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Abstract 

Problem: Over-inflation of the endotracheal tube cuff has been linked to higher instances of 

post-operative sore throat in patients undergoing general endotracheal tube anesthesia.  

Purpose: The purpose of this quality improvement project is to implement manometer use 

among anesthesia providers at a community hospital in Maryland to maintain endotracheal tube 

cuff pressures between 20-30 cmH20 to reduce the incidence of postoperative sore throat.  

Methods: Education on the proper use of manometers and evidence-based practice 

recommendations was provided to the anesthesia providers via educational handouts. Education 

on evaluating post-operative sore throat was provided to the Post-Anesthesia Care Unit nurses 

using educational handouts. A Random Observational Tool was created to track cuff pressures 

and completed by the anesthesia providers. A Post-Operative Sore Throat assessment tool was 

used by the Post-Anesthesia Care Unit Nurses to assess and track post-operative sore throat rates. 

Manometers were placed in two operating rooms. The post anesthesia care unit charge nurse was 

notified of manometer room selection to follow up on post-operative sore throat assessments and 

completion of the data collection tool.  

Results: Out of the 60 observations obtained during a 10-week period, analysis showed that 80% 

of patients denied experiencing a post-operative sore throat when assessed in Post Anesthesia 

Care Unit. 100% of anesthesia providers used manometers to maintain cuff pressures within 

recommended ranges. Out of the 60 random observations, 19 cuff pressures were initially 

measured out of the recommended range of 20 to 30 cmH20 and were adjusted appropriately to 

the recommended range with a manometer by the provider. 

Conclusions: This site has a post-operative sore throat incidence of rate of 20% which is lower 

than what current literature cites (44%). At the conclusion of the project, cuff pressure 

monitoring improved (0% vs 66%). There was a positive trend with respect to the use of 
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manometry and reduction in POST rates.  Change champions within the anesthesia department 

and PACU staff were identified to maintain sustainability for the practice change.  
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Introduction 

One of the most common complications of endotracheal tube (ETT) intubation for 

general anesthesia is a post-operative sore throat (POST). Lui et al. (2010) suggests that POST 

can be as high as 44% in patients undergoing general endotracheal tube anesthesia (GETA). 

POST can decrease patient satisfaction, prolong stays in the post anesthesia care unit (PACU) 

and affect the quality of recovery from surgery (Ganason et al., (2019). Current literature links 

POST to over-inflation of the endotracheal tube cuff (ETTc) because it affects circulation to the 

tracheal mucosa which can result in tissue ischemia, necrosis and ulceration (Ganason et al., 

2019). Using manometers has been cited in literature as best practice to reduce and prevent 

POST (Ganason et al., 2019; Lui et al., 2010).   

Current barriers that existed to solving this problem at this clinical site included lack of 

manometers, education and training on current evidence-based practice for intraoperative 

manometer use to reduce the incidence of POST. The purpose of this quality improvement (QI) 

project was to implement evidence-based intraoperative manometer use among anesthesia 

providers to maintain ETTc pressures between 20 to 30 cmH20.  

 

Literature Review 

 

This literature review is a summary of the evidence to support the implementation of 

intraoperative manometer use to monitor ETTc pressures by anesthesia providers. Thematic 

topics covered in the studies include the inaccuracy of qualitative vs quantitative methods and 

reduction of POST rates in patients with ETTc pressures between 20-30 cm H20. This review is 

comprised of four level II studies graded using Melnyk and Fineout-Overholt’s (2014) level of 

evidence rating system. Two of the studies received a quality rating of A and the other two 

received a quality rating of B using Newhouse’s (2006) quality of evidence rating system. 
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The first theme, qualitative vs quantitative measures, discusses the degree inaccuracy 

when using qualitative means to monitor ETTc pressures. The balloon palpation method is 

commonly discussed throughout two of the studies as a method commonly used by experienced 

anesthesia providers. The randomized controlled trial (RCT) conducted by Ganason et al. (2019) 

found that this technique showed a 33% sensitivity in detecting inaccurate cuff pressures and 

only 26% sensitivity in detecting over inflated cuff pressures. In the randomized, prospective and 

observational study performed by Lui et al. (2010) the balloon palpation method yielded a mean 

ETTc pressure of 43 to 63 mmHg, with highest pressure being recorded as 210 mmHg. These 

findings support the need for quantitative methods, such as the use of manometers, to improve 

the accuracy of ETTc pressures during GETA.  

The second theme discusses the consistent finding that intraoperative manometry use 

reduces POST rates when ETTc pressures are kept between 20 to 30cm H20. Ganason et al. 

(2019), Liu et al. (2010), Ansari et al. (2014) and Ryu et al. (2013) all determined that patients 

who had endotracheal cuff pressure monitoring experienced a reduction in the incidence and 

severity of sore throat. Ryu et al. (2013) determined the incident of sore throat was decreased in 

the adjustment group (53.5% vs 74.5%) compared to those patients who did not have the cuff 

pressure adjusted. The study also found that the severity of the POST was lesser in the 

intervention group at six and 24 hours post-operatively (P= 0.034). Lui et al. (2010) determined 

that there was as reduction in the incidence POST in patients that had cuff pressures monitored 

with a manometer compared to patients that did not (34% vs 44%). Ansari et al. (2014) looked at 

POST rates at one, six and 24 hours and found a statistically significant reduction in POST rates 

at hours one and six but not at 24 (P=0.002 vs P= 0.4) when manometry was implemented. 

