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ABSTRACT 

 The laryngotracheal morbidity is frequent after tracheal intubation even with short duration of general anesthesia. 

Following tracheal intubation, sore throat and hoarseness of voice is the most common chief complaints of the patients. 

However sometimes even more than postoperative pain these symptoms become even worse when nitrous oxide is used as one 

of the carrier gas in general anesthesia procedure. It is surprising that there is a limited research has carried out this area 

before. In this proximity the present study aims to evaluate the efficacy of peri-operative cuff pressure monitoring in 

decreasing the incidence of postoperative intubation related complications like sore throat, hoarseness of voice, cough, 

dysphagia, stridor, and severity of sore throat by V.A.S scale after orotracheal intubation under general anesthesia. A 

randomized double blind controlled prospective study conducted after the approval by the institutional ethics committee on 60 

patients between 20-70 years of age divided into two groups. The Group A (Naïve) and  Group B (Placebo- group)the cuff 

pressure obtained by the minimal leak test was noted as baseline pressure the cuff pressure were obtained by the minimal leak 

test was not been altered by inflating or deflating the cuff. As per the results the incidence of hoarseness (p<0.001) incidence 

of sore throat (p<0.001), incidence of cough (p<0.001), incidence of Dysphagia (p<0.001), severity of sore throat by VAS 

scale (p<0.001) was found to be statistically significant when compared to the placebo group. The present study concludes 

that there was lower incidence of hoarseness of voice, sore throat, severity of sore throat by VAS scale, cough and dysphagia 

in study group when compared to control group, which is attributed to, continuous monitoring and maintaining the cuff 

pressure by either inflation or deflation and keeping the cuff pressure at the basal level. 
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INTRODUCTION  

 The laryngotracheal morbidity is frequent after tracheal intubation, even with short duration of general 

anesthesia. Following tracheal intubation, sore throat and hoarseness of voice were among the most common complaints 

of patients, sometimes even more than postoperative pain1. The incidences of these complications have been reported to 

range from 24% to 90% in India .Furthermore,  the exact pathophysiology of post intubation airway symptoms is not 

fully elucidated, mucosal damage occurring at the level of the endotracheal tube cuff is thought to be the causative 

factor1. Subsequently the damage to the pharyngeal and laryngeal epithelium occurs even with the most skillful 

intubations2. The tracheal mucosal perfusion pressure is between 20 – 30 mm of Hg. An increase in the cuff pressure to 
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greater than the mean mucosal perfusion pressure (22mm of Hg)3 leads to ischemic damage. This damage possess the 

disruption of the basement membrane from the sub mucosa and may lead to sloughing of the epithelial lining considering 

that  denuding process is usually spotty and heals completely in 2 to 3 days2. This may occur both because of high inflation 

pressures initially as well as due to the increase in intra-cuff pressures secondary to nitrous oxide diffusion into the cuff 

during the intraoperative period1. Moreover various methods have been demonstrated to minimize diffusion of nitrous 

oxide; one of those recommended in preventing these airway complaints to ameliorate is the routine continuous monitoring 

of cuff pressures intra-operatively. This study is worthwhile bearing in mind to evaluate the efficacy of perioperative cuff 

pressure monitoring in reducing the incidence and severity of tracheal lesions postoperatively. The present study aims to  

find out minimum amount of air required to stop leak around the endotracheal cuff as confirmed by minimal leak test, to 

confirm diffusion of the nitrous oxide over a time into the endotracheal cuff by noting the increase in the cuff pressure by 

measuring the tracheal cuff pressure using the cuff pressure meter and in addition to evaluate the efficacy of perioperative 

cuff pressure monitoring in decreasing the incidence of postoperative intubation related complications like sore throat, 

hoarseness of voice, cough, dysphagia and stridor after orotracheal intubation under general anesthesia. 

METHODS 

 A RCT double blinded trail conducted Endotracheal General Anesthesia in hospital attached to P.E.S Institute of 

Medical Sciences and Research. Total  sixty consecutive patients who met  with inclusion and exclusion criteria viz., 

inclusion criteria; Patients of ASA grade I and II, Age group of 20 to 70 years, elective surgery, expected duration of 

surgery - one hour to four hours and exclusion criteria; Patients of ASA grading III and IV, presence of upper respiratory 

tract infections preoperatively or in the recent past, surgeries involving the upper airway, surgeries involving movement of 

the head intraoperatively, and position of the head other than neutral position after intubation, surgeries lasting for more 

than four hours, anticipated difficult airway preoperatively, more than one attempt at intubation traumatic intubation, 

Laryngoscopic Cormack Lehane grading of III and IV, contraindication to the use of Nitrous oxide, endotracheal 

intubation following regional blocks and unplanned intubations, delayed extubation and reintubation due to any cause and 

use of gastric tubes.  

