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Middle Fingertip to Rascette Line Measurement Novel
Approach to Endotracheal Tube Depth for Filipinos:
A Pilot Study*

Joel P. Cabanas, MD'

ABSTRACT

A predetermined endotracheal tube depth
prior to intubation ensures correct tube placement
relative to the carina. The objective of this study was
to determine if the topographic measurement from
the middle fingertip (MFT) to Rascette line (RL) or
"wrist line" correlates with acceptable endotracheal
tube (ET) depth during orotracheal intubation. This
was a prospective, analytical cross-sectional pilot
study of 54 adult Filipino patients who underwent
general anesthesia with orotracheal intubation. The
middle fingertip to Rascette line measurement was
utilized as the basis for endotracheal tube depth with
ET secured on the right corner of the mouth. After
intubation, a chest x-ray was performed to measure
the distance from the endotracheal tube tip to the
carina. The study showed that the average middle
fingertip to Rascette line measurement among
Filipinos was 18.79cm (+ 1.08) which resulted in
85.19% of patients with ET tip to carina within the
acceptable distance of 2-5cm, with a mean value of
3.17cm. The mean MFT to RL measurement in
females was 18.28cm and 19.81cm in males. The
mean distance of ET tip to carina in females was
2.91cm and 3.66¢cm in males. There was a significant
positive correlation between the middle fingertip to
Rascette line measurement and height. This study
also documented the total length from the right
corner of the mouth to carina, by adding middle
fingertip to Rascette line measurement and the
distance from ET tip to carina, resulting in a mean
value of 23.46cm (+2.06) in males and 21.19 cm
(#1.73) in females. In conclusion, middle fingertip
to Rascette line measurement is an acceptable

technique to determine individualized endotracheal
tube depth during orotracheal intubation. This
topographic measurement resulted in 96.29% of ET
tip 21cm above the carina.

Keywords: middle fingertip, Rascette line, middle
fingertip to Rascette line measurement, orotracheal
intubation

INTRODUCTION

Endotracheal intubation is the gold standard
for airway management and most commonly
performed procedures in the field of anesthesiology,
emergency medicine and, critical care.! One of the
fundamental responsibilities of an anesthesiologist
is to establish airway patency during general
anesthesia to ensure adequate ventilation and
oxygenation.? One of the major concerns during
intubation is incorrect placement and inappropriate
depth of endotracheal tube (ET) within the airway
associated with serious complications which can
lead to morbidity and mortality. Over-insertion may
result in endobronchial intubation, one-lung
ventilation, and collapse of the other lung which may
finally result in hypoxia.®> Unintended bronchial
intubation accounts for 4% of the adverse
respiratory events in pediatric patients and 2%
among the adult population. On the other hand,
under-insertion of the tube may inappropriately
place the inflated cuff over the vocal cords leading
to vocal cord trauma, laryngeal nerve compression,
and inadvertent extubation.# Therefore, determining
the correct depth of endotracheal tube is crucial and
should be individualized.

*1%' Place, 2022 Philippine Medical Association Original Research Presentation, May 20, 2022

"From West Visayas State University Medical Center, lloilo City
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There are several methods of estimating
optimal endotracheal tube length in orotracheally
intubated adult patients. This includes auscultation
for bilateral breath sounds along with symmetrical
chest expansion®, and palpation of the cuff at the
suprasternal notch.® However, auscultation alone is
still inadequate for assessing the actual depth of
endotracheal tube insertion” and it cannot rule out
endobronchial tube placement. Chest radiography
has been commonly used to confirm proper
positioning of the endotracheal tube tip post-
intubation. Although fiberoptic bronchoscopy (FOB)
is the definitive way of confirming the position of the
endotracheal tube tip, it requires expertise to handle,
not routinely available in the operating theater, and
is costly4

The standard insertion tube depth for
orotracheal intubation is 21cm for women and 23cm
for men (21/23 rule) among Caucasians.® Such
rough estimations however can lead to inadvertent
endobronchial intubation especially among Filipinos
with expected shorter tracheal length. Individualized
measurement of endotracheal tube length provides
optimal tube depth, avoids malpositioning and
significantly limits tube adjustment after successful
intubation. At present, there has been no data on the
optimal endotracheal tube depth among Filipinos.
The general objective of the study is to determine if
the middle fingertip to Rascette line measurement
correlates with acceptable endotracheal tube depth
during orotracheal intubation. Specifically, the study
aims; 1) To determine the average tube length of
patients undergoing orotracheal intubation. 2) To
determine if there is a significant difference in the
tube length between males and females. 3) To
determine if the topographic measurement from the
middle fingertip to Rascette line will result in equal
breath sound on auscultation, symmetrical chest
rise, oxygen saturation of 98-100%, and normal
end-tidal carbon dioxide (ETCO2) levels. 4) To
determine if topographic measurement from middle
fingertip to Rascette line will result in endotracheal
tube tip positioned above the carina. 5) To determine
if topographic measurement from the middle

fingertip to Rascette line could provide an
acceptable measurement of endotracheal tube
length after orotracheal intubation without
repositioning.

MATERIALS AND METHODS
Study Design

This was a prospective, analytical cross-
sectional pilot study design.

Study Setting

This study was conducted at the Operating
Room Complex of the said institution.

Population and Sampling Technique

A total of 54 adult Filipino patients, 19 years
old and above, admitted as service accommodation,
either for emergency or elective surgery, under
general anesthesia via orotracheal intubation
through direct laryngoscopy or video laryngoscopy.
The respondents were selected purposively for the
conduct of research regardless of gender. Due to the
recent pandemic there has been a large decline in the
number of operations. The latest census was an
average of 20 cases of intubation per month, a total
of 240 estimated cases for 2020. With the increasing
cases of COVID-19 in the community, the operation
of elective cases in the institution where the study
was conducted was temporarily suspended from
August to September 2021. This dramatically
decreased the number of possible participants of the
study because almost 90% of study participants
were from elective surgery cases. Thus, this research
was amended into a pilot study with 54 sample size
study participants and was approved by the Unified
Research Ethics Review Committee.

