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ABSTRACT: The aim of this study was to determine whether gastric intramu-
cosal pH (pHim) and/or gastric intramucosal carbon dioxide tension (PCO,,im) mea-
sured by tonometry can be used to predict the success of weaning in chronic
obstructive pulmonary disease (COPD) patients. Twenty six consecutive COPD
patients, undergoing mechanical ventilation for acute respiratory failure and satis-
fying the criteria of weaning from mechanical ventilation with nasogastric tonome-
ter in place, were studied.

Arterial blood gas values and PCO,im were measured 24 h before (H-24), just
before (H0), and after 20 min of a weaning trial on T-piece (H20min). Weaning fail-
ure was defined as the development of respiratory distress and/or arterial blood gas
impairments during the first 2 h of spontaneous breathing on T-piece, or reintu-
bation within 24 h after extubation.

Between the weaning failure (n=6) and weaning success (n=20) groups, there were
no differences in blood gas analysis readings at H-24 and H0 before the weaning
period, age, Simplified Acute Physiology Score (SAPS) on admission, SAPS on the
day of weaning trial, and duration of ventilation. Clinical status, tonometric and
arterial gasometric data were similar at H-24 and H0 in all patients. During mechani-
cal ventilation, pHim was <7.30 in patients who failed weaning and >7.30 in patients
who were successfully weaned (p<0.001; 100 % sensitivity and specificity). The thresh-
old value for PcoO,,im of 8.0 kPa (60 mmHg) represents a clear demarcation with
respect to outcome before the weaning trial. PCO,im values during mechanical ven-
tilation are significantly different (p<0.001) between patients who were successfully
weaned and those who were not (6.9+0.9 vs 9.9+1.1 kPa (51.9+6.7 vs 74.3+8.0 mmHg,
respectively)). At H20min, pHim and PCO0,,im were still statistically different between
the weaning failure and the weaning success group.

We conclude that measurement of gastric intramucosal pH (or gastric intramu-
cosal carbon dioxide tension) represents a simple and accurate index to predict
weaning outcome in chronic obstructive pulmonary disease patients before attempt-
ing weaning.
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Many different indices, such as vital capacity, minute
ventilation, maximal inspiratory pressure, ratio of respira-
tory frequency to tidal volume, airway occlusion press-
ure, and arterial blood gas values [1], have been proposed
to predict the outcome of weaning from mechanical ven-
tilation. However, they do not always accurately predict
the success of a weaning trial leading to extubation in
elderly [2] or intensive care patients [3]. In patients with
chronic obstructive pulmonary disease (COPD) a short-
term failure is easily detected through clinical investi-
gation or blood gas analysis during a weaning trial of
spontaneous breathing. However, early prediction of
long-term ability to sustain spontaneous breathing after
extubation is not easy. Failure to wean from mechanical
ventilation may be attributed to various problems, in-
cluding impaired pulmonary gas exchange, decreased
central drive for respiration, and respiratory muscle weak-
ness or fatigue due to the imbalance between the increa-

sed work of breathing and the inability to meet the in-
creased ventilatory demand [4]. Early recognition of an
imbalance between energy demand and supply, even be-
fore the weaning trial, may lead to reconsideration of the
time of weaning, investigation of factors that may be
responsible for the failure, or institution of a partial mode
of ventilatory support [5].

The gut is one of the tissues most sensitive to hypoxia,
whatever its mechanisms [6-8]. In critically ill patients,
despite haemodynamic stability or compensated shock,
the gastrointestinal tract can develop mucosal acidosis
[9]. This is thought to reflect an underlying tissue oxy-
gen debt, and suggests inadequacy between tissue oxygen
uptake and oxygen delivery [10, 11]. Thus, the gut mu-
cosa was considered to be the "canary of the body"
because it provides early warning of the presence of
shock, just as the collapse of a canary provided coal
miners with an early warning of the presence of carbon
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monoxide [12]. In agreement with this concept, we hypo-
thesized that in ventilated COPD patients with apparent
criteria for weaning success, an unknown regional hypo-
xia, such as gastric mucosal acidosis, might lead to unsuc-
cessful attempts at weaning from mechanical ventilation.
We conducted a prospective study in COPD patients who
had been artificially ventilated for acute respiratory fail-
ure and were medically stable, to evaluate the gastric intra-
mucosal pH as a predictor of the outcome of weaning.

