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ABSTRACT
Objective  The utilisation of pH level measurements from 
gastric contents may indicate the preferred tip position of 
a nasogastric tube or monitor the efficacy of stress ulcer 
prophylaxis in critically ill patients. We aimed to determine 
the accuracy of pH strip (pHS) tests and pH liquid (pHL) 
tests compared with the standard pH meter (pHM).
Design  Diagnostic accuracy study.
Setting  Gastric contents from medically critically ill 
patients.
Participants  In total, 113 gastric samples were collected 
from 27 critically ill patients.
Outcome measure  The level of pH measured by pHM, 
pHS and pHL.
Results  The pH values measured by pHM, pHS and pHL 
were 5.83 (IQR 5.12–6.61), 5.50 (IQR 5.00–6.00) and 
5.75 (IQR 5.25–6.25), respectively. The pHS test showed 
greater accuracy, exhibiting a more positive correlation 
with the standard pHM measurement than the pHL test, 
with Y=0.95*X+0.56; rho=0.91, p<0.001, and Y=1.09*X - 
0.72; rho=0.75, p<0.001, respectively. However, the pHS 
test demonstrated less agreement with the pHM than the 
pHL test, with biases of –0.27 versus 0.18, respectively. 
Noticeably, a slight variation in pHL from the standard pH 
values was found when we measured gastric contents 
with a pH lower than 5.
Conclusion  Both the pHS and pHL methods were good 
options for measuring gastric pH in critically ill patients. 
However, it was advisable to find alternative approaches 
to the pHL testing method when anticipated gastric acidity 
levels fall below 5.
Trial registration number  TCTR20220530004.

INTRODUCTION
Critically ill patients usually require a naso-
gastric (NG) tube for feeding and delivering 
medications. The American Society for Paren-
teral and Enteral Nutrition stated that each 
year, more than 245 000 patients required 
feeding via an NG tube.1 Although inserting 
an NG tube is considered a low-risk proce-
dure, misplacement of the tube can lead 
to severe complications, including oesoph-
ageal perforation, aspiration pneumonia, 

pneumothorax, pulmonary haemorrhage or 
even death in severe cases.2–5

During the period spanning from 
September 2011 to March 2016, nearly 100 
incidents involving the unintended intro-
duction of fluids and medications into the 
respiratory tract instead of the gastrointes-
tinal tract resulted in suffocation.3 4 Trag-
ically, 35 of these cases were fatal, although 
the direct correlation attributed to misplaced 
NG tubes remained inconclusive.3 4 For this 
safety concern, the National Health Service 
advocates classifying NG tube misplacement 
as a never-event and entirely preventable with 
the implementation of systematic protective 
measures.4

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ A diagnostic accuracy study was conducted to eval-
uate the precision of the pH strip test, along with 
an alternative approach using pH liquid testing, to 
determine the pH levels of gastric content in criti-
cally ill patients.

	⇒ The pH levels of gastric contents were examined 
and interpreted by four independent raters using 
both pH strip and pH liquid test techniques, all of 
whom were blinded to the pH values obtained from 
the standard pH meter measurement.

	⇒ Considering the wide range of gastric pH levels, we 
collected gastric content samples from both fasting 
critically ill patients and those receiving stress ulcer 
prophylaxis.

	⇒ Given that pH levels represent continuous outcomes, 
the accuracy of pH strip and pH liquid tests was as-
sessed using regression slope and Bland-Altman 
plots for bias evaluation.

	⇒ Stress ulcer prophylaxis may affect the precision 
of pH testing in determining the position of the na-
sogastric tube, particularly when gastric pH levels 
exceed 5, but it was not considered to impair the 
accuracy of the pH comparisons on testing in our 
study.
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It is highly advised to verify the accurate positioning of 
the NG tube before administering food or medications.4 
Certain studies suggested using auscultation over the 
epigastric area to detect the presence of air insufflated 
into the stomach as a means of confirming the correct 
placement of the NG tube.6 7 Unfortunately, there is still 
a limitation since gurgling sounds may persist even when 
the NG tube is incorrectly positioned in the oesophagus 
or respiratory tract.8

