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INTRODUCTION

  The cuffs of the endotracheal tubes are useful in preventing 

aspiration of pharyngeal contents or blood and in maintaining 

a positive airway pressure during artificial ventilation. How-

ever, excessive endotracheal cuff pressure to the tracheal mu-

cosa can result in mucosal ulceration, cartilaginous destruction, 

tracheomalacia, and tracheal wall necrosis.1-3) High-volume, 

low-pressure endotracheal tube cuffs have thinner, and more 

compliant walls than high-pressure cuffs. In addition, the high- 

volume, low-pressure cuff can achieve a seal point with 

relatively low lateral tracheal wall pressure.4) Hence, this can 

reduce the incidence and severity of tracheal morbidities.5)  

However, these cuffs may be easily overinflated, which can 

generate high intracuff pressures (Pcuff). Consequently, the high 

Pcuff would result in high lateral wall pressures
3) and impair 

the tracheal mucosal blood flow. Thus, it is recommended that 

a cuff inflation pressure of 22 mmHg (30 cmH2O) or less be 

maintained.6)

  When N2O is administered during anesthesia, N2O can diffuse 

into the air-filled endotracheal tube cuffs. This results in the 

increases of the intracuff volume and pressure. If caution is not 

taken, a properly inflated cuff can become overinflated because of 

the diffused N2O. Hence, meticulous control of Pcuff is required 

during N2O anesthesia if air is used for inflation of cuffs.
7-9)

  Wire-reinforced endotracheal tubes are commonly used when 

patient's head is in an extended or flexed position. They are 

also used in head and neck procedures that can be associated 

with intraoral bleeding or surgical factors that increase Pcuff.
10) 

In these cases, it is very important to keep the pressure 

exerted against the tracheal wall by a cuff high enough to 

prevent significant aspiration yet low enough to allow adequate 

tracheal mucosal blood flow. There are major differences in 

  Background:  We evaluated the factors affecting the need for cuff deflation to maintain intracuff pressure (Pcuff) below 22 mmHg 

in two types of wire-reinforced endotracheal tubes; type A: Safety-Flex
TM
 (Mallinckrodt, Athlone, Ireland) and type B: Insung

Ⓡ
 

(Insung, Seoul, Korea). 

  Methods:  Eighty patients were randomly divided into four groups (n = 20 for each); Group F-A: female, type A; Group 

F-B: female, type B; Group M-A: male, type A; Group M-B: male, type B. Sealing volume and sealing pressure (SP) were 

measured.  Whenever Pcuff reached 22 mmHg during N2O administration, the cuff was deflated to SP.  Elapsed time to first 

deflation (1-CP22) and deflation frequencies were recorded.

  Results:  Specific cuff compliance (Ccuff) was higher in type A than that in type B (P ＜ 0.05).  More patients in Group 

F-B and M-B needed deflation than those in Group F-A and M-A, respectively (P ＜ 0.05).  1-CP22 in patients intubated with 

type B was shorter than with type A (P ＜ 0.05).  In both tubes type A and B, SP was higher in patients who needed deflation 

compared to ones that did not (P ＜ 0.05). 

  Conclusions:  Use of wire-reinforced tubes with high Ccuff decreases the frequency of deflation.  Low SP also reduces the 

need for cuff deflation to keep the Pcuff below 22 mmHg during N2O anesthesia.  (Korean J Anesthesiol 2006; 50: S 1∼7)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

Key Words:  endotracheal intubation, general anesthesia, nitrous oxide.

Factors Affecting the Intracuff Pressure of
 Wire-reinforced Endotracheal Tubes

during General Anesthesia Using Nitrous Oxide

Department of Anesthesiology, Ewha Womans University Medical Center, College of Medicine, Ewha Womans University, Seoul, Korea

Sinyoung Kang, M.D., Hee-Jung Baik, M.D., Yun-Jin Kim, M.D., and Jong-Hak Kim, M.D.

Received：October 13, 2005

Corresponding to：Hee-Jung Baik, Department of Anesthesiology, Tong- 

Dae-Mun Hospital, Ewha Womans University Medical Center, 

Ewha Womans University, 70 Jongno-6 ga, Jongno-gu, Seoul 

110-783, Korea. Tel: 82-2-760-5211, Fax: 82-2-745-3880, E-mail: 

baikhj@ewha.ac.kr.