PORTEX ENDOTRACHEAL TUBE CUFF PRESSURE MANOMETER 

 The cuff pressures were measured using a PORTEX cuff pressure monitor. The instrument consists of a gauge, 

connected to pressure tubing with one port (Figure 1). The port was attached to the one way valve in the pilot balloon of 

the inflation system of the endotracheal tube. Instrument itself as a bulb to inflate. There is a red colored button to deflate 

the cuff as required depending on the pressure displayed on the gauge. The units of measurement for the manometer range 

from 0 to 120 cm H2O. Calibration of this device to zero was performed by the manufacturer before shipment. The 

potentiality of the portex endotarcheal tube cuff pressure manometer as can be shown in figure (below) 

 

Figure 1: Showing Portex Cuff Pressure Manometer Readings in Cm of H2O 



A Comparative Study of Endotracheal Tube Cuff Pressure Monitoring to Prevent Post-Operative                                                          3 

Intubation Related Complications When Nitrous Oxide is Used as a Carrier Gas in General Anaesthesia 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

 Total Sixty patients who filled the eligibility criteria were enrolled for this study. After obtaining an informed 

consent, they were randomly allocated in to two groups by picking random slots from a sealed bag. Groups were 

categorized on the basis of population and sample size determination. Two groups have been divided viz., Group A –Naïve 

(n=30), who underwent cuff pressure monitoring and maintained base line cuff pressure by either inflation or deflation by 

portex cuff pressure manometer and Group B – placebo (n=30) who underwent cuff pressure monitoring but no inflation or 

deflation was done by Portex cuff pressure manometer. After preoperative examination and obtaining informed consent, 

patient was shifted to the operation theatre. After connecting to the baseline monitors, an 18 gauge intravenous access was 

obtained and maintenance intravenous fluids were started. The patient was preoxygenated for 3 minutes with oxygen, 

premedicated with Inj Fentanyl 2 mcg/kg body weight, Inj Midazolam 1mg, and Inj Glycopylorate 0.2mg, then induced 

with Inj Propofol 2-3 mg/kg, and paralyzed with Inj Succinylcholine 1-2mg/kg or Inj Vecuronium 0.1mg/kg. The patent 

was then mask ventilated with Oxygen for 1 to 3 minutes depending on which paralyzing agent was used either 

succinylcholine or vecuronium and then intubated with 7.5 mm size cuffed high volume low pressure PORTEX 

endotracheal disposable tubes for females and 8.0mm endotracheal tubes for males under vision. The distal end of tube was 

placed approximately in mid trachea and both lungs are auscultaed for equal bilateral air entry. 

 The cuff was inflated using the Minimal Leak Technique. This was done in the following way ; Stethoscope 

diaphragm is placed over the laryngeal area and cuff is inflated till the air leak is gone and  Endotracheal tube is connected 

to the ventilator and small increments of air are removed from the cuff until a small leak is heard at the point of peak 

inspiratory pressure. Anesthesia was maintained using Sevoflurane with Oxygen 33% and Nitrous oxide 66% at FiO2 of 

40%.In group A, the cuff pressure obtained by the minimal leak test was noted. This was then monitored every 10 minutes 

and maintained at the baseline value by either inflating or deflating the cuff through the side port in the pressure monitor 

throughout the surgery.  

 In group B the standardized cuff inflation protocol was followed and anesthesia maintained with a FiO2 40%, 

Nitrous oxide, and Sevoflurane. Cuff pressure monitoring was done intraoperatively for this group but no inflation or 

deflation was done to maintain the same baseline cuff pressure reading. The patients were extubated at the end of the 

procedure following adequate neuromuscular reversal with Inj Neostigmine 0.05mg/kg and Inj Glycopyrolate 0.01mg/kg. 

