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Background 
The twin-to-twin transfusion syndrome (TTTS) is caused by sharing an unbalanced placental 
vascularization between monochorionic twins in their own amniotic sac (Legrand et al. 2019)(On 
behalf of the International Collaboration to Harmonise Outcomes for Twin-Twin Transfusion Syndrome 
(CHOOSE) et al. 2017). Without intervention, the perinatal mortality rate exceeds 90% in TTTS twins  

and survivors may have severely damaged (Legrand et al. 2019) (Winkler, Harrison, and Messersmith 
2019). Over the last decade, fetoscopic laser ablation (FLA) has become the standard treatment, 
resulting in excellent outcomes for severe TTTS (Legrand et al. 2019; On behalf of the International 
Collaboration to Harmonise Outcomes for Twin-Twin Transfusion Syndrome (CHOOSE) et al. 
2017)(Malshe et al. 2017)(Papanna et al. 2014). The embedding of an electromagnetic (EM) sensor in 
the fetoscope has the advantage that the position and rotation of the tip of the fetoscope can be very 
well controlled. The EM sensor, at the tip of the fetoscope, stays inside the range of the magnetic field. 
The sensor is mounted on the tip of the fetoscope for  more continuous  and  accurate EM navigation.  
 

“The embedding of an 
electromagnetic (EM) sensor in the 
fetoscope is used to record the 
position and rotation of the tip of the 
fetoscope. However, this EM sensor 
can lead to risks for the patient 
(mother and fetus), surgeon and 
fetoscope. A failure mode and effects 
analysis (FMEA) method can identify 
and reduce the risk of medical errors 
in the fetoscope via a selective risk 
assessment, thereby improving 
patient (mother and fetus) safety, 
occupational health safety and 
ergonomics for surgeon and 
fetoscope.” 
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However, it can lead to risks for the patient (mother and fetus), surgeon and fetoscope. To reduce the 
risk of medical errors in a fetoscope, a selective risk assessment can be done, thereby reducing the 
risks and improving patient (mother and fetus) safety, occupational health safety and ergonomics for 
surgeon and fetoscope. A failure mode and effects analysis (FMEA) is a risk assessment tool to identify 
and analyze risk in healthcare systems, the FMEA method is widely accepted and employed to analyze 
healthcare system (Liu 2019)(McElroy et al. 2016). This method identifies and analyzes potential 
failure modes by experts that have knowledge and experience on the specific topic for TTTS and then 
calculate risk priority number (RPN) for severity, occurrence and detectability. 
 
Method 
The data necessary to perform the risk assessment is collected by the Delphi method, in which five 
expert engineers are needed. In round one, we identified the issues via an interview, thereby setting 
the project objectives and defining all their responsibilities. Round two consisted of the analysis, by 
interviewing the experts, calculation of the RPN by analyzing potential failure effects (S), potential 
failure causes (O) and current control (D). 
 
Result 
The study found that the embedding of an EM sensor in the fetoscope consisted of 29 failure modes. 
The highest potential failure mode was the needle and glued sensor (17%) followed by the tubing 
(14%), handle (14%), epoxy (14%), sensor (14%) and fetoscope (10%). The fetoscope (30%) itself had 
the highest number of potential failure effects, followed by potential failure effects for surgeons 
(24%), mothers (23%) and the fetus (23%). However, the highest RPN was a fetoscope (48.89) 
followed by the fetus (37.33) and mother (31.50). 
 

 
 
Figure 1  The fetoscope, a minimally invasive surgical equipment, is inserted through the 
uterus and fetal membranes under ultrasound to coagulate the placental vessels responsible for 
the blood transfusion. The embedding of an EM sensor in the fetoscope with the magnetic field can 
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. 
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Discussion and conclusion  
The highest potential failure mode was the needle and glued sensor and the highest of potential 
effects was the handle of the fetoscope. However, the fetoscope showed the highest RPN. Mother and 
fetus were more important for patient safety but fetoscope was material damage. Reducing risk factors 
of integrating electromagnetic (EM) sensor in the fetoscope could follow by; for the fetoscope was 
concerned about the presence of metallic components disturbing the field caused by noise’s sensor 
was concerned about the embedding of an EM sensor in the fetoscope. For the fetus, they concerned 
about improper handling or too high strain would cause of crack and break of the tube. For surgeon 
related to ergonomics, they had an increasing mental stress from extended intervention or longer 
procedure from replacing instruments and electrical shock because of the noise of the sensor. 
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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 (Aneta and Isabel 2019). 
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