Utilizing a Collaborative Learning Model to Promote
Early Extubation Following Infant Heart Surgery
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Objective: To determine whether a collaborative learning strategy-
derived clinical practice guideline can reduce the duration of
endotracheal intubation following infant heart surgery.

Design: Prospective and retrospective data collected from the
Pediatric Heart Network in the 12 months pre- and post-clinical
practice guideline implementation at the four sites participating
in the collaborative (active sites) compared with data from five
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Pediatric Heart Network centers not participating in collaborative
learning (control sites).

Setting: Ten children’s hospitals.

Patients: Data were collected for infants following two-index oper-
ations: 1) repair of isolated coarctation of the aorta (birth to 365 d)
and 2) repair of tetralogy of Fallot (29-365 d). There were 240
subjects eligible for the clinical practice guideline at active sites
and 259 subjects at control sites.

Interventions: Development and application of early extubation
clinical practice guideline.

Measurements and Main Results: After clinical practice guide-
line implementation, the rate of early extubation at active sites
increased significantly from 11.7% to 66.9% (p < 0.001) with
no increase in reintubation rate. The median duration of post-
operative intubation among active sites decreased from 21.2 to
4.5 hours (p < 0.001). No statistically significant change in early
extubation rates was found in the control sites 11.7% to 13.7%
(p = 0.63). At active sites, clinical practice guideline implementa-
tion had no statistically significant impact on median ICU length
of stay (71.9 hr pre- vs 69.2 hr postimplementation; p = 0.29) for
the entire cohort. There was a trend toward shorter ICU length
of stay in the tetralogy of Fallot subgroup (71.6 hr pre- vs 54.2 hr
postimplementation, p = 0.068).

Conclusions: A collaborative learning strategy designed clinical
practice guideline significantly increased the rate of early extuba-
tion with no change in the rate of reintubation. The early extubation
clinical practice guideline did not significantly change postopera-
tive ICU length of stay. (Pediatr Crit Care Med 2016; XX:00-00)
Key Words: mechanical ventilation; outcomes; tetralogy of Fallot

llaborative learning is a technique based upon prin-

ciples from the manufacturing industry designed to

bring low-performing processes into line with the
highest-performing processes. Collaborative learning involves
several key steps including (1) topic selection, (2) learning
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sessions, and (3) action periods in which teams test and imple-
ment changes in their local centers. Through benchmarking,
locations with superior outcomes are identified. In the medi-
cal community, this is achieved by site visits, sharing protocols,
and ongoing communication.

Investigators have applied collaborative learning to improve
results for coronary artery bypass graft surgery by creating a
regional group willing to compare outcomes (1). This volun-
tary program, which involved reciprocal site visits, was under-
taken with the goal of exchanging information concerning the
treatment of cardiovascular disease so that each participating
institution would benefit. A similar strategy has been used by
other adult cardiovascular consortia to improve outcomes fol-
lowing valve surgery (2, 3). Collaborative learning using site
visits has not yet been applied to pediatric cardiac care and thus
it is unknown whether it can improve outcomes in pediatric
cardiac surgery. A national structure for collaborative site visits
has never been tried, to our knowledge, in any field.

We sought to apply the strategy of collaborative learning
to improve the postoperative care of children with congenital
heart disease. More specifically, we used the collaborative learn-
ing approach to develop a clinical practice guideline (CPG) to
increase the rate of early extubation following two index heart
operations in infants. Early extubation is an attractive target
to improve postoperative care. There is wide variability in the
approach to postoperative extubation, and several quality ini-
tiatives have focused on decreasing the length of mechanical
ventilation (4). We hypothesized that the collaborative learning
model would produce a high rate of compliance with a CPG,
which in turn would translate in demonstrable improvements
in the rate of early extubation and other key clinical outcome
variables.