Lastly, Ganason et al.  (2019) found that there was a reduction in POST rates (39% vs 75.3%) in 



 6 

patients that had ETTc pressures monitored with manometers compared to those that only had 

balloon palpation method performed by the anesthesia provider.  

 All four studies had similar exclusion criteria and had no significant difference in 

homogeneity within the sample population. Ansari et al. (2014) and Rye et al. (2013) evaluated 

patients undergoing surgical procedures involving the head and neck. These patients were at a 

higher risk for POST based solely on the surgical procedure alone. Ganason et al. (2019) and Liu 

et al. (2010) were not specific in the types of surgical procedures. However, despite the variation 

in surgical populations, all four studies still concluded that intraoperative manometer use 

decreases the incidence of POST. Liu et al. (2010) studied patients over four tertiary centers and 

provided the largest sample size, the other three studies were all single center. In conclusion, 

there appears to be high level evidence (II A and B) suggesting that the use of intraoperative 

manometry reduces the incidence of POST rates in adult patients undergoing GETA (Tables 1 & 

2).  

Theoretical Framework  

Lewin’s change theory was chosen as the theoretical framework for this QI project. 

Lewin’s change theory is a framework used to understand and analyze individual behaviors as a 

function of group behavior when proposing change. This theory provides a pathway for 

understanding the clinical problem, the evidence to support a change, introducing the change and 

evaluating the intervention (Lewin’s Change Theory, 2016). Lewin’s change theory involves 

driving forces, restrictive forces and achieving a balance between the two.  

The three concepts (unfreezing, changing and re-freezing) of this theoretical framework 

were used to leverage the practice change at this facility. The unfreezing phase included 

education and promoted a discussion among the anesthesia providers on the current evidence for 
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intraoperative manometer use. Improving discussion and awareness of the current evidence 

supported the change needed to obtain provider buy-in. 

 Next, the change phase involved shifting providers thoughts and behaviors on their 

current practice to adopting a new behavior. This was accomplished by demonstrating that the 

new practice change is beneficial to patients and the department. Citing the recommended 

evidence and how this practice change improved patient’s surgical recovery experience was one 

way to target the start of this change phase. Lastly, the re-freezing phase involved establishing 

the change as a sustainable habit. The goal being that it will eventually become a new standard of 

care within the facility (Lewin’s Change Theory, 2016). This was achieved through identified 

change champions within the anesthesia department who will continue to promote the practice 

change at the facility.   

Methods 

The QI project was implemented within the perioperative department of a community 

hospital located in Maryland. Several contextual elements and ethical considerations were 

evaluated for this project. Patients that met the following criteria were excluded: pregnancy, 

designated as traumas, American Society of Anesthesiologist Physical Status 5-6, having surgery 

requiring a double lumen endotracheal tube, have a history of a difficult airway or traumatic 

intubation, and having surgeries in or around the airway or patients known have the Coronavirus 

Disease 2019 (COVID-19). These patients were excluded due to 1) having a higher incidence of 

POST based on history or surgical procedure, and 2) higher surgical risk or comorbidities in 

which patient safety was a concern. The implementation team was comprised of Certified 

Registered Nurse Anesthetists (CRNAs), anesthesiologists and PACU Registered Nurses (RN) 

Implementing intraoperative manometer use to maintain ETTc pressures within 20 to 30 cmH20 

to reduce the incidence of POST was the chosen evidence-based practice intervention.  
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The structures identified in this QI project to assess and track implementation progress 

included manometer availability, anesthesia provider and PACU RN education. Manometers 

were made available to the site, data collection tools (Appendix A and B) were created, and staff 

were educated (Appendix C and D). Process measures identified to assess the impact of the 

intervention included the Random Observation Tool (Appendix A) and the POST Outcome Tool 

(Appendix B). The main outcome assessed in this QI project was the frequency of POST rates. 

This outcome measure was tracked utilizing the POST Outcome Tool (Appendix B) and was 

completed by the PACU RNs.   

Various strategies and tactics were utilized for each structure, process and outcome 

measure during this project. Prior to implementation, approval from the site was needed to move 

forward with the project. This was obtained through communication with the Clinical Site 

Representative (CSR), Administrative Supervisor, Chief Anesthesiologist, Perioperative Unit 

Director and Internal Review Board committee. Verbal commitments were obtained signifying 

the sites desire to support the project implementation. Clinical assistance was provided by the 

Student Registered Nurse Anesthetist (SRNA) through staff education and continued 

communication with stakeholders to engage the site in the project. Early adopters were identified 

within the anesthesia department. These individuals were amenable to learning about the current 

evidence-based practice recommendations and re-evaluating their current practice.  

During implementation, two operating rooms (ORs) were chosen for manometers each 

morning based on the surgical cases. The anesthesia providers assigned to those ORs were 

contacted and informed that manometers would be placed in those rooms for the day. The SRNA 

would check in with the provider throughout the shift to follow up on manometer readings and 

data collection tool use (Appendix A and B) and was available to answer any questions or assist 

with issues. The PACU Charge RN was also notified of which rooms had manometers so the 
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POST Outcome Tool (Appendix B) could be filled out in PACU. Project updates were given to 

the anesthesia staff and PACU staff during weekly staff meetings on Thursday mornings.  

