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KEY MESSAGE
Safety concerns have been raised regarding the use of pentoxifylline to identify viable spermatozoa for in-
tracytoplasmic sperm injection. In the current study this treatment does not appear to increase adverse obstetric
and neo-natal outcomes; however, the cohort was small.

A B S T R A C T

Pentoxifylline (PF) represents an effective tool in stimulating motility and identifying viable spermatozoa in intracytoplasmic sperm injection (ICSI) pa-

tients presenting exclusively with immotile spermatozoa. However, its use is not universally accepted for its possible detrimental effects on oocytes,

embryos or newborns. To evaluate whether PF use may affect obstetrical/neo-natal outcomes, 102 patients achieving a clinical pregnancy after a PF-

ICSI in four IVF units in Spain and Italy were followed up after delivery. Neo-natal malformations were classified according to the World Health Organization

International Classification of Diseases (ICD-10, range Q00-Q99). Malformation rate was compared with data published by other groups regarding chil-

dren conceived by conventional IVF or ICSI reporting a 5.3% and 4.4% frequency of ICD-10 codes, respectively. Of 134 clinical pregnancies, 122 babies

(82 singletons and 40 twins) were registered. Among singletons, the rates of low birthweight (≤2500 g) and preterm birth (<37 weeks) were 6.1% and
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12%, respectively. Regarding malformation rate per live births, 4/122 (3.3%, 95% confidence interval: 0.9–8.2%) babies with ICD-10 malformations

were recorded. This is the first report on neo-natal outcomes deriving from PF-ICSI. Although based on a limited cohort, results do not suggest an

increase of adverse outcomes, including malformation rates, following this procedure.

© 2017 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.

Introduction

The development of intracytoplasmic sperm injection (ICSI) has been
a breakthrough in the treatment of infertility. This technique also allows
the access to IVF procedures to patients with a severe male factor
such as those presenting exclusively with immotile spermatozoa, a
condition known as ‘absolute asthenozoospermia’ (Ortega et al., 2011;
Rubino et al., 2016). It represents a rare condition due either to sperm
cell death (necrozoospermia) or to defects of the sperm motor ap-
paratus related to specific genetic disorders such as the primary ciliary
dyskinesia or the dysplasia of fibrous sheath (Dávila Garza and Patrizio,
2013; Nagy, 2000). Moreover, since sperm motility is enhanced during
epididymal maturation, gametes retrieved by testicular sperm ex-
traction (TESE) are often characterized by the absence of sperm
motility, especially after a freezing/thawing procedure. For these con-
ditions, ICSI represents a demanding technical procedure since
immotile viable spermatozoa cannot be easily distinguished from im-
motile non-viable spermatozoa (Rubino et al., 2016). Three main
strategies have been developed in order to improve ICSI results when
it is not possible to obtain any motile spermatozoa or to identify living
immotile sperm spermatozoa from the ejaculate/TESE samples: (i)
the use of the hypo-osmotic swelling test; (ii) the sperm tail flexibil-
ity test; and (iii) the in-situ use of pharmacological agents such as
caffeine (Garbers et al., 1971) or xanthine derivates such as theoph-
ylline (Loughlin and Agarwal, 1992) and pentoxifylline (PF) (Griveau
et al., 2006; Kovacic et al., 2006; Sharma and Agarwal, 1997). More
specifically, the use of PF is widely used in the daily laboratory routine
as a selection method to identify viable spermatozoa. It can be easily
added to the sperm sample before the ICSI procedure in order to drive
the flagellar movement of live sperm cells through the inhibition of
3’,5’-nucleotidase phosphodiesterase and the resulting increased con-
centration of intracellular cyclic nucleotides (Nassar et al., 1999; Yovich,
1993).

The effectiveness of PF in stimulating motility and improving ICSI
outcomes has been previously described (de Mendoza et al., 2000;
Rubino et al., 2016). However, its use is not universally accepted for
its purported harmful effects on oocytes (artificial activation and mor-
phological changes), embryos (developmental retardation or arrest)
or newborns (teratogenic effects) (Fisher and Gunaga, 1975; Scott and
Smith, 1995; Tournaye et al., 1993). Indeed, three decades ago,
methylxanthine had been reported to cause malformations in animal
models such as mouse, xenopus and chicken (Bruyere et al., 1983;
Dawson and Bantle, 1987; Nakatsuka et al., 1983; York et al., 1986).
Of note, all of these negative effects were derived from the direct ex-
posure of oocytes or embryos to experimentally high concentrations
of xanthine derivates. Conversely, when PF is used for sperm selec-
tion during ICSI, its concentration in the culture drop is negligible and
oocyte/embryo exposure is virtually absent. The French Agence de
la biomédecine included in 2013 the selection of live spermatozoa
before ICSI using inhibitors of phosphodiesterase into the official list
of allowed techniques used for the amelioration of assisted repro-

ductive technology procedures (Agence de BioMédecine, 2013).
However, surprisingly in this regard, published data about its safety
in humans are very scant. Thus, this study was designed to evaluate
whether the use of PF for the stimulation of sperm motility affects
neo-natal outcomes including congenital malformations in children
born after ICSI with the use of PF (PF-ICSI).

Materials and methods

Study design

A retrospective observational cohort multi-centric study was con-
ducted. From 2005 onwards, clinical pregnancies ensued after PF-
ICSI because of immotile spermatozoa were identified in the data sets
of four IVF units: Unidad Reproducción – Complejo Hospitalario
Universitario Granada–Spain; Clínica MasVida y CEIFER Biobanco–
Sevilla–Spain; Infertility Unit- Fondazione IRCCS Ca’ Granda- Ospedale
Maggiore Policlinico–Milan- Italy; Centro Scienze Natalità–IRCCS San
Raffaele Hospital–Milan- Italy. Exclusion criteria were oocyte dona-
tion cycles and maternal age >45 years.

