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BACKGROUND: Delayed mechanical ventilation monitoring may impede recognition of life-
threatening acidemia. Coordination of multidisciplinary processes can be improved by using a
checklist and time-out procedure. The study objective was to evaluate process-related outcomes
after implementation of a post-intubation checklist and time out. METHODS: An observational
study of a 24-bed medical ICU in Philadelphia, Pennsylvania, was conducted from January to
December 2011. A random sample of mechanically ventilated adults was selected from the pre-
intervention (n � 80) and post-intervention (n � 144) periods. The primary outcome was the
proportion of subjects with an arterial blood gas (ABG) result within 60 min of mechanical ven-
tilation initiation. Secondary outcomes included rates of respiratory acidosis, moderate-severe aci-
demia (pH <7.25), checklist initiation, and project sustainability. Chi-square analysis was used to
evaluate differences in outcomes between time periods. RESULTS: After the intervention, the
proportion of subjects with an ABG result within 60 min increased (56% vs 37%, P � .01), and time
to ABG result improved (58 min vs 79 min, P � .004). Adjusting for illness severity, the proportion
with an ABG result within 60 min remained significantly higher in the post-intervention period
(odds ratio 2.42, 95% CI 1.25–4.68, P � .009). Checklist adherence was higher with ICU intubations
than for intubations performed outside the ICU (71% vs 27% checklist initiation rate, P < .001).
Transfer from referring institutions (23% checklist initiation rate, P � .006) negatively impacted
checklist use. Implementation challenges included frequent stakeholder turnover, undefined pro-
cess ownership, and lack of real-time performance feedback. CONCLUSIONS: A post-intubation
checklist and time out improved the timeliness of mechanical ventilation monitoring through more
rapid assessment of arterial blood gases. Implementing this peri-intubation procedure may reduce
the risks associated with transitioning to full mechanical ventilatory support. Optimal implemen-
tation necessitates strategies to surmount organizational and behavioral barriers to change. Key
words: blood gas analysis; acidosis; artificial respiration; mechanical ventilators; checklist; quality
improvement. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Mechanical ventilation is one of the most common
intensive care interventions,1 with �790,000 United

States hospitalizations involving this life-sustaining ther-
apy annually.2 The transition to mechanical ventilation
represents a vulnerable time for patients, because vital
physiologic processes are now controlled by an external
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source. Insufficient ventilator settings can lead to acid/
base disturbances when anesthesia or sedation prevents or
attenuates the patient’s compensatory respiratory response.
The patient is most vulnerable in the period immediately
following mechanical ventilation initiation, a time when
the patient’s condition is often rapidly deteriorating and
clinicians can only estimate the ventilator settings most
appropriate for the patient’s physiology. Inadequate ven-
tilation is especially dangerous for patients with preexist-
ing metabolic acidosis, a condition commonly present at
the time of ICU admission.3

A blood gas analysis must be performed to assess the
adequacy of mechanical ventilator settings. Arterial blood
gas (ABG) is preferred over venous blood gas in acutely ill
patients who commonly have cardiovascular dysfunction,
because arterial and venous measurements correlate poorly
in this population.4-6 The PCO2

in arterial blood (PaCO2
)

reaches a new steady state approximately 10–20 min fol-
lowing a change in minute ventilation,7,8 whereas the PaO2

attains equilibrium even faster.9,10 Despite the importance
of timely ABG measurement, there are no guidelines or
published standards that promote this practice. The peri-
intubation period is frequently complicated by competing
priorities to stabilize acutely ill patients, which may delay
ABG collection. In addition, the peri-intubation care pro-
cess involves multiple stakeholders (eg, physician, nurse,
respiratory therapist). Ineffective coordination of care and
role ambiguity can lead to significant delays in ABG mon-
itoring, thereby putting the patient at risk.11,12 Performance
audits revealed wide variability in ABG timing and a high
rate of post-intubation acidemia across multiple ICUs at
our institution.

