
TECHNICAL INNOVATIONS

The effects of different laser pulse lengths on the embryo
biopsy procedure and embryo development
to the blastocyst stage

Tyl H. Taylor & Janice W. Gilchrist &
Susan V. Hallowell & Kelly K. Hanshew & John J. Orris &

Michael J. Glassner & J. David Wininger

Received: 7 April 2010 /Accepted: 21 July 2010 /Published online: 5 August 2010
# Springer Science+Business Media, LLC 2010

Abstract
Purpose A laser is commonly used to remove a blastomere
from an embryo for genetic testing. The laser uses intense
heat which could possibly disrupt embryo development. It
is the goal of this study to test the effects of different laser
pulse lengths (and consequently heat) on the embryo biopsy
procedure and embryo development.
Methods Each embryo biopsy was performed randomly
utilizing laser pulse lengths of 0.604mS (group I), 0.708mS
(group II), and 1.010mS (group III).
Results For groups I, II, and III, 83, 86, and 71 embryos were
biopsied, respectively. There was no difference in day 5
embryo quality or lysed blastomeres between groups. Average
number of blastomeres biopsied between group I (1.0±0.0), II
(1.0±0.2), and III (1.1±0.2) was significant (0.0001).
Conclusion Our data demonstrates that laser pulse length
does not influence the embryo biopsy procedure or embryo
development.

Keywords Embryo biopsy . Laser . Pulse length . Embryo
development . IVF

Introduction

The laser has become a critical and integral part to the in
vitro fertilization (IVF) laboratory. With its ease of use, the
laser has made assisted hatching, polar body biopsy, and
embryo biopsy common procedures. The use of the laser has
even added to the improvement and advancement of the IVF
field with its use in procedures such as laser assisted
intracytoplasmic sperm injection (ICSI) [1, 2], laser assisted
immobilization of sperm prior to ICSI [3], and most recently,
trophectoderm biopsy [4]. The use of the laser for assisted
reproductive technologies has become widespread.

The laser uses high energy light and consequently heat,
to dissolve or disintegrate the zona pellucida (ZP) thereby
allowing the removal of a single blastomere from the
embryo. When the light from the laser comes in contact
with the media surrounding the embryo, heat is dissipated
and transferred through the water of the media creating
temperature gradients in increasing concentric circles from
the laser beam [5, 6]. These concentric circles represent an
increase in temperature around the embryo and blasto-
meres. The concentric circles can increase in size, diameter,
and longevity depending on laser characteristics [7]. It has
been estimated that the temperature in the surrounding
media can increase to 60 to 80°C [8]. Certainly this increase
in temperature would support research that shows blasto-
meres in the immediate vicinity of the laser beam are
damaged [9].

A laser has three different properties that determine its
performance and hence its effects on the embryo and
surrounding media: power, wavelength, and pulse length.
Lasers’ power utilized for IVF are measured in miliwatts
(mW) and can range from 20 mW to >400 mW. The power
varies depending on the make and model of the laser but is
constant for each specific laser. If the power is increased the
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hole diameter is increased. Conversely, if the power is
decreased the hole diameter is decreased. Each increase or
decrease in power also influences the temperature gradient
through the media and embryo.

Laser wavelength refers to which section of the light
spectrum the particular laser falls. A wide variety of laser
wavelengths have been used on both the mouse and human
model. In the beginning lasers used ultraviolet (UV)
radiation to create holes in the zona pellucida [10]. The
main problem to using UV radiation is the susceptibility of
DNA to this type of wavelength which resulted in limited
applications in a routine IVF setting. To become applicable
to IVF lasers now mainly utilize near infrared light
(2,500 nm to 750 nm). This type of light still allows for
successful applications yet minimizes the damage to the
DNA within each blastomere [5].

Pulse length refers to the amount of time or duration of
the laser beam. Pulse lengths range anywhere from 20 ms
(Fertilase) to >1,000 μs (Saturn Zilos). The shorter duration
of time and decreased energy results in less heat and decreases
the temperature gradient within the media. Most laser systems
allow for the adjustment of pulse length to increase or
decrease the diameter of the beam and resultant hole.

