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VACUUM EXTRACTION MONITORING WITH 
EXISTING FETAL HEART RATE MONITORS 

RELATED APPLICATIONS 

[0001] The present invention is a continuation in part of 
and claims priority from related to co-pending US. patent 
application Ser. No. 09/727,124, entitled Vacuum Extraction 
Monitor With Attachment For Hand Pump by Dr. Victor 
Vines, and co-pending US. patent application Ser. No. 
09/727,006, entitled Vacuum Extraction Monitor for Electric 
Pump, by Dr. Victor Vines, and co-pending US. patent 
application Ser. No. 09/727,123, entitled Vacuum Extraction 
Monitoring, by Dr. Victor Vines. All of Which Were ?led on 
Nov. 30, 2000. 

TECHNICAL FIELD 

[0002] The invention relates to business methods, and 
more speci?cally, the invention relates to business methods 
that reduce liability exposure for physicians that perform 
vacuum extraction deliveries. 

STATEMENT OF A PROBLEM ADDRESSED BY 
THE INVENTION 

[0003] When operative vaginal deliveries are necessary, 
there are presently tWo options-forceps extraction, or 
vacuum extraction. Vacuum extraction in labor/delivery 
suites has become a Well-accepted and commonly performed 
form of vaginal delivery because it may be less haZardous to 
the mother and fetus than forceps extraction. HoWever, there 
is the potential for harm to the fetus from prolonged suction 
application to the fetal head. In addition, there are guidelines 
governing the amount of vacuum pressure that should be 
applied to the fetal head, as Well as guidelines regarding the 
duration of time that the vacuum pressure is applied to the 
fetal head during vacuum extraction (these guidelines are 
printed by the manufacturers of vacuum devices, and are 
also available in medical literature). 

[0004] Exemplary effects of vacuum extraction on an 
infant during delivery include: fetal hypoxia, retinal hem 
orrhage, chignon, scalp marking and abrasion, cephalhe 
matoma and subcutaneous hematoma, neonatal jaundice, 
intra-cranial hemorrhage, shoulder dystocia, and subgaleal 
hemorrhage. Subgaleal hematoma is a particularly danger 
ous condition. Subgaleal hematoma is formed When bleed 
ing occurs into the potential space beneath the aponeurosis 
of an infant’s scalp. It may be a life threatening condition for 
a neWborn baby, and is often considered the most serious 
complication associated With the vacuum extraction. One 
danger associated With subgaleal hematoma arises because 
the subaponeurotic space stretches over the Whole part of the 
cranial vault of the infant, and a large proportion of the 
baby’s blood volume can accumulate in this space (typically, 
from damage to the emissary veins). Although subgaleal 
hematoma may occur after forceps and natural deliveries, 
incidents of subgaleal hematoma are increased considerably 
in vacuum extractions since the introduction of the vacuum 
device pulls the aponeurosis from the cranium and may 
injure the underlying veins. Furthermore, because hemor 
rhaging into the subgaleal space may occur sloWly, and for 
several hours folloWing delivery, bleeding into the subgaleal 
space may be difficult to initially detect. 

[0005] Accordingly, there are occasions When a fetus does 
poorly during or after vacuum extraction. Whether or not 

Jan. 15, 2004 

proper guidelines Were folloWed during the delivery process, 
sometimes a legal claim is made against a doctor, hospital, 
nurses, and others associated With the delivery, alleging that 
the guidelines regarding the use of the vacuum device Were 
not folloWed. The present invention provides a solution for 
reducing the value of a claim against those associated With 
a fetal delivery, and also reduces the likelihood of an 
erroneous claim being ?led against these persons. 

SELECTED OVERVIEW OF SELECTED 
EMBODIMENTS 

[0006] The invention provides technical advantages as a 
system, device and method that enables a fetal extraction 
monitor that is used to monitor fetal heart rates to also 
monitor a vacuum pressure in a vacuum device. One 

embodiment of the invention is a vacuum extraction moni 
toring system for aiding a person Who is assisting With fetal 
extraction. The system includes a suction device that is 
enabled for vacuum attachment to a fetus, a pump that is 
capable of producing a vacuum pressure, a tubing that 
?uidly couples the suction device to the pump, a means for 
detecting a vacuum pressure coupled to the suction device, 
and a fetal monitor for automatically displaying a vacuum 
pressure, the fetal monitor being coupled to the means for 
detecting a vacuum pressure. In another embodiment, the 
invention is a method of aiding a person Who is assisting 
With fetal extraction. The method includes attaching a suc 
tion device to a fetus by placing the vacuum device on the 
fetus and then inducing a vacuum pressure in the suction 
device, detecting the vacuum pressure, and automatically 
displaying the vacuum pressure on a fetal monitor. 