Inclusion Criteria: American Society of
Anesthesiologists (ASA) 1 to 3 adult Filipino patients
under service accommodation, 19 years and above
of either sex, scheduled either for emergency or

Journal of the Philippine Medical Association 2021-2022
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elective surgery under general anesthesia via
orotracheal intubation through direct laryngoscopy
orvideo laryngoscopy. All patients who were included
in the study had negative RT-PCR results for Covid-
19.

Exclusion Criteria: Patients who refused to
be part of the study and those who did not sign the
informed consent were excluded. Patients
categorized as American Society of
Anesthesiologists (ASA) 4 to 6, with severe
anatomical defects of the face, neck and upper
airway were part of exclusion criteria. Patients who
will undergo nasotracheal intubation, and with
findings of pneumothorax or atelectatic lungs prior
to intubation were also excluded. Pregnant patients
and those with hand deformities from trauma, burns
or amputations were excluded. Patients scheduled
for operation at the Covid Operating Room were not
included in the study. Patients for bronchoscopy or
fluoroscopy-guided brush biopsies performed in the
operating room were excluded. Patients who are
mentally ill due to psychological or developmental
disorders who could not give his/her consent were
also excluded from the study.

DATA COLLECTION PROCEDURE

The researcher was the one who
performed the procedural steps in measuring
middle fingertip to Rascette line of all study
participants using the same calibrated measuring T-
square (see Appendix 1 and 2).

Preoperative Procedure: A standard
preoperative evaluation form, approved and
registered with the Quality Assurance Office, was
administered to the patient by the anesthesiologist
in-charge. The assessment was done by the
researcher based on the inclusion and exclusion
criteria. Once qualified, the patient was invited by the
researcher to participate in the study. As the patient
agreed, the consent form either in English or
Hiligaynon was explained to the patient and once
amenable was made to affix his/her signature.

Journal of the Philippine Medical Association 2021-2022

At the time of surgery, the patient was
positioned on the operating table with the head in a
neutral position provided with appropriate head
support or pillow. ASA standard monitors such as
non-invasive blood pressure (NIBP),
electrocardiogram (ECG), pulse oximeter, and
capnography (if available) were provided to the
patient. Oxygen at 2 liters per minute via nasal
cannula was delivered to the patient while preparing
for induction.

The anesthesiologist in-charge chose the
estimated endotracheal tube size for females from
6.0mm, 6.5mm and 7.0mm internal diameter (ID). As
for male patients, the ET size ranged from 7.0mm,
7.5mm, 8.0mm and 85mm ID. The size of the
endotracheal tube used corresponds to the
estimated size of the little finger of each patient.

Induction of Anesthesia: Preoxygenation
with 100% oxygen via fitted face mask for 3- 5
minutes was performed prior to induction of general
anesthesia for elective cases. For emergency
operations where, rapid sequence induction (RSI)
was warranted, the anesthesiologist in-charge
preoxygenated the patient by instructing him/her to
have 8 breaths with full inhalation and exhalation
(maximum capacity breath) for 60 seconds or 4 full
breathsin 30 seconds. Adequate preoxygenation was
essential to provide an increased length of time
before oxygen desaturation occurs in an apneic
patient while the anesthesiologist was securing the
airway.

The anesthesiologist in-charge decided on
his/her preferred anesthetic medication for
induction, appropriate for the clinical status of the
patient. Once the patient was paralyzed and the
condition was appropriate  for intubation,
laryngoscopy was performed using video
laryngoscope C-MAC D-blade (Karl Storz) or
Macintosh blade size 3 or 4.

The  anesthesiologist in-charge  of
performing the intubation made sure that the pre-
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determined tube measurement is at the level of the
patient's right corner of the mouth. Once the
identified level of the tube was on the right corner of
the mouth, the anesthesiologist halted further tube
insertion. The anesthesiologist also ensured that the
ET cuff has passed through the vocal cords. The
assistant anesthesiologist performed 5 point
auscultation to assess for bilateral and equal breath
sounds at the same time observing bilateral chest
rise. Monitoring with capnography if available to
confirm endotracheal tube placement was observed
with the presence of 6 consecutive waveforms.
Pulse oximetry reading was also documented within
1 minute after tube placement. Endotracheal tube
cuff inflation was done using an appropriate volume
of air. The endotracheal tube was secured using a
surgical plaster on the right corner of the mouth
while maintaining the head and neck in a neutral
position.

Post-Intubation:  Post intubation chest
radiograph using a portable x-ray machine was
done to measure the distance of the endotracheal
tube tip relative to the carina. Fiberoptic
bronchoscopy was not utilized to confirm ET tip
location in this study because it is an aerosol
generating procedure. The acceptable distance of ET
tip to carina in this study was between 2-5cm. If the
post-intubation x-ray reading of the tube to carina
distance was not within the acceptable value, the
anesthesiologist in-charge will deflate the cuff and
adjust the tube until the acceptable ET tip to carina
distance (2-5cm) was reached. The measured ET
to carina distance after tube adjustment was also
recorded in the data collection form. Collected data
underwent review for completeness of information
needed and was secured in a brown envelop at the
office of the Department of Anesthesiology.

DATA PROCESSING AND ANALYSIS

Data were analyzed using SPSS version 22
and presented as mean + SD, number of patient and

percent. Continuous variables (such as age, height,
weight, ET tip to carina distance, middle fingertip
to Rascette line measurement) were presented as
mean + SD. Categorical variables (Mallampati Class,
patients needing ET repositioning, patients with clear
breath sounds after intubation) were presented as
absolute number (n) and percentage (%). Mann-
Whitney U and Wilcoxon W test was used to analyze
the statistical difference between males and females
with an alpha value set at 0.01. Pearson correlation
plot was also utilized to analyze the correlation
between middle fingertip to Rascette line and height.

