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Abstract 

Background:  All patients undergoing prolonged intubation develop some degree of 

laryngeal edema, with respiratory distress occurring when there is a greater than 50% 

narrowing of the tracheal lumen.  Severe laryngeal edema is identified by the presence of 

an audible high-pitched inspiratory whistle caused by increased airflow velocity.  This 

finding, known as post-extubation stridor (PES), is the most common cause of 

reintubation.  PES is associated with increased care needs and nursing time, increased 

ventilator days, ICU length of stay (LOS), hospital LOS, and morbidity. 

Purpose: This quality improvement project implemented a clinical pathway to aid in the 

identification of patients expected to develop PES and guide prophylactic treatment in the 

Neurocritical Care Unit (NCCU) of a large urban academic medical center.  

Methods:  Prior to project implementation, all providers in the NCCU completed hands 

on training with practice in completing the pathway in the form of a checklist.  During 

the six-week implementation phase, checklists were completed on all intubated patients 

daily during rounds.  If patients met criteria for extubation, the pathway was utilized to 

aid in the early identification of patients expected to develop PES and guide prophylactic 

treatment. 

Results: During the six-week trial, there were a total of 290 ventilator days.  There were 

259 completed checklists, yielding an 89.3% compliance rate for utilization of the clinical 

pathway.  All 26 patients who were extubated during the trial had a checklist completed, 

generating 100% compliance on the day of extubation.  Analysis was performed to 

evaluate outcomes following all non-palliative extubations during the six-week pre-

implementation (n = 27) and post-implementation (n = 26) periods.  Implementation of 
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the pathway was not associated with a statistically significant reduction in rates of PES, 


2
 (1, N = 53) = 3.12, p<0.10.  There was a statistically significant reduction in rates of 

reintubation 
2
 (1, N = 53) = 3.90, p<0.05, and reintubation due to PES, 

2
 (1, N = 53) = 

5.32, p<0.025.  

Discussion: The clinical pathway implemented in our NCCU was safe and effective in 

reducing rates of reintubation and reintubation due to PES.   

Keywords: post-extubation stridor, laryngeal edema, clinical pathway, quality 

improvement 
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Extubation failure remains a common complication in critical care patients, and is 

associated with increased intensive care unit (ICU) and hospital length of stays (LOS), 

hospital costs, need for tracheostomy, risk of pneumonia, and morbidity and mortality 

(Anderson et al., 2011).  Brain injured patients are at an especially high risk for 

prolonged intubation and extubation failure, with reintubation rates as high as 36% 

(Epstein, 2002).  The most common cause of reintubation is laryngeal edema 

(Wittekamp, van Mook, Tjan, Zwaveling, & Bergmans, 2009), and neurocritical care 

(NCC) patients are at a particularly high risk (Anderson et al., 2011). 

 All patients undergoing prolonged intubation develop some degree of laryngeal 

edema.  In serious cases, the tracheal lumen can narrow by greater than 50%, impairing 

ventilation and requiring reintubation (Wittekamp, et al., 2009).  An objective marker 

used as the clinical indicator for severe laryngeal edema is stridor, an audible high 

pitched inspiratory whistle caused by increased airflow velocity.  Post-extubation stridor 

(PES) affects 1.5-26.3% of patients following extubation (Plujims, van Mook, 

Wittekamp, & Bergmans, 2015).  These patients will require close monitoring and rapid 

intervention, leading to increased care needs and associated nursing time.  

Background and Significance 

 Providers in the neurocritical care unit (NCCU) at a large urban academic medical 

center that was the focus of the Doctor of Nursing Practice (DNP) project, noted higher 

than normal rates of PES.  Patients at high risk for developing PES and extubation failure 

were identified at the discretion of individual providers and there was variation in 

treatment regimens.  Some providers prescribed prolonged courses of steroids prior to 

extubation, thereby delaying extubation, increasing ventilator days, and prolonging ICU 
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LOS.  At the same time, patients at high risk for PES were often extubated without 

prophylactic steroid treatment, thereby increasing their risk for extubation failure.  

