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Abstract
Background: Little is known about hypoxemia surrounding endotracheal intubation in the critically ill. Thus, we sought
to identify risk factors associated with peri-intubation hypoxemia and its effects’ on the critically ill. Methods: Data from a
multicenter, prospective, cohort study enrolling 1,033 critically ill adults who underwent endotracheal intubation across
16 medical/surgical ICUs in the United States from July 2015-January 2017 were used to identify risk factors associated with
peri-intubation hypoxemia and its effects on patient outcomes. We defined hypoxemia as any pulse oximetry� 88% during and up
to 30 minutes following endotracheal intubation. Results: In the full analysis (n ¼ 1,033), 123 (11.9%) patients experienced the
primary outcome. Five risk factors independently associated with our outcome were identified on multiple logistic regression:
cardiac related reason for endotracheal intubation (OR 1.67, [95% CI 1.04, 2.69]); pre-intubation noninvasive ventilation
(OR 1.66, [95% CI 1.09, 2.54]); emergency intubation (OR 1.65, [95% CI 1.06, 2.55]); moderate-severe difficult bag-mask ven-
tilation (OR 2.68, [95% CI 1.72, 4.19]); and crystalloid administration within the preceding 24 hours (OR 1.24, [95% CI 1.07, 1.45];
per liter up to 4 liters). Higher baseline SpO2 was found to be protective (OR 0.93, [95% CI 0.91, 0.96]; per percent up to 97%).
Consistent results were seen in a separate analysis on only stable patients (n ¼ 921, 93 [10.1%]) (those without baseline
hypoxemia � 88%). Peri-intubation hypoxemia was associated with in-hospital mortality (OR 2.40, [95% CI 1.33, 4.31]; stable
patients: OR 2.67, [95% CI 1.38, 5.17]) but not ICU length of stay (point estimate 0.9 days, [95% CI�1.0, 2.8 days]; stable patients:
point estimate 1.5 days, [95% CI�0.4, 3.4 days]) after adjusting for age, body mass index, illness severity, airway related reason for
intubation (i.e., acute respiratory failure), and baseline SPO2. Conclusions: Patients with pre-existing noninvasive ventilation and
volume loading who were intubated emergently in the setting of hemodynamic compromise with bag-mask ventilation described
as moderate-severe in difficulty were at increased risk for peri-intubation hypoxemia. Higher baseline oxygenation was found to
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Background

Endotracheal intubation, although a common procedure within

the intensive care unit (ICU), is frequently associated with sig-

nificant morbidity and mortality. Major life-threatening compli-

cations relate to both hemodynamic instability (e.g.,

post-intubation hypotension) and hypoxemia.1-3 Thus, hemody-

namic and airway management surrounding ICU endotracheal

intubations are of significant importance. Hemodynamic man-

agement of ICU endotracheal intubations has recently been

recognized to be of significant importance as several studies

demonstrate increased morbidity and mortality in those who

experience post-intubation hypotension.3-7 These studies also

illustrate that this phenomenon is common in the critically ill,

occurring between 20% and 45%. Furthermore, there has been a

significant amount of research into identifying risk factors for

post-intubation hypotension3,6-8 with one study deriving and

validating a predictive model for hemodynamic instability sur-

rounding endotracheal intubations.9

While research on post-intubation hypotension has increased

in the past decade, research into hypoxemia during endotracheal

intubation has been lacking. Prior literature has centered on

directly identifying a difficult airway with hypoxemia as a com-

plication of a failed attempt at intubation.2,10,11 Up to a fifth of

patients have peri-intubation hypoxemia, and those that do have

increased ICU and hospital mortality.12,13 Despite this,

“prospectively” derived risk factors for peri-intubation hypox-

emia in ICU patients from a multi-center cohort remain

unknown.

Thus, to build a complete view of peri-intubation hypoxemia,

the HEModynamic and AIRway (HEMAIR-NCT02508948)

study aimed to identify risk factors associated with hypoxemia

during and up to 30 minutes following endotracheal intubation

with data from multiple ICUs throughout the United States (US).

Our secondary objective was to report on patient-related out-

comes in those experiencing peri-intubation hypoxemia.

Methods

Institutional Approval

The current study was approved by the regulatory body at each

individual medical center with Mayo Clinic serving as the

primary regulatory body. The study was done under a waiver

of consent. The HEMAIR study was registered at Clinical-

trials.gov (identifier-NCT02508948) (Registered Report Iden-

tifier RR2-10.2196/11101).