 Korean J Anesthesiol：Vol. 50. No. 6, 2006                                                                                          

S2

physical characteristics of cuffs that may affect Pcuff among 

low-pressure endotracheal tubes of different manufacturers.11) 

Moreover, Pcuff may vary among different patients despite same 

brand and size of the endotracheal tubes. Therefore, in this 

randomized study, we evaluated several factors affecting the 

need for cuff deflation to maintain Pcuff below 22 mmHg dur-

ing N2O anesthesia and the usefulness in clinical practice of 

two different wire-reinforced endotracheal tubes and their cuffs.

MATERIALS AND METHODS

  After obtaining institutional approval and patients' informed 

consent, eighty adult ASA 1 or 2 patients, aged 18-70 yr, 

who were scheduled for elective abdominal or extremity 

surgery and with a predicted anesthesia duration of at least 1 

h were enrolled into the study. Patients were excluded from 

the study if they had reactive airway disease or if N2O was 

contraindicated. Two commercially available endotracheal tubes 

were studied: Safety-FlexTM reinforced tracheal tube (Mallinck-

rodt, Athlone, Ireland) (tube type A) and InsungⓇ reinforced 

endotracheal tube (Insung, Seoul, Korea) (tube type B). Size 

7.0 mm internal diameter (ID) endotracheal tubes were used for 

female and 7.5 mm ID for male. Female patients were 

randomly allocated to either Group F-A (tube type A) or Group 

F-B (tube type B) (n = 20 for each), and male patients to 

either Group M-A (tube type A) or Group M-B (tube type B) 

(n = 20 for each). There were no significant differences in age, 

height, weight, and duration of N2O anesthesia between Group 

F-A (n = 17) and Group F-B (n = 18) or between Group M-A 

(n = 18) and Group M-B (n = 17) (Data not shown).

  Six samples of two types of 7.0 mm and 7.5 mm wire- 

reinforced endotracheal tubes were evaluated for measurement 

of residual volume (RV) and specific compliance (Ccuff) of 

cuffs. RV and Ccuff were measured as follows.
11) Each cuff 

was inflated once until palpably tense to check for air leak 

and then deflated. The pilot balloon of the endotracheal tube 

was connected to a pressure transducer (TranspacⓇ; Abbott, 

Chicago, IL) through a three-way stopcock. The cuff was 

re-expanded with increments of 1 ml of air until Pcuff rose 

linearly to 22 mmHg (30 cmH2O). At 22 mmHg of Pcuff, total 

volume of air injected into cuff (V22) was recorded. A cuff 

volume versus cuff pressure graph was constructed and a 

straight line was extrapolated to zero pressure for the determi-

nation of RV by curve estimation (SPSS for Windows Version 

11.0, SPSS Inc., Chicago, IL) (Fig. 1). Ccuff was calculated 

from the slope of the extrapolated line divided by RV. 

  Anesthesia was induced with midazolam (0.05 mg/kg) and 

thiopental sodium (4-5 mg/kg) after patients breathed 100% 

oxygen. Muscle relaxation was achieved by administration of 

vecuronium and monitored by train-of-four stimulations (TOF- 

WatchⓇ, Organon, Boxtel, Holland). The trachea was intubated 

with Type A or B endotracheal tube and the cuff initially 

inflated with 5 ml of air. Lubricant was not used. Anesthesia 

was temporarily maintained with 100% oxygen supplemented 

with isoflurane or enflurane. Ventilation was achieved mechani-

cally to give a tidal volume of 10 ml/kg at a rate of 10 

cycles/min. Five minutes later, the pilot balloon of the endotra-

cheal tube was connected to a pressure transducer via a three- 

way stopcock and a 10-ml syringe was inserted in the other 

port of the stopcock.12) After the transducer was zeroed, air 

was withdrawn from the cuff as much as possible and then 

re-injected with 0.5 ml increments until stethoscopic control 

over the suprasternal notch showed no audible leak during 

inspiratory phase. The volume of air injected to inflate the cuff 

(sealing volume, SV), Pcuff at SV (sealing pressure, SP) and peak 

inspiratory pressure (PIP) were recorded. SP was measured at the 

inspiratory end point. The administration of N2O：O2 (50：50) 