Material and methods

Patients

Twenty six consecutive patients (9 females and 17
males) aged 42-86 yrs (meantsp 6819 yrs) were includ-
ed in the study. They all had a medical history of COPD,
confirmed by respiratory function tests performed be-
fore, or 1-9 months after, the acute respiratory failure
(ARF). In all patients, ARF was caused by pulmonary
infection. Patients with ARF related to musculoskeletal,
neuromuscular, neurological, cardiac disease or any sign
of thromboembolism were not included. The Simplified
Acute Physiology Score (SAPS) for intensive care unit
patients [13] was recorded on admission and on the day
of study. All patients gave their informed consent.

Study design

Before starting the study, the patients were mechani-
cally ventilated using assist-control ventilation (Servo
900C; Siemens-Elema, Lund, Sweden). Each patient was
evaluated by the attending physician in view of a wean-
ing trial. The weaning decision was primarily based on
the following clinical and gasometric requirements: im-
provement in/or resolution of the underlying cause of
AREF; a core temperature below 38.5°C; relief from seda-
tion; correction of electrolyte disorders; a haemoglobin
level >10 g-dL-!; stable haemodynamics; and arterial
oxygen tension (Pa,0,) =8 kPa (60 mmHg) (with inspi-
ratory oxygen tension (FI,0,) <0.4 and positive end-expi-
ratory pressure (PEEP) <5 cmH,0). All the patients
underwent a weaning trial of spontaneous breathing via
a T-piece for 2 h. The ability of the patients to sustain
spontaneous breathing was evaluated during disconnec-
tion from the ventilator with supply of supplemental
oxygen and humidification of gas on the T-piece. Min-
ute ventilation (V'E) was measured with a calibrated
spirometer attached to the endotracheal tube. The ave-
rage tidal volume (VT) was calculated by dividing the
V'E into the respiratory frequency (fR). Extubation was
performed at the end of the trial for patients who did not
develop criteria of weaning failure. The findings of the
current investigation were not made available to the pri-
mary physician and, thus, did not influence the physi-
cian's decision regarding extubation.

For the purpose of this study, weaning success was
defined as the ability to sustain spontaneous breathing
for >24 h after extubation. Weaning failure was defined
as: 1) the necessity to reinstitute ventilatory support at
the end of the weaning trial because of the development of

one or more of the following criteria: fR >30 breaths-min!,
diaphoresis, activity of accessory inspiratory muscles,
changes in cardiac frequency (fC) or systolic blood pres-
sure (SBP) >20%, an increase in arterial carbon dioxide
tension (Pa,C0O,) of >1.1 kPa (8§ mmHg), arterial pH (pHa)
<7.32 or a decrease in pHa of >0.08, Pa,0, <8 kPa (60
mmHg) with an F1,0, 20.5; or 2) reintubation within 24
h of discontinuation of ventilatory support due to the
deterioration of respiratory condition. Arterial blood
gas values and gastric intramucosal pH were measured
at three time-points: 1) 24 h before the day of the wean-
ing trial (H-24); 2) just before the weaning period (HO);
and 3) after the first 20 min of the spontaneous breath-
ing T-piece trial (H20min).

Measurements of gastric intramucosal pH

Gastric intramucosal pH was determined indirectly
using a gastrointestinal sump tonometer (TRIP tonome-
ter; Tonometrics, Inc., Worcester, MA, USA). Following
nasogastric insertion, the position of the tonometer in the
stomach was confirmed radiographically. The anaerobic
gastric balloon was filled with 2.5 mL of 0.9% saline at
room temperature. Equilibration periods of 30 min for
the two first measurements and 20 min during the wean-
ing trial were allowed between tonometer saline loading
and sampling. Simultaneous anaerobic samples of the
tonometered saline and arterial blood were obtained and
analysed immediately for saline carbon dioxide tension
(PCO,) and arterial blood bicarbonate, using a standard
blood gas analyser (Radiometer Copenhagen ABL 330).
The gastric intramucosal pH (pHim) was computed using
the following modification of the Henderson-Hasselbalch
equation:

