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Objective The head-tilt/chin-lift (HT/CL) is a simple, routinely used maneuver to open the upper
airway. Changes in the peak expiratory flow rate (PEFR) before and after the HT/CL maneuver
have not been evaluated among conscious volunteers who are regarded as a control cohort.

Methods Sixty healthy 20-year-old volunteers (30 males and 30 females) were enrolled. The supine
position was defined as the position at which the ear-eye line was at a 10° angle to the horizontal.
The HT/CL position was defined as the position at which the ear-eye line was at a 25° angle to the
horizontal. PEFR was measured using a hand-held device with the subject in the supine position
(pre-PEFR) and HT/CL position (post-PEFR), respectively. One set was defined as these two measure-
ments. Five sets of measurements were performed on each subject (300 sets). The set with the
maximal and minimal difference between pre-PEFR and post-PEFR were excluded from the analy-
sis. We used a paired t-test to compare the mean pre-PEFR and post-PEFR values for the entire
group and subgroups divided by sex, height, body weight, body mass index and response status.

Results Overall, 360 measurements (180 sets) were analyzed. The mean pre-PEFR and post-PEFR
were 316.1+87.6 and 346.5+94.7 L/min, respectively. Further, significant differences were ob-
served for sex, height, body weight, and body mass index. In 10 subjects, post-PEFR was lower
than pre-PEFR.

Conclusion PEFR increased by 9.6% after the HT/CL maneuver in young conscious subjects, but
some subjects showed decreased PEFR after the HT/CL maneuver.

Keywords Peak expiratory flow rate; Head-tilt/chin lift; Airway management

What is already known

The head-tilt/chin-lift (HT/CL) is a simple, routinely used maneuver to open the
upper airway. Changes in peak expiratory flow rate (PEFR) before and after the
HT/CL maneuver have not been evaluated among conscious volunteers who are
regarded as a control cohort.

Capsule
Summary

What is new in the current study
PEFR increased by 9.6% after the HT/CL maneuver in young conscious subjects,
but some subjects showed decreased PEFR after the HT/CL maneuver.
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INTRODUCTION

Unconscious patients can present with airway obstruction without
the presence of foreign bodies, injured tissue, blood, or secretions.
In such cases, prolapse of the relaxed tongue and soft palate onto
the posterior pharynx after muscular tone loss is considered the
main mechanism of obstruction." Respiratory distress is inevitable
if the airway obstruction is not resolved promptly. Therefore, the
rescuer should attempt to maintain patency of the airway.

To open the airway and elevate the relaxed tongue, two simple
maneuvers can be applied. The head-tilt/chin-lift (HT/CL) is the
primary maneuver, and it is used in most cases unless head or neck
injury is suspected in the patient.** The jaw-thrust maneuver is re-
served for patients who present with head or neck injury.®” Both
maneuvers have been adopted by current resuscitation guide-
lines,® ' and have been used and taught worldwide for decades.

Despite the popularity and simplicity of the HT/CL, little is
known regarding its physiologic effects. Furthermore, the last
studies evaluating these effects were published decades ago, and
patients enrolled in these studies were anesthetized to ensure a
controlled environment." "

Nevertheless, the basic physiologic effects of the HT/CL can be
easily measured in healthy subjects. To the best of our knowledge,
no studies have assessed the extent to which HT/CL increases air-
flow, or whether it even does so at all. Such data would help the
HT/CL regain relevance for use in conscious patients, as it has
with unconscious patients undergoing anesthesia for decades.
Thus, this study aimed to evaluate basic physiologic data ob-
tained from measuring the percentage change in peak expiratory
flow rate (PEFR) before and after the HT/CL maneuver in healthy
subjects. We hypothesized that there would be a significant PEFR
increase after HT/CL in healthy conscious volunteers.
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METHODS

Ethics

This study met local legal and institutional requirements and gen-
erally accepted ethical principles such as those set out in the Nurem-
berg Code, the Belmont Report, and the Declaration of Helsinki.
This study was approved by the institutional review board of Chon-
buk National University Hospital (2016-09-013). After a thorough
face-to-face explanation of study procedures using a visual sup-
plement, all participants freely provided written informed consent
for enrollment. The present study was supported by funding from
the Biomedical Research Institute, Chonbuk National University
Hospital.

