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Effect of general anaesthesia on prolonged
intraoesophageal pH monitoring

W A McCallion, TM Gallagher, V E Boston, S R Potts

Abstract
Investigation of gastro-oesophageal reflux
often includes endoscopy, usually under
general anaesthesia, and pH monitoring.
In most cases, the pH probe is passed
when the child is awake and is poorly
tolerated. The effect of general anaes-
thesia on pH monitoring is unknown. The
aim of the study was to determine if
placing the probe in the anaesthetised
child gives a representative pH study.
Twenty children aged 4 months to 13 years
underwent oesophago-gastroduodenoscopy
under general anaesthesia. A pH electrode
was placed under direct vision in the distal
oesophagus. pH monitoring was begun
after completion of anaesthesia and con-
tinued for 18-24 hours. The study was
repeated within 14 days without anaes-
thetic. The reproducibility of values of
percent pH <4, number of reflux
episodes/hour, reflux episodes lasting >5
min, and longest reflux episode was 85%,
90%, 75%, and 750/o respectively. These
results are comparable with those in
adults and children in whom pH studies
were performed on consecutive days
(without anaesthetic) keeping all variables
constant. Therefore pH data collected in a
child within 24 hours of endoscopy under
general anaesthesia are representative.
(Arch Dis Child 1995; 73: 235-238)
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Intraoesophageal 24 hour pH monitoring is
widely regarded as the gold standard for
diagnosing gastro-oesophageal reflux. In most
centres where pH monitoring is performed, the
naso-oesophageal electrode is passed while the
child is awake; this is obviously painful and is
poorly tolerated, particularly in the toddler age
group. Since there is a poor correlation between
the severity of gastro-oesophageal reflux as
judged by pH studies and the presence of histo-
logical or endoscopic oesophagitis,I 2 few paedi-
atricians and paediatric surgeons would base the
need for antireflux surgery on an abnormal pH
study alone..Therefore the complete assessment
of children with symptoms suggestive of patho-
logical gastro-oesophageal reflux requires
endoscopy and oesophageal biopsy, which is
commonly performed under general anaes-
thesia. General anaesthetic agents may have an
effect on oesophageal and gastric smooth
muscle relaxation and thereby may alter lower
oesophageal sphincter pressure and gastric
emptying. The aim of this study was to

determine if general anaesthesia affects the
reproducibility ofpH studies.

Methods
PATIENTS
Twenty children aged 4 months to 13 years
(mean 4A4 years) who presented with
symptoms suggestive of pathological gastro-
oesophageal reflux underwent oesophago-
gastroduodenoscopy under general anaes-
thesia. Each anaesthesic was standardised.
Anaesthesia was induced with sodium thiopen-
tone (5 mg/kg), and suxamethonium (1 mg/kg)
was used to facilitate endotracheal intubation.
Anaesthesia was maintained with halothane
1-2% in 30% oxygen with nitrous oxide.
Routine cardiovascular and respiratory
monitoring were performed throughout.
Endoscopy was performed using a flexible
paediatric endoscope (Olympus GIF P20)
which has an external diameter of 9 mm
(equivalent to FG 28). In each case the lower
oesophageal sphincter was intubated by the
endoscope to enable visualisation of the gastro-
oesophageal junction from within the stomach
as well as of the gastric and duodenal mucosa.
The duration of anaesthesia was 20 to 35
minutes (mean 25 minutes). A pH electrode
was placed under direct vision in the distal
oesophagus with its tip approximately 13% of
the distance from the gingival margin to the
gastro-oesophageal junction above the junc-
tion.3 Recording of pH data began six hours
after completion of anaesthesia to allow suffi-
cient recovery from the anaesthetic, and con-
tinued for 18 to 24 hours. The pH study was
repeated within 14 days without the use of
anaesthetic or sedative drugs; the probe was
passed, under fluoroscopic control, to the
same distance. A diary detailing activities and
diet was kept during the first study and where
possible was repeated during the second study.
The reproducibility of four pH indices (per-
centage of time during which intra-
oesophageal pH was less than 4, number of
reflux episodes per hour, number of reflux
episodes lasting longer than 5 minutes, and
duration of longest reflux episode) was deter-
mined and compared with two previous
studies in which the reproducibility of these
variables, measured on consecutive days
without general anaesthesia, had been
ascertained.4 5