arterial HCO;~

pHim = 6.1 + log,, x
Fx0.03xtonometered saline PCO,

where F is a time-dependent factor for partially equili-
brated samples. In vitro studies have shown that mea-
sured normal saline PCO, requires an adjustment, which
is dependent on the equilibration period, to determine the
steady-state adjusted PCO, (gastric intramucosal PCO,
(PCO,,im)). The values of F, provided by the manufac-
turer, were 1.36 and 1.24 for equilibration periods of 20
and 30 min, respectively. To improve the accuracy of
the pHim measurement, all patients received histamine
receptor (H,) blocking agents (two oral doses of 150 mg
ranitidine-24 h-1), and enteral feeding was stopped for
the duration of the data collection period [14]. Because
the assumption that arterial bicarbonate equals gut inter-
stitial bicarbonate is controversial [15, 16], indices such
as the ratios between PCO,,im and Pa,CO, (PCO,,im/Pa,CO,)
and the differences between the arterial and gastric PCO,
(PCO,,im-Pa,C0,) were recorded [7, 16].

Statistical analysis
All data are presented as meanzsp. Statistical analy-

sis was performed by analysis of variance (ANOVA) for
repeated measures on two factors (group and time). In
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the tests showing significant F ratios, subsequent pair-
wise comparisons were tested for significance with the
Bonferroni adjustment. Threshold values obtained in this
study were values that yielded the least false positive
and false negative results. A true positive result was
defined as occurring when a test predicted successful
weaning and weaning actually succeeded. A false posi-
tive result was defined as occurring when a test predic-
ted successful weaning but weaning actually failed. A
false negative result was defined as occurring when a
test predicted weaning failure but weaning actually suc-
ceeded. A true negative result was defined as occurring
when a test predicted weaning failure and weaning ac-
tually failed. Standard formulae were used to calculate
the sensitivity (true positives/(true positives + false nega-
tives)), specificity (true negatives/(true negatives + false
positives)), positive predictive value (true positives/(true
positives + false positives)) and negative predictive value
(true negatives/(true negatives + false negatives)). The
areas under the receiver operating characteristic (ROC)
curve of different variables, and comparison between
these areas, were calculated by the method of HaNLEY
and McNEIL [17]. A probability of less that 0.05 was
considered significant.

Results

Twenty patients were successfully weaned and all were
discharged from the intensive care unit in good clinical
condition. Six patients failed the weaning trial and requi-
red the reinstitution of mechanical ventilation without
having been extubated. After failure of the weaning trial
on a T-piece, four of the six patients were weaned using

pressure support ventilation for 3, 10, 22 and 25 days
from the beginning of the study. One patient remained
definitively ventilator-dependent and one patient died of
nosocomial pneumonia. None of the patients in the wean-
ing failure group had acute left ventricular dysfunction
when spontaneous breathing was resumed during the fur-
ther weaning attempts, as shown by right-sided cardiac
catheterization or by echocardiography. The two groups
did not differ in blood gas analysis readings at H-24 and
HO before the weaning period, or in age, SAPS on admis-
sion, SAPS on the day of weaning trial, and ventilation
duration (table 1).

In all patients, during the 24 h period of observation
before the weaning trial, at H-24 and HO, no significant
changes of the tonometric and arterial gasometric data
were found. Comparing the tonometric data before the
weaning trial and at 20 min of spontaneous breathing
on T-piece (table 1), pHim was significantly higher and
Pco,,im significantly lower in the successfully weaned
patients than that of the patients with weaning failure.
The mean values of fC and SBP were also significantly
different between the two groups. No statistical differ-
ences were found for PCO,,im/Pa,CO, and PCO,,im-Pa,CO,
during the weaning trial, at H20min, between the two
groups. When these two groups were considered sepa-
rately, significant changes for gasometric data were ob-
served in the successfully weaned group but not in the
weaning failure group. There was significant decrease
in pHa and pHim (p<0.005 and p<0.05, respectively), and
Pa,co, and PCO,,im (fig. 1, table 1) increased significan-
tly (p<0.005 and p<0.05, respectively) during the first
20 min of the trial in patients who were successfully
weaned. PCO,,im/Pa,CO, and PCO,,im-Pa,CO, did not change

Table 1. — Characteristics and clinical, blood gas, tonometric data and weaning parameters of 26 patients on mechani-
cal ventilation prior to weaning (HO) and 20 min after weaning (H20min)