Selection of participants

Sixty healthy subjects (30 males and 30 females) were enrolled
between March 1 and August 31, 2017. All subjects were aged 20
years and were students at Chonbuk National University. Exclu-
sion criteria were as follows: 1) having a conflict of interest relat-
ed to the authors' affiliation with the School of Medicine, as was
the case with medical and nursing students; 2) concurrent upper
or lower respiratory infection such as pharyngitis, bronchitis or
pneumonia; 3) chronic airway diseases such as asthma or chronic
obstructive pulmonary disease; 4) pulmonary tuberculosis or re-
lated complications; 5) body mass index (BMI) > 25 kg/m? (obese)
or <18.5 kg/m? (underweight)'*; 6) comorbidities such as hyper-
tension, diabetes mellitus, chronic liver disease, chronic renal dis-
ease, cardiovascular disease, cerebrovascular disease or malig-
nancy; 7) known sleep apnea with possible distortion of the up-
per respiratory airway; 8) conditions limiting the adoption of a
supine position such as scoliosis; 9) conditions limiting the adop-
tion of the HT/CL position; and 10) other conditions deemed as
inappropriate for study participation by the authors.

Fig. 1. (A) Peak expiratory flow rate before head-tilt/chin-lift (HT/CL) position (supine position) and (B) peak expiratory flow rate after HT/CL position
(HT/CL position). The participant consented to being displayed in the figure.

Clin Exp Emerg Med 2019;6(1):36-42

37



CEEM

The equivalence limit and percent change in standard devia-
tion were set at 0.5 (50%) and 1 (100%), respectively. We calcu-
lated that 30 patients were needed for a power of 90% and alpha
error of 0.15. Because reference values of PEFR differed according
to sex, we determined a total of 60 participants were needed, 30
males and 30 females.'®

Procedures and measurements

PEFR is defined as the maximum speed of expiration, as mea-
sured by a peak flowmeter. By definition, PEFR cannot be mea-
sured in unconscious subjects.

PEFR was measured using MicroPeakTM® (CareFusion; The
Crescent, Jays Close Basingstoke, UK). The measurable range of
the device was between 60 and 900 L/min with scale increments
of 10 L/min. The PEFR values were rounded to the nearest tenth.

The supine position was defined as the position at which the
ear-eye line was at a 10° angle to the horizontal (Fig. 1). The HT/
CL position was defined as the position at which the ear-eye line
was at a 25° angle to the horizontal (Fig. 1). Subjects were placed
in supine and HT/CL positions by the authors. Authors encouraged
the subjects to breathe out with maximal effort as PEFR was
measured. Sex, height, and body weight were collected along
with PEFR variables. Height and body weight were measured at
the study site. Each subject was provided a new mouthpiece that
was used throughout the whole measurment.

PEFR measurement protocol

PEFR was measured using the following steps. Steps 2 to 5 were
repeated five times to obtain five sets of measurements for the
supine and HT/CL positions: 1) the study participant was placed
in the supine position and was asked to remain at rest for 5 min-
utes. 2) PEFR was measured in the supine position (e.g., supine
no. 1). 3) The subject was placed in the HT/CL position and was
asked to remain at rest for 1 minute. 4) PEFR was measured at
the HT/CL position (e.g., HT/CL no. 1). 5) The subject was placed in
the supine position and was asked to remain at rest for 1 minute.