The educational component of the project was conducted using educational tools 

(Appendix C and D) along with a sign-up sheet for the providers to fill out. The first tool, 

Appendix C, was an instructional visual aid on how to use the manometers. The second tool, 

Appendix D, was a quick fact sheet that listed the evidence-based intervention being 

implemented along with quick step-by-step instructions for manometer use. Both tools 

accompanied the manometers in each OR and served as a reference and reminder to use the 

manometer.  

Data collection was performed using the previously mentioned data collection tools 

created for this QI project (Appendix A and B). The tools were printed double sided and kept 

with the patient’s chart as they traveled from the OR to PACU. The data collected was placed 

into Excel spread sheets and translated into run charts that were analyzed weekly. The run charts 

provided assessment of the data, correlate variations to the project goals and assist in 

determining if adjustments in the implementation plan needed to be made. No adjustments in 

strategies and tactics were required during project implementation. To ensure that the privacy of 

participants and patients was protected, no patient or provider identifiers were collected. All data 

collected remained anonymous. The data tools were placed in a secure lock box in a designated 

location within the anesthesia department. Upon completion of the project, the data collection 

forms were destroyed properly.  

Results  

Structures that were changed because of this QI project included anesthesia provider 

education and PACU RN education. Manometer education was provided to twenty (N=20) 

anesthesia providers and twelve (N=12) PACU RNs. The process that was changed during this 
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QI project included endotracheal tube cuff pressure monitoring. A total of sixty (N=60) 

observations for ETTc pressure monitoring were obtained during this QI project over a 10-week 

period. Out of the 60 random observations, 19 cuff pressures were initially measured out of the 

recommended range of 20 to 30 cmH20 and were adjusted appropriately to the recommended 

range with a manometer by the provider. Throughout the implementation of this QI project, 

100% of anesthesia providers used manometers to maintain cuff pressures within recommended 

ranges. At the conclusion of the project, 80% of patients denied POST and cuff pressure 

monitoring improved (0% vs 66%). 

Throughout the QI project one unexpected benefit that was observed included the 

cooperation and collaboration between the anesthesia providers and PACU RNs. The PACU 

RNs were great facilitators in making sure the data collection tools were not missing and were 

fully completed when patients arrived in the PACU from the selected ORs. The PACU staff was 

extremely diligent in following up and asking patients about POST. This has implications for 

both the relationship between anesthesia providers and the PACU staff for continued post-

operative monitoring of quality indicators. Often the anesthesia provider that provided care to the 

patient in the OR does not follow the patient immediately post operatively. So, the PACU staff is 

crucial in identifying and communicating concerns to the covering anesthesia team member.   

Several barriers were encountered during different stages of the project implementation. 

Initial project approval was delayed due to the need for internal review board (IRB) approval 

from the site, separate from the University of Maryland’s IRB approval. The contact personnel to 

facilitate this IRB approval was out of the office for several weeks which resulted in delayed 

contact with the site’s IRB committee. Due to the COVID-19 pandemic, there was delayed in 

students having access to the site. Meetings with the site CSR, anesthesia and perioperative 

departments were conducted virtually during the early stages of the project due to restrictions 
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from COVID-19. Once permitted on site, in-person education and meetings were completed 

under the guidance and policies of the site due to the COVID-19 pandemic. At the conclusion of 

this project, the anesthesia department had not yet obtained funding for acquiring more 

manometers for their own department. Due to the COVID-19 pandemic, documenting the ETTc 

pressure in the facilities electronic health record was a low priority and not completed during this 

project.  

Discussion 

There was a positive correlation between provider education, providing manometers for the 

staff to use and a reduction in POST rates. Providers in both departments were receptive to the 

education and learning about current evidence-based practice to improve patient outcomes. 

Implementing a tracking method for POST in the PACU helped increase provider awareness and 

improve compliance with manometer usage. During weeks one to three, there was a steady 

increase in provider usage of manometers (40% to 85%). This trend can be seen on the run chart 

labeled cuff pressure compliance (Figure 1). There was an associated decrease in POST rates 

(30% to 80%) which can be seen in the POST run chart (Figure 2). During the start of week five, 

there was a midpoint check in with the departments through virtual staff meetings to provide 

updates on the QI project and to allow staff give feedback or report on any issues. Reminders and 

education were briefly gone over again with the staff. The midpoint check in corresponded to 

100% provider compliance with using the manometers and 100% of patients denying POST in 

weeks five to seven. Both of these trends are evident on the run charts (Figures 1 and 2).  

In comparing results at this clinical site with findings from other publications, there are a few 

differences, however the conclusions are the same. The anesthetic delivery was not always the 

same during this QI project. In comparison with the literature, studies were done using the same 

induction, maintained and emergence of anesthesia. When analyzing the literature as seen in 
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Table 1, the use of manometry correlates with a reduction in POST rates. Although this QI 

project had a much smaller sample size and was conducted during a pandemic which presented 

its own challenges, a positive correlation between the use of intraoperative manometry to reduce 

POST was still evident. No differences between observed and anticipated outcomes were 

identified during the implementation of this project, including the influence of context.  

