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Retrospective Analysis of Peri-Intubation Hypoxemia
During the Coronavirus Disease 2019 Epidemic Using
a Protocol for Modified Airway Management

Jai Madhok, MD, MSE,* Melissa A. Vogelsong, MD,* Tiffany C. Lee, MD,*
Jennifer G. Wilson, MD, MS,t and Frederick Mihm, MD*

This single-center retrospective study evaluated a protocol for the intubation of patients with
confirmed or suspected coronavirus disease 2019 (COVID-19). Twenty-one patients were intu-
bated, 9 of whom were found to have COVID-19. Adherence to the airway management pro-
tocol was high. COVID-19 patients had lower peripheral capillary oxygen saturation by pulse
oximetry (Spo,) nadirs during intubation (Spo,, 73% [72%—77%] vs 89% [86%—94%], P = .024),
and a greater percentage experienced severe hypoxemia defined as Spo, <80% (89% vs 25%,
P = .008). The incidence of severe hypoxemia in COVID-19 patients should be considered in
the development of guidelines that incorporate high-flow nasal cannula and noninvasive positive

pressure ventilation.

GLOSSARY

(A&A Practice. 2020;14:01360.)

BiPAP = bilevel positive airway pressure; BMI = body mass index; BVM = bag valve mask; COVID-
19 = coronavirus disease 2019; CPAP = continuous positive airway pressure; ED = emergency
department; EHR = electronic health record; Fio, = fractional inspired oxygen; HCW = health care
worker; HFNC = high-flow nasal cannula; ICU = intensive care unit; NIPPV = noninvasive positive
pressure ventilation; NRB = nonrebreather; P/F = Pao,/Fio,; PPE = personal protective equipment;
PUI = patient under investigation; SARS-CoV-2 = severe acute respiratory syndrome coronavirus-2;
SOFA = Sequential Organ Failure Assessment; Spo, = peripheral capillary oxygen saturation by

pulse oximetry

irway management in the coronavirus disease 2019
A(COVID-19) era must incorporate both the risk

of health care worker (HCW) exposure!? and the
underlying pulmonary pathophysiology of patients with
severe disease. Emergent intubations should be avoided
to afford intubation teams sufficient time to properly don
personal protective equipment (PPE), secure viral filters,
and move patients to negative pressure rooms.'** Providers
must also consider the profound hypoxemia and steep tra-
jectory of respiratory failure that COVID-19 patients may
experience. Even in the absence of COVID-19, tracheal intu-
bation in the critically ill is a high-risk procedure: up to 20%
of patients develop severe hypoxemia (peripheral capillary
oxygen saturation by pulse oximetry [Spo,] <80%), and 2%
suffer cardiac arrest.>® Avoidance of noninvasive positive
pressure ventilation (NIPPV) and bag-valve-mask (BVM)
ventilation to minimize aerosolization?>” of severe acute
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respiratory syndrome coronavirus-2 (SARS-CoV-2) places
patients at even higher risk for critical oxygen desaturation
during intubation.

Based on these considerations, a multidisciplinary task
force developed consensus guidelines for when and how to
intubate patients with confirmed or suspected COVID-19.
The protocol was designed to maximize patient and HCW
safety by avoiding emergent intubations and minimizing
aerosolization. This descriptive analysis evaluates protocol
adherence and incidence of peri-intubation complications
in a cohort of patients under investigation (PUI) and con-
firmed COVID-19 patients.

METHODS
This retrospective cohort study took place at a single medi-
cal center with institutional review board approval (IRB No.
55954) and waiver of consent. All adults (>18 years) with
confirmed or suspected COVID-19 requiring tracheal intuba-
tion between March 10 and April 10, 2020 in the emergency
department (ED), hospital ward, or intensive care unit (ICU)
were included. PUI criteria at our institution are provided
in Supplemental Digital Content 1 (http://links.lww.com/
AACR/A394). Patients who arrived at the ED in cardiac
arrest with cardiopulmonary resuscitation in progress were
excluded. Two reintubations of COVID-19 patients were
excluded because they occurred weeks following hospital
admission and were prompted by airway issues (postextu-
bation stridor and difficulty with secretion clearance).
Intubation criteria included (1) Pao, <65 mm Hg or Spo,
<92% on 15 L/min nonrebreather (NRB) mask or (2) labored
breathing with respiratory rate >35/min or Paco, >50 mm

cases-anesthesia-analgesia.org 1

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.


mailto:fmihm@stanford.edu

Hg with pH <7.30. High-flow nasal cannula (HFNC) and
NIPPV were avoided.

