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BACKGROUND: There is limited evidence on the clinical importance of the endotracheal tube
(ETT) size selection in patients with status asthmaticus who require invasive mechanical ventila-
tion. We set out to explore the clinical outcomes of different ETT internal diameter sizes in sub-
jects mechanically ventilated with status asthmaticus. METHODS: This was a retrospective
study of intubated and non-intubated adults admitted for status asthmaticus between 2014-2021.
We examined in-hospital mortality across subgroups with different ETT sizes, as well as non-in-
tubated subjects, using logistic and generalized linear mixed-effects models. We adjusted for
demographics, Charlson comorbidities, the first Sequential Organ Failure Assessment score,
intubating personnel and setting, COVID-19, and the first P,co,. Finally, we calculated the post-
estimation predictions of mortality. RESULTS: We enrolled subjects from 964 status asthmaticus
admissions. The average age was 46.9 (SD 14.5) y; 63.5% of the encounters were women and 80.6%
were Black. Approximately 72% of subjects (690) were not intubated. Twenty-eight percent (275)
required endotracheal intubation, of which 3.3% (32) had a 7.0 mm or smaller ETT (ETT =< 7
group), 16.5% (159) a 7.5 mm ETT (ETT =< 7.5 group), and 8.6% (83) an 8.0 mm or larger ETT
(ETT = 8 group). The adjusted mortality was 26.7% (95% CI 13.2-40.2) for the ETT < 7 group
versus 14.3% ([(95% CI 6.9-21.7%], P = .04) for ETT < 7.5 group and 11.0% ([95% CI 4.4-17.5],
P = .02) for ETT = 8 group, respectively. CONCLUSIONS: Intubated subjects with status asthma-
ticus had higher mortality than non-intubated subjects. Intubated subjects had incrementally higher
observed mortality with smaller ETT sizes. Physiologic mechanisms can support this dose-response
relationship Key words: status asthmaticus, endotracheal tube size; diameter; airway resistance; mor-

tality; dynamic hyperinflation. [Respir Care 2022;67(3):283-290. © 2022 Daedalus Enterprises]

Introduction

Globally, 21.6 million disability-adjusted life years are lost
due to asthma and constitute 21% of years lost from all
chronic respiratory diseases, which makes it 27th and 34th
among the leading global causes of death and loss of
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disability-adjusted life years, respectively.! In the United
States of America alone, asthma has contributed to an increas-
ing loss of disability-adjusted life years from as low as
861,178 years lost in 1997 up to 1,414,555 years lost in 2019.!

Severe asthma escalating to status asthmaticus can rapidly
progress to respiratory failure, ICU admission, and endotra-
cheal intubation. Existing literature suggests that 60%2 of ICU
patients require endotracheal intubation, and approximately
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10% eventually die.® Therefore, timely and optimal airway
management in patients with status asthmaticus is critical.*
Some experts suggest that clinicians should choose the largest

SEE THE RELATED EDITORIAL ON PAGE 373

endotracheal tube (ETT) possible.’ The rationale for these rec-
ommendations is the optimization of suctioning, mucus plug
removal, bronchoscopy, and airway resistance reduction.*?
However, it is unclear if clinicians strictly adhere to these rec-
ommendations given the lack of supporting evidence, positive
or negative, since there is no published literature to explore
the effect of differential ETT size in patient outcomes among
subjects with status asthmaticus. In addition, other practical
concerns may drive the selection of smaller ETTs, such as the
concern for a lower intubation first-pass success rate® or
higher risk of laryngeal and vocal cord injury.”®

The present study explores the association of endotra-
cheal intubation and the random variability in ETT internal
diameter and all-cause hospital mortality among subjects
admitted with status asthmaticus.

Methods
Study Design, Population, and Setting

We conducted a retrospective cohort study of subjects
with status asthmaticus in an academic tertiary-care referral
center in Richmond, Virginia, from 2014-2021. We
included all subjects, intubated and non-intubated. The study
was approved by the Virginia Commonwealth University
Institutional Review Board, approval number HM20021447.