Practice patterns contradicted research findings that steroid administration is of minimal 

benefit when administered to all patients, but is associated with significant reduction in 

PES and reintubation rates when limited to high risk patients (Khemani, Randolph, & 

Markovitz, 2011; Jaber et al., 2009).   

To reduce the rates of PES and reintubation without delaying extubation, a 

clinical pathway was created by an interdisciplinary team comprised of a NCC 

intensivist, a neuroanesthesiologist, a NCC fellow, a pharmacist, two nurse practitioners 

(NP), and a physicians assistant (PA).  The purpose of the pathway was to aid in the 

identification of patients expected to develop PES and guide prophylactic treatment.  The 

utilization of clinical pathways is associated with a reduction in practice variation, LOS, 

and medical costs, and improvement in patient outcomes, quality of care, and resource 

management (Aniza, Saperi, & Aljunid, 2008).   

Literature Review 

 A review of the literature was performed to identify patients at high risk for 

developing PES, and to determine appropriate treatment for these individuals (Appendix 

A).  The results of a retrospective review of 1,625 patients admitted to the trauma service 

at a single center identified age (less than 18 years), gender (female), and duration of 

intubation (greater than 5 days) as risk factors for reintubation as a result of PES 

(Lilienstein, Davis, Bilello, and Dirks, 2016).  These findings were consistent with those 

of Francois et al. (2007), who conducted a placebo-controlled, double blind multicenter 

trial of 761 patients intubated for more than 36 hours in 15 ICUs.  The patients were 
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evaluated to determine risk factors for PES.  The investigators reported gender (female), 

height (shorter), and ETT size (larger), as risk factors.  They noted that a smaller ratio of 

height to ETT diameter was a good prognosticator for development of PES.  Finally, 

researchers of a prospective, multi-center exposed/unexposed matched epidemiologic 

study also reported increased frequency of PES and intubation difficulty in obese 

patients, based on analysis of 206 patients in nine centers (Frat et al., 2008). 

In addition to risk factors, a commonly used tool to identify patients likely to 

develop PES is the cuff leak test (CLT).  During the test, a cuff leak volume (CLV) is 

determined by deflating the cuff on the endotracheal tube (ETT) to identify the amount of 

air exiting around the ETT, with a smaller volume indicating reduced space between the 

larynx and the tube.  Two meta-analyses were reviewed to evaluate the utility of the CLT 

in predicting PES. The analysis by Zhou et al. (2011) included 16 studies with 3172 

participants.  Ochoa et al. (2008) reviewed 11 studies with 2303 patients.  Authors of 

both reviews found that failed CLT was associated with increased risk of PES.  Ochoa et 

al. (2008) also reported a decreased risk of reintubation when the CLT was used as a 

screening tool prior to extubation.  These are the largest identified meta-analyses, but 

both are limited by the heterogeneity of included studies.  Despite the wealth of studies 

published regarding the utility of the CLT, few studies have evaluated varying CLV to 

determine the best numeric predictor of PES.  Cheng, Hou, Huang, Lin, and Zhang 

(2006) used the findings of a RCT evaluating corticosteroid use to perform a receiver 

operation characteristic curve.  Based on analysis of the CLV of 128 patients in a single 

center, they were able to determine that a CLV of less than 18% was an optimal predictor 

of PES development.   
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A review of the literature was also performed to identify the most appropriate 

treatment regimen for patients expected to develop PES based on risk factor evaluation.  

Shaikh et al. (2016) authored a prospective observational study in which all intubated 

patients in a single ICU (n = 426) who failed a CLT (CLV less than 100 mL or 10%) 

received prophylactic treatment at the discretion of providers. These patients received a 

regimen of methylprednisolone, dexamethasone, hydrocortisone, or no steroid prior to 

extubation.  Patients who did not receive steroids were significantly more likely to 

develop stridor (33.4%, p<.005)) and require reintubation (48.48%, p<.005) compared to 

those who received steroids.  The authors reported that a single dose of 

methylprednisolone 40 milligrams (mg) intravenously (IV) four hours prior to extubation 

was just as effective as the extended multiple dose regimens (p<.005).  These findings are 

congruent with those of Cheng et al. (2011), who randomized 151 patients in single ICU 

with a CLV less than 24% to receive either methylprednisolone 40 mg IV one time four 

hours prior to extubation (n = 71) or a placebo of 2mg sodium chloride IV (n = 80).  The 

findings of the RCT revealed that a single dose of methylprednisolone four hours prior to 

extubation was associated with a decreased rate of PES and reintubation (15.8% vs 