Adequate analgesia and sedation was provided before extubation to provide tube tolerance and to avoid coughing. The 

duration of anesthesia till the cessation of Nitrous oxide before extubation was noted for both the groups. The patients 

were followed up 24 hours after anesthesia and interviewed regarding the occurrence of sore throat, hoarseness of voice, 

cough, dysphagia and stridor by a blinded interviewer. The severity of sore throat was graded as per the Visual Analogue 

Scale and the occurrence of hoarseness was evidenced by a change in the timbre of the voice. Once the patient was 

randomly allotted to one of the two groups and the study conducted intraoperatively as per said protocol, the follow up of 

the patient and the analysis of data were done by personnel who were blinded as to which group the patients belonged .The 

visual outcomes as can be seen in the following figure  
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Figure 2: Showing Visual Analogue Scale for Severity of Sore Throat 

RESULTS 

 The data collected were tabulated and analyzed by Statistical software namely SPSS 15.0, Stata 8.0, MedCalc 

9.0.1 and Systat 11.0 

Table 1: Mean Age of the Patients Who Were Attended the RCT Trail 

Group Age in years Gender Duration of surgery in min 
Mean±SD Female Male Mean ± SD 

Naïve 42.33±15.13 18 (%) 12 (%) 111.66±14.56 
Placebo 39.33± 12.19 16 (%) 14 (%) 111±18.52 

 
 The mean age in study group was 42.33 ± 15.13 and control group were 39.33 ± 12.19. There was no difference in 

the mean age between the groups, the age ranged between 20 - 70 years. The largest group of patients was in second 

decade of life. In both the study and control group, the mean age was comparable and no statistically significant difference 

was found. (P>0.01). Demographical analysis showed a distribution of 40% males and 60% females in the study group and 

a 46% male and 54% female distribution in the control group. In both the study and control group, sex distribution was 

found comparable and no statistically significant difference was found. (P>0.01). The total duration of surgery was counted 

in Minutes for both groups, the mean duration of surgery in Group A study group is 111.6 minutes, and the mean duration 

of surgery in Group B is 111 minutes. In both the study and control group the duration of surgery was found comparable 

with (p > 0.01), which were not found to be statistical significant. 

Table 2: Showing the Incidence of Hoarseness of Voice, Cough, Sore throat,  
Dysphagia and Severity of Sore throat by VAS Scale 

Group Incidence of 
Hoarseness of Voice 

Incidence of Sore 
Throat 

Incidence of 
Cough 

Incidence of 
Dysphagia 

Severity of Sore 
Throat by VAS Scale 

Yes No Yes No Yes No Yes No <4 ≥4 
Naive 21% 79% 27% 73% 24% 76% 7% 93% 97% 3% 
Placebo 64% 36% 90% 10% 55% 45% 27% 73% 40% 60% 
P-value 0.00** 0.00** 0.00** 0.00** 0.00** 

 
 The results revealed that, the incidence of hoarseness of voice, cough, sore throat, dysphagia and severity of sore 

throat by VAS scale, sore throat was observed in both groups. In our study the incidence of sore throat was found to be 

27% in the study group and 90% in the control group with p value of <0.001which is highly significant. Severity of sore 

throat as recorded by V.A.S. scores was analyzed between the study and control group. There was a significant increase in 

the severity of sore throat in the control group as reflected by the higher V.A.S scores. Incidence of cough was 24% in the 

study group and 55% in the control group. This was found to have a highly significant P<0.031. Incidence of hoarseness of 

voice was 21% in the study group and 64% in the control group.  This was found to have a highly significant P <0.001. 

Incidence of dysphagia was 7% in the study group and 27% in the control group. This was found to have a highly 

significant P value of <0.038. Analysis for the relative risk of developing sore throat and hoarseness of voice shows that 
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the control group has a 7.78 times greater risk of developing hoarseness of voice than the study group with a P value of 

0.0183.The duration of surgery was compared to the severity of sore throat by using logistic regression it was found that 

the severity of sore throat increased more than 3% in control group when compared to study group with an increase in 

duration of surgery with P value of 0.038. Duration of surgery was compared to the incidence of cough, by using logistic 

regression it was found that the incidence of cough increased more than 2% in control group when compared to study 

group with P value of <0.05. Duration of surgery was compared to the incidence of dysphagia by using logistic regression 

it was found that the incidence of dysphagia increased more than 8% in control group when compared to study group with 

P value of < 0.01. 

DISCUSSIONS 

 Many surgical procedures require general anesthesia, in which endotracheal intubation is used in order to maintain 

adequate ventilation for patients. Endotracheal intubation helps in the prevention of aspiration of stomach contents into the 

lungs, and delivery of the adequate tidal volumes. Currently this involves inflating an endotracheal tube cuff with air until 

it comes in contact with the tracheal wall, which creates a seal between the trachea and the endotracheal tube. However, the 

cuff also exerts pressure on the tracheal wall. SEEGOBIN & HASSELT, et al5 1984 found that if cuff pressure is excessive, 

then it can markedly decrease tracheal capillary perfusion, and predispose patients to sore throat, hoarseness of voice, and 

ultimately to tracheal necrosis. Postoperative sore throat and hoarseness of voice after endotracheal intubation are a 