Study Population

The HEMAIR study was a prospective, cohort, multicenter

study enrolling adult (�18 years) critically ill patients admitted

to participating ICUs at 8 Health and Human Services (HHS)

regions who underwent endotracheal intubation from July 2015

to January 2017. The study population represented a diverse set

of critically ill patients encompassing medical (general medical

and neurological) and surgical (general surgical, cardiac,

trauma) ICUs. Exclusion criterion included endotracheal intu-

bations performed outside the ICU. Although not a formal

exclusion, patients with unavailable pre/post-pulse oximetry

data were excluded.

Study Protocol

The HEMAIR study was a prospective cohort study. Thus, no

formal protocol was executed. However, a standardized case

report form with guidance from anesthesia, medicine, and pul-

monary critical care physicians was developed focusing on

both hemodynamic and airway management of endotracheal

intubations.14 In addition, monthly investigator meetings were

established to assist with data collection and standardization.

A standardized operating manual and HEMAIR registry (www.

hemair.org) were also created aprior to further assist with data

collection. Data within 60 minutes pre- and post-endotracheal

intubations were collected. Data were collected at the time of

endotracheal intubation at each center and inputted into a cen-

tralized on-line Research Electronic Data Capture platform.

Data quality checks were performed at study conclusion with

data analysis performed at Mayo Clinic. All data elements were

pre-specified.

Primary Outcome

The primary outcome was defined as: any pulse oximetry

reading � 88% from the time of intubation to 30 minutes

following endotracheal intubation.14 Data on the primary out-

come were collected by trained study personnel in real time at

the bedside using lowest oxygenation saturation value. The

cutoff value of 88% was selected based on literature showing

that targeting a conservative oxygenation strategy (88-92%)

resulted in no significant difference in vasopressor free days,

ventilator free days, and ICU or 28 day mortality as compared

to targeting a more liberal oxygenation strategy (�96%).15,16

Moreover, evidence in obstructive lung disease patients sug-

gests that targeting a more conservative oxygenation strategy

(88-92%) in the acute setting reduces mortality.17
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be protective against peri-intubation hypoxemia. Peri-intubation hypoxemia was associated with in-hospital mortality but not ICU
length of stay. Trial registration: Clinicaltrials.gov identifier: NCT02508948 and Registered Report Identifier: RR2-10.2196/
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Pre-intubation pulse oximetry was defined using the value

recorded within 15 minutes prior to endotracheal intubation.

If this reading was unavailable, then the value up to 30 minutes

prior to endotracheal intubation was used as the baseline oxy-

gen saturation.

Sample Size

The sample size for the HEMAIR study was based on estimat-

ing the complications of post-intubation hypotension (assump-

tion of 11%) and hypoxemia (assumption of 12%). Thus, the

sample size was derived with the aim of estimating the occur-

rence of post-intubation hypotension and hypoxemia with pre-

cision of +1% [N ¼ 804]. For the current investigation, there

were 14 risk factors of interest which were each assessed using

a single degree of freedom. The analysis dataset included

123 patients who met criteria for post-intubation hypoxemia

resulting in approximately 9 events for each degree of freedom.

Statistical Analysis

For the overall analysis, all patients who had pulse oximetry data

at baseline and 30 minutes post-intubation were included.

A secondary analysis was performed excluding patients who had

oxygen saturation � 88% at baseline to arrive at a subset of

stable patients. Patient and procedural characteristics are pre-

sented separately for the full and stable cohorts using mean +
standard deviation or median (interquartile range) for continu-

