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(57) ABSTRACT 

A Wireless fetal and maternal monitoring system includes a 
fetal sensor unit adapted to receive signals indicative of a fetal 
heartbeat, the sensor optionally utilizing a Doppler ultra 
sound sensor. A short-range transmission unit sends the sig 
nals indicative of fetal heartbeat to a gateWay unit, either 
directly or via an auxiliary communications unit, in Which 
case the electrical coupling between the short-range transmis 
sion unit and the auxiliary communications unit is via a Wired 
connection. The system includes a contraction actuator actu 
atable upon a maternal uterine contraction, Which optionally 
is a EMG sensor. A gateWay device provides for data visual 
iZation and data securitiZation. The gateWay device provides 
for remote transmission of information through a data com 
munication network. A server adapted to receive the informa 
tion from the gateWay device serves to store and process the 
data, and an interface system to permits remote patient moni 
toring. 
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WIRELESS FETAL MONITORING SYSTEM 

PRIORITY CLAIM 

[0001] This application claims priority to US. Provisional 
Application No. 61/410,803, ?led Nov. 5, 2010, entitled 
“Wireless Fetal Monitoring System” (Ref. 921,355-007), 
US. Provisional Application No. 61/410,793, ?led Nov. 5, 
2010, entitled “Electronic Data Capture, Documentation, and 
Clinical Decision Support System” (Ref. 921 ,355-006), US. 
Provisional Application No. 61/454,896, ?led Mar. 21, 2011, 
entitled “Prenatal Wireless Mobile Pack” (Ref. 921,3 55 -023), 
and US. Provisional Application No. 61/488,334, ?led May 
20, 201 1, entitled “LoW-Cost Portable Fetal Monitor With 
Provisions for Multiple Births” (Ref 921 ,355-024), all of 
Which are incorporated herein by reference as if fully set forth 
herein. 

STATEMENT OF RELATED APPLICATIONS 

[0002] This application is related to US. Published Patent 
Application 201 1/0137209, Ser. No. 12/917,848, ?led Nov. 2, 
2010, entitled “Microphone Arrays for Listening to Internal 
Organs of the Body” (Ref 921,355-004), US. patent applica 
tion Ser. No. 13/094,678, ?led Apr. 26, 2011, entitled “Ultra 
sound Patch” (Ref. 921,355-012), US. Patent Application 
Ser. No. 61/410,793, ?led Nov. 5, 2010, entitled “Electronic 
Data Capture, Documentation and Clinical Decision Support 
System” (Ref. 921,355-006), and US. patent application Ser. 
No. 13/102,817, ?led May 6, 2011, entitled “Multipurpose, 
Modular Platform for Mobile Medical Instrumentation” (Ref 
921,355-019), all of Which are incorporated herein by refer 
ence as if fully set forth herein. 

FIELD OF THE INVENTION 

[0003] The present invention relates to fetal and maternal 
monitoring systems, particularly those to monitor for fetal 
distress. More particularly, the systems, devices, apparatus 
and methods relate to improved monitoring systems With 
enhanced functionality for Wireless fetal monitoring systems. 

