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Measurement of gastrointestinal pH profiles in normal 
ambulant human subjects 

D F EVANS, G PYE, R BRAMLEY, A G CLARK, T J DYSON, 
AND J D HARDCASTLE 

From University Hospital, Queen's Medical Centre, Nottingham 

SUMMARY Gastrointestinal (GI) pH has been measured in 66 normal subjects using a pH sensitive 
radiotelemetry capsule passing freely through the gastrointestinal tract. Signals were recorded with 
a portable solid state receiver and recording system, enabling unconstrained measurements with 
normal ambulatory activities for up to 48 h during normal GI transit. Capsule position in the gut was 
monitored by surface location using a directional detector. Gastric pH was highly acidic (range 
l ·0-2· 5) in all subjects. The mean pH in the proximal small intestine was 6·6 (0· 5) for the first hour of 
intestinal recording. By comparison the mean pH in the terminal ileum was 7·5 (0·4) (p<0·OOl). In 
all subjects there was a sharp fall in pH to a mean of 6·4 (0·4) (p<0·OOl) as the capsule passed into the 
caecum. Values are means (SD). pH then rose progressively from the right to the left colon with a 
final mean value of 7·0 (0·7) (p<0·OOl). 

In recent years there has been increasing interest in 
the pH of the contents of the gastrointestinal tract. 
Previous measurements using aspiration or discrete 
sampling from the stomach or the rectum 1 2 are 
unsatisfactory because of the problems of pooled 
measurements and also of the relative inaccessibility 
of other parts of the gastrointestinal tract. 

Previous workers have attempted to identify 
gastrointestinal pH profiles using a pH sensitive 
radiotelemetry capsule. Bown et a/3 and Meldrum et 
al' used a pH telemetry capsule to plot pH profiles in 
the GI tract. At the time, however, capsules were 
relatively unreliable, suffering from severe drift 
problems and a short life span. 5 Although this work is 
of interest as a guide line to the present study, the 
results must be viewed with some caution because of 
the doubt about the accuracy of the radiocapsules 
which were used. 

With the advent of a new stable, reliable, pH 
sensitive capsule with a longer usable life6 it is now 
possible to monitor pH in the gastrointestinal tract 
with a greater degree of accuracy than was previously 
possible. Additionally , with the introduction of 
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portable receiving apparatus1 it is also possible to 
measure GI pH whilst patients are carrying out 
normal daily activities, this being desirable to ensure 
that measurements are recorded under physiological 
conditions in ambulant subjects. 

The aim of our present study was to investigate the 
range of GI pH profiles in a representative group of 
normal subjects in order to establish a base line for 
future reference. 

Methods 

SUBJECTS 

A total of 72 subjects (51 men) median age 26 years, 
range 20-83 years, with no previous or current 
gastrointestinal disease were recruited for the study 
over an 18 month period. The project was approved 
by the Nottingham Medical School Ethical Com
mittee and all subjects gave written, informed 
consent before the study. 

Subjects were not restricted to any dietary control 
either before or during the study. This was inten
tional in order to establish a base line from a mixed 
group of normal individuals with a wide age range 
and a mixed European diet. All subjects ~ere 
interviewed before the study and questioned regard-
ing dietary habits. Any subject found to have unusual 
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Fig. I The [>H sensitive radiopill (inset) and portable solid 
state recording equivmem. The aerial array is worn around 
the abdomen inside a cloth band. 

eating patterns - for example. vegetarian or ethnic 
diets - was excluded from the study. 

Gastrointestinal pH was measured using a freely 
moving pH sensitive radiotelemetry capsule (RTC), 
(Remote Control Systems). The capsule consists of 
a glass electrode with integral reference cap and 
battery which has already been widely evaluated in 
measurements in the oesophagus"' (Fig. 1). This 
device enables continuous measurement of pH as the 
RTC passes through the GI tract, it is cable free and 
non-invasive. Signals from the capsule are detected 
by an aerial band worn around the abdomen record
ing on tO a portable solid state receiver (John Caunt 
Scientific. Oxon). (Fig. I). The recorder samples the 
pH from the capsule ;it 12 sec intervals thus enabling 
continuous totally ambulant moni toring for up to 48 
hours. 