ous variables, and frequency counts (percentages) for categori-

cal variables. Candidate predictor variables were chosen based

on a review of prior literature [Supplement B].1,2,10-13,18 These

candidate variables included age, body mass index, history of

congestive heart failure, history of chronic obstructive pulmon-

ary disease, Acute Physiologic And Chronic Health Evaluation

(APACHE) II score 24 hours prior to endotracheal intubation,

airway related reason for endotracheal intubation (i.e., acute

respiratory failure), cardiac related reason for endotracheal intu-

bation, use of noninvasive ventilation prior to endotracheal intu-

bation, emergency endotracheal intubation, direct laryngoscopy

attempted, baseline SpO2, use of neuromuscular block, difficult

mask ventilation, and total crystalloid 24 hours prior to endo-

tracheal intubation. Analyses were performed using multiple

logistic regression. In order to account for missing data, the

analysis was performed using 20 imputed datasets which were

created using fully conditional specification methods, and the

results were combined using Rubin’s rules. The Box-Tidwell

test and graphical displays of results using restricted cubic

splines were used to assess modeling assumptions for continu-

ous predictor variables. Results from the logistic regression

analyses are summarized by presenting the OR and correspond-

ing 95% CI for each candidate predictor variable. Secondary

analyses were performed to compare outcomes of patients who

experienced hypoxemia versus not. Binary outcomes (tracheost-

omy, acute kidney injury, ICU death and hospital death) were

compared between groups using Fisher’s exact test. Among

those who survived to hospital discharge, ICU length of stay and

duration of mechanical ventilation were compared between

groups using the Wilcoxon rank sum test. A multivariable logis-

tic regression analysis was performed to assess whether hospital

mortality differed between those who experienced hypoxemia

versus not after adjusting for age, body mass index, APACHE II

score, airway related reason for intubation (i.e., acute respiratory

failure), and baseline SpO2. Similarly, a multivariable quantile

regression analysis was performed to assess whether the median

length of ICU stay differed between those who experienced

hypoxemia versus not after adjusting for the same covariates.

A series of sensitivity analyses were also performed with the

lowest post-intubation SpO2 treated as a continuous variable.

A multiple linear regression analysis was performed with the

lowest-post-intubation SpO2 used as the dependent variable,

and the same candidate predictor variables included as

described above for the logistic regression analysis assessing

characteristics associated with post-intubation hypoxemia.

Similarly, logistic regression and quantile regression were used

to assess whether the lowest post-intubation SpO2 was predic-

tive of postoperative complications, duration of mechanical

ventilation or length of ICU stay. In all cases, 2-tailed tests

were performed with p < 0.05 used to denote statistical

significance.

Results

Cohort Characteristics

Out of 1,288 total enrollees, 49 were excluded because their

data were incomplete at the time the analysis dataset was cre-

ated. Of the remaining 1,239 enrollees, 206 were excluded due

unavailable pre/post-intubation pulse oximetry data. With

these exclusions, the final population included 1,033 patients

from 16 centers (8 HHS regions) with 921 patients in the stable

cohort [Figure 1 & Supplement C]. Compared to included

patients, patient who were excluded were more likely to have

obstructive lung disease (27.2% vs. 20.4%), hypovolemic

shock (19.4% vs. 12.8%), a neurologic reason for intubation

(34.0% vs. 23.1%) and require emergency intubation (60.7%
vs. 53.1%). Other baseline characteristics and outcomes of

those who were excluded were similar to the included patients

[Supplements D & E].

The mean age and body mass index in the full cohort was

62.4 + 15.4 years and 29.7 + 9.4 kg/m2. The mean age and

body mass index in the stable cohort was 61.9 + 15.4 years

and 29.8 + 9.5 kg/m2. Males compromised the majority of

patients (full set: 602 [58.3%]; stable set: 530 [57.6%]) (Table

1). Acute respiratory failure was the most common indication

for endotracheal intubation (full: 751 [72.7%]; stable: 652

[70.8%]), with pre-intubation noninvasive ventilation (Contin-

uous/Bilevel Positive Airway Pressure) used in 319 (30.9%)

patients in the full set and in 284 (30.8%) patients in the stable

set (Tables 1 & 2).

The mean baseline oxygen saturation was 94.7 + 6.9% in

the full cohort and 96.5 + 3.1% in the stable cohort. Bag-mask

ventilation was performed in 178 (17.2%) patients in the full
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cohort and in 149 (16.2%) patients in the stable cohort. Paraly-

sis was used in 734 (71.1%) patients in the full cohort and in

648 (70.4%) patients in the stable cohort. Direct laryngoscopy

was attempted in 516 (50%) patients in the full cohort and in

467 (50.7%) patients in the stable cohort (Table 2).