Recent evidence suggests that coordination of multidis-
ciplinary processes can be improved by using checklists
and time out procedures.13-16 These methods take an un-
structured process and apply a standardized protocol and
deliberate pause to encourage communication and reduce
variations in care. During this process, team members from
all disciplines review the plan of care in an effort to better
coordinate responsibilities, ensure timeliness of action, and
reaffirm agreement upon the proposed plan.

The use of a checklist has been demonstrated to ef-
fectively improve the quality of intensive care by re-
ducing catheter-related bloodstream infections17 and
ventilator-associated pneumonias.18 Checklists also im-
prove team performance in crisis situations, in which
even basic tasks can be overlooked.19 However, we are
unaware of checklist use to coordinate the complex care
processes that occur routinely during the post-intuba-
tion period, including management of post-intubation
analgesia and sedation; obtaining a chest radiograph,
sputum culture, and ABG; and ventilator setting adjust-
ment. The objective of this study was to evaluate the
process-related outcomes after implementation of a post-
intubation checklist and time out during initiation of
mechanical ventilation.

Methods

Study Design

We conducted a retrospective observational study of a
24-bed medical ICU (MICU) in Philadelphia, Pennsylva-
nia, from January to December 2011. A post-intubation
checklist and time out were implemented on May 2, 2011.
A random sample of mechanically ventilated adults was
selected for evaluation from the pre-intervention (n � 80)
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QUICK LOOK

Current knowledge

The initiation of mechanical ventilation is a vulner-
able event for critically ill patients, because insuffi-
cient estimated ventilator settings can rapidly lead to
life-threatening acid/base disturbances. Arterial blood
gas measurement is a reliable tool to assess the ad-
equacy of ventilation, although there are no estab-
lished guidelines promoting timely blood gas acqui-
sition. Checklists and procedural time outs improve
the coordination of multidisciplinary processes, and
critical care checklists have been successfully em-
ployed to reduce health care-associated infections.

What this paper contributes to our knowledge

A multidisciplinary post-intubation checklist and time
out were developed for use in the medical ICU. After
checklist implementation, a greater proportion of sub-
jects received an arterial blood gas within 1 h of initi-
ating mechanical ventilation. Checklist adherence was
associated with faster blood gases in a dose-dependent
manner. Respiratory acidosis was frequently detected.
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and post-intervention (n � 144) periods. This study was
approved by the institutional review board of the Univer-
sity of Pennsylvania. A waiver of informed consent was
approved because this study posed minimal risk to patient
confidentiality, and retrospective evaluation would other-
wise have been infeasible.

Setting and Subjects

The intervention was conducted in the MICU at the Hos-
pital of the University of Pennsylvania, an urban, university-
affiliated, tertiary care referral hospital. The MICU is staffed
by 2 teams, each consisting of one pulmonary/critical care
attending physician, one critical care fellow, 4 residents, 2
interns, one advanced practice provider, and one pharmacist.
Attending physicians, fellows, and house staff spend 2–4
consecutive weeks on service. Two to three respiratory ther-
apists are integrated across both teams. The nurse/patient ra-
tio is 1:1 or 1:2, depending on the MICU occupancy and
acuity of individual patients. Blood gas analysis is performed
in a central laboratory offsite.

The sample comprised patients initiated on mechanical
ventilation in the MICU between January 5 and December
25, 2011. The start date was selected because it was the
day after a departmental morbidity and mortality review
focused attention on mechanical ventilation monitoring,
and we believed that clinical practice would change ac-
cordingly. Therefore, choosing a start date after the de-
partmental review was intended to mitigate this potential
source of confounding. We selected a 1-y study eligibility
period because of seasonal variation in house staff expe-
rience and in case mix. To be eligible for inclusion, sub-
jects were required to have at least one ABG measurement
after initiating mechanical ventilation, and data on venti-
lator settings must have been available for review. Patients
monitored exclusively by venous blood gas were excluded,
because arterial and venous measurements correlate poorly
in certain clinical conditions,4-6 and our local practice re-
stricts venous blood gas monitoring to ventilator weaning
in stable patients. To reduce the likelihood that analyses
were affected by correlations within repeated measures,
we included only the first mechanical ventilation episode
for a subject during a single hospitalization.