METHODS

The Collaborative Learning Study was initiated with the
goal of using collaborative learning techniques with specific
emphasis on site visits to identify the major components of
postoperative care that might be improved by sharing exper-
tise. An extensive description of this process has previously
been reported by our investigative team (5). Briefly, the Pedi-
atric Heart Network (PHN) has nine core centers representing
a total of 10 children’s hospitals. All of the PHN centers have
a dedicated cardiac ICU. Five of the hospitals were selected
to participate in this collaborative learning project and are
“Active Sites.” The centers were chosen to provide geographic
and institutional surgical volume variation. Five remaining
hospitals were not directly involved in the collaborative learn-
ing element of the study and represent “control sites” (Fig. 1).
Investigators from Emory University and Georgia Institute of
Technology conducted a series of preliminary site visits to all
five active sites to assess institutional resources/staffing, clinical
protocols, innovative approaches, and clinical outcomes data.
Using the data from these initial site visits, the collaborative
elected to address the approach to the timing of postoperative
extubation for infant heart surgery because this practice varied
widely among the five centers. One of the five active sites had
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Figure 1. Scheme of the study design. CPG = clinical practice guideline,
PHN = Pediatric Heart Network.

already devoted time and effort to advance the concept of early
extubation. Observation of care at this site suggested that early
extubation could lead to an acceleration of the postoperative
care process including earlier introduction of enteral feeds and
shorter duration of sedation. As such, this practice became
an attractive target for the collaborative learning model. This
institution is referred to as the “model site” owing to its exper-
tise in early extubation, and this expertise was used to guide
CPG protocol development for the four other active sites
(none of which routinely used the strategy of early extubation
in the target patient populations).

After rotational site visits in which a team of clinicians
including a cardiac surgeon, intensivist, respiratory therapist,
and cardiac ICU nurse from each of the five Collaborative
Learning active sites visited one other active center and hosted
a second center, the collaborative set out to construct a CPG for
early extubation. Two index operations were selected: complete
repair of tetralogy of Fallot (TOF) and repair of isolated coarc-
tation of the aorta. These lesions were chosen because both
would result in two-ventricle circulations and normal arterial
saturation following repair. Moreover, analysis of data from
the active sites suggested that early extubation was uncommon
(except at the model site that was already practicing early extu-
bation) following these index operations and the usual total
duration of postoperative ventilation exceeded 20 hours.

The primary outcome measure was the proportion of sub-
jects extubated within 6 hours of return to the ICU from the
operating room (OR) following one of the index operations.
Duration (in hours) of intubation was defined as time from
leaving OR to removal of the endotracheal tube. Extubation
in the OR was defined as 0 hours of postoperative ventilation.
Prospectively defined secondary outcome measures included
the need for reintubation within 48 hours of initial extubation;
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total duration of postoperative intravenous sedation; and
the postoperative pain scores (median and range) using the
Face, Legs, Activity, Cry, Consolability (6) pain scale during
the first 48 hours following ICU admission. In addition, data
were gathered on sedation and analgesia use. Other variables
of interest included timing of first enteral feeds, postoperative
medical ICU length of stay (LOS), defined as the time of ICU
admission until the time that the patient was ready for transfer
to a lower acuity unit, as well as the postoperative physical ICU
LOS, defined as time from ICU admission until the time the
patient physically left the ICU.

To identify all subjects that would meet eligibility criteria
for the CPG, we screened all children undergoing reparative
surgery for TOF or coarctation of the aorta. Subjects meeting
CPG eligibility criteria were considered enrolled in the study.
“Enrolled” represents those subjects that met all inclusion and
no exclusion criteria for the CPG. Although the CPG was not
applied at control sites, the specificity of the CPG allowed us to
determine which subjects at these sites would have met enroll-
ment criteria.

All outcome measures were collected for the 12 months
immediately preceding (preimplementation) and 12 months
immediately following (postimplementation) the introduction
of the CPG at active sites. Data on the same outcome measures
at control sites were collected during contemporaneous time
intervals although the CPG was not implemented at these sites.
There was an 8-week implementation phase at each site dur-
ing which centers instituted the CPG. This allowed for trouble-
shooting and refinement of CPG process. For the purposes of
data analysis, this 8-week period was not included in either the
preimplementation or the postimplementation data reporting.

