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Symposium on Reproductive Bioengineering - First Time in an International Conference
A special symposium on Reproductive Bioengineering was held for the first time during the 12th International Conference on Biomedical Engineering in Singapore (ICBME-2005, December 7-10, 2005).  The term 'Reproductive Bioengineering' stands for the engineering structure of the reproductive system and its dynamic and physical functions. The reproductive system is composed of complex sub-systems, which are driven by sophisticated biochemical processes, while their performance is controlled by physical laws (e.g., Newton’s laws).  Understanding of the normal reproductive physiology, as well as development of pathologies, requires comprehensive evaluation of the bio-engineering aspects of reproduction in concomitant with the biological and clinical features. 
The symposium was organized by Dr. David Elad from Tel Aviv University and includes 2 sessions which were followed by a Round Table session. The following topics were presented in the sessions: 
· Pre-implantation intra-uterine fluid motions due to uterine contractions (David Elad, Tel Aviv University).
· Dual mechanism for myocyte recruitment in the pregnant uterus (Roger C. Young, Dartmouth-Hitchcock Medical Center).

· Bioengineering aspects of embryo transfer (Osnat Eytan, Tel Aviv Sourasky Medical Center).
· Periodic bioelectric signaling in pregnant human myometrium (Roger C. Young, Dartmouth-Hitchcock Medical Center).
· Electrical propagation in the pregnant uterus (Wim JEP Lammers, United Arab Emirates University).
· Spatial-temporal analysis of uterine smooth muscle activity during pregnancy using non-invasive magnetomyography recordings (Hari Eswaran, University of Arkansas at Little Rock).
· The effect of intra-uterine and intra-abdominal pressures on the hemodynamics of the female reproduction system (Ariel J Jaffa, Tel Aviv Sourasky Medical Center).

· Biomolecular basis of biomechanical actions of oxytocin (Carlo Ticconi, University of Rome ‘Tor Vergata’).
The Round Table session entitled “Reproductive Bioengineering – Why, What, Where?” was moderated by David Elad, who presented a short overview on major components of the male and female reproductive systems where research collaboration between bioengineers and clinicians may advance the existing knowledge as well as improve medical technologies. It attracted about 30 participants including Dr. Timothy Pedley (chairman of the World Council for Biomechanics) and Dr. Joachim Nagel (president of the International Federation for Medical and Biological Engineering).
Many scientists from different disciplines (e.g., medicine, physiology, pharmacology, bioengineering) work on topics related to the reproductive systems and there is a need for a common platform to allow for integrative and collaborative research projects and professional meetings.  It was debated that the reduced scientific requirements in schools of medicine in the USA restrains young clinicians from collaboration with engineers.  Issues related to funding and recognition of funding agencies of new research areas such as reproductive bioengineering were also discussed.  Nevertheless, ‘old timers’ in the audience reminded us that in the 60’s and 70’s the status of cardiovascular and pulmonary bioengineering was at a very similar stage.  Dr. Nagel recommended to direct public relations efforts towards government agencies and research foundation as well as cooperation with scientific societies and federations.  Dr. Einav suggested to ‘hammer’ the doors of agencies, foundations, societies and to ensure that people will start to work and to develop research collaborations between clinicians and engineers and to bring the information to the public attention.  It was also emphasized that the need for technologies in the clinical setting will eventually lead to collaboration between clinicians and bioengineers.

Dr. Elad also presented the new web site for Reproductive Bioengineering (http://www.tau.ac.il/~elad1/reprod-bioeng/) that was developed for the scientific community interested in the reproductive system for development of discussion groups, sharing knowledge and promoting research collaboration.   It was suggested to increase the volume of bibliography and to provide information of the existing research laboratories and their research potential.
 