common occurrence. The variables implicated are anesthetic drugs, intubation time, and number of intubation attempts, 

gastric tube and sex. Of these, A.M.CHRISTENSON et al6, in 1994 studied the effects of these variables on the incidence of 

sore throat and concluded that the incidence was higher in female patients, those intubated with Succinylcholine and those 

undergoing surgeries involving movement of the head and neck with insertion of a nasogastric tube. In our study we 

decided to exclude surgeries involving movement of the head and neck with nasogastric tube insertion. This allowed us to 

remove the confounding variables and ascertain the incidence of sore throat and hoarseness of voice primarily due to high 

cuff pressures. WILLIAM W. BERNARD et al7 in1978 found that high cuff pressures can occur both due to an initial 

inflation of the cuff with a larger volume as well as because of the diffusion of Nitrous oxide into the cuff intraoperatively. 

Intracuff pressure and volume increase related to gas diffusion into air-inflated cuffs should be periodically adjusted or 

pressure automatically controlled during nitrous oxide anesthesia. PERBE, HANS-JOACHIM et al4 in 2000 suggested that 

one of the methods to prevent this increase in cuff pressures was to monitor the intra-cuff pressure and keep it below the 

tracheal mucosal perfusion pressure thereby preventing mucosal injury and occurrence of sore throat. HANS MONDOE et 

al8 1992 have quoted that the tracheal mucosa will be ischemic at a cuff tracheal pressure of more than 30 mm of Hg. They 

recommended the cuff pressures to be kept below 20 mm of Hg. We decided to maintain the pressures obtained by the 

minimal leak test for the particular individual since this test is supposed to maintain adequate mucosal perfusion by 

ensuring a mild leak at the peak of inspiration and also allows a way to standardize the cuff inflation in both the groups. In 

our study the incidence of sore throat was 27% in the study group and 90% in the control group showing that cuff pressure 

monitoring does reduce the incidence of sore throat. Our study is in similarity with a study done by M.AYUB CHAKIB et 

al9, in 1998, which cited an incidence of 21% - 65%. In our study we have used 7.5 mm tubes in females and 8.0mm tubes 

in males as was routinely used in the various studies evaluating similar symptoms and also average body built of the 

patients in this area. WILLIAM N. BERNHARD, et al7 the size of the tube has also been related to the incidence of sore 

throat. To our knowledge the severity of sore throat has not been quantified by evaluating patient’s symptoms. Most sore 

throats have been graded by bronchoscopic evaluation of the tracheal mucosa as done by H.N. TU et al10, in 1999 who 
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found that tracheal injury correlated to cuff pressures. We believe that patient’s symptoms would be more clinically 

relevant as they would reflect the patients comfort better. We used a V.A.S. score to grade sore throat. This was done 

keeping in mind the simplicity and ease of use of the scoring system. HANS MONDOE et al8 in 1992 found that the 

incidence of sore throat increases after four hours, probably due to the prolonged contact of the tracheal mucosa with the 

cuff. On analysis they found that the association of hoarseness of voice with severity of sore throat was 24% and 70% as 

shown by VAS scores, this study is in concurrence with our study as we have also found the incidence of hoarseness of 

voice and severity of sore throat in the study group was 21% and control group was 64%. This had a high significant p 

value of <0.001. JIANHUI LIU ET AL11, in 2010 concluded that endotracheal tube cuff pressure estimated by palpation 

with personal experience is often much higher than measured or what may be optimal. Proper control of endotracheal tube 

cuff pressure by a manometer helped reduce endotracheal tube related post procedural respiratory complications such as 

cough, sore throat, hoarseness, and blood-streaked expectoration even in procedures of short duration (1–3 hours).  In our 

study we found that the incidence of cough was 24% in the study group and 55% in the control group. This was found to 

have a highly significant P value of <0.031, the reported incidence was found to be less, probably because of monitoring  

and adjusting cuff pressure every 10 minutes, which has lead us to decrease the time of contact of increased cuff pressure 

over the tracheal mucosa. M.K.JAIN et al12, in 2011 found that the manual methods as palpation of pilot balloon and 

disappearance of audible air leak are inaccurate methods to assess adequate endotracheal tube cuff pressure and most of the 

time it resulted in endotracheal tube cuff pressure more than the safe limit. The inability of clinicians to determine 

endotracheal tube cuff pressure by the traditional standard method of palpation of the pilot balloon has been addressed by 

other investigators. Using standardized instruments to measure cuff pressures might help increase safety by decreasing the 

possibility of injury resulting from endotracheal intubation. In our study we used portex endotracheal tube cuff pressure 

manometer to adjust the cuff pressure and to keep it at the baseline by either inflation or deflation of the cuff in study group 

and we found that there was decrease in incidence of hoarseness of voice, sore throat, cough and severity of sore throat 

which we believe that due to reduced tracheal mucosal damage. The result from our study concurred with observation 

made by the author MK JAIN et al. On analysis of the association of hoarseness of voice with severity of sore throat, it was 

found that the patients with hoarseness of voice had a more severe sore throat as shown by the higher VAS scores. The 

incidence of hoarseness of voice in the study group was 21% and control group was 64%. This had a highly significant P 

value of < 0.001. 