CPG

The specific inclusion criteria for the TOF cohort were as fol-
lows: diagnosis of TOEF, patients more than 28 and less than
365 days on the date of index surgery and planned complete
surgical repair (including those patients who had undergone
prior palliative Blalock-Taussig shunt). For the coarctation of
the aorta cohort, the inclusion criteria were as follows: planned
complete surgical repair without the need for cardiopulmo-
nary bypass and age less than 365 days on the date of index
surgery. Patients with coarctation of the aorta with ventricu-
lar septal defect undergoing a concomitant pulmonary artery
band were eligible for the CPG.

CPG exclusion criteria included corrected gestational age
less than 36 weeks, known primary lung disease, known airway
anomalies, pulmonary hypertension requiring medication
therapy, mechanical ventilation immediately prior to surgery,
known congenital or acquired neurological injury likely to
impact respiratory function, known chromosomal abnor-
mality or syndrome likely to impact airway or lung function.
Patients meeting all inclusion criteria and no exclusion crite-
ria were enrolled into the CPG preoperatively (Supplemental
Appendix 1, Supplemental Digital Content 1, http://links.Iww.
com/PCC/A285 and Supplemental Appendix 2, Supplemental
Digital Content 2, http://links.Iww.com/PCC/A286). For those
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patients considered eligible for early extubation, an anesthetic
plan of care that would allow for early extubation was utilized.
This anesthetic approach was guided by several principles: 1)
choice and dose of premedication and anesthetic agents that
would allow for early extubation; 2) anesthesia with volatile
anesthetic with low-dose opioids; and 3) balanced sedation/
analgesia in the early postoperative period including low-dose
opioids and benzodiazepines along with adjunctive therapy
such as dexmedetomidine or IV acetaminophen. The recom-
mended anesthetic approach was as follows: the cumulative
dose of intraoperative fentanyl (or alternative opioid equiva-
lent analgesic dose) should not exceed 10 pg/kg/hr. The choice
of volatile anesthetic agent and minimum alveolar concentra-
tion was at the discretion of the attending anesthesiologist.
For those patients having a thoracotomy, a regional intercostal
nerve block using local anesthetic was employed at the discre-
tion of the operative team. The postoperative analgesia and
sedation regimen was targeted at producing adequate pain
relief and anxiolysis without excessive sedation to the point of
precluding tracheal extubation or necessitating reintubation.
Typically this included one or more agents such as dexme-
detomidine, acetaminophen (intravenous or rectal), as well as
IV opioids, or benzodiazepines. Clearly, if the trajectory of the
patient changed at any point in the OR or the ICU such that
they were no longer deemed candidates for early extubation,
then the choice and dose of agents were modified accordingly.

For those subjects enrolled in the CPG, we defined param-
eters to guide early extubation following surgery. The CPG
did not recommend early extubation if the patient manifested
postoperative hemodynamic instability (requiring significant
or escalating vasoactive support or fluid resuscitation), refrac-
tory arrhythmias, significant lactic acidosis, and/or ongoing
bleeding. All subjects enrolled in the CPG were included in
analysis of clinical outcomes even if early extubation was not
recommended by the CPG due to the clinical features noted
above.

Implementation of the CPG took place at each individual
center after review by the PHN’s Data and Safety Monitoring
Board, approval from the individual center’s quality commit-
tees, and institutional review board (IRB) approval for data
collection from subjects. The need for informed consent was
waived by the IRBs because of the quality improvement nature
of the study.

Statistical Methods

To examine the effect of the implementation of the CPG
developed through collaborative learning on the primary
aim, the proportion of subjects extubated within 6 hours of
ICU arrival before and after the implementation of the CPG
using chi-square test. As the “Model Site” routinely under-
took early extubation in nearly all infant surgery cases, the
primary analysis was limited to the four active sites that did
not routinely use this strategy prior to the application of the
CPG. A preliminary analysis compared the 12-month cumu-
lative early extubation ratios at control sites and active sites
separately. After this preliminary analysis indicated, there
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was a significant difference between pre- and postimple-
mentation in active sites but not in control sites, an inter-
rupted time series (ITS) approach was utilized. ITS analyses
are commonly used in quasi-experimental research designs
where there is no randomization because it is either unethi-
cal or not feasible. This approach tests for a change in the
outcome rate before and after implementation of the pro-
gram controlling for secular trends. ITS uses a segmented
regression, where the first regression is the period before
the implementation of the program and the second regres-
sion is the period after the implementation of the program,
where the early extubation rate for each month provides a
unique data point. An ANCOVA was used to test for differ-
ence between the adjusted means (y-intercept).