Symposium on Reproductive Bioengineering - Abstracts

Organizer: Dr. David Elad, Tel Aviv University

Pre-implantation intra-uterine fluid motions due to uterine contractions

David Elad, Department of Biomedical Engineering, Tel Aviv University, Israel
Spontaneous myometrial contractions generate dynamic displacements of the intra-uterine fluid-wall interface which induce intra-uterine fluid movements.  The resulted peristaltic fluid motions are directed from the cervix towards the fundus and are reversed during menstruation.  Uterine peristalsis plays a central role in assisting the transport of sperm to the fallopian tube and later in the conception process in transporting the embryo to a fundal site for implantation.  In order to explore the dynamics of intra-uterine wall motility we analyzed the instantaneous geometry of transvaginal ultrasound (TVUS) images of sagittal cross-sections of the non-pregnant uterus.  Utilization of image processing techniques enabled to evaluate the amplitudes, frequencies and symmetry of the uterine activity. A mathematical model of peristaltic flow in a two-dimensional channel with symmetric or asymmetric oscillating walls was developed to simulate intra-uterine fluid flow along a sagittal cross-section of the uterus. Processing of the recorded TVUS images provided information on mean values of frequency and amplitude of wall motility for the mathematical analysis.  Simulations of fluid motions within uniform and tapered channels showed that the transport characteristics are strongly dependent on the phase shift between the displacements of the channel walls.  The velocity, flow rate, pressure and the axial transport of massless particles are reduced to zero when contractions are completely out of phase.  Cases of reflux and trapping are most likely to occur in a tapered channel when wall motility is asymmetric.  This investigation illustrated the dependency of embryo transport on uterine peristalsis and how irregular spontaneous uterine motility in the nonpregnant women may introduce a mechanical factor of infertility.  For example, complex phenomena like reflux in a tapered tube demonstrated the inability of transferred embryos to reach the fundal area which may explain implantation failures in pathologies such as hydrosalpinx.

Bioengineering Aspects of Embryo Transfer

Osnat Eytan, Lis Maternity Hospital, Tel-Aviv Sourasky Medical Center, Israel
The low rate of implantation after embryo transfer (ET) has at least in part been attributed to technical aspects, such as catheter type, catheter load, the placement of catheter tip and physician skills.  In order to explore the outcome of ET we investigate the variations of the distribution of the transferred matter due to diversity in factors such as catheter loading, catheter tip position, speed of injection and posture of uterus on.  Mock ET simulations were conducted with a transparent laboratory model of the uterine cavity.  The catheter loaded with alternating air and colored liquid media was injected at various speeds.  The transfer procedure was recorded by a digital video camera for later analysis.  The results show that Injection of liquid with air into the uterus formed an air bubble which blocked the transport of the transferred liquid towards the fundus (the upper part of the uterus).  The distribution of the transferred matter within the uterine cavity was determined by the composition of the liquid-air sequence and the viscosity ratio between the transferred liquid and the uterine fluid.  As injection speed increased, more transferred liquid was accumulated in front of the air bubble towards the fundus.  When the uterine model was inclined with respect to the horizon, the distribution of the transferred matter was controlled by the buoyant forces.  The position of the catheter tip affected the distribution of the transferred matter only when it was closed to the fundal wall.   The results of this study suggest that enhancement of the embryos transport towards the site of implantation in the fundus requires (i) a minimal volume of air in the catheter load, (ii) the viscosity of the transferred liquid should similar to that of the uterine fluid, and (iii) high injection speed.

The effect of intra-uterine and intra-abdominal pressures on the hemodynamics of the female reproductive system

Ariel J. Jaffa, Lis Maternity Hospital, Tel-Aviv Sourasky Medical Center, Israel
Ovarian hyperstimulation syndrome (OHSS) is a well known complication of ovulation induction. Clinically ascites is the main feature.  This is caused by increased peritoneal capillary permeability where in sever cases it may be a life threatening condition, complicated by reduced urinary output, abdominal discomfort and breathing difficulties.

Twin-twin transfusion syndrome (TTTS) is the most serious complication of monochorionic twin gestation where the two fetuses share one placenta.  The cause of TTTS is unknown, but it occurs due to anastomoses (connections of blood vessels) within the placenta which form one blood circulation.  As time progresses, the amount of the amniotic fluid of one of the twins accumulated rapidly.  Without treatment, TTTS pregnancy may be terminated preterm with neonatal death or survival with severe cardiac, brain or developmental problems.