ETHICAL CONSIDERATIONS

Confidentiality was strictly observed with
regards to personal information gathered from study
participants. Data gathering and data handling were
done in accordance with the Data Privacy Act of
2012. The data collection started after approval from
the Unified Research Ethics Review Committee
(URERC). Only the researchers directly involved in
this study and the statistician have access to the
actual data collected for statistical analysis.
The data was stored in a password-protected
laptop of the researcher and the statistician. After 5
years the data and forms will be discarded.

RESULTS

A total of 54 underwent operation from
March 2021 to September 2021 consented to take
partin the study. Out of 54 patients, 10 underwent an
emergency operation and 44 were under elective
surgery. Overall, 6 (11.11%) patients were categorized
asASA 1,32 (77.78%) ASA 2 and 6 (11.11%) were ASA
3. There were

36 (66.67%) female and 18 (33.33%) male
patients who participated in the study with ages 19 to
69 years old. The standing height of patients ranged
from 147 to 175cm.

Overall, the average middle fingertip (MFT)
to Rascette line (RL) measurement was 18.79cm

Journal of the Philippine Medical Association 2021-2022
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(¢ 1.08). In males it ranged from 17cm to 21cm with
a mean value of 19.8Tcm (+ 0.99) while in female
patients it ranged from 17cm to 20cm with a mean
value of 18.28cm (¢ 0.70).

The Mann-Whitney U and Wilcoxon W test
output shows that there was a significant difference
in the mean rank of middle fingertip to Rascette line
between male and female with p=0.000 (alpha value
=0.01)

All patients who underwent intubation had
symmetrical chest expansion, equal breath sounds,
with oxygen saturation of 99 to 100%. Capnography
monitoring was only used to 24 (44.44%) patients
because there was only one monitor available in the
operating theater. This was used by another patient
when 30 (55.56%) of study participants without
capnography monitoring underwent an operation.
Single attempt intubation was successfully
performed using a Macintosh blade or video
laryngoscope D-blade.

Utilizing the MFT to RL measurement
resulted to the distance of endotracheal tube (ET) tip
to the carina with a mean value of 3.17cm (+1.25).
This was within the acceptable range of 2-5cm to
ensure safe ET placement in the trachea. Using the
predetermined MFT to RL measurement as ET depth
for intubation, resulted in a mean distance of the ET
tip to carina of 2.91cm (21.22) in females and 3.66cm
(¢1.36) in males.

Out of 54 patients, 46 (85.19%) had ET tip 2-
5cm from the carina which is the acceptable distance
without tube repositioning. However, 6 (11.11%) and
2 (3.7%) patients had endotracheal tubes <2cm and
>5cm away from the carina respectively. Using the
MFT to RL measurement, 52 out of 54 patients
(96.29%) had ET tip positioned >=Tcm above the
carina, while 1 patient with ET tip directly at the
carina and 1 patient with right mainstem
endobronchial intubation. The farthest distance of
the ET tip from the carina in the study measures
6.1cm.
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Using the Pearson correlation plot, there was
a significant relationship between middle fingertip to
Rascette line measurement and height of patients as
seen in Figure 1 below. It can be observed that middle
fingertip to Rascette line measurement and height
were significantly related with covariance (5.034)
and correlation (0.756) values were both positive.
Thus, taller patient tends to have longer MFT to RL
measurements.

MFT to Rascette Line {in cm)
= K
= E

g

15 150 158 160 Vs 170 17
height (in cm)

Figure 1. Correlation of middle finger tip to Rascette line
and height using Pearson correlation plot.

In addition, this study also documented the
entire length from the right corner of the mouth to
the carina. This was derived by adding the middle
fingertip (MFT) to Rascette line (RL) measurement
and the distance from the ET tip to the carina (see
Appendix 3). The distance from the right corner of
the mouth to carina in male patients ranged from
21.1 to 26.1cm with a mean value of 23.46cm (+2.06)
as shown in Figure 2. While in females it ranged
from 17.5 to 24.4cm with a mean value of 21.19
cm (x1.73) in Figure 3. Mann-Whitney U and
Wilcoxon W test output shows that there was a
significant difference in the mean rank of the
distance from the right corner of the mouth to carina
between male and female with p=0.000 (alpha value
= 0.01).
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Distance from the right corner of the mouth to carina

30

25

20

MFT-RL + ET-C (cm)

B ET-C- Endotrachel tube tip to carina measurement
B MFT-RL- Middle finger tip to rascette line measurement

Figure 2. Total distance from the right corner of the mouth
to carina among Filipino male patients.

Distance from the right corner of the mouth
to carina (cm)
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BET-C- Endotrachel tube tip to carina measurement
EMFT-RL- Middle finger tip to rascette line measurement

Figure 3. Total distance from the right corner of the mouth
to carina among Filipino female patients.

Furthermore, Figure 4 shows that there was
a significantly high degree of correlation between the
distance from the right corner of the mouth to carina
and the height of patients with p=0.000 (alpha value
= 0.01). The covariance (6.903) and correlation
(0.612) values were both positive which shows that
taller patients tend to have a longer distance of
measurement from the right corner of the mouth to
carina. Thus endotracheal tube depth should be
individualized because the risk of endobronchial
intubation is higher among female and shorter
patients.

175 ()
o
o
170 oo
o o
165 )
= o
-] o o
° o o, o o
&
= 160 o o o o
£
= oo ®o o
2 ) o o
155 ©oo0
o o
o o o o o
1501 o o
)
145

T T T T T
1750 2000 250 2500 2750

total distance from corner of the mouth to carinain cm

Figure 4. Correlation of distance from the right corner of
the mouth to carina and height using Pearson correlation
plot.