We enrolled adult participants of 18 y, or older, who pre-
sented to the hospital with status asthmaticus or asthma
exacerbation. We identified the subject population with
structured query language of subjects fulfilling the follow-
ing criteria: (1) continuous albuterol nebulization, (2)
International Classification of Diseases, Tenth Revision
(ICD-10) charges of asthma, and (3) ETT size documenta-
tion. The standard of care in the study institution requires
the ETT size to be documented daily by respiratory therapy.
We followed up with the subjects until hospital discharge.

Data Sources, Variables, and Measurements

We utilized the electronic health record and the adminis-
trative data. We obtained the following variables: subject
demographics, that is, age (y), gender, race (Black vs other);
height (cm); weight (kg); comorbidities; all underlying vari-
ables required for the calculation of the first Sequential
Organ Failure Assessment (SOFA) score upon admission
(points 0—24)%; the first arterial partial carbon-dioxide pres-
sure upon admission (P,co,, mm Hg). We calculated the
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Current knowledge

The time constant, that is, the time required to deflate
63% of the lung, has a linear relationship with the re-
spiratory system’s resistance and plays a critical role in
dynamic hyperinflation. The endotracheal tube (ETT)
resistor, whose key determinant is the ETT diameter,
is in series with the respiratory system’s resistance.
Experts recommend the largest ETT size in patients
with status asthmaticus.

What this paper contributes to our knowledge

This study suggests that smaller ETT sizes were associ-
ated with higher mortality among invasively ventilated
subjects with status asthmaticus.

first SOFA score from all its components upon hospital
admission to adjust for the overall hospitalization severity
of illness. Missing data were considered normal for the
SOFA score calculations. We used S0 /Fio, ratios to calcu-
late missing P, /Fro, ratios. We calculated the Charlson
comorbidity groups and index'® from administrative ICD-10
code data only present on admission.'"'> We also obtained
the intubating personnel, setting and time, COVID-19 sta-
tus, height, and body mass index (BMI). The study’s pri-
mary outcome was in-hospital mortality by all causes,
referred to simply as mortality in the manuscript.

Bias

To mitigate the risk of selection bias, we did not exclude
any subjects from the cohort. To address confounders, we
adjusted for the severity of illness at hospital presentation
(SOFA score) and the chronic comorbidity burden present
on admission (Charlson). We further adjusted for the sever-
ity of hypercapnic respiratory failure upon presentation
(first Pyco,). Missing data were not imputated. To address
chronic conditions that can interfere with liberation from
mechanical ventilation, we adjusted for Charlson comor-
bidities. Finally, we followed the strengthening Standards
of Reporting of Observational Studies in Epidemiology
guidelines'? for the scientific communication of the results.

Study Groups and Quantitative Variables

We created groups based on ETT size: ETT = 7 for 7.0
mm internal diameter, 7.5 mm (ETT = 7.5), 8.0 mm or
greater (ETT = 8), and non-intubated subjects as separate
group-cases. We selected status asthmaticus subjects who
were not intubated to better understand the comparisons
between each group and the non-intubated subjects. In
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addition, we analyzed the quantitative variables age, SOFA
score, Charlson index, height, BMI, and first P,co, as con-
tinuous variables. The ETT internal diameter will be
referred to as “diameter” or “size” in the manuscript.

Statistical Methods

We selected all the subjects we could identify in our
electronic health record. We used simple and generalized
linear mixed-effects (GLME) models operating under the
binomial distribution for in-hospital mortality as a binary
outcome. We used the ETT status as categorical (factor)
variables with 3 levels: zero (ETT = 7), one (ETT = 7.5),
and 2 (ETT = 8) and 4 (non-intubated). The coefficient of
death for each ETT size is compared with the set base vari-
able, zero, that is, ETT = 7. We employed each subject’s
unique personal identifier to calculate the standard errors,
which accounted for intergroup correlation. Finally, we cal-
culated and graphed the adjusted model post-estimation
mortality and marginal effects.'