pH MEASUREMENTS
Synectics semidisposable monocrystant anti-
mony pH electrodes with an external diameter
of 2 mm and silver/silver chloride cutaneous
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Figure 1 Variability in consecutive pH studies, the first study performed in association with general anaesthesia and
endoscopy. (A) Percent of time that intraoesophageal pH was <4. (B) Number of acid reflux episodes per hour.
(C) Number of acid reflux episodes greater than S min duration in 24 hours. (D) Longest acid reflux episode (minutes).

reference electrodes were used. The electrodes
were tested before and after each recording in
Synectics buffers ofpH 7 and pH 1. No results
were discarded because of excessive drift
(exceeding 0-3 pH units). pH data were
recorded on a Synectics Digitrapper Mark II
Gold and analysed using 'EsopHogram'
(Gastrosoft Inc). The four reflux indices
(above) were analysed for the total study
period. A diagnosis of abnormal gastro-
oesophageal reflux was made if any of the
variables exceeded published normal values.6 7
A pH index was defined as reproducible if the
patient retained a normal or abnormal result
during both pH studies.

STATISTICAL METHODS
Natural logarithmic transformation was per-
formed on each reflux variable since any differ-
ence between the variables in the two studies is
likely to be proportional to the mean.
Logarithmic transformation of the data would
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Figure 2 Reproducibility oftwo separate pH studies: the effect ofgeneral anaesthesia
(GA).

show more clearly any relationship between
the differences in consecutive pH indices
studied. One was added to each variable before
taking the transformation to avoid using the
logarithm of zero. The difference between the
transformed variables in each pH study was
determined and the standard deviation of the
differences calculated. By taking the antilog of
1 96 times the standard deviation of the differ-
ences, 95% confidence limits were obtained.
The latter represent the limits within which the
differences between the two results for each
reflux variable (one with general anaesthetic,
one without) should lie.
The study was approved by the Research

Ethics Committee of the Queen's University of
Belfast.

Results
The variability of the four pH indices from the
first study (performed immediately after
general anaesthesia and endoscopy) to the
second study (performed in the absence of
anaesthetic or endoscopy) is shown in fig 1
A-D.
The reproducibility of the four pH indices,

and hence the effect of general anaesthesia, is
shown in fig 2 and is compared with two
similar studies in which the reproducibility of
pH monitoring was tested on two consecutive
days in the absence of anaesthetic or sedative
agents, one study involving adults (Wiener et
a5) and the other study involving infants aged
7 days to 11 months (Hampton et at4). In the
present study, the reproducibility of two
measurements of percent pH <4, one taken in
association with and the other remote from
general anaesthesia, was 85%, identical to that
found by Wiener in adults, compared with the
value of 62% reported by Hampton in infants.
The reproducibility of the number of reflux
episodes per hour in this study (91%) was
greater than that found by Wiener or Hampton
(70% and 62% respectively). While the repro-
ducibility of the two pH indices that assessed
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Comparison of the upper confidence limits offourpH indices from three independent studies

No of reflux Refluxes Longest reflux
Study %pH <4 episodes/h >5 min (min)

Present study (GA v no GA) 3-3 2-5 4-7 4-4
Hamptom (infants, no GA) 3-7 3-8 2-4 11 9
Weiner (adults, no GA) 3-2 nc nc nc

GA=general anaesthetics; nc=not calculated.

prolonged acid reflux in the present study
(each 75%) was similar to that found by in
adults by Wiener, in infants the reproducibility
of the longest reflux episode and the number of
reflux episodes lasting more than 5 minutes
and was 85% and 54% respectively.
The table shows the upper confidence limits

for each of the four pH indices derived from
the antilog of 1-96 multiplied by the standard
deviation of the logged differences. It can be
seen, for example, that the percentage of time
intraoesophageal pH was less than 4 varied by
up to 3-3-fold between two consecutive
studies, one performed immediately after
general anaesthesia and the other performed at
a time remote from anaesthesia. However, this
compared very favourably with the day to day
variability noted in infants by Hampton (3 7-
fold difference) and in adults by Wiener (3-2-
fold difference).