was started after the 10-ml syringe connected to the three-way 

stopcock was replaced by a 1-ml syringe. From the point when 

inspired N2O concentration was increased to 50%, Pcuff was 

monitored continuously. Whenever the Pcuff reached 22 mmHg, 

gas in the cuff was aspirated using the 1-ml syringe to de-

crease the pressure to SP. Elapsed time to the first deflation of 

Fig. 1. Example of the graphic extrapolation method for determination 

of residual volume. The slope of the extrapolated line was divided by 

the cuff residual volume to determine the specific compliance of the 

cuff.
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cuff (1-CP22), deflation volume at that time (DV1), and the 

frequency of cuff deflation during the course of anesthesia were 

recorded. If the Pcuff decreased below SP and air leak occurred, 

we reinflated the cuff with air in order to increase the Pcuff to 

SP. Patients whose SP exceeded 22 mmHg were excluded from 

the study. General anesthesia was maintained with 50% nitrous 

oxide in oxygen and either isoflurane or enflurane. Muscle 

relaxation was maintained with vecuronium to the degree at 

which one or two responses to TOF stimulations appeared. All 

patients were supine with the head and neck placed in the 

neutral position throughout the study. The diameters of the 

trachea (TD) were measured at T1 level from the preoperative 

posterior-anterior chest radiograph, after taking into account its 

magnification factor (1.3 at our institution). Duration of anes-

thesia was recorded. Because we monitored Pcuff as an index of 

tracheal wall pressure, SV/RV was calculated. When SV/RV 

was less than unity, Pcuff was considered to approximate lateral 

wall pressure.11)

  It was estimated that with seventeen patients per group, a 

difference of 50% in the frequency of cuff deflation between 

groups could be detected with a statistical power of 80% and a 

cutoff point for significance of 0.05. Of eighty patients 

consented for the study, 3, 2, 2 and 3 patients in Group F-A, 

F-B, M-A and M-B, respectively, showed a SP exceeding 22 

mmHg and were excluded because tube sizes were considered 

inappropriate. Data were presented as mean ± SD. Kruskal- 

Wallis test was used for comparison of characteristics of 

endotracheal tubes. Both correlations between TD and SP, and 

between TD and SV/RV were assessed using Spearman's 

correlation coefficient. Mann-Whitney U test was used for 

comparisons between the two means. Proportional data were 

evaluated with the χ2 test. The influence of various factors on 

the need for deflation of cuff was determined by logistic 

regression test. A P value of ＜ 0.05 was considered 

statistically significant. The statistical analysis was performed 

with SPSS for Windows Version 11.0 (SPSS Inc., Chicago, IL).

RESULTS

  Characteristics of endotracheal tubes are shown in Table 1. 

In size 7.0, RV, Ccuff and V22 of tube type A were significantly 

higher than those of type B. In size 7.5, Ccuff and V22 of tube 

Table 1. Wire-reinforced Endotracheal Tube Characteristics

ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
Tube type A Tube type B 

Tube brand ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
7.0 mm ID 7.5 mm ID  7.0 mm ID 7.5 mm ID 
(n = 6) (n = 6) (n = 6) (n = 6)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
RV (ml)  6.3 ± 0.2*†  7.2 ± 0.3*  4.7 ± 0.4†  8.4 ± 0.5

Ccuff (μl/mmHg/ml) 43.7 ± 2.0* 46.6 ± 3.0* 11.6 ± 2.9  8.7 ± 0.7

V22 (ml) 11.9 ± 0.5*† 13.9 ± 0.3*  5.9 ± 0.4† 10.0 ± 0.5
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Values are mean ± SD. Tube type A: Safety-Flex

TM
 reinforced tracheal tube, Tube type B: Insung

Ⓡ
 reinforced endotracheal tube, ID: 

internal diameter. RV: residual volume, Ccuff: specific cuff compliance, V22: intracuff volume at 22 mmHg of intracuff pressure. *P ＜0.05 

versus Type B of identical ID. 
†
P ＜ 0.05 versus 7.5 mm ID tube of identical brand.

