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Abstract

BACKGROUND

Protocols for nurse-led extubation are as safe as a physician-guided weaning in
general intensive care unit (ICU). Early extubation is a cornerstone of fast-track
cardiac surgery, and it has been mainly implemented in post-anaesthesia care
units. Introducing a nurse-led extubation protocol may lead to reduced
extubation time.

AIM

To investigate results of the implementation of a nurse-led protocol for early
extubation after elective cardiac surgery, aiming at higher extubation rates by the
third postoperative hour.

METHODS

A single centre prospective study in an 18-bed, consultant-led Cardiothoracic
ICU, with a 1:1 nurse-to-patient ratio. During a 3-wk period, the protocol was
implemented with: (1) Structured teaching sessions at nurse handover and at
bed-space (all staff received teaching, over 90% were exposed at least twice; (2)
Email; and (3) Laminated sheets at bed-space. We compared “standard practice”
and “intervention” periods before and after the protocol implementation,
measuring extubation rates at several time-points from the third until the 24*
postoperative hour.

RESULTS

Of 122 cardiac surgery patients admitted to ICU, 13 were excluded as early
weaning was considered unsafe. Therefore, 109 patients were included, 54 in the
standard and 55 in the intervention period. Types of surgical interventions and
baseline left ventricular function were similar between groups. From the third to
the 12" post-operative hour, the intervention group displayed a higher
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proportion of patients extubated compared to the standard group. However,
results were significant only at the sixth hour (58% vs 37%, P = 0.04), and not
different at the third hour (13% vs 6%, P = 0.33). From the 12* post-operative hour
time-point onward, extubation rates became almost identical between groups
(83% in standard vs 83% in intervention period).

CONCLUSION
The implementation of a nurse-led protocol for early extubation after cardiac
surgery in ICU may gradually lead to higher rates of early extubation.

Key words: Fast-track; Extubation protocol; Intensive care; Mechanical ventilation,
Implementation strategies
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Core tip: Fast-track is emerging in cardiac surgery, and early extubation is a cornerstone
for fast-track. Nurse-led extubation protocols may be introduced in clinical practice with
different teaching techniques, aiming for early extubation.
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INTRODUCTION

Close monitoring of patients is required during the early postoperative period after
cardiac surgery, particularly the first few hours, in order to identify and treat
potentially life-threatening complications such as bleeding and cardiovascular
instability. Traditionally, patients are managed in the intensive care unit (ICU) during
the initial perioperative period. Nonetheless, the evolution of surgical perfusion
techniques and anaesthetic management have allowed the successful implementation
of fast-track care protocols after cardiac surgery. Patients with lower levels of
complexity can be safely managed in post-anaesthesia care units (PACUs) with a
decreased time to extubation, shorter ICU and hospital length of stay (LOS), and
possible cost reduction!-"). These results have been confirmed by a Cochrane meta-
analysis, which found no difference in complication rates, and outcomes between
conventional care vs fast-track approach in low and moderate risk cardiac surgery
patients. Moreover, the fast-track approach shortened time to extubation and LOS in
ICU compared to conventional carel’l. Early extubation is a cornerstone for fast-track
cardiac care and is associated with shorter duration of mechanical ventilation (MV),
decreased ICU and hospital LOS, and fewer postoperative respiratory complicationst.
Conversely, prolonged MV in ICU is associated with higher incidence of pulmonary
complications, increased ICU and hospital LOS and associated cost in both general
ICU" and in the post-cardiac surgery populations**.

In the general ICU setting, Kollef et al! showed that a nurse-led extubation protocol
was as safe as physician-guided extubation, showing similar complications and
mortality rates, significantly reducing MV time and possibly being effective in cost
reduction. In the cardiac surgery setting, the largest amount of studies evaluating the
safety and advantages of early extubation are based in the PACU, where staff are
usually more experienced in rapid extubation than ICU personnel, and often have a
higher physician-to-patient ratio.

Early extubation following cardiac surgery can be also used as a performance
indicator in cardiac surgical centres!'”. Achieving safe early extubation depends on
many contributing factors comprising the pre, intra and postoperative periods. Early
extubation also relies on the successful coordination of efforts from multiple
disciplines, i.e., nursing, surgery, anaesthesia and critical care.