Under normal circumstances, the pH levels in an empty 
stomach are typically around 1–3, increasing to 4–5 after a 
meal, while endotracheal aspirate usually falls within the 
range of 6–9.5.3 9 Therefore, the application of pH level 
measurement from the NG tube contents can serve as an 
indication that the NG tube tip is optimally positioned 
in the stomach.5 Although pH meters (pHMs) are estab-
lished as the reference standard for assessing gastric pH,9 
their practicality for use at the bedside is limited. Acknowl-
edging the safety, reliability and feasibility of bedside 
testing, several studies have recommended employing 
pH strips (pHS) to ascertain a pH level threshold ranging 
between 4 and 5.5, serving as indicators of appropriate 
NG tube placement.3 9–11 It is worth noting that a pH 
below a threshold of 5 has been recognised as the most 
reliable indicator for confirming NG tube positioning, as 
indicated by a decision analytical model.12

Interestingly, despite one study indicating a favour-
able correlation between the use of pHS and the pHM 
method,13 the other two studies revealed only a moderate 
correlation between these two techniques.14 15 Moreover, 
these two studies also highlighted a considerable disper-
sion between the pHS and pHM measurements.14 15 
Furthermore, another study revealed constraints in the 
accurate use of pHS in differentiating between gastric 
contents and non-gastric contents. Among patients 
without prior exposure to proton pump inhibitors (PPIs), 
the accuracy of pHS was limited to 76% and 77% for those 
with PPI exposure when considering pH levels below 5.5 
as the criterion.10

The current study aims to further enhance our under-
standing of pH measurement methods. We examined the 
accuracy of pHS across a wide range of pH results under 
various gastric content conditions, including both pre-PPI 
fasting and post-PPI scenarios. Additionally, we explored 
the utility of pH liquid (pHL) testing as an alternative pH 
measurement method. These pH assessments may serve 
to safeguard against the misplacement of NG tubes in 
critically ill patients.

METHODS
Study design and participants
A diagnostic accuracy study was conducted on gastric 
samples from critically ill patients who were admitted to 
the medical intensive care units (ICUs) of the Faculty of 
Medicine, Chiang Mai University, Chiang Mai, Thailand, 
between June and July 2022. Our team aimed to study the 
accuracy of pH measurement via pHS testing and pHL 

testing in comparison with the standard pHM measure-
ment. Our objective was to evaluate the accuracy of pHS 
and the alternative testing method, pHL, which might be 
another option that is practical, simple and available at 
the bedside. Additionally, we wanted to prove the accuracy 
of the pHL testing method and whether it is acceptable 
in clinical practice, as it had not yet been demonstrated.

We adhered to the Standards for Reporting Diagnostic 
Accuracy Studies (2015) guidelines for study operation 
and report.

Inclusion and exclusion criteria
The inclusion criteria were critically ill patients who were 
admitted to the medical ICUs aged 18 or over and received 
NG tube insertion before study enrolment. Gastric 
content was retrieved following a minimum 2-hour fasting 
period. The exclusion criteria were patients who were 
pregnant, patients with upper gastrointestinal bleeding 
and those who were unwilling to participate in the study. 
Our hospital has a policy requiring the use of PPIs as a 
stress ulcer prophylactic medication for patients who are 
at high risk for stress-related mucosal damage. Therefore, 
all of the study participants received this medication.

Gastric content pH measurement
We collected a 5-mL sample of gastric contents from 
fasting patients as convenient. The gastric contents were 
tested within 1 hour postcollection by three methods of 
pH measurement, including pHM, pHS and pHL. The 
results read from the pHS and pHL tests were interpreted 
by four independent raters, all of whom tested negative 
for colour blindness.

The reference gastric pHM was measured by the Eutech 
pH 700 pH/mV/°C/°F Bench Meter (Eutech Instru-
ments, Singapore), as shown in figure 1A. This machine 
reports the pH with a scale of two decimal places (100th) 
ranging from –2 to 16, with an accuracy of ±0.01 and a 
resolution of 0.01.16 The coefficient of variation for pH 
measurements was less than 0.43%.17

The pHS testing method was measured by the MQuant 
pH indicator strips (Merck KGaA, Darmstadt, Germany), 
as shown in figure 1B. This strip reports pH levels ranging 
on an integer scale from 0 to 14, interpreted by four 
different shades of colour per pH level. We estimated it 
to the nearest 0.5 when the colour was in between two 
shades of colour.