Findings are not generalizable to other health care facilities as they may have different 

resources, protocols, stakeholders, surgical cases, surgical population and post-operative 

complications. The QI project did not generate new knowledge and was created based on the 

needs of the institution. Part of the project design included developing specific inclusion and 

exclusion criteria for the patient population and staff to minimize any bias and eliminate any 

alternative explanations for the findings. Per Diem staff from the anesthesia department or 

PACU were not included in this project due to inconsistencies with scheduling and lack of 

education.  Confounding variables that attribute to the limitations of this QI project included 

provider preference on intubation technique, blade type, use of viscous lidocaine on the end of 

the ETT, type of induction medications chosen or anesthesia plan (general anesthesia, total 

intravenous anesthesia or a combination). The design and delivery of the project had to be 

adjusted several times over the course of its development due to the on-going COVID-19 

pandemic, restrictions in place by the clinical site, staffing constraints and the University of 

Maryland COVID-19 restrictions.  

Conclusion  

 

With the continued shift in reimbursement being correlated with health care outcomes, this 

QI project could potentially assist with perioperative reimbursement for anesthesia outcomes. 

Patients do receive a follow up survey or phone call regarding their perioperative experience, and 
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this could potentially be one avenue where anesthesia providers can improve the patient 

experience, outcome and quality of care.  

Since this project was a collaboration between anesthesia providers and PACU staff, there is 

a particular strength that arises from this. Two different departments working together to 

improve patient outcomes instead of just one can create an environment to help the sustainability 

of the project. In general, awareness of POST and intraoperative use of manometry is more 

evident at this clinical site. Identifying change champions within the anesthesia department and 

PACU staff was one mechanism for sustainability for the practice change that has been put in 

place.  Using team members from each department has the potential for continuing to promote 

awareness and culture change.  

Implications for future practice include conducting this QI project again when the COVID-

19 pandemic has subsided. Documenting ETTc pressures into the electronic health record is a 

potential addition to this QI project in the future. Due to the COVID-19 pandemic this was not 

feasible to implement.  Implementing a formal POST tracking tool into the PACU charting 

system or adding POST onto the anesthesia QI tracking form. In addition, continuing the 

educational piece on the use of manometry as best practice over qualitative measures to improve 

patient satisfaction.  
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Table 1 

 

Evidence Review Table  
 

Citation: Liu, J., Zhang, X., Gong, W., Li, S., Wang, F., Fu, S., Zhang, M., & Hang, Y. M. (2010). Correlations between controlled 

endotracheal tube cuff pressure and postprocedural complications: a multicenter study. Anesthesia & Analgesia, 111(5), 1133–

1137. https://doi.org/10.1213/ANE.0b013e3181f2ecc7 

 

Level II 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“The purpose of this 

study was to determine 

the impact of measuring 

and controlling 

endotracheal tube cuff 

pressure on post-

surgical complications”  

A randomized, 

prospective, and 

observational study  

 

Sampling technique: 

Convenience   

Eligible: Patients 

greater than 18 years of 

age, American Society 

of Anesthesiologist 

(ASA) physical status 

I–II from 4 tertiary 

university hospitals in 

Shanghai, China and 

scheduled for general 

anesthesia. 

Excluded: Patients 

who had cough and 

sore throat before 

operation, difficult 

endotracheal intubation 

and repeated 

endotracheal intubation, 

experienced double-

lumen endobronchial 

intubation and 

scheduled to undergo 

oral and 

laryngopharyngeal 

surgery.  

# Accepted: 509 

patients scheduled for 

general anesthesia 

Control Group: Pilot 

balloon palpation 

method. The 

endotracheal tube cuff 

(ETTc) was inflated by 

the anesthesiologist 

according to his/her 

personal experience. No 

instruments were used 

to regulate the pressure.    

Intervention Group: 

The ETTc was inflated 

by the anesthesiologist 

initially and then 

adjusted once by the 

researcher with a 

sensitive and accurate 

manometer to 15 to 25 

mm Hg.  

Intervention fidelity: 

Patients were 

randomized by 

separately prepared 

envelopes to either the 

control or study group. 

The researcher was not 

blinded to the group 

assignment but all of 

the other participants 

DV: Incidence of 

cough, sore throat, 

hoarseness and blood-

streaked expectorant at 

24-hours post 

extubation.  

Measurement tool 

(reliability), time, 

procedure: Reliability 

measurements for the 

questionnaire were not 

described. The 

manometer is listed as 

being sensitive, 

accurate. The brand 

name and manufacture 

is listed (XB-11B; 

Shanghai Medical 

Instruments Co., Ltd., 

Shanghai, China).  

 

Statistical 

Procedures(s):  t test 

was used to compare 

continuous variables. 

The X2 test was applied 

for categorical data. P < 

0.05 was considered 

statistically significant.  

Results: The incidence 

of postprocedural sore 

throat, hoarseness, and 

blood-streaked 

expectoration in the 

control group was 

significantly higher 

than in the study group 

(34%, 3%, and 4% vs. 

44%, 11%, and 11%). 