[0007] Of course, other features and embodiments of the 
invention Will be apparent to those of ordinary skill in the 
art. After reading the speci?cation, and the detailed descrip 
tion of the exemplary embodiment, these persons Will rec 
ogniZe that similar results can be achieved in not dissimilar 
Ways. Accordingly, the detailed description is provided as an 
example of the best mode of the invention, and it should be 
understood that the invention is not limited by the detailed 
description. Accordingly, the invention should be read as 
being limited only by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Various aspects of the invention, as Well as an 
embodiment, are better understood by reference to the 
folloWing EXEMPLARY EMBODIMENT OF A BEST 
MODE. To better understand the invention, the EXEM 
PLARY EMBODIMENT OF A BEST MODE should be 
read in conjunction With the draWings in Which: 

[0009] FIG. 1 provides a block diagram of a vacuum 
device, illustrating systems incorporated by the invention; 

[0010] FIG. 2 provides a more detailed block schematic of 
a vacuum device; 

[0011] FIG. 3 provides a ?oWchart of a recording algo 
rithm Which illustrates one embodiment of the invention; 

[0012] FIG. 4 illustrates a block ?oW diagram of a 
vacuum device algorithm that implements one embodiment 
of the invention; 

[0013] FIG. 5 provides a block diagram of an adapter 
assembly Which provides existing vacuum devices the fea 
tures of the invention, and is accordingly another embodi 
ment of the invention; 
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[0014] FIG. 6 illustrates a pump attachable device capable 
of attachment to an electrical pump; 

[0015] FIG. 7 as a tube attachable device; 

[0016] FIG. 8 illustrates a pump attachable device con 
?gured to attach to a hand pump, such as a KIWI hand 
pump; and 

[0017] FIG. 9 illustrates a vacuum extraction monitoring 
system that incorporates a fetal/maternal monitor. 

AN EXEMPLARY EMBODIMENT OF A BEST 
MODE 

[0018] The invention alloWs physicians to measure and 
record the amount of pressure and the duration of pressure 
applied to a fetus’ head during vacuum extraction, it enables 
improved communication betWeen the nurse and delivering 
physician thus improving the safety of the vacuum assisted 
delivery, and the invention loWers litigation costs because a 
permanent record of vacuum pressures applied during deliv 
ery is created. Accordingly, the invention provides systems, 
devices, and methods for aiding a person Who is assisting 
With fetal extraction. The invention is attachable to a 
vacuum device, and may incorporate a vacuum device. 
Furthermore, the pressure inside the vacuum device is 
monitored and recorded by a recording device. 

[0019] Preferably, the invention provides at least the fea 
tures of monitoring and recording pressures in a suction 
device used for vacuum-based fetal extraction. Accordingly, 
FIG. 1 provides a block diagram of a vacuum device 100, 
illustrating systems incorporated by the invention. A pump 
110 Which could be a manually activated hand pump, an 
electric pump, or any other type of air pump, is ?uidly 
coupled to a suction device 120. The suction device 120 is 
attachable to a fetus, being preferably attachable to fetal 
head. The suction device 120 is preferably a cup, such as a 
SILC, a SILASPIC, a SOFT-CUP, or a MALMSTROM-type 
cup, for example. Fluid coupling betWeen the suction device 
120 and the pump 110 may be accomplished by a tube 112, 
and is preferably a plastic tube. 

[0020] A recording device 130, Which may be a monitor, 
an enhanced monitor, or a custom-developed device for 
example, provides a user the ability to monitor air pressures 
and record air pressures. Accordingly, air pressures may be 
measured in the monitor 130, or in the tube 112, or in the 
pump 110. Furthermore, in FIG. 1, a cable 116 couples the 
tube 112 to the monitor 130. Accordingly, in this embodi 
ment, an air pressure is detected in the tube 112 and 
converted into information by a device such as a transducer. 
Next, the detected pressure is passed as information along 
the cable 116 to the monitor 130. 

[0021] With an initial understanding of the vacuum device 
100, one may gain a better understanding of the invention by 
referring to a more detailed block schematic. Accordingly, 
FIG. 2 provides a more detailed block schematic of a 
vacuum device 200. The vacuum device 200 has a pump 110 
in ?uid communication With the suction device 120 through 
a tubing 112. The tubing 112, although not illustrated, may 
contain therein a Wire for coupling the pump 110 to the 
suction device 120 (to provide a device Which may support 
traction tension betWeen the pump 110 and the suction 
device 120). A coupling 114 is shoWn dividing the tubing 
112. HoWever, it should be understood that the coupling 114 
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need not be intrusive of the tubing 112, and could be 
embodied as a cap/tap, for example. In any event, the 
coupling is enabled to detect the pressure in the tubing 
(Whether the pressure is actually detected in the tubing 112, 
the suction device 120, or the pump 110). Preferably, the 
coupling 114 is a plastic tube With a transducer therein. 
Although not shoWn in FIG. 2, a transducer in the coupling 
detects a pressure, and then produces a mechanical or 
electrical signal based on the pressure detected, or other 
transportable signal based on the detected pressure (such as 
a Wireless radio frequency communication). 

