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A B S T R A C T   

Background: Improvement of predictive tools for recognition of airway edema is crucial for safe extubation and 
patient safety. This study aimed to evaluate the diagnostic accuracy of the Gargle test (GT) as a new test for 
assessing airway edema and predicting successful extubation in patients admitted to the intensive care unit 
(ICU). 
Method: In this prospective observational study, patients underwent head and neck surgeries and admitted to ICU 
included. All the patients were weaned based on the same protocol.Quantitative Cuff Leak Test (CLT) and 
qualitative CLTwere first applied followed by GT with normal saline 0.9%. The sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), and accuracy were calculated. 
Results: One hundred and eighteen (male 67, female 51) participated in this study. The agreement between GT 
and CLT was low (Kappa: quantitative CLT 0.07, qualitative CLT 0.21). The GT compared to CLT had higher 
sensitivity (33.3% vs 16.6%), specificity (96.3% vs qualitative CLT 92.8%, quantitative CLT 79.4%), PPV (33.3% 
vs qualitative CLT 11.11%, quantitative CLT 4.0%), NPV (96.3% vs qualitative CLT 95.4%, quantitative CLT 
94.6%), and accuracy (92.92% vs qualitative CLT 88.98%, quantitative CLT 76.27%. The cut-off value for GT 
was estimated 16.5% (sensitivity 74.1% and specificity 60%). 
Conclusion: The GT is a simple accurate test and can be used as a new test in the ICU for recognition of airway 
edema and prediction of safe extubation in patients with head and neck surgeries.   

1. Introduction 

The decision to extubate the patients in the intensive care unit (ICU) 
is critical and challenging. On the one hand, delay in removing endo-
tracheal tubes is associated with increased stay in ICU and associated 
risks of invasive mechanical ventilation [1]. On the other hand, inap-
propriate decisions to extubate the patient with anatomical problems, 
trauma, head and neck surgeries, restricted mouth opening, and limited 
neck range of motion can result in difficult intubation, which eventually 
can be life-threatening [2]. According to studies, laryngeal edema af-
fects 0.6–36.8% of patients, re-intubation affects up to 80% of patients 
[3], mortality affects 30–40% of patients, and difficult extubation causes 
increased pulmonary problems [4]. The high risk of stridor after extu-
bation has been shown associated with vocal cord dysfunction or 
laryngeal edema, reduced tracheal cross-sectional area, different study 

populations, female gender, endotracheal tube size, and duration of 
intubation [3–7]. Thus, improving predictive tools and recognizing 
airway edema is crucial for safe extubation. It is necessary to predict if 
the patient can tolerate extubation and whether the reintubation is still 
possible [8–10]. 

Improving assessment methods is necessary for patient safety 
because it allows the intensivist to make a more accurate assessment and 
more appropriate decision for extubation in difficult scenarios [9,10]. 
Therefore, physicians attempts to employ more reliable techniques for 
airway assessment. Some techniques available include quantitative/-
qualitative cuff leak test (CLT) [7], tracheal ultrasound [11], optic 
fibroscopy, direct laryngoscopy examination, video laryngoscopy [12, 
13], and flow-volume curves for extra-thoracic stenosis [14]. 

The tongue and pharyngeal edema can be easily evaluated via direct 
laryngoscopy, however the assessment of laryngeal edema and its 
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severity in the presence of an endotracheal tube is challenging. Opti-
mally, the test should be used just before extubation for every patient [6, 
14]. The assessment methods have limitations, as they require equip-
ment, examiner skills, and are associated with limited accuracy or 
necessitate tube removal [8,13]. 

The cuff leak test (CLT) is a simple test for predicting the presence of 
laryngeal edema. However, factors such as tube-to-trachea size ratio, 
pulmonary mechanics, and rate of airflow can all affect the outcome [5, 
15]. The CLT has high specificity but low sensitivity for post-extubation 
airway obstruction. As a result, significant false-negative suggests that 
the CLT may miss certain patients with post-extubation airway 
obstruction [16]. 

Gargle is washing the mouth and throat by filling the mouth with a 
liquid, tipping the head back and using the throat to blow bubbles of the 
liquid with a gargling sound, and finally spitting it out [17]. Gargling in 
an intubated patient seems impossible. But, we found that during the 
performance of the leak test with the absence of laryngeal edema, the air 
moves from lung to mouth and around the tube after deflating the 
balloon cuff of the endotracheal tube; we accidently noticed that some 
patients could gargle their secretions and have reasonable control and 
function of their laryngeal muscles. This inspired us to assess gargling as 
a new test. Thus, this study was conducted to evaluate the diagnostic 
accuracy of the Gargle test (GT) for the assessment of airway edema and 
prediction of successful extubation in the patients who underwent head 
and neck surgeries. 

