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Objective Most airway prediction tools only consider anatomical factors. The HEAVEN criteria

incorporate both anatomical and physiological elements, but have never been studied in the Correspondence to: Nin Ern Tan

emergency department. This study aimed to evaluate the association between HEAVEN criteria Department of Emergency Medicine,

and intubation difficulty. Hospital Melaka, Jalan Mufti Haji
Khalil, 75400 Melaka, Malaysia

Methods We conducted a prospective cross-sectional study from April 1, 2020 to January 31, E-mail: ninern@hotmail.com

2021 in the emergency department of a tertiary public hospital. All patients requiring rapid-se- ORCID

quence or delayed-sequence intubation were included. Patients intubated during cardiopulmo- g6 g L LEO-0CD-GEr b 8

nary resuscitation were excluded. We enrolled 174 patients. Study endpoints were first pass
success and intubation complications.

Results The presence of any HEAVEN criteria was associated with a decrease in the first pass
success rate (odds ratio [OR], 0.10; 95% confidence interval [Cl], 0.02-0.43; P<0.01). The ana-
tomical challenge was the only criterion associated with first pass sucess (OR, 0.13; 95% Cl, 0.05-
0.29; P<0.01), whilst other criteria (hypoxemia, extremes of size, vomit/blood/fluid, exsanguina-
tion, and neck mobility) were not (P> 0.05). All anatomical factor criteria were associated with
difficult airway view (P<0.05). Intubation complications occurred more in the presence of hy-
poxemia (OR, 7.44; 95% Cl, 2.82-19.63; P<0.01) and vomit/blood/fluid (OR, 5.55; 95% Cl,
2.39-12.92; P<0.01).

Conclusion Anatomical challenge in HEAVEN criteria can predict first pass success. All anatomi-
cal factors in HEAVEN criteria could predict difficult airway view and peri-intubation hypoxemia
could be used to anticipate intubation complications. More validation studies are still needed to
evaluate the use of HEAVEN criteria as a predictor tool for difficult airway.

Keywords Endotracheal intubation; Airway management; Complications; Hypoxia

How to cite this article:

. Tan NE, Yoong KPY, Yahya HMF. Use of
Capsule What is already known HEAVEN criteria for predicting difficult

Summary

HEAVEN criteria may be a potential tool in predicting a difficult airway. intubation in the emergency department.
Clin Exp Emerg Med 2022;9(1):29-35.

What is new in the current study https://doi.org/10.15441/ceem.21.059

The role of HEAVEN criteria in predicting difficult airway in emergency depart-
ment is not proven in our study. However, we found that peri-intubation hypox-

emia could anticipate postintubation complications. This is an Open Access article distributed

under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/).
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INTRODUCTION

Endotracheal intubation is a vital resuscitation skill performed in
airway management. Although intubation is common in the emer-
gency department (ED), a difficult airway remains challenging.'
The current trend places emphasis on first pass successful intuba-
tion, as several studies demonstrated more adverse events with
repeated intubation attempts.”* Recognizing a difficult airway
prepares the providers to improve the chances of first pass suc-
cessful intubation.

The commonest airway prediction tool is the LEMON score.®
The modified LEMON score, where "Mallampati" was being ex-
cluded as it was not a pragmatic assessment in the ED, was vali-
dated subsequently.®®

Most airway prediction tools only consider anatomical factors.
Physiological factors such as peri-intubation hypotension and
hypoxemia were correlated with peri-intubation cardiorespiratory
arrest, as evaluated in several studies.”"° The risk of a difficult air-
way in an easy anatomical airway might increase in the presence
of shock and hypoxia."'* Four important factors were described;
hypoxemia, hypotension, severe metabolic acidosis, and right ven-
tricular failure were noted as elements of the physiologically dif-
ficult airway by Mosier et al."”* The MACOCHA score, a simplified
score for identifying patients with difficult intubation in the in-
tensive care unit, has incorporated hypoxemia as one of the fac-
tors.”* However, this score has not been validated in the ED,
where intubation is rarely performed by an anesthesiologist, a
parameter in MACOCHA.

