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“ Embedding an electromagnetic (EM) sensing at
the tip of a fetoscope is appealing as it would
allow to record the position and orientation of
the tip of the fetoscope in real time. This tracking
information may be useful for advanced guidance
schemes that may help the surgeon during the
intervention. However, adding such an EM-sensor
should be done with great care as it may lead to
additional risks for the patients (mother and
fetus), the surgeon or the fetoscope itself. This
work proposes the use of a failure mode and
effects analysis (FMEA). By means of such an
FMEA one can systematically identify the risks
and hazards of EM-integration via selective risk
assessment. Through this FMEA it is possible to
acquire a deeper understanding of the procedure.
Together with new guidance schemes that rely on
such EM technology, one could ultimately
improve patient safety, occupational health
safety and ergonomics for the surgeon.”

Background
Twin-to-twin transfusion syndrome (TTTS) is caused by an unbalanced placental flow between identical
twins that share their placenta (Lewi, Deprest, and Hecher 2013; Lewi et al. 2012; “Twin-to-Twin Transfusion
Syndrome (TTTS)*” 2011). Without intervention, the perinatal mortality rate exceeds 90% due to premature
delivery or intra-uterine death, and there may be severe morbidity in survivors (Spruijt et al. 2020; Ahmad
et al. 2020; Robyr et al. 2005; M.-V. Senat et al. 2002). Fetoscopic laser ablation (FLA) has become the
standard treatment, because of improved outcomes compared with earlier approaches (Marie-Victoire
Senat et al. 2004). The embedding of an electromagnetic (EM) sensor in the fetoscope could permit recording
the position and orientation of the tip of the fetoscope in real time with a tabletop magnetic field generator
placed below the patient. Such information would be beneficial as it would open up possibilities to guide the
surgeon intra-operatively and e.g. inform where to laser or how far the placenta is from the fetoscope tip.
An advantage of embedding an EM-sensor at the tip of the instrument is that the sensor will stay well inside
the range of the magnetic field that is created by the tabletop field generator. However, altering an existing
fetoscope and adding EM sensing could lead to additional risks for the patients (mother and fetus), surgeon
or the fetoscope. To anticipate and avoid such risks, a selective risk assessment needs to be done. Through
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an FMEA one could reduce the risks and by introducing further guidance schemes improve patient safety,
occupational health safety and ergonomics for the surgeon. A failure mode and effects analysis (FMEA) is a
risk assessment tool to identify and analyze risks in healthcare systems. FMEA is a widely accepted method
employed both in industry and in the healthcare system(Liu 2019; McElroy et al. 2016). FMEA identifies and
analyzes potential failure modes. Typically, a multidisciplinary expert team is involved. The experts should
have knowledge and experience with the condition (TTTS), but there should also be experts with technical
knowledge on the developed instrumentation. From the assessment by and inputs of the experts, the risks
are identified and subsequently ranked. To this end, a risk priority number (RPN) is calculated. The RPN is
calculated by multiplying severity (S), occurrence (O) and detectability (D) scores that were assigned by the
experts, who indicate how serious the consequences of a failure could be (S), how often such failures could
occur (O) and finally how easy it would be to detect and act upon failures (D).
Method
To collect information for FMEA, data was collected in two rounds through a so-called a modified
Delphi technique. Five senior engineers were interviewed twice. In round one, potential failure modes
were identified via one-to-one interviews. Before the interview the project objectives were
communicated to the engineers and the responsibility of the involved clinical staff was explained. In
the second round the experts were interviewed with the aim of calculating the different RPN numbers
from the different experts.
Result
Embedding an EM-sensor in the fetoscope may lead to a total of 29 additional EM-specific failure
modes. The highest number of potential failure modes concerned the failure of the needle assembly,
that is used to deliver the EM-sensor and the way the sensor was glued into the needle (17%) followed
by failure of the cabling of the EM-sensor (14%), of the needle assembly, the handle (14%), the use
of epoxy (14%), failure of the sensor (14%) and finally failure of the fetoscope itself (10%). The
fetoscope (30%) had the highest number of potential failure effects (mainly sensor failure due to the
presence of metallic components that would disturb the sensor readings), followed by the surgeon
(24%) who could experience elevated levels of stress from the potential extension of the intervention
and the additional handling, the calibration of the EM system. These were followed by the mother
(23%) and the fetus (23%), with potential failures linked to excess strain that could cause cracking or
breaking of the cabling. However, after ranking, the highest RPN was for the fetoscope
(RPN=48.89;S=4.00), followed by the fetus (RPN=37.33;S=4.67) and mother (RPN=31.5;S=4.33). The
highest severity score was 4.67. This related to rupture or cracking of the tube (RPN=37.33;S=4.67),
followed by damage to the surgical port during insertion (RPN=21.78;S=4.67) and noise at the EM
sensor due to the influence of the needle (RPN=18.67;S=4.67).
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Figure 1
The fetoscope, a minimally invasive surgical instrument is inserted through the
uterus and fetal membranes under ultrasound to coagulate the placental vessels that are
responsible for blood transfusion to the fetus. An EM sensor integrated in a fetoscope could be used
to record the position and rotation of the tip of the fetoscope. In order to detect the sensor, a
tabletop magnetic field generator is placed below the patient during the procedure.

Figure 2 The design of the embedding of an EM sensor in the fetoscope includes a hollow needle,
an unsealed 6DOF sensor is inserted inside. The sensor is coated with a water-proof plastic tubing
outside the needle. The sensor is sealed inside the needle with epoxy glue. The needle is attached
to the fetoscope with a plastic holder. If necessary, the needle is removable from the fluidic tube
and separately sterilizable (Kloudová and Mont, 2019).
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Discussion and conclusion
We used a modified Delphi method for a failure mode and effects analysis (FMEA). It identified and
investigated potential failure modes and failure effects of embedding an EM-sensor in a fetoscope for
laser coagulation of placental vessels. The experts who gave scores also were able to make
recommendations for reducing risk factors. Through these recommendations it becomes possible to
systematically improve the safety of the design. Experts tended to assign different scores to the
different criteria because they had somewhat different backgrounds and preferences. Improvements
could be made by finding ways to incorporate expertise to determine the overall RPN. Also, the same
RPN number was found for quite different combinations of risk factors (S,O,D). A prioritization
depending on individual scores could be adopted to further differentiate among hazards in the future.
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