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ABSTRACT
Background: Capnography is an essential instrument for 
tracking metabolic and respiratory activity. According to the 
the ETCO2 level to predict metabolic acidosis with patient with 
mechanical ventilation admitted in ICU. Purpose: The purpose 
of current study was to predict the metabolic acidosis among 
patient on mechanical ventilator support. Materials and 
methods; A study was descriptive-analytical study design, was 
conducted in the host institution of Saveetha Medical College 
and Hospitals. There were 60 samples in ICU using purposive 
sampling techniques on the inclusion criteria within 24 hours 
of admission. In ICU collect data from every intubated patient 
with mechanical ventilator support along with ETCO2 probe 
connecting to the Endotracheal tube, Monitoring capnography 
values and comparison with the ABG values to predict metabol-
ic acidosis. Results: Out of 60 samples with respect to capnog-
raphy with EtCO2 the mean score of Bicarbonate level among 
patients with metabolic acidosis was 21.97±3.37 and the mean 
score of ETCO2 was 44.70±7.24.The calculated Karl Pearson’s 
Correlation value of r = -0.303 shows a negative correlation 
which was found to be statistically significant at p<0.05 lev-
el. Totally 36 samples increased ETCO2 values along with 35 
samples decreased blood bicarbonate levels. This clearly infers 
that when the ETCO2 level increases their ultimately Bicarbonate 
level among the patient’s metabolic acidosis admitted in ICU 

decreases. Conclusion: The capnography ETCO2 values are 
good and effective tool for predicting the metabolic acidosis 
among critically ill patients in intensive care unit. 
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INTRODUCTION: 
Acid-base balance is the homeostatic regulation of 

pH of the body›s extracellular fluid (ECF). The prop-
er balance between the acids and bases (i. e. The pH) 
in the ECF is crucial for the normal physiology of the 
body and for cellular metabolism [1]. The pH of the 
intracellular fluid and the extracellular fluid need to 
be maintained at a constant level [2]. The pathogen-
esis of common conditions (diabetes, renal failure, 
drug intoxication) affecting acid–base balance is as-
sessed as well as potential treatment strategies. Acid–
base balance may play a role in calcium retention and 
thus bone health. The organic acids produced during 
metabolism lower blood pH through increased pro-
duction of H+ ions. Sulphur-containing amino acids in 
meat and cereals are oxidized in the liver and lower 
blood ph. [3] 

The organic acids produced during metabolism 
lower blood pH through increased production of H+ 
ions. Sulphur-containing amino acids in meat and ce-
reals are oxidized in the liver and lower blood ph. The 
excess acid requires buffering to keep the pH of arte-
rial blood tightly between 7.35 and 7.45.Alkaline salts, 
such as calcium phosphates, can be released from the 
skeleton to maintain systemic ph. Foods that contrib-
ute alkaline salts, such as the potassium in fruits and 
vegetables or the calcium and magnesium in dairy, are 
thought to provide this buffering action and protect 
against bone resorption. This idea is controversial be-
cause the data are inconsistent [4] End-tidal carbon 
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dioxide (ETCO2) is the level of carbon dioxide that is 
released at the end of an exhaled breath. ETCO2 levels 
reflect the adequacy with which carbon dioxide (CO2) 
is carried in the blood back to the lungs and exhaled. 
Available evidence has established that ETCO2 mea-
surement can provide an indication of cardiac output 
and pulmonary blood flow [5]. Non-invasive meth-
ods for ETCO2 measurement include capnometry and 
capnography. Capnometry provides a numerical value 
for ETCO2.In contrast, capnography delivers a more 
comprehensive measurement that is displayed in both 
graphical (waveform) and numerical form [6]. 

