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Comparison of electronic versus
manual witnessing of procedures
within the in vitro fertilization
laboratory: impact on timing

and efficiency
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Objective: To evaluate the impact of an electronic witnessing system (EWS) on witnessing standard operating procedures and to assess
embryologist perceptions of the EWS.

Design: Prospective cohort study.

Setting: Private in vitro fertilization laboratory network.

Patient(s): None.

Intervention(s): None

Main Outcome Measure(s): The time difference between manual and electronic double-witnessing procedures, and embryologist
perceptions of the EWS.

Result(s): From 342 witnessing times analyzed (114 EWS, 114 manual, and 114 interruptions to witnesses), the EWS reduced mean (SD) total
witnessing time (in seconds) by 91.5 (23.6) for intracytoplasmic sperm injection, 62.0 (17.9) for Day 3 embryo assessment, 58.3 (18.9) for fresh
embryo transfer, and 59.4 (13.3) for frozen embryo transfer. This time reduction significantly decreased the overall time required for double-
witnessing by 3.1- to 5.2-fold. A survey with 50 embryologists within the laboratory network indicated that most embryologists considered
the EWS to improve sample traceability (78.3%), reduce errors in labeling issues (80.4%), and reduce the risk of sample mismatch errors by
minimizing disruptions (60.9%). Furthermore, 82.6% thought that visual completion of the EWS dashboard provided peace of mind when
leaving work and 84.8% were more confident knowing that all procedures were completed according to the EWS.

Conclusion(s): An EWS can improve laboratory efficiency by significantly decreasing the time required for witnessing procedures and
by minimizing interruptions. The EWS was well perceived by embryologists and laboratory managers and enhanced their confidence
and peace of mind with regard to witnessing compliance and safety/accuracy. (Fertil Steril Rep® 2021;2:181-8. ©2021 by American
Society for Reproductive Medicine.)
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success rates can be attributed to the diverse set of practices
and technologies used to perform complex procedures. IVF
laboratories have a high degree of complexity in terms of
the technology and equipment used and the type and number
of tasks being performed simultaneously. Recommendations
for best practices or guidelines in IVF laboratories are active
areas of discussion (2-5).

Dramatic changes in ART practice, including the addition
of many new technologies, have occurred in recent years. As a
result, operation of the IVF laboratory has become increas-
ingly complex; with increased complexity comes increased
risk (6). Many procedural steps within the IVF laboratory
are susceptible to variation and human error, with potentially
deleterious consequences. Important steps in the IVF process
during which errors are most likely to occur have been iden-
tified and include initial gamete collection, mixing of gametes
by either conventional IVF or IVF with intracytoplasmic
sperm injection (ICSI), gamete or embryo transfer between
tubes or dishes, freezing and thawing of gametes, and embryo
transfer into patients (7). Gametes and embryos belonging to
a particular patient or couple may be manipulated at various
times by different embryologists, which introduces further
potential for error. Errors in any of these steps could lead to
loss or mismatch of gametes and/or embryos.

As the number and complexity of procedures increase,
embryologists are exposed to increased sample mismatching
risk during manipulation of biologic materials. Therefore,
IVF laboratories have implemented required verification by
a second person (double-witnessing) to minimize the poten-
tial for human error associated with key steps in the IVF pro-
cess (8, 9). Although double-witnessing is mandated in many
countries (10), others have not made it compulsory. IVF lab-
oratories need to define and implement their own double-
witnessing standard operational procedure (SOP) (11), which
can be challenging given its interdependency with human
and equipment resources and the lack of specific guidelines.
In addition, double-witnessing protocols can be difficult to
implement and new human errors may be introduced, with
variation occurring across laboratories (12).

To best serve patients and achieve consistently high suc-
cess rates, technologic advancements in the laboratory
setting need to be standardized (4). Electronic witnessing
systems (EWSs) have emerged as a new technology with
the potential to standardize IVF witnessing procedures. It
may optimize laboratory efficiency by helping embryolo-
gists monitor the sequence, timing, and completion of pro-
cedures and by minimizing interruptions. EWSs may be
able to alleviate some of the current witnessing challenges
by mitigating sample mismatch risk, improving sample
management and traceability, and eliminating the need for
a second human witness. However, the actual impact of
EWSs on double-witnessing SOPs with regards to system
implementation, time savings, and embryologist perceptions
has not been previously described. Furthermore, there have
been no head-to-head comparisons of manual witnessing
vs. EWSs that include the interruption time imposed on
the second witness.

This is the first study to investigate the total time saved
using an EWS in the IVF laboratory, taking into account times

for both the performer and the second witness, and to seek
embryologists’ opinions on using this technology.