As previously discussed, an increase or decrease in pulse
length or power will cause a corresponding increase or
decrease in the temperature gradient within the media. If the
media is exposed to an increase in temperature the embryo
is also exposed which could compromise development. By
adjusting these settings the laser hole size also changes and
may have an effect on the biopsy procedure. For example,
multiple small laser holes are required in order to breach the
ZP and allow for the extraction of a blastomere for
preimplantation genetic diagnosis (PGD). Whereas fewer
larger laser holes are needed to achieve the same effect.

A laser with a high power and short pulse lengths will
produce smaller temperature gradients than a laser with low
power and longer pulse lengths. A smaller temperature
gradient will less likely compromise embryo development.
Smaller laser holes may also make it more difficult to
remove blastomeres for PGD. It is the aim of this study to
determine if different pulse lengths have an effect on the
embryo biopsy procedure and subsequent embryo develop-
ment to the blastocysts stage.

Materials and methods

Study design

This was a prospective, randomized study involving 23
patients between September 2008 and April 2010. Only
those patients whom elected for PGD for aneuploidy for
advanced maternal age (AMA) were included in the study.

Since ovarian stimulation, semen preparation, conven-
tional and ICSI insemination, and fertilization were the
same for each group, the details of these procedures are
discussed elsewhere [11].

Embryo assessment

Embryo assessment took place 42 h to 46 h (day 2) and
66 h to 70 h (day 3) post insemination. The evaluation
consisted of the number and symmetry of blastomeres,
percentage of fragmentation, and presence of multi-
nucleated blastomeres. Day 3 embryos were given a letter
score of “A” though “D”, where “A” was the highest and
“D” the lowest quality embryo.

Embryo biopsy, randomization and blastocyst culture

All biopsies were performed by one technician to eliminate
inter-operator variability. Embryos were biopsied on day 3 by
placing each embryo into a 20 μL drop of Ca/Mg free
medium (Cooper/Sage, Bedminster, New Jersey, US) supple-
mented with 5% SPS and overlayed with oil. Each embryo
was placed in its own drop and numbered appropriately. Pulse
lengths were chosen for each embryo biopsy at random.
Biopsy was performed with the SaturnActive Laser™
(Research Instruments, Cornwall, United Kingdom) utilizing
laser pulse lengths of 0.604mS (group I), 0.708mS (group II),
and 1.010mS (group III) which correspond to hole sizes of
10.5 nm, 13.5 nm, and 16.5 nm respectively (Fig. 1). After
opening ZP a single blastomere was aspirated and removed
from the embryo. The embryos were then placed back into
individual 50 μL drop of blastocyst media (Cooper/Sage,
Bedminster, New Jersey, US) supplemented with 10% SPS
under oil and incubated until day 5.

Blastocyst assessment took place 120 to 124 hours (day
5) and 144 to 148 hours (day 6) post insemination. The
evaluation consisted of the score of inner cell mass and
trophectoderm. Day 5/6 embryos were given a letter score
of “A” through “D”, where “A” was the highest and “D”
the lowest quality embryo. Blastocysts were further divided
into “good” embryos which were frozen or transferred and
“poor” embryos which were discarded.

Statistical analysis

One-way ANOVA or chi-square tests were applied where
appropriate and statistical significance was set at P<0.05.

Results

A total of 240 embryos (10.4±5.1 embryos) from 23
patients (38.4±4.8 years old) were biopsied on day 3 and
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included in this study. Three different pulse lengths were
utilized during the embryo biopsy procedure, group I
(0.604 mS), group II (0.708 mS), and group III (1.010
mS). A total of 83, 86, and 71 embryos were biopsied with
each pulse length, respectively (Table 1). A total of 114
patients were included in the control group. The control
group consisted of patients diagnosed AMA and between
38-39 years old proceeding with IVF but not opting for
PGD at the same time as this study was being conducted.
Differences in embryo quality and cell number on day 3
were not significant between groups (Table 1).