All Weaning success (n=20) Weaning failure (n=6)
patients (HO) HO H20min HO H20min
Age 6719 6710 6816
SAPS 1643 16£3 164
SAPS (weaning trial) 11£3 1143 1243
Mechanical ventilation days 915 84 117
fC beats-min-! 89+17 85%13 9016 103£22%* 114£21%*
SBP mmHg 13017 13415 136x16 115+17* 120£16*
82,0, % 9612 9612 9613 97+1 9543
Pa,0, mmHg 87+18 87120 93440 88+13 83+19
Paco, mmHg 456 4416 4916 48+7 5316
pHa 7.47£0.04 7.48+0.04 7.44+0.06 7.45£0.06 7.40£0.06
HCO;™ mmol-L! 3314 3344 3314 3243 3343
Blood base deficit mmol-L-! 8+3 813 T4 7£3 6+3
Extracellular fluid base deficit mmol-L-! 813 8+4 8+4 813 743
Tonometric data
pHim 7.3940.1 7.4320.08 7.36£0.09 7.2620.04%** 7.26£0.07**
Pco,im mmHg 5712 5247 6118 T4k 75+10%%*
Pco,,im/Pa,CO, 1.3£0.2 1.2£0.1 1.240.3 1.6£0.3% 1.440.3
Pco02,im-Pa,Co, 11.9£10.4 715 12£17 27£10%** 22+14
Weaning parameters
/R breath-min! 2045 2416
VT mL-breath-! 374174 333491
fR/VT breath-min-! 57£16 78440
Pa,0,/PA,0, 0.47£0.31 0.4440.16

Data are presented as meantsp. COPD: chronic obstructive pulmonary disease; SAPS: Simplified Acute Physiological Score; fc:
cardiac frequency; SBP: systolic blood pressure; fR: respiratory frequency; VT: tidal volume; F1,0,: inspiratory oxygen fraction;
Sa,0,: arterial oxygen saturation; Pa,0,: arterial oxygen tension; Pa,CO,: arterial carbon dioxide tension; pHa: arterial pH; PCO,,im:
gastric intramucosal carbon dioxide tension; pHim: gastric intramucosal pH; PA,0,: alveolar oxygen tension. 1 mmHg=0.133 kPa.
*; p<0.05; **: p<0.01; : p<0.005; ***: p<0.001 versus weaning success at the same time points.
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Fig. 1. — Changes in: a) gastric intramucosal pH (pHim); and b) car-
bon dioxide tension (PCO,,im) in 26 chronic obstructive pulmonary
disease (COPD) patients 24 h before (H-24) and just before (HO) the
weaning period, and after the first 20 min of spontaneous breathing
(H20min). Data are meantsp. —— : weaning success; —@— :
weaning failure. *: p<0.05; ***: p<0.001 comparing weaning success
and failure groups. 1 mmHg=0.133 kPa.

significantly. Only the fR increased similarly (p<0.05)
in the two groups during the weaning trial.

The threshold values used for pHim and PCO,,im were
7.30 and 8 kPa (60 mmHg), respectively. These thres-
holds were chosen because they had the lowest number
of false classifications. Sensitivity, specificity, positive
and negative predictive values of the variables obtained
by the tonometer in predicting outcome of weaning are
presented in table 3. During mechanical ventilation, be-
fore the weaning trial, pHim was the most accurate pre-
dictor of the weaning outcome, while PCO,,im at the same
time was slightly less accurate. The 20 patients who were
successfully weaned all had a pHim >7.30, while the six
patients who experienced weaning failure had a pHim
<7.30. Twenty minutes after the onset of the weaning
trial, pHim and PCO,,im still predicted the weaning out-
come, but with a low negative predictive value. Tono-
metric data and other commonly measured indices are

Table 3. — Sensitivity, specificity, positive and negative
predictive values of each index

Index Sensitivity Specificity PPV NPV
VT 2325 mL-breath-! 0.9 0.4 0.75 0.67
SR/VT <105 breath-min-!-L 1 0.4 0.77 1
Pa,0,/PA0, 20.35 0.67 0.4 0.77 0.28
PCO,im <60 mmHg (HO) 0.95 1 1 0.86
PCo,,im <60 mmHg 0.6 1 1 0.43
(H20min)
pHim >7.30 (HO) 1 1 1 1

pHim >7.30 (H20min) 0.9 0.67 09 0.67

HO: measured just before weaning trial; H20min: measured
after 20 min of weaning trial; PPV: positive predictive value;
NPV: negative predictive value. For further definitions see
legend to table 1. 1 mmHg=0.133 kPa.