Treatment

Infertility treatments, including hormonal stimulation, oocyte re-
trieval, oocyte vitrification, embryo culture, vitrification and transfer
methods were performed in a standardized manner as described in
details elsewhere (Busnelli et al., 2014; Corti et al., 2013; Intra et al.,
2016; López-Regalado et al., 2014; Restelli et al., 2014; Sarais et al.,
2016). In couples presenting exclusively with immotile spermatozoa
in the ejaculate or frozen samples, ICSI was performed after expos-
ing spermatozoa to PF. The PF (Trental, Sanofi, Origgio, Italy or
Hemovàs, Ferrer, Barcelona, Spain) solution was prepared in a con-
centration 3 or 5 mmol in HEPES buffered medium and stored at
−20°C. After centrifugation of the sperm sample (10 min, 600g), a
volume of 1 − 2 μl of washed spermatozoa was added to 5 μl-drops
of PF solution in an ICSI Petri dish, overlaid with pre-warmed mineral
oil and cultured for 10 to 20 min at 37°C. On an inverted micro-
scope, motile spermatozoa were subsequently selected and aspirated
with an ICSI micropipette, washed in a drop of polyvinylpyrolidone and
microinjected into fresh or thawed oocytes. Resulting embryos were
either transferred between day 2 and day 6 of culture or vitrified, ac-
cording to the characteristics of the cycle and of the patient.

Outcomes

The final analysis was performed considering the clinical pregnan-
cies achieved after the embryo transfer of fresh or vitrified embryos
deriving from fresh or vitrified oocytes fertilized with PF-ICSI. Serum
human chorionic gonadotrophin (HCG) was used to determine a preg-
nancy 2 weeks after embryo transfer; this level was subsequently
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tested serially to monitor the rise in titres. A clinical pregnancy was
defined as the presence of a gestational sac with fetal heart activity
on ultrasound examination 5 weeks after embryo transfer. Live birth
was defined as the delivery of at least one viable newborn after 24
weeks’ gestation. Miscarriage was defined as the loss of a clinical
pregnancy before 20 weeks’ gestation. Stillbirth was defined as the
fetal death at or after 20 completed weeks of gestational age.

According to the clinical routine, all pregnant women were ac-
tively followed-up and data on pregnancy outcomes were systematically
obtained. A telephonic follow up of pregnancies was performed after
a period of 1 to 3 months after the estimated date of birth and spe-
cific questions/answers on neo-natal malformations were registered.
In case of positive feedback for adverse obstetrical events or neo-
natal malformations, clinical charts were thereafter analysed in order
to record obstetric and neo-natal outcomes.

Neo-natal malformations were classified according to the Inter-
national Classification of Diseases and health related problems ICD-
10, 10th revision (ICD-Code, 2007) including congenital malformations,
deformations and chromosomal abnormalities in the coding range
Q00-Q99. The neo-natal malformation rate was calculated as the
number of affected live births divided by the total number of live births
(EUROCAT Guide 1.4 and Reference Documents, 2013).

Data analysis

The rate of malformations of children born after PF-ICSI was com-
pared with historical data previously published regarding children
conceived by conventional IVF who underwent a prospective clinical
follow-up study, but not a systematic screening programme (at least
two ultrasounds), at birth reporting a frequency of ICD-10 codes =
5.3% (139/2608) (Bonduelle et al., 2002). As a secondary analysis, mal-
formation rate was compared with historical data previously published
regarding children conceived by ICSI (Bonduelle et al., 2002) with a
frequency of ICD-10 codes = 4.4% (114/2612) (Bonduelle et al., 2002).

This incidence was used to calculate the expected confidence in-
terval for the cohort of PF-ICSI children. A sample size of 100 newborns
was estimated to be large enough to demonstrate a two-fold higher
frequency of neo-natal malformations (proportion of ICD-10 codes)

in the PF-ICSI group compared with those detected in the previ-
ously published dataset considered for comparison (Bonduelle et al.,
2002) (type I and II errors at 0.05 and 0.20 respectively).

The total malformation rate was obtained from the following
formula: (affected live births + affected stillbirths + induced abor-
tion for malformation) divided by (total number of live births +
stillbirths) (EUROCAT Guide 1.4 and Reference Documents, 2013).

Continuous data are presented as absolute, mean with standard
deviations (SD). Categorical variables are presented as absolute, per-
centage frequency with 95% confidence interval (95% CI). Data were
analysed using the software SPSS 18.0 (Chicago, IL., USA) and com-
pared using Fisher’s exact test or Wilcoxon’s non-parametric test,
as appropriate.

Ethical approval

The Ethical Committee Comitato Etico Milano Area B approved the
study (ref. 639–2015, 29/09/2015). All women were routinely re-
quested to provide an informed consent for their data to be used for
research purposes.

Results

The biochemical pregnancy rate was 12% (95% CI: 7 − 19%), however
this was not included in the main analysis. Out of 139 clinical preg-
nancies 106 (76%) births of at least one baby were registered. One
hundred and twenty-seven babies (85 singletons and 42 twins) were
born and the neo-natal follow up was available for 82 singletons and
40 twins. Final data analysis included 134 clinical pregnancies with
known obstetrical/neo-natal outcome for a total of 122 newborns from
102 deliveries, 28 miscarriages, two stillbirths and two induced abor-
tions (Figure 1). The main characteristics of the studied cycles and
the obstetrical outcomes are shown in Tables 1 and 2, respectively.
Clinical pregnancies were mostly derived from fresh cycles (84%). Neo-
natal outcomes are reported in Table 3. Considering singletons and
twins as one group, the male:female ratio at birth was 0.85, with an

Figure 1 – Flow chart of clinical pregnancies included in this study.
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incidence of male sex equal to 46% (95% CI: 37 − 55%). Mean ges-
tational age at the delivery was 38+6 ± 2+6 weeks, with differences
between singleton pregnancies (39+2 ± 2+5 weeks) and twins (36+6 ±
2+2 weeks). Mean birth weight at delivery was 2984 ± 669 g, with sig-
nificant differences (P < 0.001) between singletons (3242 ± 577 g) and
twins (2434 ± 481 g).