39.4%, p = 0.025, and 7.9% vs 30.3%, p = 0.015).  The authors also reported a significant 

increase in CLV at two and four hours after injection (3.3% at 2h, 6.5% at 4h), shorter 

ICU LOS (8.5+/-5.2 vs 13+/-6.8 days, p = 0.004), and lower ICU expenditures (4687+/-

2740 vs 6750+/-3711 USD, p = 0.01) in the treatment group compared to the placebo 

group.  

 In summary, risk factors that require the consideration of prompt treatment 

include female gender, age less than 18, intubation duration for longer than five days, 
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body mass index greater than 26.5, pre-hospital intubations, and difficult intubations 

requiring multiple attempts.  Additional risk factors identified include previous self-

extubation, recurrent intubations, and extreme agitation (Lilientein et al., 2016; Plujims et 

al., 2015; Francois et al., 2007; Frat et al., 2008).  The CLT is a screening tool that can be 

used in conjunction with risk factors to predict the development of PES (Plujims et al., 

2016; Cheng et al., 2010; Cheng et al., 2006).  Patients who are screened and determined 

to be high risk, should receive methylprednisolone 40 mg IV one time four hours prior to 

extubation.  This therapy is as effective as alternative regimens, which require 24 hours 

of treatment prior to extubation (Sheikh et al., 2016; Cheng et al., 2011).  A single dose 

four hours prior to extubation also has been found to prevent delays in extubation, 

thereby decreasing ventilator days, ICU LOS, and hospital costs (Cheng et al., 2011).  

Expert consensus from a multidisciplinary team was incorporated with the evidence 

discussed to create a clinical pathway to aid in prevention of PES (Appendix B). 

Purpose 

 Prior to creation of the clinical pathway, all extubations occurring in the NCCU 

between August 1, 2016 and September 11, 2016 were reviewed.  During the six week 

period, there were 37 extubations, ten of which were palliative and were excluded.  Of 

the 27 included extubations, seven resulted in PES.  There were a total of six 

reintubations, five of which were for PES.  Rates of PES on the NCCU during this six-

week period were 25.93%.  Incidence was higher than reported in the literature, which 

varies but ranges from 2-22% (Jaber et al., 2003; Francois et al., 2007).  Additionally, 

there was an overall reintubation rate of 22.22%, with 83.33% of reintubations resulting 

from PES.  The purpose of this quality improvement project was to implement a clinical 
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pathway to aid in the identification of patients expected to develop PES and guide 

prophylactic treatment in a NCCU of a large urban academic medical center.  

Implementation of the clinical pathway was expected to decrease the rates of PES and 

reintubation. 

Methods 

Theoretical Framework 

 The Promoting Action on Research Implementation in Health Sciences (PARiHS) 

framework was selected to guide implementation of this clinical pathway.  The 

developers of the PARiHS framework state that for successful implementation to occur, 

there must be strong evidence, context, and facilitation (Rycroft-Malone, 2010).  The 

clinical pathway was created using high quality evidence, including meta-analyses and 

RCTs, while also incorporating multidisciplinary input to ensure strong expert consensus.  