MATERIALS AND METHODS

This study evaluated a specific EWS (Gidget; Genea Biomedx,
Sydney, Australia) that allows electronic witnessing and
workflow visualization with handheld scanners and a central-
ized computer (Fig. 1). This system uses unique patient bar co-
des printed on labels and attached to patient specimen
containers and paperwork.

The study was determined to be exempt from review by
the institutional review board (Western Institutional Review
Board, Puyallup, WA). Data were collected over a 3-month
period from August to October 2019.

Quantitative Assessment

Study design and data collection. At a single IVF laboratory
site (CCRM Boston, Boston, Massachusetts, USA), three pro-
cedures of varying complexity — ICSI, Day 3 embryo assess-
ment, and embryo transfer (fresh or frozen) were double-
witnessed both manually and electronically during 2 weeks
of each month. Five embryologists double-witnessed proced-
ures manually (performer), second-witnessed procedures per-
formed by a second person (witness), and also used the EWS.
The duration of all witnessing sessions (initial and final time)
was tracked for both the performer and the witness. To ac-
count for the interruption time imposed on the witness, the
witness recorded how long he/she was kept away from an

FIGURE 1

Incoming patients are assigned a
unique digital code

Embryologists scan codes on labels, verifying
matches and confirming procedure order

Every patient is displayed
on the dashboard

Every scan is stored
for future reports

End of cycle report is stored and can be

uploaded to the EMR

The electronic witnessing system. EMR = electronic medical record.
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initial task (initial time was recorded when the second witness
was requested and final time was recorded when the witness
returned to the interrupted task). Large display digital wall
clocks were installed at laboratory workstations to optimize
time tracking and avoid the need to click on laboratory bench
timers. Study procedures occurred over six independent
weeks, selected a priori to capture different workloads (low/
medium/high) and staff availability. The day of the week
(weekend/weekday), number of procedures performed down
to the number of oocytes and embryos, and staff available
were recorded and evaluated to account for workload vari-
ability and its potential impact on the results obtained
(Supplemental Table 1, available online). To address potential
bias, the sequence of witnessing sessions was alternated. For
instance, during one week, embryologists would perform
manual witnessing followed by electronic witnessing and
then switch to electronic witnessing followed by manual wit-
nessing in the following week. None of the embryologists
participating in the study had access to the cumulative raw
data to prevent any potential biases towards either of the
two types of assessments.

As of April 2018, this EWS had already been implemented
as a standard procedure for CCRM Boston; therefore, an addi-
tional manual witnessing procedure was performed to pro-
spectively collect the study data. All witnessing steps were
performed in isolettes per normal protocols to avoid potential
detrimental environment exposure imposed by the additional
witnessing procedures.

EWS procedure—creating labels. A laboratory adminis-
trator entered patient information into the EWS software.
Enough labels—containing patient name, medical record
number (MRN), and date of birth—were printed for both
paperwork and each dish/tube from Day 0 to Day 7. The num-
ber of labels varied depending on the patient treatment (e.g.,
cycles with preimplantation genetic testing [PGT] would
require more labels). The cohort labels were kept with the pa-
tient paperwork in the lab. When dishes/tubes were created
each day/before each procedure, a label was placed on the
side wall of the dish/tube. The process of entering patient in-
formation into the EWS system and printing labels usually
took around 60 seconds. EWS labels were used for both
EWS and manual assessments. During electronic witnessing,
paperwork and dishes/tubes were scanned to confirm match-
ing shortly before gametes were handled.

Manual procedure. During manual witnessing, paperwork
was checked to verify patient name, MRN, and date of birth
against the dishes that were about to be handled. In the case
of ICSI, the sperm tube was examined for both male and fe-
male patients’ name and MRN and compared with the egg,
ICSL, and culture dishes. The second witness initialed the
paperwork to document witnessing.

Outcome measures. The primary outcome was the time dif-
ference between the manual and electronic double-
witnessing procedures. A key secondary outcome was a com-
parison between the number of double-witnessing procedures
before and after implementation of the EWS. Other secondary
outcomes were numbers of potential mismatches identified by
the system since its implementation in April 2018.

Fertil Steril Rep®

Statistical analysis. Categorical data are expressed as abso-
lute counts and percentages. Continuous measurements are
expressed as mean (SD), with 95% confidence intervals (CIs)
or ranges as appropriate. The analysis of time to double-wit-
ness was performed using a linear regression model for
manual vs. electronic witnessing, including factors for type
of procedure (e.g., ICSI, Day 3 assessment, and embryo trans-
fer), week of data collection (to assess different workloads and
staffing), and individual embryologist.