Regarding malformation rate per live births, 4/122 (3.3%, 95% CI
0.9 − 8.2%) babies with ICD-10 malformations were recorded, namely
one Q67 and one Q65 affecting the musculoskeletal system, one Q14
affecting the eye and one Q43 affecting the intestine. The sperm origin
in relation to the clinical pregnancy is indicated in Table 1. Consid-
ering deliveries (n = 102), sperm origin was testicular in 89 cases,
epididymal in six and deriving from ejaculated spermatozoa in seven
cases. The four babies with ICD-10 malformations were born in PF-
ICSI cycles with testicular spermatozoa. Of note, three out of four

malformations were recorded in babies born from twin pregnan-
cies. Moreover, one woman had a preterm premature rupture of
membranes at 24 weeks of gestation and the baby died one week after
delivery without reported malformations.

Based on data previously published on the expected prevalence
rate of ICD-10 malformations among children born with conven-
tional IVF (Bonduelle et al., 2002), the risk of having an affected
offspring among PF-ICSI patients would be 5.3%, with a 95% CI ranging
from 1.8% to 10.4%. The observed 3.3% of ICD-10 malformation codes
is included in this CI, indicating a non-increased risk for PF-ICSI babies
compared with IVF babies. The comparison between neo-natal out-
comes in PF-ICSI babies compared with the previously published data
is reported in Table 4. The analysis was also repeated using ICSI babies
based on previously published data (Bonduelle et al., 2002). The ex-
pected prevalence of ICD-10 malformations in ICSI newborns according
to Bonduelle et al. (2002) was 4.4%; this value corresponds to a 95%
CI ranging from 1.3 to 9.3% in the study group, which includes the
3.3% rate of ICD-10 codes observed herein.

Considering singletons and multiples separately, the observed mal-
formation rates were 1.2% (95% CI: 0.0 − 6.7%) in singletons and 7.5%
in twins (95% CI: 1.6 − 20.4%), respectively.

The total malformation rate according to ICD-10 classification was
4 (affected live births) + 1 (affected stillbirth) + 2 (induced abortions)
divided by 122 (live births) + 2 (stillbirths) = 7/124 = 5.6% (95% CI: 2.3
− 11.3%). The affected stillbirth had a trisomy 18; the two induced abor-
tions were affected by trisomy 18 and 16, respectively. All of the
malformations were observed in fresh cycles with the exception of
the Q67.3, which derived from a vitrified embryo.

Since none of the neo-natal malformations was seen in couples
using ejaculated spermatozoa and one affected stillbirth was regis-
tered in one couple using ejaculated spermatozoa, the subgroup of
children born after PF-ICSI with testicular or epididymal spermato-
zoa was also analysed and a 3.5% (4/114) rate of ICD-10 codes per
live birth and a 5.2% (6/116) rate of total malformation rate was
observed.

Table 1 – Clinical characteristics of the studied cycles.

Characteristics Number (%) or mean ±
standard deviation

No. of patients 120
No. of clinical pregnancies 134
Age at conception (years) 34.1 ± 4.4
Use of folic acid supplement 81 (60)
Type of treatment

Fresh cycle 112 (84)
Vitrified oocytes 3 (2)
Vitrified embryos 19 (14)

Sperm origin
Testicular 113 (84)
Epididymal 9 (7)
Ejaculated 12 (9)

No. of embryos transferred 1.9 ± 0.5
1 29 (22)
2 94 (70)
3 11 (8)

Day of embryo transfer
Day 2–3 110 (82)
Day 4 13 (10)
Day 5–6 11 (8)

Table 2 – Clinical characteristics of the studied clinical
pregnancies (n = 134).

Characteristics Number (%)

Order of clinical pregnancies
Singleton 106 (79.1)
Twin 28 (20.9)

Adverse pregnancy outcome
Miscarriage rate 28 (20.9)
Miscarriage <12 weeks 26 (19.4)
Miscarriage 12 − 19 weeks 2 (1.5)
Stillbirth ≥20 weeks 2 (1.5)
Therapeutic abortion 2 (1.5)

Livebirths 102 (76.1)
Order of deliveries

Singleton 82 (80.4)
Twin 20 (19.6)

Gestational hypertension 4 (3.0)
Gestational diabetes 11 (8.2)
Placenta previa 1 (0.7)
Premature rupture of membranes 11 (8.2)

Table 3 – Obstetric/neo-natal outcomes of the studied
deliveries (n = 102).