In our study, we aimed to evaluate the results of the implementation of a nurse-led
protocol for early extubation after cardiac surgery in ICU as part of a quality im-
provement initiative. Research Ethics committee authorization and informed consent
were not required to perform this study.
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MATERIALS AND METHODS

This was a single centre prospective study in an 18-bed Cardiothoracic ICU across an
11-week period (11.08.2014 - 21.12.2014). Our Cardiothoracic ICU is a closed critical
care consultant-led ICU admitting patients after cardiac, thoracic and vascular
procedures. During the period of study, the Cardiothoracic ICU was staffed with a
team of two consultants from 8:00 to 18:00 and one consultant during the night hours
with junior doctor support. Patients mechanically ventilated after cardiac surgery
received nursing care in a one-to-one ratio.

In the two years preceding this study, almost 1000 cardiac surgical cases per year
were performed at our institution with an average of 80% being admitted to the
Cardiothoracic ICU. The remaining 20% was managed in the fast-track PACU. In this
study, we aimed to evaluate the results of the introduction of a nurse-led protocol for
early extubation after cardiac surgery. Before the implementation of the nurse-led
protocol, patients after cardiac surgery were extubated according to the decision of
the treating physician. A simplified nurse-led protocol for extubation after cardiac
surgery was introduced as part of a quality improvement initiative. A small steering
group wrote a draft of the nurse-led protocol, which was reviewed, modified and
approved by all of the Cardiothoracic ICU consultants and senior nurses. The final
version of the protocol is shown in Figure 1. The protocol did not involve any changes
in the anaesthetic or surgical intraoperative management.

The study was divided into two periods of eight weeks each. The “standard
practice” period, 11/08/2014 to 05/10/2014 and the “intervention” period,
27/10/2014 to 21/12/2014 (Figure 2). We anticipated approximately 100 patients per
period. The overall data collection included the following time-points: admission, 1* -
2nd - Frd - 4th - Hth - 6th - th ] Dth 5 - 18t - 24t postoperative hour. Data were collected
in a pre-defined sheet by the bed-space nurse and entered into spread-sheet software
(Microsoft Office Excel 2011). Patients admitted to the ICU were included in the nurse
led protocol, unless a consultant anaesthetist/intensivist or cardiac surgeon stated it
would have not been safe to extubate the patient early, based on both premorbid
status and/or intraoperative course. Therefore, for this pilot study, we followed a
pragmatic approach for the inclusion of patients in the nurse-led extubation pathway.

Implementation strategy

The two study periods were separated by a three-week period (06/10/2014 -
26/10/2014) dedicated to teaching the new protocol to all nursing and medical staff
using short small group sessions held by the members of the steering group.
Additionally, we delivered one to one bed-side teaching to the nursing staff. An
attendance form was kept to ensure that all staff received frontal teaching. This
resulted in over 90% of the staff exposed to this teaching at least twice. The protocol
was disseminated via email to the entire staff, and laminated sheets containing the
protocol were printed and distributed at each bed-space with additional copies
available in the staff room.

Characteristics of the new protocol

As shown in Figure 1, the new protocol set a target of extubation from operating
theatre arrival by the third postoperative hour, if conditions specified by the protocol
were met. The bedside nurse was in charge of implementing the protocol from arrival
with setting of pre-specified parameters for titration of sedation and analgesia.
Mechanical ventilation settings following a “lung protective strategy” were also
outlined in the protocol. Within one hour from arrival, the bedside nurse confirmed
the absence of several exclusion criteria (excessive bleeding and/or tamponade,
metabolic and hemodynamic derangements, hypoxia and or hypercarbia,
hypothermia) against a checklist, before decreasing sedation levels and attempting to
start pressure support ventilation mode. From the second postoperative hour, or
whenever criteria for extubation were met, nurses were asked to wean sedation and
mechanical ventilation in order to extubate by the third postoperative hour, after
confirming the clinical decision with the senior nurse in charge or with the doctor on
duty. Bedside nurses informed the senior nurse in charge and/or the doctor on duty
in case of clinical issues or uncertainty.

Outcomes

The primary outcome of our study was that a proportion of patients extubated at
different pre-defined time-points (from the third until the 12* postoperative hour).
Secondary outcomes were re-intubation rates within 12 hours from extubation and
adherence to a lung protective ventilation strategy. Lung protective was defined as a
tidal volume of 6-8 mL/kg ideal body weight.
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Titrate sedation and analgesia: Propofol 1 mg/kg/h

Early extubation protocol post cardiac surgery (70 kg = 70 mg/h), start morphine 1 mg/h
Unless a Consultant specifically wants to delay ex- Boluses propofol/opioids as required
tubation: Aim extubation by the 3™ hour! Increase dose only if frequent boluses

