-administered questionnaires covering details on age, ethnicity, 
and educational level. All data were verified at study entry by a re-
searcher. Anthropometrics were measured by a researcher at study 
entry. Smoking and alcohol were defined as any consumption during 
the periconception period. Details regarding subfertility diagnoses, 
method of sperm retrieval and whether IVF or ICSI was used, were 
retrieved from the electronic patient files.

2.6  |  Ultrasound data

From November 2010 onwards women underwent three trans-
vaginal ultrasounds, in the 7th, 9th, and 11th week of gestation. 
Ultrasound scans were performed with a 6-12  MHz transvagi-
nal probe using GE Voluson E8 equipment and 4D View software 
(General Electrics Medical Systems, Zipf, Austria).

To optimally make use of the depth information present in 
3D-ultrasound data, images were transferred to our Barco I-Space 
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(a Cave Automatic Virtual Environment–like virtual reality system).13 
In the Barco I-space, an interactive virtual reality hologram, which 
allows depth perception, was created. All measurements were per-
formed by trained research staff.

2.7  |  Outcome variables

Outcome variables were generated multiple times in the first 
trimester of pregnancy, which gives the opportunity to study 
growth trajectories over time. CRL was measured three sepa-
rate times per time point and embryo, and the mean of these 
measurements was used for analysis. EV measurements were 
performed once at each time point per embryo using a semi-
automatic method based on gray levels.16 Carnegie stages were 
determined once per time point to assess external morphological 
features of the embryo such as the development of the limbs and 
the curvature of the embryo, according to the protocol which 
was published previously.14 Placental volume (PV) in first trimes-
ter, also known as trophoblast volume, was measured once per 
time point per pregnancy using Virtual Organ Computer-aided 
AnaLysis (VOCAL) (TM; GE Medical Systems, Zipf, Austria).17 In 
short, twelve sections of the placenta were obtained using a ro-
tational step of 15º. Trophoblast and myometrium can be distin-
guished by their difference in echogenicity, thereby calculating 
the total pregnancy volume. The volume of the placenta can be 
calculated by subtracting the gestational sac volume from the 
total pregnancy volume.

2.8  |  Statistical analysis

To take the correlation between measurements of the same preg-
nancy into account, we used a linear mixed model. In the first tri-
mester of pregnancy, we used this linear mixed model to assess the 
associations between the different origins of sperm and CRL, EV, 
Carnegie stage, and PV.

Furthermore, we used naturally conceived pregnancies and 
pregnancies after IVF with ejaculated sperm as a reference group for 
the different origins of sperm for ICSI.

For analysis, we used a square root transformation for the CRL 
measurements and a third root transformation for the EV and PV 
measurements, which led to linearity with GA. Carnegie stages were 
not transformed and used as continuous variable. For the graphs 
showing the EV and PV trajectories, the modelled EV and PV were 
retransformed to the original values.

In the first model, we adjusted for GA only. In the second model, 
we additionally adjusted for the paternal covariates age, smoking 
and alcohol use and maternal parity selected based on the charac-
teristics of the study groups and literature.

p-values <0.05 were considered statistically significant. All anal-
yses were performed using SPSS package 24.0 (IBM SPSS Statistics, 
Armonk, NY).

3  |  RESULTS

3.1  |  Baseline

From a total of 1,743 pregnant women included in the cohort, 1,289 
participated together with their male partner. Due to missing ultra-
sound data and women who did not undergo a first-trimester ultra-
sound, 213 pregnancies were excluded. Furthermore, we excluded 
pregnancies because of miscarriage (n = 87), oocyte donation (n = 5), 
congenital malformations (n = 18), intrauterine fetal death (n = 10), 
and termination of pregnancy (n  =  11) and cases with an irregular 
menstrual cycle prior to natural conception (n = 257). The remaining 
688 included pregnancies comprised of 380 naturally conceived preg-
nancies, 140 pregnancies after IVF, and 168 pregnancies after ICSI. 
Of the included ICSI pregnancies, 28 were conceived after ICSI with 
TESE sperm. Five patients were excluded because of an obstructive 
azoospermia. The included 23 patients all underwent TESE because 
of a non-obstructive azoospermia. In the ICSI pregnancy group, 25 
resulted after ICSI with MESA sperm, 16 with cryopreserved sperm 
and 99 with freshly ejaculated sperm (Figure 1). There are no signifi-
cant differences regarding the distribution of the origin of the sperm 
between pregnancies complicated by congenital malformations and 
pregnancies without congenital malformations (P = .09) and between 
pregnancies complicated by intra uterine fetal demise and pregnan-
cies without intra uterine fetal demise (P = .73) (data not shown).