[0022] The cable 116 provides a commutative connection 
betWeen the coupling 114 and a pressure gauge 132 located 
in the recording device 130. Of course, although the pressure 
gauge 132 is illustrated as being located in the recording 
device 130, the pressure gauge 132 could in fact be located 
in the coupling 114, or along the cable 116. Thus, the 
pressure gauge 132 functions as a mechanical or electrical 
signal receiver, Which translates a mechanical signal, or 
electrical signal, or a Wireless signal into data that is 
associated With a pressure. 

[0023] Aprocessor 140 Was coupled to the pressure gauge 
132, and provides a means for processing data from the 
pressure gauge 132 and associating that data With various 
tables, algorithms, and other information. Furthermore, pro 
cessor 140 may drive other systems such as a display 136, 
a printing device 138, Warning system 144, or a safety 
system 142, or send information to a recording device 134. 
Preferably, the processor is a digital signal processor (DSP), 
a Pentium processor, or a Strong Arm processor, for 
example. The processor 140 retrieves various tables, algo 
rithms, and other information from the recording device 134, 
that preferably stores an electronic record. Preferably, the 
recording device 134 is embodied as memory, such as RAM, 
ROM, or removable memory such as Flash RAM, a Memory 
Stick, or a CD ROM. 

[0024] The display 136 provides real time information, 
such as pressures over time, dangerous conditions detected 
(or other information) to persons assisting With the extrac 
tion of the fetus. Preferably, the display 136 is a cathode ray 
video screen, or a plasma screen. 

[0025] The printing device 138 provides the ability to print 
numbers or graphs indicating a pressure over time, progres 
sive pressures detected over time. Preferably, the printing 
device 138 generates these prints on paper. Furthermore, 
although illustrated as being integrated into the recording 
device 130, it should be understood that the printing device 
138 may be located externally from the recording device 
130. 

[0026] The safety system 142 causes the implementation 
of a safety pressure release valve preferably located on the 
pump 110. When triggered, the safety system 142 may 
release some of the pressure, or all of the pressure thus 
returning the pressure inside the tubing 112 to the local 
atmospheric pressure (or room pressure). The safety system 
142 may be embodied as softWare algorithm for execution in 
memory, or as mechanical device. 

[0027] The Warning system 144 is for producing a Warning 
When a predetermined pressure or pressures are detected. 
Typically, the predetermined pressure Will be a vacuum 
pressure, Which is loWer than a predetermined vacuum 
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pressure, such as 0.2 kgms/cm2-0.8 kgms/cm2, depending 
on the stage of delivery. The Warning may be embodied as 
a light, a sound, or a voice, for example. A light may ?ash 
at different rates, or present different colors, or present 
different intensities as pressure changes in the tube. Simi 
larly, a sound may change in tone as different pressures are 
detected, or a voice may verbally indicate a pressure or a 
Warning condition. Furthermore, the Warning system may be 
used to trigger and provide information to the safety system 
142. 

[0028] A better understanding of the invention may be 
achieved by examining the operation of the invention. FIG. 
3 provides a ?oWchart of a recording algorithm 300. First, in 
a record pressure act 310, the recording algorithm 300 
records a pressure, Which exists in a vacuum device. Then, 
in a store recorded pressure act 320, the recording algorithm 
300 creates a permanent record of the pressure Which Was 
recorded in the record pressure act 310. 

[0029] An even better understanding of the invention may 
be realiZed by examining the processes How of a vacuum 
device embodied according to the invention. Accordingly, 
FIG. 4 illustrates a block ?oW diagram of a vacuum device 
algorithm 400 that implements one embodiment of the 
invention. The vacuum device algorithm 400 comprises a 
pump algorithm 402 for illustrating acts performed With a 
vacuum device pump, and a monitor algorithm 405 illus 
trating acts associated With a recording device. The vacuum 
device algorithm 400 begins in a pump algorithm 402. 

[0030] The pump algorithm 402 is initiated in an engage 
monitor act 410. The engage monitor act may include 
attaching a cable betWeen a vacuum pump and a recording 
device, and then turning on the recording device. After the 
engage monitor act 410, the pump algorithm 402 proceeds 
to an apply suction device act 415 in Which a suction device 
is attached to a fetus, and preferably a fetal head. It should 
be noted that in the apply suction device act 415, if a 
disposable MITYVAC is being used in the procedure, adapt 
ers should be attached to suction tubing of the vacuum 
device and the disposable MITYVAC assembly. Prior to 
applying the suction device to the fetus, the apply suction 
device act 415 calibrates, or Zeros, the monitor so that the 
pressure detected prior to applying a vacuum to the fetus is 
recogniZed as being the local atmospheric pressure. Like 
Wise, prior to the application of a vacuum to a fetus, the 
monitor is initialiZed, or “Zeroed,” to local atmospheric 
conditions. 