Endotracheal intubation is a primary
technique in securing the airway and ensuring
adequate ventilation of patients for surgery under
general anesthesia. Proper positioning of
endotracheal tube (ET) tip in relation to carina
remains a concern. This pilot study was the first to
provide data on acceptable endotracheal tube depth
during intubation among adult Filipinos using middle
fingertip to Rascette line as a topographic
measurement.

In this prospective, analytical cross-
sectional pilot study, out of 54 adult intubated
patients, the mean middle fingertip (MFT) to Rascette
line (RL) measurement was 18.79cm (+ 1.08).
Utilizing the MFT to RL measurement as a basis for
predetermined endotracheal tube depth, 85.19% of
patients had an acceptable distance of ET tip to
carina within 2-5cm. The mean distance of the
endotracheal tube tip to carina in this study was
3.17cm (+1.25) with the patient in a neutral supine
position.

The average endotracheal tube (ET) depth in
females was shorter at 18.28cm (+0.70) compared to
19.81cm (£0.99) in males. After intubation, chest x-
ray was performed to measure the distance of ET tip

Journal of the Philippine Medical Association 2021-2022
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relative to the carina. The mean distance from ET tip
to carina was shorter in females which is 2.917cm and
3.66cm in males. In this study, 85.19% (46) of
patients had an acceptable ET tip of 2-5cm away
from the carina which is considered safe. The
remaining 11.11% (6) patients had ET tip <2cm and
3.7% (2) >5cm away from the carina. Out of 6 patients
with ET tip <2cm, 1 female patient with ET tip at the
right mainstem bronchus, 1 female patient with ET
tip directly at the carina, 4 patients with ET tip 1-
1.5cm from the carina (1 male, 3 females). For two
patients with ET to carina distance of >5cm, it was 1
male with 6.1cm and 1 female with 5.4cm distance.
These findings suggest that the middle fingertip to
Rascette line measurement is about 96.29% accurate
in estimating the position of the ET tip 21cm above
the carina.

The result of our study is comparable to the
study done by Techanivate et. al®, on 100 adult Thai
patients utilizing the Chula formula which is
4cm+(patient height in cm/10cm) to calculate ET
depth. In their study, the mean ET depth was 19.6cm
in females and 20.8cm in males. The mean distance
from the ET tip to carina was 3.0cm in females and
4.1cm in males measured through fiberoptic
bronchoscopy. The mean distance from the vocal
cords to the upper border of the ET cuff was 4.6 cm
in females and 4.5 in males. This study has 99%
accuracy in estimating the proper position of
orotracheal tube provided there is a known height of
the patient for the formula. However, in our study, the
distance of vocal cords from the upper border of ET
cuff was not possible to measure through chest x-
ray.

The use of standard 21/23cm rule for
endotracheal depth was studied in 83 Caucasian
patients by Roberts et. Al° This resulted in 97%
acceptable ET placement, with a mean distance of ET
tip from carina of 3.45cm for females and 4.1cm for
males. For Filipinos with shorter stature, the use of
the 21/23 cm rule could possibly result in
endobronchial intubation to several patients. Ong et
al,’® reported in their study that using the 21/23 rule

Journal of the Philippine Medical Association 2021-2022

in Asian populations increases the risk of
endobronchial intubation. According to Sitzwohk et
al,'' the use of 21/23 conventional methods for ET
depth will result in deep intubation and
recommended that the depth of ET from the central
incisor should be 20cm in females and 22cm in
males. Park et al,'? reported that ET depth is safe at
20cm for Korean males and 18cm for females,
whereas Varshney et al,' reported that the ET depth
in the Indian population was 20.26¢cm for males and
18.23 for females secured from the right corner of
the mouth. Hence, endotracheal tube depth should
be individualized considering the ethnicity and
height of patients accompanied by a thorough
physical examination, clinical assessment and
appropriate monitoring.

Amos et al,’® analyzed 708 intubated ICU
patients admitted in Ng Teng Fong General Hospital
Singapore and found out that in all ethnic groups
(Chinese, Malay, Indian, etc) the average ET depth
was 22cm, while 21cm in females and 22cm in
males. In this study, ET tip to carina distance was 2-
5cm in 58.7%, >5cm in 26.6%, 2cm in 12.4% and 2.3%
had endobronchial intubation. Their mean ET depth
was longer compared to our study which was
18.79cm among Filipinos, 18.28cm in females and
19.81 in males. The large difference is probably due
to different ethnic groups that were included in their
study population.

Topographic measurement of the middle
fingertip to rascette line as an estimate of
endotracheal tube depth resulted in all patients with
symmetrical chest expansion, bilateral clear breath
sounds and oxygen saturation of 99-100%.
Repositioning was done to 8 patients (2 males, 6
females) with of ET tip to carina distance of <2cm
and >5cm away. This was to ensure that the patients
ET tip was within the acceptable range of 2-5cm
away from the carina. However, there were still 2
female patients with ET tips both estimated less than
2cm because 1 had an initial ET tip directly close to
the carina and 1 had right mainstem endobronchial
intubation. In these 2 patients, ET was pulled out Tcm
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only because of the fear that ET cuff would
accidentally pass beyond the VC and the risk of
dislodge may occur. Repeat chest x-ray was not
done to 8 patients who underwent tube
repositioning. There was no occurrence of
perioperative airway events to all study participants
and all patients were immediately extubated post-
operatively. Brunel et al,14 reported that in 5% with
mainstem bronchial intubations, half of these
patients still present with equal bilateral breath
sounds on auscultation. This is possible especially if
the murphy's eye of the ET tube faces towards the
contralateral mainstem bronchus. Endobronchial
intubation was more common in females than in
males and frequently occur during emergency
intubations.

Based on Pearson correlation coefficient
analysis, there was a positive relationship between
middle fingertip to Rascette line measurement and
height. Taller patients tend to have longer middle
finger tip to Rascette line measurement.
Endotracheal tube depth directly correlates to the
height of the patient. Varshney et al,' found that the
upper airway length has significant correlation with
height, arm span and vertebral column length
(p<0.01). Therefore, shorter patients require more
vigilant and careful evaluation during endotracheal
intubation.