Predictors of Hypoxemia in the Full and Stable Cohorts

A total of 123 (11.9%) patients in the full cohort and

93 (10.1%) patients in the stable cohort experienced the pri-

mary outcome. Five predictor variables were independently

associated with peri-intubation hypoxemia—cardiac related

reason for endotracheal intubation (OR 1.67, [95% CI 1.04,

2.69]); pre-intubation noninvasive ventilation (OR 1.66,

[95% CI 1.09, 2.54]); emergency endotracheal intubation

(OR 1.65, [95% CI 1.06, 2.55]); moderate-severe difficult

bag-mask ventilation (OR 2.68, [95% CI 1.72, 4.19]); and

crystalloid administration within the preceding 24 hours

(OR 1.24, [95% CI 1.07, 1.45]; per liter up to 4 liters). Higher

baseline SPO2 was found to safeguard against hypoxemia (OR

0.93, [95% CI 0.91, 0.96]; per percent). The same 5 variables

were also found to be independently associated with

peri-intubation hypoxemia in the stable cohort: cardiac related

reason for endotracheal intubation (OR 1.94, [95% CI

1.15, 3.27]), pre-intubation noninvasive ventilation (OR 1.82,

[95% CI 1.13, 2.94]), emergency endotracheal intubation

(OR 1.71, [95% CI 1.05, 2.80]), moderate-severe difficult

bag-mask ventilation (OR 2.88, [95% CI 1.74, 4.77]), and crys-

talloid administration within the preceding 24 hours (OR 1.21,

[95% CI 1.03, 1.43]; per liter up to 4 liters) with higher baseline

SpO2 guarding against hypoxemia (OR 0.91, [95% CI 0.82,

0.99]; per percent) (Table 3).

From a multiple linear regression, analysis was performed

with the lowest post-intubation SpO2 treated as a continuous

variable. Post-intubation SpO2 was found to be increased with

older age (regression coefficient¼ 0.35 [0.07, 0.63] per 10 year

increase, p¼ 0.016) and higher baseline SpO2 (regression coef-

ficient ¼ 0.14 [0.08, 0.20], p ¼ < 0.001); and decreased for

those with a cardiac reason for intubation (regression coeffi-

cient ¼ �1.78 [�2.81, �0.69], p ¼ 0.001) and those with

difficult mask ventilation (regression coefficient ¼ �1.63

[�2.74, �0.53], p ¼ 0.004) [Supplement F].

Hypoxemia Outcomes

For those who met our definition for hypoxemia, both ICU (full

set: 49 [40%] vs. 218 [24%], p ¼ < 0.001; stable set: 35 [38%]

vs. 201 [24%], p ¼ 0.008) and hospital (full set: 51 [41%] vs.

244 [27%], p ¼ 0.001; stable set: 37 [40%] vs. 224 [27%],

p ¼ 0.015) death were significantly increased compared to

those without hypoxemia (Table 4—unadjusted analysis).

From multivariable logistic regression analysis adjusting for

age, body mass index, APACHE II score, airway related reason

for intubation (i.e., acute respiratory failure), and baseline

SpO2, the likelihood of hospital mortality was elevated in those

who experienced peri-intubation hypoxemia (full set: OR 2.40,

[95% CI 1.33, 4.31], p ¼ 0.004; stable set: OR 2.67, [95%
CI 1.38, 5.17], p ¼ 0.004). In addition, among those who sur-

vived to ICU discharge, mechanical ventilation days (full set:

6 days [IQR 3, 13] vs. 4 days [IQR 2, 8], p¼ < 0.001; stable set:

6 days [IQR 3, 13] vs. 4 days [IQR 2, 8], p ¼ < 0.001) and

length of ICU stay (full set: 9 days [IQR 5, 16] vs. 6 days

[IQR 3, 12], p¼ 0.003; stable set: 9 days [IQR 5, 16] vs. 6 days

[IQR 3, 13], p ¼ 0.005) were significantly increased in

Figure 1. Study participants.
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those who experienced peri-intubation hypoxemia (Table 4—

unadjusted analysis). From multivariable quantile regression

analysis adjusting for age, body mass index, APACHE II score,

airway related reason for intubation (i.e., acute respiratory

failure), and baseline SpO2, the median duration of ICU stay

did not differ significantly between those who experienced

peri-intubation hypoxemia vs. not (full set: point estimate

0.9 days, [95% CI �1.0, 2.8], p ¼ 0.348; stable set: point

estimate 1.5 days, [95% CI �0.4, 3.4], p ¼ 0.133). When

analyzed as a continuous variable, a higher post-intubation

SpO2 was associated with a decreased risk of ICU and hospital

mortality (OR 0.95, [95% CI 0.93, 0.97] and OR 0.96, [95%
CI 0.94, 0.98], for ICU and hospital mortality respectively,

both p ¼ < 0.001) and shorter duration of ICU stay (point

estimate �0.10 [�0.18, �0.02] days for each percentage point

increase in post-intubation SpO2, p ¼ 0.348) [Supplement G].

As a sensitivity analysis, we also assessed the association

between hospital mortality and ICU length of stay with the

lowest post-intubation SpO2 using restricted cube spline with

3 knots [Supplement H & I]. This analysis revealed similar

findings to the adjusted analysis using our pre-defined

outcome.