Secondary outcomes were similarly compared using the
pre- and postimplementation rates at active and control sites
separately. Categorical outcomes were analyzed the same as
the early extubation rates (via chi-square tests). Continuous
outcomes for pre-and postimplementation values were com-
pared using a Wilcoxon two-sample test. All analyses were
performed using SAS 9.3 (SAS Institute, Cary, NC) and R
Studio (Boston, MA).

RESULTS

The number of subjects enrolled at the four active sites was 240
(119 in preimplementation and 121 in postimplementation)
and at the five control sites was 259 (120 in preimplementation
and 139 in postimplementation). The proportion of subjects
thatachieved early extubation in the preimplementation phase
was nearly identical in active sites when compared with control
sites, 11.8% versus 11.7% (p = 0.98) (Table 1). Following the
implementation of the CPG, the active sites achieved a signifi-
cantly higher rate of early extubation, increasing from 11.8%
t0 66.9% (p < 0.001). Of the 81 subjects with early extubation,
28 (34.6%) were extubated in the OR. ITS demonstrated an
increasing trend in early extubation rates in the 12 months fol-
lowing implementation of the CPG at the active sites (Fig. 2).
The control sites were essentially unchanged (11.7 vs 13.7%).
Of note, the rate of early extubation for the model site was
34/44 (77.3%) in the preimplementation phase and remained

high at 36/38 (94.7%) in the postimplementation phase. The
median duration of postoperative intubation among the four
active sites decreased from 21.2 hours in the preimplemen-
tation phase to 4.5 hours in the postimplementation phase
(p <0.001). There was no significant change in time to extuba-
tion among control sites (19.8 vs 17.3 hours; p =0.12) (Table 2).
The rate of reintubation was low at baseline (2.5%) among
active sites and did not change following implementation of
the CPG (3.3%; p = 1.00). There was no difference in the use
of high flow nasal cannula (HFNC) support after extubation.
HENC was utilized in 26.1% of subjects in preimplementa-
tion phase and 24.7% of subjects in postimplementation
phase (p = 0.82)

The postoperative physical ICU LOS did not change sig-
nificantly following implementation of the CPG among active
sites. ICU medical LOS, which assesses ICU discharge readi-
ness, a measure that is not generally impacted by nonclinical
factors such as bed availability also did not change significantly
following CPG implementation. Total hospital LOS also did
not significantly decrease in the postimplementation phase.
In examining the subgroup of subjects undergoing TOF repair
(Table 3), there was a nonsignificant trend toward shorter
physical and medical ICU LOS (p = 0.068 and p = 0.076,
respectively).

There were several clinical variables that did appear to be
impacted by the CPG. The time to first introduction of enteral
feeds following surgery was significantly less following imple-
mentation of the CPG, decreasing from a median (range) of
30.7 hours (21.9-49.3hr) to 19.2 hours (10.9-27.8hr) at the
active sites (p < 0.001). The time to discontinuation of all con-
tinuous IV analgesics significantly decreased following CPG
implementation from median 43.6 hours to median 19.3 hours
(p = 0.001). The proportion of subjects receiving dexmedeto-
midine increased from 42.0% to 75.2%. The mean FLACC
(pain) score was higher after implementation of the CPG 1.3—
2.1 (p=0.0002).

Examining the TOF cohort alone, we found a reduc-
tion in the cumulative dose of both opioids and benzodiaz-
epines following the CPG implementation among active sites
(p < 0.001 and p < 0.001, respectively). Among the TOF
patients receiving dexmedetomidine, there was a significant

TABLE 1. Early Extubation Proportions, Pre- Versus Postimplementation by Procedure
Excluding the Single Active Site With Historical High Rate of Extubation

Procedure Preimplementation

Active sites? 14/119 (11.8%)

TOF 9/69 (13.0%)
CoA 5/50 (10.0%)
Control sites 14/120 (11.7%)
TOF 7/59 (11.8%)
CoA 7/61 (11.5%)

Postimplementation P
81/121 (66.9%) < 0.0001
57/78 (73.1%)
24/43 (55.8%)
19/139 (13.7%) 0.6299

11/90 (12.2%)
8/49 (16.3%)

CoA = coarctation of the aorta, TOF = tetralogy of Fallot.
2Does not include one model site.
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Figure 2. Interrupted time series analyses of early extubation rates at
active and control sites.

decrease postoperative cumulative dosage (p = 0.01) following
CPG implementation.