BACKGROUND OF THE INVENTION 

[0004] Fetal Distress Syndrome is an abnormal condition 
during gestation or at the time of delivery, marked by altered 
heart rate or rhythm and leading to compromised blood ?oW 
or changes in blood chemistry. Detection of fetal distress 
syndrome is done in obstetrics by Cardiotocography, the 
simultaneous measurement of fetal heart rate and uterine 
contractions. The change in fetal heart rate as a response to 
uterine contractions is the diagnostic basis of fetal distress 
syndrome. See, e.g., “Cardiotocography”, van Geijn, H. P., 
Textbook of Perinatal Medicine, Parthenon Publishing, 1 998, 
Vol. 2, p. 1424-8. In every-day obstetrics practice, physicians 
routinely prescribe cardiotocograms to detect fetal distress 
syndrome. 
[0005] Cardiotocography, or electronic fetal monitoring 
(EFM), is a common non-invasive diagnostic technique uti 
liZed in obstetrics to detect and determine the extent of Fetal 
Distress Syndrome. Cardiotocography uses the simultaneous 
measurement of the fetal heart rate (“cardio”) and the uterine 
contractions (“toco”) to detect any abnormalities. 
[0006] Current technology is composed of a central unit, 
Which contains a printer, a Doppler fetal monitor (to register 
the fetal heart rate), and a tocodynamometer (to register uter 
ine contractions). In currently used equipment, the sensors 
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are a?ixed to the abdomen of the mother and connected to the 
central unit via connecting cables. 
[0007] Typically, a conventional tocodynamometer is a 
strain gauge attached to a belt around the abdomen of the 
patient. The strain gauge detects the tension on the uterus Wall 
during contractions. Also conventionally, a Doppler ultra 
sound transducer measures fetal heart rate. The result is a 
graphical overlay of both measurements, seen either on a 
screen or on paper. By comparing changes in fetal heart rate 
to maternal contractions, the healthcare provider assesses the 
status of the fetus and determines if fetal distress is present. 
[0008] Currently, obstetric patients requiring EFM are 
referred to either a hospital or outpatient clinic setting Where 
monitoring takes place under the physical presence of a tech 
nician or nurse. While resting inbed, the sensors are placed on 
the patient and the sensors are connected to a measuring 
apparatus With cables, thus limiting the patient’s mobility. 
The measuring apparatus displays tWo simultaneous graphs, 
one With the fetal heart rate and the other With the uterine 
contractions (on paper or screen). The practitioner determines 
the presence and the severity of Fetal Distress Syndrome 
based on these tWo graphs. See, e.g., “Interpretation of the 
Electronic Fetal Heart Rate During Labor”, American Acad 
emy of Family Physicians (1999). 
[0009] Traditional fetal monitoring systems include are 
relatively bulky, expensive and intended to be used in desig 
nated centers (e.g., hospitals/physicians or of?ces). This 
arrangement raises several issues. 
[0010] First, there exists a limited accessibility to fetal 
monitoring. Currently, in United States, pregnant mothers 
must commute to either a physician’s of?ce or a designated 
fetal monitoring center and these centers are often dif?cult for 
patients to access. This means that the pregnant mother 
should take a trip to the hospital for a monitoring session 
Which puts the burden of time and expense both on the mother 
and accompanying person(s) as Well as the healthcare system. 
Therefore, With traditional systems monitoring of pregnant 
mothers, Who are not categorized as high risk, is limited to a 
feW times during course of pregnancy. For example, typical 
testing is on the order of 2 times every Week during the last 
trimester. This leads potentially to reduced e?icacy of moni 
toring in terms of missing critical incidents. Immobility of the 
traditional system also means that pregnant mothers in 
remote areas and/or in the underserved areas With limited 
access to the healthcare system (e.g., in the case of many 
developing countries) are not being tested at all. 
[0011] Second, there is limited mobility of the patient dur 
ing fetal monitoring. Pregnant mothers Who undergo fetal 
monitoring require a minimum of 45 minutes and up to 4 
hours for each monitoring session. During this time the 
patient must remain in a relaxed position (usually recumbent) 
connected to the recording device. Putting on and adjusting 
the position of fetal monitoring system sensors takes substan 
tial amount of time (i.e., on the order of 10-20 minutes). Using 
the traditional Wired fetal monitoring system, in case that the 
patient needs to move during the test (e.g. goes to bathroom or 
the like) the setup needs to be removed and placed back 
afterwards. This adds additional time and cost burden in the 
hospitals. 
[0012] Third, there is a lack of remote accessibility to data 
for evaluation. Currently mo st cardioto graphic devices do not 
have the capability of digital storage and transfer. The usual 
manner in Which a fetal monitoring study occurs involves a 
paper tracing that is carried to the health care provider or 
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Physician for interpretation, and then stored in the patient’s 
medical record. Often the length of these strips exceeds the 
capacity for storage for clinical, private physician practices 
and even hospital systems. Additionally, the lack of digital 
data transferability means that interpreting the data is pos 
sible in only places that trained care providers (i.e. nurses or 
physicians) are accessible. 