Statistical analysis

Continuous data are presented as median and interquartile range
(IQR) or mean and standard deviation. Discrete data are present-
ed as counts and percentages. To compare baseline characteris-
tics between male and female subjects, or between responders
and non-responders, the Student's t-test was used for normally
distributed variables and the Mann-Whitney U-test was used for
non-normally distributed variables. For categorical data, the chi-
square test or the chi-square test with Fisher exact test for 2x 2
tables was used. To compare mean PEFR before HT/CL (pre-PEFR)
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and PEFR after HT/CL (post-PEFR) values as a whole and by sex,
height, body weight, BMI and response status, we used the paired
t-test under assumption that values were normally distributed if
the number was above 30. If the number was below 30, the Kol-
mogorov-Smirnov test was performed to check the normal distri-
bution. The participants who showed decreased post-PEFR values
compared to pre-PEFR values were grouped as non-responders.
The results were considered significant at a threshold of P<0.05
(two-tailed). All statistical analyses were conducted using Stata
ver. 11.1 (StataCorp., College Station, TX, USA) and SAS ver. 9.1
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Patient demographics

Overall, 60 subjects were enrolled, of whom 30 were male. A total
of 360 measurements were collected. Subjects had a median
height of 168 (IQR, 162 to 176) cm and median body weight of
61.5 (IQR, 52.5 to 67.5) kg. The median BMI was 21.3 (IQR, 19.8
to 23.0) kg/m> Height, body weight and BMI were significantly
lower in females than in males (P < 0.001) (Table 1).

Change in PEFR after HT/CL

Fig. 2 shows the main results of the present study. Overall, post-
PFER was significantly higher than pre-PEFR (346.5+94.7 vs.
316.1+87.6 L/min, respectively, P<0.001, difference 30.4 L/min,
with a percentage change in pre-PEFR of 9.6%).

Post-PEFR was significantly higher than pre-PEFR in the male
and female groups (male subjects: 414.0+78.4 vs. 368.4+85.4 L/
min, respectively, P < 0.001, difference 45.6 L/min, with a percent-
age change in pre-PEFR of 12.49%; female subjects: 279.0+51.9
vs. 263.7 + 51.0 L/min, respectively, P< 0.001, difference 15.3 L/min,
with a percentage change in pre-PEFR of 5.8%).

Among the patients with a height greater than the median
value (the taller group), post-PEFR was significantly higher than
pre-PEFR. Further, post-PEFR was significantly higher among
subjects with a height lower than the median value (the shorter
group) (taller group: 410.8+82.1 vs. 363.1+90.3 L/min, respec-
tively, P<0.001, difference 47.7 L/min, with a percentage change

Table 1. Baseline characteristics of the subjects

Variable Total Male Female
Number 60 (100) 30 (50) 30 (50)
Height (cm) 168 (162-176) 175 (173-178) 162 (158-167)

(

(
Body weight (kg) 61.5(52.5-67.5) 67.0 (64.0-73.0) 52.5(50-60.0)
Body mass index (kg/m?) 21.3 (19.8-23.0) 22.1(20.7-23.7) 20.0(19.0-21.7)

Values are presented as number (%) or median (interquartile range).
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Mean (L/min) SD P-value Difference % to pre 0O 50 100 150 200 250 300 350 400 450
T T T T T T T T 1
Total (n=60) Pre-PEFR 316.1 87.6 <0.001 30.4 9.6 Pre-PEFR B Mean (Lmin)
Post-PEFR 3465 94.7 Post-PEFR
Male (n=30) Pre-PEFR 368.4 854  <0.001 45.6 124
Post-PEFR 4140 78.4 PE;et:EEEE
Female (n=30) Pre-PEFR 263.7 510 <0.001 153 58 Pre-PEFR
Post-PEFR 279.0 519 Post-PEFR
Height > median Pre-PEFR 363.1 90.3 <0.001 47.7 13.1 Pre-PEFR
(168.0 cm) (n=30) Post-PEFR 410.8 82.1 Post-PEFR
Height <median (n=30) Pre-PEFR 269.0 530 <0.001 13.2 49 Pre-PEFR
Post-PEFR 282.2 543 Post-PEFR
Body weight > median Pre-PEFR 355.7 91.1  <0.001 42.0 1.8 Pre-PEFR
(61.5 kg) (n=30) Post-PEFR 397.7 89.6 Post-PEFR
Body weight <median Pre-PEFR 276.4 63.0 <0.001 18.9 6.8 Pre-PEFR
(n=30) Post-PEFR 295.3 68.7 Post-PEFR
Body mass index > median Pre-PEFR 3212 848 <0.001 356 1.1 Pre-PEFR
(21.3) (n=30) Post-PEFR 356.8 922 Post-PEFR
Body mass index <median Pre-PEFR 3109 90.6 <0.001 253 8.1 Pre-PEFR
(n=30) Post-PEFR 336.2 96.6 Post-PEFR
Responder Pre-PEFR 3129 88.7 <0.001 39.0 12.5 Pre-PEFR
(PEFR difference >0) (n=50) Post-PEFR 351.9 97.0 Post-PEFR
Non-responder Pre-PEFR 3317 81.8 0.008 -12.4 -3.7 Pre-PEFR
(PEFR difference <0) (n=10) Post-PEFR 3193 783 Post-PEFR