At baseline, there were no significant differences regarding pa-
ternal age, BMI, geographical background, education, alcohol use, 
and smoking between the different ICSI groups. Paternal age was 
significantly lower in the naturally conceived pregnancy group 
compared to the IVF group (33.6 vs 36.2 year respectively (P < .01) 
(Table 1). Regarding maternal factors at baseline, we found no sta-
tistical differences for age, BMI, geographical origin, education, and 
alcohol use. There was a significant difference regarding parity, 
where the percentage nulliparous in the naturally conceived group 
was lower compared to all other groups (P < .001).

Of the included pregnancies resulting after TESE-procedures, 
the indication for ICSI treatment was because of either male (82.6%) 
or combined male–female factor subfertility (17.4%), with 100% 
being a non-obstructive azoospermia (Table S1).

No differences were seen regarding the embryonic growth pa-
rameters CRL and EV when comparing the TESE and MESA-ICSI 
groups with freshly ejaculated sperm-ICSI (Table 2 and Figure 2B). 
Also, when comparing TESE-ICSI with naturally conceived preg-
nancies, EV trajectories were not different (Model 2: TESE-ICSI 
beta: 0.06 (95% confidence interval (CI): −0.01 to 0.13)) (Table 3 a). 
A significantly positive association was found for Model 1 regard-
ing embryonic development estimated in Carnegie stages when 
comparing MESA-ICSI with ICSI with freshly ejaculated sperm 
(beta: 0.38 (95%CI: 0.02 to 0.74)); however, this effect attenu-
ated after correction for confounders (beta: 0.17 (95%CI: −0.18 
to 0.52)) (Table 2).

Model 1 showed a significantly positive association (beta: 0.23 
(95% confidence interval (CI): 0.02 to 0.44)) regarding PV in the 
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TESE-ICSI group when compared to ICSI with freshly ejaculated 
sperm (Table  2). After adjustment for paternal covariates age, 
smoking, alcohol, and maternal parity (Model 2) the significantly 
positive association remains (beta: 0.28 (95%CI: 0.05 to 0.50)). 
Retransformation of the betas to the original values showed that 
PVs of pregnancies after TESE-ICSI are 14.6% (95%CI: 1.4% to 
25.5%) larger at 11 weeks of gestation as compared to pregnancies 
after fresh ejaculated-ICSI (Figure 2A).

To investigate the effect of cryopreservation, we pooled the 
groups with TESE and MESA treatment and cryopreserved sperm, 

and compared them with the group of ICSI with freshly ejaculated 
sperm. Again, we found no statistically significant differences re-
garding trajectories of CRL, EV, PV, and Carnegie stage (Table 3 b).

4  |  DISCUSSION

In this study, we show that pregnancies conceived after TESE-ICSI 
compared with ejaculated sperm-ICSI are associated with trajec-
tories of increased PV in the first trimester of pregnancy, with an 

F I G U R E  1  Flowchart of the in- and exclusions of the study population. ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization; 
MESA, microsurgical epididymal sperm aspiration; TESE, testicular sperm extraction

First trimester inclusions 
N = 1743

ICSI with MESA 
sperm
N = 25

ICSI with cryo 
sperm
N = 16

ICSI with fresh 
ejaculated 

sperm
N = 99

N = 688

Exclusions:
No 1st trimester 
ultrasound (N = 213)

Miscarriage (N = 87)

Oocytdona�on (N = 5)

Congenital 
malforma�on (N = 18)

Intrauterine death (N = 10)

Termina�on of 
pregnancy (N = 11)

Irregular menstrual cycle 
in spontaneous 
pregnancies (N = 257)

First trimester paternal 
inclusions 
N = 1289

Exclusion:
No paternal par�cipa�on, 
informed consent or 
measurements
(N = 454)

               

Pregnancies a�er 
IVF/ICSI
N = 308

Naturally conceived 
pregnancies

N = 380

ICSI with TESE 
sperm
N = 23

IVF
N = 140

Exclusion: 
Obstruc�ve azoospermia
(N = 5)           
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estimate of 14.6% increase at 11 weeks GA. Furthermore, we found 
no differences between TESE-ICSI and ICSI with ejaculated sperm 
regarding embryonic growth and development as measured by CRL, 
EV and Carnegie stages.