The mean cuff pressure 

measured after 

estimation by palpation 

of the pilot balloon of 

the study group was 43 

± 23.3 mm Hg before 

adjustment (the highest 

was 210 mm Hg), and 

20 ± 3.1 mm Hg after 

adjustment (P < 0.001). 
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within 4 tertiary 

university hospitals in 

Shanghai, older than 18 

years of age with ASA 

category I or II.  

# Control: 273 (112 

male and 161 female)  

# Intervention: 236 

(81 male and 155 

female)  

Power analysis: Not 

available. 

                                                                               

Group Homogeneity: 

There was no 

significant difference in 

age, sex, body height, 

body weight, operation 

duration, and duration 

of endotracheal 

intubation between the 

2 groups. There was a 

difference in sample 

size between the control 

and intervention group 

and difference in male 

to female ratio.  

  

 

including 

anesthesiologists, 

follow-up resident 

physicians, and 

fiberoptic 

bronchoscopists were 

blinded. Induction was 

performed with 

midazolam, etomidate, 

vecuronium, and 

fentanyl. Maintenance 

of anesthesia was 

similar for all patients. 

Extubation was 

performed once 

adequate recovery of 

neuromuscular function 

was determined, and 

spontaneous respiration 

had recovered 

completely. A resident 

physician was assigned 

to follow up the 

patients with a 

structured questionnaire 

and record endotracheal 

intubation-related 

respiratory 

complications. There 

were 20 patients whose 

endotracheal intubation 

was between 120 and 

180 minutes from each 

group and examined by 

fiberoptic 

bronchoscopy. The 

ETT (iRUSCH sterile 

ETT with a high-

volume low-pressure 

cuff, Malaysia) was 



 18 

selected individually 

(male 7.5–8.0, female 

7.0–7.5). 

Citation: Ansari, L., Bohluli, B., Mahaseni, H., Valaei, N., Sadr-Eshkevari, P., & Rashad, A. (2014). The effect of endotracheal 

tube cuff pressure control on post extubation throat pain in orthognathic surgeries: A randomized double-blind controlled clinical 

trial. British Journal of Oral and Maxillofacial Surgery, 52(2), 140–143. doi: 10.1016/j.bjoms.2013.10.005 

Level II 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“The null hypothesis 

states that there was no 

difference between the 

throat pain after 

extubation in patients 

intubated with 

controlled and 

uncontrolled pressure in 

the endotracheal tube 

cuff. The alternative 

hypothesis states that if 

the pressure was 

adjusted mechanically, 

then the prevalence of 

throat pain would be 

less post extubation”  
 

 

Prospective randomized 

controlled trial  

Sampling technique: 

Convenience  

Eligible: Patients who 

had a maxillofacial 

procedure 

under general 

anesthesia in an oral 

and maxillofacial 

surgical department 

aged 18 years or older 

who were American 

Society of 

Anesthesiologists 

(ASA) grade I or II, and 

who required nasal 

intubation for 

orthognathic 

bimaxillary osteotomies

 lasting 2–4 h. They 

were intubated with a 

laryngoscope.  
Excluded: Patients 

with potential for 

difficult endotracheal 

intubation, required 

repeated intubations, 

required injections for 

intolerable pain, 

intubations lasting 

longer than 4 hours, 

Control: The cuff 

pressure in the control 

group was corrected by 

customary methods 

including palpating the 

pilot balloon and 

hearing the leakage of 

air around the tube. 

 Intervention: The cuff 

pressure in study group 

was measured and 

adjusted using a 

manometer. The range 

was maintained 

between 20–30 cmH20 

at the time of placement 

of the tube and every 

hour during the 

operation. 

Intervention fidelity:  

Patients were divided 

into 2 groups randomly 

allocated serial 

numbers according to 

the date of admission to 

hospital. The surgeon, 

patients, oral and 

maxillofacial resident 

and the statistician, 

were also unaware of 

DV: Incidence of post 

extubation throat pain 

Measurement tool 

(reliability), time, 

procedure: Throat pain 

was evaluated 1, 6, and 

24 h postoperatively on 

a visual analogue 

scale (VAS). The 

patient was asked to 

score the amount of 

pain from 0-10.  No 

reliability was listed for 

this tool. The cuff 

pressure gauge used 

had no reliability listed, 

but had type and 

manufacture listed 

(VBM, 05127132, 

Medizintechnik GmbH, 

Germany).  

Statistical 

Procedures(s): Fishers 

exact test and t test 

were used to assess the 

significance of 

differences between the 

groups. The 

significances of 

differences in VAS pain 

scores were assessed by 

the Mann–

Whitney U test. 

Probabilities of less 

than 0.05 were accepted 

as significant.  

Results: The mean 

measured pressure in 

the endotracheal tube 

when estimated by pilot 

balloon palpation was 
35 (3.1) cm water in the 

study group before 

adjustment and 24 (1.7) 

after adjustment 

(p = 0.0001).  

The comparable figures 

in the control group 

were 36 (2.3) cm water 

initially and 29 (1.8) at 

the end (p = 0.0001). 
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prior tracheal injury or 

pain by reported by 

patient or listed in 

medical records. 17 

patients were excluded. 

 

Accepted: 60 patients, 

(35 men and 25 

women)  

# Control: 23  

# Intervention: 20  

 

Power analysis: Set at 

90% and reliability of 

95%. The required 

number of patients in 

each group was 

calculated to be at least 

20.  