Qualitative Assessment

Study population and survey design. A web-based survey
was developed and administered to embryologist staff via
email at eight CCRM laboratories across the US and Canada
to gather information on attitudes and perceptions regarding
the EWS. The survey questions were written and validated by
eight embryologists (two independent groups of four each)
and one epidemiologist (Ph.D.) for clarity and to ensure that
there were no double-barreled questions or other confusing
or ambiguous statements. CCRM embryologists provided con-
sent before answering the questionnaire. Questionnaires
(Supplemental Fig. 1) were administered to two groups of em-
bryologists among all laboratories: managers (directors/su-
pervisors) and non-managers. The manager survey had the
same 53 questions as the non-manager survey but also
included an additional 20 questions regarding managerial
tasks. Questionnaires were composed of Likert-scale state-
ments, open-ended questions, and ranking questions related
to the EWS. Some questions asked as a negative were included
to ensure that the survey taker reflected on each question and
answer (i.e., “It takes me longer to double-witness a sample
using Gidget [compared to manual double-witnessing]”, “I
was concerned when I heard CCRM was implementing elec-
tronic  double-witnessing”). Questions addressed the
following specific topics: sample identification, traceability,
and matching; patient mismatch prevention; critical proced-
ures and deviation; workload interruptions; laboratory effi-
ciency; managerial tasks (i.e., workflow management, audit,
and record keeping); EWS implementation (i.e., training,
impact on existing SOP, and potential concerns). The values
corresponded to categorical variables (strongly disagree [1],
disagree [2], neutral—neither agree nor disagree [3], agree
[4], and strongly agree [5]), with an option for “no viewpoint”
or “choose not to answer” for some of the questions. The sur-
vey was used to evaluate the individuals’ perceptions and be-
liefs about the EWS device in the workplace and was not
meant to assess their knowledge about the advantages or dis-
advantages of electronic vs. manual witnessing.

Outcome measures. The primary outcome was to evaluate
the embryologists’ perceptions on specific domains of interest
related to the EWS, adjusted by sex, race, age, and years of IVF
laboratory experience.

Data collection. Before the start of the formal data collection,
the questionnaires were validated using the following steps:
establishing face validity, pilot testing with experienced em-
bryologists, revision, and retesting. Data were deidentified,
consolidated, and summarized to describe demographics
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and embryologist perceptions. For the open-ended and free-
text questions, unique themes on the basis of word and phrase
choice and frequency were identified using grounded theory
methodology to find patterns and trends in the data (13).

Statistical analysis. Analysis of each categorical survey
question was performed using a logistic regression model
for the proportion of participants with favorable perception
(e.g., “agree” or “strongly agree”) adjusted by sex, race, age,
education level, and years of IVF laboratory experience. A
sensitivity analysis was conducted with months of experience
with the EWS added to the model. Binomial CIs for the pro-
portion positive were calculated using the Clopper-Pearson
method.

RESULTS
Quantitative Study

Number of witnessing sessions. A total of 342 witnessing
sessions were analyzed (114 EWS, 114 manual, 114 interrup-
tion times of witness). Overall, 49/64 (76.6%) ICSI procedures,
32/72 (44.4%) Day 3 fertilization assessments, 2/2 (100%)
fresh embryo transfers, and 31/33 (93.9%) frozen embryo
transfers (FETs) were witnessed manually and with the EWS
during the 6-week study period.

Time savings for the performer. For the embryologists per-
forming the procedure to be witnessed (performers), the
EWS reduced the mean (SD) time to witness by 29.7 (38.8) sec-
onds per ICSI procedure. For Day 3 embryo assessment, the
EWS saved a mean (SD) of 16.8 (26.5) seconds per procedure.
The EWS saved a mean (SD) 27.0 (19.8) and 18.5 (15.0) sec-
onds for fresh embryo transfer and FET, respectively. Overall,
witnessing using the EWS saved the performer 25.3 seconds
per procedure compared with manual witnessing (95% CI
—36.70, —13.84; P<.001).

Time interruption imposed on second witness. The amount
of interruption time required for embryologists to manually
double-witness procedures ranged from 31 to 62 seconds
(Table 1). The amount of time did not differ by embryologist,
sequence of double-witnessing, or period of data collection.

Time savings when combining the performer’s and second
witness’ time. When the performing embryologist’s time
and the witnessing embryologist’s interrupted time were
included, the EWS reduced the mean manual witnessing total
times (performer waiting and second witness interruption) by
58 to 92 seconds per procedure (Table 1, Fig. 2). The amount of
time saved did not differ by embryologist, sequence of dou-
ble-witnessing, or period of data collection, indicating that
time savings were independent of workload and staff
availability.