The pHL testing method was measured by a drop of 
the V UNIQUE v-color 4590 solution (Better Syndi-
cate, Bangkok, Thailand) and interpreted using colour 
shading, as shown in figure 1C. The pHL testing reports 
pH with a scale of one decimal place (10th) ranging from 
4.5 to 9. Thus, when the colours were determined to be 
between two levels of pH, we estimated the results to be 
in the quartile between decimal places. For example, for 
colour levels located between 5.5 and 6, we estimated 
them to be at 5.75.

The pHS testing required gastric contents of slightly less 
than 1 mL. On the other hand, the pHL testing method 
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needed at least 5 mL of gastric contents. One researcher 
took pictures of both testing methods, which were then 
separately interpreted by independent raters with no 
known actual pH value from the pHM measurement.

Data collection
We collected data on patients’ demographics, including 
age, sex, body mass index (BMI) and pre-existing 
comorbidities. ICU admission data were also evaluated, 
including the presence of sepsis or septic shock, source of 
infection, organ dysfunction, vital signs, severity of illness 
measured by the sequential organ assessment (SOFA) 
score, laboratory investigations and initial management. 
The dataset could be accessed elsewhere.18

Sample size
The sample size calculation was based on a given signif-
icance level of 0.05, a power of 0.80, a null hypothesis 
linear regression slope of 0.50 and a projected SD of 1.50 
for the pHM method readings. This indicated a need 
for at least 73 gastric samples to estimate a linear regres-
sion slope of 0.90 for the pHS testing method. Similarly, 
considering a linear regression slope estimate of 0.85 
for the pHL testing method, 100 gastric samples were 
required. Therefore, in total, 112 (111.1) gastric samples 
were compulsory for the study when considering 10% of 
the data missing during collection.

Statistical analysis
Continuous data were expressed as median and IQR. Cate-
gorical data were reported as numbers and percentages. 
The reliability of the pHS and pHL tests, to define the exten-
sion of the pH testing on its replicability, was determined 
using the intraclass correlation coefficients (ICC). The ICC 
reliability value ranges between 0 and 1, with an ICC value 
approaching 1 indicating excellent reliability.19 We acquired 
50 gastric samples interpreted by four independent raters 

to check for the reliability of pHS and pHL measurements 
based on the single rater/measurement, absolute agree-
ment and two-way random effects model.19

The value of pH measurement was reported as median 
and IQR and presented graphically by the violin plot. 
Comparing three methods for pH measurement, we used 
the Friedman test and analysed the post hoc pairwise 
comparison by Dunn’s test adjusted with the Bonferroni 
method.

The linear regression analysis was also used to indicate 
the linear equations between the two methods of pH 
testing corresponding to the standard pHM value. The 
linear equation was displayed as Y=aX+b, where Y denotes 
the predicted value of pHM, a is the slope of the equation, 
X is the value of pHS or pHL and b is the intercept of the 
equation. Additionally, Spearman’s correlation (rho) was 
used to determine the correlation between the pHS versus 
the pHM and the pHL versus the pHM. The rho value 
ranges also between 0 and 1, considering a strong posi-
tive correlation when this value is approaching 1.20 Finally, 
we tested for the agreement of pHS and pHL against the 
pHM values illustrated by the Bland-Altman plot.

Statistical analyses were performed using the Stata 
Statistical Software (Release V.17, 2021, College Station, 
Texas, USA; StataCorp). A p value of <0.05 was consid-
ered statistically significant.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting, or dissemination plans of this 
research. Refer to the Methods section for further details.

RESULTS
Baseline characteristics
A total of 113 gastric samples were collected from 27 
ICU patients. The participants’ median age was 71 (IQR 

Figure 1  (A) pH meter (reference standard), (B) pH strip testing and (C) pH liquid testing. *Note: The person depicted is not a 
patient and was taken with the participant’s knowledge.
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56–81) years, 48% were male and their BMI was 22.2 (IQR 
19.2–24.2) kg/m2. Hypertension was the most common 
pre-existing comorbidity (74%). Our cohort contained 
67% of patients who were diagnosed with sepsis or septic 
shock, where the respiratory tract was the main source 
of infection. The severity of illness measured by SOFA 
was 5 (IQR 2–9) and the median serum lactate level was 
3.7 (IQR 2.2–5.6) mmol/L. Most patients (82%) were 
supported by mechanical ventilation (table 1).

