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T racheal intubation is a potentially life-saving proce-
dure for critically ill patients. Yet up to 57% of criti-
cally ill patients intubated for longer than 12 hours de-

velop mucosal injury in their proximal airway.1 Such injury is
associated with persistent dyspnea months after extubation.1,2

The size of the endotracheal tube (ETT) is related to the risk
of developing acute laryngeal injury—with larger ETT sizes, es-
pecially those larger than 7.0 mm, associated with greater risk.1

Most ETTs placed in the setting of critical illness have an in-
ternal diameter of at least 7.5 mm, which prioritizes low air-
flow resistance, low risk of obstruction, and access for suc-
tion and bronchoscope devices.3

Although height is the primary determinant of airway size,4

no clear guidelines exist for ETT size selection in adults. His-

torically, ETT size selection has been driven by the premise that
smaller ETTs impair acute recovery from critical illness, but
rigorous data supporting this belief is lacking. One recent study
showed that almost 1 in 4 patients who underwent endotra-
cheal intubation were intubated with an inappropriately large
ETT (≥1.0 mm larger than recommended based on patient
height).5 It has been hypothesized that the use of smaller ETTs
may be associated with better laryngeal functional outcomes
among survivors of critical illness, but the effect of ETT size
on early outcomes of mechanical ventilation for critical ill-
ness are relatively unknown.

We performed a retrospective, propensity score-
matched (PSM) analysis to test the hypothesis that use of
smaller ETTs would be noninferior to use of larger ETTs for me-

IMPORTANCE Many patients who survive critical illness are left with laryngeal functional
impairment from endotracheal intubation that permanently limits their recovery and quality
of life. Although the risk for laryngeal injury increases with larger endotracheal tube sizes,
there are no data delineating the association of smaller endotracheal tube sizes with survival
or acute recovery from critical illness.

OBJECTIVE To determine if smaller endotracheal tubes are noninferior to larger endotracheal
tubes with respect to critical illness outcomes.

DESIGN, SETTING, AND PARTICIPANTS This propensity score-matched retrospective cohort
study included all adult patients who underwent endotracheal intubation in the emergency
department or intensive care unit and received mechanical ventilation for at least 12 hours
from June 2020 to November 2020 at a single tertiary referral academic medical center.

EXPOSURES Endotracheal intubation.

MAIN OUTCOMES AND MEASURES Propensity score-matched analyses were performed with
respect to the primary end point of 30-day all-cause in-hospital survival as well as the
secondary end points of duration of invasive mechanical ventilation, length of hospital stay,
mean peak inspiratory pressure, 30-day readmission, need for reintubation, and need for
tracheostomy or gastrostomy tube placement.

RESULTS Overall, 523 participants (64%) were men and 291 (36%) were women. Of these,
814 patients were categorized into 3 endotracheal tube groups: small for height (n = 182),
appropriate for height (n = 408), and large for height (n = 224). There was not a significant
difference in 30-day all-cause in-hospital survival between groups ([HR, 1.1; 95% CI, 0.7-1.7]
for small vs appropriate; [HR, 1.1; 95% CI, 0.7-1.6] for large vs appropriate). Patients with
small-for-height endotracheal tubes had longer intubation durations (mean difference,
32.5 hrs [95% CI, 6.4-58.6 hrs]) compared with patients with appropriate-for-height tubes.

CONCLUSIONS AND RELEVANCE Despite differences in intubation duration, the results of this
cohort study suggest that smaller endotracheal tube sizes are not associated with impaired
survival or recovery from critical illness. They support future prospective exploration of the
association of smaller endotracheal tube sizes with recovery from critical illness.
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chanically ventilated intensive care unit (ICU) patients with re-
spect to the primary end point of 30-day all cause in-hospital
survival (defined as the days from intubation to death), as well
as the secondary end points of duration of invasive mechani-
cal ventilation, length of hospital stay, mean peak inspiratory
pressure, 30-day readmission, need for reintubation, and need
for tracheostomy or gastrostomy tube. The ETT size groups
were standardized by patient height (small, appropriate, and
large-for-height) to account for intrinsic patient characteris-
tics that affect ETT size selection.