Subjects were identified retrospectively via mechanical
ventilation registry records. To select a random sample of
subjects from the pre- and post-intervention periods, each
patient was assigned a number through a computerized
random number generator. Subjects with numbers 1–224
were selected for chart review.

Intervention

The multidisciplinary unit-based clinical leadership
committee, consisting of physician and nursing

leadership, resident physicians, and a quality improve-
ment specialist, developed the Post-Intubation Time Out
process and checklist using PDSA (plan-do-study-act)
methodology.20 This intervention was designed to guide
and expedite approximately 20 routine patient care tasks
at the initiation of mechanical ventilation. The checklist
organizes workflow and delegates responsibility for each
task to the physician, nurse, or respiratory therapist
(Fig. 1). At the time the patient is connected to the MICU
ventilator (time zero), the physician, nurse, and respiratory
therapist huddle to perform a time out and discuss the
ventilation strategy. Initial checklist tasks include order
entry, documentation of initial ventilator settings and lung
mechanics, and assignment of an individual to collect the
ABG. Personnel are encouraged to set mobile telephone
alarms for 15 and 60 min to prompt ABG collection and
checklist completion, respectively. Within 60 min, these
same 3 personnel meet again to complete the follow-up
checklist, confirming completion of the assigned tasks and
documenting ventilator adjustments in response to the ABG
result.

This process was intended for all patients at the onset of
mechanical ventilation in the MICU, including those in-
tubated elsewhere who arrived on a ventilator. We opted to
include even those patients for whom mechanical ventila-
tion was initiated before MICU admission because clinical
conditions may change significantly during intra- and in-
terhospital patient transport,21-24 particularly if sedatives
or paralytics are administered, and we believe that it is
prudent to reassess ventilation adequacy with an ABG
upon MICU arrival. Furthermore, in our hospital, patients
intubated on wards other than an ICU often are bag-ven-
tilated until ICU arrival, at which time they are connected
to the ventilator (time zero).

Project rationale and instructions were disseminated in
multiple educational sessions for all stakeholders. House
staff (n � 165) attended 1-h case-based ventilator physi-
ology and patient safety conferences highlighting the proj-
ect. They also received explanatory emails before each
MICU rotation and a project overview in monthly MICU
orientations. Project leaders educated nurses (n � 85) and
respiratory therapists (n � 90) at daily shift huddles and
monthly unitwide meetings. The checklist underwent 18
iterative revisions in response to stakeholder feedback and
pilot testing. All revisions were finalized prior to the im-
plementation date.

The checklist intervention was implemented on May 2,
2011, as the new standard of care for all mechanically
ventilated MICU patients. On June 7, 2011, a mechanical
ventilation order set linked to the checklist was imple-
mented within the electronic health record to assist pro-
viders with bundled order entry, including orders for ABG,

POST-INTUBATION CHECKLIST AND TIME OUT TO EXPEDITE MECHANICAL VENTILATION MONITORING

RESPIRATORY CARE • ● ● VOL ● NO ● 3

RESPIRATORY CARE Paper in Press. Published on March 01, 2016 as DOI: 10.4187/respcare.04191

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



chest x-ray, sputum culture, analgesia, sedation, and ven-
tilator settings. In August 2011, a sustainability interven-
tion was implemented whereby blank checklists were at-

tached to every mechanical ventilator on stand-by,
providing a visual cue to prompt checklist use at the ini-
tiation of mechanical ventilation.

Fig. 1. Post-Intubation Time Out checklist.
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Data

A single non-blinded reviewer (RAM) extracted data
from charts, laboratory results, and radiology reports using
a standardized data collection form. Ventilator flow sheets
completed by respiratory therapists provided the time of
initiation of mechanical ventilation in the MICU (time
zero), initial ventilator settings, and time-stamped ventila-
tor setting changes. The first ABG result and chest x-ray
report occurring after initiation of mechanical ventilation
in the MICU were recorded. In rare instances when a
venous blood gas was obtained before an ABG, only the
ABG result was recorded. Demographic information, first-
day Acute Physiology and Chronic Health Evaluation
(APACHE) III scores,25 and discharge disposition were
obtained from a clinical registry.