Blastocyst quality among the groups was not significant
(Table 1). To increase the statistical power, we combined our

blastocyst quality groups to “good” quality blastocyst (those
that would either be frozen or transferred) and “poor” quality
blastocyst (those that would discard). Twenty seven of 83
(32.5%) from group I were “good” quality blastocyst, along
with 28 of 86 (32.6%), 23 of 71 (32.4%), and 77 of 247
(31.2%) from group II, III, and control group respectively
(P=0.9919; chi-square test; Table 1).

The average number of blastomeres removed from each
group was as follows, group I (1.0±0.0 blastomeres), group
II (1.0±0.2), and group III (1.1±0.2) (P=0.0001; one-way
ANOVA; Table 2). A total of 8 blastomeres were lysed
during this trial, 3, 3, and 2 from groups I, II, and III,
respectively (P=0.9402; chi-square test; Table 2)

Table 1 Embryo development based on the different laser pulse lengths used during embryo biopsy

Group I (0.604 mS) Group II (0.708 mS) Group III (1.010mS) No PGD (control) P value

No. patients 23 23 23 114

No. embryos 83 86 71 549

Avg. age 38.4±4.8 38.4±4.8 38.4±4.8 38.5±1.5 0.9971a

Avg. cell no. day 3 6.3±1.8 6.2±1.7 6.5±1.6 6.2±1.5 0.4769a

Day 3 embryo quality

#A (%) 29 (34.9%) 32 (37.2%) 27 (38.0%) 205 (37.3%) 0.9662b

#B (%) 24 (28.9%) 21 (24.4%) 20 (28.2%) 160 (29.1%)

#C (%) 21 (25.3%) 24 (27.9%) 20 (28.2%) 131 (23.9%)

#D (%) 9 (10.8%) 9 (10.5%) 4 (5.6%) 53 (9.7%)

Day 5 embryo quality

#A (%) 11 (13.3%) 17 (19.8%) 8 (11.3%) 29 (11.8%) 0.4723b

#B (%) 16 (19.3%) 11 (12.8%) 15 (21.1%) 48 (19.4%)

#C (%) 19 (22.9%) 28 (32.6%) 23 (32.4%) 79 (32.0%)

#D (%) 37 (44.6%) 30 (34.9%) 25 (35.2%) 91 (36.8%)

Good quality (%) 27 (32.5%) 28 (32.6%) 23 (32.4%) 77 (31.2%) 0.9919b

Poor quality (%) 56 (67.5%) 58 (67.4%) 48 (67.6%) 170 (68.8%)

a one-way ANOVA
b chi-square test for independence

Fig. 1 a Laser shot utilizing a pulse length of 0.604mS. b A laser shot utilizing a pulse length of 0.708mS. c A laser shot utilizing a pulse length
of 1.010mS
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Discussion

The laser has been utilized successfully in IVF for more
than a decade but the effects of the laser on embryo
development and embryo biopsy have largely been ignored.
Previous research used the rate of lysed blastomeres to
describe the efficiency of the embryo biopsy procedure [12,
13]. In the current study, the variation of the pulse length
and the resultant hole did not influence the rate of lysed
blastomeres. Three blastomeres from groups I and II, and
two from group III lysed during the biopsy procedure.
These results are surprising considering the larger pulse
length correlates to a larger laser beam. We would expect
that the larger pulse length would cause more damage to the
blastomere because it produces a larger diameter hole. This
increase in damage could cause the blastomere to more
easily lyse during the embryo biopsy. This was not the case
as the same number of lysed blastomeres occurred in the
large pulse length group as the small pulse length group.
An isolated laser shot may not be enough to lyse the
blastomere.

Another way to correlate the effectiveness of the embryo
biopsy procedure is to look at how many blastomeres were
removed. The removal of two blastomeres has a detrimental
effect on embryo development and should be avoided [14].
When chosen, the embryologist needs to be certain that the
blastomere contains a nucleus, although sometimes frag-
mentation or cytoplasmic abnormalities prevent the direct
viewing of a nucleus. In the present study, the number of
blastomeres removed was significantly different among the
three groups. No additional blastomeres were removed
from group I. Two embryos from group II needed to have
an additional blastomere removed and a total of 4 embryos
from group III had an additional blastomere removed
(Table 2). Of those six, three were from the same patient.
This patient presented with extremely poor embryo quality
making the embryo biopsy more difficult as the embryos
had to rebiospied due to no nucleus. Pulse length may not
influence the embryo biopsy procedure as the data suggests.