Aspiration of the intra abdominal fluid is the treatment of severe cases of OHSS. Amnio-reduction is the treatment in severe cases of TTTS. In both cases the aim is to reduce intra cavital pressure and to improve blood supply to the kidneys of the patients having OHSS, and to reduce the blood load in TTTS.  The problem that rises in both cases was when to stop the aspiration.  The cavital pressure was measured in both procedures versus the extracted fluid volume in order to study the cut of point.    

Our studies showed sharp decline in the intra cavital pressure after removal of 30% of the total volume removed, the pressure reached to 12 cm H2O.  Further fluid aspiration did not change the pressure.  Similar phenomenon was observed during the aspiration of the amniotic fluid in TTTS, where the pressure reached 10-12 cm H2O after 50% of the total volume removed, and then remained unchaned.  Both syndromes had the same hemodynamics patterns although there are two entirely different syndromes.

Periodic Bioelectric Signaling in Pregnant Human Myometrium

Roger C. Young, General Obstetrics and Gynecology, Dartmouth-Hitchcock Medical Center, Lebanon, USA
Abstract: The uterus is primary composed of smooth muscle fibers that perform two major functions – first to house the developing fetus, then at the correct time, to expel the newborn.  The transition from a quiescent organ to an actively contracting one is marked by periodic electrical activity that signals the initiation of each contraction of labor. From the beginning of active labor until delivery, these contractions occur every 3-4 minutes with remarkable regularity. In tissue strips, we reported the occurrence of bioelectrical spikes that coincide with the beginning of each contraction. Published data using a large array of superconducting quantum interference devices demonstrate the electrical activity occurs nearly simultaneously over large areas of the uterus. The uterus is essentially a 30 cm diameter sphere. Wall tension generates intrauterine pressure according to the LaPlace relationship P=2T/r. The simultaneously contraction of the entire large surface area of the uterus requires unique signaling mechanisms. Here we will consider the possible application of phase synchronization of spontaneous oscillators as one of these mechanisms. 

Electrical Propagation in the Pregnant Uterus

Wim J.E.P. Lammers, Faculty of Medicine & Health Sciences, U.A.E. University, United Arab Emirates.

There is not much information about the propagation of electrical impulses in the pregnant uterus. With the development of electrical mapping in smooth muscles, it has also become possible to analyze electrical activities in pregnant uteri. Several studies were performed using isolated uteri from pregnant rats and guinea pigs.

Timed-pregnant rats (17-21 days) or guinea pigs (60-65 days) were anaesthetized (Nembutal 45 mg/kg) and the uterus removed. In the case of the rats, the horns were opened, the fetuses removed and a segment isolated and positioned as a flat sheet (2-3 cm) in a tissue bath (200 ml). In the case of the guinea pigs, the cervical end of one horn was opened, 1-3 fetuses delivered and replaced by an equivalent amount of Tyrode (214 +/- 75 ml), after which the cervical end was closed and the horn positioned in a 1.6-liter tissue bath. A 240-extracellular recording array (10 x 24; 2 mm inter-electrode distance; Teflon-coated silver wires; 0.3 mm diameter) was positioned on the rat segment or at various locations along the length and around the circumference of the guinea-pig horn. All 240 signals (amplification 4000x; band filter 2-400 Hz; sampling 1000 Hz) were recorded simultaneously. Selected 32-sec recordings were analyzed and the direction and velocity of spike propagation and the inter spike and burst intervals were calculated.

In both species, electrical activities occur in bursts that consist of a series of 100-1000 individual spikes. Conduction of single spikes was found to be highly variable and depended on a) the level and spatial dispersion in excitability and b) whether conduction occurred predominantly in the circumferential or longitudinal direction. Conduction was often complicated by the occurrence of 1) local pacemakers, 2) merging of two or more wavelets into a single wave front or 3) conduction block. Such variations in conduction disappeared to a large extent if the tissue was divided into small segments (< 2 cm2) and both the location of the pacemaker and the predominant direction of propagation then became more constant. Finally, the occurrence of conduction blocks sometimes induced the occurrence of reentry and circus movement electrical activity. 