We found strong reliability in both the pHS and pHL 
methods, with ICC values of 0.93 (0.90–0.96) and 0.94 
(0.90–0.96), respectively, as detailed in online supple-
mental table 1 and figure 1, with four interpreters 
assessing pH level readings.

The distribution of gastric pH measurements from 
three methods is shown in table  2 and online supple-
mental figure 2. The median values of pHM, pHS and 
pHL were 5.83 (IQR 5.12–6.61), 5.50 (IQR 5.00–6.00) and 
5.75 (IQR 5.25–6.25), respectively, with an overall p<0.01 
by the Friedman test. There were significant differences 
between pHS versus pHM (p<0.01) and between pHL 
versus pHM (p=0.04), in pairwise comparisons.

The linear function of pHS for estimating pHM was 
Y=0.95 (95% CI 0.88 to 1.01) X+0.56 (95% CI 0.18 to 
0.93). Additionally, a strong correlation between pHS and 
pHM was found, with a rho value of 0.91 (95% CI 0.86 to 
0.96), p<0.001 (figure 2A). When the pHL was provided 
for determining the pHM, the linear function was Y=1.09 
(95% CI 0.85 to 1.34) X−0.72 (95% CI −2.14 to 0.70), with 
an optimal rho coefficient at 0.75 (95% CI 0.60 to 0.89), 
p<0.001 (figure 2B).

The Bland-Altman plots depict the differences between 
the meanings of pHS versus pHM (figure 3A) and pHL 
versus pHM (figure  3B). The bias values between tech-
niques were −0.27 (95% CI −1.24 to 0.70) and 0.18 (95% 
CI 1.88 to 2.24), respectively. These plots demonstrated a 
greater agreement for the pHL testing method with the 
standard pHM measurement than that of the pHS testing 
method. Noticeably, a slight variation in pHL from the 
standard pH values was found when we measured gastric 
contents with a pH lower than 5. Additionally, online 
supplemental figure 3A,B display the distribution of 
results between the pHS test versus the pHM test and the 
pHL test versus the pHM, respectively.

DISCUSSION
Our study demonstrated that gastric pH testing with the 
pHS and pHL testing methods was acceptable for substi-
tuting the standard pHM measurement. Although the 
pHS value was slightly lower than that of the pHM (pHS−
pHM=−0.27 (IQR −0.49 to 0.03), p<0.01), pHS remains 
capable of determining pHM with a strong correlation 
ecoefficiency (Y=0.95 (95% CI 0.88 to 1.01)X+0.56 (95% 
CI 0.18 to 0.93) and rho=0.91 (95% CI 0.86 to 0.96), 

Table 1  Patients’ baseline characteristics

Baseline characteristics Total (n=27)

Age (years) 71 (56–81)

Male, n (%) 13 (48)

Body mass index (kg/m2) 22.2 (19.2–24.2)

Pre-existing comorbidity, n (%)

 � Hypertension 20 (74)

 � Dyslipidaemia 12 (44)

 � Diabetes mellitus 8 (30)

 � Chronic kidney disease 7 (26)

Sepsis/septic shock at ICU admission, 
n (%)

18 (67)

Source of infection, n (%)

 � Respiratory tract 14 (52)

 � Urinary tract 4 (15)

 � Gastrointestinal tract 3 (11)

Vital signs at ICU admission

 � Body temperature (°C) 37.1 (36.7–38.0)

 � Mean arterial pressure (mm Hg) 83 (70–98)

 � Heart rate (beats per minute) 102 (88–127)

 � Respiratory rate (breaths per minute) 26 (16–32)

 � Sequential organ failure assessment 
score

5 (2–9)

Laboratory investigations

 � Haemoglobin (g/L) 107 (75–120)

 � White blood count (109 cells/L) 12.3 (9.3–19.0)

 � Platelet count (109 cells/L) 257 (118–336)

 � Total bilirubin (mg/dL) 0.74 (0.41–0.97)

 � Creatinine (mg/dL) 1.5 (0.7–2.7)

 � Serum lactate (mmol/L) 3.7 (2.2–5.6)

Management at ICU admission

 � Mechanical ventilation, n (%) 22 (82)

 � Vasopressor administration, n (%) 7 (26)

Continuous data are presented as median and IQR.
ICU, intensive care unit.