EWS implementation and standard witnessing
procedures. When comparing the SOP for double-
witnessing procedures at CCRM Boston before and after the
implementation of the EWS, there was an increase in the
number of procedures and sub-procedure steps being wit-
nessed: 8 procedures and 15 steps involved witnessing ses-
sions before the EWS compared with 13 procedures and 33
steps after EWS implementation (Supplemental Table 2,
Supplemental Fig. 2).

Identification of potential mismatches. Since the imple-
mentation of the EWS at CCRM Boston (April 13, 2018) until
the end of the study (October 31, 2019), a total of 20 potential
mismatches were identified among 9,762 scans (0.2%). On re-
view, these mismatches would be considered minimal if not
prevented and would likely not result in harm on the basis
of the grade of IVF laboratory nonconformances described
by Sakkas et al. (14). Most incidents were caused by paper-
work scanning mistakes (e.g., embryologists picking the
wrong clipboard). Out of 20 potential mismatches, 5 near

TABLE 1

Time differences in double-witnessing between EWS and manual witnessing.

Time in seconds, mean (SD); 95% confidence interval

Manual procedures

Procedure Witness Performer
ICSI 61.7 (24.9); 64.2 (36.1);
54.7-68.7 54.1-74.3
(n = 48) (n = 49)
Day 3 embryo assessment 44.6 (16.4); 47.6 (16.1);
39.1-50.1 42.0-53.2
(n = 34) (n=32)
Fresh embryo transfer 31.3(25.0); 41.0 (22.6);
3.0-59.6 9.6-72.4
(n=3) (n=2)
Frozen embryo transfer 40.9 (21.2); 35.1 (13.8);
33.2-48.6 30.2-40.0
(n =29) (n=31)
All procedure types 50.5 (23.5); 51.2 (28.8);
46.2-54.8 45.9-56.5
(n=114) (n=114)

Time difference
(manual total minus

Total EWS performer EWS performer)
125.9 (31.0); 34.4(12.4); 91.5 (23.6);
117.2-134.6 30.9-37.9 84.9-98.1
(n =49)
92.2 (16.2); 86.7-97.7 30.2 (19.4); 62.0 (17.9);
23.6-36.8 55.9-68.1
(n=33)
72.3(24.2); 14.0 (2.8); 58.3 (18.9);
42.3-102.3 10.1-17.9 33.7-82.9
(n=2)
76.0 (17.8); 16.6 (6.6); 59.4 (13.3);
69.6-82.4 14.3-18.9 54.7-64.1
(n=31)
101.7 (26.3); 28.1 (15.5); 73.6 (21.6);
96.9-106.5 25.3-30.9 69.6-77.6
(n=115)

Note: EWS = electronic witnessing system; ICSI = intracytoplasmic sperm injection; SD = standard deviation.

Holmes. Electronic vs. manual double-witnessing. Fertil Steril Rep 2021.
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Comparison of witnessing times with EWS and manual witnessing by procedure, including witness (interruption) time—interruption time when the
second witness was kept away from an initial task. The mean difference in overall time to witness for the performer was significantly shorter with the
EWS than with manual witnessing (-25.3 seconds, P<.0001 from a linear regression model for difference in time needed to witness for manual vs.
electronic double-witnessing across all procedures, with fixed effects for type of procedure, week of data collection, and embryologist).
EWS = electronic witnessing system; ICSI = intracytoplasmic sperm injection.
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misses could have led to a major nonconformance if not pre-
vented by the EWS. Near misses were defined as events that
could have negatively impacted clinical care. For example,
one of multiple sperm tubes (from the same patient) was
placed in the wrong rack; in this case, the embryologist did
not check all tube IDs correctly. Potential contributing factors
may include high patient volume and new staff. In this case,
the EWS helped to identify a potential error before the sample
was used.

Qualitative Study

Demographics and baseline characteristics. Fifty embryol-
ogists in total and a subset of 15 managers took part (Table 2).
The mean (SD) age was 41.7 (10.9) years for the embryologists
and 49.0 (9.3) years for the managers. The mean (SD) number
of years of experience working in a clinical IVF laboratory in
any capacity was 12.9 (8.7) years for the embryologists and
18.7 (6.8) years for the managers. Embryologists had a
mean (SD) 10.9 (6.3) months of experience working with the
specific EWS, and managers had 12.4 (5.5) months.

Survey responses. The questionnaire response rate was
96.2% (50/52). Implementation of the EWS was well

perceived by most embryologists; 78.3% of the respondents
agreed that it improved sample identification and traceability,
80.4% agreed that it reduced errors in labeling, and 60.9%
agreed that it reduced the risk of sample mismatch errors by
minimizing disruptions.

