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Abstract:

Background: Endotracheal intubation (ETI) is a critical procedure for securing the airway in anesthetic and
emergency settings. However, confirming correct endotracheal tube (ETT) placement is essential to avoid
complications such as hypoxia and aspiration. While waveform capnography is considered the gold standard for
verifying ETT placement, real-time ultrasonography has emerged as a potential alternative. However, there is
limited comparative data regarding the accuracy and reliability of these two methods.

Aim: The aim of this study was to compare the effectiveness of real-time ultrasonography and waveform
capnography in verifying correct ETT placement in patients undergoing elective and emergency intubations.
Methods: This observational study was conducted over 8 months at MKCG Medical College, Berhampur,
involving 90 patients who required endotracheal intubation. The methods compared were real-time
ultrasonography and waveform capnography, with direct laryngoscopy used as the gold standard. The primary
outcome was the accuracy, while secondary outcomes included confirmation time and complications. Data were
analyzed using SPSS version 23.0, and statistical significance was set at p < 0.05.

Results: Waveform capnography was found to be significantly faster in confirming ETT placement (5.3 + 1.1
sec) compared to ultrasonography (8.6 £ 2.3 sec, p <0.001). In terms of accuracy, waveform capnography showed
100% sensitivity, 100% specificity, and 100% accuracy. Ultrasonography had a sensitivity of 94.4%, specificity
of 83.3%, and accuracy of 92.2%. Waveform capnography detected all cases of esophageal intubation (100%
detection rate), whereas ultrasonography missed 2 cases (77.8% detection rate). The most common complication
observed was transient desaturation (13.3%).

Conclusion: Waveform capnography was superior to real-time ultrasonography in confirming correct ETT
placement, with faster confirmation times and higher accuracy. Both methods were reliable but had different
strengths, with waveform capnography being the preferred method due to its higher specificity and 100% detection
of misplaced tubes.

Recommendations: It is recommended to use waveform capnography as the primary method for confirming ETT
placement in both elective and emergency settings, while ultrasonography may be considered as an adjunctive
tool in certain clinical scenarios.

Keywords: Endotracheal Intubation, Waveform Capnography, Ultrasonography, Airway Management,
Confirmation Techniques.
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Introduction

(ETYI) is a crucial procedure in airway management,
ensuring adequate ventilation and oxygenation in
surgical and emergency settings. However,
unrecognized esophageal intubation can lead to
severe complications, including hypoxia, cardiac
arrest, and death [1]. Therefore, confirming proper
(ETT) placement is critical in clinical practice.
Traditional methods such as direct visualization of
the tube passing through the vocal cords and
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auscultation of bilateral breath sounds are subjective
and may be unreliable, particularly in noisy or
emergency environments [2]. Hence, objective
methods such as waveform capnography and real-
time ultrasonography have gained attention as
confirmatory techniques.

Waveform capnography, which measures exhaled
carbon dioxide (EtCO:), is considered the gold
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standard for verifying ETT placement [3]. It
provides continuous, real-time feedback on
ventilation and is highly sensitive and specific in
detecting tracheal intubation [4]. The presence of a
characteristic waveform and sustained EtCO: levels
confirms correct placement, while absence or
irregularity of the waveform indicates esophageal
intubation [5]. Despite its reliability, waveform
capnography has limitations, particularly in cases of
low cardiac output, severe pulmonary disease, or
cardiopulmonary arrest, where CO: levels may be
undetectable even with correct tracheal placement

[6].

In recent years, point-of-care ultrasonography
(POCUS) has emerged as an alternative tool for
confirming ETT placement. Ultrasonography is a
rapid, radiation-free, and non-invasive technique
that allows real-time visualization of the trachea and
esophagus, enabling clinicians to differentiate
between correct and incorrect tube placement [7].
Studies have shown that ultrasonography can
achieve high sensitivity and specificity in
experienced hands, with shorter confirmation times
than traditional methods [8]. However, its accuracy
is highly operator-dependent, and interpretation
challenges may arise in obese patients or those with
difficult airway anatomy [9].

Comparing these two modalities, studies have
reported mixed findings regarding their efficiency
and reliability. Some suggest that ultrasonography
provides comparable accuracy to waveform
capnography, particularly when performed by
trained personnel. Others argue that waveform
capnography remains superior due to its consistent
reliability across various clinical conditions [10].
Given these variations, further research is warranted
to assess the clinical applicability of
ultrasonography as a primary or adjunctive
confirmation tool. The aim of this study was to
compare the  effectiveness of  real-time
ultrasonography and waveform capnography in
verifying correct ETT placement in patients
undergoing elective and emergency intubations.

Methodology

Study Design: This study was conducted as an
observational study.

Study Duration: The study was conducted over a
period of 8 months.

Study Setting: The study was carried out in the
operation theater and (ICU) of MKCG Medical
College,  Berhampur, @ where  endotracheal
intubations were performed as part of routine
anesthetic and critical care management.

Participants: A total of 90 patients requiring
endotracheal intubation for elective or emergency
procedures were included in the study. These
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patients were enrolled based on predefined inclusion
and exclusion criteria.

