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(57) ABSTRACT 

A system, method and apparatus for determining a physi 
ological condition Within a mammal based on pH and/or 
temperature measurements. In one aspect, the invention is 
directed to a system for measuring a physiological condition 
Within a mammal comprising: an apparatus comprising an 
elongated housing extending along a longitudinal axis; a pH 
sensor for measuring pH Within a body lumen of the mammal, 
the pH sensor located at a distal portion of the elongated 
housing; and a removable cap for enclosing the distal portion 
of the elongate housing, the cap comprising a base having a 
?rst channel in a top surface of the base; a lid having a second 
channel in a bottom surface of the lid; and Wherein the lid is 
pivotably mounted to the base so as to be pivotable between: 
(i) an open position Wherein the distal portion of the elongated 
housing can be laid into the ?rst channel by movement in a 
direction substantially perpendicular to the longitudinal axis; 
and (ii) a closed position Wherein the ?rst and second chan 
nels form a heretically sealed cavity about the distal portion of 
the elongated housing. 
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APPARATUS, METHOD AND SYSTEM FOR 
DETERMINING A PHYSIOLOGICAL 
CONDITION WITHIN A MAMMAL 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

[0001] The present application claims the bene?t of US. 
Provisional Patent Application Ser. No. 61/086,403, ?led 
Aug. 5, 2008, and Ser. No. 61/231,076, ?ledAug. 4, 2009, the 
entireties of Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the ?eld of 
determining a physiological condition Within a mammal, and 
speci?cally to apparatus, methods and systems of determin 
ing a physiological condition Within a mammal based on pH 
measurements of biological ?uids taken either in vivo or 
externally, such as ovulation, vaginal and/or cervical health, 
and other physiological conditions. 
[0003] The device is particularly suited for insertion into 
the vagina but alloWs for easy pH measurement of small 
samples of various other bodily ?uids (urine, saliva, blood) 
external of the body. The device shoWn is designed for female 
end user self testing but can also be a valuable aid in physi 
cians o?ices and clinical labs. The invention can be used for 
various mammals, including human and veterinary applica 
tions. 