Table 4. — Area under ROC curves of weaning vari-
ables after 20 min of spontaneous breathing on T-piece
Variables Area under
ROC curve
%y 0.62+0.16
fR/VT 0.6240.17
Pa,0,/PA,0, 0.49+0.02
PCO,,im 0.85£0.08
pHim 0.91£0.06

ROC: received operating characteristic. For further definitions
see legends to tables 1 and 2.

compared in table 3. The classical threshold values
were used, which have been established previously in
the literature [1]. Ten patients in the success group and
five patients in the failure group had available data to be
considered for the weaning parameters. The most accu-
rate predictors of the weaning outcome were pHim and
Pco,,im, while the traditional indices were less accurate.
The areas under the ROC curves of each of the variables
are tabulated in table 4. Comparisons between ROC areas
showed significant differences (p<0.001) between each
area of the tonometric variables and each area of the other
measured indices.

Discussion

This study demonstrates that gastric tonometric data,
such as pHim and PCO,.im, are accurate predictors of
weaning outcome in COPD patients. The threshold value
for pHim of 7.30 represents a clear demarcation with res-
pect to outcome. This result is consistent with the result
of another study [18] in a nonselected intensive care popu-
lation that pHim is <7.30 in the weaning failure patients.
However, in this study [18], a gastrointestinal tonome-
ter was not used and gastric intramural pH was calcula-
ted with the modified Henderson-Hasselbalch equation
using the value of the gastric juice PCO,. The major find-
ing of the current study is that there is a significant dif-
ference in pHim and PCO,im between weaning success
and weaning failure COPD patients during mechanical
ventilation before the weaning trial of spontaneous brea-
thing on T-piece. In contrast, MOHSENIFAR ef al. [18] did
not find a statistical difference in pHim and PCO,,im val-
ues before the weaning trial, between the patients in
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whom weaning failed and the patients who were later
successfully weaned. Nevertheless, baseline pHim was
lower and baseline PCO,,im was higher in their weaning
failure group. We suspect that the apparent lack of dif-
ference between the two groups was due to the popula-
tions studied, since five of the 29 patients in their study
were not COPD patients.

During spontaneous ventilation or different modes of
weaning, oxygen cost of breathing in COPD patients is
increased [5, 19]. The major contribution of increased
oxygen cost is likely to be the increased work of breath-
ing and decreased efficiency of the respiratory muscles.
Examination of respiratory muscle function during wean-
ing from mechanical ventilation has shown that diaph-
ragmatic muscular fatigue occurred rapidly in groups of
patients failing to wean [5, 20]. This increased respi-
ratory muscle energy demand, with no possibility of
supply, creates an oxygen debt leading to the weaning
failure. Furthermore, if there is an unknown and pre-exist-
ing oxygen debt during mechanical ventilation, in com-
bination with occult tissue ischaemia, attempts to wean
the patient will not succeed.

Estimation of pHim by the tonometric technique ap-
pears to be a sensitive indicator of splanchnic oxygena-
tion [21], and the value of pHim is closely related to the
gastric mucosal blood flow [22]. Patients in whom wean-
ing failed had no evident cause of gastrointestinal hy-
poxia, such as the sepsis syndrome, hypovolaemia or left
ventricular failure, while they were mechanically ven-
tilated. However, the higher fC and lower SBP noted in
these patients are probably associated with an increase
in catecholamine release. Increased sympathetic acti-
vity during weaning has been related [5, 19, 23, 24] to
plasma noradrenaline levels significantly higher in pati-
ents in whom weaning failed [23]. In the current study,
this assumption is supported by the apparently enhanced
fc and SBP in patients with weaning failure. We hypoth-
esize that patients in whom weaning failed had an inad-
equate oxygen delivery to splanchnic organs due to a
reduction of splanchnic blood flow in relation to stress
hormone secretion, leading to the development of intra-
mucosal acidosis [25].