We conducted 2 sensitivity analyses. The first was exam-
ining the ETT internal diameter (mm) as a continuous mea-
sure. The second examined the mortality effect modification
of ETT size with the tertiles of the subject height to estimate
the subjects’ overall size of the lungs and tracheas.

Results
Participants and Descriptive Data

We enrolled 964 status asthmaticus episodes of hospitali-
zation (609 subjects). Of these, 28.4% (274 subjects)
required endotracheal intubation. The average mortality for
the entire cohort was 7.3%, which comprised 17.9% in the
intubated and 2.5% in the non-intubated subgroups. The av-
erage hospital length of stay was 7.5 d, 10.6 d for the intu-
bated group, and 6.3 d for the non-intubated group. Among
the 274 intubated subjects, 3 (1%) had a 6.5 mm ETT, 29
(11.6%) had a 7.0 mm ETT, 159 (58%) had a 7.5 ETT, 78
(28.5%) had an 8.0 ETT, and 5 (1.8%) had an 8.5 ETT.

The entire cohort comprised 690 (71.6%) non-intubated
subjects, 32 (3.3%) subjects in the ETT = 7 group (ie,
ETT = 7.0 mm), 159 (16.5%) in the ETT = 7.5 group
(ie, ETT 7.5 mm), and 83 (8.6%) in the ETT = 8 group (ie,
ETT = 8.0 mm). Table 1 summarizes the cohort groups’
demographics, comorbidities, and severity.

Outcome Data

The observed deaths were 10 (31.3%) for the ETT = 7
group, 23 (14.5%) for the ETT = 7.5 group, 16 (19.3%) for the
ETT = 8 group, and 17 (2.5%) for the non-intubated group.

The unadjusted death odds ratio for ETT = 7.5 versus
ETT = 7 was 0.37 (95% CI 0.16-0.88, P = .02) and for
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ETT = 8 versus ETT = 7 0.53 (95% CI1 0.21-1.34, P =
.18). The unadjusted death odds ratio non-intubated versus
ETT = 7 was 0.06 (95% CI 0.02-0.14, P < .001). The corre-
sponding post-estimation marginal mortality predictions were
31.3% (ETT = 7) versus 14.5% (95% CI 8.9-20.0, P = .01)
for the ETT = 7.5, and 19.3% (95% CI 10.7-27.8, P = .18)
for the ETT = 8 group, respectively. The GLME post-esti-
mated severity adjusted mortality was 26.7% (95% CI 13.2—
40.2) for the ETT = 7 group versus 14.3% (95% CI 6.8—
21.7, P = .036) for ETT = 7.5 and 10.1% (95% C1 4.4-17.6,
P = .02) for the ETT = 8 group, respectively.

Table 2 outlines the adjusted mortality coefficients from
a GLME model, and Figure 1 illustrates the incremental
statistically significant adjusted mortality decrease with
incremental ETT size.

Sensitivity Analyses

The sensitivity analysis of the statistical interaction of
the height, classified in tertiles with the ETT size, dis-
closed that the taller subjects with the smallest ETT had
the highest mortality (Fig. 2). Specifically, the top-
height tertile subjects who had a 7.0 or smaller ETT had
1.8 times higher odds of death than the bottom-height
tertile subjects who also had a 7.0 or smaller ETT (P =
.02), after adjusting for demographics and severity of ill-
ness and the interaction of height-tertiles with the ETT
size.

In addition, when the ETT internal diameter was ana-
lyzed as a linear variable, it was found that every 1 mm
increase in ETT size was associated with 0.23 times lower
odds of death (95% CI 0.06-0.85, P = .03), adjusted for
demographics and severity of illness. The predicted mortal-
ities are shown in Figure 3.

