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Abstract
Objectives—To investigate the prognostic
value of intramucosal pH (pHi) and the
relation among pHi, arterial pH, base
excess, and lactate in children with septic
shock.
Design—Children admitted to the paedi-
atric intensive care unit with a diagnosis
of septic shock were prospectively en-
rolled. A gastrointestinal tonometer
(Tonometrics Division, Instrumentarium
Corporation, Helsinki, Finland) was
placed into the stomach and intramucosal
pH, arterial pH, base deficit, and lactate
were measured on admission and six
hours later. Sequential data were analysed
on 24 patients (17 survivors, seven non-
survivors), median age 46 months (range:
2.8–168 months).
Results—Median pHi on admission was
7.39 (interquartile range 7.36–7.51) in sur-
vivors compared with 7.2 (interquartile
range 7.18–7.35) in non-survivors (p =
0.01). There was no significant diVerence
in arterial pH, base excess, or lactate
among survivors and non-survivors. Ad-
mission pHi < 7.32 predicted mortality
with sensitivity (57%), specificity (94%),
and positive predictive value (80%). Pa-
tients with admission pHi < 7.32 who
failed to improve > 7.32 within six hours
(n = 3) had 100% mortality.
Conclusion—In children with septic shock
the admission pHi is significantly lower in
non-survivors. pHi is a better prognostic
indicator of mortality than either stand-
ard acid-base values or lactate. pHi < 7.32
that does not improve within six hours is
associated with a poor prognosis.
(Arch Dis Child 1998;78:155–158)

Keywords: tonometry; intramucosal pH; septic shock

Septic shock is a major cause of death in the
paediatric age group and the mortality rate
remains high despite recent advances in paedi-
atric intensive care.1 The need for accurate
outcome prediction has focused attention on
biochemical factors reflecting tissue hypoxia,
such as lactate, acid-base variables, and arterial
ketone body ratio as well as on global measure-
ments of cardiac output which perform badly
as prognostic indicators in children with septic
shock.2 3

Gastric tonometry has become routine in
many adult intensive care units to monitor the
course of haemodynamically unstable patients,
as intramucosal acidosis may reflect a critical
reduction of oxygen delivery to the hepato-
splanchnic circulation, with the consequent
risk of multiorgan failure (MOF) and death.4

This deterioration in intramucosal pH (pHi)
often occurs before changes are detected in
cardiac output or biochemical variables. How-
ever, there are few substantial reports of
tonometry in children. In particular, there is a
lack of data on the predictive value of pHi for
mortality, and on the relation with other com-
monly used prognostic markers such as arterial
pH, base excess, and lactate.5–8

We present the findings of a prospective
observational study of gastrointestinal tonom-
etry in children with septic shock.

Patients and methods
The study was approved by the hospital’s ethics
committee. Children between the ages of 1
month and 16 years admitted to our 16 bed
paediatric intensive care unit (PICU) with a
diagnosis of septic shock were enrolled over the
period November 1995 to February 1997.
Septic shock was defined according to the cri-
teria of Saez-Llorens and McCracken as hypo-
tension or poor capillary refill responding to
fluid or pharmacological intervention in the
presence of hyperthermia or hypothermia,
tachycardia, tachypnoea, and either leucocyto-
sis or leucopenia together with at least one of
the following: acute mental changes, hypoxae-
mia, hyperlactataemia, and oliguria.9

Twenty six children were enrolled, of whom
two (both survivors with normal pHi) were
excluded from analysis due to missing data
points. The study group comprised 24 patients
(17 survivors, seven non-survivors), median
age 46 months (interquartile range 14.9–
77.2)). All patients were mechanically venti-
lated and had been retrieved from referring
hospitals by a PICU retrieval team, thus
requiring resuscitation before transfer to the
unit, including insertion of invasive monitoring
lines and inotropic support. Diagnoses in-
cluded meningococcal disease (n = 14), pneu-
mococcal septicaemia (n = 1), staphylococcal
septicaemia (n = 1), haemorrhagic shock en-
cephalopathy (n = 1), and culture negative
septic shock (n = 8).9