Our study also documented the entire length
from the right corner of the mouth to carina. With the
patient in a neutral supine position, this can be
derived by adding the middle fingertip to Rascette
line measurement and the measured distance from
the endotracheal tube tip to carina. The distance
from the right corner of the mouth to carina in male
patients ranged from 21.1 to 26.1cm with a mean
value of 23.46cm (+2.06) and in females, it ranged
from 17.5 to 24.4cm with a mean value of 21.19 cm
(#1.73). This is comparable to the study done by
Kumari et al'®> where they used a fiberoptic
bronchoscope to measure the distance from the lip
to carina which was 21.3cm in females and 22.9cm
in males. Varshney et al,’ reported that the distance

from lip to carina was 21.62 cm (11.34) in females
and 24.32cm (+1.81) in males.

Our study had some limitations. The study
was not able to document the distance from the
vocal cord to the proximal border of the ET cuff
because the cuff was not visible under the chest x-
ray. The distance from the vocal cord to the proximal
border of the cuff should be adequate to avoid
critical incidents of inadvertent extubation and
compression of recurrent laryngeal nerve. The study
was not able to reach its original sample size of 80
patients due to a lack of study participants.
Admission of elective cases for surgery was put on
hold temporarily for almost 2 months due to the
surge of Covid-19 cases. The investigators decided
to amend the research into a pilot study and extend
its duration for data collection. The amendments
were approved by the Unified Research Ethics
Review Committee.

The present study confirms the applicability
and reliability of the middle fingertip to Rascette line
measurement as an estimate of endotracheal tube
depth. A simple method such as this to determine
appropriate tube depth for intubation could help
avoid endotracheal tube malpositioning. The
recommended lengths of the ET for orotracheal
intubation have been proposed based on patient
height and suggested formulas for which vary with
different ethnic populations.

In conclusion, middle fingertip (MFT) to
Rascette line (RL) measurement is an acceptable
technique to determine endotracheal tube (ET) depth
during orotracheal intubation. The mean airway
distance is shorter among Filipino population with an
average endotracheal depth of 18.28cm (+ 0.70) for
females and 19.81cm (20.99) for males. The success
rate of properly positioned ET tip =1cm above the
carina is 96.29% in the present study, with 85.19%
within the acceptable ET tip to carina distance of 2-
5cm. Height positively correlates with the MFT to RL
measurement at the same time with the total length
from the right corner of the mouth to carina. Using
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the MFT to RL measurement provides individualized
ET depth and prevents malpositioning during
intubation. This technique may be useful during
emergency intubations particularly in settings where
a chest x-ray is not readily available to assess the
level of the endotracheal tube tip in the trachea.

Further study is suggested using a larger
sample size or in a multi-center, with an equal
number of male and female study participants, would
be helpful in establishing the effectiveness of this
technique. It is also recommended to expand study
participants including the pediatric population 18
years old and below for they are at higher risk of
endotracheal tube malpositioning. The use of
fiberoptic bronchoscopy would be essential if further
studies would include determining the distance of
the vocal cords to the proximal border of the
endotracheal tube cuff. Middle fingertip to Rascette
line measurement is also recommended to study its
applicability for endotracheal tube depth with other
races.
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Performance Evaluation of Standard™ Q Covid-19 Ag
Saliva Test in Detection of Covid-19 Among Patients in
Tertiary Hospital*

Rosita Mae Q. Santos, MD'

ABSTRACT

Newer diagnostic tests for COVID-19 such
as antigen tests are being used for rapid
identification of cases. Compared to reverse
transcriptase polymerase chain reaction (RT-PCR),
these tests offer simpler collection and processing.
This study aims to determine the accuracy of a
SARS-CoV-2 antigen-detecting rapid diagnostic test
(Ag-RDT) using saliva compared to nasopharyngeal
and oropharyngeal swab (NPS/OPS) RT- PCR among
patients tested in the Emergency Room at Makati
Medical Center. Patients who underwent NPS/OPS
RT-PCR and who consented to participate in the
study were asked to submit salivary sample to be
analyzed using the Standard™ Q Covid-19 Ag Saliva
Test kit. A total of 366 samples were collected. The
overall accuracy was 81.69% with a sensitivity of
63.58% and a specificity of 97.93%. Subgroup
analyses as to processing time, number of days from
symptom onset, and presence or absence of
symptoms had no effect the overall accuracy. The
Standard™ Q Covid-19 Ag Saliva Test kit was able
to satisfy the 297% specificity recommended by the
WHO for SARS-CoV-2 Ag-RDTs but did not meet the
minimum performance requirements of 280%
sensitivity. A positive test results can help in the
initiation of early treatment and isolation of cases,
but a negative test should still be confirmed by
NPS/OPS RT-PCR test.

Keywords: Saliva Test for COVID-19, SARS-CoV-2
Ag-RDTs, COVID-19 Antigen Test

BACKGROUND

Coronavirus disease 2019 (COVID-19), is a
respiratory disease that has overwhelmed the world
since the first quarter of 2020. Among the most
important strategies to slow down and decrease the
spread of the disease is early detection and isolation.
There are several diagnostic tests that identifies
SARS-CoV-2 virus. Some are specimens from the
nasopharyngeal, oropharyngeal cavity, nasal mid-
turbinate, anterior nares, nasopharyngeal or nasal
wash or aspirate, and recently, on saliva.’

The gold standard for detecting and
diagnosing  SARS-CoV-2 is the reverse
transcriptase polymerase chain reaction (RT-PCR).2
Respiratory samples collected through
nasopharyngeal swab (NPS) and oropharyngeal
swab (OPS) are recommended specimens for SARS-
CoV-2 RT-PCR testing.3 Newer diagnostic tests offer
alternative methods to collect respiratory samples
such as saliva antigen tests. These tests offer
simpler collection procedures for both patient and
laboratory staff. Initial reports show that the
accuracy of saliva RT-PCR tests in detecting SARS-
CoV-2 is comparable to NPS/OPS RT-PCR.