Discussion

The present study reports that adult subjects with status
asthmaticus were intubated with variable ETT diameters,
ranging between 6.5-8.5 mm. Subjects intubated with a 7.0
mm or smaller ETT had double the hospital mortality com-
pared to subjects with a larger ETT. In addition, there was a
near-linear dose-effect relation of the ETT diameter with
mortality (Figs. 1 and 2). These findings support the expert
opinion of inserting the largest possible diameter ETT in
patients with status asthmaticus who require endotracheal
intubation. Furthermore, the sensitivity analysis (Fig. 3)
suggested that for every mm decrease in ETT size was
associated with higher odds of death.

Asthma exacerbations lead to half a million hospitaliza-
tions in the United States every year.'>'® Approximately
10% of patients hospitalized for asthma require an ICU
admission,"” and around 2-4% of all hospitalized patients
will require endotracheal intubation and invasive mechanical
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Table 1.  Baseline Characteristics of the Status Asthmaticus Cohort
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Endotracheal Tube Groups

ETT = 7.0 mm
n=323.3%)

ETT = 7.5 mm
n =159 (16.5%)

ETT = 8.0 mm
n =83 (8.6%)

Non-Intubated
n =690 (71.6%)

Gender
Female
Male

Race
Non-Black
Black

Age at service

Diagnoses Present on Admission

AMI
CHF
PVD
Cerebrovascular disease
Dementia
COPD
Rheumatoid disease
PUD
Mild liver disease
Hemiplegia or paraplegia
Renal disease
Cancer
Metastatic cancer
AIDS
COVID-19
Charlson comorbidity index
Intubation Personnel
Anesthesia
Pulmonary critical care
Emergency medicine
Paramedics
Outside hospital
Daytime intubation
Nighttime intubation
Height, cm
BMI
pH, ABG
P.co,, mm Hg
SOFA neurological
SOFA respiratory
SOFA cardiovascular
SOFA renal
SOFA liver
SOFA hematological
SOFA total score

Data are presented as n (SD) unless otherwise noted.

ETT = endotracheal tube

AMI = acute myocardial infarction
CHF = congestive heart failure
PUD = peptic ulcer disease

PVD = peripheral vascular disease

AIDS = acquired immune deficiency syndrome

BMI = body mass index
ABG = arterial blood gas

SOFA = Sequential Organ Failure Assessment

26 (81.25%)
6 (18.75%)

6 (18.75%)
26 (81.25%)

50.5 (17.92%)

1 (3.45%)
5(3.23%)
0
0
0
23 (3.73%)
1(7.14%)
0
0
0
4 (4.60%)
0
0
0
2 (7.14%)
38 (3.32)

4 (8.00%)
4 (12.90%)
16 (11.94%)
1 (10.00%)

0
14 (13.33%)
11 (9.02%)

159.98 (20.15)

38.05 (25.40)
7.16 (0.21)

77.93 (41.22)
3.03 (1.47)
1.78 (1.39)
3.75 (0.44)
0.34 (0.48)
0.06 (0.25)
0.19 (0.47)
9.16 (2.58)

118 (74.21%)
41 (25.79%)

30 (18.87%)
129 (81.13%)

47.7 (14.98%)

15 (51.72%)
27 (17.42%)
2 (25.00%)
1 (25.00%)
1 (14.29%)
123 (19.94%)
2 (14.29%)
0
4(23.53%)
2 (50.00%)
18 (20.69%)
5(22.73%)
2 (28.57%)
0
8 (28.57%)
237 (20.68)

27 (54.00%)
15 (48.39%)
93 (69.40%)
5 (50.00%)

3 (100%)
65 (61.90%)
77 (63.11%)

160.86 (18.66)

42.41 (44.36)
7.22 (0.14)