Intubations were performed in the ED by emergency
medicine attendings or senior residents, while inpatient
intubations were performed by a dedicated “COVID Airway
Team” comprising attending anesthesiologists. Protocol
adherence was assessed by (1) utilization of appropriate
PPE (powered air-purifying respirator or N95 respirator
with goggles or face shield) based on provider interview,
(2) intubation in a negative pressure room, (3) videolaryn-
goscopy for first intubation attempt, and (4) rapid sequence
induction with avoidance of BVM ventilation. Room entry
during intubation was limited to 3 providers (nurse, respi-
ratory therapist, and intubating physician) with a phar-
macist, “runner,” and backup airway assistant outside the
room. While BVM ventilation was avoided, a bag-mask
device with a viral filter was available (Supplemental
Digital Content 2, Intubation Checklist, http://links.lww.
com/AACR/A395).

Data were obtained through chart review and additional
direct follow-up with the intubating physician when suf-
ficient documentation was not available in the electronic
health record (EHR). Severity of illness was assessed by
Sequential Organ Failure Assessment (SOFA) score during
the first 24 hours postintubation. When an arterial blood
gas was not available, the Pao,/fractional inspired oxygen
(Fio,) ratio or P/F ratio was estimated based on the Spo,/
Fio, ratio as previously described.® Descriptive statistics
were used to assess protocol adherence and patient out-
comes, and to compare confirmed COVID-19 patients with
those who tested negative for SARS-CoV-2. Given the small
sample size, median values were compared using Wilcoxon
rank sum tests for continuous variables and Fisher exact
tests for categorical variables. All analyses were performed
using R (R Core Team, Version 1.2.5042, 2020, R Foundation
for Statistical Computing, Vienna, Austria, https://www.R-
project.org).

RESULTS

Twenty-one patients (median age, 66 years [58-73 years];
76% men) were intubated during the study period, of whom
9 (43%) tested SARS-CoV-2 positive (Table 1). Compared to
those who tested negative, COVID-19 patients had higher
body mass index (BMI; 32 [28-33] vs 23 [22-27], P = .005) but
were otherwise comparable in terms of age, sex, and comor-
bidities. Indications for intubation among PUI who tested
negative were heterogeneous, whereas all COVID-19 patients
were intubated for hypoxemia (P = .045). SOFA scores were
similar between groups; however, COVID-19 patients had
lower P/F ratios (100 [91-127] vs 161 [132-232], P = .017).

Protocol Adherence

Appropriate PPE was used during every intubation, and
90% of intubations occurred in a negative pressure room
(Table 2). Videolaryngoscopy was utilized for all first intu-
bation attempts, though 1 PUI required a fiberoptic rescue
intubation. Two patients arrived at the ED in extremis, with
prehospital NIPPV continued for preoxygenation before
immediate intubation. One ED patient received BVM ven-
tilation before a second intubation attempt. All 3 of these
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patients subsequently tested negative for SARS-CoV-2. No
inpatients required emergent intubation.

Peri-intubation Outcomes

Intubation was successful on the first attempt in 86% of
cases. Despite similar oxygen saturation levels before and
after preoxygenation, confirmed COVID-19 patients had
significantly lower nadirs during intubation compared to
SARS-CoV-2-negative patients (73% [72%-77%] vs 89%
[86%-94%], P = .024), as well as a trend toward lower nadirs
compared to the subset of SARS-CoV-2-negative patients
intubated for hypoxemia (88% [86%-90%], P = .059). COVID-
19 patients were also more likely to experience severe
hypoxemia, defined as Spo, <80% (89% vs 25%, P = .008)
(Figure). Comparable numbers of patients required vaso-
pressor boluses (56% vs 42%, P = .67) and infusions (22% vs
42%, P = .64) peri-intubation.