Capnography devices are configured as either side 
stream or mainstream. In a side stream configuration, 
the CO2 sensor is located in the monitoring device, 
which is at a distance from the patient. The exhaled 
CO2 is diverted from the airway into the device via a 
sampling tube of six to eight feet in length, which is 
attached to the breathing circuit fitted to the patient. 
In the case of a mainstream configuration, the CO2 
sensor and a sampling cell are integrated into a small 
device that connects directly at the airway, between 
the breathing circuit and endotracheal tube (ETT). 
Side stream devices can monitor both intubated and 
non-intubated patients, while mainstream devices are 
most often limited to intubated patients. [7] 

The American Heart Association’s Advanced 
Cardiovascular Life Support guidelines, for example, 
now carry recommendations for the use of quanti-
tative waveform capnography during CPR. Emerg-
ing evidence and expert recommendations also sug-
gest that capnography may be valuable in the early 
post-operative period. Post-operative patients, espe-
cially those with a known history of obstructive sleep 
apnea or who are receiving high doses of opioids for 
the management of pain, are at an increased risk of 
adverse respiratory events. Some experts believe that 
monitoring ventilation with EtCO2 measurement, in 
addition to pulse oximetry, could improve patient 
safety and post-operative clinical outcomes [8]. 

In 2021, the Canadian Anesthesiologists Society 
(CAS) updated its guidelines to make capnography 
part of the standard of care in the practice of anes-
thesia in Canada. Specifically, the CAS guidelines re-
quire continuous use of capnography in monitoring 
patients during general anesthesia and sedation [9]. 
Capnography provide information CO2 production, 
pulmonary (lung) perfusion, alveolar ventilation, re-
spiratory patterns, and elimination of CO2 from the 

anaesthesia breathing circuit and ventilator. The shape 
of the curve is affected by some forms of lung disease; 
in general, there are obstructive conditions in which 
the mixing of gases within the lung is affected. Con-
ditions such as pulmonary embolism and congenital 
heart disease, which affect perfusion of the lung, do 
not, in themselves, affect the shape of the curve, but 
greatly affect the relationship between expired CO2 
and arterial blood CO2.Capnography can also be used 
to measure carbon dioxide production, a measure of 
metabolism [10]. 

MATERIAL AND METHODS
Study Design: A descriptive – analytical study de-

sign was adopted to predict metabolic acidosis among 
patients with mechanical ventilation in Intensive care 
unit. 

Study Setting: The study is conducted in Emergen-
cy medicine department at Saveetha Medical College 
and Hospital, Thandalam. It is 1500 bedded super-spe-
cialty hospital with 40 intensive care beds. The Inten-
sive care unit department unit is highly equipped and 
organized specialty area staffed by specially trained 
physician, staff nurses. Approximately 90-110 patients 
are admitted in a month among that 60% of patients 
were on metabolic acidosis. 

Subjects: The population of the study is patients 
with mechanical ventilation support. Consisting 
 Patients with Suspected sepsis, Acute gastroenteri-
tis, Renal failure DKA [Diabetic Keto acidosis], 
Other disorders with metabolic acidosis. i. e., drug 
toxicity. According to that collect purposive sam-
pling technique based data every morning new 
cases within 24 hours of admission along with me-
chanical ventilation support and capnographicaical 
values collected and plotted, then same patients 
collecting ABG values for the purpose of predicting 
metabolic acidosis. 

Intervention details: After collecting the capno-
graphical value such as the ETCO2 values and ABG 
collecting after sometime, making comparison be-
tween two values find out and predicting the meta-
bolic acidosis by using this values. The ETCO2 values 
increasing at the same patient ABG value such as the 
PCO2 value increased and bicarbonate HCO3 values 
as decreased that indicates an metabolic acidosis. 

Outcome; The final output of conducting study the 
ETCO2 values is the primary indicator for detecting 
metabolic acidosis when comparing the ABG values. 
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RESULTS AND DISCUSSION 
The table 1 shows that most of the patients laborato-

ry findings, 24(40%) had total WBC count in the range 
between 4000 – 11000 cells and >11000 cells, 28(46.6%) 
had hemoglobin level between 11 – 17 mg/dl, 25(41.6%) 
had urea level between 19 – 45 mmol / lit, 28(46.7%) 
had creatinine level between 0.66 to 1.2 mEq. lit and 
21(35%) had blood sugar level of <110 mg/dl. 