70.37 (34.46)
3.21 (1.58)
1.83 (1.27)
3.84 (0.37)
0.47 (0.79)
0.06 (0.31)
0.14 (0.49)
9.56 (2.46)

27 (32.53%)
56 (67.47%)

25 (30.12%)
58 (69.88%)

48.5 (15.14%)

2 (6.90%)
15 (9.68%)
1 (12.50%)
0
0
57 (9.24%)
2 (14.29%)
1 (33.33%)
2 (11.76%)
1 (25.00%)
9 (10.34%)
3 (13.64%)
0
1 (25.00%)
2 (7.14%)
112 (9.77)

19 (38.00%)
12 (38.71%)
25 (18.66%)
4 (40.00%)

0
26 (24.76%)
34 (27.87%)

165.02 (24.70)

4430 (46.51)
7.23(0.12)

74.69 (36.82)
2.81 (2.03)

1.51 (1.33)
3.76 (0.43)
0.66 (0.90)
0.10 (0.37)
0.13 (0.38)
8.96 (2.80)

441 (63.91%)
249 (36.09%)

126 (18.26%)
564 (81.74%)

50.6 (14.18%)

11 (37.93%)
108 (69.68%)
5 (62.50%)
3 (75.00%)
6 (85.71%)
414 (67.10%)
9 (64.29%)
2 (66.67%)
11 (64.71%)
1 (25.00%)
56 (64.37%)
14 (63.64%)
5(71.43%)
3 (75.00%)
16 (57.14%)
759 (66.23)

[=elelol = -]

0
164.75 (16.38)
37.98 (31.39)
7.32(0.10)
51.23 (24.66)
0.85 (2.49)
1.11 (0.92)
3.98 (0.16)
0.25 (0.57)
0.03 (0.21)
0.09 (0.34)
6.29 (2.79)
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Table 2.  Adjusted Status Asthmaticus Mortality Analysis With Binomial Distribution Generalized Linear Mixed-Effects Model Regression

Generalized Linear Mixed Model: Adjusted Mortality

Parameter
Coefficient Robust SE z P 95% CI
Comparison with = 7.0 mm ETT group
ETT 7.5 mm vs = 7.0 mm group —1.21 0.58 —2.09 .037 (—2.34 t0 —0.07)
ETT = 8.0 mm vs = 7.0 mm group —1.63 0.72 —2.26 .02 (=3.05to —0.21)
Non-intubated vs = 7.0 mm group —3.35 0.78 —4.31 <.001 (—4.87 to —1.83)
Adjusted age at service, y 0.06 0.01 4.04 .001 (0.03-0.09)
Male vs female —0.15 0.47 —0.32 75 (—=1.07 t0 0.77)
Black vs other race —1.15 0.44 —2.62 .009 (=2.01 to —0.29)
Height (each cm) —0.02 0.02 —1.15 25 (=0.05 to 0.01)
BMI (each unit) —0.00 0.01 —0.31 .76 (—0.02 t0 0.01)
SOFA (each unit) 0.21 0.06 3.84 <.001 (0.11-0.32)
P.co, mm Hg 0.02 0.01 4.70 <.001 (0.01-0.03)
Charlson index, point 0.35 0.15 2.35 .02 (0.06-0.65)
COVID-19 1.11 0.76 1.45 15 (—=0.39 to 2.60)
COPD —1.37 0.52 —2.64 .008 (—2.39 to —0.36)
Intubating personnel = anesthesia —0.11 0.80 —0.13 .89 (—1.66 to 1.45)
Intubating personnel = pulmonary critical care —1.45 1.52 —0.95 34 (—4.42t0 1.53)
Intubating personnel = emergency medicine —1.22 0.64 —1.89 .058 (—2.48 t0 0.05)
Intubating personnel = paramedic/EMS 3.65 1.32 2.76 .006 (1.06-6.23)
Intubating personnel = outside hospital 0 0
Daytime intubation —0.28 0.57 —0.49 .62 (—1.39t0 0.83)
Nighttime intubation (6 pM to 7 AM) 0 0
Intercept —2.49 2.98 —0.83 40 (—8.33 10 3.36)
SE = standard error
ETT = endotracheal tube
BMI = body mass index
SOFA = Sequential Organ Failure Assessment
EMS = emergency medical services
40
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Fig. 1. Post generalized linear mixed-effects (GLME) marginal estimation status asthmaticus mortality predictions for each endotracheal tube (ETT)
group.