Evans, Pye. Bramley. Clark, Dyson, and Hardcastle 

Before swallowing, the RTC was calibrated in 
buffers pH 4 and pH 9·2 at 37°C. Transit of solids 
through the GI tract varies widely between indi
viduals but in most cases the 48 hour recording time 
was sufficient to record pH from the stomach to the 
rectum. At the end of the study the RTC was 
collected in the faeces using a specially designed 
frame . The RTCs were cleaned and resterilised after 
performing a check for pH drift in the calibration 
buffers. 

Data were replayed on a dedicated microprocessor 
controlled replay unit to give a hard copy of pH 
against time. Tbe data were also transferred to an 
ICL2900 mainframe computer via a BBC B micro
computer and 13-3 cm floppy discs. Group analysis of 
the data could then be done automatically using 
standard programming packages. 

The data transfe.r via a British Telecom land line 
was facilitated using Decce and Kermit software.'"" 
this enabling a continuous accurate flow of data to a 
large database without line errors. As each recording 
used approximately 70 kbytes of computer memory. 
mainframe storage was essential in order to compare 
data from a large group of subjects. 

LOCALISATION OF RT C 

The capsule was localised in the GI tract utilising two 
distinctive changes during transit. 

First, in order to identify the transition of the 
capsule from the stomach to the small intestine the 
sharp rise in pH signified by the capsule leaving the 
highly acidic environment of the stomach into the 
relatively alkaline environment of the duodenum was 
used as a marker. 

Second, in order to locate the transit of the RTC 
into the caecum and its subsequent passage distally, 
the following method was used. 

The surface position of the RTC was located over 
the abdomen using a highly directional aerial probe 
connected to a portable radiotelemetry receiver 
tuned to the capsule frequency (Remote Control 
Systems, London). The position of the capsule was 
assessed to be where the maximum signal strength of 
transmission was received by the probe. This position 
was recorded on a body map divided into nine 
sections over the abdomen at two to four hourly 
intervals, by the subjects during the study period 
(Fig. 2). The position of the capsule on arrival in the 
caecum was always found to be in the right iliac fossa . 
The capsule then moved round the abdomen from 
the right to the left side during its passage through the 
colon . 

This method has been validated by us using radio 
isotopically labelled capsules and a gamma scinti
graphy technique. The GI tract was outlined in six 
volunteers with JOO ml water labelled with 10 MBq 
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Surface map - Gastrointestinal pH studies 

Name .... J:: <:;..\---\.,,\-;\ ..................................................... ... 
Date ••. 'b).:::.'J: .. :.~ .......... Study No .•.•• 9..~ ............... . 
Sex . ..• n ....... Age .. ~'..! ...... Study group •. N9.W..f.'!".h ... 

Please record surface position every 2 hours during the daytime. 
You should record the date and time in the first two columns 
and the recorder reading in column 3 with the anatomical zpne 
(see diagram) in the last column. 

Left hand side 

Date Time ·pH value Zone 
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Fig. 2 Body map used to aid localisation of the RTC as it 
passes through the GI tract. 

technicium 99m and the RTC labelled with indium"' . 
pH and surface position were continuously moni
tored during the passage of the RTC through the 
small intestine. In all cases the RTC was seen to enter 
the caecum as outlined by the marker at the same 
time as localisation in the right iliac fossa. Character
istic pH changes were also noted and subsequently 
used in .the identification of the important ileocaecal 
transition. 
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SIGNAL LOSS 

Periods of signal loss are not uncommon from 
radiocapsules because the rf emission from this type 
of transmitter is highly directional. Studies involving 
free transit through the GI tract are therefore more 
likely to incur greater signal loss than in studies using 
tethered capsules, 12 which have been reported at 10% 
or less. Improvements in aerial design and electronic 
aerial switching units13 1

' have been incorporated into 
the solid state recorder and thus signal loss has been 
reduced to an acceptable level for GI transit studies. 
In these studies periods of signal loss of greater than 
75% of the total recording were excluded from the 
analysis. 