In the coarctation of the aorta cohort, the cumulative dose
of opioids did not significantly decrease following the CPG
implementation (Table 4). Among coarctation of the aorta
patients, the proportion of subjects with significant hyperten-
sion did not increase significantly following implementation
of the CPG (p =0.13).

We also sought to measure CPG compliance. For most
elements of the CPG, compliance exceeded 85% (Table 5),
with only two areas of low compliance: extubation readiness
assessment and adequate pain assessment. The CPG defined
“extubation readiness” criteria and goal blood gas parameters
for those subjects extubated in the ICU using nine criteria,
related to both clinical assessment and blood gas criteria.
The extubation readiness criterion for which compliance was
lowest was the parameter of pH more than 7.3, for which the
compliance rate was 81.3%. In other words, 18.7% of patients
extubated in the ICU between 1 and 6 hours after surgery had
a pH lower than 7.3 at the time of extubation. For the pur-
poses of this CPG, we required hourly FLACC scores for the
first 12 hours, and centers were only 81.0% compliant with
this component.

DISCUSSION
This study has demonstrated that the introduction of a CPG
developed through a collaborative learning process was associ-
ated with a significant increase in the rate of early extubation
without a change in reintubation rates in infants following
reparative cardiac surgery.

The postoperative care process after congenital heart sur-
gery is complex, and many aspects are not standardized. There
are several key milestones in the “progression” of a patient in
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the postoperative phase. These milestones include hemosta-
sis, weaning from vasoactive support, extubation, removal of
central catheters and drains, advancement of enteral feeds,
discharge from the ICU, and increase in mobility/physical
activity. Our collaborative team chose to focus on postopera-
tive intubation. For many cardiac operations, the physiology
and hemodynamics are more stable after surgery than before.
This is true with corrective surgery such as repair of TOF or
repair of coarctation of the aorta. Following these operations,
intracardiac shunts are essentially eliminated and hypoxemia
are resolved. Furthermore, early extubation is considered a
quality benchmark in the adult cardiac surgery scorecard (7).

Our study found that more than 70% of infants following
repair of TOF could be extubated early. The rate of early extuba-
tion was slightly lower in the coarctation cohort. This may be due
to the fact that over 50% of the subjects in this coarctation cohort
were less than 28 days old, and many were less than 1 week old.
The CPG allowed centers to use more than one approach to early
extubation. For many centers, the ideal setting for early extuba-
tion was in the OR immediately on completion of the procedure.
The advantage of this strategy is that it is a controlled setting
familiar to anesthesiologists. However, some centers have favored
extubation in the ICU before or after hand-off of the patient,
thereby preventing delay in turnover of the OR and allowing
respiratory therapists to play a greater role in the process.

Early extubation following congenital heart surgery
has previously been described in the literature using vari-
ous anesthetic approaches (8-11). Some institutions have
favored the use of epidural anesthesia (8, 12). This approach
can allow for lower doses of opioids; however, it does carry
some—albeit small—risk of infection and bleeding com-
plications. Our CPG did not employ epidural anesthesia.
Rather, our approach was to use low-dose opioid in the form
of fentanyl paired with a volatile anesthetic. Some anesthe-
siologists have suggested that very high-dose fentanyl, i.e.,
more than 100 pg/kg, can blunt the stress response to car-
diac surgery (13, 14). However, this association has not fully
been analyzed, and the impact of the stress response on clini-
cal outcomes remains to be determined. Dexmedetomidine,
an IV a-agonist that combines effective sedation with some
analgesic properties, while preserving respiratory drive,
served as a useful adjunct for the majority of subjects in the
postimplementation phase of this study.