Methods
Design and Study Population
Following approval from the Vanderbilt University institu-
tional review board (210078), we performed a retrospective co-
hort study of all adult patients who underwent endotracheal in-
tubation in the emergency department (ED) or ICU and received
mechanical ventilation for at least 12 hours at a single aca-
demic medical center from June 2020 to November 2020. Writ-
ten informed consent was waived owing to the retrospective na-
ture of the data used. In both the ED and ICUs, Shiley Hi-Lo Oral/
Nasal, Cuffed, Intermediate, Murphy Eye ETTs were used for
intubation. The corresponding inner diameter (ID) and outer di-
ameter (OD) of these ETTs are as follows: 6.5/8.9; 7.0/9.5; 7.5/
10.2; 8.0/10.8 (ID/OD [mm]). The ETTs with the above-the-
cuff suction port feature were not routinely used at the study
hospital. All data were extracted from the institutions’ Epic Clar-
ity data warehouse. Exclusion criteria included intubation du-
ration of less than 12 hours, obstructive airway masses, and miss-
ing study data (eg, height, ETT size). For different end points
and comparisons, further exclusions of patients were applied
when appropriate (eTables 1 and 2 in the Supplement).

Evaluating ETT Size Selection
Drawing from the established nomogram,5 the ideal ETT size
was defined as 7.0-mm internal diameter for those with a height
of 160 cm or shorter, 7.5 mm for those with a height between
161 cm and 179 cm, and 8.0 mm for those with a height of 180
cm or taller (Figure, A). By comparing the ETT used for intuba-
tion (ETTused) and the ideal ETT (ETTideal), each patient was cat-
egorized as either having a small-for-height (ETTused<ETTideal,
“small”), appropriate-for-height (ETTused = ETTideal, “appro-
priate”), or large-for-height ETT (ETTused>ETTideal, “large”).

Outcomes
The primary study end point was 30-day all-cause in-
hospital mortality, which was defined as the days from intu-
bation to death. Censoring events were the first of next intu-
bation, discharge, or 30 days.

Secondary end points included duration of invasive me-
chanical ventilation, mean peak inspiratory pressure, need for
reintubation within 14 days in-hospital, duration of hospital
stay for those who survived to discharge, need for tracheos-
tomy or gastrostomy tube for those survived to discharge, bron-
choscopy during intubation, ventilator-associated pneumo-
nia (VAP), and 30-day readmission after discharge.

Statistical Analysis
Propensity score matching (1:1 nearest neighbor matching) was
used to compare outcomes between the 3 ETT groups: small,
appropriate, and large. Subgroup analysis was also per-
formed for those with a respiratory admission diagnosis. Co-
variates included in the propensity score models were sex,
height, body mass index (BMI, calculated as weight in kilo-
grams divided by height in meters squared), admission diag-
nosis (trauma, respiratory, neurologic, cardiac, gastrointesti-
nal, or other), and location of intubation (ED or ICU). After
matching, Cox regression, linear regression, or logistic regres-
sion was performed on the matched data for survival, con-
tinuous, or binary outcome, respectively. Results were re-
ported using an effect size metric (eg, odds ratio [OR], hazard
ratio [HR], mean difference) paired with 95% CIs to describe
the precision of the estimate. All statistical analyses were com-
pleted using R (version 4.1.1; R Core Team, 2021).

Results
A total of 814 patients who underwent tracheal intubation met
eligibility criteria and were included in the current analyses
(Table 1). Most included patients were male (523 [64%]) with
a median BMI of 27.3 (interquartile range [IQR], 23.6 to 33.1).
Intubating clinicians were primarily critical care (37%) and
emergency medicine (37%) followed by anesthesia (25%). Ad-
mitting diagnosis was classified as either trauma (174 [21%]),
respiratory (170 [21%]), neurologic (193 [24%]), cardiac (61
[7%]), gastrointestinal (57 [7%]), or other (159 [20%]). The dis-
tribution of ETT sizes was as follows: 6.5 or smaller (n = 8), 7.0
(n = 86), 7.5 (n = 431), and 8.0 (n = 289). Comparison of the ETT
sizes used in this cohort with a 372-patient cohort from 19856

suggests a subtle but significant shift toward the use of smaller
ETTs in critical care medicine over the past 40 years (mean ETT
size, 8.06 [1985] vs 7.61 [2020]; mean difference, 0.45;
95% CI, 0.33-0.55) (eFigure in the Supplement).