[0031] FolloWing the apply suction device act 415, the 
pump algorithm 402 proceeds to an initiate vacuum act 420. 
In the initiate vacuum act 420 a vacuum pressure is created 
in the vacuum device by manually actuating a manual pump, 
or by engaging the vacuum sWitch or trigger in an electric 
pump. The next act in the pump algorithm 402 changes the 
vacuum pressure. This is accomplished in an alter vacuum 
pressure act 425, and is typically employed as a result of a 
response received from the monitor algorithm 405. Of 
course, altering the vacuum pressure may not be necessary 
during a vacuum extraction procedure, and thus the alter 
vacuum pressure act 425 should especially be vieWed as an 
optional act for the present embodiment (although the only 
needed acts are explicitly articulated in the claims). 

[0032] Next, a disengage vacuum act 430 is performed 
When the pressure in the vacuum device is returned to at 
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least local atmospheric pressure. Furthermore, the pressure 
may be raised to a pressure greater than local atmospheric 
pressure to encourage the suction device to separate from the 
fetus. Then, the vacuum device algorithm 400 and pump 
algorithm 402 end together in a remove suction device act 
435, in Which the suction device is removed from the fetus. 
Furthermore, in the remove suction device act 435 the 
recording device may be disengaged, and the record of the 
pressures detected during the vacuum device algorithm 400 
may be stored in a permanent medical record, Which may be 
a physical paper record and/or an electronic record. 

[0033] The monitor algorithm 405 initiates in a detect 
pressure act 450, Which begins in response to the initialiZa 
tion of the recording device in the engage monitor act 410. 
In the detect pressure act 450 a pressure in the vacuum 
device is detected, Which Will typically be betWeen a room 
(or atmospheric) pressure and vacuum pressure (meaning a 
pressure loWer than the local atmospheric pressures). Next, 
the vacuum device algorithm 400 continues to a record 
pressure act 455. In the record pressure act 455 the pressure 
detected in the detect pressure act 450 is automatically 
recorded (or stored), preferably by an electronic means (such 
as a memory) or by a paper means. Furthermore, the record 
pressure act 455 may include the displaying of the recorded 
pressure on a monitor or other display. 

[0034] The recorded pressures are monitored and pro 
cessed in a process recorded pressure act 460. The process 
recorded pressure act 460 evaluates the detected pressure in 
a Warning system, and may direct the displaying or printing 
of additional information in response to the Warning system. 
[The process-recorded pressure 460 may include a sub-act of 
displaying the processed information on the display device, 
such as a monitor.] Likewise, if the process is recorded at 
460 determines if the detected pressure exceeds a predeter 
mined pressure, the process recorded pressure act 460 may 
direct a pressure change, such as a loWer pressure, or an 
immediate return to local atmospheric pressure, in a direct 
pressure change act 465. The direct pressure change act 465 
produces the electrical or mechanical signals needed to 
implement the alter-vacuum pressure act 425. 

[0035] The invention provides the ability to accurately 
measure, record, and trace pressure events that transpire in 
a vacuum device during vacuum extraction. Accordingly, the 
invention assist physicians, hospitals, and other delivery 
personnel in the defense of accusation that proper guidelines 
Were not folloWed during the vacuum extraction. Further 
more, those Who suffer from improper vacuum extraction 
also have access to a permanent medical record, Which 
should facilitate mediated settlements, and avoid the costs of 
lengthy discovery and emotionally scaring litigation. Also, 
because data Will be collected With each vacuum extraction, 
the guidelines for the conduct of a vacuum extraction may 
be changed and improved to more accurately be able to 
predict safe guidelines for a vacuum extraction delivery. 

[0036] It Will sometimes be advantageous to provide exist 
ing vacuum devices the ability to access the advantages 
provided by the invention. FIG. 5 provides a block diagram 
of an adapter assembly 500, Which provides existing 
vacuum devices access to advantages of the invention, and 
is accordingly another embodiment of the invention. The 
adapter assembly 500 comprises a pump 510 ?uidly coupled 
to a suction device 520 by a tubing 525. Adisplay device 530 
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is connected to the pump 510. Preferably, the display device 
530 is coupled to the pump 510 via an adapter to the pump 
510. Better understanding of the adapter assembly 500 may 
be achieved by examining speci?c embodiment. 

[0037] FIG. 6 illustrates a pump attachable device 600 
capable of attachment to an electrical pump 655. The pump 
attachable device 600 has an adapter 610, such as the 
threaded ?ttings illustrated in FIG. 6. Furthermore, the 
pump attachable device 600 has a pressure transducer 620, 
Which detects a pressure and converts the detected pressure 
to a mechanical or electrical signal capable of being trans 
ferred to a monitor (not shoWn) via a cable 630. The cable 
630 includes a plug 635 capable of attachment to a monitor 
or other recording device. 

[0038] Also, illustrated in FIG. 6 is a pump system 650 
having a pump attachable device attached thereto. The pump 
system 650 includes an electric pump 655 such as a MITY 
VAC, or disposable MITYVAC, for example. The electric 
pump 655 has a front end 665, Which has a cavity for 
supporting other devices and for transporting the pressures, 
including the vacuum pressure, created by the electric pump 
655. 