ventilation.'"®"* The present study’s findings are consistent The pathophysiological impact of differential ETT inter-

with other studies that have reported higher mortality in nal diameter on air flow dynamics has been previously
mechanically ventilated subjects.'”" reported in the literature. Flevari et al* reported that the
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Fig. 2. Post generalized mixed-effects (GLME) liner model estimation of model-predicted mortality, with endotracheal tube (ETT) analyzed as a

continuous variable.

801 o Top
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- Low

Adjusted hospital mortality (%)
3 8 3

o
1

1
No ETT

T
ETT27.5mm

T
ETT<7.0 mm

Fig. 3. Sensitivity analysis of differential height groups, expressed in tertiles (top, middle, low). Post generalized linear mixed-effects (GLME)
marginal estimation status asthmaticus mortality predictions of endotracheal tube (ETT) groups in each subject-height tertile group.

resistance of ETT increased with increasing inspiratory
flow and decreasing internal diameter of ETT. Similarly,
Kim et al*! observed an inverse linear relationship between
peak inspiratory flow, peak airway pressure, and mean air-
way pressure with ETT diameter in a manikin-based car-
diopulmonary resuscitation experiment.

Respiratory physiology, especially air flow dynamics, is
an application in fluid dynamics. As a form of fluid, air trav-
els through space in the same way as water through pipe or
blood through a vessel. The mechanics of this movement is
described via Poiseuille law: Q = Parr/8In, where Q is
flow, P is driving pressure, r is the lumen radius, / is lumen
length, and n is fluid viscosity. The air flow is opposed by
lumen resistance, and this can be described using Ohm law
for resistance, which is that r = P/Q, where R is lumen resist-
ance. In reconciling these formulae, we can determine r =
8Im/mr* The ETT radius, that is, half of the internal
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diameter, has an exponential effect on resistance; this is the
critical determinant of airway resistance.

Mucus plugging is prominent in asthma, which can dra-
matically increase the resistance of an ETT. In fact, a land-
mark study identified that the airways of subjects who die of
status asthmaticus have copious mucus plugs.”> One study
collected ETTs of extubated subjects and found that secre-
tions could cause significant pressure drop with a given air
flow, compared with a control ETT, and 50% of the ETTs
with secretions had resistance equivalent to one tube size
smaller.”® A recent study by Yoshida et al** reported that
“mucus plugs occluded more than 40% of the airways.” A
tiny, 5 mm mucus plug on an 8.0 mm ETT would result in a
7.5 mm internal diameter and 3.75 mm radius, whereas the
same mucus plug on a 7.0 mm ETT would result in a 6.5 mm
diameter and a 3.25 mm radius. The calculated airway resist-
ance is 177% higher in the second scenario given the

RESPIRATORY CARE ® MARCH 2022 VoL 67 No 3
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exponential contribution of the radius to the formula
described above. The second, 7 mm ETT, will have around
half (56%) of the flow in the first scenario, resulting in half-
minute ventilation and double P,co, and worsening
hypercarbia.