2. Method 

2.1. Study population and setting 

This study was reviewed and approved by the University Ethics 
Committee (IR.TUMS.IKHC.REC. 1396.2004), and written informed 
consent was obtained from all participants or their relatives. In a pro-
spective observational study, 210 intubated patients were admitted to 
the ICU, and 118 were eligible. They had undergone head and neck 
surgeries and admitted to general and surgical ICU in the tertiary mega- 
hospital of Imam Khomeini at Tehran University of Medical Sciences, 
Tehran, Iran. 

Inclusion criteria were: 1) intubated patients with confirmed airway 
edema by positive cuff leak test on admission time, 2) age> 18 years, 
and 3) mechanical ventilation support for at least 12 h. 

Exclusion criteria was the impossibility of extubation due to reasons 
other than airway edema (e.g. pneumonia or other reasons that pro-
hibited ventilator weaning). 

2.2. Weaning and airway assessment 

Airway management and monitoring of the mechanical ventilation 
in the ICU were accomplished under supervision of an intensivist. All the 
patients had endotracheal tubes with low pressure-high volume cuffs 
(Well Lead Medical Co., China), and cuff pressure was monitored and 
maintained at less than 25 cmH2o every 4 h (Covidien Co., Germany). 
Weaning the patients from the ventilator was based on a same protocol 
utilizing pressure support ventilation (PSV) mode. Once the patient met 
all the criteria of ventilator weaning (Pressure Support = 6–8 cmH2o, 
Positive End Expiratory Pressure = 4 cmH2o, FiO2 ≤ 0.4 for 1–2 h, 
without tachycardia and tachypnea, no diaphoresis and reduction of 
Spo2), the decision for extubation was made by employing CLT. Patients 
were given the essential explanations to mentally prepare them, 
improve their cooperation, and obtain their consent. Whenever neces-
sary, an appropriate dose of an opioid was applied to enhance the pa-
tient’s comfort and tolerance to the endotracheal tube. Initially, 
quantitative and qualitative CLT were done. Subsequently, gargling with 
normal saline 0.9% was implemented. None of the patients were on 
corticosteroid drugs. 

Quantitative CLT: The patient was placed in a sitting position after 

suctioning of oral and tracheal secretions. The assist control ventilation 
mode, with 6–8 ml/kg tidal volume was assigned for 2 min. The average 
exhaled tidal volume was recorded over the next five respiratory cycles 
before and after cuff deflation. A difference of more than 15% in the 
mean tidal volume was associated with the absence of airway edema and 
warranted the removal of the tube [14]. 

Qualitative CLT: First, the patient was weaned from the ventilator. 
Then, the oral and tracheal secretions were suctioned. Subsequently, the 
patient was placed in a sitting position and the endotracheal cuff was 
deflated. Next, the opening of the endotracheal tube was blocked, and 
the patient was asked to breathe through the mouth. It was deemed an 
appropriate test if the patient could perform five respiratory cycles 
without any sign of suffocation or evidence of airway obstruction. 

Gargle Test (GT): Like the qualitative CLT method, the patient was 
weaned from the ventilator and was in a sitting position. After per-
forming oral and tracheal suction, the patient did a relatively deep 
inspiration and held his/her breath. Then, concurrent with breath-hold, 
the endotracheal tube was occluded, and about 3–5 ml of normal saline 
0.9% was put in the patient’s mouth. The patient was asked to gargle 
water at the back of his mouth with long and slow exhalation. This 
indicated an appropriate air leak (volume, flow, and power) around the 
tube. Also, it indicated the patient’s ability to maintain the airway 
patency and prevent aspiration. Finally, the patient was asked to lean 
forward and spit the water out in a dish. 

The decision for extubation was based on the result of CLT. Another 
anesthesiologist who performed all the tests allowed the extubation. The 
investigator was blinded to the result of the GT and just recorded the 
data immediately after extubation, such as stridor, dyspnea, and the 
patient’s ability to talk. The need for early reintubation in the next 12 h 
due to respiratory distress caused by airway edema and stridor was 
defined as the extubation failure. 

Age, gender, type of the surgery, duration of anesthesia and surgery, 
comorbidities, duration of mechanical ventilation (from initiation of 
anesthesia to extubation), type of intubation, success or failure of 
extubation, and results of quantitative as well as qualitative CLT, and GT 
were documented. 

2.3. Statistical analysis 

The kappa coefficient (with 95% confidence interval) were calcu-
lated to examine the agreement between GT and quantitative CLT/ 
qualitative CLT. Quantitative and categorical data were presented as 
mean ± standard deviation and frequency (%), respectively. An inde-
pendent sample t-test was applied on continuous data to examine the 
differences between groups. Chi-square or Fisher exact test was used for 
differences on categorical variables and rate of extubation failure be-
tween groups with positive and negative tests results. P-value < 0.05 
was set as significant. The sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and accuracy were 
calculated for the CLT and GT. The receiving operating characteristic 
(ROC) curve was used to identify the cut-off value of an acceptable leak 
for removing the endotracheal tube. 