Based on the relationship of ETTused and ETTideal, 182 pa-
tients (22.4%) were categorized into the small ETT group, 408
(50.1%) into the appropriate ETT group, and 224 (27.5%) into
the large ETT group. Patients with small ETTs were more likely
to have been intubated by an attending physician (95 partici-
pants [74%] in the ETT group were intubated by attending phy-
sician with a small vs 177 [58%] with an appropriate vs 102

Key Points
Question Is the size of the endotracheal tube relative to patient
height associated with survival and other critical care outcomes?

Findings In this propensity-score matched retrospective cohort
study of 814 patients, there was no significant difference in 30-day
all-cause in-hospital survival between patients with small,
appropriate, or large-for-height endotracheal tubes. Patients with
small-for-height tubes had longer intubation durations.

Meaning These results, when paired with prior studies, suggest that
smaller endotracheal tubes are not associated with impaired recovery
from critical illness and are better for overall laryngeal health.
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[59%] with a large ETT). Patients intubated with large ETTs
were more likely to be intubated in the ICU (90 participants
[49%] in the ETT group intubated in ICU with a small vs 221
[54%] with an appropriate vs 149 [67%] with a large ETT). Over-
all rates of bronchoscopy and VAP in the total cohort were
relatively low, at 10% and 5.9%, respectively.

The difference in 30-day all-cause in-hospital mortality be-
tween small and appropriate ETT groups was small and no de-
finitive conclusions can be made given the width of the CI (173

PSM pairs; HR, 1.1; 95% CI, 0.7-1.7) (Figure, B). In the second-
ary end point analysis, patients with small ETTs had a longer
duration of intubation (mean difference, 32.5 hours; 95% CI,
6.4-58.6). The differences in hospital stay (mean difference,
3.5 days; 95% CI, −0.04 to 7.1) and peak inspiratory pressure
(PIP) (mean difference, 1.1 cm H2O; 95% CI, −0.2 to 2.4) be-
tween small and appropriate ETT groups were moderate but
the width of the CIs prevents definitive conclusions from being
drawn. There were no clinically meaningful differences in the

Figure. 30-Day Overall In-Hospital Survival by Endotracheal Tube (ETT) Size Group
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Table 1. Overall Cohort Characteristics

Measure

No. (%)
Total cohort
(n = 814)

Appropriate for
height (n = 408)

Large for height
(n = 224)

Small for height
(n = 182)

Sex

Male 523 (64) 248 (61) 141 (63) 134 (74)

Female 291 (36) 160 (39) 83 (37) 48 (26)

Height, median (IQR), cm 173 (165-180) 173 (165-183) 168 (158-175) 183 (171-183)

BMI, median (IQR) 27.3 (23.6-33.1) 27.5 (23.7-33.2) 27.7 (23.5-33.9) 27 (23.9-30.7)

Intubation location

ED 354 (43) 187 (46) 75 (33) 92 (51)

ICU 460 (57) 221 (54) 149 (67) 90 (49)

Training

Attending 374 (62) 177 (58) 102 (59) 95 (74)

Fellow 103 (17) 57 (19) 36 (21) 10 (8)

Resident 129 (21) 71 (23) 34 (20) 24 (19)

Specialty

Anesthesia 129 (25) 57 (22) 33 (23) 39 (34)

Critical care 192 (37) 103 (41) 64 (44) 25 (22)

Emergency medicine 192 (37) 94 (37) 48 (33) 50 (44)

Admission diagnosis

Trauma 174 (21) 88 (22) 35 (16) 51 (28)

Respiratory 170 (21) 87 (21) 53 (24) 30 (16)

Neurologic 193 (24) 108 (26) 48 (21) 37 (20)

Cardiac 61 (7) 27 (7) 20 (9) 14 (8)

Gastrointestinal 57 (7) 27 (7) 19 (8) 11 (6)

Other 159 (20) 71 (17) 49 (22) 39 (21)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
ED, emergency department;
ICU, intensive care unit.
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remaining secondary end points between these groups
(Table 2).