Importantly, higher airway resistance prolongs the time
constant and subsequently leads to worsening dynamic
hyperinflation. The time constant (7) is the product of re-
sistance and compliance. 7 = R x C. The time constant is
defined as the time required inflating or deflating 63% of
the lung volume.” The increased time constant and
increased exhalation time will result in higher expiratory
times, higher auto-PEEP,*® and worsening dynamic hyper-
inflation. Dynamic hyperinflation will increase the positive
pressure in the alveoli, requiring higher respiratory muscle
work to create negative alveolar pressure in order to initiate
a breath,?” higher energy cost, higher respiratory muscle ox-
ygen requirement,”® and worsening dyspnea. Both lung and
chest wall have lower compliance at hyperinflated volume
states, which further exacerbates the work of breathing and
the dyspnea.” In addition, the respiratory muscles’ force-
length relationship is altered, which further reduces the mus-
cle-pump efficacy.?” Air trapping and increased lung volumes
force the diaphragm to flatten, which, according to Laplace
law, creates a larger dome radius and less transdiaphragmatic
pressure.’® All the above create conditions that promote
heavy sedation, paralysis, and all the adverse consequences
of prolonged mechanical ventilation.”’ Finally, air trapping
increases the risk of barotrauma, which can lead to tension
pneumothorax and cardiac arrest.*>

Air trapping from dynamic hyperinflation has detrimen-
tal hemodynamic consequences, leading to increased intra-
thoracic pressures, reduced venous return, and high
transpulmonary pressure, increasing the right-heart after-
load and reducing the overall cardiac output.**

In summary, the ETT airway resistance adds to the total
airway resistance and contributes to worsening dynamic
hyperinflation in an already strained physiological system of
patients in status asthmaticus.

The present study sensitivity analysis suggested that
taller subjects who received smaller ETT sizes had higher
mortality than equivalent shorter subjects. In addition, the
mortality difference among taller and shorter subjects was
not significant when larger ETT sizes were used. There is a
paucity of literature in adult subjects regarding ETT sizes.
In pediatric patients, guidelines recommend the appropriate
size of ETTs. Based on a patient’s age, one can use either
of 2 equations for cuffed tube size = (age/4) + 3 or
uncuffed tube size = (age/4) + 4.** Height-based estima-
tions exist in adult patients however, the choice of ETT
based on height is not routinely used.*® Mehta et al* studied
subjects ready for extubation and showed that when com-
pared to subjects with an 8.0 ETT those with 7.0 and 7.5
tubes had higher breathing frequency during all ventilator
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modes and 15 min after extubation as well as lower tidal vol-
umes during CPAP and pressure support ventilation (PSV).
They also had a higher pressure-time product of the dia-
phragm during CPAP, PSV, and 15 min after extubation.

The present study has several limitations. First, as a sin-
gle-center study, it may lack generalizability. Most of the
cohort were Black, in terms of race, and the findings may
not apply to different populations. In addition, in contrast to
prior studies of ETT size in experimental models, the cur-
rent study evaluated their clinical impact in a real-world
clinical setting. We do not have ventilator pressure and
waveform data for the intubated subjects. Missing data
from SOFA scores were assumed to be missing randomly.
Subjects in the study were treated in a diverse setting with
distinct practice patterns, and the inclusion of subjects over
a 7-y study period supports broad applicability and general-
izability of the findings. Like all retrospective studies, asso-
ciation does not necessarily translate to causality.

Conclusions

Experts recommend the largest ETT size in patients with
status asthmaticus; however, its role in patient outcomes
remains unclear. We set out to explore the association of
ETT sizes with mortality in a large cohort of subjects with
status asthmaticus. We report that subjects with status asth-
maticus intubated with smaller size ETT sizes had dispropor-
tionately higher in-hospital mortality compared to subjects
with larger ETT sizes, even after adjusting for multiple con-
founders. The mortality effect was more prominent in taller
subjects who have larger total lung capacity. We hypothesize
that higher mortality among subjects with smaller ETT could
be attributed to higher overall airway resistance, thus higher
time constant, contributing to worsening dynamic hyperin-
flation and hemodynamic consequences in an already hyper-
inflated chest from status asthmaticus. Future studies are
required to externally validate these findings and uncover the
exact pathophysiological mechanisms.
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