OBJECTIVE

The aim of this study to determine the
sensitivity and specificity of COVID-19 antigen
saliva test compared to NPS/OPS RT-PCR.
Furthermore, it aims to determine the accuracy of
these tests among patients tested for SARS-CoV-2

*2"d Place, 2022 Philippine Medical Association Original Research Presentation, May 20, 2022

'From Makati Medical Center
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in the Emergency Department and the outpatient
laboratory.

RESEARCH QUESTION

Is the COVID-19 antigen saliva test an
accurate test to detect SARS-CoV-2 as compared
with the gold standard NPS/OPS RT-PCR test?

SIGNIFICANCE

Evaluating the performance of a certain
diagnostic test is needed prior to the use of any new
diagnostic tests. The COVID-19 saliva antigen test
offer advantages compared to the NPS/OPS RT-PCR
including faster turn-around-time, ease of
procedure, and cost-effectiveness. This test can
also be deployed in outbreak settings during contact
investigation without the need for trained staff to do
NPS/OPS.

Published studies on the saliva antigen tests
for COVID-19 have shown that saliva specimen is
comparable to nasopharyngeal specimens and
sometimes even yield more positive results.*®
Performing a validation study in the local setting is
important to determine the performance of the tests
in our own population. The results of this study will
guide the hospital and doctors in crafting guidelines
on the use of these tests in the diagnosis of COVID-
19.

LITERATURE REVIEW

DIAGNOSTIC TESTS FOR COVID-19

Reverse Transcriptase Polymerase Chain
Reaction

Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) is a simple approach that uses a
DNA template to amplify unique in vitro DNA
fragments. The estimated  sensitivity is
approximately 70% while the specificity is about 95%.

Results from RT-PCR test can be affected by the
method of collection and viral load sample.®” There
is a relatively high false negative result for RT-PCR
when used during the early course of illness. Viral
evolution and timing of collection may affect the
results.®

RT-PCR is the gold standard for diagnosing
SARS-CoV-2 infection by recognizing viral genomes
in different samples and detecting the viral RNA."?
It is highly sensitive and specific and may be used
to detect COVID-19 early.’® It may yield to a false
negative result depending on the environment,
handling, technique and expertise of handler.
Furthermore, viral load and stage of illness may also
affect the results.® A combination of clinical,
molecular and serological tests may be adjunct in
identifying sensitivity and specificity for SARS CoV-
2.°

The most widely used method for detecting
SARS CoV-2 infections is the RT-PCR but this may
be costly due to the laboratory equipment, the need
for highly skilled personnel and the test can take
days to generate results."

Antigen Test

Antigen tests are immunoassays that detect
specific viral proteins or antigens. Once detected, it
may signify current viral infection. These antigen
tests are relatively inexpensive, can be done at point-
of-care setting, and have faster turnaround-time.?

Antigen tests detect the viral protein
present in the specimen and can provide rapid
results.’® These tests have lower sensitivity than
most nucleic acid-based assays and recognize the
existence of virus at the time of testing thus, it can
be used as a screening test. 313
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standard "M Q COVID-19 Ag Saliva Test

Intended Use'®

The Standard™ Q COVID-19 Ag Saliva Test
qualitatively detects the specific antigens of SARS-
CoV-2 that exist in the human saliva specimen by
using a rapid chromatographic immunoassay. The
test is facilitated by healthcare professionals as an
aid to early detection of SARS-CoV-2 among
patients with signs and symptoms of COVID-19. The
product is designed for medical professional use
only.

Trained healthcare professionals are
exclusively allowed to facilitate the test and interpret
results. Confirmatory testing by RT-PCR is still
required and the results of the saliva antigen test
should not be the only basis for the diagnosis.

Test Principle™

STANDARD Q COVID-19 Ag Saliva Test
consist of two pre-coated lines, “C" (Control) line,
“T" (Test) line on the nitrocellulose membrane
surface. The lines are invisible on the window before
the specimen application. Coated with mouse
monoclonal anti-SARS-CoV-2 antibody is the test
line region while coated with anti-Chicken IgY
antibody is the control region. The detection of
SARS-COV-2 antigen depends on the mouse
monoclonal anti-SARS-CoV-2 antibody bound with
color particles.

SARS-CoV-2 antigen interacts with the
monoclonal antibody SARS-CoV-2 antibody bound
with the color particles producing a colored antigen-
antibody particle complex which transfers on the
membrane and attached to the mouse monoclonal
anti-SARS-CoV-2 antibody. If SARS-CoV-2 antigen
is existent, a colored test line will appear on the
result window and if none is detected, no color
appears in the test line. The control line is for
procedural purposes and is present if the test is
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properly performed and the reagents for testing are
working accordingly.

A study conducted in Bangkok Thailand
compared real time RT-PCR assay test (Allplex 2019-
nCoV Assay) using respiratory samples versus
SARS-CoV-2 antigen detection test (Standard Q
COVID-19 Ag test) using saliva specimen.
Comparable results were noted with SARS-CoV-2
antigen test having sensitivity of 98.33% (95% ClI,
91.06-99.96%) and specificity of 98.73% (95% Cl,
97.06-99.59%) for real-time RT-PCR."

RESEARCH DESIGN AND DATA ANALYSIS

The research was a prospective study. The
researchers enrolled patients continuously from
February 2021 until the projected sample size was
reached by May 2021. The results of the saliva test
were not divulged to the attending physicians or the
patients because it was a validation study. Results
were analyzed and the following parameters were
reported: sensitivity, specificity, positive predictive
and negative predictive values, and likelihood ratio,
and accuracy. Data were statistically treated using
McNemar's Test.