Ventilation: Tidal volume 6-7 mL/kg IBW X 12-15 bpm

1 hour from arrival, if Target: Extubate by the 3™ hour!
Wean sedation further then stop
Bleeding less than 150 mL/h ﬁ Al CPAP 5, PS 5-10
No need to escalate CV support yes Repeat ABG
No clinical evidence of tamponade Q Assess neurology and pain

Temperature going up and > 35.5 °C
BE - 6.0 mEq/L (better and/or improving) N
Lactate < 4.0 mmol/L and/or improving
Fio2 < 0.6 and normal PaCO, < 6.5 Kpa

At 2 hours

Lactate trend improving and < 3.0 mmol/L
BE improving or better than -4.0 mEq/L

Not acidotic, Good gas exchanges, Warm
No excessive bleeding, CV support stable
Turn sedation off: Neurology and pain ok?

During the first hour
please try to put on ps/cpap!

No

i

Figure 1 Protocol for the management of patients after cardiac surgery. ABG: Arterial blood gas; BE: Base excess; CPAP: Continuous positive airway pressure;
CV: Cardiovascular; IBW: Ideal body weight; PS: Pressure support.

Inform nurse in charge and proceed
to extubate!!!

Statistical analysis

Formal sample size calculation was not performed in this study, but assumption on
the length of each period was made based on average number of cardiac surgery
intervention admitted to the Cardiothoracic ICU.

The Kolmogorov-Smirnoff test, histograms and normal quartile plots were
examined to test for the normality assumption of continuous variables. Continuous
variables are presented as mean (SD) with 95% confidence interval (95%CI) or median
[(interquartile range) (IQR)] and categorical variables as number and percentage (%).
A Wilcoxon signed rank test was then used to detected differences among pairs of
samples. Categorical variables were compared through the Chi-square test with Yates
correction. All tests were two-sided, and a result of P < 0.05 was considered statis-
tically significant. Statistical analyses were performed using IBM® SPSS® Statistics 17
for Windows.

RESULTS

During the two study periods, a total of 122 postoperative cardiac surgical patients
were admitted to the cardiothoracic ICU, 60 in the standard practice and 62 during the
intervention period. Thirteen patients (six in the standard practice period and seven in
the intervention period) were excluded from the early extubation protocol at the
discretion of the attending consultant due to complex surgery, comorbidities or
intraoperative issues. Therefore, data from a total of 109 patients were collected, 54 in
the standard practice and 55 in the intervention period.

Patients in the “standard period”, as compared to the “intervention period”, had
similar height (168.3 + 9.7 cm vs 170.8 + 8.8 cm respectively, P = 0.11) and age (66.5 *
11.7 vs 65.7 £ 10.9, respectively, P = 0.74) and body weight (76.8 + 13.4 kg vs 82.3 + 14.8
kg, respectively, P = 0.07). In both periods, male patients represented 76% of the
population (P = 0.96).

The types of interventions were similar between groups. The two most common
surgical intervention were isolated elective coronary artery surgery (n = 31/54, 57% of
all surgeries during the “standard period” vs n = 27/55, 49% in the “intervention
period”, P = 0.50) and coronary surgery associated to aortic valve replacement (n =
7/54, 13% “standard period” vs n = 5/55, 9% “intervention period”, P = 0.73). The
groups were also comparable with regards to their baseline LV function (Table 1).

Extubation rates
Extubation rates did not differ between the two study groups at the third post-
operative hour. However, from the third to the 12" post-operative hour, the inter-
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Extubation Protocol: Study periods

Standard Implementation Intervention
Practice strategy Period

Period

06.10.2014-26.10.2014
11.08.2014-05.10.2014

27.10.2014-21.12.2014

Teaching at nurse
handover

Bedspace teaching and
laminated sheets

n = 54 patients n = 55 patients

Extubation Protocol sent
via email

"o

Figure 2 Study periods. Three study periods were identified: “standard practice”, “implementation” and
“intervention”. The duration of each period is indicated in the figure.

vention group displayed a higher proportion of patients extubated compared to the
standard group. The difference was only statistically significant at the sixth
postoperative hour (37% in the standard vs 58% in the intervention period, P = 0.04).
A non-significant trend towards higher extubation rates in the intervention period
was found from the fourth until the ninth postoperative hour (fourth hour: P = 0.12;
5% h: P = 0.13; ninth hour: P = 0.10). From the 12" post-operative hour time-point
onward, extubation rates became almost identical between the groups (Figure 3).
Only one patient in the standard group and two patients in the intervention group
were re-intubated within 12 h after extubation. All cases were due to respiratory
failure, and the difference between periods was not statistically significant (P = 0.99).