The difference in the 30-day all-cause in-hospital mortal-
ity between the large and appropriate ETT groups was small,
and no definitive conclusions can be made given the width of
the CI (210 PSM pairs; HR, 1.1; 95% CI, 0.7-1.6) (Figure, C). There
were no clinically meaningful differences in any secondary
end points between these 2 groups (Table 3).

The difference in the 30-day all-cause in-hospital mortal-
ity between small and large ETT groups was small, and no de-
finitive conclusions can be made given the width of the CI (55
PSM pairs, HR, 1.2; 95% CI, 0.6-2.8). Similar to these analy-
ses, patients with small ETTs had a longer duration of intuba-
tion (mean difference, 45.2 hours; 95% CI, 6.2-84.1) when com-
pared with those with large ETTs. Patients with small ETTs
also had increased rates of percutaneous endoscopic gastros-
tomy (PEG) tube placement (OR, 1.18; 95% CI, 1.03-1.37). There
were no other clinically meaningful differences in the remain-
ing secondary end points between these groups (eTable 3 in
the Supplement).

For patients with a respiratory admission diagnosis, there
was no clinically meaningful difference in 30-day all-cause in-
hospital mortality between any of the 3 ETT groups. There was
also no clinically meaningful difference in any of the addi-
tional secondary outcome analyses that were able to be per-
formed (eTable 4 in the Supplement).

Discussion
Historically, each year in the US, 2 to 3 million adults experi-
ence critical illness requiring tracheal intubation.7,8 In addi-
tion, the demand for intensive respiratory support has dra-
matically increased during the SARS-CoV-2 pandemic.9

Prior research suggests that many of these patients will
experience long-term morbidity from a type of laryngeal
injury that is closely linked to endotracheal tube size, but
many patients continue to receive large ETTs based on con-
cerns that small ETTs may prevent ventilator weaning and
recovery.

Table 2. Outcome Results Comparing Small and Appropriate Endotracheal Tube (ETT) Size Groups

Variable
PS-matched
pairs, No.

Effect
measure

Estimated effect size
(95% CI)a

Primary end point

30-d in-hospital overall survival 173 HR 1.1 (0.7 to 1.8)

Secondary end points

30-d readmission after discharge 105 OR 1.02 (0.93 to 1.11)

Tracheostomy at discharge or death among those survived
to discharge

108 OR 1.1 (0.9 to 1.2)

PEG at discharge or death among those survived to discharge 108 OR 1.05 (0.97 to 1.13)

Reintubation within 14 d in hospital after index extubation
among those survived to discharge

106 OR 0.95 (0.85 to 1.07)

Duration of intubation among those survived to hospital
discharge, h

108 Mean
difference

32.5 (6.4 to 58.6)

Average PIP during intubation, cm H2O 178 Mean
difference

1.1 (−0.2 to 2.4)

Length of hospital stay among those survived to discharge, d 108 Mean
difference

3.5 (−0.04 to 7.1)

Bronchoscopy while intubated 180 OR 0.96 (0.90 to 1.03)

Ventilator-associated pneumonia 180 OR 0.99 (0.94 to 1.05)

Abbreviations: HR, hazard ratio;
OR, odds ratio; PEG, percutaneous
endoscopic gastrostomy; PIP, peak
inspiratory pressure; PS, propensity
score.
a Reference group for comparison:

appropriate for height ETT group.

Table 3. Outcome Results Comparing Large and Appropriate Endotracheal Tube (ETT) Size Groups

Variable
PS matched
pairs, No.