BACKGROUND OF THE INVENTION 

[0004] pH is a measure of the acidity of alkalinity of a 
solution or substance. Solutions With a pH less than seven are 
considered acidic, While those With a pH greater than seven 
are considered basic or alkaline. A pH level of 7.0 is consid 
ered neutral. When a pH level is 7.0, it is de?ned as ‘neutral’ 
because at this pH the concentration of H3O+ equals the 
concentration of OH in pure Water. The pH value is a measure 
of the activity of hydrogen ions in tire solution. The pH scale 
is typically betWeen 1 and 14 With 1 being the most acidic and 
14 the most alkaline. The pH scale is an inverse logarithmic 
representation of hydrogen proton concentration. Therefore a 
value change of 1 pH unit represents a factor of 10 increase or 
decrease. 
[0005] The vagina is the muscular canal extending from the 
vaginal opening to the cervix and consists of three layers of 
tissue. The mucosa is the surface layer and consists of mucus 
membranes. The next layer of tissue is a layer of muscle 
concentrated mostly around the outer third of the vagina. The 
third layer is the innermost layer and consists of ?brous 
tissue. 
[0006] The vagina contains folds or Wrinkles rather than a 
smooth surface. It is usually about 3 to 5 inches in length and 
its Walls are lined With a mucus membrane. The vagina 
includes numerous tiny glands that generate vaginal secre 
tions/?uids. The vaginal Walls are continually producing 
secretions/?uids necessary to provide lubrication, to cleanse 
the vagina and to maintain the proper acidity to prevent infec 
tion. The vagina tends to be fairly acidic usually in the range 
of 3.5 to 4.5 pH. The Walls of the vagina are normally in 
contact With each other, Which is contrary to most anatomical 
illustrations. When something enters the vagina, its Walls 
separate to make room for the object. Because of its muscular 
tissue, the vagina has the ability to expand and contract 
adjusting to ?t snugly around the object inserted. 
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[0007] Accurate monitoring of vaginal pH is an important 
part of in the diagnosis of vaginal infections such as Bacterial 
Vaginitis (BV). The normal vaginal pH in reproductive age 
Women is usually 3.5 to 4.5. A value greater the 4.5 can 
indicate a variety of vaginal infections Which are usually 
accompanied by unusual discharge, itching, burning and irri 
tation. The three diseases most frequently associated With 
vaginal discharge are BV, trichomoniasis (caused by a sexu 
ally transmitted infectious parasite), and candidiasis (usually 
caused by Candida albicans). 
[0008] Bacterial vaginosis (BV) is the most common cause 
of vaginal infection. BV is caused by an imbalance of natu 
rally occurring bacterial ?ora. To control bacterial groWth, the 
vagina is normally slightly acidic With a pH of 3.5-4.5. A pH 
greater than 4.5 is considered alkaline and is suggestive of 
bacterial vaginosis. 
[0009] Candidiasis, also knoWn as a “yeast infection” or 
VVC, is a common fungal infection that occurs When there is 
overgroWth of the fungus called Candida. Candida is alWays 
present in the body in small amounts, hoWever When an 
imbalance occurs, such as When the normal acidity of the 
vagina changes or When hormonal balance changes, Candida 
can multiply. When that happens, symptoms of candidiasis 
appear. 
[0010] Trichomoniasis, sometimes referred to as “trich” is 
a common cause of vaginitis. Trichomoniasis is primarily an 
infection of the urogenital tract With the mo st common site of 
infection the vagina or urethra in Women. With a trichomonas 
infection, the vagina is likely to be more alkaline than normal. 
An estimated ?ve million cases of trichomoniasis occur each 
year in the United States. Men also can contract trichomonia 
sis hoWever do not often have signs or symptoms. Some men 
may temporarily have an irritation inside the penis, mild 
discharge, or slight burning after urination or ejaculation. 
[0011] According to the Centers for Disease Control 
(CDC), there are some serious risks from BV such as; 

[0012] An increase in a Woman’s susceptibility to HIV 
infection if she is exposed to HIV virus. 

[0013] An increase in the chances that an HIV-infected 
Woman can pass HIV to her sex partner. 

[0014] An increase in a Woman’s susceptibility to other 
STDs, such as herpes simples virus (HSV) Chlamydia 
and gonorrhea. 

[0015] An increase in the development of an infection 
folloWing surgical procedures such as a hysterectomy or 
an abortion. 

[0016] During pregnancy, an increase in adverse preg 
nancy outcomes has been detected, including premature 
rupture of the membranes, preterm labor, preterm birth, 
intraamniotic infection, and postpartum endometritis. 

[0017] The results of several investigations indicate that 
treatment of pregnant Women With BV Who are at high risk for 
preterm delivery (i.e., those Who previously delivered a pre 
mature infant) might reduce the risk for prematurity. Moni 
toring of pH level during pregnancy is an important criterion 
in reducing the incidences of Preterm labor and birth. Studies 
have shoWn that bacterial vaginosis Was associated With the 
preterm delivery of loW-birth-Weight infants independently 
of other recogniZed risk factors. Reduction in the instances of 
pre-mature birth improves the health of the neWborn and 
signi?cantly reduces the cost of care. 

[0018] Oral clindamycin prevents spontaneous preterm 
birth and mid trimester miscarriage in pregnant Women With 
bacterial vaginosis. Based on estimates from the CDC, the 



US 2010/0036214 A1 

number of pregnant Women in the United States alone that are 
annually infected With BV is 1,080,000 and Trichomoniasis is 
124,000. 
[0019] Untreated bacterial vaginosis is a risk factor for post 
abortion pelvic in?ammatory disease (PID). Studies have 
shoWn that preabortal screening and subsequent treatment of 
those Who test clinically positive does loWer the incidence of 
postabortion PID. 
[0020] BV can be diagnosed by the use of clinical criteria or 
Gram stain. In clinical practice BV is diagnosed using the 
Amsel criteria. Clinical criteria require typically three of the 
folloWing symptoms or signs: 

