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Abstract
Purpose To evaluate whether it is a feasible option to target
the oocyte (with Ca2+-ionophore) in case that sperm motility
cannot be restored in Kartagener syndrome.
Methods A case of a male Kartagener syndrome with exclu-
sively immotile spermatozoa that did not react to the
dimethylxanthine theophylline. Thus, half of the associated
oocytes were treated for 15 min with the ready-to-use- iono-
phore CultActive immediately after ICSI whereas the other
50 % were injected with routine ICSI without artificial oocyte
activation. Rates of fertilization, blastulation, pregnancy and
live birth were evaluated.
Results Fertilization check revealed that none of the conven-
tionally injected but 4/6 (66.7 %) of the artificially activated
oocytes showed two pronuclei. Three embryos were of good
and one of fair quality. Corresponding blastocyst formation
rate was 3 out of 4 (75 %). A double embryo transfer led to
a healthy twin birth in the 34th week of gestation (two boys
with a birth weight of 1724 g and 2199 g).

Conclusions This case indicates that Ca2+-ionophore treat-
ment in cycles from theophylline-resistant Kartagener syn-
drome patients is a feasible option. The future will show if
routine application of A23187 in Kartagener or primary cilia
dyskinesis patients will be of benefit.
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Introduction

Immotile cilia syndrome, also called primary cilia dyskinesia
(PCD), is characterized by defects of motile ciliary and flagel-
lar function and the ultrastructure of ciliated cells. It is an
autosomal recessive disorder commonly leading to chronic
sinusitis, respiratory distress, bronchiectasis, and male infer-
tility. If a situs inversus is present in parallel its combination
with PCD is referred to as Kartagener syndrome [1–3].

In healthy males, a 9+2 microtubule arrangement, with 9
outer microtubule doublets encompassing a single central pair,
is found. Via the outer microtubule doublets dynein arms pro-
vide the motor force required for flagellar movement. Nexin
links and radial spokes further stabilize the cilia structure. In
patients suffering from PCD or Kartagener syndrome, howev-
er, male infertility derives from ultrastructural defects of the
flagella, e.g., absence of the inner dynein arms. This scenario
automatically leads to severe asthenozoospermia [4–6] or
much rather to complete absence of motile gametes [7–14].

Patients suffering from Kartagener syndrome or PCD have
almost no chance of achieving spontaneous conception be-
cause of the above mentioned limitations in sperm motility.
Indeed, before the implementation of ICSI in the field of
assisted reproductive technologies, said patients were consid-
ered to be sterile, but in the era of ICSI fatherhood became a
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reality. Any decision how to proceed with such patients should
be based on genetic counseling and a correct and clear diag-
nosis of the cause of their infertility [15].

So far, the major problem with the use of immotile sperm
for ICSI has been differentiating between live and dead sperm.
Numerous approaches have been published suggesting
hypoosmotic swell (HOS) test [11, 16], usage of testicular
sperm [5, 17, 18] or chemical activation of immotile sperm
[12, 14] in order to increase the percentage of viable sperm
available for ICSI.

This is the first report of a healthy twin live-birth after
usage of ionophore treatment in a patient suffering from
Kartagener syndrome who showed failed sperm activation
with the dimethylxanthine theophylline.

Case report

Patient history

A32-year-old nulliparous woman (BodyMass Index 27.0) was
referred to the Kinderwunsch Zentrum Linz for ICSI treatment.
She had been attempting pregnancy for 2.5 years. Her basal
hormonal parameters of AMH, LH, and FSH were 4.05 ng/ml,
2.69 mU/ml, and 5.3 mU/ml, respectively. She regularly
ovulated in a 28-day cycle (4 days of bleeding). An ultrasound
examination revealed that she had a normal uterine cavity and
ovaries as well as patent fallopian tubes. Like her partner she
was sero-negative for hepatitis B and C, HIVand syphilis.

Her husband (32 years of age) was aware of his situs
inversus; however, it took until the age of 27 when he was
diagnosed with Kartagener syndrome because of his chronic
sinusitis and the associated respiratory distress. Thereafter, the
adipose man (BMI of 31.7) consulted an andrologist where he
was confronted with severe oligoasthenoteratozoospermia
(2.6×106/ml, no motility, no morphological normal sperm)
according to the WHO [19]. Hormonal examination further
revealed hypotestosteronemia (116 ng/dl) which was treated
with a testosterone gel (25 mg, every second day).