[0039] The front end 665 has thereon a pressure gauge 
receiver 660. Typically, the pressure gauge receiver 660 
accepts a pressure gauge that mechanically detects a pres 
sure, Which is then displayed for those performing the 
vacuum procedures. In operation of one embodiment of the 
invention, the pressure gauge is removed from the electric 
pump, typically by unscrewing the pressure gauge, and the 
pump attachable device 600 is then inserted into the pressure 
gauge receiver 660. Also provided by the front end 665 is a 
pressure release valve 670. The pressure release valve 670 
alloWs the in?oW of air into the front end, and particularly 
into the cavity of the front end, in order to increase the 
pressure in the vacuum device. 

[0040] Another embodiment of the invention is illustrated 
in FIG. 7 as a tube attachable device 700. The tube attach 
able device 700 includes a ?rst end 705, and a second end 
707. The ?rst end 705 is preferably con?gured to either 
attach to a plastic tube section, or a suction device. The 
second end 707 is preferably con?gured to attach to a tube, 
or a front end such as the front end 765 that is adapted to 
receive the second end 707. The tube attachable device 700 
includes tubing 740, Which is preferably plastic tubing. 

[0041] The tubing 740 includes a pressure gauge receiver 
760. Accordingly, a transducer/pressure gauge 720 is 
inserted into the tubing 740 and secured in the tubing by an 
adapter 710. Furthermore, pressures detected by the pressure 
transducer 720 are converted into a data signal that is sent to 
a recording device along a cable 730. The cable 730 also 
includes a plug 735, Which is connectable to the recording 
device monitor 780, or to a second plug 737. The plug 737 
couples an extension cord 738 to a second plug 739. The 
second plug 739 is also attachable to the recording device 
780 at a plug socket 788. 

[0042] The vacuum device illustrated in FIG. 7 includes a 
pump 755, Which provides a disposable MITYVAC, and a 
pressure gauge 760, Which is ?tted into the front end 765. 
Thus, the vacuum device provides a physician the advantage 
of having a mechanical visual display provided by the gauge 
760 (thus requiring little change by those Who are accustom 
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to vieWing the mechanical gate 760), as Well as providing 
mechanical and electric displays and printouts of the 
recorded pressures While the recording device 780. 

[0043] The recording device 780 may produce a printed 
paper record 782, as Well as a visual display 784. Of course, 
the printed-paper record 782 or the visual display 784 may 
print or display numbers, graphical representation or other 
indicia of the pressures being detected in the vacuum device. 
Furthermore, the recording device 780 provides a Warning 
device 786 Which could produce a light, sound, or a vocal 
iZed recording of a Warning to those assisting With the fetal 
extraction. 

[0044] FIG. 8 illustrates a pump attachable device 800 
con?gured to attach to a hand pump 855, such as a KIWI 
hand pump. The pump attachable device 800 includes an 
adapter 810, such as threading, gaskets, or other attachments 
capable of forming a ?uid-tight seal, a pressure-recording 
device 820, such as a transducer, and a cable 830 for 
communicating a detected pressure to a recording device via 
a plug 835. The hand pump 855 includes a handle 857, 
Which maintains a vacuum cavity 865 therein. The vacuum 
cavity 865 is ?uidly connected to a hose 870 and a suction 
device 872. The handle 857 also includes a pressure gauge 
receiver 860. In an unmodi?ed hand pump, the pressure 
gauge receive 860 accepts a mechanical pressure gauge that 
mechanically indicate a detected pressure in the vacuum 
cavity 865. In the vacuum device according to the present 
embodiment of the invention, the pump attachable device 
800 is secured into the handle 857 of the hand pump 855 via 
the pressure gauge 860. 

[0045] FIG. 9 illustrates a vacuum extraction monitoring 
system 900 that incorporates a fetal/maternal monitor 910. 
Sometimes the fetal/maternal monitor is called in practice or 
literature by a variety of names, such as a fetal heart rate 
monitor, a maternal monitor, or a fetal monitor. To simplify 
discussion beloW, the monitor knoWn by these and other 
names is referred to as a fetal monitor 910. One such 
exemplary monitor is the Series 50 XM Fetal/Maternal 
Monitor from HEWLETT PACKARDTM, hoWever it is 
appreciated that other monitors from other manufacturers 
are available and can be incorporated Within the invention. 
The monitoring system 900 generally includes the fetal 
monitor 910, and maternal heart rate monitor 920, an 
intrauterine pressure transducer (also knoWn as the intrau 
terine pressure catheter, or IUPC) 940, an external uterine 
monitoring device 942, and a vacuum pump 950. 

[0046] The fetal monitor 910 is a device that is intended 
for monitoring fetal heart rate, uterine activity, and maternal 
heart rate. The fetal monitor 910 can also monitor maternal 
SPOZand maternal blood pressure non-invasively. Other 
than these factors, and prior to this invention, the fetal 
monitor 910 is not knoWn to monitor or record additional 
delivery factors. Prior to labor, the fetal monitor 910 moni 
tors fetal and maternal heart rates, as Well as contractions. 