[0021] homogeneous, thin, White 
smoothly coats the vaginal Walls; 

discharge that 

[0022] presence of clue cells on microscopic, examina 
tion; 

[0023] pH of vaginal ?uid>4.5; and 
[0024] a ?shy odor of vaginal discharge before or after 

addition of 10% KOH (i.e., the Whiff test). 
[0025] Current methods of monitoring vaginal pH include 
various methods of checking pH paper type products. The 
accuracy of these products are generally in the range of 0.3 pH 
to 0.5 pH. They generally require the user to subjectively 
compare color in order to determine the pH value and are 
subject to inaccuracies. Inaccuracies can be due to lighting 
conditions or the ability of the user to accurately compare 
color. Manual recording of the subjective readings is 
required. 
[0026] The cervix is the loWer portion of the uterus and 
forms the neck of the uterus. The cervix joins With the top end 
of the vagina and the uterine cavity. The cervix protrudes into 
the vagina and this area is called the ectocervix. Typically the 
ectocervix is about 2.5 to 3 cm in diameter and has an ellip 
tical surface. The ectocervix is also called the external os. The 
siZe and shape of the external os can vary Widely depending 
on the age of the Woman or if she has given vaginal birth. The 
passage Way betWeen the external os and the uterus is referred 
to as the endocervical canal. The endocervical canal termi 
nates at the internal os Which is the opening of the cervix 
inside the uterine cavity. The cervical canal of the uterus is 
covered by a thin layer of mucus. Pockets Within the lining of 
the cervix function to produce cervical ?uid. 
[0027] Studies by George I. Gorodeski et al, such as those 
disclosed in US. Patent Application US/ 2008/0071 190 pub 
lished Mar. 20, 2008, shoW that cervical pH changes dramati 
cally during the ovulation cycle While the vaginal pH remains 
relatively constant. The in-vivo vaginal and cervical pH val 
ues recorded Were measured in Gorodeski by attaching a strip 
of pHydrion paper at the tip of uterine forceps. In addition, 
another more complicated clinical lab test Was preformed by 
measuring cell cultures of the human Ecto-cervical Epithelial 
cells and human Endocervical cells. These tissue samples 
Were collected and then analyZed and measured using an 
elaborate clinical procedure. Using these techniques, it Was 
shoWn, that the pH of the ectocervix changes as much as 2 pH 
during the ovulation cycle With the peak occurring during 
days 11-14 of the cycle (ovulation period). During the same 
periods the vaginal readings remained relatively constant. 
[0028] Studies have also shoWn that monitoring of vaginal 
pH can be a good indicator of menopause in Women Who are 
Without vaginitis and are not receiving estrogen therapy. A pH 
reading greater than 4.5 could indicate menopause and the 
need for estrogen therapy. LoW levels of estrogen can cause 
elevated pH levels in the area of 6.0 or higher. The sensitivity 
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of FSH blood Work Was no different than vaginal pH in the 
diagnosis of menopause. Estrogen causes deposition of gly 
cogen in mature epithelial cells, Which is then converted by 
bacterial enzymes to glucose. The glucose is anaerobically 
fermented to lactic acid, Which gives the vagina a pH of 3.5 to 
4.5. 
[0029] Further studies have shoWn that an important func 
tion of the vaginal and cervical epithelial cells is to regulate 
the pH of the lumen of the loWer genital tract. During pre 
menopausal years vaginal luminal pH ranges betWeen 4.5 and 
6.0 With mild, alkaliniZation to about 6.5 before ovulation. 
Lack of estrogen, such as after menopause, is associate With 
alkaliniZation to about 6.5-7.0, Whereas replacement With 
estrogen can acidify the luminal vaginal pH to about 5.5. 
[0030] On a related note, there are times When urine pH can 
indicate serious health issues. For example, a very high (alka 
line) urine pH could be caused by kidney failure or a urinary 
tract infection. A very loW (acidic) urine pH could be the 
result of lung disease, complications of diabetes, starvation, 
or diarrhea. The glomerular ?ltrate of blood is usually acidi 
?ed by the kidneys from a pH of approximately 7.4 to a pH of 
about 6 in the urine. Depending on the person’s acid-base 
status, the pH of urine may range from 4.5 to 8. The kidneys 
maintain normal acid-base balance primarily through the 
reabsorption of sodium and the tubular secretion of hydrogen 
and ammonium ions. Urine becomes increasingly acidic as 
the amount of sodium and excess acid retained by the body 
increases. Alkaline urine, usually containing bicarbonate-car 
bonic acid buffer, is normally excreted When there is an 
excess of base or alkali, in the body. Secretion of acidic or 
alkaline urine by the kidneys is one of the most important 
mechanisms the body uses to maintain a constant body pH. 
[0031] A highly acidic urine pH occurs in: 