Characteristics Singletons,
n = 82
deliveries,
82 newborns

Twins,
n = 20
deliveries,
40 newborns

Gestational weeks (+days) at deliverya 39+2 ± 2+5 b 36+6 ± 2+2 b

Preterm delivery (<37 weeks): n (%) 10 (12)b 9 (45)b

Birth weight (grams) 3242 ± 577b 2434 ± 481b

Birth weight <1500 grams: n (%) 2 (2) 2 (5)
Birth weight 1500–2500 grams: n (%) 3 (4)b 18 (45)b

Birth weight >4500 grams (%) 0% 0%
Neo-natal death n (%) 1 (1) 0 (0)
ICD-10 malformations (newborns)

n (%)
1 (1) 3 (8)

Congenital intestinal anomaly (Q43.9)
n (%)

0 (0) 1 (3)

Positional plagiocephaly (Q67.3) n (%) 0 (0) 1 (3)
Hip dysplasia (Q65.89) n (%) 0 (0) 1 (3)
Congenital macular changes (Q14.1)

n (%)
1 (1) 0 (0)

a Calculated from the day of embryo transfer + 14 days + age of the embryo.
b P ≤ 0.002 within rows.
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Discussion

This is the first study addressing the neo-natal outcomes of babies
born after ICSI using spermatozoa treated with PF. The drug acts
via the cyclic AMP pathway to induce downstream sperm tail
protein phosphorylation stimulating motility and therefore it is
widely used when motility is not yet induced such as for testicular
spermatozoa. Obviously, it is not useful for the treatment of sperm
structural dysfunctions. Some concerns have been raised about its
embryotoxic potential (Rubino et al., 2016). The most important
consideration in all IVF procedures is indeed patients’ safety, both
for the women undergoing the procedures and for any potential
resulting offspring.

Reassuringly, gestational age at delivery in single pregnancies and
in pregnancies of twins after PF-ICSI were similar to those ob-
served in two cohorts of assisted reproductive technology pregnancies
from Italy and Spain (Levi Setti et al., 2016; Ricciarelli et al., 2013),
the comparison with which could include variability due to geographi-
cal heterogeneity. The rate of biochemical pregnancies was in line
with that reported for the previously published dataset to which we
have referred (Bonduelle et al., 2002). Similarly, early and late abor-
tion rates, birth weight and male to female ratio both were in line with
those reported in the international literature (Farquhar et al., 2015;
Qin et al., 2016; Tarín et al., 2014).

A 0.85 male:female ratio has been observed in this study; al-
though during PF-ICSI a selection bias of X- or Y- chromosome bearing
spermatozoa cannot be excluded, a significant effect of PF-ICSI on
the male:female ratio in the newborns was not recorded. However,
due to the sample size, the cohort was not suitable to highlight pos-
sible subtle modifications of the sex ratio with the use of PF.
Interestingly, other studies have found significantly lower sex ratios
(fewer males) being produced under ICSI than under other treat-
ment methods (Fedder et al., 2013; Maalouf et al., 2014).

This study found an incidence of 12% for prematurity in single-
ton pregnancies, very similar to the rate reported for other cohorts
of assisted reproductive technology babies (Levi Setti et al., 2016;
Ricciarelli et al., 2013). Among multiple pregnancies, 45% had pre-
mature delivery, which is consistent with the 42 − 68% rate reported
by other European countries (Ricciarelli et al., 2013).

The percentage of stillbirth observed was similar to that re-
ported for assisted reproductive technology pregnancy (Bonduelle
et al., 2002; Koudstaal et al., 2000; Ricciarelli et al., 2013; Westergaard
et al., 1999). It seems to be slightly, but not significantly, higher than
the observed in natural conceptions (Fedder et al., 2013). An in-
creased risk of early neo-natal and infant deaths in assisted
reproductive technology treatment might be partially explained by the

increased incidence of preterm birth among assisted reproductive
technology children since gestational age is a crucial risk factor for
perinatal death (Henningsen et al., 2014).

The risk of congenital anomalies after assisted reproductive tech-
nology treatment is still a debated and controversial issue. Several
cohort studies showed a higher risk of congenital defects in as-
sisted conception children (Chen et al., 2014; El-Chaar et al., 2009;
Tararbit et al., 2011) while others suggested a slight or no in-
creased risk. Overall, two large meta-analyses showed an increased
risk for congenital malformations in children following IVF and ICSI
compared with those naturally conceived (Hansen et al., 2005; Rimm
et al., 2004). This finding was confirmed in a recent meta-analysis
of 46 studies assessing the effect of IVF and ICSI on birth defects com-
pared with naturally conceived children (Wen et al., 2012). In any case,
in a meta-analysis taking into account the contribution of subfertility
as a risk factor for major congenital malformations, the risk dimin-
ished substantially (Rimm et al., 2011). Although preliminary, the
percentage of congenital malformations observed in newborns of this
study was 3.3%, which is similar to the prevalence of congenital
anomalies recorded in Europe (2.6%) based on population-based reg-
isters (EUROCAT Guide 1.4 and Reference Documents, 2013) (Dolk
et al., 2010). This estimate is also not increased compared with the
rate of congenital malformation found by Allen and Douglas (2006)
in Canada (4.2%) and that reported in the South Australia Registry
(5.8%) (Davies et al., 2012) in the normal conception population. It is
also not higher than that found in assisted reproductive technology
pregnancies (3.8%) (Rimm et al., 2011). The incidence of congenital
malformations of the musculoskeletal system and central nervous
system has also been reported previously as the most frequent in as-
sisted reproductive technology pregnancies (Wen et al., 2012).

In this study, the frequency of congenital malformations in mul-
tiple pregnancies was higher than in singleton pregnancies although
the difference did not reach significance. The literature assessing pos-
sible differences in malformations between multiple and singleton
pregnancies is also controversial. Findings reported can be differ-
ent according to the congenital malformations considered, if only major
or not, and the number of cases observed. However, a recent meta-
analysis showed a higher risk of congenital malformations (RR = 1.26,
95% CI 1.09–1.46) in dichorionic twins born after assisted reproduc-
tive technology treatment (Qin et al., 2016).

Several syndromes involving epigenetic alterations have been as-
sociated with assisted reproductive technology, especially where ICSI
was used to achieve fertilization (Cox et al., 2002; DeBaun et al., 2003;
Gicquel et al., 2003; Moll et al., 2003). These include Beckwith
Wiedemann syndrome, Angelman syndrome and retinoblastomas. No
epigenetic disorders were reported in the present series of PF-ICSI
births.