Various stressful situations in COPD patients, such as
respiratory drive insufficiency, increased respiratory
workload and respiratory muscle weakness, that cause
respiratory pump failure, have been indicated [4]. The
acidosis of the digestive tract mucosa appeared to be an
alarm index to detect unexpected dysoxia in patients
with apparently stable clinical status. This has been de-
monstrated in large series of critically ill patients, where
a low or a falling pHim in the first 24 h of hospitaliza-
tion in an intensive care unit has a strong prognostic
value for the outcome [6, 10]. In the present study, a low
pHim suggests that the cause of the ARF is not totally
eliminated or there is an underlying illness not yet res-
olved. A blood flow diversion from the splanchnic bed
to other organs suffering from hypoxia could explain
gastric mucosal acidosis [18, 26, 27]. In these condi-
tions, weaning from mechanical ventilation involves a
major energy demand, which cannot be satisfied, to sus-
tain the workload of the respiratory muscles. Therefore,
in mechanically ventilated COPD patients with posi-
tive weaning criteria and pHim <7.30, the causes of wean-
ing failure must be found, otherwise a partial mode of

ventilatory support will be necessary until the patient
sustains spontaneous breathing allowing extubation [5].

Validity of the tonometric measurements while the
patients were mechanically ventilated was assessed by
similar values of pHim and PCO,,im at 24 h before and
immediately before the weaning trial. Because physicians
attending the patients were not informed of the results
of the study, no therapeutic interventions were made to
correct pHim. One may wonder whether the correction
of pHim would have led to success of the weaning trial.
In patients in whom weaning succeeded, significant
changes in pHim or PCO,,im were observed during the
first 20 min of spontaneous breathing, whereas no change
appeared in patients in whom weaning failed. These
results are apparently in contradiction with the study of
MOoOHSENIFAR et al. [18]. They found that those patients
that could not be weaned from assisted mechanical ven-
tilation in a nonselected critically ill population experi-
enced significant decreases in gastric mucosal pH during
weaning, while patients who were successfully weaned
showed no change in gastric mucosal pH. During wean-
ing, COPD patients developed hypoventilation of vari-
ous degrees progressively reaching their basal acid-base
status. BENJAMIN et al. [28] have shown, in canine models
of acute respiratory acidosis, that systemic hypercapnia
directly elevates PCO,,im. In the weaning success group
of the present study, the drop in pHim was entirely due
to the rise in PCO,,im, since it occurred despite a stable
arterial bicarbonate concentration. Other acute and severe
systemic acid-base imbalances [15] may influence the
value of pHim which do not reflect the actual gastric
acid-base status.

The analysis of the difference between, or the ratio of,
gastric mucosal and arterial PCO, did not help in the
interpretation of the data [7, 16]. Indeed, the value of
base deficit in blood and extracellular fluid has been
claimed to give results similar to those obtained by
tonometry [29]. The equilibration period used for tono-
metry to measure PCO,,im was 20 min, which is a short
time in which to obtain the steady-state adjusted PCO,,im
during a dynamic process such as a weaning trial. This
short equilibration period may explain why PCO,,im did
not change in the weaning failure group, which already
had a high PCO,,im value before the weaning trial. How-
ever, in critically ill patients, the longer periods required
for tonometry are not practical in acute situations [10]
and may be avoided by using a correcting time-depen-
dent factor to assess PCO,,im.

In this study, the simple weaning criteria, such as blood
gases and clinical variables, were inadequate for the
prediction of successful weaning in the COPD patients.
Commonly used weaning indices (respiratory frequency,
tidal volume, the ratio of respiratory frequency/tidal vol-
ume, the ratio of Pa,0,/alveolar oxygen tension (PA,0,)
compared to the weaning tonometric indices, were not
good predictors of weaning failure in the present study
group. The areas under the ROC curves for pHim and
Pco,,im were significantly different from those of other
weaning variables. Although the usefulness of numerous
weaning indices in COPD patients has been reported in
several studies [30-32], the major advantage of this cur-
rent method lies in its simplicity. The measurements can
be obtained easily and without complicated equipment.

In conclusion, the results of this study indicate that
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during the immediate period before the discontinuation
of mechanical ventilation, gastric intramucosal pH higher
than 7.30 and gastric intramucosal carbon dioxide ten-
sion lower than 8 kPa (60 mmHg) best separated the wean-
ing success from the weaning failure chronic obstructive
pulmonary disease patients. Throughout the study, the
patients who failed to wean had persistently lower gas-
tric intramucosal pH and gastric intramucosal carbon
dioxide tension values before the weaning trial than did
the successfully weaned patients. However, studies on a
larger number of patients will be necessary to confirm
these results.
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