[0013] Doppler ultrasound is a non-invasive monitoring 
approach to extract information about moving structures 
inside the body. It can be used for diagnosis of many cardio 
vascular conditions as well as in fetal health monitoring. 
Current ultrasonic technologies rely on bedside monitoring 
that is limited to the hospital and clinical settings. A major 
obstacle in transforming the traditional ultrasonic technolo 
gies into the emerging wireless health solutions is the signi? 
cantly high computational complexity of the algorithms that 
process the plethora of the Doppler shifted data acquired from 
ultrasound transducers. 

[0014] With the growing interest in wireless health tech 
nologies and their potential applications, ef?cient design and 
development of wearable medical devices is becoming 
unprecedentedly important to researchers in both academia 
and industry. See, e.g., R. Jafari, S. Ghiasi, and M. SarrafZa 
deh, “Medical Embedded Systems,” in Embedded System 
Design: Topics, Techniques and Trends, ser. lFlPAdvances in 
Information and Communication Technology, A. Rettberg, 
M. Zanella, R. Diiner, A. Gerstlauer, and F. Rammig, Eds. 
Springer Boston, 2007, vol. 231, pp. 441-444. The main 
driving factors in designing this new generation of the health 
paradigm include cost, power consumption, and wearablility, 
with power consumption being the center of many research 
efforts due to its dramatic in?uence on other design objec 
tives. See, e.g., C. Park, P. Chou, Y. Bai, R. Matthews, and A. 
Hibbs, “An Ultra-wearable, Wireless, Low Power ECG 
Monitoring System,” in Biomedical Circuits and Systems 
Conference, 2006. BioCAS 2006. IEEE, December 2006, pp. 
241-244; P. Zappi, C. Lombriser, T. Stie?neier, E. Farella, D. 
Roggen, L. Benini, and G. Troster, “Activity Recognition 
From On-Body Sensors Accuracy-Power Trade-off By 
Dynamic Sensor Selection,” Lecture Notes in Computer Sci 
ence, vol. 4913, p. 17, 2008; V. Leonov, P. Fiorini, S. Sedky, 
T. Torfs, and C. Van Hoof, “Thermoelectric Mems Generators 
as a Power Supply for a Body Area Network,” vol. 1, June 
2005, pp. 291-294; S. Xiao, A. Dhamdhere, V. Sivaraman, 
and A. Burdett, “Transmission Power Control in Body Area 
Sensor Networks for Healthcare Monitoring,” IEEE Journal 
on Selected Areas in Communications, vol. 27, no. 1, pp. 
37-48, 2009; and H. GhasemZadeh and R. Jafari, “A Greedy 
Buffer Allocation Algorithm for Power-Aware Communica 
tion in Body Sensor Networks,” in Proceedings of the eighth 
IEEE/ACM/IFIP International Conference on Hardware/ 
Software Codesign and System Synthesis, ser. CODES/lSSS 
’ 10. New York, NY, USA: ACM, 2010, pp. 195-204. 
[0015] An important angle of low-power design is devel 
opment of ef?cient signal processing and data reduction algo 
rithms that reduce computation load of the processing units, 
allowing low-power low-cost processors to be embedded 
with the wearable device. While much work has been done on 
designing signal processing algorithms for a variety of sens 
ing modalities such as motion sensors (H. GhasemZadeh, V. 
Loseu, and R. Jafari, “Structural Action Recognition in Body 
Sensor Networks: Distributed Classi?cation Based on String 
Matching,” IEEE Transactions on Information Technology in 
Biomedicine, vol. 14, no. 2, pp. 425-435, 2010; A. Barth, M. 