Discussion

We set out to identify predictors of peri-intubation hypoxemia

in a clinically diverse set of patients from around the US. Five

predictors of peri-intubation hypoxemia in those both stable

and unstable prior to endotracheal intubation were identified;

cardiac related reason for endotracheal intubation (OR 1.67 all

patients, OR 1.94 stable patients), use of pre-existent noninva-

sive ventilation (OR 1.66 all patients, OR 1.82 stable patients),

emergency endotracheal intubation (OR 1.65 all patients, OR

1.71 stable patients), moderate-severe difficult bag-mask ven-

tilation (OR 2.68 all patients, OR 2.88 for stable patients), and

pre-intubation crystalloid administration (OR 1.24 all patients,

OR 1.21 stable patients) with the risk increasing for every

additional liter up to a maximum of 4 liters in the 24 hours

prior to endotracheal intubation. As expected, higher baseline

oxygenation was found to be beneficial in defending against

hypoxemia. Although our incidence (10.1%-11.9%) was lower

than reported (18%-26%), in those who experienced our

hypoxemia outcome, the risk for mortality was significantly

increased after adjusting for age, body mass index, illness

severity, airway related reason for intubation (i.e., acute

respiratory failure), and baseline oxygenation.12-13

Pulse oximeters measure changes in light absorption of oxy-

genated and deoxygenated blood by emitting red and infrared

light. Thus, low flow states can lead to lower and unreliable

oxygen saturation readings from pulse oximetry which likely

explains why a lot of patients who were intubated in the setting

of low perfusion pressure also met our hypoxemia defini-

tion.19,20 The use of pre-existing noninvasive ventilation as a

risk factor for hypoxemia may be related to the possibility of

masking signs of severe respiratory failure, the threat of aspira-

tion in an unsecured airway in the setting of altered mentation,

or delaying a much-needed endotracheal intubation.21-24 In

other words, these patients were already in extremis and remov-

ing noninvasive ventilation during endotracheal intubation may

have led to rapid decline in oxygenation from possible decruit-

ment that was prolonged. For example, Purwar et al. assessed

noninvasive ventilation in a tertiary care critical care unit and

found that higher illness severity scores, baseline PaCO2 levels,

and time on noninvasive were strongly associated with worse

outcomes, suggesting that perhaps noninvasive may delay

endotracheal intubation or mask severe illness in the critically

ill.25 Given we did not capture variables such as baseline

PaCO2 or time on noninvasive ventilation, our finding of an

association between the use of noninvasive ventilation and

peri-intubation hypoxemia should be interpreted with clinical

caution. Furthermore, the success of noninvasive ventilation in

helping with peri-intubation hypoxemia as reported in previous

Table 1. Patient Characteristics.

Characteristic
All patients
(N ¼ 1033a)

Stable patients
(N ¼ 921a)

Age (years), mean + SD 62.4 + 15.4 61.9 + 15.4
Sex, n (%)

Male 602 (58.3) 530 (57.6)
Female 431 (41.7) 391 (42.4)

Body mass index, kg/m2 29.7 + 9.4 29.8 + 9.5
Medical history, n (%)

Previous difficult endotracheal
intubation

14 (1.4) 14 (1.5)

Congestive heart failure 213 (20.6) 186 (20.2)
Coronary artery disease 267 (25.9) 229 (24.9)
Obstructive lung disease 211 (20.4) 180 (19.5)
End-stage renal disease 80 (7.7) 73 (7.9)
Cirrhosis 127 (12.3) 113 (12.3)
Diabetes mellitus type 2 309 (29.9) 271 (29.4)
Acute kidney injury stage 1 or
higher (AKIN or RIFLE)

355 (34.4) 312 (33.9)

Dialysis or renal replacement
therapy

72 (7.0) 69 (7.5)

Mechanical circulatory support
(VAD, IABP, ECMO)

20 (1.9) 19 (2.1)

Sepsis-3 (2016) 425 (41.1) 368 (40.0)
Hypovolemic shockb 132 (12.8) 116 (12.6)

Emergency intubation, n (%) 548 (53.1) 476 (51.7)
Intubation setting, n (%)

Airway protection 649 (62.8) 591 (64.2)
Acute respiratory failure 751 (72.7) 652 (70.8)
Neurologic 239 (23.1) 222 (24.1)
Cardiac arrest 41 (4.0) 38 (4.1)
MAP < 65 mmHg—hemodynamic
decompensation

189 (18.3) 169 (18.4)

Procedural-related 187 (18.1) 179 (19.5)

aData were available for > 99% of patients for all characteristics listed.
bHypovolemic shock: critical decrease in intravascular volume leading to
inadequate perfusion (as measured by decreased urine output or increased
lactate) resulting in imbalance between oxygen supply/demand.