Material & method

When the wish for a baby became relevant testosterone treat-
ment was stopped. After a 3 month period (without testoster-
one supplementation), sperm count and morphology were
20.4 mio/ml and 1 % normality, respectively. Motility, how-
ever, was undetectable (asthenoteratozoospermia). Eosin
staining indicated that 54 % of the spermatozoa were viable.

This was the time when the couple sought help at the
Kinderwunsch Zentrum Linz, Austria.

Because Kartagener syndrome is a genetically inherited dis-
order, the couple was offered informative genetic counseling
before the fertility treatment. Karyotyping revealed a normal

male 46, XY chromosomal set. Neither continuous reduction
of period of abstinence (from 3 to 1 day) nor application of a
ready-to-use theophylline (SpermMobil, Gynemed, Lensahn,
Germany) resulted in motile spermatozoa. Consequently, elec-
tron microscope analysis of spermatozoa was recommended in
order to quantify the percentage of sperms with normal 9+2
microtubule structure [17] which the patient refused because
the procedure appeared too time-consuming. For the same rea-
sons testicular biopsy was not accepted; much rather, the couple
decided to opt for a cycle of controlled ovarian hyperstimulation
(COH) with the husband’s immotile sperms from the ejaculate.

For COH an antagonist protocol was chosen using recom-
binant FSH (Gonal F, Merck Serono, Vienna, Austria) and
Cetrotide (Merck Serono). After 11 days of stimulation and
consumption of 1450 IU gonadotrophins, 14 follicles devel-
oped whereupon ovulation was induced with 10,000 IU of
hCG (MSD, Vienna, Austria).

Transvaginal follicular puncture 36 h post ovulation induc-
tion led to 12 cumulus-oocyte-complexes. Analysis of ejaculate
was as expected (1.8×106/ml, 0 % motility, 2 % normal mor-
phology, vitality 32 %). A random sample was mixed with
theophylline again without achieving motility. Thus, HOS-
selected sperm was used for ICSI. In detail, immediately prior
to ICSI, individual morphologically normal spermatozoa were
selected and placed in a 150 mOsm HOS solution [20] for
selection for viability. Viable spermatozoa immediately reacted
to the hypoosmotic solution and showed coiled tails. After
identification sperms were washed in order to remove all traces
of the HOS-solution whereupon they were used for injection.

After appropriate consultation, the patients provided writ-
ten consent to have half of their mature oocytes treated with a
ready-to-use ionophore solution (A23187; Cult-Active,
Gynemed) in order to maximize chances of fertilization. Three
hours after oocyte collection a total of 12 metaphase-II eggs
were injected with immotile sperms but only 6 of them (ran-
domly splitted under a binocular microscope) were incubated
after ICSI for 15 min in Cult-Active before they were washed
(3×1 min in EmbryoAssist) and transferred in 30 μl droplets
of EmbryoAssist medium (Origio, Berlin, Germany) just like
their routinely treated sibling oocytes.

Results

Fertilization check 18 h post ICSI revealed that none of the
conventionally but 4/6 (66.7 %) of the artificially activated
oocytes showed two pronuclei. Three embryos were of good
and one of fair quality according to previously published
guidelines [21]. This means that all had stage-appropriate
cleavage and timing, no to minimal fragmentation, and no
signs of multinucleation. Two embryos (Fig. 1) were trans-
ferred on day 3 of preimplantation development using
BlastAssist as transfer medium (Origio). The remaining two
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embryos were further cultured to day 5 when one 511 blasto-
cyst [21] was vitrified which corresponds to a hatching blas-
tocyst showing both an optimal inner cell mass and
trophectoderm. A viable intrauterine twin pregnancy
(dichorionic-diamniotic) was detected at week 6 of gestation.
Consequently, blastocyst formation rate in the present cycle
was 75 % (3/4). Two healthy boys (without the presence of a
situs inversus) were born in the 34th week of gestation (birth
weight of 1724 g and 2199 g). A Cesarean section which was
indicated due to premature rupture of the membranes.

Discussion

Although a few patients with Kartagener syndrome were re-
ported to be fertile [22] the majority of patients is in desperate
need of assisted reproductive techniques. Before it was possi-
ble to directly inject a single spermatozoon into the ooplasm,
subzonal injection (SUZI) of numerous sperms was a success-
ful alternative [23, 24]. However, SUZI required at least min-
imal sperm motility in order achieve fertilization. ICSI, as the
ultimate invasive technique, does not require a motile sperm
for subsequent fertilization.