Davis et al."”® proposed a difficult airway assessment tool for
emergency airway management in 2017, created by a retrospec-
tive analysis of rapid-sequence intubation performed by air medi-
cal crews requiring more than one attempt. The etiologies with
high positive predictive value for airway failure were organized
into six categories and the acronym HEAVEN was derived.” H for
“hypoxemia,” oxygen saturation <93% at the time of initial la-
ryngoscopy; E for “extremes of size," meaning a pediatric patient
<8 years of age or clinical obesity; A for “anatomical challenge”
which includes trauma, mass, swelling, foreign body, or other
structural abnormality limiting laryngoscopic view; V for "vomit/
blood/fluid," clinically significant fluid present in the pharynx/hy-
popharynx at the time of laryngoscopy; E for "exsanguination,” a
suspected anemia that could potentially accelerate desaturation
during rapid-sequence intubation associated apnea; and N for
“neck mobility," limited cervical range of motion due to immobili-
zation or arthritis.

A validation study in 2018 retrospectively demonstrated a high
negative predictive value of 97% for all HEAVEN criteria, with the
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exception of “exsanguination.” First attempt successful intubation
is inversely related to the total HEAVEN criteria.'® Another retro-
spective study in 2019 showed that a more difficult laryngoscopic
view and lower intubation success were associated with the pres-
ence of HEAVEN criteria."”

HEAVEN is a concise airway assessment tool incorporating both
anatomical and physiological data elements. This study aimed to
evaluate the association between HEAVEN criteria and intubation
difficulty based on failure at first successful intubation attempt
and intubation complications.

METHODS

We conducted a prospective cross-sectional study from April 1,
2020 to January 31, 2021, in the ED of a tertiary public hospital
in Malaysia with approximately 300 to 400 attendees daily and
25 to 30 intubations performed weekly. Patients from all age groups
requiring rapid-sequence or delayed-sequence intubation were
included. Those who required ongoing cardiac resuscitation dur-
ing intubation were excluded from the research, as were those
whose next-of-kin declined to participate. Patients were intubat-
ed by clinical staff credentialed for endotracheal intubation fol-
lowing the hospital intubation protocol using either direct or vid-
eo laryngoscopy. If the first intubation was unsuccessful, the air-
way providers would either call for help or attempt again de-
pending on the assessment during the intubation process. All pa-
tients in this study were successfully intubated within the rapid-
sequence or delayed-sequence intubation protocols. None of the
patients required rescue or surgical airway. The endotracheal tube
was secured after intubation, and patients were monitored for in-
tubation-related complications. Any complications that arose fol-
lowing intubation were managed according to standard practices.
A standardized data collection form was used. The form docu-
mented the airway provider's clinical experience, the patient's
demographic profile, and the intubation clinical profile, including
the HEAVEN criteria and intubation complications. Details per-
taining to the data collection form were explained and clarified
by the investigators to all airway providers prior to data collec-
tion. The airway providers were credentialed clinical staff from
various designations with different backgrounds of training and
experience in endotracheal intubation.

Postintubation and stabilization, the study team member (not
on clinical duty) assessed the patient for eligibility criteria and
approached the next-of-kin for consent if eligible. The next-of-
kin was brought to a discussion room and the study was explained
to them. Sufficient time up to the entire duration of stay in the
ED was allowed for next-of-kin to consider study participation.
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[ 174 Patients requiring intubation with RSI or DSI in ED ]
Patient intubated
If first intubation was unsuccessful, airway provider called for help or attempted again

[ Upon successful intubation, endotracheal tube secured and patient monitored for intubation complications l

174 Investigator assessed for eligibility criteria for this study
174 Inclusion criteria: patients from all age groups requiring RSI or DS/
0 Exclusion criteria: patients who had to undergo cardiopulmonary resuscitation during intubation or participation nonconsented by next-of-kin

[ Next-of-kin was approached and brought to discussion room ]

[ Study was explained to next-of-kin and sufficient time up to the entire duration of stay in ED was allowed for next-of-kin to consider study icipation ]

[ Once consented, airway provider was requested to complete the form ]
Form was subsequently checked upon collection
Any incomplete data was completed by airway provider as per request within the same shift

[ Completed data were keyed into the software and analyzed ]

Fig. 1. Flow chart of methodology. RSI, rapid-sequence intubation; DSI, delayed-sequence intubation; ED, emergency department.