Main Outcome Measures

The primary outcome measure was the proportion of
subjects with an ABG result in 60 min or less from the
time of MICU mechanical ventilation initiation. This 1-h
cutoff is consistent with prior studies, whose aim was to
establish specific criteria for ordering ABGs.26,27 In addi-
tion, this seemed like a reasonable threshold, given the
time it takes for PaCO2

to equilibrate following a ventilation
change7,8 and anticipated variability in specimen transport
and processing time using the central laboratory offsite.
Secondary outcome measures included time from initia-
tion of mechanical ventilation to ABG result, frequency of
moderate-severe acidemia on initial post-intubation ABG
(defined as pH � 7.25), and frequency of respiratory
acidosis.

We also measured 2 implementation outcomes in sec-
ondary analyses: fidelity and sustainability. Fidelity was
measured as the proportion of subjects in the post-inter-
vention period for which the checklist was initiated. Sus-
tainability was measured as the proportion of subjects for
which the checklist was used on a monthly basis over the
duration of the study.

We performed a pre-specified subgroup analysis on sub-
jects intubated in the MICU because patients intubated
before MICU transfer have often already undergone initial
ABG assessment and ventilator adjustment; therefore, this
pre-ICU care might alter the manner in which these pa-
tients are treated on arrival. For this subgroup, we also
assessed an additional secondary outcome measure of time
to achieve an FIO2

of �0.7. FIO2
weaning was an MICU

expectation to avoid unnecessary exposure to toxic levels
of oxygen, which may cause lung injury.28

Statistical Analysis

The Post-Intubation Time Out intervention was imple-
mented on May 2, 2011. The exposure variable was de-

fined according to the date of initiation of mechanical
ventilation relative to the implementation date. Subjects
initiated before implementation (pre-intervention) were
considered unexposed, and subjects initiated on or after
the implementation date (post-intervention) were consid-
ered exposed.

Data were summarized using standard descriptive sta-
tistics. The primary comparison was made on an intention-
to-treat basis. The chi-square test and Wilcoxon rank-sum
test were used as appropriate for univariate tests of asso-
ciation. Pearson r was used to assess the correlation be-
tween checklist completeness and time to ABG. For sub-
jects in the post-intervention period, univariate tests were
performed to determine which characteristics were asso-
ciated with the use of the checklist.

A minimum sample size of 49 subjects in each exposure
group was required to achieve 80% power with a 2-sided
� of 0.05 to detect a doubling of the proportion of subjects
with an initial ABG result within 60 min, assuming a
baseline proportion of 27% (based on historical data from
the study ICU before the departmental morbidity and mor-
tality review). We anticipated a 50% checklist initiation
rate and also that 15% of subjects might be excluded based
on pre-specified exclusion criteria; therefore, we randomly
selected 224 subjects to ensure an adequate sample size.

All tests were 2-tailed with a P value of �.05 consid-
ered significant. Analyses were performed by an indepen-
dent statistician using SAS 9.3 (SAS Institute, Cary, North
Carolina).

Results

Among the 586 patients who underwent mechanical ven-
tilation during the study eligibility period, 214 (37%) were
in the pre-intervention period and 372 (63%) were in the
post-intervention period. We evaluated 224 randomly se-
lected subjects: 80 from the pre-intervention period and
144 from the post-intervention period (Fig. 2). Thirty-six
subjects were excluded. The excluded subjects included 13
monitored exclusively by venous blood gas (7 had trache-
ostomies and were undergoing ventilator weaning, 2 had
hypercarbic respiratory failure, one was intubated for
�12 h, and one was intubated during cardiopulmonary
resuscitation and subsequently died), 10 with ventilator
documents missing from the archived medical record, and
9 for whom no blood gas was performed (3 were tolerating
tracheostomy collar and required only limited nocturnal
ventilation, 2 were admitted with non-pulmonary pathol-
ogy and required the MICU for chronic nocturnal venti-
lation, one required brief intubation for upper endoscopy,
one was intubated for alcohol intoxication and rapidly self-
extubated, and one chronic ventilator facility resident was
admitted with a displaced gastrostomy tube). The final
analysis included 188 subjects: 70 (37%) from the pre-
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intervention period and 118 (63%) from the post-interven-
tion period.