Table 2  Measurements of gastric pH by each technique

Parameters pH level P value

pH measurements* <0.01

 � pH meter 5.83 (5.12–6.61) –

 � pH strip 5.50 (5.00–6.00) –

 � pH liquid 5.75 (5.25–6.25) –

Differences between techniques†

 � pH strip and pH meter −0.27 (−0.49–0.03) <0.01

 � pH liquid and pH meter −0.02 (−0.41–0.43) 0.04

 � pH liquid and pH strip 0.50 (−0.25–0.75) <0.01

*Friedman test.
†Pairwise comparison by Dunn’s test adjusted with Bonferroni 
method.
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p<0.001, respectively). Fewer differences between the pHL 
and the standard pHM were found (pHL−pHM=−0.02 
(IQR −0.41 to 0.43), p=0.04). Unfortunately, the pHL 
method was less correlated with the pHM method (Y=1.09 
(95% CI 0.85 to 1.34)X−0.72 (95% CI −2.14 to 0.70) and 
rho=0.75 (95% CI 0.60 to 0.89), p<0.001, respectively). 
Provided with a strong correlation when the slope of the 
linear function and the rho coefficient were close to 1, 
we could then conclude that the pHS testing method was 
more positively related to the pHM measurement than 

that of the pHL testing method for measuring gastric 
content pH. Unfortunately, the pHS testing method had 
less agreement with the pHM than that of the pHL testing 
method (the bias of –0.27 (95% CI −1.24 to 0.70) vs 0.18 
(95% CI 1.88 to 2.24), respectively). The reason behind 
the disagreement might be related to a finer scale of pHL 
than that of pHS.

There was a paucity of studies that determined the 
linear function and the correlation between pH testing 
methods. One study regarding critically ill paediatric 

Figure 2  The regression line and Spearman’s correlation of (A) pH strip testing versus pH meter and (B) pH liquid testing 
versus pH meter.

Figure 3  The Bland-Altman plots display the differences versus the mean value of (A) pH strip testing versus pH meter and (B) 
pH liquid testing versus pH meter.
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patients reported a moderate correlation between the pH 
paper testing and the pHM, with a Pearson correlation 
of 0.59; p<0.001.14 The Bland-Altman analysis showed 
differences between the two methods of 0.41 with a 
wide dispersion (±2 SD values equalled −3.68 to 4.88).14 
Another study was reported by Bradley et al.15 They 
compared gastric pH measurement from pH paper with a 
hand-held pHM in critically ill surgical patients. A concor-
dance correlation coefficient of 0.896 was demonstrated. 
The mean difference between these two methods was 
0.75, with ±2 SD values equalling –0.41 to 1.45 reported 
using the Bland-Altman analysis.15 Although there were 
differences between the populations studied, our pHS 
testing method slightly outperformed these two studies 
in terms of a less mean bias. Alternatively, in another 
study, a good agreement between the pH indicator paper 
and the pHM was found in the anaesthetised patients.13 
The mean difference between pH measurements was 0.1 
and the limits of agreement ranged between −0.1 and 
0.3, according to the Bland-Altman analysis.13 A higher 
performance of pH indicator paper with a finer scale 
was used in this study.13 This might be the reason for the 
less bias found in this study, where a larger scale of pHS 
testing was used in ours.

Several studies in the past have demonstrated the accu-
racy of pH indicator paper in measuring gastric contents. 
However, using the pHL testing method to analyse gastric 
contents has not been indicated in prior studies. Although 
pHL testing delivers less accuracy in terms of linear 
function and correlation, the pHL test reveals consider-
ably less bias than that of the pHS testing method. One 
possible reason could be related to the fact that the pHL 
testing method was interpreted for two decimal places 
versus one decimal place for the pHS testing method. 
Interestingly, gastric pH measured by the pHL indicated 
a slight discrepancy from the standard value when the 
actual gastric pH was lower than 5.