                                                                                

Group Homogeneity: 

Patients were similar in 

their age, sex, and 

duration of operation.   

the patient's 

assignment. Only the 

anesthesia provider in 

the cases was aware. 

Cuff pressure was 

adjusted by palpation 

(control group) or with 

the help of a cuff 

pressure gauge (study 

group) by the 

anesthesia provider that 

intubated the patients. 

The induction and 

maintenance of 

anesthesia was 

standardized for all 

patients. Males were 

intubated with 7.5 mm 

endotracheal tube and 

females were intubated 

with 7.0 mm 

endotracheal tube.   

 

 

The final mean pressure 

in the tube in the 

control group was 

significantly higher 

than that in the study 

group (p = 0.0001). 

Throat pain scores in 

the control and study 

groups postoperatively 

was 5.3 (1.1) compared 

with 3.9 (1.5) 

(p = 0.002); 4.5 (1.3) 

compared with 3.1 (1.5) 

(p = 0.002); and 1.9 

(1.1) compared with 1.6 

(1.2) (p = 0.4), 

respectively. The 

differences between the 

two groups at 1 h and 

6 h postoperatively 

were significant, but 

that at 24 h was not.  

Citation: Ganason, N., Sivanaser, V., Liu, C. Y., Maaya, M., & Ooi, J. S. M. (2019). Post-operative sore throat: comparing the 

monitored endotracheal tube cuff pressure and pilot balloon palpation methods. Malaysian Journal of Medical Sciences, 26(5), 

132–138. doi: 10.21315/mjms2019.26.5.12 

Level II 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“This study compared 

measuring endotracheal 

tube cuff pressures and 

pilot balloon palpation 

in causing post-surgical 

airway complications 

like sore throat, 

hoarseness and cough”  
 

 

Prospective, double 

blind, randomized 

controlled trial  

Sampling Technique:  

Convenience  

Eligible: Patients aged 

18 years and older with 

American Society of 

Anesthesiologists 

(ASA) physical status I, 

II or III scheduled for 

elective surgery in the 

supine position under 

general anesthesia 

Control: (Group B) 

The endotracheal tube 

cuff (ETTc) was 

inflated by the 

attending 

anesthesiologist with a 

syringe according to his 

or her own personal 

experience using the 

pilot balloon palpation 

method.  

DV: Incidence of post-

operative sore throat 

Measurement tool 

(reliability), time, 

procedure: Visual 

analog scale (VAS) 

from 0-10. Scores were 

taken at hours 1, 12, 24 

and 48 post extubation 

by a medical officer. 

No mention of 

Statistical 

Procedures(s) An 

independent t-test was 

used to determine 

substantial differences 

across continuous 

variables. A P-value of 

less than 0.05 was 

considered statistically 

significant. Data with a 

non-normal distribution 
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requiring oral 

endotracheal intubation.   

Excluded: Patients 

with anticipated 

difficult intubation, 

high risk for aspiration, 

and those undergoing 

oral and 

laryngopharyngeal 

surgery or requiring 

nasogastric tube or 

throat pack insertion.  
# Accepted: 292 

patients 

# Control: 146 patients  

# Intervention: 146 

patients  

Power analysis: Set at 

80%, with an α-value of 

0.05.  The occurrence 

of sore throat was 20% 

in the prior study, and 

the anticipated 

incidence was 8% in 

the experimental 

subjects. It was 

estimated that 130 

patients would be 

required for each group, 

accounting for a 10% 

drop-out rate.  

Group Homogeneity: 

Both demographic and 

intra-operative data of 

the patients were 

comparable between 

the two groups, no 

statistical significance 

according to the Chi-

square test.  

 Intervention: (Group 

A) The ETTc was 

initially inflated by the 

attending 

anesthesiologist using a 

syringe, followed by 

measuring the cuff 

pressure with a cuff 

pressure gauge. 

Intervention fidelity: 

Patients were randomly 

assigned into two 

groups. Group A 

(measured cuff 

pressure) and Group B 

(palpation technique) 

by the study 

coordinator using a 

computer-generated 

randomized sequence. 

The coordinator and the 

attending 

anesthesiologists were 

not blinded to the group 

allocation, whereas the 

patients and the 

outcome assessors were 

blinded. A medical 

officer blinded to the 

study was assigned to 

follow up the patients 

on endotracheal 

intubation related 

complications at 1 h, 12 

h, 24 h and 48 h post-

extubation. Male 

patients were intubated 

with an Idealcare high 

volume-low pressure 

cuff, either 7.5 mm or 

reliability in the study 

for this tool. The cuff 

pressure gauge 

manufacture 

information was listed 

(VBM Cuff Pressure 

Gauge Universal, ref 

54-07-000). No 

reliability was listed for 

either tool.  

 

 

 

 

  

 

were presented as 

medians (Ganason et 

al., 2019).  
Results: Overall, the 

incidence of 

Postoperative sore 

throat (POST) was 

39.0% versus 75.3% 

(P = 0.000), hoarseness 

6.2% versus 15.1% 

(P = 0.014) and cough 

7.5% versus 21.9% 

(P = 0.001) in Groups 

A and B. Group A had 

a significant reduction 

in the frequency and 

severity of sore throat 

up to 24 h post-

operatively (P < 0.001). 