Subject demographics were similar across the pre-inter-
vention and post-intervention groups, with the exception
that the pre-intervention group had a slightly higher me-
dian APACHE III score and a nonsignificant trend toward
more admissions from the emergency department (Table
1). Seasonal variation may explain this distribution, with
the pre-intervention period spanning most of the winter
months. Just over half of the subjects (n � 97, 52%) were
already intubated before MICU arrival. Mortality did not
differ between the groups.

The proportion of subjects with an ABG result within
60 min was significantly greater in the post-intervention
group than in the pre-intervention group (n � 66/118 [56%]
vs n � 26/70 [37%], univariate P � .01) (Table 2). Re-
peating the analysis to include the 13 subjects monitored
exclusively by venous blood gas did not alter the magni-
tude or statistical significance of the findings. After ad-
justment for severity of illness, subjects in the post-inter-
vention period had significantly higher odds of having an
ABG result within 60 min (odds ratio 2.42, 95% CI 1.25–
4.68, P � .009) when compared with the pre-intervention
period. The median time to ABG was significantly lower
in the post-intervention group (58 vs 79 min, P � .004).
Respiratory acidosis (range 41–56%) and moderate-severe
acidemia (range 27–35%) occurred frequently in both
groups but did not differ significantly between the groups.
Similar trends were observed for the subgroup of subjects
intubated in the MICU, with an even higher prevalence of
respiratory acidosis and acidemia (Table 2). The time to
attain FIO2

�0.7 was not significantly different between
the pre- and post-intervention groups (P � .77).

Checklists were initiated for 58 subjects (49%) during
the post-intervention period. Checklist initiation was sig-
nificantly greater among subjects intubated in the MICU
than for subjects intubated before MICU arrival (n � 42/59
[71%] vs n � 16/59 [27%], P � .001) and among those
with initiation of mechanical ventilation overnight com-
pared with during the daytime (n � 35/59 [59%] vs
n � 23/59 [39%], P � .02). Lower rates of checklist
initiation were found among subjects transferred from a
referring institution (n � 6/26 [23%], P � .006) and for
those receiving a pressure-limited ventilator mode (n � 4/18
[22%], P � .01). Severity of illness did not significantly
affect checklist use (median APACHE III score 97 for
subjects with a checklist initiated vs 92 for subjects with-
out a checklist initiated, P � .42).

The degree of checklist completeness varied, with over
half of initiated checklists completed only partially. Pro-
tocol adherence (ie, completing the checklist) was strongly
associated with timely ABG results (Fig. 3). There was a
significant inverse correlation between number of check-
list items completed and time to ABG (P � .01). A des-
ignated individual to collect the ABG was assigned on 46
of the 58 checklists (79%). When a specific individual was
designated, 61% of ABG results were obtained within
60 min, compared with 50% when no one was designated
(P � .50).

Figure 4 depicts the proportion of subjects with an ABG
result within 60 min and the checklist initiation rate ac-
cording to study month. There was an increase in the
proportion of subjects achieving the primary outcome fol-
lowing the departmental morbidity and mortality review.
There was a marked and abrupt but transient increase in
timely ABGs coincident with the May implementation
of the Post-Intubation Time Out. Performance then re-
turned to baseline levels and did not improve with the June
implementation of the electronic order set. Performance
reached its nadir in July, a transition month in the United
States academic calendar marked by an influx of new house
staff unfamiliar with the project. In August, we began
attaching blank checklists to every mechanical ventilator
on stand-by. Following this sustainability intervention,
there was a consistent improvement in the proportion of
subjects achieving the primary outcome for the remainder
of the study.