Table 4 – Obstetric/neo-natal outcomes of the study group compared with previously published data.

Characteristics Expected incidence according to
Bonduelle et al., 2002 (%)

Expected 95% CI in the study
group

Observed incidence (95% CI) in
the study group

Stillbirths 1.3 0.2–5.7 1.6 (0.3–5.2)
Perinatal death 2.2a 0.2–6.8 0.08 (0.02–4.4)
Prematurity in newbornsa 31.2b 23.1–40.2 23.0 (15.8–21.4)
ICD-10 malformations in newborns 5.3 1.8–10.4 3.3 (0.9–8.2)

95% CI = 95% confidence interval.
a < 37 weeks of gestation.
b Singletons + twins.
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There are some weaknesses in this study. First of all, the lack of
an adequate control group is a major drawback for this report. The
results have been compared with historical data previously pub-
lished regarding a large cohort of assisted reproductive technology
children born in Belgium between 1983 and 1999 (Bonduelle et al.,
2002) but that cohort cannot strictly be considered an ideal compari-
son group for the present study. In fact children considered in the
study by Bonduelle et al. (Bonduelle et al., 2002) underwent an ad
hoc physical examination during a prospective clinical follow-up study
while data from this study were initially obtained from parents, not
directly from medical sheets; for this reason, in this study’s cohort
congenital malformation rate can be underestimated and there is a
risk of reporting/coding errors. Thus, the real birth defect rate may
be higher than data imply. Secondly, since most of the babies from
this study derived from PF-ICSI cycles with testicular spermatozoa,
the ideal comparison group would be ICSI cycles performed without
motility enhancers. Unfortunately, such a control group could not be
supplied or found in the literature. Therefore, this study firstly com-
pared PF-ICSI babies with those conceived with conventional IVF; we
believe that this previously published cohort represents the most suit-
able for our purpose given the virtual absence of cycles with the use
of PF. In fact the use of PF in a standard IVF is not beneficial (Dimitriadou
et al., 1995; Tournaye et al., 1994). On the other hand, comparison
has also been provided with babies born after ICSI. This comparison
has the advantage of the same insemination technique but could not
completely exclude the confounding effect of the use of motility en-
hancers also in the comparison group. Of note, sperm origin and severe
male infertility have been indicated as possible confounders when study-
ing congenital malformations in newborns with particular regard to
cryptorchidism and hypospadias (Asklund et al., 2007; Fedder et al.,
2013; Skakkebæk et al., 2001); however, in this study, no malforma-
tions linked to the male reproductive dysfunctions were observed.

Thirdly, only neo-natal information was collected and the study
lacked a long follow-up for most children. However, two-thirds of major
malformations are detected within the first seven days of life, so we
can assume that results from this study in congenital malforma-
tions are not far from the actual situation. Finally, the sample size
is not enough to estimate the possible effect of confounding factors
such as age of parents, sperm origin or use of vitrified oocytes/
embryos. Strengths of the study include its novelty, the multicentric/
international nature and with a sample size, as calculated, able to
detect a statistically significant increase in neo-natal malformation
rate in the PF-ICSI group of at least two-fold higher compared with
that observed by Bonduelle and co-workers (Bonduelle et al., 2002)
in a series of children conceived by conventional IVF or ICSI. Fur-
thermore, the cycles included in this analysis are quite heterogeneous
(type of treatment, embryo stage at transfer) and this heterogeneity
may influence the results. However, since no increased risk for mal-
formations was seen, a specific analysis of confounding factors may
be avoided.

In conclusion, this is the first report on neo-natal outcomes de-
riving from PF-ICSI. The percentage of congenital malformations
observed in newborns was 3.3%, which is not increased compared
with the rate of congenital malformations observed in IVF babies and
in the general European population reported by EUROCAT. Multiplic-
ity seems to be the most important factor behind the increased
incidence of newborn malformations and complications such as
preterm birth. Findings derived from this study need however to be
considered with caution. The number of observations considered in
this analysis is very limited for a contribution reporting on neo-

natal outcomes. Larger studies and a nationwide registry including
all IVF units are needed to confirm these data.

Acknowledgements

This article is related to the PhD doctoral thesis of P Navas.

A R T I C L E I N F O

Article history:

Received 30 June 2016

Received in revised form 19 December 2016

Accepted 11 January 2017

Declaration: The authors report no

financial or commercial conflicts of

interest.

Keywords:

ICSI

IVF

Low birthweight

Malformations

Pentoxifylline

Preterm birth

R E F E R E N C E S

Agence de BioMédecine, 2013. Liste des Procédés biologiques
régulièrement utilisés en AMP et des techniques visant a’ améliorer
les procédé s biologiques autorisés. http://www.agence-
biomedecine.fr/Procedes-et-techniques-d-AMP?lang=fr#1.
(Accessed 3 September 2016).

Allen, V.M., Douglas, W.R. 2006. Pregnancy outcome after assisted
reproductive technology. Joint SOGC-CFAS Guideline.173, 222–233.

Asklund, C., Jørgensen, N., Skakkebæk, N.E., Jensen, T.K., 2007.
Increased frequency of reproductive health problems among fathers
of boys with hypospadias. Hum. Reprod. 22, 2639–2646.

Bonduelle, M., Liebaers, I., Deketelaere, V., Derde, M.P., Camus, M.,
Devroey, P., Van Steirteghem, A., 2002. Neonatal data on a cohort of
2889 infants born after ICSI (1991–1999) and of 2995 infants born
after IVF (1983–1999). Hum. Reprod. 17, 671–694.