None of the approached family members refused to consent for
the study. Once consented, the airway provider was requested to
complete the form before the end of the shift to reduce recall
bias. The form was subsequently checked by the study team upon
collection. If there was any incomplete data, the airway provider
was requested to complete it within the same shift. Completed
data were keyed into the software Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) by the investigator and exam-
ined by another investigator to minimize data handling bias. The
flow chart of data collection is explained in Fig. 1. The study end-
points were first pass success and intubation complications. The
sample size was 174, estimated based on the first pass success
rate in ED of a tertiary hospital in Malaysia,'® including 10%
dropout rate.

Data were statistically analyzed using the SPSS Statistics ver.
17.0 (SPSS Inc,, Chicago, IL, USA). Percentages were used for cat-
egorical data. The chi-square, Fisher exact test, and odds ratio (OR)
were used for variable comparisons. A P-value less than 0.05 was
considered to indicate a statistically significant difference.

Clin Exp Emerg Med 2022;9(1):29-35

This study was self-funded. Ethical approval by the Medical
Research Ethics Committee was obtained through the National
Medical Research Register (NMRR-20-106-52935). Written in-
formed consents were obtained from the patients.

RESULTS

Most intubations were performed by medical officers (82.7%).
Airway providers with >3 years of ED experience formed the larg-
est pool (39.7%). Ninety-four airway providers (54%) had 10 to
100 prior experiences of successful intubation. There were more
male (74.1%) than female (25.8%) patients. The majority of the
intubations were performed using a video laryngoscope (71.3%).
Airway providers' clinical experience, patients' sex and method of
laryngoscopy were not associated with first pass success intuba-
tion (P>0.05). Most intubated patients were categorized under
modified Cormack-Lehane (MCL) classification of 1 (39.1%) and
2a (40.8%). A difficult airway view, defined as grades 2b, 3, and 4
in MCL, was documented in 20.1% of patients." Both MCL clas-
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Table 1. Association between the airway providers' and patients' pa-
rameters with the number of intubation attempts

No. of intubation attempts

(h=174) P-value
1 >1
Designation 0.85”
Emergency physician 5(2.9) 1(0.6)
Medical officer 122 (70.1) 22 (12.6)
Houseman officer 18 (10.3) 4(2.3)
Medical assistant 2(1.1) 0(0)
Years of experience in ED 0.68”
<05 28 (16.1) 6(3.4)
05t0 <1 37 (21.3) 5(2.9)
1to <2 20 (11.5) 2(1.1)
2to <3 5(2.9) 2(1.1)
>3 57 (32.8) 12 (6.9)
No. of prior successful intubations 0.25"
<10 41 (23.6) 7 (4.0)
10-100 82 (47.1) 12 (6.9)
> 100 24 (13.8) 8 (4.6)
Sex 0.99”
Male 109 (62.6) 20 (11.5)
Female 38(21.8) 7 (4.0)
Method of laryngoscopy 0.13%
VL 108 (62.1) 16 (9.2)
DL 39 (22.4) 11 (6.3)
MCL classification 0.00129
1 63 (36.2) 5(2.9)
2a 63 (36.2) 8 (4.6)
2b 13 (7.5) 5(2.9)
3 6(3.4) 7 (4.0)
4 2(1.1) 2(1.1)
Difficult airway view <0.01%
Yes 21 (12.1) 14 (8.0)
No 126 (72.4) 13 (7.5)

Values are presented as number (%).

ED, emergency department; VL, video laryngoscopy; DL, direct laryngoscopy;
MCL, modified Cormack-Lehane.

IFisher exact test. "Chi-square test. “P<0.01.

sification and difficult airway view were found to have a strong
association with first pass success (P <0.01) (Table 1).