INCLUSION AND EXCLUSION CRITERIA

All patients who underwent SARS-CoV-2
oropharyngeal and nasopharyngeal swab RT-PCR
were recruited to participate in the study.
Participants below 18 years provided assent and
also informed consent from parents or legal
guardian. Those who did not sign consent or assent
for the Saliva Antigen test were not included in the
study. Subjects who were not able to submit saliva
(i.e., intubated, unconscious, children who cannot be
instructed to collect saliva) were also excluded.

WITHDRAWAL FROM THE STUDY

The participants were given the option to
withdraw anytime during the study. If he/she wishes
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to withdraw from the study, notification to the
principal investigator or any members of the
research team must be given either verbally or in
writing. Withdrawing from the study requires a form
to be filled out to document the process.

If the specimen was already processed (with
results) prior to withdrawal, it cannot be undone,
furthermore, the data collected prior to withdrawal
were included in the study. Further collection of
additional personal health information was
discontinued. Since this is a validation study, results
were unofficial and were not included in the patient's
medical record nor relayed to the participant and
attending physician until the end of the study (when
requested).

The data gathered from a patient who
withdrew from the study were included in the data
analysis. This was explained to the participant. Data
management (security of forms and patient data)
were the same for all participants.

METHODOLOGY
SAMPLE SIZE

The OpenEpi, Version 3 was used to compute
for the sample size. Based on the current report of
WHO (as of January 5, 2021), the positivity rate in the
Philippines is 8.4%. The margin of error used is 3%.
At 95% confidence interval, result showed that the
sample size is 329.

To account for the missing data, there
should be additional 10%. The computation is as
follows:

Nfinai = 329 + .10Nfinal
0.90Nfsinas = 329

Nfinai = 365.56

The final sample size is 366.

Sample Size for Frequency in a Population

Population size(for finite population correction factor or fpc)(V): 1000000
Hypothesized % frequency of outcome factor in the population (p): 8.4%+/-3
Confidence limits as % of 100(absolute ~/- %)(d): 3%
Design effect (for cluster surveys-DEFF) 1

Sample Size(n) for Various Confidence Levels

ConfidenceLevel(%) Sample Size

95% 329

80% 141

90% 232

97% 403

99% 567

99.9% 925
99.99% 1293

Equation

Sample size n = [DEFF*Np(1-p))/ [(d*/Z*}_g/a*(N-1)+p*(1-p)]

Results from OpenEpi, Version 3, open source calculator--SSPropor
Print from the browser with ctrl-P
or select text to copy and paste to other programs

Procedure for Enrollment

Patients who underwent NPS/OPS RT-PCR
testing at the Emergency Department were recruited
to the study. Those who were willing to participate
were oriented on the study and asked to sign the
consent form. Participants were informed during
consenting that the demographic, clinical and
laboratory information that they indicated on the
Department of Health Case Report Form (DOH CRF)
will also be used for the study. This minimized the use
of paper for questionnaires and also the time spent
by the patient answering forms. The investigators
validated the content of the DOH CRF to ensure
completeness of information. Picture Archiving and
Communication System (PACS) database of the
hospital was used to obtain radiologic data. Results
of RT-PCR were retrieved from the Electronic Medical
Record. The patient's medical record number (MRN)
were recorded on the data collection tool to cross-
reference RT-PCR results and Saliva test result.

Procedure for collection of specimens

1. After collection of nasopharyngeal and
oropharyngeal swab for RT-PCR, the patient was
asked to submit a saliva specimen for the Covid-
19 Ag Saliva test.
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2. The patient was instructed not to eat, smoke, or
chew gum 30 minutes before submitting saliva
specimen.

3. The patient was provided with a labeled saliva
container containing the initials of the patients
and unique study number.

4. The patient was instructed to clear out mucus
from the back of the nose and throat at least
three times.

5. The patient was asked to lift the specimen
collection cup close to his/her mouth and avoid
touching the lid of the container with lips or
hands.

6. The patient was asked to breath in and cough
hard directly into the specimen cup.

7. The patient was asked to spit out the saliva
with snorted nasal mucus into the specimen
collection cup.

8. The specimen collector will stir the saliva and
mucus specimen more than 10 times using a
sterile swab.

9. The specimen was handled and processed
according to the manufacturer's
recommendation.

+ Test device and collected specimen were in
room temperature prior to testing.

» Instructions for using the kit were carefully
read.

*  The back of the foil pouch was checked for
expiration date. Expired kits were discarded.

+ Examined the test device and the foil pouch
containing the desiccant.

* Inserted the swab into the extraction buffer
tube and stirred the swab more than 5 times.

+ Swab was removed to extract the liquid by
squeezing the sides of the tube.

» Nozzle cap was secured tightly onto the
tube.

* Three (3) drops of extracted specimen were
instilled on the test device.

» Read the test result in 15-30 minutes.
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10. Results were photographed, recorded and
interpreted by a licensed trained health care
professional.

11. Results from the RT-PCR test for SARS-CoV-2
were recorded by the researcher.

ETHICAL CONSIDERATIONS

Ethical considerations and ethical principles
setoutinrelevant guidelines (Declaration of Helsinki,
WHO Guidelines, ICH-GCP, National Ethics
Guidelines for Health Research) were strictly
followed.

The participants were asked if he/she
preferred the Filipino or English consent form.
Consent forms were carefully read and reviewed by
participants. The investigators discussed the study
thoroughly with the patient and/or legal guardians.
It was well emphasized that the participants have
the right to withdraw from the study at any given
time. Enough time was given for the participant to
ask questions.

Vulnerability of subjects was considered.
Coercion in any level was not tolerated. The primary
investigator, together with a person of no interest in
the study, who acted as witness, obtained from the
participants their informed consents. They were
provided with the contact numbers of the
investigators for any questions regarding the study.
The number of the IRB chair was included on the
consent forms and the participant was informed
that he/she canreport any irregularities, such as but
not limited to coercion, in the obtaining of consent
to the IRB.