The medical center is a large, academic, tertiary care center.  It is also designated as a 

Magnet Hospital.  As such, there is a culture of collaboration and quality improvement 

that makes it conducive to implementing such a change.  Providers responsible for 

clinical decision-making in the NCCU were in agreement that an intervention was 

necessary to address the practice problem.  They also agreed that a clinical pathway 

would be beneficial, and several members of the team provided input regarding the 

contents of the clinical pathway.  As a result, the innovation was relevant and more likely 

to be adopted.  Opportunities for peer review prior to implementation, and feedback 

during implementation helped to ensure that context remained strong.  Finally, the 

individual facilitator aimed to be a credible, flexible leader, with a consistent presence, to 

ensure strong facilitation.  
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Setting and Sample 

This quality improvement project was an initiative aimed at reducing rates of PES 

in a 22 bed NCCU in a large, urban, academic medical center.  The total sample size was 

290 ventilator days, which included all patients who were intubated each day during the 

six-week implementation period.  

Project Design 

 The protocol was designated as non-human subjects research by the institutional 

review board.  The implementation was rolled out in two phases.  The first phase of the 

project involved training.  During this phase, all prescribing providers in the NCCU were 

trained by the project leader on the use of the clinical pathway.  These providers included 

five attending physicians, four NCC fellows, eight NPs, and one PA.  An overview of the 

project was presented during the weekly lecture series attended by all NCC providers.  

An email was also distributed to capture anyone unable to attend the weekly meeting.  

While all providers were involved in decision-making based on the clinical pathway, 

ultimately the NP or PA assigned to each patient was responsible for completion of the 

checklist.  In the NCCU, a minority of patients are also cared for by rotating resident 

physicians under the supervision of NCC fellows.  The NCC fellow was responsible for 

completing checklists for all patients being cared for by resident physicians.  This 

checklist outlined the clinical pathway, and was to be completed during morning rounds 

when decisions are generally made regarding extubation (Appendix C).  As a result, all 

NPs, PAs, and NCC fellows received additional one-on-one training.  

 The individual training involved hands on instruction with practice completing the 

checklist.  This occurred at the bedside and lasted approximately 10 minutes.  It also 
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involved education on where to obtain the checklists and where to deposit the completed 

checklists.  In addition, two champions, an NP and PA who were involved in the creation 

of the clinical pathway, received extended training.  These champions acted as an 

additional resource during the implementation phase to answer any questions and 

encourage compliance. 

 The second phase, the implementation phase, lasted six weeks.  During this phase, 

blank checklists were available in a stand-up folder in the NP/PA office.  Each day, the 

NP, PA, or NCC fellow responsible for caring for individual ventilated patients retrieved 

checklists from the folder.  During rounds, a checklist was completed on every intubated 

patient.  If the team determined that the patient did not meet criteria for extubation, 

providers completed only the first section.  If, however, the decision was made to 

extubate, the checklist was completed in it’s entirety to identify high risk patients and 

guide treatment prior to extubation.  All completed checklists were returned to a stand-up 

file in the NP/PA office.  

Data Collection 

 Evaluation occurred in parallel with the six-week implementation.  The primary 

outcome evaluated was compliance with the clinical pathway.  Compliance was 

determined based on completion of the checklists.  Each week, the completed checklists 

were retrieved from the stand-up file.  The number of completed checklists was compared 

to the total number of ventilator days, as determined by a unit report of non-surgical 

airways on the unit.  The ratio of completed checklists to total ventilator days was 

calculated weekly, and the data was presented in a statistical control chart on the wall 

next to the standup file (Appendix D).  These weekly updates to the staff aimed to 
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encourage compliance and reinforce the training.  Weekly compliance and overall 

compliance were then reported as a percentage at the end of the implementation phase. 

 In addition to compliance, a number of secondary outcomes were measured.  

These outcomes include rates of stridor, reintubation, and reintubation due to stridor.  

Data was collected in aggregate utilizing the same airway report to determine 

reintubation rates.  Racemic epinephrine is the first line agent administered to patients 

developing stridor, and as such was used as an indicator for the presence of stridor.  A 

pharmacy report of racemic epinephrine administration was used to determine rates of 

stridor.  Additionally, intubation within 24 hours of extubation in a patient who was also 

administered racemic epinephrine was used to indicate reintubation due to stridor.  This 

aggregate data was collected and compared to similar data collected by the organization 

for six weeks prior to the implementation of the clinical pathway.   

Results 

 

The pre-implementation period was August 1, 2016 to September 11, 2016.  