[0047] After rupture of the maternal membranes, a fetus’s 
heart rate can be monitored directly by applying a transducer 
to the fetal scalp, and uterine activity can be monitored by 
an intrauterine pressure catheter (IUPC) 920. During a 
delivery operation, both fetal heart rate and maternal uterine 
activity are displayed on the fetal monitor and recorded on 
trace paper 912. In addition, maternal parameters are typi 
cally shoWn on the fetal monitors’ backlit display, and are 
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also recordable as traces on trace paper. The fetal monitor 
910 is discussed further, beloW. 

[0048] The heart rate patient transducer 920 is an external 
monitoring device that is used to detect and display the heat 
rates of both a patient (mother) and at least one fetus. In a 
preferred embodiment, the heart rate patient transducer 920 
attaches to a patient’s abdominal area through the use of a 
gel 922, as is Well knoWn in the art. The heart rate of the both 
the patient (mother) and the fetus should be monitored 
during fetal extraction, and thus the heart rate patient trans 
ducer 920 is preferably engaged With the fetal monitor 910 
during the entire delivery process. HoWever, there are addi 
tional methods of detecting the heart rate of a child during 
fetal extraction such as direct placement of a heart rate fetal 
transducer on the fetus’ head, as is knoWn in the art (this 
often achieves a more reliable reading). Of course, any 
knoWn and accepted method of monitoring the heart rate of 
the patient or the fetus can be used With the invention 
Without departing from the scope of the invention. 

[0049] The intrauterine pressure catheter (IUPC) 940 
detects intrauterine pressure during labor. Accordingly, dur 
ing labor, the FUPC 940 is inserted betWeen the surface of 
a uterus and the head of the fetus in the uterus. Then during 
labor, pressure placed on the IUPC 940 activates a trans 
ducer in the IUPC 940 that converts a mechanical indication 
of the intrauterine pressure into an electrical signal that is in 
turn processed by the fetal monitor 910. 

[0050] It is important to monitor intrauterine pressure 
prior to the appearance of the fetus because When the IUPC 
940 detects and indicates a high pressure, it may indicate 
that a push, or contraction of the uterus, is taking place. It is 
during these contractions that an assisting physician can 
effectively assist the patient in making the fetus appear. In 
practice, during vacuum extraction, uterine contractions are 
measured at least until the fetus head appears, at Which point 
a vacuum extraction cup may be attached to the fetus’ head. 
Prior to the present invention, after the vacuum extraction 
cup is attached to the fetus head, contractions are not 
monitored and so the IUPC 940 is removed. HoWever, the 
present invention preferably incorporates a sWitch 930 (dis 
cussed beloW), Which enables contractions to be monitored 
throughout the delivery process. 

[0051] FolloWing the appearance of the head, the IUPC 
940 is removed, the vacuum pump 950 is attached, and 
preferably an external uterine monitoring device (EUMD) 
942 is used to monitor uterine contractions. The EUMD 942 
is placed externally on the abdominal area of the patient, 
typically With a small gel application 944, as is knoWn in the 
art. Upon a contraction by the patient, a transducer in the 
EUMD 942 stretches and emits a small electrical signal in 
proportion to the stretch and to the input voltage of an input 
device (the fetal monitor 910 in this example). The electrical 
signal is in turn processed by the fetal monitor 910 to 
indicate that a contraction is taking place. The use of the 
EUMD 942 alloWs a physician to monitor contractions While 
delivering a fetus With a vacuum pump, and thus to syn 
chroniZe pulls With contractions to facilitate delivery. 

[0052] The IUPC 940, the EUMD 942, and the vacuum 
pump 950 are coupled to the fetal monitor 910 via the sWitch 
930. The sWitch 930 may operate as a single-function 
selection sWitch so that an attendant may monitor one of the 
monitoring devices, or vacuum pump input. For example, 
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the sWitch may alloW one to monitor the IUPC 940, the 
EUMD 942, the vacuum pump 950, or other devices that are 
knoWn or may develop in the art. In addition, the sWitch 930 
may place the IUPC 940, the EUMD 942 and the vacuum 
pump 950 in simultaneous operation (either tWo devices at 
a time or all three devices at a time). In single-function 
mode, only one attached device is monitored and displayed 
on trace paper, Which loWers the likelihood of confusion due 
to copious signals, and makes the display more clear. 

[0053] In simultaneous operation, the fetal monitor 910 
displays multiple device readings, and may do so by sam 
pling the IUPC channel(s), the EUMD channel(s), and/or the 
vacuum pump’s channels simultaneously or alternatively so 
that multiple factors may be monitored at the same time. 
Alternatively, the attached devices may have transducers 
that are timed to send alternating signals such that the 
parameters monitored by the devices can be vieWed simul 
taneously. The choice of vieWing one parameter, or multiple 
parameters, should be left to the attending physician based 
on the physician’s personal preference. 