The placenta is initiated with the formation of trophectoderm, 
which is part of the developing blastocyst. After fusion of the 
trophoblast cells, two placental lineages are formed, the syncy-
tiotrophoblasts and the cytotrophoblasts. After invasion of the 
syncytiotrophoblasts into decidualised endometrium, the syn-
cytiotrophoblast cells come in contact with the maternal blood 
supply. The role of paternally expressed (and thus maternally im-
printed) genes on early placental growth and development is only 
partially established.12 Imprinted genes have a parent-of-origin ef-
fect by preferential expression of either the maternal or paternal 
inherited allele, emphasizing the essential influence of paternally 
expressed genes for early placental and embryonic development. 
Shortly after conception, a global loss of DNA methylation is ini-
tiated, followed by a remethylation starting from the blastocyst 
stage.18 However, since imprinted genes are largely unaffected by 
the demethylation wave, the epigenetic profile of the sperm cells 
at imprinted genes obtained during spermatogenesis is directly 
passed on to the resulting zygote and maintained in the (extra)
embryonic tissues. Several paternally expressed genes, such as the 
Paternally Expressed Gene (PEG) 3 and PEG 1, all important in early 
growth and development, have shown to already be expressed 
in trophoblast cells.19,20 Animal studies showed that a knockout 
model of PEG 3 resulted in a significant reduction of placental 
size, whereas a knock out model of PEG 1, which is normally ex-
pressed in the invasive syncytiotrophoblasts, showed severe em-
bryonic and placental growth restriction.21 Interestingly, previous 
research showed reduced DNA methylation in testicular sperm of 
azoospermic men of the imprinted gene H19 compared to sperm 
of fertile men.22 The first trimester of pregnancy represents a 
period of rapid cell division and development, where differences 
in epigenetic regulation of genes involved in growth can have a 
large impact. So far, no studies are known investigating differ-
ences in epigenetic marks, such as DNA methylation, in neonates 
conceived after using TESE sperm. Considering our observation 
on the early developmental differences in placental volume in the 
first trimester, this would be of interest.

All testicular and epididydimal extracted sperm is cryopre-
served after collection and thawed at the moment of oocyte pickup. 
Cryopreservation of sperm has been found to significantly alter 
sperm DNA methylation.23,24 However, despite these reported epi-
genetic variations, we found no differences regarding embryonic 
and placental growth and development after pooling of all groups 
using cryopreserved sperm (TESE, MESA, and cryopreserved sperm) 
compared to ICSI with freshly ejaculated sperm. We cannot distin-
guish between the influence of the origin of the sperm or cryopres-
ervation since in our clinic cryopreservation of the sperm is always 
used after TESE and MESA.

The finding of larger PV trajectories in early pregnancies con-
ceived after TESE-ICSI can also be explained by differences in DNA TA
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integrity due to DNA damage. Although the epidydimis is thought 
to play an important role in sperm maturation, a recent meta-anal-
ysis showed that sperm DNA damage, measured by sperm DNA 
fragmentation, can be significantly higher in freshly ejaculated 
sperm compared to testicular sperm.25 The lower sperm DNA frag-
mentation can explain the larger placental development, in terms 
of better development with improved sperm DNA integrity. PV is 
associated with birth outcomes: pregnancies ending in miscarriage 
had smaller placental volumes during the first trimester as com-
pared with those that result in a livebirth, indicating the potential 
beneficial role of using testicular sperm, since we found placental 
volume to be increased.17,26 A confounding factor can be maternal 
smoking, since significantly more women smoked in the TESE-ICSI 
group. However, since smoking is associated with smaller placental 
growth in the first trimester of pregnancy, PV is hypothesized to 
be even larger after using testicular sperm for ICSI in women who 
do not smoke.

Previous research investigating the association between sur-
gically retrieved sperm and pregnancy outcomes comprised of far 
more participants than our study and mentioned no significant 
differences between testicular, epididymal, and ejaculated sperm 
regarding the birth outcomes birthweight and preterm birth.27-29 
The aim of our study was to gain more insight into the early (patho)
physiology of the role of the origin of sperm and embryonic and 
placental development, not to study pregnancy outcomes. Our 
study was not powered to detect differences regarding pregnancy 
outcomes. The posthoc sample size calculation using an α-level of 
0.05 and power of 80%, revealed that at least 80 participants in 
the total study group are needed to accurately show significance 
regarding placental volume, which were present in our study. This 
study revealed the magnitude of effect sizes which will aid to de-
termine an optimal sample size for future larger studies or random-
ized controlled trials.