Discussion

We designed, implemented, and sustained a multidisci-
plinary checklist and communication tool, the use of which
was associated with a �50% increase in the proportion of
subjects receiving an ABG result within 60 min of initi-
ating mechanical ventilation. However, sustained perfor-
mance improvement was not achieved until the final
4 months of the study, when �65% of subjects met the

Fig. 2. Flow chart. VBG � venous blood gas.
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primary outcome. This delay may reflect a learning curve
as personnel gained familiarity with the intervention.
Checklist-driven behavioral changes often take time. For
example, mortality reduction required a year to achieve in
one study of a surgical safety checklist.30

Despite the demonstrated dose-response relationship be-
tween checklist completeness and the timeliness of ABG
results, overall adherence to the checklist was only fair, at
49%. Although comparable adherence rates have been re-
ported with other checklist-based interventions,31-34 we
were surprised by the dichotomous nature of checklist use.
Whereas the majority of subjects intubated in the MICU
had checklists initiated (71%), adherence was much lower
for subjects intubated outside of the MICU (27%). This
finding was especially pronounced among subjects admit-

ted directly from referring institutions or long-term acute
care hospitals on ventilators. Checklist underutilization may
result from a perception that patients already receiving
mechanical ventilation are more stable. Respiratory acido-
sis and moderate-severe acidemia were less prevalent in
these subjects (36 and 23% of non-MICU intubations vs
66 and 42% of MICU intubations, respectively), suggest-
ing a certain degree of pre-MICU stabilization. However,
clinical conditions may change significantly during intra-
and interhospital patient transport,21-24 and it is prudent to
reassess ventilation adequacy with an ABG upon MICU
arrival. Low checklist adherence was also observed for
subjects receiving spontaneous modes of ventilation, per-
haps because they too were perceived as more stable. The
rationale for performing a time out in these instances may

Table 1. Characteristics of Study Subjects

Pre-Intervention (n � 70) Post-Intervention (n � 118) P

Female sex, n (%) 32 (46) 56 (47) .82
Age, median (IQR) y 62 (48–69) 59 (48–67) .74
Race, n (%) .38

Caucasian 35 (50) 69 (59)
African-American 29 (41) 37 (31)
Other 6 (9) 12 (10)

Body mass index, median (IQR) kg/m2 27.4 (24.8–30.7) 28 (24–33.5) .68
APACHE III score, median (IQR) 110 (91–134) 95 (75–122) .02
Source of MICU admission, n (%) .07

Emergency department 28 (40) 26 (22)
Medical/surgical floor 27 (39) 55 (47)
Other ICU or operating room 4 (6) 11 (9)
Referring institution 11 (16) 26 (22)

Location of Intubation, n (%) .57
MICU 32 (46) 59 (50)
Non-MICU 38 (54) 59 (50)

Time of mechanical ventilation initiation in MICU, n (%) .30
Rounds (0700–1200) 9 (13) 20 (17)
Afternoon (1201–1900) 31 (44) 39 (33)
Overnight (1901–0659) 30 (43) 59 (50)

Initial ventilator mode, n (%) .18
Volume controlled 64 (91) 100 (85)
Pressure controlled 6 (9) 18 (15)

Initial set breathing frequency, median (IQR) breaths/min 18 (14–24) 20 (16–22) .96
Initial tidal volume, median (IQR) mL 500 (425–550) 450 (400–550) .24
Initial FIO2

, median (IQR) 1 (1–1) 1 (0.6–1) .01
Initial PEEP, median (IQR) cm H2O 5 (5–7.5) 5 (5–7.5) .11
Initial set minute ventilation, median (IQR) L/min 10 (8.3–12.4) 9.8 (7.9–11.5) .49
Bilateral infiltrates on post-intubation CXR, n (%) 35 (50) 54 (46) .57
Hospital discharge disposition, n (%) .39

Death or hospice 32 (46) 63 (53)
Other medical facility 25 (36) 31 (26)
Home 13 (19) 24 (20)

IQR � interquartile range
APACHE � Acute Physiology and Chronic Health Evaluation
MICU � medical intensive care unit
CXR � chest radiograph
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need to be clearer to stakeholders. In fact, the checklist
title Post-Intubation Time Out tacitly implies applicability
to witnessed intubations only. The tool has now been re-
named the Mechanical Ventilation Time Out to emphasize
the importance of applying the intervention to all mechan-
ically ventilated patients, and this point is stressed during
education sessions.