All children were paralysed and sedated at
the time of enrolment. Patients received
prophylactic sucralfate treatment until enteral
feeding was attempted (usually at six hours)
and continued if feeds were not tolerated. A
7.0 French (2.3 mm external diameter)
gastrointestinal tonometer (Tonometrics Divi-
sion, Instrumentarium Corporation, Helsinki,
Finland) consisting of a blind ending tube with
a carbon dioxide permeable balloon was
placed into the stomach via either the nasal or
oral route. Placement was occasionally aided
by laryngoscopy and confirmed on the radio-
graph taken at admission. The semipermeable
balloon was then filled with 2.5 ml of saline
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and allowed to equilibrate for 60 minutes after
which the saline was aspirated, the first 1 ml
discarded, and the remainder analysed for
partial pressure of carbon dioxide (PCO2). pHi
was calculated retrospectively from the to-
nometer saline PCO2 (TCO2) and the arterial
bicarbonate concentrations according to the
Henderson-Hasselbach equation: pHi = 6.1 +
log [(HCO3 )/(1.16 × 0.03 × TCO2)].

10 The cut
oV value for abnormal pHi was derived from
previous adult studies, 7.32 being the mean
minus two SD.11 pHi values were not used by
attending clinicians to guide patient manage-
ment.
A paediatric risk of mortality (PRISM) score

and risk of mortality were calculated for each
patient on the basis of physiological data over
the first 24 hours, or in the case of non-
survivors, a minimum of eight hours in the
PICU.12 Baseline measurements of arterial pH,
base excess, and lactate were taken together
with the pHi on admission to the unit.
Tonometer and arterial blood gas samples

were analysed by the 1640 electrolyte blood gas
analyser (Instrumentation Laboratories, Birch-
wood, UK). The same device was used for all
samples. The coeYcients of variation for this
analyser are given as 6.4% and 13% for blood
PCO2 and pH. Lactate was measured using the
YSI 2300 STAT plus analyser (Yellow Springs
Instruments, Ohio, USA). All measurements
were repeated six hours after admission and
sequential data were analysed by the Fisher’s
exact test and Mann-Whitney U test.

Results
Admission pHi was lower in the seven
non-survivors (median 7.2; interquartile range
7.18–7.35) compared with survivors (median
7.39; interquartile range 7.36–7.51) (p =
0.01). There were no significant diVerences in
the age, PRISM score, risk of mortality, admis-
sion pHi, arterial pH, base excess, or lactate for
the survivor and non-survivor groups (table 1).
The seven deaths all occurred within five days
(three within 24 hours) and were due to refrac-
tory shock alone (n = 2), refractory shock with
acute lung injury (n = 3), and shock with fail-
ure of three organs (n = 2).
Table 2 shows the age, PRISM score, risk of

mortality, mortality, admission arterial pH,
base excess, and lactate concentrations for
patients with normal (> 7.32) and abnormal
pHi (< 7.32). The diagnostic case mix, timing,
and mode of death was similar in both groups.
An admission pHi < 7.32 predicted mor-

tality with sensitivity 57%, specificity 94%, and
positive predictive value 80% (p = 0.01) (odds
ratio 21.3; 95% confidence interval (CI) 1.7 to
263). Using a pHi value of 7.32, patients could
be subdivided into four groups according to
their response to ongoing resuscitation. Those
patients with an initial pHi < 7.32, who failed to
improve > 7.32 within six hours (n = 3) had
100% mortality, although this diVerence did
not reach statistical significance (fig 1).The pHi
on admission was not closely associated with
either lactate concentration (r2 = 0.27), arterial
pH (r2 = 0.35), or base excess (r2 = 0.02).
There were no failures of tonometer place-

ment and no tonometer related complications.