During planning and creation of the pathway, some members of the multidisciplinary 

team began to change practice patterns based on discussions.  As a result, the six weeks 

immediately prior to initiation of the project was selected as the pre-implementation 

period.  During that period there were 27 extubations, excluding palliative extubations.  

Seven of these extubations resulted in PES.  There were a total of six reintubations, five 

of which were for PES.  From January 30, 2017 to March 12, 2017 there were 290 

ventilator days.  During that time, 259 checklists were completed, yielding an overall 

89.3% compliance rate.  Additionally, there were 26 extubations, excluding palliative 

extubations.  All extubations had an associated checklist completed, resulting in 100% 
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compliance with pathway utilization prior to extubation.  Of the 26 extubations during the 

implementation period, two resulted in stridor.  There was one reintubation for increased 

work of breathing without associated stridor.  There were no reintubations for PES.  

These frequencies were recorded in a cross tabulation table, and a chi-square test was 

then performed to compare pre and post-implementation rates.  Statistical analysis did not 

reveal a significant reduction in overall rates of PES, 
2
 (1, N = 53) = 3.12, p<0.10, 

however, there was a statistically significant reduction in rates of reintubation, 
2
 (1, N = 

53) = 3.90, p<0.05, and reintubation due to PES, 
2
 (1, N = 53) = 5.32, p<0.025.  

Limitations 

The greatest limitation of this project is the small sample size.  The low number of 

extubations during the relatively short six-week implementation period makes it difficult 

to achieve statistical significance.  A longer implementation period is necessary to 

definitively determine if the clinical pathway is associated with a reduction in rates of 

PES and reintubation. 

Additionally, providers reported several limitations based on the clinical pathway 

itself.  Several of the NCC providers stated that they felt that pre-treatment prior to 

extubation based on minor criteria, should require the presence of three risk factors 

instead of two.  For example, females with a BMI greater than 26.5 automatically 

required pre-treatment with corticosteroids prior to extubation., prompting concern that 

we may have been over-treating.  In fact, 16 of the 26 extubated patients (61.5%) met 

criteria for pre-treatment.  Multiple providers suggested that the presence of three minor 

criteria be necessary to initiate treatment, if the patient does not exhibit any major risk 
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factors and has a sufficient CLV.  Additionally, a minimum 24 hours of intubation should 

be required if patients are being pre-treated based on minor criteria alone.   

Multiple providers also felt that there were barriers with the timing of extubation.  

Based on the literature, pre-treatment with methylprednisolone 40 mg IV four hours prior 

to extubation is just as effective as longer courses, and is associated with decreased 

ventilator days, ICU LOS, and hospital costs.  One of the aims of this quality 

improvement project was to decrease the treatment time prior to extubation to facilitate 

earlier extubation.  The concern providers expressed was that the risk assessment was not 

happening until rounds.  The methylprednisolone then had to be ordered and 

administered, and an additional four hours had to pass prior to extubation.  Providers 

were not comfortable extubating high-risk patients that late in the day.  A suggested 

alternative was to have the checklists completed by the covering provider overnight and 

order the steroids at that time.  This would facilitate extubation of high risk patients 

during peak staffing hours, should respiratory distress occur.  

The feedback discussed above was presented to the multidisciplinary team, and 

the suggestions were incorporated into the clinical pathway.  This updated pathway is 

currently being implemented.   Implementation will occur over a three-month period, in 

hopes of increasing sample size. 

Conclusion 

There is limited research focusing on risk factors for developing PES, specifically 

in the NCC population.  Further research is necessary to better aid in understanding 

patient characteristics and practices contributing to PES prevalence in this population.  