Table 2. Tracheal Diameter (TD), Sealing Volume (SV), Sealing Volume/Residual Volume (SV/RV), Sealing Pressure (SP), and Peak Inspi-
ratory Pressure (PIP) in Each Group
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ
Group TD (mm) SV (ml) SV/RV SP (mmHg) PIP (cmH2O)

ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
 F-A (n = 17) 13.0 ± 2.0 2.7 ± 0.9 0.42 ± 0.14  9.4 ± 3.3 13.9 ± 3.4

 F-B (n = 18) 13.3 ± 1.9 2.4 ± 0.9 0.51 ± 0.19 10.2 ± 4.6 15.1 ± 3.4

 M-A (n = 18) 14.9 ± 2.6 4.9 ± 1.5 0.68 ± 0.20    9.4 ± 4.0* 14.6 ± 3.1

 M-B (n = 17) 15.0 ± 3.3 4.8 ± 1.9 0.58 ± 0.23 13.2 ± 4.6 14.9 ± 3.3
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Values are mean ± SD. Group F-A: female, Safety-Flex

TM
 reinforced tracheal tube, 7.0 mm internal diameter (ID), Group F-B: female, 

Insung
Ⓡ
 reinforced endotracheal tube, 7.0 mm ID, Group M-A: male, Safety-Flex

TM
 reinforced tracheal tube, 7.5 mm ID, Group M-B: male, 

Insung
Ⓡ
 reinforced endotracheal tube, 7.5 mm ID. *P ＜ 0.05 versus Group M-B.
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type A were significantly higher than those of type B but RV 

of tube type A was significantly smaller than that of type B. 

  No significant differences were found in TD, SV, SV/RV, 

SP, and PIP between Groups F-A and F-B. This was also true 

except for the parameter of SP between Groups M-A and 

M-B. SP in Group M-A was significantly lower than that in 

Group M-B (P ＜ 0.05) (Table 2). In all groups, there were 

no correlations between TD and SP or SV/RV. 

  Significantly more patients in Group F-B needed cuff defla-

tion during the course of anesthesia to keep the Pcuff below 22 

mmHg than patients in Group F-A (89% and 47%, respec-

tively) (P ＜ 0.05). Likewise, patients who needed cuff defla-

tion were significantly more in Group M-B than in Group 

M-A (82% versus 39%) (P ＜ 0.05). In the cases that needed 

cuff deflation, 1-CP22 of Group F-A (49.5 ± 31.9 min) and 

Group M-A (65.6 ± 37.4 min) was significantly longer than 

that of Group F-B (11.3 ± 6.9 min) and Group M-B (16.1 

± 16.9 min), respectively (P ＜ 0.05). Also, DV1 of Group 

F-A (0.7 ± 0.4 ml) and Group M-A (1.0 ± 0.3 ml) was 

significantly larger than that of Group F-B (0.4 ± 0.1 ml) 

and Group M-B (0.5 ± 0.3 ml), respectively (P ＜ 0.05) 

(Table 3). Frequency of cuff deflation during the first eighty 

minutes of N2O administration in all four groups is shown in 

Fig. 2. Significantly more patients in Group F-B (89%) and 

Group M-B (77%) needed cuff deflation at least once 

compared to those in Group F-A (41%) and Group M-A 

(28%), respectively (P ＜ 0.05). The mean frequency of cuff 

deflation was significantly higher in Group F-B (2.2 ± 1.7) 

and Group M-B (3.5 ± 3.3) than in Group F-A (0.6 ± 0.9) 

and Group M-A (0.4 ± 0.6), respectively (P ＜ 0.05). 

  To investigate the influence of factors other than type of 

endotracheal tube on the need for deflation of cuffs, logistic 

regression analysis was performed in patients intubated with tube 

type A and type B, separately. Possible predictor variables 

considered were SP, SV/RV, TD, and duration of N2O anesthe-

sia. Among these factors, only SP had a strong correlation in 

affecting the need for deflation of cuffs in both tube types A 

and B (P ＜ 0.05). Sealing pressure was significantly higher in 

patients who needed deflation than those who did not in both 

tubes type A and B (P ＜ 0.05) (Table 4). 