STUDY PROTOCOL 

At 8 30 am on the morning of the study after an 
overnight fast subjects swallowed the RTC with a 
small quantity of water. The recording equipment 
was applied and the recordings started immediately. 
Subjects were required to remain in the laboratory 
until the RTC had left the stomach, this being 
indicated by a rapid rise in pH from approximately 
pH l ·5 to a pH sustained at greater than 5. After 
gastric transit subjects were allowed to eat and drink 
normally. Subjects were fasted before the study in 
order to prevent delay of transit of the capsule from 
the stomach as it is known that large particles are 
retained in the stomach when associated with a 
meal. i ; 

During its passage through the GI tract the 
RTC was localised using the method previously 
described. Subjects were required to do this 
at approximately two hourly intervals to give an 
accurate location of the capsule. Normal food and 
drink were allowed throughout the study and the 
subjects were permitted to leave the laboratory for 
the remainder of this period. At night subjects 
removed the recording equipment but continued to 
wear the aerial around the abdomen to facilitate 
continuous recording without interrupting sleep. At 
the end of the study period recordings were replayed 
on to the Oxford replay unit to give a hard copy of the 
results and also transferred to the mainframe com
puter as previously described. 

ANALYSIS 

pH was sampled at 12 second intervals for the total 
recording period of up to 48 hours during the passage 
of the RTC through the gastrointestinal tract. Thus a 
total of 14 400 data points were possible from each 
subject. In order to analyse data from specific parts of 
the gut the real time clock incorporated in the 
recorder was utilised to define the time periods when 
the RTC was passing through these areas. 

Six specific periods were assessed. 
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Fig. 3 Gastrointestinal pH profile from a normal subject. 
The position of the capsule in specific areas is labelled 
accordingly. 

I Proximal small bowel 
The first hour of recording after the RTC had left the 
acidic environment of the stomach. 

2 Distal small bowel 
The last hour of the recording before the RTC was 
assessed to be in the caecum. Ileocaecal transition 
was associated with a sharp fall in pH from a 
relatively high stable ilea! level (Fig. 3), together with 
a simultaneous surface location over the right iliac 
fossa. 

3 Mid small bowel 
The time period between 1 and 2 above. 

4 Right colon 
The four hour period after transition of the RTC into 
the caecum. 

5 Leftco/on 
The four hour period immediately preceding passage 
of the RTC from the rectum, or the last four hours of 
the study period providing the RTC was located in 
the left iliac fossa. 

6 Mid colon 
The period between 4 and 5 above. 

A Fortran 77 program has been developed to 
calculate the mean pH from the six epochs. The use 
of mean values was justified as there was a minimum 
of 300 data points for each epoch for each subject. 
A normal distribution was confirmed by an initial test 
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of skewness (gl <0-05 in all cases). The means 
were grouped. from all the subjects and compared 
statistically using the Student's t test for unpaired 
data. 

Results 

All subjects completed the study without difficulty or 
complications and were not aware of the capsule 
within the GI tract. Four tests failed because of 
excessive pill drift > l ·0 pH and two tests failed 
because of excessive signal loss leaving a total of 66 
studies suitable for analysis. 

SIGNAL LOSS 

Small bowel signal loss accounted for the majority of 
the losses and was greater than 75% in 14 studies. 
These values were not included in the final analysis. 

Median signal loss due to the movement of the 
capsule was 20·4% (range 6-9-64·1%). In these 
studies where multiple measurements were made in 
each bowel segment these signal losses were con
sidered acceptable. 

PILL DRIFT 

A post calibration check for pill drift was only 
possible in 38 of the 72 studies carried out where the 
RTCs were retrieved at the end of the recording 
period. In the remaining studies the RTC remained 
in the colon or rectum beyond the 48 hour study 
period and a post calibration was not considered 
feasible when the capsules were finally retrieved. 

After superficial cleaning in running water the 
RTCs were recalibrated in the two standard buffer 
solutions. The measured values after the tests can be 
seen in Table 1. 

The RTC passed through the small bowel and 
entered the caecum in all 66 subjects but in 16 the 
capsule failed to reach the left side of the colon within 
the 48 hour recording period and so no left sided 
recordings were obtained for these subjects. 

Figure 3 shows a typical pH profile of the GI tract 
in a normal subject. The transition from the acid to 
alkaline environment is clearly seen as the capsule 
passes from the stomach to the small intestine; 
another distinct change can be seen as the RTC 
moves from ileum to caecum. 

Table I pH drift as measured by a post test calibration 

Initial buffer 
pH(n=38) 

4·0 
9·2 

Median post calibration p H Median drift in pH 

4-()() (3 ·6-4·8) 0·2 (0- 0·6) 
9·40 (9•0- !0·2) 0·3 (0- 1 ·0) 
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1 Proximal small bowel 
The RTC's passage from the stomach to the duo
denum was associated with a rapid rise in pH to a near 
neutral level. The mean pH in the proximal small 
intestine for the first hour of transit was pH 6·6 (0·5) 
for the whole group (Table 2). 