3. Results 

Of 210 patients admitted to ICU, 118 patients who had undergone 
head and neck cancer surgeries (e.g.thyroidectomy, neck dissection, 
mandibulectomy, maxillectomy, and glossectomy) were enrolled in this 
study (Fig. 1). Sixty-seven patients (56.8%) were male and 51 patients 
(43.2%) were female, with a mean age of 54.7 ± 12.2. Due to surgical 
manipulations and anatomical problems in the hypopharynx and larynx, 
five patients could not perform the GT and therefore were excluded from 
data analysis. The demographic characteristics of the patients are 
depicted in Table 1. 

Seventy-six patients (64.4%) were nasally intubated, while 42 
(35.6%) were orally intubated. Six patients faced extubation failure due 
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to respiratory distress and stridor. Extubation failure was not statisti-
cally significant based on the quantitative CLT and qualitative CLT (P =
0.647, P = 0.385, respectively) (Table 2). However, extubation failure in 
patients with positive GT was significantly lower than in patients with 
negative GT (3.7% vs. 33.4% respectively, P = 0.032) (Table 2). The 
agreement Between GT and qualitative CLT and quantitative CLT were 
low (K = 0.21, k = 0.07, respectively). The GT had higher sensitivity 
(33.3%), specificity (96.3%), PPV (33.3%), NPV(96.3%), and accuracy 

(92.92%) than the quantitative CLT and qualitative CLT (Table 3) for 
groups with extubation failure and without extubation failure. 

According to receiving operating characteristic curve (ROC) anal-
ysis, cut-off value (Fig. 2) in GT was estimated 16.5% with sensitivity of 
74.1%, and specificity of 60% [AUC (area under the curve) = 0.62, 95% 
CI: 0.38–0.87]. 

Fig. 1. Flowchart of study.  
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4. Discussion 

The primary aim of this study was to introduce the GT as a new test 
for predicting extubation failure in people with head and neck surgery 
admitted to the ICU and examine the diagnostic accuracy of GT 
compared to the CLT. We found the GT has adequate sensitivity, spec-
ificity, PPV, NPV, and accuracy supporting it as a useful test for pre-
dicting extubation failure in patients with head and neck surgery. We 
believe the GT may represent a suitable test for detecting airway edema 
in the ICU setting as it is simple and easy to administer, thus easily 
detectable by physicians. 

After extubation, laryngeal edema and reintubation incidents are 
associated with extended mechanical ventilation and increased 
morbidity in ICU patients [3]. Up to 20% of reintubation, 24–72 h after 
extubation, has been reported in the ICU setting [18]. Reintubation in-
creases up to 47% in head and neck trauma after maxillofacial surgery 

and extensive neck injuries. On the one hand, difficult intubation, on the 
other hand, airway edema, critical conditions, and inappropriate mea-
sures can lead to irreversible damage and death [19,20]. Zhou et al. 
found that prolonged intubation could cause laryngeal edema after 
extubation [3]. 

The rate of post-extubation stridor, laryngeal edema, and efficacy of 
the leak test varies in different studies [5,21,22]. Unlike Miller’s [21] 
and Jaber’s [22] studies, our study showed low sensitivity and PPV for 
CLT, but in line with them, specificity and NPV were high. Low PPV in 
our study was consistent with De Bast’s [14] study. Although PPV was 
higher in the GT, it was generally low in all three tests; PPV of quanti-
tative CLT, qualitative CLT, and GT were 4%, 11.11%, and 33.3%, 
respectively. In other words, when these tests indicate the presence of 
laryngeal edema, it does not necessarily mean that patient’s extubation 
will be unsuccessful. 

Essentially, evaluation of laryngeal edema and its severity in the 
presence of an endotracheal tube is difficult. Current tests have signifi-
cant false results, and it is thus impossible to have a definitive prediction 
before removing the tube. Furthermore, it has been demonstrated that 
several measurements done by different individuals may not be consis-
tent in identifying the extent of the edema [6]. In our study, all sensi-
tivity, specificity, PPV, NPV, and accuracy, were better in the GT 
compared to CLT. High accuracy, NPV, and specificity (92.92%, 96.3%, 
96.3%, respectively) of the GT indicates that it is more effective in 

Table 1 
Demographic characteristics of patients.  