In conclusion, spontaneous variations in speed and direction of propagation at pre-term could provide for the necessary asynchrony in electrical activation during myometrial bursts as required to prevent forceful contraction and premature labor.

Spatial-Temporal Analysis of Uterine Smooth Muscle Activity During Pregnancy Using Non-invasive Magnetomyography Recordings

Hari Eswaran, University of Arkansas for Medical Sciences, Little Rock, Arkansas, USA

Objective: The overall goal was to record and perform spatial-temporal-mapping of the magnetic fields (Magnetomyography - MMG) corresponding to the electrical activity of the uterine smooth muscle with a device called SARA, (SQUID Array for Reproductive Assessment) with 151 sensors spread over the maternal abdomen. 
Methods: The recordings were made at a sampling rate of 250 Hz. The data was then down-sampled to 25 Hz and post-processed with a bandpass filter (0.05 - 1 Hz) for further analysis. In order to localize the areas of activation over the uterus during a contraction, a contour map of the magnetic field distribution was plotted. To identify and characterize the regional activity within the uterus, four tracking parameters were chosen to define uterine activity - (1) Frequency (F) of electrophysiological burst activity, (2) Peak Power (PP) - to quantify the intensity of the magnetic field related to electrophysiological activity, (3) Percentage of Sensors Active 
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(PSA) to determine the spread of  activity over the uterus (4) Regions of Activity (RA) the number of isolated regions active over the uterus.

Results: MMG activity was successfully recorded in 35 subjects with 8 of them recorded multiple times (72 recordings) starting at 38 weeks of gestation. Spectral analysis of MMG signals revealed that peak power ranged from 1 to 10 pT with significant values in two bands: 0.15 - 0.2 Hz and 0.35 - 0.5 Hz. The regions of activity ranged from 1 to 3. In 8 patients with serial recordings PSA was <33% on the first day of recordings implying that only 1/3 of the recording area was magnetically active over the abdomen. Six of seven patients with increased PP and /or PSA delivered within four days.

Conclusion: The spatial-temporal resolution along with the quantification parameters could provide a better insight into the evolution of labor.

Biomolecular Bases of Biomechanical Actions of Oxytocin on the Pregnant Uterus

Carlo Ticconi, Section of Gynecology and Obstetrics, University “Tor Vergata”, Rome, Italy

Background: Oxytocin is one of the most powerful uterotonic substances known so far and is largely used in clinical practice for labor induction/augmentation as well as for the treatment of postpartum hemorrage. Oxytocin receptor antagonists are currently used to inhibit preterm labor. However, emerging evidence indicates that oxytocin exerts complex biomechanical effects on the uterus, which are still uncompletely defined.

Objective: To further broaden the current knowledge on the molecular mechanisms by which oxytocin exerts its biomechanical effects on the uterus.

Metodology: The biomolecular effects of oxytocin have been studied in vitro both in explants of human fetal membranes and in primary cultures of myometrial cells in different experimental conditions. The oxytocin-modulated expression/production of several substances involved in the regulation of myometrial contractility has been  investigated through ELISA, WB, RT-PCR, immunocytochemistry.  

Salient results: In fetal membranes, oxytocin has been shown to exert the following effects: a) increase in the production of arachidonate cyclooxygenase and lipoxygenase metabolites; b) increase in the production of selected inflammatory cytokines (TNF-alpha, TGF-beta1); c) increase in iNOS expression and nitric oxide release. In myometrial cells, oxytocin has been shown to increase the expression of PDE5, an enzyme involved in the control of intracellular concentration of cGMP.

Significance of the paper: The overall biomechanical action of oxytocin is to increase the frequency, duration and force of uterine contractions. Our results indicate that the biomechanical effects of oxytocin in the pregnant uterus are the final result of a complex interplay of biomolecular actions exerted at multiple levels. Oxytocin effects on fetal membranes can influence, directly or indirectly, myometrial contractility as well as cervical ripening and dilatation. Myometrial actions of oxytocin can affect different pathways leading to a modulation of smooth muscle cells contractility: 1) increase in the duration of Ca++ signal; 2) increase in the sensitivity of the contractile machinery to Ca++; 3) modulation of intracellular levels of cyclic nucleotides. 
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