Bruyere, H.J., Jr., Matsuoka, R., Carlsson, E., Cheung, M.O., Dean, R.,
Gilbert, E.F., 1983. Cardiovascular malformations associated with
administration of prenalterol to young chick embryos. Teratology 28,
75–82.

Busnelli, A., Somigliana, E., Benaglia, L., Sarais, V., Ragni, G., Fedele, L.,
2014. Thyroid axis dysregulation during in vitro fertilization in
hypothyroid-treated patients. Thyroid 24, 1650–1655.

Chen, L., Xu, Z., Zhang, N., Wang, B., Chen, H., Wang, S., Sun, H., 2014.
Neonatal outcome of early rescue ICSI and ICSI with ejaculated
sperm. J. Assist. Reprod. Genet. 31, 823–828.

Corti, L., Papaleo, E., Pagliardini, L., Rabellotti, E., Molgora, M., La
Marca, A., Vigano, P., Candiani, M., 2013. Fresh blastocyst transfer
as a clinical approach to overcome the detrimental effect of
progesterone elevation at hCG triggering: a strategy in the context of
the Italian law. Eur. J. Obstet. Gynecol. Reprod. Biol. 171, 73–77.

Cox, G.F., Bürger, J., Lip, V., Mau, U.A., Sperling, K., Wu, B.L.,
Horsthemke, B., 2002. Intracytoplasmic sperm injection may
increase the risk of imprinting defects. Am. J. Hum. Genet. 71, 162–
164.

419R E P R O D U C T I V E B I O M E D I C I N E O N L I N E 3 4 ( 2 0 1 7 ) 4 1 4 – 4 2 1

http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0010
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0010
http://www.agence-biomedecine.fr/Procedes-et-techniques-d-AMP?lang=fr#1
http://www.agence-biomedecine.fr/Procedes-et-techniques-d-AMP?lang=fr#1
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0015
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0015
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0020
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0020
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0020
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0025
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0025
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0025
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0025
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0030
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0030
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0030
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0030
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0035
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0035
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0035
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0040
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0040
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0040
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0045
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0045
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0045
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0045
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0045
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0050
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0050
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0050
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0050


de Mendoza, M.V., González-Utor, A.L., Cruz, N., Gutiérrez, P., Cascales,
F., Sillero, J.M., 2000. In situ use of pentoxifylline to assess sperm
vitality in intracytoplasmic sperm injection for treatment of patients
with total lack of sperm movement. Fertil. Steril. 74, 176–177.

Dávila Garza, S.A., Patrizio, P., 2013. Reproductive outcomes in patients
with male infertility because of Klinefelter’s syndrome, Kartagener’s
syndrome, round-head sperm, dysplasia fibrous sheath, and ‘stump’
tail sperm: an updated literature review. Curr. Opin. Obstet. Gynecol.
25, 229–246.

Davies, M.J., Moore, V.M., Willson, K., Van Essen, P., Priest, K., Scott,
H.B., 2012. Reproductive technologies and the risk of birth defects.
N. Engl. J. Med. 366, 1803–1813.

Dawson, D.A., Bantle, J.A., 1987. Coadministration of methylxanthines
and inhibitor compounds potentiates teratogenicity in Xenopus
embryos. Teratology 35, 221–227.

DeBaun, M.R., Niemitz, E.L., Feinberg, A.P., 2003. Association of
in vitro fertilization with Beckwith-Wiedemann syndrome and
epigenetic alterations of LIT1 and H19. Am. J. Hum. Genet. 72,
156–160.

Dimitriadou, F., Rizos, D., Mantzavinos, T., Arvaniti, K., Voutsina, K.,
Prapa, A., Kanakas, N., 1995. The effect of pentoxifylline on sperm
motility, oocyte fertilization, embryo quality, and pregnancy outcome
in an in vitro fertilization program. Fertil. Steril. 63, 880–886.

Dolk, H., Loane, M., Garne, E., 2010. The prevalence of congenital
anomalies in Europe. Adv. Exp. Med. Biol. 686, 349–364.

El-Chaar, D., Yang, Q., Gao, J., Bottomley, J., Leader, A., Wen, S.W.,
2009. Risk of birth defects increased in pregnancies conceived by
assisted human reproduction. Fertil. Steril. 92, 1557–1561.

EUROCAT Guide 1.4 and Reference Documents, 2013. European
surveillance of congenital anomalies (EUROCAT) Guide 1.4 and
Reference Documents. http://www.eurocat-network.eu/content/
Full%20Guide%201%204.pdf.

Farquhar, C., Rishworth, J.R., Brown, J., Nelen, W.L., Marjoribanks, J.,
2015. Assisted reproductive technology: an overview of Cochrane
Reviews. Cochrane Database Syst. Rev. (15), CD010537.

Fedder, J., Loft, A., Parner, E.T., Rasmussen, S., Pinborg, A., 2013.
Neonatal outcome and congenital malformations in children born
after ICSI with testicular or epididymal sperm: a controlled national
cohort study. Hum. Reprod. 28, 230–240.

Fisher, D.L., Gunaga, K.P., 1975. Theophylline induced variations in
cyclic AMP content of the superovulated preimplantation mouse
embryo. Biol. Reprod. 12, 471–476.

Garbers, D.L., First, N.L., Sullivan, J.J., Lardy, H.A., 1971. Stimulation
and maintenance of ejaculated bovine spermatozoan respiration and
motility by caffeine. Biol. Reprod. 5, 336–339.

Gicquel, C., Gaston, V., Mandelbaum, J., Siffroi, J.P., Flahault, A., Le
Bouc, Y., 2003. In vitro fertilization may increase the risk of
Beckwith-Wiedemann syndrome related to the abnormal imprinting
of the KCN1OT gene. Am. J. Hum. Genet. 72, 1338–1341.