  There were eleven patients (65%) in Group F-B and five 

(29%) in Group M-B that had air leaks due to decrease in 

Pcuff below SP after repeated cuff deflation during anesthesia. 

On the other hand, no patient in Group F-A and Group M-A 

showed air leak. The mean elapsed time from N2O 

administration to the first appearance of air leak was 85.5 ± 

42.8 min in Group F-B, and 166.4 ± 94.5 min in Group 

M-B. The shortest interval to air leak was 31 min in Group 

F-B and 35 min in Group M-B. 

DISCUSSION

  We found significant differences in the frequency of defla-

Table 3. The Time until Intracuff Pressure Reaches 22 mmHg 
First (1-CP22) and Deflation Volume at That Time (DV1) in Each 
Group
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Group 1-CP22 (min) DV1 (ml)
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
 F-A (n = 17) 49.5 ± 31.9* 0.7 ± 0.4*

 F-B (n = 18) 11.3 ± 6.9 0.4 ± 0.1

 M-A (n = 18) 65.6 ± 37.4
†

1.0 ± 0.3
†

 M-B (n = 17) 16.1 ± 16.9 0.5 ± 0.3
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Values are mean ± SD. Group F-A: female, Safety-Flex

TM
 rein-

forced tracheal tube, 7.0 mm internal diameter (ID), Group F-B: 

female, Insung
Ⓡ
 reinforced endotracheal tube, 7.0 mm ID, Group 

M-A: male, Safety-Flex
TM
 reinforced tracheal tube, 7.5 mm ID, 

Group M-B: male, Insung
Ⓡ
 reinforced endotracheal tube, 7.5 mm 

ID. *P ＜ 0.05 versus Group F-B. 
†
P ＜ 0.05 versus Group M-B. 

Fig. 2. Frequency of cuff deflation in each group during the first eighty 

minutes of N2O administration. Significantly more patients in Group 

F-B (n = 18) and Group M-B (n = 17) needed cuff deflation than those 

in Group F-A (n = 17) and Group M-A (n = 18), respectively (P ＜ 

0.05). Group F-A: female, Safety-Flex
TM
 reinforced tracheal tube, 7.0 

mm internal diameter (ID), Group F-B: female, Insung
Ⓡ
 reinforced 

endotracheal tube, 7.0 mm ID, Group M-A: male, Safety-Flex
TM
 

reinforced tracheal tube, 7.5 mm ID, Group M-B: male, Insung
Ⓡ
 

reinforced endotracheal tube, 7.5 mm ID.
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tion of air-filled cuffs to keep the Pcuff below 22 mmHg dur-

ing N2O anesthesia when two different wire-reinforced endo-

tracheal tubes were used (Fig. 2). Also, there were significant 

differences in 1-CP22 and DV1 between the two different types 

of endotracheal tubes (Table 3). During N2O anesthesia, the 

main cause of increase in Pcuff is the diffusion of N2O into the 

air-filled cuff, although diffusion of oxygen into the cuff and 

the warming of gases inside the cuff may partially play a role. 

The diffusion of N2O into the cuff is affected by various 

factors including the cuff characteristics, the difference in 

partial pressure of N2O inside and outside the cuff, and the 

exposure time to N2O. Because we did not measure the 

concentration of N2O in the cuffs, the difference in the 

diffusion of N2O into the cuffs between two types of 

endotracheal tubes couldn't be verified. However, significantly 

higher DV1 and longer 1-CP22 in patients intubated with tube 

type A (Table 3) is partially attributed to the higher Ccuff of 

tube type A compared to tube type B (Table 1). Karasawa et 

al.13) compared the changes of Pcuff, cuff volume, and N2O 

concentrations between ordinary endotracheal tubes and the 

profile of the soft-seal cuffTM (PSSC; Sims Portex, Kent, UK) 

with N2O gas-barrier properties during N2O anesthesia. They 

concluded that the PSSC inhibited the increase in Pcuff during 

N2O anesthesia. They suggested the higher compliance of the 

cuff, rather than the N2O gas-barrier properties of PSSC, as 

the main mechanism underlying the inhibition of an increase in 

the Pcuff. Although we used the ordinary wire-reinforced endo-

tracheal tubes with polyvinyl chloride (PVC) cuffs that did not 

have extra mechanism against N2O diffusion into the cuffs, 

four- to five-fold difference in Ccuff was found between the 

two types of endotracheal tubes. Our results suggest that high 

compliance of cuffs is probably one of the most important 

factors contributing to the decrease in need for deflation of 

cuff volume to avoid excessive Pcuff during N2O anesthesia.