The incidence of 

hoarseness was 

significantly different 

between the two groups 

only at the first hour 

(P = 0.004) with a 

marked reduction in 

Group A, however, it 

was not statistically 

significant beyond the 

first hour. The 

incidence of cough in 

Group A was 

significantly less up to 

the first 12 h 

postoperatively (P = 

0.002 in both time 

intervals), but there 

were no differences 

beyond that.  
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8.0 mm in internal 

diameter. Female 

patients were intubated 

with either a 7.0 mm or 

7.5 mm internal 

diameter ETT. All 

ETTs and stylets were 

lubricated with 

lidocaine hydrochloride 

jelly USP, 2% and all 

the ETT cuffs were 

connected to a three-

way stopper to prevent 

air leakage during 

measurement. All 

intubations were 

performed by an 

anesthesiologist or a 

senior registrar using a 

C-MAC® Video 

Laryngoscope (Karl 

Storz, Germany) with 

an appropriately sized 

Macintosh blade. Same 

induction technique 

was performed with 

propofol, fentanyl, and 

rocuronium. 
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Citation: Ryu, J. H., Han, S.  S., Do, S. H., Lee, J. M., Lee, S. C., & Choi, E. S. (2013). Effect of adjusted cuff pressure of 

endotracheal tube during thyroidectomy on postoperative airway complications: Prospective, randomized and controlled trial. 

World Journal of Surgery, 37(4), 786-791. http://doi.org/10.1007/s00268-013-1908-x  

Level (Melnyk) 

 

II 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“To evaluate the effect 

of intraoperative 

adjustment of the 

endotracheal tube cuff 

pressure during 

thyroidectomy on the 

incidences of airway 

complications including 

postoperative sore 

throat, hoarseness, 

dysphagia, and cough” 

(Ryu et al., 2013). 

Prospective, 

randomized controlled 

trial 

Sampling Technique:  

Convenience 

# Eligible: patients 19-

70 years of age, 

American Society of 

Anesthesiologists 

(ASA) physical status 

Class I–II patients, who 

were scheduled for 

elective thyroidectomy 

under general 

anesthesia.   

Excluded: Patients 

with symptoms of 

upper respiratory 

infection within 2 

weeks of surgery, 

previous surgery of the 

oral cavity or pharynx, 

or a difficult airway. 

# Accepted: 90 patients 

# Control: 45 patients 

# Intervention: 45 

patients 

Power analysis:  

Group size requirement 

of 41 patients was 

calculated with a power 

of 80% and Alpha 0.05.                                                                                 

Control: The ETTc 

was set to 

approximately 25 cm 

initially and was 

continuously 

monitored, but not 

adjusted other than 

maintain pressure range 

of 20-50 cm. 

Intervention: The 

ETTc was inflated and 

adjusted to achieve a 

cuff pressure of 

approximately 25 cm. 

The pressure was 

monitored continuously 

and maintained at 25 

cm with a manometer. 

Intervention fidelity: 

Standardization of 

intubation and 

extubation. 

DV: Incidence of 

postoperative sore 

throat was the primary 

outcome. Hoarseness, 

dysphasia, and cough 

were secondary 

outcome measurements. 

 

Measurement tool 

(reliability), time, 

procedure: Evaluated 

at 2 and 24 h 

postoperatively by an 

independent observer. 

Degree of sore throat 

was evaluated with a 

questionnaire: mild, 

moderate, or severe. 

Statistical 

Procedures(s): 

ANOVA used to 

compare cuff pressure 

between the groups 

over time. T-test used 

to compare cuff 

pressure at each time 

point. Incidence 

variables were 

compared with the X2 

test. P < 0.05 

Results: The incidence 

of sore throat was lower 

in the intervention 

group at 2 and 24 h 

postoperatively (P < 

0.05). There were no 

differences in the 

incidences of 

hoarseness, dysphagia, 

and cough between the 

two groups (P > 0.05). 
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Table 2 

 

Evidence Synthesis Table  

Evidence Based Practice Question (PICO):  In patients intubated with an endotracheal tube, does the use of cuff pressure monitoring with a manometer 

decrease the incidence of post-operative sore throat compared to qualitative techniques? 
Level of 

Evidence 

# of 

Studies 
Summary of Findings Overall Quality 

II 4 

Ganason et al. (2019), Liu et al. (2010), Ansari et al. (2014) and 

Ryu et al. (2013) all determined that patients who had 

endotracheal cuff pressure monitoring experienced a reduction 

in the incidence and severity of sore throat up to 24 hours post 

extubation.   

 

All the studies focused on the same dependent variable 

(incident of post-operative sore throat). Liu et al. (2010) 

included cough, hoarseness and blood-streaked expectorant at 

24-hours post extubation. Ryu et al. (2013) included 

hoarseness, dysphasia, and cough as secondary outcome 

measurements. 

 

Liu et al. (2010) determined there was a decrease in frequency 

of hoarseness and blood-streaked expectoration in the 

intervention group. In contrast, Ganason et al. (2019) 

concluded that there was a decrease severity of hoarseness and 
cough in the intervention group. However, there was no 

significant difference between both groups when examining 

coughing 24 hours post extubation. Ansari et al. (2014) 

determined at the incidence of post-operative sore throat at 1 h 

and 6 h postoperatively were significant, but at 24 h was not.  