In our investigation, we encountered two outliers 
between the pHL and pHM measurements during the 
Bland-Altman analysis. Initially, these outlier samples 
were attributed to the presence of bile acid, which led to 
inaccurately high pH readings when assessed using the 
pHL method. However, upon closer examination, it was 
revealed that the pH levels obtained via the pHL method 
were 7.75 and 8, while the pHM readings were 2.51 and 
2.99, respectively. Remarkably, these pHM levels deviated 
significantly from the typical range of bile acid content 
pH levels (6.50–8).21 Unfortunately, we were unable to 
account for these discrepancies. One plausible explana-
tion could be linked to the admixture of a high concen-
tration of gastric acid with trace amounts of bile acid, 
which inherently contains green colour pigments, thus 
complicating the differentiation of genuinely elevated 
pH levels (green colour) through the pHL method.

Although both pHS and pHL are optimised for use in 
clinical practice, we consider pHS testing to be superior. 
The pHS testing technique promotes more accurate 
colour perception (using four-colour shadings per pH 

level), uses a smaller volume of gastric contents, reports 
a wider range of pH levels and uses fewer complex 
procedures at the bedside. Therefore, the pHS test is 
acceptable for substitution for the pHM and can be used 
to measure gastric pH in critically ill patient settings to 
confirm the location of the NG tube.2 However, when 
gastric pH levels exceed 5 or 5.50, especially in cases 
involving enteral feeding or the administration of medi-
cations such as PPIs that elevate gastric pH, further 
assessment through chest radiography is warranted 
to ensure the accurate placement of the NG tube.2–4 
Furthermore, monitoring gastric pH could serve as a 
valuable tool in monitoring the efficacy of stress ulcer 
prophylaxis, where maintaining a gastric pH level above 
4 is recommended.22

This research proved that the pHL testing technique 
was acceptable for measuring gastric pH in critically ill 
patients. However, some limitations should be consid-
ered. For example, the pHL testing method is less reliable 
when gastric pH levels are less than 5, a larger amount of 
gastric volume (5 mL) is required, and there is a possi-
bility that the colour of gastric contents, especially bile 
acid, might interfere with the pH reading.

Relying solely on pHS or pHL tests for measuring gastric 
pH in the presence of bile acids or blood poses challenges. 
These substances introduce complexities that can hinder 
accurate visual interpretation of the pH test due to varia-
tions in colour shades. Indeed, it is advisable to exercise 
caution when using both pHS and pHL when blood is 
present. In situations where the presence of blood or bile 
acid is not discernible, additional intricate tests may be 
required, such as pHM or a combination of pH testing 
methods offering varied colour interpretations.

There were some limitations in this study. First, the 
pHS testing and pHL testing methods report a different 
scale of pH measurement, with an estimated one (10ths) 
and two (100ths) decimal places, respectively. This might 
cause a discrepancy between the regression slope or 
correlation and the Bland-Altman analyses. Conceptually, 
the regression slope and correlation identify the strength 
of linear association, while the Bland-Altman analysis is 
recommended for comparing two methods of quantity 
measurement.23 Further studies with a finer scale for pHS 
testing may be worth investigating. Second, a few of the 
differences in pH values as measured by pHS and pHM 
testing methods were outside the limits of agreement. 
These outliers were mostly related to the colour of gastric 
contents that interfere with properly reading the correct 
shade of pH, for instance, the presence of bile acid and 
blood, among others. One should be aware of the limita-
tions of each pH measurement method and accordingly 
allocate gastric contents for a more precise method of pH 
measurement. Finally, stress ulcer prophylaxis may affect 
the precision of pH testing in determining the position of 
the NG tube, especially when gastric pH levels exceed 5. 
However, the use of PPIs was not considered to compro-
mise the accuracy of the pH testing in our study, as it was 
essential to include gastric samples from a wide range of 
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pH levels to effectively demonstrate the accuracy of the 
pH testing methods.

CONCLUSION
Both pHS and pHL testing methods offer the ability 
to assess gastric pH contents in critically ill patients, 
providing viable alternatives to pHM measurement. 
However, our findings revealed greater correlation but 
less agreement for the pHS testing method compared 
with the reference pHM measurement, in contrast to the 
pHL testing method. Furthermore, it was advisable to 
refrain from using the pHL testing method when antici-
pated gastric content pH levels are expected to be below 
5.
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