With regard to embryologist confidence, 82.6% of the re-
spondents agreed that visual completion of the critical
mandatory laboratory procedures checklist visible on the
EWS dashboard provided peace of mind when leaving work,
and 84.8% were more confident knowing that all procedures
were completed according to the EWS. Common reasons
given for increased confidence levels with the EWS use
included reduced likelihood of errors at each step and
increased traceability. Responses included “adding an extra
layer of protection to ensure samples aren’t mismatched”,
“providing a timeline for the day of procedures performed
by each technician. This won’t prevent an error but it can
assist in light of poor recall of events”, “having a traceable
accountability log”, “providing an audible alarm when names
don’t match”, and “provides an independent witness”. A com-
mon reason for decreased confidence levels was greater com-
placency with the EWS than with manual assessments:
“making it easier to forget to read the dish labels manually”,

VOL. 2 NO. 2 /JUNE 2021
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TABLE 2

Demographics and baseline characteristics

All embryologists  Managers®
Characteristic (N = 50) (n = 15)
Age, years, 41.7 (10.9), 49.0 (9.3),
mean (SD), range 23-64 35-64

Age categories, years, n (%)

<30 7 (14.0) 0(0)

30-39 12 (24.0) 1(6.7)

40-49 19 (38.0) 8 (53.3)

50-59 8(16.0) 3(20.0)

>60 4 (8.0) 3(20.0)
Female, n (%) 31 (62.0) 7 (46.7)
Male, n (%) 19 (38.0) 8(53.3)
Educational level, n (%)

Bachelor’s degree 27 (54.0) 4(26.7)

Master's degree 12 (24.0) 4(26.7)

M.D. 0 (0) 0(0)

Ph.D. 11 (22.0) 7 (46.7)

Years of experience in clinical IVF
laboratory (any capacity)
n (missing) 45 (5) 15 (0)
Mean (SD), range 12.9(8.7), 2-32 18.7 (6.8), 10-32
Experience as clinical
embryologist, years
n (missing)
Mean (SD), range
Experience working with
Gidget® EWS, months
n (missing)
Mean (SD), range

46 (4) 15 (0)
11.7 (8.1), 1-30 17.9 (6.5), 10-30

50 (0) 15 (0)
10.9 (6.3), 0-25 12.4 (5.5), 1-25

Note: EWS = electronic witnessing system; IVF = in vitro fertilization; MD = doctor of med-
icine; Ph.D. = doctor of philosophy; SD = standard deviation.

@ The subgroup of “All embryologists” who answered “yes” to the question “At this time, |
am a lab manager, lab supervisor, or lab director.”

Holmes. Electronic vs. manual double-witnessing. Fertil Steril Rep 2021.

“having one set less of eyes. I read the labels less counting on
‘the EWS’”; other reasons included “audible alarms are
similar” (for warnings and critical errors), “labels are tiny
and sometimes difficult to read”, and “adding more steps to
what we do” (Supplemental Table 3). When asked how the
live dashboard on the EWS helps embryologists, many re-
sponses related to help with organizing the day and planning
procedures for the following day.

In addition, the EWS increased efficiency by allowing la-
beling standardization according to 84.8% of the respon-
dents. Most respondents (73.9%) agreed that the EWS
allowed double-witnessing procedures to be conducted
more quickly than manual witnessing procedures, as a second
person is not required (Supplemental Figure 3A).

Overall, 78.3% of the respondents considered EWS
training easy, whereas only 26.1% showed concern with the
transition from manual witnessing to the EWS. Most embry-
ologists (88.9%) would recommend the EWS to another
embryologist (Supplemental Figure 3B). Among managers,
93.3% agreed that the sample chain of custody was easy to
follow when using the EWS audit reports.

Survey responses were not influenced by the respondent’s
age, sex, or years of laboratory experience. Sensitivity ana-
lyses, which added the number of months of prior experience
with the EWS to the model, also found that prior experience
did not impact survey responses.

DISCUSSION

For the first time, these data represent a comparison between
manual double-witnessing and an EWS in the IVF laboratory
that includes accounting for second-witness interruption
time. Overall, using the EWS saved an average of 73.6 seconds
(1.23 minutes) per studied procedure compared with manual
witnessing. The amount of time saved depended on the
procedure but did not differ by embryologist, study period,
or sequence (e.g., EWS first, manual second; or manual first,
EWS second), showing that, overall, the EWS can signifi-
cantly reduce the time required for double-witnessing by
3.1- to 5.2-fold when including the second-witness interrup-
tion time.