  In addition to the design of the endotracheal tubes, SP was 

a factor that significantly affected the need for deflation of 

cuffs to keep the Pcuff below 22 mmHg. This finding is 

consistent with our previous study that evaluated factors 

affecting the Pcuff of standard endotracheal tube during N2O 

anesthesia.14) Also, the mean SP in patients who needed 

deflation of cuffs (12-13 mmHg) was significantly higher 

than that in ones who did not (6-7 mmHg) (Table 4). There-

fore, in clinical cases with SP over 10 mmHg, closer monitor-

ing of Pcuff is needed, especially in prolonged anesthesia. 

  In theory, when the endotracheal tubes of same cuff char-

acteristics and same size are used, increment in TD increases 

the space between the cuff and the tracheal wall, requiring 

larger SV and thus results in higher SP. However, there were 

no correlations between TD and SP or SV/RV in all of our 

groups. The discrepancy may be due to the differences of PIP 

among individuals and distensibility of trachea. The exact 

reason is not known. 

  It is the lateral wall pressure not the Pcuff itself that causes 

the tracheal damage. Therefore, the lateral wall pressure should 

be maintained below the tracheal capillary perfusion pressure 

ranging between 25-35 mmHg.15) The use of Pcuff as a 

measure of cuff pressure safety assumes that Pcuff is equal to 

lateral pressure exerted on the tracheal mucosa.3) However, not 

everyone agrees with this idea. Off et al.16) reported that 

22.3% of their patients had a high Pcuff that could not be 

corrected to a safe range (＜ 25 mmHg) by using the minimal 

leak technique. This is a method of cuff inflation in which a 

small leak is allowed to occur at peak airway pressure on 

inspiration. They concluded that the inability to correct the 

high Pcuff to a safe range was attributed to higher peak and 

static airway pressures in those patients. In order to minimize 

the possibility of high Pcuff due to high airway pressure in our 

study, we excluded all patients with pulmonary disease. The 

PIP of our patients was 14-15 mmHg. Meanwhile, whereas 

the Pcuff of low-volume, high-pressure cuff cannot be regarded 

as a good index of the pressure exerted by the cuff on the 

tracheal wall,17) lateral wall pressure can be assessed from Pcuff 

Table 4. Sealing Pressure and Duration of N2O Anesthesia in 
Patients with or without the Need for Cuff Deflation 
ꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚꠚ

Cuff deflation
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ

No Yes
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Tube type A

  Sealing pressure (mmHg)  7.2 ± 3.1 12.3 ± 1.7*

  Sealing volume/residual volume  0.49 ± 0.21 0.65 ± 0.21

  Tracheal diameter (mm) 11.9 ± 1.5 12.2 ± 1.7 

  Duration of N2O anesthesia (min) 166 ± 77 176 ± 62 

Tube type B

  Sealing pressure (mmHg)   6.2 ± 4.5 12.6 ± 4.3*

  Sealing volume/residual volume  0.44 ± 0.12 0.56 ± 0.22

  Tracheal diameter (mm)  12.0 ± 1.9 12.1 ± 2.7 

  Duration of N2O anesthesia (min) 146 ± 56 152 ± 60  
ꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏꠏ
Values are mean ± SD. Tube type A: Safety-Flex

TM
 reinforced 

tracheal tube, Tube type B: Insung
Ⓡ
 reinforced endotracheal tube. 

*P ＜ 0.05 versus “no cuff deflation”. 
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with reasonable confidence in high-volume, low-pressure 

cuffs.18) Lewis et al.3) asserted that Pcuff is more relevant than 

lateral wall pressure in actual use because Pcuff required at the 

point of tracheal occlusion is minimal if endotracheal tubes 

with soft, easily distensible cuffs are used. In this case, the 

lateral wall pressure compared to the Pcuff will be only 2-4 

mmHg less and, hence, considered to be equivalent. In 

particular, when the SV/RV was less than 1.0, wall pressure 

tended to be low (＜ 35 mmHg) and the Pcuff closely 

approximated the wall pressure.11) In our study, the SV/RV 

was less than 1.0 in all patients, thus Pcuff was used as an 

approximation of the lateral wall pressure.