[0032] Acidosis 
[0033] Uncontrolled diabetes 
[0034] Diarrhea 
[0035] Starvation and dehydration 
[0036] Respiratory diseases in Which carbon dioxide 

retention occurs and acidosis develops 
[0037] A highly alkaline urine occurs in: 

[0038] Urinary tract obstruction 
[0039] Pyloric obstruction 
[0040] Salicylate intoxication 
[0041] Renal tubular acidosis 
[0042] Chronic renal failure 
[0043] Respiratory diseases that involve hyperventila 

tion (bloWing off carbon dioxide and the development of 
alkalosis) 

[0044] Urine pH is often used to monitor a person’s diet. In 
people Who are not vegetarians, the pH of urine tends to be 
acidic. A diet rich in citrus fruits, legumes, and vegetables 
raises the pH and produces urine that is more alkaline. Gen 
erally an accurate measurement of urinary pH can be done 
only on a freshly voided specimen. If urine pH is to be useful, 
it is necessary to use pH information in comparison With other 
diagnostic information. 

SUMMARY OF THE INVENTION 

[0045] It is therefore an object of the present invention to 
provide an apparatus, system and method for determining one 
or more physiological conditions Within a mammal based on 
pH measurements, including Without limitation one or more 
of the physiological conditions discussed above. 
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[0046] Another object of the present invention is to provide 
an apparatus; system and method for measuring pH and tem 
perature of a biological ?uid. 
[0047] Yet another object of the present invention is to 
provide an apparatus, system and method for determining a 
physiological condition Within a mammal based on either in 
vivo or external measurements of biological ?uids. 
[0048] Still another object of the present, invention is to 
provide an apparatus, system and method for determining a 
physiological condition Within a mammal that requires mini 
mal calibration. 
[0049] A further object of the present invention is to pro 
vide an apparatus, system and method for determining a 
physiological condition Within a mammal that utiliZes a 
replaceable “plug-and-play type” of probe. 
[0050] A yet further object of the present invention is to 
provide an apparatus, system and method for determining a 
physiological condition Within a mammal that utiliZes a dark 
environment for calibration. 
[0051] A still further object of the present invention is to 
provide an apparatus, system and method for determining a 
physiological condition Within a mammal that utiliZes an 
ion-sensitive ?eld effect transistor (ISFET) for measuring 
pH. 
[0052] An even further object of the present invention is to 
provide an apparatus, system and method for determining a 
physiological condition Within a mammal Wherein the pro 
cessing and logic circuitry is maintained in a handle and a 
minimal amount of circuitry is maintained in a replaceable 
probe. 
[0053] Another object of the present invention is to provide 
an apparatus, system and method for determining the fertility 
status of a female mammal. 

[0054] Yet another object of the present invention is to 
provide an apparatus, system and method for predicting ovu 
lation in a female mammal based on current and stored pH 
and/ or temperature measurements. 