Patient Qutcomes

Three of the 9 COVID-19 patients died of multisystem organ
failure, while 6 were discharged. COVID-19 patients had
significantly longer duration of ventilation and length of
stay in the ICU and hospital (Figure).

DISCUSSION
While several recommendations have been published, the
optimal timing and method of intubation in COVID-19
patients is unknown.' The intubation algorithm described
in this study was designed to identify patients at risk for
respiratory collapse early, affording intubation teams time to
don PPE and minimize HCW exposure. This is one of the first
studies to assess the feasibility and safety of such a protocol.
Our study revealed strong adherence to an airway man-
agement protocol, proving the feasibility of a consistent
practice model at our hospital. No inpatients required emer-
gent intubation, suggesting that the intubation criteria facili-
tated controlled intubations and allowed for recommended
precautions to be taken. Because HCW outcomes were not
formally tracked, conclusions about HCW safety cannot be
made. To our knowledge, however, there have been no cases
of COVID-19 among intubating providers at our institution.
One striking observation in our cohort was the severity
of peri-intubation hypoxemia among COVID-19 patients.
In a study of 202 patients in Wuhan, China, a majority of
COVID-19 patients experienced Spo, <90%, but no details
of the degree of hypoxemia were reported.” In our cohort,
hypoxemia was more profound among COVID-19 patients
than PUI, despite using the same intubation technique and
having similar preintubation oxygen saturation levels. This
observation likely reflects the significant lung injury seen
with SARS-CoV-2 infection; however, direct comparisons
with the PUI group are limited given the small sample size
and differences between groups. Specifically, the PUI group
had lower BMI and more varied indications for intubation
beyond hypoxemia; and 3 received peri-intubation positive
pressure ventilation. Even so, this study confirms the poten-
tial for profound peri-intubation hypoxemia with our air-
way protocol in the COVID-19 population. Despite marked
hypoxemia, however, no COVID-19 patients suffered any
other major peri-intubation complication.
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Table 1. Demographic and Intubation Data

Demographics
Age,y
Male sex
BMI, kg/m?
Preexisting lung disease
Preexisting cardiac disease
On home oxygen
SOFA score
Lowest Pao,/Fio, ratio
Preinduction
Intubation acuity
Emergent
Urgent
Intubation location
ED
ICU
Indication for intubation

Hypoxia

Hypercarbia

Increased work of breathing
Altered mental status

Spo, before preoxygenation
Respiratory rate

Intubation

Preoxygenation
Nonrebreather
CPAP/BIiPAP
Bag-valve-mask ventilation
Bag-mask ventilation after induction
Highest Spo, with preoxygenation
Nadir Spo,
>1 attempt

Vasoactive medication administered

Yes, bolus
Yes, infusion
No
Complications
None
Severe hypoxia (Spo, <80%)

Cannot intubate, cannot ventilate

Significant airway trauma
Arrhythmia requiring intervention
Cardiac arrest

Death

All patients
(n=21)

58-73)
6)
22-31)
48)
67)

6 (
6 (7
2 (

0 (

(
9.5)
6
2

6
7
1

a4
2 (
7 (6-9)
132 (100-211)
5 (24)
16 (76)

15 (71)
6 (29)

16 (76)
4(19)
11 (52)
1o (48)
3 (85-95)
0 (23-37)

19 (91)
157

157

157

98 (95-100)
82 (72-90)
3 (14)

10 (48)
7(33)
10 (48)

SARS-CoV-2 SARS-CoV-2
positive negative
(n=9) (n=12) P
66 (40-73) 65 (60-74) .89
6 (67) 10 (83) .61
32 (28-33) 22 (22-27) .005
4 (44) 6 (50) >.99
6 (67) 8 (67) >.99
0 2 (17) .49
7 (7-8) 8 (6-10) .54
100 (91-127) 161 (132-232) .02
.34
1(11) 4 (33)
8 (89) 8 (67)
.002
3(33) 12 (100)
6 (67) 0
9 (100) 7 (58) .045
0 4 (33) .045
5 (56) 6 (50) >.99
0 10 (83) <.001
93 (92-95) 92 (83-96) .69
33 (29-44) 26 (22-32) .16
.04
9 (100) 10 (83)
0 1(8)
0 1(8)
0 1(8) >.99
97 (96-98) 99 (94-100) .63
73 (72-77) 89 (86-94) .02
2 (22) 1(8) 155
5 (56) 5 (42) .67
2 (22) 5 (42) .64
4 (44) 6 (50) >.99
1(11) 9 (75) .008
8 (89) 3(25) .008
0 0
0 0
0 0
0 1 >.99
0 0