Extended culture and PGT, which currently may involve
evaluating and biopsying embryos through Day 7, have added
both complexity and time required for completion of ART cy-
cles (4). Alikani et al. (6) estimated that more complex cycles,
such as those involving PGT, could require 20.2 hours of
personnel time, including 3.67 hours related to manual wit-
nessing of nine procedures (average of 24.4 minutes per pro-
cedure). Our study evaluated the actual witnessing time for
three procedures of different complexity and showed a
much lower average of 101.7 seconds (1.69 minutes) when us-
ing manual witnessing (Table 1). This time was considerably
reduced to an average 28.1 seconds (0.47 minutes) when using
the EWS. Understandably, estimations such as the one
described by Alikani and colleagues usually tend to account
for worst-case scenarios. The actual time dedicated to manual
witnessing procedures will vary on the basis of each labora-
tory’s SOP (i.e., the number of procedures to be witnessed)
but in addition on laboratory logistics and staffing. In the pre-
sent study, however, staffing and workload did not affect
manual witnessing time.

The results showed that a witnessing session can average
0.47 minutes using the EWS. Small increments of time savings
could represent several hours of embryologists’ work consid-
ering the annual volume of ART cycles. We estimated the
average time savings per day, week (7 days), month (30.45
days), and year (365.25 days) using the average of procedures
performed in our lab during the study period: 14.73 minutes
per day, 103.9 minutes per week, 7.47 hours per month, and
89.66 hours per year, respectively (Supplemental Table 2). At
CCRM Boston, the number of types of witnessing sessions
per patient increased from 15 to 33 after the implementation
of the EWS. However, when summing up the total time
required to double-witness, 33 sessions is estimated to take
less time than performing manual witnessing on 15 sessions
(10.42 vs. 19.67 minutes; Supplemental Table 2). Although
increasing the number of types of witnessing sessions poten-
tially represents additional work for embryologists, the
simplicity of the witnessing steps with the EWS enabled addi-
tional checks to be built into the workflow in a seamless
manner, as indicated by the survey results. Importantly, the
improved SOP allowed increased sample identification and
traceability and additional checkpoints to prevent potential
mismatches. Although these changes are feasible with an
EWS, implementing such a robust witnessing SOP relying on
manual witnessing can be challenging. In addition, the
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potential detrimental effect caused by increased exposure to a
suboptimal environment (such as variations in pH or temper-
ature) while dishes might be outside the incubator for double-
witnessing and oocyte/embryo assessment cannot be
dismissed.

Although manual double-witnessing is perceived as a
safeguard, some disadvantages have been noted; these
include independent redundancy (double checkers do not
behave independently as predicted, and failures are not iden-
tified), inattentional blindness (discrepant information not
perceived because of limited cognitive resources), and ambig-
uous accountability (unclear which staff member is respon-
sible for checks, and checks are unintentionally omitted)
(15, 16). Evidence suggests that manual double-witnessing
is not as safe and effective as it could be, and it has the unin-
tended consequence of increasing risk by creating distrac-
tions and interruptions to the process and introducing
additional witnessing paperwork and staffing challenges
(17). The interruption factor—defined as work interruptions
occurring when an embryologist needs to stop a task to be
the second witness for another colleague—is usually underes-
timated. Interruptions imposed on the embryologist staff
could potentially offer more opportunities for human errors.
However, the importance of double-witnessing is generally
acknowledged: the European Society of Human Reproduction
and Embryology and the Human Fertilisation and Embry-
ology Authority strongly advise using a system of codes
and checks such as double-witnessing or an electronic iden-
tification system during critical steps in ART (3, 10).

The EWS can address interruptions and may help to
reduce sample mismatches. In addition, however, it may
introduce new risks such as errors in printing labels and over-
confidence in the witnessing system technology. Most of the
potential mismatches identified by the EWS at CCRM Boston
were minimal nonconformancies related to paperwork scan-
ning. This could be potentially attributed to a “relaxation”
of reading labels and the confidence on the EWS used.
Although the technology will safeguard the relaxation aspect,
it may not circumvent initially printing and attaching the
wrong label to a tube. However, the same risk applies to
manual witnessing processes. It is important to mention
that no EWS provides a foolproof system, as it cannot
completely eliminate user error, although it does provide
another level of checkpoints where potential mismatches
can be identified, prevented, and, importantly, documented.
The mismatches identified since the implementation of the
EWS at CCRM Boston would have likely been caught by
manual witnessing as well, but the EWS helps to track and
quantify these issues, leading to increased documentation to
support changes to workflow to minimize risk. Many chal-
lenges, such as staff availability, workflow, implementation,
standardization across laboratories, traceability, and preven-
tion of errors, can be at least partially addressed through the
use of an EWS, which may in addition have the potential to
reduce the embryologists’ inattentional blindness and stress
related to the risk of mismatches.