Lung protection

Patients were ventilated with similar positive end-expiratory pressure (PEEP) levels
throughout the postoperative period between groups. More than 99% of PEEP values
recorded were 5 cmH,O or above in both groups. There was an acceptable degree of
adherence to the indication regarding the TV, with less than 7% of patients in both
groups ventilated with 8 mL/kg or higher, and in most cases, such TV were achieved
in pressure support ventilation mode.

DISCUSSION

Early extubation is a cornerstone in fast-track care protocols after cardiac surgery, and
it has been repeatedly investigated in dedicated PACU settings. Our study found that
early extubation following the introduction of a nurse-led protocol can be
implemented in a cardiovascular ICU setting, possibly resulting in a greater number
of early extubations.

The early extubation project constitutes the initial stages of a quality cycle aimed to
streamline and standardize patient flow in our cardiovascular ICU to improve patient
outcomes. We observed statistically significantly higher rates of extubation in the
intervention group at the sixth postoperative hour (P = 0.04). Although non-
significant, we saw also a trend towards higher extubation rates from the fourth until
the ninth postoperative hour. We believe that our study was underpowered to detect
significant differences in extubation rates between the study groups. Indeed, there
was a lower-than-expected number of patients included in the study due to
unplanned reduction in our case-load. Therefore, it remains speculative that collecting
a higher number of cases would have resulted in an earlier and larger separation of
the extubation rate curves. From the 12" postoperative hour, the curves of patients
extubated did not differ between the two investigated periods, likely because patients
mechanically ventilated beyond this stage were not suitable for early extubation and
that the reduced number of cases had no impact after the 12" postoperative hour. We
found similar compliance with TV and PEEP levels compatible with a lung protective
strategy in both groups, which probably reflects the widespread practice of lung
protective ventilation in modern ICUs.

We acknowledge that our protocol failed to boost the target set by our protocol of
increasing extubation rates as early as two hours after cardiac surgery. This is not
unexpected, since adopting a new and faster protocol may take time. Resistance to
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Table 1 Distribution of left ventricular function between the pre- and post-implementation of extubation protocol

Before the implementation of extubation After the implementation of extubation

protocol (n of patients) protocol (n of patients)
Normal LV function 41 40
Mild-to-moderate LV impairment 11 14
Severe LV impairment 2 1
Total 54 55

LV: Left ventricular.

sudden changes in clinical practice is not uncommon. Nevertheless, studies in other
scenarios have shown that improvements in clinical practice can be obtained when
new interventions are introduced using a continuous education program leading to
improving outcomes in critically ill patients!"l. The need for a learning curve based on
experience is likely, and this should be taken into account as well. Moreover, the
lower-than-expected number of cases included in our study probably reduced staff
exposure to the new strategy on early extubation, which in turn may have slowed the
learning curve process. We believe our strategy for implementing the new protocol
was well-designed and had the advantage of making the personnel more comfortable
with the new approach.

Extubation remains a challenging perioperative stage with a higher number of
perioperative respiratory complications occurring at the extubation rather than during
the intubation process (12.6% vs 4.6%)!"’. Furthermore, extubation may expose fragile
cardiac patients to significant shifts in intrathoracic pressures, which can lead to a
number of cardiac complications such as pulmonary oedema due to left ventricular
dysfunction. Therefore, safe extubation demands a systematic approach, especially in
the setting of complex surgery in patients with significant comorbidities. Early
extubation of patients after cardiac surgery involves multiple tasks, such as
appropriate sedation and analgesia titration, frequent neurological assessment,
continuous evaluation of haemodynamic stability, progressive respiratory weaning,
careful temperature control and assessment of bleeding. Our protocol covered all of
the aspects mentioned above. We believe that these tasks can be satisfactorily
accomplished by trained and motivated nurses, with the back-up support of
experienced medical staff. In the general ICU, a large study showed that a nurse-led
extubation protocol had similar complications and mortality rates than physician-
guided extubation and significantly reduced MV time, possibly having positive effects
on cost saving!.

Our study has the value of investigating the implementation of a structured nurse-
led protocol for early extubation after cardiac surgery in a Cardiothoracic ICU with a
1:1 nurse-to-patient ratio for ventilated patients. However, in the cardiac surgery
setting, the largest amount of studies evaluating safety and advantages of early
extubation are based in the PACU, where staff have more experience in extubation
than the ICU personnel. Moreover, PACU usually has a higher consultant-to-patient
ratio compared to ICU. For instance, Probst et al”! recently compared post-cardiac
surgery management in PACU vs cardiac ICU and found a significant shorter
extubation time and a higher rate of extubation within the first six postoperative
hours in hemodynamically stable, normo-thermic, non-bleeding patients admitted to
PACU as compared to a similar group of patients admitted to ICU. Moreover, PACU
patients had shorter LOS before step-down and less arrhythmic complication, with no
difference in other complication rates. When looking at such results, it is worthwhile
noting some of the structural differences between PACU and ICU in this study: (1) 3-
bed PACU vs 21-bed ICU; (2) Dedicated post-cardiac surgery PACU vs mixed ICU;
and (3) 1:3 consultant-to-patient ratio in PACU and 1:12 in ICU. Considering these
structural differences together with the usually higher airway skills of PACU staff, the
observed differences are not surprising.