SD: standard deviation; AKIN: acute kidney injury network; RIFLE: risk, injury,
failure, loss of kidney function and end-stage kidney disease; VAD: ventricular
assist device; IABP: intra-aortic balloon pump; ECMO: extracorporeal
membrane oxygenation; MAP: mean arterial pressure.

1470 Journal of Intensive Care Medicine 36(12)



investigations appears to be at least partially dependent on

patient selection.26-28 Patients who were intubated under emer-

gent conditions in our study had a higher risk of peri-intubation

hypoxemia. This is confirmed by literature where it has been

demonstrated that endotracheal intubations performed outside

the operating room tend to lead to a greater risk of intubation

complications such as hypotension, hypoxia, difficult airway,

etc.29,30 We also found that volume loading within 24 hours of

endotracheal intubation was associated with hypoxemia.

A plausible explanation may be that these patients had

pre-existent lung injury leading to organ inflammation and

leaky capillaries with resultant accelerated turnover of crystal-

loids/colloids and reduced efficiency thereby leading to hypox-

emia.31 Another explanation maybe that these patients had a

degree of acute pulmonary edema that resulted in hypoxia

surrounding endotracheal intubation secondary to fluid accu-

mulation in the lungs impairing gas exchange.32 The above is

further supported by the linear association of hypoxemia with

Table 2. Peri-Intubation Characteristics.

Characteristic All patients (N ¼ 1033a) Stable patients (N ¼ 921a)

24 hours prior to endotracheal intubation
APACHE II score,
mean + SD

17.8 + 8.4 17.7 + 8.5

Cardiovascular medications, n (%)
Diuretics 179 (17.3) 158 (17.2)
Alpha blocker 14 (1.4) 13 (1.4)
Beta blocker 99 (9.6) 88 (9.6)
Ace inhibitors 3 (0.3) 3 (0.3)
Midodrine 17 (1.7) 16 (1.7)
Calcium channel blocker 69 (6.7) 65 (7.1)
Nitrates 30 (2.9) 28 (3.0)
Anti-arrhythmic 93 (9.0) 83 (9.0)

RBC transfusion, n (%) 132 (12.8) 124 (13.5)
Non-RBC transfusion, n (%) 74 (7.2) 70 (7.6)
Fluid balance (ml), median (IQR) 192 (�740, 1364) 165 (�704, 1575)
Non-invasive ventilation 319 (30.9) 284 (30.8)
High flow nasal cannula 44 (4.3) 37 (4.0)
Sedative/hypnotic medication (benzodiazepines, ketamine, opioids,
dexmedetomidine)

294 (28.5) 263 (28.6)

Fluid bolus (� 500 ml of crystalloid or colloid) 172 (16.7) 154 (16.7)
Vasopressors

Calcium 13 (1.3) 12 (1.3)
Catecholamine 192 (18.6) 164 (17.8)
Vasopressin 54 (5.2) 48 (5.2)
Phenylephrine 61 (5.9) 58 (6.3)
Inotrope (dobutamine or milrinone) 20 (1.9) 18 (2.0)

Hemoglobin (g/dL) mean + SD 10.0 + 2.5 10.1 + 2.5
Lactate (mmol/L), median (IQR) 1.6 (0.8, 3.0) 1.6 (0.8, 3.0)
SpO2 (%), mean + SD 94.7 + 6.9 96.5 + 3.1
Systolic blood pressure (mmHg), mean + SD 124.1 + 31.2 124.3 + 31.4
Diastolic blood pressure (mmHg), mean + SD 68.6 + 21.1 68.6 + 21.2
Mean arterial pressure (mmHg), mean + SD 87.1 + 22.3 87.2 + 22.4
Shock index, mean + SD 0.87 + 0.28 0.86 + 0.28
Modified shock index, mean + SD 1.23 + 0.39 1.23 + 0.39

Immediately prior to endotracheal intubation
Ketamine 184 (17.8) 167 (18.1)
Propofol 265 (25.7) 242 (26.3)
Etomidate 542 (52.5) 479 (52.0)
Opioids 370 (35.8) 331 (35.9)
Benzodiazepines 364 (35.2) 323 (35.1)
Paralytic: depolarizing 291 (28.2) 258 (28.0)
Paralytic: non-depolarizing 443 (42.9) 390 (42.4)
Difficult (moderate-severe) Mask Ventilation 178 (17.2) 149 (16.2)
Direct Laryngoscopy attempted 516 (50.0) 467 (50.7)

aData were available for� 98% of patients for all characteristics except fluid balance, APACHE II score and lactate which were missing for 11%, 18%, and 29% of all
patients and 12%, 18%, and 30% of stable patients.