  We maintained Pcuff below 22 mmHg throughout the 

procedure based on the study of Seegobin and van Hasselt.6) 

They assessed tracheal mucosal blood flow in forty patients 

undergoing surgery using an endoscopic photographic technique 

while varying the cuff inflation pressure. They reported that 

the obstruction to mucosal blood flow was evident at a Pcuff 

above 22 mmHg (30 cmH2O), and recommended that a cuff 

inflation pressure of 22 mmHg should not be exceeded. 

  Interestingly, air leak after repeated deflation of cuff was 

observed in 65% of females and 29% of males when tube 

type B was used during administration of N2O. On the other 

hand, no patient showed air leak when tube type A was used. 

Karasawa et al.19) showed that when the air-filled cuffs were 

aspirated repeatedly for four hours during N2O anesthesia, Pcuff 

stabilized without air leak. Also, the N2O concentration in the 

cuff did not significantly change during the subsequent N2O 

inhalation for three hours. After discontinuation of N2O, air 

leak might occur in the air-filled cuff if the cuff is aspirated 

to avoid excessive pressure during anesthesia because Pcuff 

decreases due to N2O rediffusion into the air.
20) Contrary to 

our expectations, air leaks did occur in our patients when tube 

type B was used even during N2O inhalation. Although the 

precise mechanisms of that are unclear, the low Ccuff of tube 

type B and the difference in diffusibility of N2O through the 

cuff between tube types A and B might play a role. In both 

tubes type A and B, tracheal tube cuffs were made of 

polyvinyl chloride. However, physical characteristics other than 

material, such as cuff thickness or the area available for 

diffusion, would affect N2O diffusion. High diffusibility of 

N2O through the cuff wall might make the N2O concentration 

in the cuff rise rapidly in tube type B. As the N2O concen-

tration increased, partial pressure gradient across the cuff would 

decrease, resulting in gradual diminution of N2O influx into 

the cuff. In the mean time, the gas within the pilot balloon 

would be similar in composition to the gas within the tracheal 

cuff, by repeated cuff deflation and by the pump action of 

changing airway pressure during ventilation. Increased N2O 

concentration in the pilot balloon and the tracheal cuff might 

facilitate N2O rediffusion through the pilot balloon into the air 

and through the pharyngeal side of the cuff into the 

oropharyngeal cavity, down its partial pressure gradient. If N2O 

efflux caused by rediffusion exceeded N2O influx into the cuff, 

Pcuff would decrease by degrees, thereby increasing the risk of 

air leak even during N2O administration. Another possible 

explanation of the occurrence of air leaks may be the folds in 

the cuff wall material. In the presence of folds within the cuff 

wall, deflation of cuffs might lead to decrease in Pcuff below 

SP, thereby causing air leaks. In the meantime, it is unclear 

why more air leaks occurred in Group F-B than in Group 

M-B. Study using a model trachea would be helpful in 

elucidating the reason for this disparity.

  In conclusion, we have shown that the use of wire-rein-

forced endotracheal tubes with high Ccuff decreases the 

incidence of the need for deflation of air-filled cuffs to keep 

the Pcuff below 22 mmHg during N2O anesthesia. It also de-

creases the frequency of deflation in the cases requiring cuff 

deflation. Moreover, low compliance of cuffs might play a role 

in the air leaks after repeated cuff deflation to avoid excessive 

Pcuff, even during administration of constant concentration of 

N2O. In this regard, selection of endotracheal tubes with high 

cuff compliance is more useful in clinical practice. In addition 

to the characteristics of the cuffs, SP is another factor that 

affects the need for deflation of cuffs. Therefore, in the cases 

with SP over 10 mmHg, closer monitoring of Pcuff is needed, 

especially if the duration of procedure is prolonged. 

REFERENCES

 1. Stauffer JL, Olson DE, Petty TL: Complications and consequences 

of endotracheal intubation and tracheotomy. A prospective study 

of 150 critically ill adult patients. Am J Med 1981; 70: 65-76.