There has been some hesitation in adopting an early
extubation strategy in young children following cardiac sur-
gery. Concerns have been raised that caregivers may need to
withhold analgesia in order to successfully execute an early
extubation protocol, which might cause distress to the child
or hemodynamic instability. The present analysis provides
important data to address these issues. Our analysis did
demonstrate a slightly higher FLACC score in the postimple-
mentation phase. However, the median FLACC score in the
postimplementation phase in the first 12 hours following sur-
gery was only 2.1. This is still in the “mild discomfort range”
and would not generally merit added bolus analgesia (15). We
also tracked hypertension following surgery for coarctation of
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TABLE 2. Postoperative Clinical Outcomes for All Subjects

Preimplementation

Postimplementation

Outcome Median (IQR) Median (IQR)

Postoperative LOS (d)

Active 119 6.0 (4.0-8.0) 121 5.0 (4.0-8.0) 0.3912

Control 120 6.0 (6.0-8.0) 139 5.0 (4.0-8.0) 0.0730
Postoperative ICU LOS (d)

Active 118 3.0(2.0-5.1) 121 29 (1.8-4.8) 0.2865

Control 120 2.8 (1.8-3.9) 139 2.2 (1.8-3.6) 0.2837
Postoperative ICU LOS (hr)

Active 118 719 (470-121.6) 121 69.2 (44.1-116.1) 0.2865

Control 120 66.2 (44.3-93.9) 139 51.7 (42.7-86.7) 0.2837
Time to extubation (hr)

Active 118 21.2 (1356-36.0) 121 45(0.1-9.3) < 0.0001

Control 120 19.8 (11.8-30.1) 139 17.3 (9.0-24.8) 0.1181
Postoperative critical care LOS (hr)

Active 117 59.3 (39.7-94.6) 119 50.0 (26.6-98.6) 0.4439

Control 120 62.2 (43.3-90.4) 139 51.2 (41.2-86.7) 0.3499
Time to continuous sedation/analgesia (hr)

Active 85 43.6 (23.3-68.8) 103 19.3 (11.4-39.5) < 0.0001
Time to first introduction of enteral feeds (hr)

Active 89 30.7 (22.0-46.6) 88 19.2 (10.9-27.8) < 0.001
Average Face, Legs, Activity, Cry, Consolability

pain score, where at least three F

Active 93 1.3 (0.4-2.2) 88 2.1 (1.0-3.1) 0.0002
Cumulative opioid (mg/kg)?

Active 118 0.8 (0.4-3.0) 118 0.5 (0.3-1.0) 0.0003
Cumulative benzodiazepine (mg/kg)®

Active 80 0.3 (0.1-2.2) 69 0.2 (0.1-0.4) 0.0108
Cumulative dose of dexmedetomidine/kg

Active 50 5.4 (2.1-14.5) 91 29 (1.56-6.9) 0.0351

IQR = interquartile range, LOS = length of stay.
2Mg of morphine (converted to equianalgesic dose for other opioids).
®Mg of midazolam.

the aorta and were encouraged that this was not different in
the postimplementation phase.

One of the theoretical benefits of early extubation relates to
the throughput of the patients. We hypothesized that a high rate
of early extubation would result in a shorter duration of ICU
stay. However, early extubation was not associated with a lower
ICU LOS. The likely explanation is that many factors other than
the need for mechanical ventilation impact ICU LOS. Some
patients may be extubated and receive supportive respiratory
measures such as noninvasive positive pressure ventilation.

6 www.pccmjournal.org

Typically, such adjunctive therapies are unsuitable for ICU
transfer. Other important steps in postoperative care must be
completed prior to transfer to a lower level of care. These steps
include removal of central vascular catheters and discontinu-
ation of vasoactive agents. It is possible that with more expe-
rience with early extubation, centers might then turn their
attention to accelerating these other processes. Importantly, we
find that early extubation was associated with lower total doses
and duration of continuous IV sedation or analgesia. A recent
analysis of the Society of Thoracic Surgeons database suggests
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TABLE 3. Postoperative Clinical Outcomes for Tetralogy of Fallot Cohort

Preimplementation

Postimplementation

Outcome Median (IQR) N Median (IQR)

Postoperative LOS (d)