The most important limitation of our study is the lower than expected number of
cases collected in the study period. We were able to analyse data from only 105
patients rather than the estimated target of 200. A second limitation is the lack of
standardisation of anaesthetic management that likely influenced the neurological
appropriateness for extubation. A third limitation of this study is that safety could not
be fully evaluated with such small numbers; although only three patients were re-
intubated after extubation, this is not an infrequent event after cardiac surgery, and
larger numbers are required to fully evaluate the safety of early extubation in
Cardiothoracic ICU after cardiac surgery. Finally, protocols implementing nurse-led
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Patients (%) extubated after cardiac surgery

100%
80% /,
60% ) /

40%

w
o

2h | 3h | 4h | 5h | 6h | 9h |12h | 15h | 18h| 24h

0%

oo Pt | 0,02 | 0.06 | 0.5 | 0.24 | 037 | 056 | 077 | 0.83 | 0.87 | 0.94

Intervention group| 0.02 | 0.13 | 0.29 | 0.40 | 0.58 | 0.73 | 0.80 | 0.83 | 0.87 | 0.94

Figure 3 Rates of patients extubated at different time-points. The analysis starts at the third postoperative hour.
Standard practice group is shown in black colour (series 1) and intervention group in grey (series 2). *P < 0.05,
standard practice group vs intervention group.

extubation should take into account the staff skills and knowledge. Our results should
be interpreted, considering that in the United Kingdom, there is a very high level of
training and continuous re-training for nurses. Other countries and Healthcare
Systems with lower resources may struggle in providing such level of training and
therefore the practice of nurse-led extubation after cardiac surgery may not be
practical.

The study covered the data acquisition, pattern analysis, interpretation and change
in action stages necessary to initiate a quality cycle!l. Our intention is to complete the
quality cycle by acquiring further data for a larger cohort of patients and periodical
evaluation of outcomes.

In conclusion, we implemented a nurse-led protocol for early extubation in the
Cardiothoracic ICU with structured teaching and training. Although the extubation
rates were similar by the third postoperative hour, a higher rate of patients in the
intervention group was extubated by the sixth postoperative hour. We did not have
enough data to establish the safety of our early extubation protocol.

ARTICLE HIGHLIGHTS

Research background
Nurse led-extubation is safe in the general intensive care unit (ICU) setting, but data in field of
cardiac surgery are scarce and limited to post-anaesthesia care units.

Research motivation
Nurse-led extubation protocols may help in shortening postoperative mechanical ventilation,
thus expediting patient recovery after cardiac surgery.

Research objectives
To evaluate the results of the implementation of a nurse-led extubation protocol.

Research methods

In a single centre prospective study during a 3-wk period, we implemented a nurse-led
extubation protocol in patients admitted after cardiac surgery. The protocol was implemented
with structured teaching sessions at nurse handover, teaching at bed-space, information
provided via email and apposition of laminated sheets with the protocol at each bed-space. We
performed a comparison of before and after protocol implementation (“standard practice” and
“intervention” periods, respectively), measuring extubation rates at several time-points from the
third until the 24" postoperative hour.

Research results

We included 109 patients, 54 in the standard and 55 in the intervention period. Although the
intervention group displayed a higher proportion of patients extubated from the third to the 12
post-operative hour compared to the standard group, results were significant only at the sixth
hour (58% vs 37%, P = 0.04) and not different at the third hour (13% vs 6%, P = 0.33). After the
12" post-operative hour time-point onward, extubation rates become almost identical between
groups.

Research conclusions
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The implementation of a nurse-led protocol for early extubation after cardiac surgery in the
cardiac ICU may gradually lead to higher rates of early extubation.

Research perspectives

The present study adds information regarding a growing body of literature of fast-track
extubation and identifies a nurse-led protocol as a possible intervention that shortens the length
of mechanical ventilation in patients recovering after cardiac surgery. The study findings should
be interpreted in the context of the level of training and the nurse-to-patient ratio.
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