Griveau, J.F., Lobel, B., Laurent, M.C., Michardière, L., Le Lannou, D.,
2006. Interest of pentoxifylline in ICSI with frozen-thawed testicular
spermatozoa from patients with non-obstructive azoospermia.
Reprod. Biomed. Online 12, 14–18.

Hansen, M., Bower, C., Milne, E., De Klerk, N., Kurinczuk, J.J., 2005.
Assisted reproductive technologies and the risk of birth defects – a
systematic review. Hum. Reprod. 20, 328–338.

Henningsen, A.K., Wennerholm, U.B., Gissler, M., Romundstad, L.B.,
Nygren, K.G., Tiitinen, A., Skjaerven, R., Andersen, A.N., Lidegaard,
O., Forman, J.L., Pinborg, A., 2014. Reply: implication of the liberal
use of ART in Nordic countries: should stricter guidelines be created
to prevent unnecessary stillbirth and preterm delivery? Hum.
Reprod. 29, 2600–2601.

ICD-Code, 2007. The international statistical classification of diseases
and related health problems (ICD-code).
http://www.who.int/classifications/apps/icd/icd10online/.

Intra, G., Alteri, A., Corti, L., Rabellotti, E., Papaleo, E., Restelli, L.,
Biondo, S., Garancini, M.P., Candiani, M., Viganò, P., 2016.
Application of failure mode and effect analysis in an assisted

reproductiontechnology laboratory. Reprod. Biomed. Online 33, 132–
139.

Koudstaal, J., Braat, D.D., Bruinse, H.W., Naaktgeboren, N., Vermeiden,
J.P., Visser, G.H., 2000. Obstetric outcome of singleton pregnancies
after IVF: a matched control study in four Dutch university hospitals.
Hum. Reprod. 15, 1819–1825.

Kovacic, B., Vlaisavljevic, V., Reljic, M., 2006. Clinical use of
pentoxifylline for activation of immotile testicular sperm before ICSI
in patients with azoospermia. J. Androl. 27, 45–52.

Levi Setti, P.E., Moioli, M., Smeraldi, A., Cesaratto, E., Menduni, F., Livio,
S., Morenghi, E., Patrizio, P., 2016. Obstetric outcome and incidence
of congenital anomalies in 2351 IVF/ICSI babies. J. Assist. Reprod.
Genet. 33, 711–717.

López-Regalado, M.L., Clavero, A., Gonzalvo, M.C., Serrano, M.,
Martínez, L., Mozas, J., Rodríguez-Serrano, F., Fontes, J., Castilla,
J.A., 2014. Randomised clinical trial comparing elective single-
embryo transfer followed by single-embryo cryotransfer versus
double embryo transfer. Eur. J. Obstet. Gynecol. Reprod. Biol. 178,
192–198.

Loughlin, K.R., Agarwal, A., 1992. Use of theophylline to enhance sperm
function. Arch. Androl. 28, 99–103.

Maalouf, W.E., Mincheva, M.N., Campbell, B.K., Hardy, I.C., 2014. Effects
of assisted reproductive technologies on human sex ratio at birth.
Fertil. Steril. 101, 1321–1325.

Moll, A.C., Imhof, S.M., Schouten-van Meeteren, A.Y., Van Leeuwen, F.E.,
2003. In-vitro fertilisation and retinoblastoma. Lancet 19, 361–1392.

Nagy, Z.P., 2000. Sperm centriole disfunction and sperm immobility.
Mol. Cell. Endocrinol. 15, 59–62.

Nakatsuka, T., Hanada, S., Fujii, T., 1983. Potentiating effects of
methylxanthines on teratogenicity of mitomycin C in mice.
Teratology 28, 243–247.

Nassar, A., Mahony, M., Morshedi, M., Lin, M.H., Srisombut, C.,
Oehninger, S., 1999. Modulation of sperm tail protein tyrosine
phosphorylation by pentoxifylline and its correlation with
hyperactivated motility. Fertil. Steril. 71, 919–923.

Ortega, C., Verheyen, G., Raick, D., Camus, M., Devroey, P., Tournaye,
H., 2011. Absolute asthenozoospermia and ICSI: what are the
options? Hum. Reprod. Update 17, 684–692.

Qin, J.B., Wang, H., Sheng, X., Xie, Q., Gao, S., 2016. Assisted
reproductive technology and risk of adverse obstetric outcomes in
dichorionic twin pregnancies: a systematic review and meta-
analysis. Fertil. Steril. 105, 1180–1192.

Restelli, L., Paffoni, A., Corti, L., Rabellotti, E., Mangiarini, A., Viganò, P.,
Somigliana, E., Papaleo, E., 2014. The strategy of group embryo
culture based on pronuclear pattern on blastocyst development: a
two center analysis. J. Assist. Reprod. Genet. 31, 1629–1634.

Ricciarelli, E., Bruna, I., Verdú, V., Torrelló, M.J., Herrer, R., Gris, J.M.,
Arroyo, G., Pérez-Millán, F., Del Río, F., Fernández-Sánchez, M.,
Cabello, Y., Ardoy, M., Fernández-Shaw, S., 2013. Impact of assisted
reproduction treatments on Spanish newborns: report of 14,119
pregnancies. J. Assist. Reprod. Genet. 30, 897–905.

Rimm, A.A., Katayama, A.C., Diaz, M., Katayama, K.P., 2004. A meta-
analysis of controlled studies comparing major malformation rates
in IVF and ICSI infants with naturally conceived children. J. Assist.
Reprod. Genet. 21, 437–443.

Rimm, A.A., Katayama, A.C., Katayama, K.P., 2011. A meta-analysis
of the impact of IVF and ICSI on major malformations after
adjusting for the effect of subfertility. J. Assist. Reprod. Genet. 28,
699–705.