Active 69 7.0 (4.0-9.0) 78 5.0 (4.0-8.0) 0.0931

Control 59 6.0 (6.0-8.0) 90 6.0 (6.0-8.0) 0.2170
Postoperative ICU LOS (d)

Active 68 3.0 (1.9-6.0) 78 2.3(1.2-4.9) 0.0684

Control 59 29 (1.9-4.0) 90 2.8 (1.8-3.7) 0.3476
Postoperative ICU LOS (hr)

Active 68 71.6 (46.4-143.6) 78 54.2 (28.8—-100.8) 0.0684

Control 59 69.4 (44.9-95.9) 90 675 (43.2-90.0) 0.3476
Time to extubation (hr)

Active 68 19.1 (13.9-43.1) 78 3.4 (0.0-7.2) < 0.001

Control 59 19.8 (10.9-28.8) 90 18.0 (9.9-26.3) 0.56320
Postoperative critical care LOS (hr)

Active 68 56.1 (34.3-117.8) 77 45.0 (256.5-85.0) 0.0762

Control 59 68.6 (44.6-93.8) 90 65.8 (41.3-90.0) 03157
Time to continuous sedation/analgesia (hr)

Active 53 46.0 (22.4-89.0) 76 19.2 (11.6-38.0) < 0.001
Time to first introduction of enteral feeds (hr)

Active 53 28.0 (21.2-43.8) 59 15.0 (9.9-26.1) <0.001
Average Face, Legs, Activity, Cry, Consolability

pain score, where at least three F

Active 52 1.3 (0.7-2.2) 61 2.3(1.2-3.2) 0.0024
Cumulative opioid (mg/kg)?

Active 68 0.9 (0.5-4.6) 77 0.6 (0.3-1.1) 0.0003
Cumulative benzodiazepine (mg/kg)®

Active 53 0.3 (0.2-2.2) 47 0.2 (0.1-0.3) 0.0038
Cumulative dose of dexmedetomidine/kg

Active 40 5.6 (2.3-12.5) 70 2.8 (1.7-6.9) 0.0128

IQR = interquartile range, LOS = length of stay.

2Mg of morphine (converted to equianalgesic dose for other opioids).
®Mg of midazolam.

Active sites do not include one model site.

that an early extubation strategy may significantly impact LOS
after some operations and not others (16). Our subanalysis
identified a nonsignificant trend toward shorter ICU LOS in
the TOF group with a median difference of 16 hours after CPG
implementation. It is also important to highlight that there are
significant changes in other key clinical outcomes following the
implementation of the CPG. Early extubation was associated
with a shorter time to the first enteral feeds. This is a key clini-
cal variable as feeding can provide valuable adjunct to analgesic
management following cardiac surgery.

Pediatric Critical Care Medicine

The CPG used in this project was developed largely based
upon expert opinion and consensus among participating
centers. As a part of the CPG, we developed extubation readi-
ness criteria related to physiologic and laboratory data. In
the assessment of CPG compliance, the extubation criteria
were violated on occasion. Nonetheless, the clinical outcomes
were excellent and reintubation rates were unchanged. This
would suggest that refinement of the CPG might allow more
lenient blood gas criteria for extubation. It is important to
remember that some degree of hypercapnia may be common
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TABLE 4. Postoperative Clinical Outcomes for Coarctation of the Aorta Cohort

Preimplementation

Postimplementation

Outcome Median (IQR) Median (IQR)

Postoperative LOS (d)

Active 50 5.0 (4.0-70) 43 5.0 (4.0-10.0) 0.8065

Control 61 6.0 (4.0-9.0) 49 5.0 (4.0-70) 0.1124
Postoperative ICU LOS (d)

Active 50 3.0(2.0-4.9) 43 3.4 (1.9-5.0) 0.3924

Control 61 2.6 (1.8-3.7) 49 2.0(1.7-2.9) 04134
Postoperative ICU LOS (hr)

Active 50 72.3 (476-101.1) 43 80.9 (46.4-120.5) 0.3924

Control 61 62.0 (43.4-89.5) 49 485 (41.4-69.0) 0.4134
Time to extubation (hr)