Even with multifaceted educational sessions and tar-
geted emails, altering the behavior of the large number of
revolving stakeholders was difficult. Adherence to a com-
plex checklist, which required 3 providers to perform mul-
tiple tasks at discrete times, suffered without a defined
process leader. The role of process owner should be ful-
filled by a team member who is constantly present and
may vary with local staffing considerations. Daytime and
nighttime process owners should be identified. Unlike the

physicians, the vast majority of nurses and respiratory ther-
apists staff our MICU continuously. We can capitalize
upon this consistent presence by empowering bedside
nurses and respiratory therapists to become checklist pro-
cess owners, which might improve checklist fidelity.

Prompting and providing performance feedback are ad-
ditional strategies known to improve checklist adherence
and sustainability.15,26 We encourage our personnel to set
mobile telephone alarms as deadline reminders during the
time-out huddle. An alarm at 15 min prompts ABG col-
lection, and a second alarm at 60 min prompts checklist
completion. However, we struggled to provide real-time
performance feedback, which may have contributed to the
persistently low adherence observed for certain subgroups.
We intend to provide feedback in the form of a publicly
displayed chart of biweekly outcomes similar to Figure 4.
Additionally, robust monitoring is required to sustain per-
formance, especially in settings with high stakeholder turn-
over that may impede educational initiatives. Statistical
process control using control charts to monitor rates of
timely ABGs and checklist completion can detect declin-
ing performance below a defined threshold.35 These per-
formance decrements should trigger immediate review to
identify root causes and design additional sustainability
measures.

The main strengths of our study derive from the inter-
vention’s design as a tool to both enhance communication
(the time out) and reduce variations in care (the checklist),
which are 2 leading patient safety strategies.36,37 The Post-
Intubation Time Out employs multiple tactics to reduce
variation in ABG collection. The process is standardized

Table 2. Primary and Secondary Clinical Outcomes

All Subjects Pre-Intervention (n � 70) Post-Intervention (n � 118) P (univariate)

ABG result in � 60 min, n (%) 26 (37) 66 (56) .01
Time to ABG, median (IQR) min 79 (44–117) 58 (35–95) .004
Respiratory acidosis, n (%)* 29 (41) 66 (56) .054
ABG pH �7.25 19 (27) 41 (35) .28

Subjects Intubated in MICU Pre-Intervention (n � 32) Post-Intervention (n � 59) P (univariate)

ABG result in �60 min 14 (44) 34 (58) .21
Time to ABG, median (IQR) min 74 (45–106) 57 (37–72) .040
Respiratory acidosis, n (%)* 17 (53) 43 (73) .058
ABG pH �7.25, n (%) 12 (38) 26 (44) .54
Time to FIO2

�0.7, median (IQR) h 2.8 (1.5–7) 3.5 (0.5–10.9) .77
FIO2

�0.7 at initiation of
mechanical ventilation, n (%)

3 (9) 14 (24) .16

FIO2
�0.7 never achieved, n (%) 1 (3) 1 (2) �.99

* Calculated using the Winters formula.29

ABG � arterial blood gas
IQR � interquartile range
MICU � medical intensive care unit

Fig. 3. Time to arterial blood gas (ABG) according to checklist
completeness. Checklists were used with 58 subjects in the post-
intervention period.
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and establishes a guideline for expected ABG timing. Re-
sponsibility for ABG collection is assigned to a specific
individual of the team’s choosing, thereby reducing role
ambiguity while preserving flexibility in the face of com-
peting clinical priorities in the early stages of mechanical
ventilation. Team members also document completion of
assigned tasks, assuring accountability and knowledge shar-
ing in a manner akin to closed-loop communication.38 The
multidisciplinary manner in which all stakeholders partic-
ipated in the intervention’s construction, pilot testing, and
revision solidified the project’s legitimacy. Soliciting and
incorporating stakeholder feedback probably enhanced the
checklist’s usability.13 Notably, the intervention’s strengths
are not exclusive to ABG monitoring and would apply
equally to expedite venous blood gas monitoring.