First pass success in patients with the presence of any HEAVEN
criteria was less likely compared to in those without any HEAVEN
criteria (OR, 0.10; 95% Cl, 0.02-0.43; P<0.01) (Table 2). Among
the HEAVEN criteria, anatomical challenge was the only criterion
strongly associated with first pass success. The odds of first at-
tempt intubation success in the presence of anatomical challenge
was 86.8% lower than that in the absence of this criterion (OR,
0.13; 95% Cl, 0.05-0.29; P < 0.01). Other HEAVEN criteria (hypox-
emia, extremes of size, vomit/blood/fluid, exsanguination, and
neck mobility) were not associated with first pass success (P> 0.05)
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Table 2. Association between the HEAVEN criteria with the number of
intubation attempts

No. of intubation

HEAVEN criteria  attempts (h=174) OR (95% Cl) P-value

1 >1

Hypoxemia 0.58 (0.19-1.72) 0.34%
Present 17 (9.8) 5(2.9)
Absent 130 (74.7) 22 (12.6)

Extremes of size 0.49 (0.21-1.18) 0.11%
Present 33(19.0) 10 (5.7)
Absent 114 (655 17 (9.8)

Anatomical challenge 0.13 (0.05-0.29)  <0.01*¢
Present 16 (9.2) 13 (7.5)
Absent 131 (75.3) 14 (8.0)

Vomit/blood/fluid 0.45 (0.19-1.05) 0.06”
Present 39 (22.4) 12 (6.9)
Absent 108 (62.1) 15 (8.6)

Exsanguination 0.73 (0.25-2.15) 0.58"
Present 21 (12.1) 5(2.9)
Absent 126 (72.4) 22 (12.6)

Neck mobility 0.55 (0.20-1.53) 0.27%
Present 20 (11.5) 6 (3.4)
Absent 127 (73.0) 21 (12.1)

Any criteria 0.098 (0.02-0.43)  <0.01
Present 81 (46.6) 25 (14.4)
Absent 66 (37.9) 2(1.1)

Values are presented as number (%).
OR, odds ratio; Cl, confidence interval.
“Fisher exact test. "Chi-square test. 9P<0.01.

Table 3. Association between the anatomical factors of the HEAVEN
criteria and difficult airway view

Difficult airway view

HEAVEN criteria (n=174) OR (95%Cl)  P-value
Yes No

Extremes of size 297 (1.35-6.53)  <0.01*"
Present 15 (8.6) 28 (16.1)
Absent 20(11.5) 111 (63.8)

Anatomical challenge 4.53(1.92-10.75) <0.01*
Present 13 (7.5) 16 (9.2)
Absent 22(12.6) 123(709)

Vomit/blood/fluid 4.65(2.13-10.13) <0.01*"
Present 20 (11.5) 31(17.8)
Absent 15(8.6) 108 (62.1)

Neck mobility 3.79 (1.55-9.25)  <0.01*
Present 1 (6.3) 15 (8.6)
Absent 24(138) 124(71.3)

Values are presented as number (%).
OR, odds ratio; Cl, confidence interval.
“Chi-square test. "P<0.01.

(Table 2).
All anatomical HEAVEN criteria (extremes of size, anatomical
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P-value
0.189
0.729
0.549
0.969
0.649
0.079

=3g)

8.29-221.70) <0.01*

0.55-13.09)
0.15-3.68
0.07-4.43
0.26-4.17
0.08-5.09
1.03-1.12

Hypoxemia (n
OR (95% Cl)
2.69

42.86
0.75
0.54
1.04
0.62
1.07

n
8
8
2
1
3
1
0

=7)
P-value

0.47-11.58)  0.27°
1.61-2657) 0019

0.29Y

0.63Y

0.09Y

0.739

0.08Y

0.04-3.01)
0.07-5.09)
0.83-12.58)
0.08-5.84)

1.02-1.11)

Cardiac arrest (n
OR (95% ClI)

2.33
6.53
0.37
0.61
3.23
0.70
1.07

n
7
4
1
1
5
1
0

P-value
0.559
0.04°"
0.49Y
0.86°
0.129
0.139
0.139

=5)

0.31-8.67)
1.21-28.12)
0.60-4.24)
0.10-7.14)
0.73-15.79)
1.01-1.09)
1.01-1.09)

Dysrhythmia (n
OR (95% Cl)

1.63
5.84
0.50
0.83
3.40
1.05
1.05

n
5
3
1
1
4
0
0

P-value
0.02¢ d)
0.559
0.89Y
0.50Y
0.139
0.029

3.54-78.27) <0.01%9

1.09-67.37)
0.80-9.91)