A prior report presented a patient’s perception of the use
of an EWS within the IVF laboratory (12). The current study
represents the first evaluation of embryologists’ opinions on
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EWS value. Survey results showed that embryologists’ per-
ceptions of the EWS were positive, with most embryologists
recommending using one in their laboratories. Sample identi-
fication, traceability, mismatch prevention, laboratory effi-
ciency, and embryologist confidence were perceived to be
improved. Although not all aspects were evaluated in our
study, the overall effect of EWSs on embryologists’ reported
confidence and stress suggest that the specific EWS may
have additional positive effects that have been observed in
previous studies, such as increased patient satisfaction and
reduced mismatches in the laboratory (12, 17).

An important consideration related to the implementa-
tion of new technologies in an IVF laboratory is the cost fac-
tor. Potential cost savings related to EWS might be different
for each clinic as it may be influenced by different aspect,
such as time savings, lab staffing, and logistics, as well as
risk mitigation. As such, there is the possibility that this tech-
nology might not demonstrate any cost savings for some
clinics. In this study, we did not evaluate the potential impact
of cost savings and financial aspects related to this
technology.

A potential limitation of the quantitative study is that our
findings may not be generalizable to other laboratories. Our
results are restricted to a single clinic with approximately 1
year of experience using a specific EWS—Gidget was adopted
by CCRM in April 2018 and study data collection occurred
from August to October 2019. Furthermore, clinics that
have recently introduced this system or a different EWS
may not observe time savings that are as extensive as the sav-
ings seen here. Embryologist perceptions may additionally be
influenced by the length of experience with a particular sys-
tem and by general embryology experience and knowledge.
Before implementing an EWS, clinics should evaluate the sys-
tem, its functionality, and the context of the IVF laboratory in
which it will be used (16). CCRM Boston evaluated two other
systems—IMT Matcher and RI Witness—before selecting the
EWS used in this study. The final choice of EWS was on the
basis of pricing, ease of hardware integration within our lab-
oratory set-up, and positive user interface experience with the
software. This facilitated the implementation of the technol-
ogy across all CCRM laboratories, demonstrating widespread
acceptance, standardization, and adoption within this labora-
tory network.

CONCLUSION

In conclusion, an EWS may help improve laboratory effi-
ciency and workflow by saving time and minimizing inter-
ruptions, which have long been underestimated in current
complex IVF laboratory practice. In addition, the EWS was
generally well perceived by most embryologists across the
evaluated domains, where it enhanced confidence and peace
of mind for embryologists at the end of a workday.

Acknowledgments: The investigators thank Joanna Ra-
koczy, PhD, and Jane Davies, PhD, BSc (Hons), (Caudex, Ox-
ford, UK) for medical writing and editorial assistance in the
preparation of this manuscript. In addition, the investigators
thank CCRM Boston staff, Jaime Weinberg, BS, Laurie Kala-
ghan, BA, Brett Goode, BS, and Sara Booth, BA, for assistance

VOL. 2 NO. 2 /JUNE 2021

187



ORIGINAL ARTICLE: ASSISTED REPRODUCTION

with data collection, and Jessica Filipovits, BS, of EMD
Serono for support with the survey and study design.

REFERENCES

1.

Centers for Disease Control and Prevention, American Society for Reproduc-
tive Medicine, Society for Assisted Reproductive Technology. 2016 assisted
reproductive technology national summary report. Available at: https:/
www.cdc.gov/art/pdf/2016-report/ART-2016-National-Summary-Report.pdf.
Accessed September 16, 2020.

Cairo Consensus Group. ‘There is only one thing that is truly important in an
IVF laboratory: everything’ Cairo consensus guidelines on IVF culture condi-
tions. Reprod Biomed Online 2020;40:33-60.

De los Santos MJ, Apter S, Coticchio G, Debrock S, Lundin K, Plancha CE,
et al. Revised guidelines for good practice in IVF laboratories (2015). Hum
Reprod 2016;31:685-6.

Schoolcraft W, Meseguer M. Paving the way for a gold standard of care for
infertility treatment: improving outcomes through standardization of labo-
ratory procedures. Reprod Biomed Online 2017;35:391-9.

Practice Committee of the American Society for Reproductive Medicine.
Practice Committee of the Society for Assisted Reproductive Technology,
Practice Committee of the Society of Reproductive Biologists and Technolo-
gists. Minimum standards for practices offering assisted reproductive tech-
nologies: a committee opinion. Fertil Steril 2020;113:536-41.