Variable Mean ± SD 

Age,year 54.7 ± 12.2 
Weight, kg 70.8 ± 12.4 
Height, cm 169.3 ± 8.3 
BMI 24.6 ± 3.1 
ICU stay, day 3.1 ± 1.1 
*MV duration, hour 28 ± 19.1 
Surgery duration, hour 5.8 ± 1.9 
**Weaning time, hour 16.9 ± 19.2 

SD, standard deviation; BMI: body mass index; *MV: me-
chanical ventilation. 
Duration of mechanical ventilation from anesthesia until. 
Extubation time. **weaning time: time of ventilator. 
Discontinuation from admission in intensive care unit. 

Table 2 
Comparison of extubation failure based on Quantitative/qualitative Cuff Leak 
Test (CLT) and Gargle Test results.  

Test Extubation failure P value 

Yes No 

Quantitative CLT (%)   0.647 
≤ 15 (positive) 1 (4.3) 22 (95.7)  
>15 (negative) 5 (5.6) 85 (94.4)  

Qualitative CLT   0.385 
positive 1 (11.1) 8 (88.9)  
negative 5 (4.8) 99 (95.2)  

Gargle test   0.032 
positive 2 (33.3) 4 (66.7)  
negative 4 (3.7) 103 (96.3)  

Fisher’s Exact Test, CLT: cuff leak test. 
Positive: laryngeal edema, Negative: No laryngeal edema. 

Table 3 
Comparison of sensitivity, specificity, PPV, NPV and accuracy between qualitative/quantitative CLT and Gargle Test.  

Test Extubation failure Sensitivity Specificity PPV NPV Accuracy 

Yes No 

Quantitative CLT, % 
≤ 15% (positive) 1 (4.3) 22 (95.7) 16.6% 79.4% 4% 94.6% 76.27% 
˃ 15% (negative) 5 (5.6) 85 (94.4) 

Qualitative CLT, % 
positive 1 (11.1) 8 (88.9) 16.6% 92.8% 11.11% 95.4% 88.98% 
negative 5 (4.8) 99 (95.2) 

Gargle, % 
positive 2 (33.3) 4 (66.7) 33.3% 96.3% 33.3% 96.3% 92.92% 
negative 4 (3.7) 103 (96.3) 

CLT: cuff leak test, PPV: positive predictive value, NPV: negative predictive value. 
Positive = laryngeal edema, negative = No laryngeal edema. 

Fig. 2. The best cut off value of GT for extubation (16.5%, sensitivity 74.1%, 
specificity of 60% (point A). 
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detecting airway edema. 
Creating air bubbles during gargling requires the proper function of 

the laryngeal muscles and the prevention of aspiration. Without these, 
the patient can not perform this maneuver. In contrast to the CLT, during 
gargling, the function of the nerves and muscles of the larynx and hy-
popharynx are practically evaluated. Prinianakis et al. [5] demonstrated 
that CLT was associated with lower efficacy in critically ill patients who 
have undergone mechanical ventilation for at least 48 h after surgery. 

The use of CLT in selective patients has been shown higher than in 
non-selective patients [7]. CLT, regardless of measuring absolute vol-
ume or expiratory volume percentage, is a weak predictor for diagnosing 
airway edema and extubation. The CLT is not a reliable indicator for 
postponing extubation or initiation of specific treatments [15]. All tests 
have specific particular limitations. Imaging techniques such as plain 
cervical radiography [10,21], computed tomography (CT) scan, and 
Magnetic resonance imaging (MRI) can capture upper airway edema. 
However, they are expensive, are associated with technical limitations, 
and can not be used routinely in in clinical practice [14]. Studies found 
that the CLT and the laryngeal ultrasound both have low sensitivity and 
PPV in the prediction of stridor [11,23]. Thus, new accurate measures to 
detect airway edema are imperative. 

The Gargle test has some advantages. With the GT, the patients can 
actively and consciously perform the tests and use their muscles, which 
indicates healthy neuromuscular function. It also evaluates the possi-
bility of airway edema. 

There are, however, several limitations to the GT. First, the physi-
cians should provide patients with explanations about the maneuver, 
and the patient should be able to cooperate with the physician. There-
fore, if the patients are unable to communicate due to medical condi-
tions such as dementia, they might be unable to perform the maneuver 
[24]. Also, due to surgical manipulations in larynx surgeries, the func-
tions of patients’ muscles might be inappropriate, and the patients might 
not be able to perform the test [25]. Good function and movement of 
hypopharynx and larynx muscles are needed to avoid aspiration and 
gargling sounds. 

5. Conclusion 

The GT is a simple, easy to apply and interpret test. We hope that this 
new simple test along with the sound diagnostic accuracy will prove it to 
be a useful test in the evaluation of patients in the ICU setting for safe 
extubation. Further study on the usefulness of the GT in the ICU with 
patients of various pathologies are warranted. 
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