 2. Klainer AS, Turndorf H, Wu WH, Maewal H, Allender P: Surface 

alterations due to endotracheal intubation. Am J Med 1975; 58: 

674-83.

 3. Lewis FR Jr, Schlobohm RM, Thomas AN: Prevention of 

complications from prolonged tracheal intubation. Am J Surg 

1978; 135: 452-7.

 4. Bernhard WN, Yost L, Joynes D, Cothalis S, Turndorf H: Intracuff 

pressures in endotracheal and tracheostomy tubes. Related cuff 



 Sinyoung Kang, et al：Intracuff Pressure during N2O Anesthesia

S7

physical characteristics. Chest 1985; 87: 720-5.

 5. Jensen PJ, Hommelgaard P, Sondergaard P, Eriksen S: Sore throat 

after operation: influence of tracheal intubation, intracuff pressure 

and type of cuff. Br J Anaesth 1982; 54: 453-7.

 6. Seegobin RD, van Hasselt GL: Endotracheal cuff pressure and 

tracheal mucosal blood flow: endoscopic study of effects of four 

large volume cuffs. Br Med J 1984; 288: 965-8.

 7. Stanley TH: Nitrous oxide and pressures and volumes of high- and 

low-pressure endotracheal-tube cuffs in intubated patients. Anes-

thesiology 1975; 42: 637-40.

 8. Stanley TH, Kawamura R, Graves C: Effects of nitrous oxide on 

volume and pressure of endotracheal tube cuffs. Anesthesiology 

1974; 41: 256-62.

 9. Tu HN, Saidi N, Leiutaud T, Bensaid S, Menival V, Duvaldestin 

P: Nitrous oxide increases endotracheal cuff pressure and the 

incidence of tracheal lesions in anesthetized patients. Anesth Analg 

1999; 89: 187-90.

10. Sperry RJ, Johnson JO, Apfelbaum RI: Endotracheal tube cuff 

pressure increases significantly during anterior cervical fusion with 

the Caspar instrumentation system. Anesth Analg 1993; 76: 

1318-21.

11. Tonnesen AS, Vereen L, Arens JF: Endotracheal tube cuff residual 

volume and lateral wall pressure in a model trachea. Anes-

thesiology 1981; 55: 680-3.

12. Doyle DJ: Digital display of endotracheal tube cuff pressures made 

simple. Anesthesiology 1999; 91: 329.

13. Karasawa F, Mori T, Okuda T, Satoh T: Profile soft-seal cuff, a 

new endotracheal tube, effectively inhibits an increase in the cuff 

pressure through high compliance rather than low diffusion of 

nitrous oxide. Anesth Analg 2001; 92: 140-4.

14. Baik HJ, Kim JH, Lee CH: Factors affecting the intracuff pressure 

of an endotracheal tube during general anesthesia using nitrous 

oxide. Korean J Anesthesiol 2002; 42: 50-5.

15. Ching NP, Ayres SM, Spina RC, Nealon TF Jr: Endotracheal 

damage during continuous ventilatory support. Ann Surg 1974; 

179: 123-7.

16. Off D, Braun SR, Tompkins B, Bush G: Efficacy of the minimal 

leak technique of cuff inflation in maintaining proper intracuff 

pressures for patients with cuffed artificial airways. Respir Care 

1983; 28: 1115-20.

17. Adriani J, Phillips M: Use of the endotracheal cuff: some data pro 

and con. Anesthesiology 1957; 18: 1-14.

18. Black AM, Seegobin RD: Pressures on endotracheal tube cuffs. 

Anaesthesia 1981; 36: 498-511.

19. Karasawa F, Matsuoka N, Kodama M, Okuda T, Mori T, Ka-

watani Y: Repeated deflation of a gas-barrier cuff to stabilize cuff 

pressure during nitrous oxide anesthesia. Anesth Analg 2002; 95: 

243-8.

20. Karasawa F, Mori T, Kawatani Y, Ohshima T, Satoh T: Defla-

tionary phenomenon of the nitrous oxide-filled endotracheal tube 

cuff after cessation of nitrous oxide administration. Anesth Analg 

2001; 92: 145-8.