Rubino, P., Viganò, P., Luddi, A., Piomboni, P., 2016. The ICSI procedure
from past to future: a systematic review of the more controversial
aspects. Hum. Reprod. Update 22, 194–227.

Sarais, V., Pagliardini, L., Rebonato, G., Papaleo, E., Candiani, M.,
Viganò, P., 2016. A comprehensive analysis of body mass index effect
on in vitro fertilization outcomes. Nutrients 23, 109.

Scott, L., Smith, S., 1995. Human sperm motility-enhancing agents have
detrimental effects on mouse oocytes and embryos. Fertil. Steril. 63,
166–175.

420 R E P R O D U C T I V E B I O M E D I C I N E O N L I N E 3 4 ( 2 0 1 7 ) 4 1 4 – 4 2 1

http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0055
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0055
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0055
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0055
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0060
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0060
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0060
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0060
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0060
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0065
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0065
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0065
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0070
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0070
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0070
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0075
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0075
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0075
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0075
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0080
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0080
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0080
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0080
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0085
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0085
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0090
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0090
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0090
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0095
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0095
http://www.eurocat-network.eu/content/Full%20Guide%201%204.pdf
http://www.eurocat-network.eu/content/Full%20Guide%201%204.pdf
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0100
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0100
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0100
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0105
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0105
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0105
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0105
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0110
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0110
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0110
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0115
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0115
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0115
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0120
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0120
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0120
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0120
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0125
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0125
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0125
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0125
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0130
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0130
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0130
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0135
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0135
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0135
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0135
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0135
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0135
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0140
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0140
http://www.who.int/classifications/apps/icd/icd10online/
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0145
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0145
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0145
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0145
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0145
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0150
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0150
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0150
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0150
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0155
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0155
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0155
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0160
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0160
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0160
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0160
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0165
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0165
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0165
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0165
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0165
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0165
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0170
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0170
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0175
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0175
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0175
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0180
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0180
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0185
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0185
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0190
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0190
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0190
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0195
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0195
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0195
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0195
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0200
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0200
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0200
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0205
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0205
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0205
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0205
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0210
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0210
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0210
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0210
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0215
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0215
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0215
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0215
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0215
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0220
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0220
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0220
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0220
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0225
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0225
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0225
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0225
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0230
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0230
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0230
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0235
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0235
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0235
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0240
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0240
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0240


Sharma, R.K., Agarwal, A., 1997. Influence of artificial stimulation on
unprocessed and Percoll-washed cryopreserved sperm. Arch.
Androl. 38, 173–179.

Skakkebæk, N.E., Rajpert-De Meyts, E., Main, K.M., 2001. Testicular
dysgenesis syndrome: an increasingly common developmental
disorder with environmental aspects. Hum. Reprod. 16, 972–978.

Tararbit, K., Houyel, L., Bonnet, D., De Vigan, C., Lelong, N., Goffinet, F.,
2011. Risk of congenital heart defects associated with assisted
reproductive technologies: a population-based evaluation. Eur.
Heart J. 32, 500–508.

Tarín, J.J., García-Pérez, M.A., Hermenegildo, C., Cano, A., 2014.
Changes in sex ratio from fertilization to birth in assisted-
reproductive-treatment cycles. Reprod. Biol. Endocrinol. 23, 12–56.

Tournaye, H., Van der Linden, M., Van den Abbeel, E., Devroey, P., Van
Steirteghem, A., 1993. Effects of pentoxifylline on in-vitro
development of preimplantation mouse embryos. Hum. Reprod. 8,
1475–1480.

Tournaye, H., Janssens, R., Verheyen, G., Devroey, P., Van Steirteghem,
A., 1994. In vitro fertilization in couples with previous fertilization
failure using sperm incubated with pentoxifylline and
2-deoxyadenosine. Fertil. Steril. 62, 574–579.

Wen, J., Jiang, J., Ding, C., Dai, J., Liu, Y., Xia, Y., Liu, J., Hu, Z., 2012.
Birth defects in children conceived by in vitro fertilization and
intracytoplasmic sperm injection: a meta-analysis. Fertil. Steril. 97,
1331–1337.

Westergaard, H.B., Tranberg, J., Erb, K., Andersen, N., 1999. Danish
National in vitro Registry 1994 and 1995: a controlled study of births,
malformations and cytogenetic finding. Hum. Reprod. 14, 1896–
1902.

York, R.G., Randall, J.L., Scott, W.J., Jr., 1986. Teratogenicity of
paraxanthine (1,7-dimethylxanthine) in C57BL/6J mice. Teratology
34, 279–282.

Yovich, J.L., 1993. Pentoxifylline: actions and applications in assisted
reproduction. Hum. Reprod. 8, 1786–1791.

421R E P R O D U C T I V E B I O M E D I C I N E O N L I N E 3 4 ( 2 0 1 7 ) 4 1 4 – 4 2 1

http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0245
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0245
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0245
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0250
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0250
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0250
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0255
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0255
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0255
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0255
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0260
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0260
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0260
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0265
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0265
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0265
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0265
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0270
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0270
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0270
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0270
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0275
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0275
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0275
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0275
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0280
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0280
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0280
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0280
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0285
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0285
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0285
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0290
http://refhub.elsevier.com/S1472-6483(17)30037-8/sr0290

	 Obstetric and neo-natal outcomes of ICSI cycles using pentoxifylline to identify viable spermatozoa in patients with immotile spermatozoa
	 Introduction
	 Materials and methods
	 Study design
	 Treatment
	 Outcomes
	 Data analysis
	 Ethical approval

	 Results
	 Discussion
	 Acknowledgements
	 References