Discussion
Performing pH monitoring requires accurate
placement of the oesophageal electrode. This
may be achieved using fluoroscopic guidance,
or by the withdrawal method whereby the tip
of the electrode is passed into the stomach
until an acidic reading is obtained and then
slowly withdrawn into the oesophagus, or by
placing the electrode tip proximal to the mano-
metrically determined proximal limit of the
lower oesophageal sphincter. While these tech-
niques are well tolerated in adults, placement
of the intraoesophageal electrode in children is
difficult and compliance is usually poor. To
assess the severity of gastro-oesophageal reflux
fully, endoscopy and oesophageal biopsy are
essential in order to determine the presence
and extent of oesophagitis. In paediatric prac-
tice endoscopy is usually performed under
general anaesthesia. The aim of this study was
to ascertain if pH studies performed in the 24
hours following general anaesthesia (having
placed the intraoeosphageal electrode under
direct vision in the anaesthetised child) is
representative of the child's reflux profile.

It is known that anaesthetic drugs can pro-
mote gastro-oesophageal reflux. Induction
agents such as thiopentone and suxametho-
nium, as well as laryngoscopy and endotra-
cheal intubation, have been shown to induce
reflux.8 Inhalational agents such as halothane
delay gastric emptying9 and may therefore pre-
dispose to gastro-oesophageal reflux in the
postanaesthetic period. Furthermore drugs
such as atropine and neostigmine used to
terminate the anaesthetic reduce lower
oesophageal sphincter pressure, although these
effects appear to be transient.10 Thus theoreti-
cally general anaesthesia may predispose to

gastro-oesophageal reflux or exacerbate pre-
existing reflux by several mechanisms.
The endoscopic assessment of children

presenting with upper gastrointestinal symp-
toms includes gastroduodenoscopy as well as
oesophagoscopy in order to inspect the gastro-
oesophageal junction from below and to rule
out concomitant pathology such as Helicobacter
pylori gastritis." This requires the passage of
an endoscope (28 F) through the lower
oesophageal sphincter which might render the
sphincter (more) incompetent in the postendo-
scopic period. There are no published data on
the manometric assessment of the lower
oesophageal sphincter before and after
endoscopy in children or adults. However, in
one study the presence of a nasogastric tube
did not affect the degree of gastro-oesophageal
reflux as judged by pH studies performed
before and during intubation of the lower
oesophageal sphincter.12 One could speculate,
therefore, that following removal of the tube
(or endoscope) gastro-oesophageal reflux
would not be exacerbated.

In order to assess the effect that general
anaesthesia and intubation of the gastro-
oesophageal junction by the endoscope has on
the competence of the lower oesophageal
sphincter, the results of pH studies begun six
hours after completion of endoscopy (to enable
the child to 'recover' from the anaesthetic and
resume normal activities) have been compared
with those performed 2 weeks later (in the
absence of general anaesthesia and endos-
copy). This assumes that when all variables are
constant, consecutive pH studies give repro-
ducible results. The reproducibility of pH
monitoring, that is, when an abnormal profile
on one occasion is also abnormal in a subse-
quent study, has been established in adults5 13
and children.4 In these three studies the repro-
ducibility of percent pH <4 (the most reliable
pH index) on consecutive days, keeping all
variables constant where possible, is reported
to be 85%, 77%, and 62% respectively. In
other words there is considerable day to day
variability in acid reflux, and more so in infants
than adults. In the present study, with the
introduction of general anaesthesia as a vari-
able and keeping all other variables constant
where possible, the reproducibility of percent
pH <4 was 85%, identical to that found by
Wiener5 in adults and considerably better than
that reported in infants by Hampton.4 Indeed
the reproducibility of the remaining three pH
indices in the present study compared
favourably with Wiener's results (fig 2),
suggesting that general anaesthesia and
endoscopy do not significantly alter the repro-
ducibility of pH monitoring.
The upper limits of the day to day variability