All range data presented as median (interquartile range) or n (%).
Abbreviations: BiPAR bilevel positive airway pressure; BMI, body mass index; CPAR continuous positive airway pressure; ED, emergency department; Fio,, fractional
inspired oxygen; ICU, intensive care unit; NIPPV, noninvasive positive pressure ventilation; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; SOFA,
Sequential Organ Failure Assessment; Spo,, peripheral capillary oxygen saturation by pulse oximetry.

aTwo patients arrived to the ED in extremis, receiving NIPPV en route, which was continued for preoxygenation before rapid intubation by ED providers. Only one
additional patient had a protocol deviation by receiving bag-valve-mask ventilation after an intubation attempt due to suspicion of esophageal intubation neces-
sitating repeat laryngoscopy. All 3 of these patients subsequently tested negative for SARS-CoV-2.

Table 2. COVID-19 Intubation Protocol Adherence

Intubated in negative pressure room
PPE worn by provider

N95 + face shield

PAPR + face shield

PAPR + hood

NIPPV postinduction
Videolaryngoscopy for first attempt

All N, (%)
18 (90)°
21 (100)
1(4.8)
16 (76.2)
4(19.0)
1(4.8)
21 (100)

Abbreviations: COVID-19, coronavirus disease 2019; NIPPV, noninvasive
positive pressure ventilation; PAPR, powered air purifying respirator; PPE, per-

sonal protective equipment.

aType of intubation room unknown for 1 patient.
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This single-center study is limited by its small sample
size and retrospective nature, as well as the aforemen-
tioned differences between the COVID-19 and PUI groups.
Furthermore, because some procedure notes did not docu-
ment the nadir Spo,, study authors verbally obtained these
values from the intubating provider at a later time, introduc-
ing potential recall bias. On the other hand, most providers
intubated only one patient in our cohort and reported no
difficulty recalling events.

In our study, patients were intubated after failing
oxygen therapy using an NRB mask at 15 L/min flow.
This approach was taken due to the perceived risk of
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Figure. Oxygenation and outcomes. Oxygen levels during the peri-intubation period (A-C) and outcomes (D-F) for confirmed SARS-CoV-
2-positive versus SARS-CoV-2—-negative patients. Duration of mechanical ventilation (D) shown for patients who survived to extubation (n =
13). Statistical comparisons performed using Wilcoxon rank sum test. Data displayed as box plot indicating median * interquartile range with
outliers displayed. ICU indicates intensive care unit; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; Spo,, peripheral capillary

oxygen saturation by pulse oximetry.

aerosolization with HFNC and concern that HFNC might
mask progressive respiratory failure leading to higher-risk
intubations. However, HENC has previously been shown
to improve 90-day mortality in nonhypercapnic hypox-
emic respiratory failure.’® Based on the Surviving Sepsis
Campaign guidelines released in April 2020," our oxygen
therapy strategy was amended after completion of the
study period to allow for the use of HFNC (Supplemental
Digital Content 3, Intubation Guidelines, http://links.
lww.com/AACR/A396). We anticipate that HFNC will (1)
diminish the degree of hypoxemia observed in our nonintu-
bated COVID-19 patients and (2) help some patients avoid
intubation altogether. It is also possible, however, that peri-
intubation hypoxemia will worsen when intubating from
HFNC, because these patients may have more severe respi-
ratory failure at the time of intubation.

CONCLUSIONS

In this single-center cohort study, implementation of a
COVID-19 intubation protocol was associated with a high
rate of protocol adherence and complete avoidance of
“crash” intubations among inpatients with suspected or
confirmed COVID-19. Our findings also highlight the sever-
ity of peri-intubation hypoxemia in COVID-19 patients.
Institutional flexibility, interdisciplinary collaboration, and
an iterative approach to treatment algorithms for COVID-19
respiratory failure are necessary to optimize both HCW and
patient safety. g8
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