Fig. 2. Main results of the present study. A paired t-test was used to compare peak expiratory flow rate before head-tilt/chin-lift (pre-PEFR) and peak

expiratory flow rate after head-tilt/chin-lift (post-PEFR). SD, standard deviation.

in pre-PEFR of 13.1%; shorter group: 282.2 + 54.3 vs. 269.0+ 53.0
L/min, respectively, P<0.001, difference 13.2 L/min, with a percent-
age change in pre-PEFR of 4.9%).

Among subjects with body weight greater than the median
value (higher body weight group), post-PEFR was significantly
higher than pre-PEFR. This was similar among subjects with body
weight lower than the median value (lower body weight group)
(higher body weight group: 397.7+89.6 vs. 355.7+91.1 L/min,
respectively, P<0.001, difference 42.0 L/min, percentage change
in pre-PEFR of 11.8%; lower body weight group: 295.3+68.7 vs.
276.4+63.0 L/min, P<0.001, difference 18.9 L/min, percentage
change in pre-PEFR of 6.8%).

Post-PEFR was significantly higher than pre-PEFR among sub-
jects with BMI greater than the median value (higher BMI group).
This was similar among subjects with BMI lower than the median
value (lower BMI group) (higher BMI group: 356.8 £92.2 vs. 321.2+
84.8 L/min, P<0.001, difference 35.6 L/min, percentage change in
pre-PEFR, 11.1%; lower BMI group: 336.2+96.6 vs. 310.9+90.6
L/min, P<0.001, difference 25.3 L/min, percentage change in pre-
PEFR, 8.1%).

Non-responders after HT/CL

Ten subjects showed decreased post-PEFR values compared to
pre-PEFR values and were grouped as non-responders, with the
remaining 50 subjects grouped as responders. In the responder

Clin Exp Emerg Med 2019;6(1):36-42

Table 2. Comparison of baseline characteristics between head-tilt/chin-
lift responders and non-responders

. Responder Non-responder
Variable 50 (83.3) 10 (16.7) P-value
Male 27 (54.0) 3(30.0) 0.166
Height (cm) 170 (162-177) 164 (162-167) 0.095
Body weight (kg) 63.5(53.0-68.0) 58.5(51.0-61.0) 0.237
Body mass index (kg/m?) 21.3(19.8-23.0)  21.4(19.4-22.9) 0.890

Values are presented as number (%) or median (interquartile range). P-value was
calculated using Mann-Whitney U-test.

group, post-PEFR was significantly higher than pre-PEFR (351.9+
97.0 vs. 312.9+88.7 L/min, P<0.001, difference 39.0 L/min, per-
centage change in pre-PEFR, 12.5%). In the non-responder group,
post-PEFR was significantly lower than pre-PEFR (319.3+78.3 vs.
331.7+81.8 L/min, P=0.008; difference, -12.4 L/min; percentage
change in pre-PEFR, -3.7%).

Baseline characteristics were compared between the responder
and non-responder groups (Table 2). Height was slightly greater
in the responder group (P=0.095), but sex, body weight and BMI
were not significantly different.

DISCUSSION

Post-PEFR was significantly higher than pre-PEFR in 20-year-old
healthy participants. The difference was 30.4 L/min, and the per-
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centage change in pre-PEFR was 9.6%. When categorized by sex,
height, body weight and BMI, significant differences between
pre-PEFR and post-PEFR remained.