 

Ryu et al. (2013) determined the incident of sore throat was 

decreased when endotracheal tube cuff pressure was 

continuously measured and monitored throughout the case. No 

difference was found incident rates of hoarseness, dysphagia or 

cough.  

 

Lui et al. (2010) overall quality: B, randomized controlled trial with an adequate 

sample size which strengthens internal validity. No power analysis was listed 

which threatens the internal validity of the study. Conclusions determined were 

final and consistent recommendations given. 

 

Ansari et al. (2014) overall quality: B, randomized controlled trial, small sample 

size, reasonably consistent results, control group, fairly definitive conclusions, 

consistent recommendations given, power analysis performed which increases 

internal validity.  

Ganason et al. (2019) overall quality: A, double-blind, randomized controlled 

trial which strengthens internal validity, power analysis was performed which 

increases internal validity, consistent results with well-defined 

recommendations, sufficient sample size for study design, definitive 

conclusions obtained.    

 

Ryu et al. (2013) overall quality A: randomized, controlled trial with an 

adequate control, definitive conclusions based on detailed intervention fidelity, 
and comprehensive statistical procedures. 
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Note.  Quality level for the studies was assigned using the “Rating Scale for Strength and Quality of Evidence” (Newhouse, 2006, p. 339). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ansari et al (2014), focused on patients undergoing 

maxillofacial procedure under general anesthesia in an oral and 

maxillofacial. Ryu et al. (2013) focused on patients scheduled 

for elective thyroidectomy under general anesthesia. Ganason 

et al. (2019) and Liu et al. (2010) were not specific in the types 

of surgical procedures in their patient population.  

 

Liu et al. (2010) studied patients over 4 tertiary centers, all the 

other studies were single center.  
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Figure 1 

 

% of Compliance with ETTc pressures  
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Figure 2 

  

% of Patients that Deny POST  
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Appendix A 
 

 

Random Observation Tool  

 

(TO BE COMPLETED BY ANESTHESIA PROVIDER) 

  

  

Surgery 

Date 

  

OR 

# 

  

Airway device: 

  

ETT or LMA 

  

Documented 

cuff pressure 

  

Follow up intervention 

needed?  

  

New Documented Cuff 

Pressure   

  

  

       

Yes 

 

 

No  
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Appendix B 
 

POST Outcome Tool 

 

(TO BE COMPLETED BY PHASE I PACU NURSE ONLY)  

  

Surgery Date 

  

OR 

# 

  

 ETT or 

LMA 

  

Did the patient complain of a sore throat? 

(Circle one) 

 

  

  

    

  

  

YES                      NO 
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Appendix C 
 

 

POSEY CUFFLATOR INSTRUCTIONS FOR USE  

 

NOTE: The Posey Cufflator is designed only for use with air-filled cuffs. Use with saline-filled cuffs will cause damage to the 

unit and void the product warranty.  

 

1.) Before use, the control inflator needs to be checked as follows:  

a. Close connecting piece with the finger (Fig.1). 

b. Inflate to 120 cm H2O with inflation bulb; value must be constant for 2-3 seconds. If the 

pressure drops, the device needs repair by the Posey Company. 

c. Inspect the unit and check for cuff leaks prior to use. Prior to intubation or extubation, withdraw    

                  all the air from the cuff with a syringe and close the inflation line.  

 

 

 

2.) To properly seal:  

a. Connect the patient to the ventilator.  

b. Connect the Posey Cufflator to the cuff inflation line and inflate the cuff to a pressure within the 

range of 60-90 cm H2O. 

c. Immediately release air by pressing the red release button (Fig. 2) until the lowest safe pressure 

level is reached. 

d. Intra-cuff pressure should be maintained at a minimum of 20-25 cm H2O for ETTs and < 

60cmH2O for LMAs 

 

 

 
 

Posey Company (2015). Posey cufflator application instructions. Retrieved from  

https://www.vitalitymedical.com/pdf/instructions-posey8199.pdf 
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Appendix D 

Manometer Quick Step Guide  

 

● POST can be as high as 44% in patients undergoing general anesthesia with an endotracheal tube (Lui et al., 2010). 

● 34 to 42% incidence of POST after the use of LMAs (Wong et al., 2013). 

● POST can decrease patient satisfaction, prolong stays in the post anesthesia care unit (PACU) and affect the quality of 

recovery from surgery (Ganason et al., 2019). 

● According to Puthenveettil et al (2018), the recommended cuff pressure for an endotracheal tube should be between 20 to 30 

cm H2O, and <60 cm H2O for LMAs. 

 

Quick Step Guide:  

1) Always check manometer prior to use  

a) Close connection piece with finger 

b) Inflate to 120 cm H20 to ensure pressure holds for 2-3 seconds 

c) If the manometer doesn’t hold pressure, do not use it.  

2) After placing the patient on the ventilator, connect Posey Cufflator to the cuff inflation line and inflate the 

cuff to 60-90 cm H20.   

3) Immediately release air by pressing the red release button until lowest safe pressure level is reached.  

4) LMA <60 cm H20 and ETT 20-25 cm H20 
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