[0054] Since the electromechanical structure of a sWitch is 
Well knoWn in the electrical arts, the structure of the pre 
ferred sWitch 930 is not discussed here. HoWever, it is 
desired that the sWitch 930 have at least tWo inputs, and a 
preferred embodiment of the sWitch 930 has three inputs. 
Typically, the input is a female-type electrical plug, but may 
be male, of course. In addition, the sWitch has an input for 
the IUPC 940, an input for the EUMD 942, and an input for 
the vacuum pump 950. The input for the vacuum pump 950 
preferably includes a ?rst line for vacuum pressure data, and 
a second line for traction force data. Of course, the input for 
the vacuum pump 950 may monitor only one data line, and 
the data lines may be split into tWo input lines-a vacuum 
pressure input and a traction force input. 

[0055] Monitoring Vacuum Pressure in Vacuum Extrac 
tion Monitoring System 

[0056] Some confusion may be encountered When speak 
ing of a vacuum pressure. A vacuum pressure is generally 
understood to mean a pressure loWer than the local atmo 
spheric pressure, such that When one says the vacuum 
increases, in reality the difference betWeen the atmospheric 
pressure and the pressure of the vacuum is increasing While 
in purely scienti?c terms the pressure is in fact decreasing. 

[0057] Thus, a vacuum contrasts With the most common 
scienti?c understanding of air pressure, as measured in, for 
example, centimeters or millimeters of mercury (the mer 
cury system). In the mercury system, 0 mm mercury is an 
absolute vacuum (this is theoretically impossible), and 76 
cm mercury (29.92 inches of mercury) is Widely regarded as 
the “average” atmospheric pressure at sea level. As one goes 
beloW sea level, pressure increases (Which can lead to 
pressure implosion). Similarly, as one goes higher into the 
atmosphere, pressure decreases, indicated by a loWer milli 
meter of mercury value. Pressure also varies inversely With 
temperature. 

[0058] Accordingly, “increasing the vacuum,” means that 
a higher vacuum pressure is reached, but a loWer absolute 
pressure is reached. HoWever, these differences are under 
stood and appreciated by those of ordinary skill in the 
mechanical arts, including most physicians. Accordingly, the 
present invention utiliZes a pressure transducer in the 
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vacuum pump 950, or located somewhere between the 
vacuum cup 952 and the fetal monitor 910, Which transforms 
a mechanical vacuum into an electrical signal. The selection 
of the transducer is more fully discussed beloW. One advan 
tage of providing a pressure reading in millimeters or 
centimeters of mercury include the advantage of providing 
a trace paper read-out as being “positive” information. 
Interestingly, the preferred measure indication is that of a 
“positive value”, Which in fact represents a number of cm 
Hg beloW local atmospheric pressure. 

[0059] Stated another Way, physicians are familiar With a 
fetal monitors’ uterine activity channel 914, and its paper 
tracing Which reads from Zero (0) to one hundred (100). An 
“upWard” input de?ection on the trace paper 912 indicates 
an increase in intrauterine pressure (the intrauterine pres 
sures are periodically measured and then displayed on the 
trace paper 912). These displayed pressures are shoWn in 
millimeters of mercury. The invention takes advantage of 
this to provide physicians a display of vacuum device 
“vacuum pressure.” When monitoring the vacuum pressure 
With the present invention the vacuum proximate to the 
vacuum device is measured and displayed and recorded in 
centimeters of mercury. It is preferred that the output voltage 
of the transducer is linear With respect to a limited range of 
supply voltage, and it is also preferred that the output 
voltage is independent of any frequency in the supply 
voltage. In addition, the transducer is arranged in the pump 
so that as a higher vacuum is reached in the vacuum device, 
it is displayed on the trace paper as an increasing numeric 
value, ranging from Zero on the trace paper corresponding to 
local atmospheric pressure (roughly 76 cm Hg), to 76, Which 
Would actually correspond With —76 cm Hg, Which is an 
absolute vacuum. Note that different values of local atmo 
spheric pressure are possible, depending on the temperature 
and altitude. 

[0060] To achieve the correct scaling for display on the 
graph, the invention uses a transducer 956 that produces four 
microvolts per centimeter of mercury of pressure per volt 
provided by the attached fetal monitor. Using this standard, 
for example, a vacuum of ten centimeters of mercury should 
cause a voltage of forty microvolts in the transducer for each 
volt of voltage supply from the fetal monitor (sometimes 
called the “excitation voltage”. The transducer 956 is like 
Wise connected to the Intrauterine Pressure Channel (IUPC) 
914 to display vacuum values in centimeters of mercury on 
the trace paper 912, the display representing cm Hg beloW 
relative atmospheric pressure. 