Table 1
Frequency and percentage distribution of laboratory findings 
of patients with mechanical ventilation admitted in ICU. N = 60

Laboratory Findings Frequency Percentage
Total WBC count
<4000 cells 12 20.0
4000 – 11000 cells 24 40.0
>11000 cells 24 40.0
Hemoglobin level
<10 mg/dl 16 26.7
11 – 17 mg/dl 28 46.6
>17 mg/dl 16 26.7
Urea level
<19 mmol / lit 13 21.7
19 – 45 mmol / lit 25 41.6
>45 mmol / lit 22 36.7
Creatinine
0.66 mEq/lit 14 23.3
0.66 to 1.2 mEq/lit 28 46.7
>2 mEq/lit 18 30.0
Blood sugar
<110 mg/dl 21 35.0
120 – 100 mg/dl 19 31.7
200 mg/dl 20 33.3

The table 2 shows that most of the patients ABG 
values, 24(40%) had total WBC count in the range be-
tween 4000 – 11000 cells and >11000 cells, 28(46.6%) 
had hemoglobin level between 11 – 17 mg/dl, 25(41.6%) 
had urea level between 19 – 45 mmol / lit, 28(46.7%) 
had creatinine level between 0.66 to 1.2 mEq. Lit and 
21(35%) had blood sugar level of <110 mg/dl. 

The table 3 shows that mean score of Bicarbon-
ate level among patients with metabolic acidosis 
was 21.97±3.37 and the mean score of ETCO2 was 
44.70±7.24.The calculated Karl Pearson’s Correlation 
value of r = -0.303 shows a negative correlation which 
was found to be statistically significant at p<0.05 level. 
This clearly infers that when the ETCO2 level increases 
their ultimately Bicarbonate level among the patient’s 
metabolic acidosis admitted in ICU decreases. 

Table 2
Frequency and percentage distribution of ABG values among 
patients with metabolic acidosis admitted in ICU. N = 60

ABG Values Frequency Percentage

pH

<7.35 35 58.3

7.35 to 7.45 15 25.0

>7.45 10 16.7

Bicarbonate levels

<22 35 56.7

22 – 26 mmol/lit 15 25.0

>26 mmol/lit 11 18.3

PaCO2

<35 11 18.3

35 – 45 13 21.7

>45 mmol/lit 36 60.0

PaO2

<75 mmHg 22 36.7

70 – 100 mmHg 24 40.0

>100 mmHg 14 23.3

ETCO2

<30 mmHg 10 16.7

30 – 40 mmHg 14 23.3

>45 mmHg 36 60.0

Table 3
Correlation between the Bicarbonate and ETCO2 among pa-
tients with metabolic acidosis admitted in ICU. N = 60

Variables Mean S. D Karl Pearson’s 
‘r ’ & p-value

Bicarbonate Level 21.97 3.37 r= – 0.303
p=0.018, S*ETCO2 44.70 7.24

*p<0.05, S – Significant

Regression analysis was used to determine the cor-
relation of ETCO2 and all related ABG parameters. 
Demonstrating the correlation of baseline ETCO2 
with each of the ABG parameters as a model, we 
found that the correlations of ETCO2 with HCO3 
– and PaCO2 were significant, while no significant 
correlations were observed for any of the other pa-
rameters. This showed that HCO3 – and PaCO2 are 
the significant predictors of ETCO2 among the ABG 
variables. (Figure 1) 
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Figure 1: Scatter Dot diagram showing the correlation between 
the Bicarbonate and ETCO2 among patients with metabolic ac-
idosis admitted in ICU

The table 4 shows that the demographic variable pri-
mary etiology for admission to ICU (χ2=19.440, p=0.035) 
had shown statistically significant association with level of 
Bicarbonate level among patients with metabolic acidosis 
admitted in ICU at p<0.05 level did not show statistically 
significant association with post test level of Bicarbonate 
level among patients with metabolic acidosis admitted in 
ICU. The other demographic variables did not show statis-
tically significant association with level of ETCO2 among 
patients with metabolic acidosis admitted in ICU. 