Discussion
The development of gastric tonometry has
provided physicians with a simple, low technol-
ogy, minimally invasive method of evaluating
perfusion of the hepatosplanchnic bed. Ischae-
mia of this vascular bed is thought to be an
early event in the development of septic shock,
MOF, and death.4

The technique of gastric tonometry was ini-
tially validated in animals,13 and increasing
clinical use has shown the close association
between low pHi, morbidity, and mortality in
adults.4 11 14–16 Indeed, although adult studies
have suggested that pHi is superior to conven-
tional haemodynamic variables as a prognostic
factor,11 use of this modality in paediatric prac-
tice has been restricted to a few centres.5 6

Krafte-Jacobs et al reported that in eight
children with septic shock, pHi was signifi-
cantly lower in the four non-survivors and cor-
related with lactate concentrations, but not
with standard haemodynamic or oxygen de-
rived variables.5 In a study of a heterogeneous
group of 51 critically ill children, patients with
an initial pHi < 7.3 had a 47% mortality rate.6

In that group pHi was found to be a better pre-
dictor of mortality than the PRISM score.
We aimed to evaluate the use of pHi as a

prognostic variable in septic children, and to
compare pHi with conventionally used indices
of tissue oxygen debt. The study period
included only the first six hours of admission to
the PICU, as mortality from shock in the pae-

Table 1 Age, PRISM score, risk of mortality, admission pHi, arterial pH, base excess, and
lactate in the survivor and non-survivor groups. Data are expressed as median
(interquartile range) and analysed by the Mann-Whitney test

Survivors (n=17, 71%) Non-survivors (n=7, 29%) p Value

Age (months) 37 (15–64) 65 (30–108) 0.38
PRISM score 11 (9–17) 17 (10–21) 0.30
Risk of mortality 0.07 (0.03–0.18) 0.12 (0.05–0.36) 0.70
pHi 7.39 (7.36–7.51) 7.20 (7.18–7.35) 0.01
Arterial pH 7.38 (7.35–7.40) 7.35 (7.24–7.38) 0.14
Base excess −3.6 (−5.4 to −2.2) −3.1 (−4.7 to −0.6) 0.73
Lactate (mmol/l) 1.4 (0.9–1.9) 1.8 (1.3–2.4) 0.34

Table 2 Age, PRISM score, age specific risk of mortality, mortality, admission arterial pH,
base excess, and lactate in children with normal (> 7.32) and abnormal (< 7.32) pHi.
Date are expressed as median (interquartile range) and analysed by the Mann-Whitney
test except where indicated (*Fisher’s exact test)

pHi < 7.32 n=5 pHi > 7.32 n=19 p Value

Age (months) 76 (45–113) 37 (15–65) 0.29
PRISM score 12 (8–25) 15 (10–17) 0.83
Risk of mortality 0.06 (0.01–0.54) 0.12 (0.05–0.17) 0.83
Mortality (%) 4 (80) 3 (16) 0.01*
Arterial pH 7.34 (7.17–7.38) 7.38 (7.34–7.41) 0.14
Base excess −2.1 (−7.7 to−1.3) −3.6 (−5.3 to −2.3) 0.43
Lactate (mmol/l) 1.46 (1.18–2.82) 1.48 (0.95–1.92) 0.92

Figure 1 Mortality in children with septic shock: pHi on admission and at six hours (n =
24) (seven non-survivors, 17 survivors).

pHi < 7.32

n = 5 (4 non-survivors, 80%) (p = 0.014)

pHi > 7.32

n = 19 (3 non-survivors, 16%)

6 hour pHi < 7.32
n = 3

(3 non-survivors, 100%)

6 hour pHi > 7.32
n = 2

(1 non-survivor, 50%)

6 hour pHi < 7.32
n = 3

(1 non-survivor, 33 %)

6 hour pHi > 7.32
n = 16

(2 non-survivors, 13%)