[0061] Display Example for Monitoring Vacuum Pressure 

[0062] Physicians appreciate that the scale of trace paper 
ranges from one (1) to one hundred (100). For intrauterine 
pressure measurement, this indicates millimeters of mer 
cury, and nearly the entire graph is used. HoWever, for 
vacuum device utiliZation, this same trace paper preferably 
displays centimeters of mercury. Those of skill in the art Will 
appreciate that the range of the vacuum is also large -from 
Zero (local atmospheric pressure) to a very large vacuum 
value (since a perfect vacuum is roughly seventy-six (—76) 
centimeters of mercury, Which is obviously beloW the one 
hundred (100) maximum value printed on the chart). In any 
event, each cmHg loWer than local atmosphere that is 
detected shoWs on the trace paper as an increase of one 

cmHg. 
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[0063] For example, if the pressure inside the vacuum cup 
952 is 8 cm Hg, and local atmospheric pressure is 76 cm Hg, 
the “vacuum pressure” Will be represented on the trace paper 
as 68 cmHg. Similarly, a “vacuum pressure” reading of 33 
cm Hg Would be displayed as 43 cmHg on the trace paper. 
Of course, another transducer could be selected to illustrate 
other measures of pressure to achieve similar effects, such as 
inches of Water. Similarly, if another fetal monitor is used, 
the sensitivity of the transducer should match the input 
speci?cation of the equipment manufacturer of the fetal 
monitor, and speci?cally, the input speci?cation for the 
voltage signal (excitation voltage) on the intrauterine portion 
of the trace paper. 

[0064] Monitoring Traction Force 

[0065] Sometimes, one may desire to detect and record 
traction forces induced on the vacuum pump 950 during 
fetal delivery. To use existing fetal monitors to detect and 
record traction forces, a transducer that is capable of cor 
rectly producing an electric signal based on the traction 
force is needed. Thus, to detect and record the traction force, 
a tether 954 is attached to the vacuum cup 952 and to a 
transducer Within the vacuum pump 950 so that the trans 
ducer can convert the tension force in the tether 954 into an 
electric signal. In a preferred embodiment, a transducer is 
coupled betWeen the tether and the fetal monitor 910 such 
that the transducer produces four microvolts of signal per 
each pound of tension force detected in the tether 954 per 
each volt of excitation voltage produced by the fatal monitor 
910. 

[0066] Thus, though the invention has been described With 
respect to a speci?c preferred embodiment, many variations 
and modi?cations Will become apparent to those skilled in 
the art upon reading the present application. It is therefore 
the intention that the appended claims be interpreted as 
broadly as possible in vieW of the prior art to include all such 
variations and modi?cations. 

What is claimed is: 
1. A vacuum extraction monitoring system for aiding a 

person Who is assisting With fetal extraction, comprising: 

a suction device that is enabled for vacuum attachment to 

a fetus; 

a pump that is capable of producing a vacuum pressure; 

a tubing that ?uidly couples the suction device to the 
Pump; 

a means for detecting a vacuum pressure coupled to the 
suction device, and 

a fetal monitor for automatically displaying a vacuum 
pressure, the fetal monitor being coupled to the means 
for detecting a vacuum pressure. 

2. The system of claim 1 Wherein the means for detecting 
a vacuum pressure is adapted to enable the vacuum device 
to display a vacuum pressure. 

3. The system of claim 1 Wherein the means for detecting 
a vacuum pressure comprises a transducer that converts the 
detected vacuum pressure into an output voltage in a range 
that the fetal monitor can process and display on trace paper. 

4. The system of claim 3 Wherein the output voltage is 
four microvolts per centimeter of mercury per excitation volt 
provided by the fetal monitor. 
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5. The system of claim 3 wherein the output voltage is 
four micro volts per measure equivalent to a centimeter of 
mercury per excitation volt provided by the fetal monitor. 

6. The system of claim 1 Wherein the pump is a hand 
poWered pump. 

7. The system of claim 1 further comprising an output 
voltage adapter that converts a detected tension force into an 
output voltage that is in a range that the fetal monitor can 
process and display on trace paper. 

8. The system of claim 7 Wherein the output voltage is 
about four microvolts per pound of tension force per eXci 
tation volt. 

9. The system of claim 1 Wherein the fetal monitor is 
internally adapted to display a measured tension force. 

10. The system of claim 1 further comprising a sWitch 
coupled betWeen the suction device and the fetal monitor. 
The system of claim 10 Wherein the sWitch is at least a tWo 
input sWitch. 

11. The system of claim 10 Wherein the sWitch is adapted 
to receive an IJPC connection, an EUMD connection, and a 
vacuum device connection. 

12. Amethod of aiding a person Who is assisting With fetal 
extraction, comprising: 
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attaching a suction device to a fetus by placing the 
vacuum device on the fetus and then inducing a 
vacuum pressure in the suction device; 

detecting the vacuum pressure; and 

automatically displaying the vacuum pressure on a fetal 
monitor. 

13. The method of claim 12 Wherein detecting the vacuum 
pressure is accomplished With a transducer. 

14. The method of claim 13 Wherein the transducer 
includes a WHEAT STONE BRIDGE. 

15. The method of claim 12 further comprising detecting 
a traction force. 

16. The method of claim 15 further comprising displaying 
the traction force on the fetal monitor. 

17. The method of claim 16 Wherein the traction force and 
the vacuum pressure are displayed simultaneously on the 
same graph on the same trace paper on the fetal monitor. 

18. The method of claim 17 Wherein the traction force and 
the vacuum pressure are displayed on separate graphs on 
trace paper of the fetal monitor. 

* * * * * 