Alikani M, Go KJ, McCaffrey C, McCulloh DH. Comprehensive evaluation of
contemporary assisted reproduction technology laboratory operations to
determine staffing levels that promote patient safety and quality care. Fertil
Steril 2014;102:1350-6.

Magli MC, Van den Abbeel E, Lundin K, Royere D, Van der Elst J, Gianaroli L.
Revised guidelines for good practice in IVF laboratories. Hum Reprod 2008;
23:1253-62.

Intra G, Alteri A, Corti L, Rabellotti E, Papaleo E, Restelli L, et al. Application
of failure mode and effect analysis in an assisted reproduction technology
laboratory. Reprod Biomed Online 2016;33:132-9.

Rienzi L, Bariani F, Dalla Zorza M, Romano S, Scarica C, Maggiulli R,
et al. Failure mode and effects analysis of witnessing protocols for
ensuring traceability during IVF. Reprod Biomed Online 2015;31:
516-22.

Barton E. Code of practice 9th edition. London, UK: Human Fertilisation and
Embryology Authority; December 2019. Report No.: HFEA (27/06/2018)
885. Available at: https:/portal.hfea.gov.uk/media/1605/2019-12-03-
code-of-practice-december-2019.pdf.

College of American Pathologists. Reproductive accreditation program.
Available at: https://www.cap.org/laboratory-improvement/accreditation/
reproductive-accreditation-program. Accessed September 16, 2020.

Forte M, Faustini F, Maggiulli R, Scarica C, Romano S, Ottolini C, et al. Elec-
tronic witness system in IVF-patients perspective. J Assist Reprod Genet
2016;33:1215-22.

Chun Tie Y, Birks M, Francis K. Grounded theory research: a design frame-
work for novice researchers. SAGE Open Med 2019;7:1-8.

Sakkas D, Barrett CB, Alper MM. Types and frequency of non-conformances
in an IVF laboratory. Hum Reprod 2018;33:2196-204.

de los Santos MJ, Ruiz A. Protocols for tracking and witnessing samples and
patients in assisted reproductive technology. Fertil Steril 2013;100:
1499-502.

Adams S, Carthey J. IVF witnessing and electronic systems final report: Hu-
man Fertilisation and Embryology Authority; May 2006.

Thornhill AR, Brunetti XO, Bird S. Measuring human error in the IVF lab-
oratory using an electronic witnessing system. Proceedings of the 17th
World Congress on Controversies in Obstetrics, Gynecology and Infer-
tility (COGI); 2012 November 8-11; Lisbon, Portugal. Monduzzi
Editoriale, 2013.

188

VOL. 2 NO. 2 /JUNE 2021


https://www.cdc.gov/art/pdf/2016-report/ART-2016-National-Summary-Report.pdf
https://www.cdc.gov/art/pdf/2016-report/ART-2016-National-Summary-Report.pdf
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref2
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref2
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref2
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref3
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref3
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref3
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref4
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref4
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref4
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref5
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref5
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref5
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref5
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref5
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref6
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref6
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref6
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref6
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref7
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref7
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref7
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref8
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref8
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref8
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref9
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref9
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref9
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref9
https://portal.hfea.gov.uk/media/1605/2019-12-03-code-of-practice-december-2019.pdf
https://portal.hfea.gov.uk/media/1605/2019-12-03-code-of-practice-december-2019.pdf
https://www.cap.org/laboratory-improvement/accreditation/reproductive-accreditation-program
https://www.cap.org/laboratory-improvement/accreditation/reproductive-accreditation-program
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref12
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref12
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref12
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref13
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref13
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref14
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref14
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref15
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref15
http://refhub.elsevier.com/S2666-3341(21)00039-8/sref15

	Comparison of electronic versus manual witnessing of procedures within the in vitro fertilization laboratory: impact on tim ...
	Materials and methods
	Quantitative Assessment
	Study design and data collection
	EWS procedure—creating labels
	Manual procedure
	Outcome measures
	Statistical analysis

	Qualitative Assessment
	Study population and survey design
	Outcome measures
	Data collection
	Statistical analysis


	Results
	Quantitative Study
	Number of witnessing sessions
	Time savings for the performer
	Time interruption imposed on second witness
	Time savings when combining the performer’s and second witness’ time
	EWS implementation and standard witnessing procedures
	Identification of potential mismatches

	Qualitative Study
	Demographics and baseline characteristics
	Survey responses


	Discussion
	Conclusion
	Acknowledgments
	References