CONCLUSIONS 

 From the study we concludes  that , by monitoring the cuff pressure with manometer and maintaining the cuff 

pressure at the basal level by either inflating or deflating the air from the cuff after minimal leak test will reduce the 

morbidity post operatively. The patients will have lower incidence of sore throat, hoarseness of voice, cough, dysphagia 

and severity of sore throat, which is statistically significant, when compared to control group, where the cuff pressure 

monitoring was done but no inflation or deflation of air was done to maintain the intracuff pressure at base line. As the 

study was done on a small sample of 30 patients in study group and 30 patients in control group, the study needs to be 

further confirmed on a larger number of patients in study group. 

REFERENCES 

1. COMBES, XAVIER, MD; SCHAUVLIEGE, FRANCK, MD et al, Intracuff pressure and tracheal morbidity influence of filling 

cuff with saline during Nitrous Oxide anesthesia Anesthesiology 2001 (95) 1120-1124.  



A Comparative Study of Endotracheal Tube Cuff Pressure Monitoring to Prevent Post-Operative                                                          7 

Intubation Related Complications When Nitrous Oxide is Used as a Carrier Gas in General Anaesthesia 

 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

2. BARRY A. SHAPIRO M.D, et al, Clinical applications of respiratory care Fourth edition pp: 187-188., 195- 196.  

3. KARASAVA, FUJIO, MD; OSHIMA, TAKASHI, MD; et al, The effect on intracuff pressure of various Nitrous Oxide 

concentrations used for inflating an Endotracheal Tube cuff Anesthesia and Analgesia 2000;( 91) 708-13.  

4. PRIEBE, HANS-JOACHIM, MD, FRCA; DUVALDESTIN, PHILIPPE, M.D., et al, N2O and Endotracheal cuff pressure 

Anesthesia and Analgesia 2000;(90) 230. 

5. SEEGOBIN AND HASSELT, et al, 1984 endotracheal cuff pressure and tracheal      mucosal blood flow: endoscopic study of 

effects of four large volume cuffs, British Medical Journal 1984, VOLUME 288. 

6. CHRISTENSON, A. M; WILLEMOES-LARSON, H et al, Postoperative throat complaints after tracheal intubation British 

journal of anesthesia 1994; (73) 786-787. 

7. WILLIAM N. BERNHARD, M.D., LEON C. YOST M.D, et al, Physical characteristics of and rates of Nitrous Oxide diffusion 

into Tracheal tube cuffs Anesthesiology 1978 (48) 413-417 

8. MANDOE, HANS, MD; NIKOLAJSEN, LONE, MD et al Sore throat after Endo tracheal intubation. Anaesthesia and 

Analgesia 1992; (74) 897-900. 

9. AYUB, CHAKIB M.,MD; GHOBASHY, ASHRAF, MD; et al Widespread application of topical Steroids to decrease sore 

throat, hoarseness of voice and cough after tracheal intubation. Anaesthesia and Analgesia 1998; (87) 714-6. 

10. TU, H.NGUYEN, MD; SAIDI.N, MD; LIEUTAUD, T; et al Nitrous oxide increases endotracheal cuff pressure and incidence 

of tracheal lesions in Anesthetized patients. Anesthesia and Analgesia 1999; (89) 187-90. 

11. JAINHUI LIU,MD,et al 2010 Cuff Pressure and Postprocedural Complications:      A Multicenter Study, Anesth Analg 

2010;111:1133–7 

12. .JAIN MK, TRIPATHI CB, et al, Endotracheal tube cuff pressure monitoring    during Neurosurgery - Manual vs. Automatic 

method J Anaesthesiol Clin Pharmacol. 2011 Jul; 27(3):358-61. 

13. PATEL RI, OH TH, CHANDRA R, et al. Tracheal tube cuff pressure. Changes during nitrous oxide anaesthesia following 

inflation of cuffs with air and saline. Anaesthesia 1984; 39:862–864. 