[0055] These and other objects are met by the present 
invention Which, in one aspect, is an apparatus for measuring 
a physiological condition Within a mammal comprising: an 
elongated probe for insertion into a body lumen of the mam 
mal, the probe comprising a ?rst circuit board operably cou 
pling a pH sensor for measuring pH Within the body lumen 
and generating a pH signal indicative of the measured pH, a 
memory device storing parametric data unique to the pH 
sensor, and a ?rst interface connector located at a proximal 
portion of die probe; a handle for manipulating the probe, the 
handle comprising a second circuit board operably coupling a 
microprocessor for processing the pH signal and generating 
an output signal based on the processing of the pH signal, a 
display device for displaying the output signal generated by 
the microprocessor, and a second interface connector; the 
probe connected to the handle in manner that alloWs the probe 
and handle to be repetitively engaged and disengaged from 
each other; and Wherein When the probe is connected to the 
handle, the ?rst and second interface connectors are in elec 
trical connection so that the microprocessor can retrieve the 
parametric data from the memory device of the probe and 
receive the pH signal. 
[0056] In another aspect, the invention can be an apparatus 
for measuring a physiological condition Within a mammal 
comprising: an elongated probe for insertion into a body 
lumen of the mammal, the probe comprising a ?rst circuit 
board operably coupling an ion-sensitive ?eld effect transis 
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tor (ISFET) for measuring pH Within the body lumen and 
generating a pH signal indicative of the measured pH, a 
temperature sensor for measuring temperature Within the 
body lumen and generating a temperature signal indicative of 
the measured temperature, a diaphragm in contact With, an 
electrolyte solution buffered at a knoWn pH, a memory device 
storing ISFET slope data at both ambient temperature and 
normal body temperature for the ISFET, and a ?rst interface 
connector located at a proximal portion of the probe; a handle 
for manipulating the probe, the handle comprising a second 
circuit board operably coupling a microprocessor for receiv 
ing the pH and temperature signals and generating an output 
signal based on the processing of the pH and temperature 
signals and the ISFET slope data, a display device for dis 
playing the output signal generated by the microprocessor, 
and a second interface connector; the probe connected to the 
handle in manner that alloWs the probe and handle to be 
repetitively engaged and disengaged from each other; and 
Wherein When the probe is connected to the handle, the ?rst 
and second interface connectors are in electrical connection 
so that the microprocessor can retrieve the ISFET slope data 
from the memory device of the probe and receive the pH and 
temperature signals. 
[0057] In yet another aspect, the invention can be an appa 
ratus for measuring a physiological condition Within a mam 
mal comprising: a probe for insertion into a body lumen of the 
mammal, the probe comprising: an elongated tubular housing 
extending along a longitudinal axis from a proximal end to a 
distal end, the elongated tubular housing having a ?rst inter 
nal cavity; a ?rst circuit board located Within the ?rst internal 
cavity; a pH sensor for measuring pit Within the body lumen 
located at a distal portion of the elongated tubular housing, the 
pH sensor generating a pH signal indicative of the measured 
pH and operably coupled to the ?rst circuit board; a tempera 
ture sensor for measuring temperature Within the body lumen 
located at the distal portion, the temperature sensor generat 
ing a temperature signal indicative of the measured tempera 
ture and operably coupled to the ?rst circuit board; a ?rst 
memory device storing parametric data unique to the pH 
sensor, the memory device housed Within the internal cavity 
of the elongated tubular housing and operably coupled to the 
?rst circuit board; and a ?rst interface connector located at a 
proximal portion of the elongated tubular housing and oper 
ably coupled to the circuit board; a handle for manipulating 
the probe, the handle comprising: a second housing having a 
second internal cavity and a socket forming a passageWay into 
the second internal cavity; a second circuit board located 
Within the second internal cavity; a microprocessor located 
Within the second housing and operably coupled to the second 
circuit board for receiving and processing the pH signal and 
the temperature signal, the microprocessor generating an out 
put signal based on the processing of the pH signal and the 
temperature signal and the parametric data; a poWer source 
located Within the second housing and operably coupled to 
the second circuit board; user controls located on the second 
housing and operably coupled to the second circuit board; a 
display device operably coupled to the second circuit board 
for displaying the output, signal generated by the micropro 
cessor; a second interface connector operably coupled to the 
circuit board and aligned With the socket; and Wherein the 
probe is removably secured to the handle, the proximal por 
tion of the elongated tubular housing extending into the 
socket of the second housing so that the ?rst and second 
connectors are in electrical connection. 






























