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Background
Cuffed endotracheal tube is routinely used to secure airway 

during general anesthesia in adult cardiac surgical patients. Mean 
capillary pressure in the tracheal wall is about 20 mmHg (30 cmH2O) 
and if the pressure exerted by an inflated tracheal tube cuff is above 
this value, it may result in reduced tracheal capillary blood flow.1,2 
This excessive intracuff pressure may result in serious complications 
including airway problems such as post-operative sore throat, 

subglottic edema with stridor or tracheal stenosis.3,4 
Transesophageal echocardiography (TEE) is routinely inserted 

after endotracheal intubation in cardiac surgical patients which helps 
in clinical decision making and other wide range of information 
during cardiac surgery.5 The posterior membranous wall of the 
trachea is in contact with the esophagus,6 so there might be the 
possibility of the TEE probe to compress the endotracheal tube cuff 
and increase the cuff pressure.7, 8
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Abstract

Background and Aims: Insertion of transesophageal echocardiography probe in cardiac surgical patient is a routine 
practice for surgical planning and decision making. However it may increase the endotracheal tube cuff pressure as it lies 
adjacent to the posterior wall of trachea. The aim of this study is to evaluate the changes in cuff pressure after insertion of the 
transesophageal echocardiography probe and after completion of initial manipulation of the transesophageal echocardiography 
probe during various examinations in adult cardiac surgical patients.

Results: The cuff pressure (mean±SD) at T1, T2 and T3 were 24.61±2.72, 30.22±5.61 and 32.25±4.45 cm of  H2O respectively.
The cuff pressure increased significantly from T1 to T2 (p<0.001) and from T1 to T3 (p<0.001). The cuff pressure was > 30 
cm of H2O in 18 (50%) of patients at T3 which was readjusted back to 25-30 cm of H2O by with drawing air from the cuff. 
Conclusion: Endotracheal tube cuff pressure should be routinely monitored either intermittently or continuously after 
transesophageal echocardiography probe insertion till it is in situ and pressure should be readjusted to avoid unwanted 
complications.

Methods: Thirty six patients undergoing elective cardiac surgery requiring Transesophageal Echocardiography (TEE) 
monitoring were enrolled in the study. After induction of general anesthesia and endotracheal intubation cuff pressure were 
measured at 3 points of time; just after intubation (T1), after transesophageal probe insertion (T2) and after initial completion 
of TEE study (T3). The mean increase in cuff pressure at various point of time were compared.
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The aim of this study is to evaluate the changes in cuff pressure 
after insertion of the TEE probe and after completion of initial 
manipulation of the TEE probe during various examinations in adult 
cardiac surgical patients. The outcome of this study can be useful to 
optimize the cuff pressure value after TEE probe insertion in order to 
avoid the unwanted adverse effects in our setup in future.

Methods
ResultsAfter obtaining institutional review board approval and 

written informed consent of patient, all the adult patients requiring 
cardiac surgery who underwent intraoperative trans-esophageal 
echocardiographic evaluation were selected for this study.

This was the prospective observational study performed at Shahid 
Gangalal National Heart Center of Nepal. All adult cardiac surgical 
patients more than 18 years of age who were scheduled for elective 
cardiac surgery requiring intraoperative TEE monitoring were 
included in the study. However patients’ refusal, patient requiring 
emergency surgery, patients with tracheal stenosis, patients with 
tracheoesophageal fistula, patients with previous esophageal surgery, 
patients with esophageal varices, patients with Barrett esophagus, 
patients with esophageal hernia, patients with descending thoracic 
aorta aneurysm, patients with dysphagia and patients with vocal fold 
palsy were excluded from the study.

Total 36 patients were taken as our sample size for the study to 
have 95% confidence interval and power of 90% from previous study 
done by Borde DP et al.9  

After the patient was brought to the operation theatre, standard 
monitoring such as electrocardiography and pulse oximetry were 
applied. Invasive blood pressure monitoring line and central venous 
catheter through right internal jugular vein were inserted under 
standard aseptic precautions. Induction of anesthesia was done with 
midazolam, fentanyl, and propofol. In all cases vecuronium was used 
as muscle relaxant. After induction of anesthesia, appropriate sized 
(7 for female and 7.5 for male) cuffed high volume low pressure 
endotracheal tube (ETT-portex, Smiths Medical ASD, INC, USA) 
was used to secure the airway. The proper placement of the ETT 
was confirmed with appeareance of end tidal carbondioxide (EtCO2) 
tracing and auscultation over chest for bilateral air entry. The cuff of 
the ETT was slowly inflated using the air leak technique by putting 
the stethoscope on the suprasternal notch with slow inflation of the 
cuff until there will be no audible air leak while holding continuous 
positive airway pressure (CPAP) of 20 cmH2O with the head and 
neck in the neutral position to seal the airway. Mechanical ventilation 
was started with volume-controlled mode with the tidal volume of  
8ml/kg, respiratory rate of 12 per minute, inspiratory/expiratory ratio 
of 1:2 and fraction of inspired oxygen (FiO2) 0.6 with an air-oxygen 
mixture with isoflurane. Positive end-expiratory pressure was not 
applied. After the ETT cuff was inflated, the baseline cuff pressure 
was measured using a manometer and was recorded. After that, TEE 
probe (Philips EpiQ7, USA) was inserted after adequate lubrication 
and a brief jaw thrust maneuver. Experienced cardiac anesthesiologist 
inserted the probe and manage all cases. Bite guard was applied after 
TEE probe placement. If there was failure in blind insertion of TEE 
probe after two attempts, the probe was using direct laryngoscopy, 
or the procedure was abandoned if significant resistance was 
encountered. These patients were excluded from the study. Any TEE 
associated complications (e.g., dental injury, upper gastrointestinal 
bleeding, and esophageal/gastric injury) were noted. The cuff pressure 
were recorded at three points of time; before the insertion of the TEE 
as a baseline (T1); immediately after TEE probe insertion (T2) and 
immediately after completion of initial TEE examination (T3). If the 
pressure was found to be persistently >30 cm of H2O at T3, this was 