Various sperm motilities have been reported in patients
with Kartagener syndrome ranging from 0.3 % [6] to 25 %
[4]. Since sperm motility usually reflects sperm viability, pa-
tients showing at least some motility will perform better in
terms of fertilization. On the other hand, akinetospermia in
the presence of normal sperm count and morphology, which
is the most likely scenario in Kartagener patients, will bear the
risk of selecting non-viable sperms for ICSI.

It has been suggested that the probability of injecting viable
(but immotile) spermatozoa was greater when testicular
sperms were used [17], while ejaculated sperm, even if tested
viable, were less successful [16]. Indeed, several pregnancies
were achieved using ICSI with TESE material [5, 17, 18].

However, not every patient wants his testicles to be
biopsied, if several methods are available to distinguish be-
tween viable and non-viable sperms in the presence of exclu-
sively non-motile ejaculated sperms. With respect to this,
HOS test was found to be helpful since several authors report-
ed pregnancies after selection based on osmotic behavior of
the sperm membrane which allows estimating sperm viability
[9, 11, 16].

In cases in which the native semen already contains sper-
matozoa showing a HOS-positive phenotype (e.g., curled tail)
additional viability assessment methods have to be applied in
order to ensure usage of potential viable gametes [13]. Thus,
Gerber and co-workers [13] used a 1.48 μm diode laser in
order to artificially create a HOS-positive like tail curling as
recommended by others [25].

Even using the activation methods discussed so far may not
keep embryologists from facing complete fertilization failure
[13, 16, 26, 27], fertilization problems [17, 18] or non-
appearance of pregnancy [6, 7]. Possible explanations for this
unwanted happening are rare but could be related to the qual-
ity of the selected spermatozoon. There is indeed evidence that
Kartagener patients have sperms showing high level of non-
reparable DNA damage [27] and/or aneuploidy, particularly
disomies [28]. The latter holds also true for PCD patients with
heavily dysmorphic flagella, which would further minimize
pregnancy rate in such patients [29, 30].

In PCD (and consequently Kartagener) males with com-
plete absence of sperm motility and low rates of viable sper-
matozoa it has been suggested to use pentoxifylline in order to
restore motility [31], with twitching of the flagellum being the
minimal requirement. Hattori et al. [12] were the first to incu-
bate spermatozoa for 10min in a 0.1 % pentoxifylline solution
resulting in Bslight sperm movement^. Using these activated
sperms for ICSI a fertilization rate of 58 % and a blastocyst
formation rate of 57 % was observed. Single blastocyst trans-
fer of a vitrified/warmed blastocyst led to a healthy singleton
pregnancy. This approach also worked on vitrified oocytes
[14].

Since pentoxifylline has a shorter half-life than other
dimethylxanthines (which are inhibitors of phosphodiesterase

Fig. 1 Day 3 embryos transferred. a. 8-cell embryo with beginning
compaction. Vacuoles at 12 and 3 o’clock position should be noted. b.
8-cell embryo with minor compaction and vacuolized cell at the 12
o’clock position
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activity) it was decided to use theophylline in the present case
because this agent had turned out to partly restore motility
under comparable conditions [32, 33]. Since this approach
quite unexpectedly failed, an alternative activation attempt
was sought, this time targeting the oocyte. Since ionophore
application immediately after ICSI has already proven its po-
tential in severe male factor infertility [34] as well as oocyte-
related fertilization problems [35], IRB approval was not re-
quired. However, in order to highlight a possible effect of
A23187 on fertilization and further development [36] MII-
oocytes were split into an ionophore and a non-ionophore half.
Although at first glance a benefit of ionophore treatment is
probable it has to be stressed that the low number of oocytes
did not allow for statistical analysis.

The ionophore A23187 is not only known for its role in
sperm acrosome reaction [37] it is also linked to oocyte acti-
vation. This holds particularly true if sperm phospholipase C
zeta (PLCζ) is aberrantly expressed, localized, and/or
destructured [38, 39]. In such cases Ca2+ oscillations, a pre-
requisite for eventual oocyte activation, cannot be induced in
the oocyte naturally but only with the help of an ionophore. To
date, it is not clear whether sperms in Kartagener syndrome
have a deficiency in PLCζ, the present data, however, support
this theory.

To summarize, this a rare report of a twin pregnancy [5, 8,
11, 13] in a Kartagener patient. What makes it unique is that it
is the first case showing a certain resistance to conventional
sperm selection procedures. Based on our findings it can be
said that ionophore treatment in such a given condition could
rescue the cycle. The future will show if routine application of
A23187 in Kartagener or PCD patients will be of benefit.
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