in gastro-oesophageal reflux have also been
documented. In adults, Wiener noted that per-
cent pH <4 may vary by as much as 3-2-fold
between consecutive pH studies, and in infants
Hampton observed that the same index could
vary by up to 3-7-fold from one pH study to
the next. From the results shown in the table,
with the introduction of general anaesthesia as
a variable, percent pH <4 was seen to vary by
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up to 3-3-fold from one study (with anaes-
thetic) to the next (without anaesthetic). This
result compares very favourably with those of
Wiener and Hampton in which no anaesthetics
were used.
We conclude, therefore, that general anaes-

thetic drugs and the act of intubating the lower
oesophageal spincter with a paediatric endo-
scope do not adversely affect the results of pH
monitoring in children. It is therefore justifi-
able to pass a pH electrode at the time of
endoscopy under general anaesthesia, thereby
obviating the need to pass a naso-oesophageal
electrode while the child is awake and
minimising the trauma to the child.

1 Collins JSA, Watt PCH, Hamilton PW, Collins BJ, Sloan
JM. Assessment of oesophagitis by histology and
morphology. Histopathology 1987; 14: 381-9.

2 Hyams JS, Ricci A, Leichtner AM. Clinical and laboratory
correlates of oesophagitis in young children. J Pediatr
Gastroenterol Nutr 1988; 7: 52-6.

3 Strobel CT, Byrne WJ, Ament ME, Euler AP. Correlation
of esophageal lengths in children with height: appliance of
the Tuttle test without prior oesophageal manometry.
_JPediatr 1979; 94: 81-4.

4 Hampton FJ, MacFadyen UM, Simpson H. Reproducibility
of 24 hour oesophageal pH studies in infants. Arch Dis
Child 1990; 65: 1249-54.

5 Wiener GJ, Morgan TM, Copper JB, et al. Ambulatory 24-
hour esophageal pH monitoring. Reproducibility and
variability of pH parameters. Dig Dis Sci 1988; 33:
1127-33.

6 Vandenplas Y, Sacre L. Continuous 24-hour esophageal pH
monitoring in 285 asymptomatic infants 0-15 months
old. Jf Pediatr Gastroenterol Nutr 1987; 6: 220-4.

7 Zaninotto G, DeMeester TR, Schizer W, Johansson K-E,
Cheng S-C. The lower esophageal sphincter in health and
disease. Am J Surg 1988; 155: 104-11.

8 Gorback MS, Graubert DA. Gastroesophageal reflux
during anaesthetic induction with thiopental and succinyl-
choline. J Clin Anesthesia 1990; 2: 163-7.

9 Schuriek BA, Willacy LHO, Kraglund K, Andreasen F, Juhl
B. Effects of general anaesthesia with halothane on antro-
duodenal motility, pH and gastric emptying rate in man.
BrJAnaesth 1989; 62: 129-37.

10 Heijke SAM, Smith G, Key A. Comparison of the com-
bined effects of atropine and neostigmine with atropine
and edrophonium on the lower oesophageal sphincter.
Anaesthesia 1991; 46: 628-3 1.

1 1 McCallion WA, Stirling NF, Bamford KB, Potts SR,
Boston VE. Helicobacter pylori in children in Northern
Ireland - initial impressions. Ulster Med J 1994; 63:
121-2.

12 Emde C, Cilluffo T, Bauerfeind P, Blum AL. Combined
esophageal and gastric pH-metry in healthy volunteers.
Influence of cable through LES and effect of misoprostol.
Dig Dis Sci 1989; 34: 79-82.

13 Johnsson F, Joelsson BO. Reproducibility of ambulatory
oesophageal pH monitoring. Gut 1988; 29: 886-9.

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.73.3.235 on 1 S

eptem
ber 1995. D

ow
nloaded from

 

http://adc.bmj.com/