Table 4
Association of level of bicarbonate level and ETCO2 level 
among patients with metabolic acidosis admitted in ICU with 
their selected clinical variables. N = 60

Demographic Variables Frequency

Chi-Square test & 
p-value

Bicarbon-
ate Level ETCO2

Age χ2=1.855
d. f=4

p=0.762
N. S

χ2=6.086
d. f=4

p=0.193
N. S

18 – 30 years 17
30 – 60 years 24
>60 years 19
Gender χ2=3.353

d. f=2
p=0.187

N. S

χ2=0.330
d. f=2

p=0.848
N. S

Male 35

Female 25
Primary etiology for 
admission to ICU

χ2=19.440
d. f=10

p=0.035
S*

χ2=10.872
d. f=10

p=0.368
N. S

Suspected sepsis 12

Acute Gastroenteritis 10

Renal failure 10

DKA 11

Drug toxicity 8
Others 9

Demographic Variables Frequency

Chi-Square test & 
p-value

Bicarbon-
ate Level ETCO2

Co-morbidities

χ2=8.257
d. f=8

p=0.409
N. S

χ2=9.139
d. f=8

p=0.331
N. S

Hypertension 11

Diabetes mellitus 17

CKD 16

Both A and B 8

Others 8

*p<0.05, S – Significant, N. S – Not Significant

The table 5 shows that the clinical variables did 
not show statistically significant association with 
level of bicarbonate level among patients with met-
abolic acidosis admitted in ICU. The clinical vari-
ables heart rate (χ2=13.437, p=0.037) and body 
temperature (χ2=9.928, p=0.042) had shown statis-
tically significant association with level of ETCO2 
level among patients with metabolic acidosis ad-
mitted in ICU at p<0.05 level did not show statis-
tically significant association with post test level of 
ETCO2 level among patients with metabolic acido-
sis admitted in ICU. 

Table 5
Association of level of bicarbonate and ETCO2 level among pa-
tients with metabolic acidosis admitted in ICU with their select-
ed clinical variables. N = 60

Clinical Variables Frequency
Chi-Square test & p-value

Bicarbonate 
Level ETCO2

Heart rate
χ2=8.223

d. f=6
p=0.222

N. S

χ2=13.437
d. f=6

p=0.037
S*

<60 bpm 16

60 – 100 bpm 26

>100 bpm 18

MAP χ2=0.211
d. f=2

p=0.900
N. S

χ2=2.748
d. f=2

p=0.253
N. S

<70 mmHg 33

70 – 100 mmHg 27

Respiratory rate
χ2=5.660

d. f=4
p=0.226

N. S

χ2=1.615
d. f=4

p=0.806
N. S

<16 bpm 17

16 – 22 bpm 20

>24 bpm 23

Body temperature
χ2=3.536

d. f=4
p=0.472

N. S

χ2=9.928
d. f=4

p=0.042
S*

<90 degree 11

90 – 99 degree 30

>100 degree 19
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Clinical Variables Frequency
Chi-Square test & p-value

Bicarbonate 
Level ETCO2

O2 saturation
χ2=4.979

d. f=4
p=0.289

N. S

χ2=4.350
d. f=4

p=0.361
N. S

<80 10

<90 21

95 – 100 29

*p<0.05, S – Significant, N. S – Not Significant

The present study supported by Hamed Aminiahi-
dashti., (2018) Capnograph is an indispensable tool for 
monitoring metabolic and respiratory function. In this 
study, the aim was to review the applications of end-tid-
al carbon dioxide (ETCO2) monitoring in emergency 
department, multiple databases were comprehensive-
ly searched with combination of following keywords: 
“ETCO2”, “emergency department monitoring”, and 
“critical monitoring” in PubMed, Google Scholar, Sco-
pus, Index Copernicus, and Cochrane Database. Cap-
nography is a non-invasive and accurate method to 
measure ETCO2 and can help emergency physicians 
in some critical situations. Although this is not used in 
many emergency situations and it is not used routinely 
in the emergency department, its application is increas-
ing in many emergency situations, such as patients un-
dergoing mechanical ventilation, procedural sedation 
and analgesia, pulmonary disease, heat failure, shock, 
metabolic disorder and trauma. [11] 

CONCLUSION 
Based on the findings of the current study, it was 

evident there was significant relation between ETCO2 
and ABG values for predicting metabolic acidosis 
among mechanically ventilated patient in Intensive 
Care unit, Therefore the capnography is an gold stan-
dard method to detect metabolic acidosis before ABG 
invasive procedure. 
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