Upper airway obstructions can occur anywhere from the mouth
through the length of the trachea, including the nasopharynx and
larynx. Mechanisms are as follows: 1) intraluminal compromise
secondary to intrinsic or extrinsic compression by a tumor; 2)
granulation tissue or calcium deposition; 3) airway wall thinning
or collapse from cartilage disorders or tracheobronchomalacia; 4)
airway wall edema; and 5) aspiration of material such as foreign
body, blood or vomitus. However, among unconscious patients,
the main mechanism of upper airway obstruction is prolapse of
the relaxed tongue and soft palate onto the posterior pharynx af-
ter muscular tone loss.'” Studies investigating this phenomenon
date back to the 1950s.

In a previous study, among 50 anesthetized patients who were
breathing naturally, bending of the neck such that the chin was
on the chest led to a complete blockage of air passage through
the throat. Pulling the chin up resolved the airway obstruction in
500% of the patients. The remaining 50% of the patients required
the jaw-thrust maneuver, insertion of an oropharyngeal airway,
or both." Based on these data, in 1959, Safar et al.'? suggested
opening the airway using the thumb-jaw-lift method or the two-
hand jaw-lift method. Thereafter, opening the airway became the
first step during artificial ventilation to maintain airway patency
and facilitate sufficient ventilation.
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Fig. 3. Three axes of the upper airway. (A) The supine position and (B) the head-tilt/chin-lift position.
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In 1976, Guildner'* investigated three techniques in 120 pa-
tients who were anesthetized for elective surgery: neck lift, chin
lift, and jaw thrust. After subjective evaluation of the effective-
ness of these techniques, chin-lift was found to be the most ef-
fective (90.8%), followed by jaw thrust (78%) and neck lift
(39.2%). On tidal volume evaluation using a Wright respirometer,
chin-lift was found to be the most effective (>400 mL, 70%;
250-400 mL, 23.3%; 50-250 mL, 6.7%), followed by jaw thrust
(>400 mL, 63.3%; 250-400 mL, 23.3%; 50-250 mL, 10%; 0-50
mL, 3.4%) and neck lift (> 400 mL, 6.7%; 250-400 mL, 20%; 50—
250 mL, 30%; 0-50 mL, 43.3%).

Surprisingly, although airway opening maneuvers are applied
and taught worldwide, the physiologic changes that occur with
these maneuvers have not been evaluated. Simple points such as
the optimal degree of HT/CL position and dose (or angle) depen-
dency are still unclear. Even easily measurable pulmonary func-
tion test parameters have not been investigated. Notably, airway
patency following the HT/CL maneuver is verified by chest rise
rather than a specific HT/CL angle. Thus, the present study aimed
to evaluate the percentage change in PEFR before and after HT/
CL. Among 60 healthy subjects, post-PEFR was significantly in-
creased compared to pre-PEFR. The difference was 30.4 L/min,
and the percentage change in pre-PEFR was 9.6%. When catego-
rized by sex, height, body weight and BMI, significant differences
between pre-PEFR and post-PEFR remained.

The results of the present study are notable because airway

www.ceemjournal.org
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obstruction in the study participants was not due to a prolapsed
tongue or soft palate, as in unconscious patients. Expiratory flow
would not be expected to change, since theoretically there was
no change in the diameter and length of the upper airway after
the HT/CL maneuver. The only movement during the maneuver
was an angular motion at the joint between head and neck.