No effects were established regarding embryonic growth, as mea-
sured by CRL and EV, between the different sperm origins. Since pa-
ternally expressed genes are predominantly expressed in the placenta, 
we expected to show periconceptional paternal effects on PV trajec-
tories. Our group previously showed that IVF-ICSI pregnancies exhibit 
larger embryonic growth compared to naturally conceived pregnancies 
indicating that the procedure itself can induce differences regarding 
embryonic development.30 Another possible explanation for a lack of 
detectable effect of TESE sperm on CRL and EV, could be due to the 
strong impact of the IVF-ICSI procedure itself on epigenetic repro-
gramming of the embryo and endometrial receptivity.31,32

Our study has several strengths and limitations. A strength is the 
availability of multiple serial 3-D ultrasounds in the first trimester 
of the same pregnancy and the possibility to precisely assess sev-
eral morphogenic features of embryonic and placental growth and 
development. Our group previously showed that early PV can reli-
ably be measured with very high intra-class correlation coefficients 
(ICC > 0.95).33 In the present study, we confirm other studies that 
showed no significant differences regarding PV between naturally 
conceived pregnancies (n  =  84) and IVF-ICSI pregnancies (n  =  70) 
(39.8cm3 and 40.2cm3 respectively).34,35 Moreover, unique in our 
study is the comparison of differences in embryonic and placen-
tal growth trajectories in subgroups of ICSI with TESE, MESA and 
ejaculated sperm versus IVF (with ejaculated sperm) with naturally 
conceived pregnancies as reference groups. Furthermore, we were 
able to differentiate between the effects of the cryopreservation 
procedure and the direct effect of TESE sperm itself by showing 
results of all cryopreserved sperm compared to ICSI with freshly 
ejaculated sperm. A limitation of our study remains a relatively low 
number of patients in the different subgroups. Since this study is 
an observational cohort, we adjusted for potential confounders; 
however, residual confounding cannot be fully excluded. We used 
self-administered questionnaires, which are verified face to face at 

F I G U R E  2  Growth trajectories for the pregnancies conceived after ICSI (TESE, MESA, ejaculated), naturally conceived pregnancies and 
IVF pregnancies regarding (A). placental volume and (B). embryonic volume. CI, confidence interval; ICSI, intracytoplasmic sperm injection; 
IVF, in vitro fertilization; MESA, microsurgical epididymal sperm aspiration; TESE, testicular sperm extraction  
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the first consultation by a trained research nurse, to obtain informa-
tion regarding baseline variables. Social desirable answers can be ex-
pected regarding smoking and alcohol use. However, because of an 
expected random effect on both patient groups suffering from sub-
fertility, we assume that confounding of the effect estimates is lim-
ited. In epidemiology, observational studies are performed as a first 
step for hypothesis testing and showing associations. Therefore, the 
results should be interpreted with causation and causality should 
be shown in a randomized controlled design. Our study population 
was recruited from a tertiary hospital. The indication for cryopres-
ervation of sperm, for example, includes hematological or testicular 
cancer, which limits extrapolating of our results to a general popula-
tion. Despite homogenization of the groups per different surgically 
retrieval procedure (only cases with NOA in the TESE group, and 
OA in the MESA group), other differences between groups are pres-
ent, such as the cause of infertility. Since our study population is too 
small to correct or stratify for these factors, future larger studies 
should incorporate these factors in sample size calculation and anal-
yses. Furthermore, we did not investigate birth outcomes, which was 
not an outcome in this study and therefore not powered accordingly.

5  |  CONCLUSION

We show that placental growth trajectories in the first trimester of 
pregnancy are increased in pregnancies conceived after TESE-ICSI as 
compared to ejaculated sperm. No significant differences are shown 
regarding embryonic development measured as CRL, EV and Carnegie 
stages. These findings might be partially explained by differences in 
DNA damage, chromosomal constitution and epigenetics of testicu-
lar sperm as compared to ejaculated sperm. After this explorative 
study, future research should validate these findings in larger cohorts, 
including investigating possible associations with birth outcomes. 
Exploring the underlying pathofysiological mechanisms by measuring 
sperm DNA damage, placental and also the neonatal epigenome will 
provide insights that help optimize preconceptional health and coun-
seling. This will help to further improve pregnancy chances and birth 
outcomes in subfertile couples with male factor subfertility.
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