APACHE: acute physiologic and chronic health evaluation; RBC: red blood cell; SD: standard deviation; IQR: interquartile range.
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each liter of fluid administered over the 24 hour period.

A caveat to this is that the presence of hemodynamic instability

(cardiac related reason for endotracheal intubation) and the

need for fluid loading may have played a role in raising the

risk of peri-intubation hypoxemia insofar as these conditions

might lower the SvO2, which would contribute to low PaO2 and

SaO2/SpO2 when there is a shunt or V/Q mismatch. Finally,

patients who were moderately to severely difficult to ventilate

via bag-mask ventilation, defined as needing oral/nasal adjunct

or 2 handed mask ventilation, had increased risk of hypoxemia.

This is supported by several studies.33-35 This is not to say that

bag-mask ventilation is not useful in preventing or reducing the

degree of peri-intubation hypoxemia. Indeed, a recent clinical

trial demonstrated that effective bag-mask ventilation improves

oxygenation during endotracheal intubation.36

Recently, McKown and colleagues derived and validated a

model for peri-intubation hypoxemia based on data from 2 prior

randomized controlled trials. They arrived at a 6 point score

Table 3. Multiple Logistic Regression Analysis of Characteristics Associated With Post-Intubation Hypoxemia.a

All patients (N ¼ 1033b) Stable patients (N ¼ 921b)

Characteristic OR 95% C.I. p OR 95% C.I. p

Age, per 10 years 0.97 (0.85, 1.12) 0.715 0.96 (0.82, 1.13) 0.600
BMI, per 5 kg/m2 1.08 (0.98, 1.20) 0.109 1.07 (0.96, 1.19) 0.228
History of CHF 0.80 (0.47, 1.37) 0.421 0.97 (0.54, 1.75) 0.921
History of COPD 0.98 (0.58, 1.65) 0.941 1.00 (0.55, 1.80) 0.995
APACHE II score, per unit 0.98 (0.95, 1.01) 0.114 0.98 (0.95, 1.01) 0.207
Airway related reason for intubation (i.e., acute respiratory failure) 2.73 (0.80, 9.27) 0.108 2.48 (0.72, 8.55) 0.151
Cardiac related reason for intubation (i.e., shock, cardiac arrest) 1.67 (1.04, 2.69) 0.036 1.94 (1.15, 3.27) 0.013
Pre-intubation noninvasive ventilation 1.66 (1.09, 2.54) 0.019 1.82 (1.13, 2.94) 0.014
Emergency intubation 1.65 (1.06, 2.55) 0.026 1.71 (1.05, 2.80) 0.032
Direct attempt 1.37 (0.90, 2.08) 0.148 1.44 (0.90, 2.32) 0.132
Baseline SpO2, per percent (up to 97%) 0.93 (0.91, 0.96) <0.001 0.91 (0.82, 0.99) 0.042
Any neuromuscular block 0.85 (0.55, 1.31) 0.462 0.69 (0.43, 1.10) 0.119
Difficult (moderate-severe) mask ventilation 2.68 (1.72, 4.19) <0.001 2.88 (1.74, 4.77) <0.001
Crystalloid, per liter (up to 4 liters) 1.24 (1.07, 1.45) 0.004 1.21 (1.03, 1.43) 0.024

aAmong all 1033 patients there were 123 (11.9%) who met criteria for post-intubation hypoxemia and among 921 stable patients there were 93 (10.1%) who met
criteria for post-intubation hypoxemia.

bIn order to account for missing data, analyses were performed using multiple imputation. For the multiple imputation analysis, 20 imputed datasets were used
with results combined using Rubin’s rules. Age, BMI, apache II score, baseline SpO2, and crystalloid were treated as continuous variables. In order to satisfy
linearity assumptions, baseline SpO2 values greater than 97% were truncated to 97% and crystalloid values > 4 liters were truncated to 4 liters.

BMI: body mass index; CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease; APACHE: acute physiology and chronic health evaluation;
OR: odds ratio; CI: confidence interval.

Table 4A. Outcomes—All Patients (Unadjusted Analysis).

No hypoxemia
(N ¼ 910)

Hypoxemia
(N ¼ 123)

Characteristic Na # (%) Na # (%) p-valueb

Tracheostomy 898 145 (16) 120 26 (22) 0.152
Acute Kidney Injury 565 112 (20) 83 21 (25) 0.247
ICU death 910 218 (24) 123 49 (40) <0.001
Hospital Death 910 244 (27) 123 51 (41) 0.001
For those who survived

to ICU discharge
Mechanical
Ventilation Days

683 4 (2, 8) 73 6 (3, 13) <0.001

Length of ICU stay 684 6 (3, 12) 74 9 (5, 16) 0.003

aNumber of patients with information available. For acute kidney injury, the
analysis only includes patients without pre-existing kidney injury at the time of
intubation.

bBinary outcome variables are summarized using n (%) and compared between
groups using Fisher’s exact test. Continuous outcome variables are summar-
ized using median (25th, 75th) and compared between groups using the
Wilcoxon rank sum test.