The upper airway is a kinked tube, rather than a straight one.
There are three axes in the upper airway: the oral axis, pharyngeal
axis, and laryngeal axis (Fig. 3). Expiratory airflow from the tra-
chea and larynx should change direction at the laryngeal-hypo-
pharynx (intersection point between laryngeal axis and pharyn-
geal axis) and oropharynx-oral cavity (intersection point between
pharyngeal axis and oral axis) junctions. Thereafter, air escapes
completely through the mouth. In the present study, the pre-PEFR
position (supine position) was defined as the position at which
the ear-eye line was at a 10° angle to the horizontal. The post-
PEFR position (HT/CL position) was defined as the position at
which the ear-eye line was at a 25° angle to the horizontal (Fig.
1). If we assume that the expiratory flow from the trachea was
parallel to the horizontal plane, the estimated total resistance in
expiratory airflow due to kinking would be sin 80° (0.984) in the
pre-PEFR position and sin 65° (0.906) in the post-PEFR position.
If the tube were straight, the resistance due to kinking would be
sin 0° (0). Thus, the theoretical percentage change in PEFR is
8.9%. This is very close to the measured percent change in PEFR
of 9.6%, although the actual sin values at the two junctions were
not accounted for comprehensively. Additionally, as the kinked
upper airway unfolded, some of the turbulent flow may have be-
come laminar. The authors presume that unfolding of the kinked
upper airway after the HT/CL would result in increased PEFR. This
proposed mechanism provides yet another reason to perform the
HT/CL in unconscious patients. Although the present study did
not include unconscious patients, the proposed mechanism may
also be applicable to unconscious patients, since the kinked upper
airway would unfold similarly in conscious and unconscious pa-
tients. Considering that a prolapsed tongue would be elevated by
the HT/CL maneuver, it would be expected that the PEFR change
would be greater in unconscious than in conscious subjects.

Notably, a decreased PEFR after the HT/CL was observed in a
substantial number of participants (16.7%). This finding is unex-
pected given the potential mechanisms suggested by the authors.
However, it cannot be concluded that HT/CL is not beneficial for
these subjects. A HT/CL angle of 15° may have been insufficient
in those subjects. Increasing the angle >15° may have resulted in
an increased post-PEFR compared to pre-PEFR (i.e., 30°). There
are a few other possible explanations for this finding. First, when
the kinked upper airway was unfolded by the HT/CL, a narrowing

Clin Exp Emerg Med 2019;6(1):36-42
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at a specific site of the upper airway may have occur in some
subjects. Flexibility of the upper airway is particularly low in
those with short necks, and unfolding could have resulted in tube
narrowing in such subjects. Second, subjects who engage in ab-
dominal breathing may have had difficulties exhaling with maxi-
mal effort after the HT/CL compared to those who engage in tho-
racic breathing. However, there is no data to support these hy-
potheses to date, and they should be evaluated further. Some pa-
rameters such as hyoid-mental distance and thyroid-to-floor or
mouth distance may be helpful. It has been proposed that differ-
ences in these distances may affect the ability of the HT/CL to
open the airway in certain patients.

This study had some limitations. The mean post-PEFR values in
males and females were much lower than the reference values
for both sexes at 20 years old (approximately 550 L/min in males,
420 L/min in females). This may be because the supine position
inhibits overall body motion, thus limiting the maximal expiratory
effort. Second, the authors positioned the subjects without radi-
ology-assisted methods. A simple radiologic evaluation such as a
lateral neck radiograph would clarify the surprising findings of
the present study regarding the effect of the three axes of the
upper airway on expiratory flow. Third, subjects determine when
they have provided maximum respiratory effort; there is no ob-
jective method to measure maximal effort. However, the authors
encouraged subjects to try their hardest during each measure-
ment. Fourth, we did not evaluate the anatomy of the patients’
airway via endoscopy or radiological imaging at any point during
the study. The exclusion criteria of the present study were very
detailed; however, some conditions such as undetected congeni-
tal or acquired abnormalities could have biased the results. Fifth,
it should be noted that using the HT/CL in combination with arti-
ficial ventilation techniques such as bag-valve ventilation is a
passive method of ventilation. In the present study, PEFRs before
and after the HT/CL maneuver were measured using active expi-
ration; it is likely that the value would change if measured using
passive methods of expiration such as bag-valve ventilation.
Sixth, the sample size was relatively small. Nonetheless, it was
sufficient to allow for significant findings. Additionally, the base-
line characteristics of the subjects were similar to the values of
body height, weight and BMI reported by national surveys for in-
dividuals aged between 20 and 23 years.'®

The percentage change in PEFR was 9.6% after the HT/CL ma-
neuver in healthy, conscious subjects. Unfolding of the kinked
upper airway is a potential underlying mechanism. Notably, some
subjects showed decreased PEFR after the HT/CL maneuver.
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