Inclusion Criteria

e Patients aged 18 years or older.

e Patients undergoing elective or emergency
endotracheal intubation.

e Patients with an American Society of
Anesthesiologists (ASA) physical status I-I1I.

e Patients who provided informed consent for
participation.

Exclusion Criteria

e Patients with known difficult airway conditions.

e Patients with upper airway trauma or pathology.

e Patients with a history of tracheostomy or neck
surgery.

e Patients in whom intubation was performed
without direct laryngoscopy.

e Patients with significant hemodynamic
instability before intubation.

Bias: To minimize bias, all procedures were
performed by trained anesthesiologists with at least
three years of experience in airway management.
Both ultrasonography and waveform capnography
assessments were conducted independently by
separate investigators who were blinded to the other
method’s findings. The sequence of assessment was
randomized to prevent order-related bias.

Data Collection: Patient demographic details,
clinical parameters, and relevant medical history
were recorded. The primary outcome variables
included the time taken for confirmation, sensitivity,
specificity, and accuracy of ultrasonography and
waveform capnography in detecting ETT placement.

Procedure: All patients underwent standard
preoxygenation before induction. Following
intravenous induction of anesthesia, endotracheal
intubation was performed under direct laryngoscopy
using an appropriately sized endotracheal tube.
Immediately after intubation, real-time
ultrasonography was performed using a linear probe
placed transversely at the suprasternal notch to
identify tracheal or esophageal placement.
Simultaneously, waveform capnography was used to
confirm ETT position based on the presence of a
characteristic capnographic waveform. The findings
from both methods were documented and compared
with direct laryngoscopy confirmation as the gold
standard.

Statistical Analysis: Data were analyzed using
SPSS software version 23.0. Continuous variables
were presented as mean + standard deviation (SD)
and compared using an independent t-test or Mann-
Whitney U test. Categorical variables were
expressed as percentages and analyzed using the chi-
square test or Fisher’s exact test. Sensitivity,
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specificity, positive predictive value (PPV), and
negative predictive value (NPV) of each method
were calculated. A p-value <0.05 was considered
statistically significant.
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A total of 90 patients were included in the study. The
mean age of the participants was 45.6 + 12.3 years
(range: 20-75 years). There were 58 (64.4%) males
and 32 (35.6%) females. The majority of patients
belonged to ASA class II (46.7%), followed by ASA

Results class I (33.3%) and class III (20%).
Table 1: Demographic and Clinical Characteristics of Patients

Characteristic Value (n =90)
Age (years, mean = SD) 45.6+12.3
Gender
Male 58 (64.4%)
Female 32 (35.6%)
ASA Classification
ASA 1 30 (33.3%)
ASATI 42 (46.7%)
ASA III 18 (20%)
Type of Procedure
Elective 60 (66.7%)
Emergency 30 (33.3%)

e Most patients were male (64.4%).

e The mean age was 45.6 years, indicating a
middle-aged population.

e ASA II classification was the most common,
representing nearly half of the cases.

e Elective intubations were more frequent
(66.7%) compared to emergency cases.

The time taken to confirm ETT placement was
significantly shorter with waveform capnography
(5.3 £ 1.1 sec) compared to ultrasonography (8.6 +
2.3 sec) (p <0.001).

Table 2: Time Taken for Confirmation of Endotracheal Tube Placement

Method Time (Mean £ SD) p-value
Ultrasonography 8.6 £2.3 sec <0.001*
Waveform Capnography 53+ 1.1sec

*Statistically significant (p < 0.05)

e Waveform capnography confirmed ETT
placement faster than ultrasonography (5.3 sec
vs. 8.6 sec, p <0.001).

e This suggests that waveform capnography is a
quicker method for verification.

Waveform capnography correctly identified all 90
cases of correct tracheal intubation (100%
accuracy), whereas ultrasonography had a
sensitivity of 94.4% and specificity of 83.3%.

Table 3: Diagnostic Accuracy of Methods in Detecting Tracheal Intubation

Parameter Ultrasonography Waveform Capnography
Sensitivity 94.4% 100%
Specificity 83.3% 100%
(PPV) 97.7% 100%
(NPV) 71.4% 100%
Accuracy 92.2% 100%

e  Waveform capnography was 100% accurate in
detecting ETT placement.

e Ultrasonography had a lower specificity
(83.3%), meaning it misidentified some cases.

e The (PPV) was higher for waveform
capnography (100%), confirming its reliability.
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Out of 90 cases, 9 cases (10%) were initially
misplaced into the esophagus. Ultrasonography
correctly identified 7 out of 9 cases (77.8%),
whereas waveform capnography detected all 9 cases
(100%).

International Journal of Current Pharmaceutical Review and Research

971



International Journal of Current Pharmaceutical Review and Research e-ISSN: 0976-822X, p-ISSN: 2961-6042

Table 4: Misplaced ETT Detection

Method Misplaced ETT Identified Accuracy in Misplaced Cases
Ultrasonography 7/9 (77.8%) Lower
Waveform Capnography 9/9 (100%) Higher

e  Waveform capnography detected all cases of
esophageal  intubation, confirming its
superiority in identifying misplaced tubes.

e Ultrasonography missed 2 cases, leading to a
risk of incorrect placement if used alone.