Thirty six patients were enrolled in the study out of which 22 
(61.1%) were male and 14 (38.9%) were female. In all cases TEE 
was inserted in first attempt without any complications. There was no 
any audible air leak noticed from the endotracheal tube cuff during 
the study. The demographic data of patients studied is shown in  
Table 1. The cuff pressure (mean±SD) at T1, T2 and T3 were 
24.61±2.72, 30.22±5.61 and 32.25±4.45 cm of H2O respectively 
(figure 1). The cuff pressure increased significantly from T1 to T2 
(p<0.001) and from T1 to T3 (p<0.001). The cuff pressure was > 30 
cm of H2O in 18 (50%) of patients at T3 which was readjusted back to 
25-30 cm of H2O by with drawing air from the cuff.

adjusted back to 25–30 cm of H2O. Alternatively, air was added to 
the cuff, if there was an audible air leak or if there was inadequate 
ventilation because of loss of tracheal seal. 

Mean cuff pressure was compared between pairs of time points 
(T1 vs. T2 and T1 vs. T3) using student T-test. A P value <0.05 was 
considered as significant. The Statistical Package for the Social 
Sciences (SPSS) version 22.0 was used to perform data analysis.

Table 1: Demographic variables.

Variables

Gender Male:Female 22:14

Age in years Median (Range) 40.5 (18-74)

Weight in kg Median (Range)           60.50 (40-85)            

Height in cm Median (Range)                                                                                               160.00 (140-185) 

BMI in kg/m2 Median (Range) 23.59 (16.76-33.16)

Figure 1: Change in cuff pressure at 3 points of measurement.

Discussion
Our study has shown that the use of TEE will increase the cuff 

pressure and in 50% of the cases the pressure has gone above 30 cm 
of H2O which might lead to decrease in tracheal mucosal blood flow. 
As trachea is composed of 16-22 C-shaped cartilages with incomplete 
ring at its posterior surface which is in contact with the esophagus,6 
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inserting TEE probe in the esophagus exerts pressure in this posterior 
part of trachea leading to unpredictable increase in ET-tube cuff 
pressure. One animal model study has shown that sustained increase 
of tracheal mucosal pressure of more than 30 cm of H2O for more than 
15 minutes leads to histological tracheal mucosal lesion.10 

TEE has been widely used as a monitoring tool for decision making 
and surgical planning in cardiac surgery.11 Though considered to be 
relatively safe, there is an incidence of 1.4% complication related 
to TEE including dysphagia, vocal cord and laryngeal injury and 
esophageal perforation.12 Besides this as TEE probe is just adjacent 
to trachea, the increase in cuff pressure can lead to post-operative sore 
throat, subglottic edema with stridor or tracheal stenosis in cardiac 
surgical cases where TEE probe stays in situ for prolong period and 
there is also periods of decreased perfusion pressure in hypotensive 
phages.3,4

Various studies has shown that in different periods of  TEE insertion 
and examination, the cuff pressure has increased. In a study done by 
Borde DP et al.9 The mean cuff pressure increased form baseline 22±3 
to 38±10 cm of H2O after insertion of probe and to 30±6 cm of H2O 
after TEE examination which were statistically significant. Similar 
study done by Tan PH et al.7 also found similar results in consistent 
to our study where mean cuff pressure increased from 27.7±1.5 to 
36.2±6.4 cm of H2O after TEE probe insertion and 45% (17/38) of 
patients had a cuff pressure of more than 35 cm of H2O.

Kim TK et al8. compared the effect of  TEE probe insertion in single 
and double lumen ET-tube and found that cuff pressure increased in 
both cases after TEE insertion but was more profound in double lumen 
group.

On the basis of all these findings and our study, we recommended 
to measure the cuff pressure timely and reduce it to the safety limit to 
avoid the unwanted adverse effects. The main limitation of our study 
was that we recorded the cuff pressure intermittently, however as TEE 
probe remains in situ till the end of surgery we also recommend to do 
continuous cuff pressure measurement and adjustment accordingly till 
the TEE probe is in situ.

Conclusion
The endotracheal tube cuff pressure significantly increases after 

TEE probe insertion and its manipulation even above the safety limit 
of 30 cm of H2O. So, cuff pressure should be routinely monitored 
either intermittently or continuously after TEE probe insertion till 
it is in situ and pressure should be readjusted to avoid unwanted 
complications.
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