0.07-4.50)
0.24-3.46)
0.40-6.05)
0.22-4.98)

Aspiration (n=12)
OR (95% Cl)

8.56
0.56
0.91
1.56
16.63
2.81
1.04

n

12
1
3
3
1
4
2

=24)

P-value

<0.01*"
0.94?
0.53Y
0.36Y
0.159

2.82-19.63) <0.01%
2.39-12.92) <0.01*”

1.33-10.21)
0.38-2.44)
0.51-3.77)
0.59-4.50)
0.08-1.68)

OR (95% CI)

7.44
1.38

Any complication (n
1.63

24 3.69

"

6 096

18
18 5.55

6
2 037

Table 4. Association between the HEAVEN criteria and the intubation attempt >1, and the complications of intubation

HEAVEN criteria
Extremes of size
Anatomical challenge
Vomit/blood/fluid
Exsanguination

Neck mobility

Any criteria
Hypoxemia

Clin Exp Emerg Med 2022;9(1):29-35

OR, odds ratio; Cl, confidence interval.

AChi-square test. "P < 0.01. “Fisher exact test. ?P < 0.05.
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challenge, vomit/blood/fluid, and neck mobility) were associated
with a difficult airway view. The likelihood of having a difficult
airway view was 2.97-fold greater with extremes of size (95% Cl,
1.35-6.53; P<0.01), 4.53-fold with anatomical challenge (95%
Cl, 1.92-10.75; P<0.01), 4.65-fold with vomit/blood/fluid (95%
Cl, 2.13-10.13; P<0.01) and 3.79-fold with limited neck mobility
(95% Cl, 1.55-9.25; P<0.01) (Table 3).

Hypoxemia and vomit/blood/fluid were strongly associated with
intubation complications. The OR of intubation complications was
7.44 (95% Cl, 2.82-19.63; P<0.01) with peri-intubation hypox-
emia and 5.55 (95% Cl, 2.39-12.92; P<0.01) with vomit/blood/
fluid. Although the presence of any HEAVEN criteria was associ-
ated with intubation complications (OR, 3.69; 95% Cl, 1.33-10.21;
P<0.01), there was no association with parameters such as ex-
tremes of size, anatomical challenge, exsanguination, and neck
mobility (P> 0.05). The presence of any HEAVEN criteria increased
the likelihood of having aspiration 8.56-fold (95% Cl, 1.09-67.37;
P<0.05). There was an association between peri-intubation hy-
poxemia and intubation complications, including dysrhythmia,
cardiac arrest, and postintubation hypoxemia. Dysrhythmia oc-
curred 5.84 times (95% Cl, 1.21-28.12; P<0.05) and cardiac ar-
rest 6.53 times (95% Cl, 1.61-26.57; P=0.01) more in the pres-
ence of peri-intubation hypoxemia. As expected, peri-intubation
hypoxemia increased the risk of postintubation hypoxemia (OR,
42.86; 95% Cl, 8.29-221.70; P<0.01). Similarly, the likelihood of
having aspiration in the presence of vomit/blood/fluid was 16.63-
fold that without (95% Cl, 3.54-78.27; P<0.01). However, pos-
tintubation hypoxemia was not linked with vomit/blood/fluid
(P>0.05), nor was exsanguination (P> 0.05) (Table 4).

DISCUSSION

To our best knowledge, this is the first prospective study on HEA-
VEN criteria as a difficult airway assessment tool in the ED. Prior
to this, there have been only two retrospective studies on the
HEAVEN criteria; both of which were based on data retrieved
from the Air Methods Airway Registry in the United States.'®"’

In this study, there was no correlation between the airway pro-
viders' clinical experience, patients' sex, and method of laryngos-
copy with first pass success. The presence of at least one HEAVEN
criteria was associated with lower first pass success, consistent

|16 1.7 Howev-

with the study by Kuzmack et al." and Nausheen et a
er, amongst the criteria, only anatomical challenge could signifi-
cantly predict intubation success. This could also explain the sig-
nificant association of MCL classification and difficult airway
view with first pass success, as these covariates are inter-related

with anatomical challenge. Vomit/blood/fluid and neck mobility
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were not found to be associated with first pass success despite
being documented in 29.3% of our patients, contrary to earlier
studies.'®”"% This is probably due to the amount of vomit/
blood/fluid found in our study population that was not significant
enough to obscure the laryngoscopic view during intubation.
However, further studies quantifying and considering the amount
of vomit/blood/fluid could further look into the inclusion of this
criterion to predict intubation attempts. Similar to Kuzmack et