Sep. 13, 2012 

Hanson, H. Powell, and J. Lach, “Tempo 3.1: A Body Area 
Sensor Network Platform for Continuous Movement Assess 
ment,” in Wearable and Implantable Body Sensor Networks, 
2009. BSN 2009. Sixth International Workshop on, 2009, pp. 
71-76.), Electrocardiography (D. Jun, X. Miao, Z. Hong-hai, 
and L. Wei-feng, “Wearable ECG Recognition and Monitor,” 
in Computer-Based Medical Systems, 2005. Proceedings. 
18th IEEE Symposium on, June 2005, pp. 413-418; M. Ayat, 
K. Assaleh, and H. Al-Nashash, “Prototype of a Standalone 
Fetal ECG Monitor,” in Industrial Electronics Applications 
(ISIEA), 2010 IEEE Symposium on, 2010, pp. 617-622), and 
photo-plethysmogram sensors (J. Espina, T. Falck, J. Muehl 
steff, and X. Aubert, “Wireless Body Sensor Network for 
Continuous Cuff-less Blood Pressure Monitoring,” in Medi 
cal Devices and Biosensors, 2006. 3rd IEEE/EMBS Interna 
tional Summer School on, 2006, pp. 11-15), ultrasonic signal 
processing for stringent constrained computing platforms has 
not been studied in the past. 

[0016] Traditional ultrasound technologies have been used 
in a variety of application domains such as ultrasound imag 
ing (E. J. Gussenhoven, C. E. Essed, C. T. Lancee, F. Mastik, 
P. Frietman, F. C. van Egmond, J. Reiber, H. Bosch, H. van 
Urk, J. Roelandt, and N. Bom, “Arterial Wall Characteristics 
Determined by lntravascular Ultrasound Imaging: An in vitro 
Study,” Journal ofthe American College ofCardiology, vol. 
14, no. 4, pp. 947-952, 1989, ACC Anniversary Seminar) to 
produce pictures of the inside of the body, blood ?ow moni 
toring (A. AZhim, J. Yamaguchi, Y. Hirao, Y. Kinouchi, H. 
Yamaguchi, K.YoshiZaki, S. Ito, and M. Nomura, “Monitor 
ing Carotid Blood Flow and ECG for Cardiovascular Disease 
in Elder Subjects,” in Engineering in Medicine and Biology 
Society, 2005. IEEE-EMBS 2005. 27th Annual International 
Conference ofthe, 2005, pp. 5495-5498) to measure velocity 
of blood ?ow in different arteries for use in monitoring car 
diovascular diseases, and Cardiotocography (C.-Y Chen, 
J .-C. Chen, C.Yu, and C.-W. Lin, “A Comparative Study of a 
New CardiotocographyAnalysis Program,” inEngineering in 
Medicine and Biology Society, 2009. EMBC 2009. Annual 
International Conference of the IEEE, September 2009, pp. 
2567-2570) to measure fetal heart rate and assess the effect of 
uterine contractions on fetal heart rate. However, the main 
challenge in transition from traditional ultrasound technolo 
gies to wearable platforms is the demand for a very high 
computational power. Compared to the other sensing modali 
ties, ultrasound signals require a relatively high sampling 
frequency, producing large volumes of data that need to be 
processed. For instance, in a blood ?ow monitoring applica 
tion, relevant information may appear in the frequency band 
of 100-4200 HZ, which may require a sampling frequency of 
10 kHZ as used in AZhim, et al, above. Moreover, a minimum 
sampling rate of 1600 HZ for capturing fetal movements is 
suggested in C.-Y Chen, J .-C. Chen, C. Yu, and C.-W. Lin, “A 
Comparative Study of a New Cardiotocography Analysis 
Program,” in Engineering in Medicine and Biology Society, 
2009. EMBC 2009. Annual International Conference ofthe 
IEEE, September 2009, pp. 2567-2570. The large volume of 
sampled ultrasonic signals needs to undergo fast signal con 
ditioning algorithms in order to extract relevant information 
in real-time. 

[0017] As to patents, Rapoport, US. Pat. No. 5,257,627, 
discloses a portable apparatus for the non-invasive, simulta 
neous, self-testing of fetal and maternal signals. It includes a 
user display to indicate that the device is operational, an 
ultrasonic system to detect fetal heart rate connected to said 
