The participant affixed his/her signature
to the informed consent form including the date
of signing of the consent form.

For participants below 18 years old, an
assent form was accomplished. Informed consent
was obtained first from the parent/s or legal



Santos RM

guardian, then an assent form was presented to the
participant. It was emphasized to the participant
that he/she may decline to join the study and may
withdraw anytime during the study. A minor without
assent was not included in the study.

Privacy and confidentiality of participants
were maintained. In order to ensure confidentiality,
participants were assigned a unique study ID
number. The numbers were only known to the
investigators. The laboratory staff who processed
the specimen were blinded and was given access
only to the unique patient ID. Only the investigators
had the list containing the patient’'s name and the
corresponding ID number. Once all patients were
enrolled, the results of RT-PCR tests were retrieved
using the list with the patient's name and
corresponding ID number.

The name of the patient did not appear on
any other form to be used in the study. The name of
the patients on the copy of the DOH CRF and all lab
results were covered with either a sticker or a black
marker. Forms were kept in a drawer with a lock. The
database for data entry only included the patient ID.

The risk for harm was minimal. Only patients
who consented to participate were included in the
study. Since this was a validation study, the results of
the tests were not used in the management of the
patient. The results of the saliva test can be provided
to the patient after completion of the study. The
participants did not instantaneously directly benefit
from the study because the official RT-PCR results
were needed and the one relayed to the patient, since
the diagnostic test is still undergoing a validation
study. Participants will not be given tokens for
participating in the study. The risk for injury is
minimal because patients will just need to spit out
saliva. No sputum induction or invasive procedure
was performed. Should there be study-related
injuries (injuries related to spitting of saliva), medical
management were properly accorded.

No conflict of interest from the authors was
declared in this research. The diagnostic test kits
were provided for by the manufacturer/distributor
for free but for the sole purpose of the research.
Results were not altered in any way based on these
circumstances.

All research data were managed only by the
research trial team. All files were kept in secure areas
and only accessible by the research trial team.

RESULTS AND DISCUSSIONS

DEMOGRAPHICS

The study has enrolled a total of 366
patients. Informed consents were signed by patients
who willingly volunteered to be part of the study. Two
(2) patients were included in the pediatric age group.
The age group and gender of patients are presented
in the Table 1. Most patients sought consult within 7
days of the illness (86%). The most common
symptoms are respiratory in presentation - i.e.
cough, fever and colds. Sixty-five (17.81%) were
asymptomatic.

Table 1. Patient Characteristics

N =366 (%)
Age Group (years) No Percentage
1417 2 (0.55)
18-29 84 (22.95)
30-39 94 (25.68)
40-49 58 (15.85)
50-59 54 (14.75)
60-69 38 (10.38)
70-79 23 (6.28)
80-89 13 (3.56)
Gender No Percentage
Male 186 (50.81)
Female 180 (49.19)
Days of lliness No. Percentage
0-7 315 (86.06)
8-14 34 (9.29)
More than 14 17 (4.64)
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Presenting Symptoms No. Percentage
Cough 153
Fever 152
Colds 72
Throat Discomfort 62
Body Malaise 45
Disturbance in Breathing 44
Diarrhea 39
Headache 30
Loss of taste or smell 14
Other symptoms 79
Asymptomatic 65

There were four patients who were positive
for Saliva Antigen test but were negative for RT-PCR.
Two of them had normal chest radiographs, one had
a pleural effusion with pulmonary mass, and another
one had pneumonia on chest xray.

Among the 63 patients who tested positive
for Saliva Antigen but were negative for RT-PCR, 11
did not have radiographs, 18 had normal chest xray
results, and 34 had infiltrates on chest radiographs.

SENSITIVITY AND SPECIFICITY

Evaluation of the sensitivity and specificity of
the antigen saliva test was done. Table 2 shows the
sensitivity and specificity analysis of the data.

Table 2. Two-by-two table comparing the RT-PCR and
Saliva Antigen Test

AmiS;e"l:’#est RT-PCR Total | P-value
Positive | Negative

Positive 110 4 114 <0.0001

Negative 63 189 252

Total 173 193 366
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Using McNemar's Test, results showed
that there is significant difference between the
proportion of patients diagnosed with COVID-19
using Saliva Test and PCR Test.

Table 3 shows the different measures of
validity of the saliva antigen test. The probability of
Saliva antigen test in correctly identifying patients
with COVID-19 was 63.58% (Sensitivity). The
probability of Saliva Test in correctly identifying
patient without COVID-19 was 97.93% (Specificity).
Among those who have COVID-19 based on Saliva
Test findings, the probability of having COVID-19
was 96.49% (PPV). On the other hand, among those
without infection based on Saliva Test findings, the
probability of not having the disease is 75% (NPV).
The positive likelihood ratio of 30.68 indicates that
there is a high increase in probability of having
COVID-19, given a positive Saliva test. The negative
likelihood ratio of 0.37 indicates that there is around
25% decrease in probability of having COVID-19,
given a negative Saliva Test. The overall accuracy
indicates that out of 366 patients tested for COVID-
19, 81.69% of them have the same result for Saliva
Test and PCR Test.

Saliva Antigen

Test
Sensitivity 63.58%
Specificity 97.93%
Positive predictive value 96.49%
Negative predictive value 75.00%
Likelihood ratio (+) 30.68
Likelihood ratio (-) 0.37
Overall accuracy 81.69%
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Further analyses of the saliva antigen test as
to processing time, day of illness on presentation,
and presence or absence of symptoms were done.

The time from saliva collection to actual
start of the processing of the samples were taken
into account. There was a total of 251 (68.57%)
samples which were processed within an hour from
collection and 115 (31.43%) were processed beyond
one hour. Table 4 shows the analysis of data based
on the processing time. Result showed that there is
no sufficient evidence to conclude that the diagnostic
accuracy of Saliva Test is different according to
processing time.
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