ICU: intensive care unit.

Table 4B. Outcomes—Stable Patients (Unadjusted Analysis).

No hypoxemia
(N ¼ 828)

Hypoxemia
(N ¼ 93)

Characteristic Na # (%) Na # (%) p-valueb

Tracheostomy 817 131 (16) 91 22 (24) 0.055
Acute Kidney Injury 516 104 (20) 63 16 (25) 0.326
ICU death 828 201 (24) 93 35 (38) 0.008
Hospital Death 828 224 (27) 93 37 (40) 0.015
For those who survived

to ICU discharge
Mechanical
Ventilation Days

618 4 (2, 8) 57 6 (3, 13) <0.001

Length of ICU stay 620 6 (3, 13) 58 9 (5, 16) 0.005

aNumber of patients with information available. For acute kidney injury, the
analysis only includes patients without pre-existing kidney injury at the time of
intubation.

bBinary outcome variables are summarized using n (%) and compared between
groups using Fisher’s exact test. Continuous outcome variables are summar-
ized using median (25th, 75th) and compared between groups using the
Wilcoxon rank sum test.

ICU: intensive care unit.
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consisting of hypoxemic respiratory failure, lower oxygen

saturation at induction, younger age, higher body mass index,

race, and operator with fewer than 100 prior endotracheal intu-

bations. There model revealed an area under the curve of 0.714

(95% confidence interval, 0.653 to 0.778).18 Although this

study derived and validated a prediction model for

peri-intubation hypoxemia, the analysis was retrospective in

nature with data available for only 2 minutes post-intubation.

Hypoxemia surrounding endotracheal intubation may not occur

for minutes later depending on several factors such as

pre-oxygenation, respiratory reserve, or other unknown factors.

For example, a single-center retrospective study looking at risk

factors for peri-intubation hypoxemia extended this time period

to 30 minutes post-intubation.12 Based on the aforementioned

study, we feel that our study adds value to the literature by

extending the time frame for peri-intubation hypoxemia and

capturing data in real-time within a multi-center cohort.

Limitations

Our study has several limitations. First, this was a prospective

observational cohort study, and thus no causal relationship can

be drawn between any of the risk factors in this study and

peri-intubation hypoxemia. Second, there may be other

unknown variables that were not evaluated in this study which

could contribute to peri-intubation hypoxemia. However, after

reviewing the literature, we feel we captured the most relevant

factors associated with peri-intubation hypoxemia. Third, we

were unable to obtain granular vital sign data during the

peri-intubation period. Indeed, capturing pulse oximetry data

every minute or even at smaller intervals, along with plethys-

mography waveform analysis may result in the finding of new

associations not previously recognized. Although the vital sign

data was not granular, this study included a diverse set of

critically ill patients from around the US with varying practice

patterns and therefore represented real world observations.

Fourth, the “beneficial” effect of higher baseline SpO2 may

be due to the definition, as opposed to any genuine beneficial

relationship. Fifth, provider teams in this study may have been

aware of patient enrollment thereby possibly introducing sys-

tematic biases and change in practice patterns. Sixth, the intu-

bator operator level is known to influence the risk of

hypoxemia.12,18 Unfortunately, a lack of detailed information

precluded any analysis in the current study. Seventh, excluding

206 patients from the final analysis allows for significant

potential biases that must be recognized. Finally, the associa-

tion of oxygen saturation during intubation with clinical out-

comes is likely confounding and may not be a true measure of

the effect of hypoxemia during intubation on clinical outcomes.

Conclusions

We found that peri-intubation hypoxemia is not uncommon in the

critically ill and when exposed to this outcome, critically ill

patients have worse outcomes. Five risk factors were noted to

be associated with peri-intubation hypoxemia on multiple logistic

regression analyses; 1) cardiac related reason for endotracheal

intubation, 2) emergency endotracheal intubation, 3)

pre-intubation noninvasive ventilation, 4) moderate-severe diffi-

culty in bag-mask ventilation, and 5) pre-intubation volume load-

ing. Higher oxygenation pre-intubation was protective. Clinicians

should be aware of these potential risk factors prior to endotra-

cheal intubation so as to reduce hypoxemia during this period.
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