The intervention was designed to facilitate early detec-
tion of insufficient ventilation rather than to reduce the
frequency of acidemia. The high prevalence of respiratory
acidosis and moderate-severe acidemia demonstrates the
difficulty in estimating a patient’s ventilation requirements
and underscores the importance of early monitoring. We
have revamped the time out process and revised our check-
list to provide decision support and enhance communica-
tion about ventilator settings (see the supplementary ma-
terials at http://www.rcjournal.com), which may mitigate
acidemia. To foster active communication and teamwork,16

the bedside nurse will now read the checklist aloud and
challenge each team member to verify timely completion
of his or her respective tasks. This communication strategy
transforms the process from 3 individuals working inde-
pendently on their own static parallel checklists to a uni-
fied static sequential with confirmation and verification
checklist.13 Revised checklist tasks are now sequenced
chronologically to match workflow and are compartmen-
talized into intubation, immediate post-intubation, and fol-
low-up periods.

We acknowledge multiple study limitations, beginning
with the uncontrolled before-and-after observational study
design that is often employed in quality improvement stud-
ies. It was not feasible to randomize subjects to receive the
intervention due to confounding from the MICU team struc-
ture, with nurses and respiratory therapists integrated across
both physician teams. A difference-in-differences analysis
comparing ABG timing with a control ICU that did not
receive the intervention would account for secular perfor-
mance trends; such a design was not possible because the
house staff and some respiratory therapists exposed to the
intervention also rotate through the other ICUs in our hos-
pital. To mitigate the influence of unmeasured secular
trends, we selected the pre-intervention time period to be-
gin after morbidity and mortality review heightened health
system awareness of ventilation monitoring. Second, the
lack of blinding introduced a risk of bias. Data were col-
lected by a single non-blinded researcher; however, sub-
jects were randomized, a structured data collection form
was used to collect objective data, and analyses were per-
formed by an independent statistician. The Hawthorne ef-
fect39 was probably minimized by applying the Post-Intu-
bation Time Out to all patients as the new standard of care.
Third, the primary outcome of the quality improvement
initiative was time to ABG sampling, the significance of
which is unclear in relation to more clinically meaningful
outcomes, such as duration of mechanical ventilation or
mortality. Fourth, the timeline for obtaining an ABG result
can also be shortened by targeting the ABG specimen-
processing pathway, which our study did not address. Al-
though most delays occur during ABG collection rather
than during laboratory processing (data not shown), in-
stalling point-of-care blood gas analyzers would eliminate
the time required to transport the specimen and enter test
results in the electronic health record. Finally, ABG timing
is only one facet of the checklist and time out process. We

Fig. 4. Post-Intubation Time Out checklist sustainability. The proportion of subjects achieving the primary outcome (arterial blood gas [ABG]
results � 60 min) and the checklist initiation rates were tracked during each month of the study.
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suspect that there is value in prompting the many other
important post-intubation tasks, such as lung mechanics
assessment, lung-protective ventilation in acute lung in-
jury, and sputum culture collection, although we recognize
that this was beyond the scope of the current study.

Conclusions

Prompt detection of inadequate ventilation is important
due to the adverse consequences of severe acidemia and
the inherent difficulty in accurately estimating a patient’s
initial ventilation needs. We developed a multidisciplinary
time-out process and checklist to coordinate the multiple
tasks that should occur immediately post-intubation, in-
cluding enhanced early monitoring of mechanical ventila-
tion via expedited ABG assessment. Checklist adherence
was associated with faster ABGs in a dose-dependent man-
ner, although checklist underutilization among certain pa-
tient subgroups underscored opportunities for future pro-
cess revisions. Sustained performance improvement
required several months to achieve, reflecting a possible
learning curve associated with behavioral change. Key te-
nets for effectively implementing a change in ICU work-
flow include: articulating a compelling rationale to moti-
vate stakeholders, incorporating stakeholder input into
workflow redesign, educating all participants, delegating a
consistent process leader (especially in settings with high
stakeholder turnover), monitoring performance, providing
timely feedback, and reinforcing behavioral change.
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