2 Distal small bowel 
The RTC spent a variable period in the right iliac 
fossa before transit into the caecum, typically in zone 
H (Fig. 2). This period was always associated with a 
relatively high value and with little overall fluctuation 
from a stable level (Fig. 3). The mean pH in this area 
was pH 7·5 (0·5). This was significantly higher than 
the proximal small intestine (p<0·OOl) and was 
typical for all subjects studied (Table 2). 

3 Mid small bowel 
The period analysed for this segment was necessarily 
of variable duration as it was derived by subtraction 
of the start and end time of periods of 1 and 2 above. 
Thus the period of analysis for each individual varied 
by the total transit of the RTC through the whole 
small bowel (that is, small bowel transit - two hours). 
The mean pH in the mid small bowel was pH 7·4 
(0·4). This was significantly higher than pH in the 
proximal small bowel (p<0-001) but was not differ
ent from the distal recording. 

4 Right colon 
pH in the right colon was measured as the mean of the 
first four hours of colonic recording defined by the 
crieria of surface mapping and pH profile. 

The pH in the right colon showed more coarse 
fluctuations with a significantly lower value than that 
measured in the ileum. The mean pH in the right 
colon was 6·4 (0·6) for the group, this was signifi
cantly lower than the distal small bowel (p<O·OOl) 
(Table 2). 

5 Leftcolon 
Left colonic pH was calculated from the 50 subjects 
where the RTC had migrated into the distal colon 
before the end of the recording. In 32 of the subjects 
the RTC was passed per rectum by the end of the 
recording period. In the remainder, the RTC was 
surface located in zone J (Fig. 2), this denoting 
sigmoid colon or rectal positioning. In both groups 
therefore pH could be calculated from the final four 
hours of the recording period. 

The mean pH in the left colon was 7 ·0 (0· 7) for the 
50 subjects. This value was significantly higher than 
in the right colon (p<0·00l) (Table 2). 

6 Midcolon 
Mid colonic pH, calculated as described had a mean 
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Table2 Results and statistics of pH measurements in 
normal subjects 

Site n MeanpH Stddev 

Jejenum 55 6·63 0-53 
MidSB 52 7-41 0-36 
Ileum 58 7.49 0·46 

Right colon 66 6·37 0-58 
Mid colon 51 6·61 0·83 
Left colon 50 7.04 0·67 

Whole SB 51 7·30 0·34 
Whole colon 48 6·63 0·67 

Statistical analysis (Student's t test) 
Group Group df p< 

Jejenum MidSB 105 8·9 0·001 
MidSB Ileum 105 1·0 nsd 
Ileum Right colon 122 11 ·8 0·001 
Right colon Mid colon 115 1 ·8 nsd 
Midcolon Left colon 99 2·8 0-01 

Right colon Left colon 114 5·1 0 ·001 
Whole SB Whole colon 97 6·3 0 ·001 

value of 6·6 (0·8). This was significantly higher than 
the left colonic value (p<0·Ol), but similar to the pH 
in the right colon. 

TRANSIT TIME 

The mean RTC transit through the small intestine 
was 5·7 hours (2·04) hours. This compares well with 
other methods of small bowel transit methods' 5 and 
confirms the validity of the ileo-caecal transition. 

Whole gut transit of the RTC was calculated in the 
32 subjects where the capsule was passed before the 
study end. The mean whole gut transit for the capsule 
was 23· 3 hours (8· 16). 

Discussion 

This study has evaluated a new method of measure
ment of pH in the gastrointestinal tract in ambulant 
subjects using an improved pH sensitive radio
telemetry capsule and portable receiving system. pH 
profiles were measured in a group of normal subjects 
in order to establish base lines for comparative 
studies. All studies were completed without diffi
culty, the majority being available for analysis. In 
some cases the pH pill was retained in the right colon 
until the end of the study period, thus demonstrating 
the wide variety of transit in normal, asymptomatic 
subjects. All capsules were eventually passed without 
complications. 

The pH measured by the RTC is that of the 
intraluminal contents in direct contact with the 
electrode. It is not the mucosa! pH which is being 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