When using the laser, one aspect that is largely over-
looked is the distance from the embryo to the laser
objective. The energy of the laser is directly proportional

to the distance it must travel. This is evident during embryo
biopsy if the embryo is not placed directly on the bottom of
the dish. For example, if the embryo is held in the middle of
the droplet and the laser is fired the hole produced would be
significantly smaller than if the embryo were placed on the
bottom of the droplet at the same power and pulse length.
The smaller hole is directly proportional to energy and
residual heat. To control for this factor we made sure that
all embryos were held at the bottom of the dish prior to the
laser being used.

Ideally the study should have controlled for the number
of shots in each group which would effectively control for
the heat distributed within the media. For example, only
allow ten shots from the smaller pulse length (no more or
less), five shots from the medium pulse length (no more or
less), and two from the larger pulse length (no more or less).
Unfortunately this could not be completed due to the differ-
ences in ZP thickness between each embryo. Standardizing
the number of shots could compromise patient care by
allowing more or less laser shots than necessary causing
either a greater temperature increase or a more difficult
embryo biopsy due to incomplete ablation of ZP.

Embryo development to the blastocyst stage was not
compromised by the different pulse lengths. The pulse
length is only one determining factor that influences the
size of the laser beam. The laser power also plays a large
role. In our study, we were unable to compare laser power
because our laser is set to 400 mW and this value is unable
to be changed. Newer lasers utilize higher power (such as
400 mW) as opposed to the older lasers that utilize less
power. Less power requires a much larger pulse length to
have the same effect as a high power and small pulse length
laser beam. Even though our data shows no difference in
blastocyst development from different pulse lengths, utiliz-
ing a less powerful laser and large pulse length may
influence blastocyst development as that combination will
also have a different effect on the surrounding media (i.e.,
heating the media up and the media staying warmer for
longer). We would expect the different laser pulse lengths
to heat the surrounding media to different degrees, causing
possible heat damage to the developing embryo. A study by
Hartshorn et al. [15] showed no increase in hsp70i (heat

Table 2 The effect of different laser pulse lengths on the embryo biopsy procedure

Group I (0.604 mS) Group II (0.708 mS) Group III (1.010mS) P Value

No. embryos biopsied 83 86 71

No. cells biopsied 83 88 75

Avg. no. cells biopsied per embryo 1.0±0.0 1.0±0.2 1.1±0.2 0.0001a

No. lysed (%) 3 (3.6%) 3 (3.4%) 2 (2.8%) 0.9402b

a one-way ANOVA
b Chi-square test for independence
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shock protein) in embryos subjected to the laser. Typically
we should expect an increase in hsp70i expression if
temperature were a factor during embryological develop-
ment. Research has shown that if an embryo is heated
above 37°C then hsp70i transcription is also increased
which could potentially cause damage to the developing
embryo [16, 17]. In the current study, we did not see
compromised embryo development between the three groups,
signifying that the laser does not heat surrounding media
enough to result in damage to the embryo. This supports
previous research that shows no structural damage to mouse
embryos during the assisted hatching procedure [8, 18].

This is the first study that we are aware that addresses
the optimal settings when utilizing the laser for embryo
biopsy. Our data shows that a larger pulse length can be
safely used during embryo biopsy thereby making the
procedure more efficient and convenient for the embryol-
ogist. It is for this reason we recommend utilizing a larger
pulse length while performing embryo biopsy. In conclu-
sion, the laser seems to be an effective and safe tool for use
with embryo biopsy and does not compromise embryo
development to the blastocyst stage.

Conclusions

Different laser pulse lengths used during the embryo biopsy
procedure do not influence the embryo biopsy procedure or
embryo development to the blastocyst stage.
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