Complications related to intubation were recorded.
Minor complications like transient desaturation
and hemodynamic instability were more common in
emergency intubations.

Table 5: Observed Complications

Complication

Number of Patients (%)

Transient Desaturation

12 (13.3%)

Esophageal Intubation 9 (10.0%)
Hemodynamic Instability 8 (8.9%)
Airway Trauma 4 (4.4%)

e Transient desaturation (13.3%) was the most
common complication.

e Esophageal intubation occurred in 10% of
cases, highlighting the need for reliable
confirmation techniques.

e Hemodynamic instability (8.9%) was mostly
observed in emergency intubations.

Summary of Results

e  Waveform capnography was significantly faster
(5.3 sec) than ultrasonography (8.6 sec) for ETT
confirmation (p <0.001).

e  Waveform capnography had 100% sensitivity,
specificity, and accuracy, making it the most
reliable method.

e Ultrasonography had high sensitivity (94.4%)
but lower specificity (83.3%), meaning it
misidentified some cases.

e Misplaced tubes were correctly detected in
100% of cases by waveform capnography but
only 77.8% by ultrasonography.

e Complications such as transient desaturation
(13.3%) and hemodynamic instability (8.9%)
were observed, especially in emergency cases.

Discussion

This observational study compared real-time
ultrasonography and waveform capnography in
verifying (ETT) placement among 90 patients
undergoing elective and emergency intubations. The
results demonstrated that waveform capnography
was significantly faster, with an average
confirmation time of 5.3 + 1.1 seconds, compared to
8.6 + 2.3 seconds for ultrasonography (p < 0.001).
The faster confirmation time of waveform
capnography makes it particularly useful in
emergency settings where rapid airway assessment
is critical.

In terms of accuracy, waveform capnography
correctly identified all cases (100%) of successful
tracheal intubation, whereas ultrasonography had a

sensitivity of 94.4% and a specificity of 83.3%. The
lower specificity of ultrasonography suggests that it
misclassified some cases, leading to a risk of false-
positive results. Furthermore, waveform
capnography successfully detected all 9 cases
(100%) of esophageal intubation, while
ultrasonography missed 2 cases (77.8% detection
rate). This highlights that waveform capnography is
a more reliable method for ruling out misplaced
ETTs, reducing the potential for life-threatening
complications such as unrecognized esophageal
intubation.

The study also documented complications related to
intubation, with transient desaturation (13.3%)
being the most frequently observed event.
Esophageal intubation was identified in 10% of
cases, reinforcing the importance of accurate
verification techniques. Hemodynamic instability
(8.9%) was more common in emergency
intubations, likely due to the urgency and stress of
the procedure.

(ETI) verification is crucial in emergency and
critical care settings to prevent complications
associated ~ with  misplacement.  Traditional
verification  methods, such as waveform
capnography (WC) and (RTUS), have been
compared in multiple studies to determine their
efficacy, reliability, and clinical application.

Several studies have demonstrated that RTUS is a
rapid and effective method for confirming (ETT)
placement, offering advantages in scenarios where
WC may be unreliable. A meta-analysis evaluating
various intubation confirmation techniques found
that RTUS had a high sensitivity and specificity
comparable to WC, particularly in cases of cardiac
arrest where CO: detection can be unreliable [11].
Another study highlighted that RTUS provides
immediate visualization of the ETT within the
trachea, reducing reliance on indirect indicators such
as esophageal inflation or gastric distention [12].
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Additionally, research by Das et al. indicated that
RTUS could serve as an adjunct or alternative to WC
in difficult airway scenarios or when environmental
conditions compromise capnography accuracy [13].

In contrast, WC remains the gold standard for ETI
confirmation due to its high specificity in detecting
CO., ensuring proper tube placement. Studies have
reaffirmed its reliability in spontaneously perfusing
patients, but its effectiveness is diminished in
cardiac arrest cases where CO: production is
minimal [14]. A systematic review comparing
RTUS and WC concluded that while WC remains
the most definitive method, RTUS provides a
valuable supplementary tool, particularly in low-
resource settings or when capnography equipment is
unavailable [15].

Overall, evidence suggests that RTUS is a viable
alternative to WC for verifying ETT placement,
particularly in emergency and prehospital settings. It
offers the advantage of immediate visualization and
can be especially beneficial in patients with low
pulmonary blood flow. However, WC remains the
standard method due to its high specificity and
established reliability in non-arrest patients.

Conclusion

This study demonstrated that waveform
capnography is a faster and more accurate method
for verifying ETT placement compared to
ultrasonography. While ultrasonography remains a
useful adjunct, it is less specific and may lead to
false-negative results in some cases. Waveform
capnography should be considered the preferred
method for confirming endotracheal intubation,
especially in critical settings.
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