––

–
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diatric population follows a diVerent clinical
pattern from that of adults. Children with sep-
ticaemia often present in establishedMOF, and
death usually occurs within 24 hours of admis-
sion to PICU,1 whereas critically ill adults tend
to develop septic shock andMOFwhile already
on the intensive care unit.
Our results agreed with those of adult work-

ers who found that pHi was the best predictor
of mortality when compared with conventional
biochemical variables In particular, mortality
was significantly greater among patients with
pHi < 7.32 on admission.14 15 In our patients,
admission pHi was significantly lower in
non-survivors, with minimal overlap compared
with the survivor group, and low pHi predicted
death with a positive predictive value of 80%
and odds ratio 21.3 (CI 1.7 to 263). This
would suggest that abnormal pHi despite
apparently adequate resuscitation is associated
with a poor outcome. In contrast, neither arte-
rial pH, base excess, nor lactate was signifi-
cantly diVerent among survivors and non-
survivors. The lack of a relation between lactate
and mortality might be surprising, but as
lactate production is aVected by inhibition of
pyruvate dehydrogenase in septicaemia, an
increased lactate does not reflect tissue hypop-
erfusion alone.17

The superiority of pHi over the PRISM
score as a predictor of mortality has been
reported previously.6 All the children in our
study group were resuscitated before transfer
from the referring hospital by a dedicated
PICU retrieval team, indeed the unexpectedly
low calculated risk of mortality in our patients
exposes a deficiency in this scoring system
which has been noted by other authors18 —that
is, that a PRISM score may be artificially low-
ered by resuscitation carried out before admis-
sion to the PICU. For this reason, many would
argue that a scoring system based on pre-PICU
data might better reflect the risk of mortality.19

Adult studies have shown that a persistently
low pHi during the first 24 hours is associated
with a worse prognosis (80% mortality).4 15

The fact that those few patients with persist-
ently low pHi had 100% mortality, although
this did not reach statistical significance, might
suggest that those children with septic shock
who have not resolved their mucosal acidosis
six hours after initial resuscitation have a much
worse prognosis. This would agree with the
observation that many children with septic
shock already have MOF on admission and
require early intensive resuscitation, indeed
three of the seven non-survivors died within 24
hours. Owing to our small sample size, larger
studies will be necessary to determine whether
failure to correct a low baseline pHi by six
hours has true prognostic significance in
paediatric septic shock.
Our results substantiate the hypothesis that

low pHi may reveal a suboptimal response to
resuscitation not detected by conventional
haemodynamic monitoring. This additional
therapeutic end point may enable treatment
strategies specifically aimed at improving pHi
to improve mortality in septic shock.20 How-
ever, it is not yet clear from adult experience

whether pHi guided resuscitation has a future
in paediatric practice.21

There is ongoing debate even in the adult lit-
erature concerning the assumptions inherent in
the calculation of pHi. Firstly, how closely does
the arterial bicarbonate, used in the
Henderson-Hasselbach equation, reflect true
intramucosal bicarbonate, and secondly, does
the measured tonometer saline PCO2 accurately
reflect intramucosal PCO2?

22 In order to elimi-
nate potential sources of error in saline PCO2

measurement, some authors recommend either
a phosphate buVered tonometer solution or a
blood gas analyser specifically calibrated for
measuring saline PCO2.

23 Finally, enteral feed-
ing is also known to increase intraluminal PCO2,
thereby producing spuriously low pHi values,
and for this reason we collected tonometric
data during the first six hours of admission
only.24

Despite the potential limitations gastric
tonometry is ideally suited to paediatric use as
it provides a safe, minimally invasive, repeat-
able measure of hypoperfusion which has none
of the risks associated with invasive haemody-
namic monitoring. There were no complica-
tions of tonometer placement in any of the
children in this study. While a tonometer may
be sited in any child in whom a nasogastric or
orogastric tube can be placed, to date paediat-
ric studies of gastric tonometry have been lim-
ited by the size of the 7.0 French tonometers
designed for adult sigmoid use.5–7 However, the
development of 5.0 French (1.7 mm external
diameter) devices, specifically designed for
paediatric practice, should make routine tono-
metric monitoring of sick children easier and
more acceptable especially in the neonatal
population.

Conclusion
Gastric tonometry oVers a safe, minimally
invasive technique of monitoring in children.
Admission pHi in paediatric septic shock is
significantly lower in non-survivors and is a
better prognostic indicator of mortality than
standard acid base variables or lactate concen-
trations. pHi < 7.32 which fails to improve
within six hours is associated with a poor prog-
nosis.
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