[,"” we found that extremes of size

al.'® but not Nausheen et a
had no association with failure of single attempt intubation. This
is despite our study having similar weightage to Nausheen et al.,"”
wherein it was more represented by the clinically obese rather
than patients aged 8 years or less. The clinically obese criteria had
some degree of subjectivity to it since it heavily depends on the
airway provider's assessment. A more objective measure incorpo-
rating patient's actual weight could probably facilitate the as-
sessment.

Regarding the physiological factors in HEAVEN criteria, consis-
.'® and Nausheen et al.,'” both hypoxemia
and exsanguination were not associated with failure of first at-

tent with Kuzmack et a

tempt intubation. The preceding studies on HEAVEN did not sup-
port hypoxemia as a predictor for difficult intubation, contrary to
a review article proposing its use.” To our knowledge, there has
been no prior research establishing the effects of hypoxemia on
first attempt intubation success. Perkins et al.?' highlighted that
changes in pulse oximetry did not reliably predict equivalent ar-
terial oxygen saturation levels and tended to overestimate the
actual changes. However, peri-intubation hypoxemia increased
the risk of experiencing most intubation complications; specifi-
cally dysrhythmia, cardiac arrest, and postintubation hypoxemia.
This is consistent with the study by Bodily et al.* where pre-in-
tubation oxygen saturation of <93% was found to be associated
with oxygen desaturation postintubation. Similar findings by
Mort® and Heffner et al.® were obtained whence peri-intubation
hypoxemia was associated with cardiac arrest and dysrhythmia.
This significance is nonetheless not seen in considering exsangui-
nation to predict intubation complications in our study. To our
knowledge, no previous studies have specifically investigated the
association between anemia and first pass success or intubation
complications. Furthermore, Perkins et al.?’ documented that
anemia does not alter the precision of oxygen saturation mea-
surements in a clinically significant manner. This corresponds to
the rationale that suspected anemia would not accelerate desat-
uration during intubation. The role of anemia as a criterion to as-
sess for a physiologically difficult airway could be further re-
searched.

Our study supports anatomical challenge as an objective factor
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in the assessment of a difficult airway. Hypoxemia and the pres-
ence of vomit/blood/fluid could also be taken into consideration
when managing the airway, considering the significant associa-
tion with intubation complications. Based on our findings, we do
not recommend exsanguination as a parameter for predicting
difficult airway. Extremes of size and neck mobility as predictive
parameters remain inconclusive.

The strengths of this study include the systematic data collec-
tion and prior plan to minimize anticipated bias due to its pro-
spective nature. Furthermore, this is the first study on HEAVEN
criteria in an ED setting. Due to the robust data collection efforts,
there were no missing data in our study. Although all airway pro-
viders were credentialed and privileged for airway intubation, there
was no additional training provided to standardize the skills. None-
theless, the background of the airway provider did not affect the
outcome of first pass success. This affirms that the data is prag-
matic and can be applied to most EDs. However, this study has
several limitations. Firstly, it was a single-center study and the
sample size was powered to analyze HEAVEN criteria as a whole,
but not the breakdown of each component. Since data collection
coincided with the COVID-19 pandemic, there were some chang-
es to the intubation norm. Multiple confounders, such as airway
provider's psychological and physical state, use of personal pro-
tective equipment, brief usage of an aerosol box during the pan-
demic, and changes in bag-mask ventilation techniques could
have significantly influenced the intubation process, but could
not be determined precisely and were not factored in this study.*®

In summary, anatomical challenges in the HEAVEN criteria can
predict first pass success. All anatomical factors in the HEAVEN
criteria could predict difficult airway view and peri-intubation
hypoxemia could be used to anticipate intubation complications.
More validation studies are still needed to evaluate the use of
HEAVEN criteria as a predictor tool for a difficult airway.
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