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Preterm Birth as an Engineering Challenge .
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Intrauterine Fetal Demise
Fetal Growth Restriction
Abnormal FHR/BPP*
Infection/FIRS*™"

Fetal Anomaly
Alloimmune Fetal Anemia
Polyhydramnios
Multiple Fetuses

Fetal

Extrauterine Infection
Clinical Choricamnionitis
Maternal Trauma
Worsening Maternal Disease
Uterine Rupture
Pre-eclampsia/Eclampsia

Histological Chorioamnionitis
Placental Abruption
Placenta Previa

Other Placental Abnormalities

Maternal Placental

Cervical Shortening Birth-Related PPROM* |
Cervical Dilatation Bleeding N 4
Regular Contractions T

* Fetal Heart Rate/Biophysical Profile; ** Fetal Inflammatory Response Syndrome, #Preterm Pre-labor Rupture of Membranes

Adapted, by M.L. Oyen, from Villar et al. (2012) AJOG doi: 10.1016/].aj0g.2011.10.866
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Benirschke’s Pathology of the Human Placenta (2022).
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Transform Maternal Health via Engineering T
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Clinical Engineering Decision Tree T
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Enabling Technology: Real-Time Models I
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Velocity, u [mm/s]

Patient-Specific

Computational Models
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Pregnancy Digital Twin Beginnings .
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A C-section rate of up to 19 percent improves maternal and neonatal mortality rates, but that benefit plateaus after 19
percent.
JAMA

Betran et al, BMJ Global Health, 2021; Molina et al, JAMA, 2015.
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C-sections Have Long-term Consequences .
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The danger is acute in future pregnancies:

There is both a risk of scar rupture and a risk of implantation at the scar site, leading to ectopic
pregnancy or placenta accreta.

Uterine Wall
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C-section Digital Twin Methods
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Louwagie, E.M. et al, PloS one, 2021
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3) Discretize into elements
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Louwagie, E.M. et al, PloS one, 2021
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10.1101/2023.11.03.565565

Scott et al. 2024, DOI:




C-section Digital Twin Third Trimester
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C-section Digital Twin Second Trimester wv
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Reproducibility of assessment of full-dilatation Cesarean
section scar in women undergoing second-trimester

. . Posterior
screening for preterm birth

A. BANERJEE'2, Z. AL-DABBACH!, F. E. BREDAKI', D. CASAGRANDI', A. TETTEH!,

N. GREENWOLD!, M. IVAN', D. JURKOVIC?3®, A. L. DAVID">* and R. NAPOLITANO'

! Fetal Medicine Unit, Elizabeth Garrett Anderson Wing, University College London Hospital, London, UK; *Elizabeth Garrett Anderson
Institute for Women's Health, University College London, London, UK; * Department of Gynaecology ibeth Garrett Anderson Wing,
University College London Hospital, London, UK; *National Institute for Health Rescarch, University College London Hospitals
Biomedical Research Centre, London, UK

Banerjee, A, etal. ibility of of full-dilatation Cesarean section
scar in women undergoing second-trimester screening for preterm birth." Ultrasound in
Obstetrics & Gynecology 60.3 (2022): 396-403.

Figure 1 Grayscale ultrasound images showing measurement of the  Figure 2 (a) Measurements of Cesarean section (CS) scar niche
distance from the Cesarean section (CS) scar to the internal cervical  dimensions in the sagittal plane, including is largest length, largest
osin the sagittal plane in a case with a CS scar above the cervix (a)  depth, residual myometrial thickness (RMT) and adjacent

and a case with a CS scar in the cervix (b). The level of the internal  myometrial thickness (AMT). (b) Largest width of the CS scar

05 was determined using color flow mapping of the uterine artery.  niche measured in the transverse plane.

Banerjee et al, Ultrasound in Obstet. Gynecol (2022)
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Louwagie et al, PloS one (2021)
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Pregnancy and Engineering: Challenges o
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1. Interdisciplinary collaboration less common in Ob/Gyn
than other fields (cancer, orthopedics, cardiovascular).
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2. We need training image sets for AI/ML.
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1. Interdisciplinary collaboration less common in Ob/Gyn
than other fields (cancer, orthopedics, cardiovascular).

2. We need training image sets for AI/ML.

3. We need a mechanism to ethically harness the big data
“natural experiments” in women’s health.




Pregnancy and Engineering: Challenges o
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4. We need human cell sources and consistent biomimetic
tissue scaffolds for in vitro studies.
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Pregnancy and Engineering: Challenges o
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5. Better diagnosis shifts the need to better intervention and
prevention but only with & S e 9%o
advances in mechanistic \{ = @ ol N

. A
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