Nonetheless, the clinical pathway implemented in our NCCU was safe and effective in 
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reducing rates of PES and reintubation.  Multidisciplinary input into the creation of the 

pathway was critical to obtain buy-in from all of the stakeholders, and was key to the 

successful implementation of our quality improvement project. 
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Appendix A 

 

Evidence Review Table 

 

# Author, Year Study Design Sample 

Size 

Setting/Sample Findings Level/Grade 

1 Lilienstein et al., 

2016 

Retrospective 

Cohort Study 

n=1625 All intubated 

patients admitted 

to the trauma 

service at a single 

center from May 

2007-May 2014 

PES risk factors: age <18 yo, female gender, blunt 

injury, >5 days on the ventilator  

IIA 

2 Shaikh et al., 

2016 

Prospective 

Observational 

Study 

n=426 All patients 

intubated >36 hrs 

with a CLV <110 

mL/10% in a 12 

bed SICU in a 

single center from 

Jan 2010-Dec 

2014  

Regimens: Methylprednisolone 20 mg IV q 4hrs X 4 

vs Methylprednisolone 40 mg IV X  1 4 hours prior 

to extubation vs Dexamethasone 4 mg IV q8hrs X 3 

vs Hydrocortisone 100 mg IV X 1 4 hours prior to 

extubation vs no steroids 

All steroid groups had lower rates of 

PES/reintubation than no steroids 

No adverse effects r/t steroid use 

IIB 

3 Kashefi et al., 

2015 

Randomized, 

Double-Blind, 

Clinical Trial 

n=90 All patients 

meeting 

extubation criteria 

in a single ICU in 

2012 

Regimens: Budesonide 1 mg prior to extubation vs 

dexamethasone 0.15 mg/kg prior to extubation 

Equal rates of stridor and reintubation 

IB 

4 Abbasi et al., 

2014 

Prospective, 

Randomized, 

Double-Blind, 

Placebo-

Controlled 

Study 

n=70 All patients 

meeting criteria 

for extubation in 

a single ICU from 

April 2010-

November 2011 

Regimen: Budesonide 1 mg every 12 hours for 48hrs 

Did not decrease PES rates by a statistically 

significant amount, but did decrease rates of 

respiratory distress and reintubation when compared 

to placebo 

No adverse effects 

IB 
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5 Cheng et al., 2011 RCT n=71 All patients 

intubated >24 hrs 

with a CLV 

<24% in a single 

ICU from Jan 

2005-Jun 2006 

Regimen: Methylprednisolone 40 mg IV X 1 4 hrs 

prior to extubation vs placebo 

Methylprednisolone decreased PES reintubation, 

ICU LOS, and ICU expenditure 

IB 

 

6 Zhou et al., 2011 Systematic 

Review 

16 studies, 

n=3172 

n/a CLT accurately predicts patients at high risk for PES IIIA 

7 Jaber et al., 2009 Meta-analysis 

of RCT 

7 RCTs, 

n=1846 

n/a Steroids decrease risk of PES & reintubation when 

given more than 2 hours prior to extubation 

NNT is 28 in all, 9 in high risk patients 

IA 

8 Ochoa et al., 2009 Systematic 

Review 

11 studies, 

n=2303 

n/a Absence of a cuff leak was associated with increased 

presence of PES and probability of reintubation 

IIIB 

9 Frat et al., 2008 Prospective, 

multicenter 

exposed/unex

posed 

epidemiologic 

study 

n=206 All patients 

intubated >48 

hours in nine 

centers from 

September 2002-

June 2004  

Intubation was significantly more difficult in obese 

patients 

Rates of PES were significantly higher in obese 

patients 

Reintubation rates similar in both groups 

IA 

10 Francois et al., 

2007 

Double 

Blinded RCT 

N=698 All patients 

intubated >36hr  

in 15 ICUs in 

multiple centers 

from Mar 2001-

Jan 2002 

Risk factors: shorter height, trauma, larger ETT, 

orotracheal intubation, shorter stature, smaller 

height: ETT ratio 

IA 
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11 Cheng et al., 2006 Double 

Blinded RCT 

N=128 All intubated 

patients in a 

single ICU from 

Feb 2002-Jul 

2004 

18% CLV optimal predictor for stridor development 

Risk factors: Female, lack of sedation 

IB 
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Appendix B 

 

Post Extubation Stridor Clinical Pathway 
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Appendix C 

 

Clinical Pathway Checklist
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Appendix D 

 

Compliance 

 

 