Effect
measure Estimated effect size (CI)a

Primary end point

30-d in-hospital overall survival 210 HR 1.1 (0.8 to 1.6)

Secondary end points

30-d readmission after discharge 139 OR 1.04 (0.96 to 1.13)

Tracheostomy at discharge or death among those survived
to discharge

144 OR 1.0 (0.9 to 1.1)

PEG at discharge or death among those survived
to discharge

144 OR 0.98 (0.95 to 1.02)

Reintubation within 14 d in hospital after index extubation
among those survived to discharge

140 OR 0.98 (0.89 to 1.07)

Duration of intubation among those survived to hospital
discharge, h

144 Mean
difference

4.5 (−17.7 to 26.7)

Average PIP during intubation, cm H2O 222 Mean
difference

−0.3 (−1.5 to 0.9)

Length of hospital stay among those survived to discharge, d 144 Mean
difference

1.2 (−1.9 to 4.4)

Bronchoscopy while intubated 222 OR 0.96 (0.91 to 1.02)

Ventilator-associated pneumonia 222 OR 0.97 (0.93 to 1.02)

Abbreviations: HR, hazard ratio;
OR, odds ratio; PEG, percutaneous
endoscopic gastrostomy; PIP, peak
inspiratory pressure; PS, propensity
score.
a Reference group for comparison:

appropriate for height ETT group.
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Using the height-based ETT selection nomogram, our data
showed that 224 patients (27.5%) intubated for critical illness
received an inappropriately large ETT. Compared with pa-
tients who received an appropriate ETT, patients with small
ETTs did not demonstrate worse overall 30-day survival. How-
ever, patients with small ETTs did have a longer duration of
intubation, but this did not result in higher rates of tracheos-
tomy, reintubation, VAP, or prolonged hospital stay. In addi-
tion, large-for-height ETTs was not associated with any sur-
vival advantage or improvement in other respiratory and
critical care metrics. Bronchoscopy rates (10%) were low across
the cohort, and patients with small ETTs did not demon-
strate an increased rate of bronchoscopy.

Although the effect of appropriate ETT size on critical care
outcomesisarelativelyunderstudiedquestion,afewgroupshave
investigated the association of tube size with ventilator wean-
ing and respiratory mechanics.10-12 Overall, it has been shown
thatsmallerdiameterETTsareassociatedwithanincreaseinvari-
ous respiratory metrics, including airway pressures and respi-
ratory frequency to tidal volume ratios.10-12 The effect of tube di-
ameter on these metrics may be the driver behind the increased
intubation duration noted in our study, although we did not ob-
serve a significant relationship between ETT size group and PIP.

To date, there are not widely adopted guidelines for ETT
size selection in the critical care community. Historically, an
8.0 ETT was the standard selection for males, whereas a 7.0
was common for females. However, recent studies have dem-
onstrated that rather than being purely influenced by sex,
height was a stronger predictor of airway diameter.4,5 De-
spite this knowledge, 20% to 30% of patients are intubated with
large ETTs, and more work is needed to establish universal
guidelines for ETT size selection.

Limitations
Although our EMR data collection tool was successful in cap-
turing intubation events across the health care system, it was
unable to gather certain metrics, such as overall illness sever-
ity score and tube exchange events. Lack of an overall illness
severity score, such as Charlson Comorbidity Index or Acute
Physiology and Chronic Health Evaluation, is a potential limi-
tation of our study and could be a confounder given that pa-
tients with large ETTs were more likely to be intubated in the
ICU. Despite lacking information on tube exchange rate, 2 sur-
rogate metrics (72-hour reintubation and rapid response rates)
were low (11.8% and 5.7%, respectively) in the overall cohort
and did not differ by ETT size group. Therefore, we suspect the
need to upsize to a larger ETT was low in our cohort. Prospec-
tively delineating the rate of tube exchange when small-for-
height ETTs are used remains an important question for future
research.

Conclusions
During intubation, critical care professionals balance the
postulated benefits of larger ETTs on survival with the nega-
tive effects of larger ETTs on laryngeal function. The results
of this cohort study suggest that smaller ETTs may not
impair recovery from critical illness, whereas larger ETTs
may not confer a benefit. Furthermore, this study provides
the foundation for future work investigating the use of
smaller endotracheal tubes with the goal of minimizing
acute laryngeal injury, optimizing postextubation laryngeal
function, and maximizing the quality of life lived after criti-
cal illness.
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