Active 50 235 (12.9-31.8) 43 5.7 (3.2-13.7) <0.001

Control 61 19.8 (12.4-33.3) 49 16.0 (7.3-22.7) 0.0910
Postoperative critical care LOS (hr)

Active 49 62.1 (40.4-74.3) 42 70.6 (439-115.6) 0.1811

Control 61 51.8 (40.5-87.0) 49 46.0 (41.2-69.0) 0.5657
Time to continuous sedation/analgesia (hr)

Active 32 36.2 (23.56-46.8) 27 20.1 (89-41.7) 0.0239
Time to first introduction of enteral feeds (hr)

Active 36 34.1 (26.9-48.4) 85 245 (15.6-42.5) 0.0043
Average Face, Legs, Activity, Cry, Consolability

pain score, where at least three F

Active 41 0.8 (0.0-2.2) 27 1.6 (0.6-2.7) 0.0648
Cumulative opioid (mg/kg)?

Active 50 0.6 (0.3-1.3) 41 0.5 (0.3-0.8) 0.1466
Cumulative benzodiazepine (mg/kg)®

Active 27 0.2 (0.1-2.1) 22 0.2 (0.1-0.6) 0.7861
Cumulative dose of dexmedetomidine/kg

Active 10 1.8 (0.7-14.5) 21 4.3 (1.5-6.6) 0.9495

IQR = interquartile range, LOS = length of stay.

2Mg of morphine (converted to equianalgesic dose for other opioids).
5Mg of midazolam.

Active sites do not include one model site.

following extubation whether early or traditional and after
many different types of surgeries. However, this is generally
well tolerated. One of the key points is that the criteria for
extubation following general anesthesia for surgery differ
from the criteria for extubation of a chronically ventilated
child with intrinsic lung disease. This represented one of the
important points of dissemination of the CPG.

There are a number of important limitations of this study.
We hypothesized that the collaborative learning process that
included site visits was essential to achieve a high rate of CPG

8 www.pccmjournal.org

compliance and hence early extubation. However, it is possible
that an alternative streamlined approach without in-person
meetings and site visits might have achieved the same results.
Also it is possible that changes in extubation rates were not due
to the collaborative learning CPG alone. The incorporation of
control sites that were similar in size and patient distribution,
however, suggests that there was not a secular trend toward
early extubation during the time of the study.

The collaborative learning model is a promising strategy
to transmit clinical practices from high-performing centers to
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TABLE 5. Compliance Rates for Elements of
Clinical Practice Guideline

Compliance Measure Compliant n (%)

Documentation of an anesthetic plan 101/121 (83.6)
to allow early extubation

Communication of a preoperative 105/121 (86.8)

anesthetic plan

Communication for a post operative ~ 103/121 (85.1)

sedation plan

Use of an anesthetic plan for early 1192/121 (92.6)

extubation

Handoff with adequate communication ~ 99/121 (81.8)

of anesthetic sedation plan

Communication that the ICU staff
was informed

100/121 (82.6)

Communication from the 101/121 (83.5)

anesthesiologist with ICU care team
64/81 (79.0)
53/53 (100.0)
51/53 (96.2)
53/53 (100.0)
42/48 (875)
39/48 (81.3)
46/48 (95.8)
43/48 (89.6)
47/48 (979)
48/48 (100.0)
98/121(81.0)
1217121 (100.0)

Extubation readiness assessment
Use of vasoactive drugs
Arrhythmia requiring therapy
Bleeding requiring reoperation
Spontaneous respiratory rate
pH>T73
Paco, <55mm Hg
Arterial oxygen saturation > 90%
Base value between -8 and 8
Lactic acid

Adequate pain assessment

Close monitoring for up to 6 ht post
arrival in ICU

121/121 (100.0)
121/121 (100.0)
121/121 (100.0)

Initial vital sign assessment
Fourth complete vital sign assessment

Documentation of monitoring

peer institutions. Collaborative learning appears well suited to
address complex inpatient care practice and can improve clini-
cal outcomes. Using this approach, early extubation following
infant heart surgery can be rapidly implemented at congeni-
tal heart centers. Early extubation can be performed safely in
infants undergoing heart surgery with demonstrable benefits
on some clinical measures.
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