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Abstract

ORIGINAL ARTICLE

Background: Improper inflation of endotracheal tube cuff is associated with various complications. Recently,
there has been high referral of patients with post-intubation complications to the clinics affiliated to Shiraz Uni-
versity of Medical Sciences. Herein, we examined the practice of cuff pressure monitoring at 9 adult intensive
care units in 3 university-affiliated hospitals.

Methods: The present study was performed on 57 tracheally intubated patients, whose cuff pressures were
measured using either a cuff pressure gauge on 12 patients (Group 1) or manual palpation of the pilot balloon on
45 cases (Group 2) during summer 2004. The intracuff pressure (P1), intracuff volume (V1), and pressure ex-
erted by the cuff against the tracheal mucosa (AP) were determined., analyzed and compared with the recom-
mended values.

Results: The Py in Group 1 was 35.3 +32.8 SD cmH;0, with 33.3% of the patients having values below 20
cmH0. In group two, P; was 88.8+27.1 cmH;0, all of which being above 40 cmH,0. The AP for the Groups 1
and 2 were 16.3 £11.1SD cm H,O and 35.5 £15.6 cm H,O, respectively.

Conclusion: Our findings indicated that manual palpation of balloon cuff to monitor cuff pressure was not an
accurate procedure. They also suggested that measures to increase the knowledge and skills of ICU staff and

posting of cuff pressure monitoring protocols might help improve the practice.
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Introduction

Proper inflation of endotreacheal tube cuff during
anesthesia or critical care setting is of vital impor-
tance in ensuring adequate ventilation, preventing the
complications of intubation, and protecting against
pulmonary aspiration of gastric content." Over or un-
der inflation of the cuff is associated with a number
of grave complications. Overinflation have been re-
ported to cause tracheal rupture? tracheal stenosis,’
tracheal mucosal erosion,* tracheal pain,” tracheo-
malacia,® tracheoesophagesal fistula,” cartilage lesion,?
sore throat,® recurrent laryngeal nerve palsy,® vocal
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cord granulomas and ulceration,’® vocal cord paraly-
sis," vocal cord dysfunction,” laryngeal injury,™ and
hoarseness.”® On the other hand, complications relat-
ing to under-inflation include leaks of the tidal vol-
ume post-extubation stridor,”® laryngotracheal
edema,™ as well as microaspiration of oropharyngeal
secretions.™ A variety of methods have been advo-
cated to avoid over- or under inflation of endotracheal
tube cuff, namely frequent cuff pressure measurement
by a cuff pressure gauge (CPG),""*® no leak test and
manual palpation of the pilot balloon. However, fre-
quent cuff pressure measurement by a CPG remains
the most accurate procedure.®® In recent years, we
have encountered unacceptably high number of pa-
tients with post-intubation complications referring to
university-affiliated thoracic surgery and Ear, Nose
and Throat clinics. Considering the role of cuff infla-
tion in the post-intubation complications, the objec-
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tive of the present study was to compare the methods
of tracheal tube care in 3 teaching hospitals affiliated
to Shiraz University of Medical Sciences.

Materials and Methods

The study was performed according to the guiddines
of local ethics committee on clinical research..The
study subjects were patients (n=57) requiring tracheal
intubation hospitalized in 9 intensive care units (ICUs)
during summer 2004 in Namazi, Faghihi and Chamran
teaching hospitals affiliated to Shiraz University of
Medical Sciences. Patients with unstable cardiopul-
monary status, airway tumors, respiratory anatomical
anomalies, and upper respiratory problems were ex-
cluded from the study. The patients were divided into
two groups based on the method of monitoring of the
intracuff pressure in the intensive care units. Thefirst
group (n=12) including 10 males and 2 female, were
patients in whom the intracuff pressure was monitored
by a CPG. The second group of patients (n=45), com-
prised 35 males and 10 females in whom the pressure
was monitored by "no leak test" and manual palpation
of the pilot balloon. The endotracheal tubes used were
ather SUPA (high volume-low pressure, SUPA Medi-
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cal Devices) or Kendall (high resting cuff diameter,
Tyco/heglthcare, Sampran). The type and size of en-
dotracheal tubes and duration of intubation were re-
corded for each patient. Complete suctioning of oro-
pharyngeal secretions was then performed, and after-
wards the patients' intracuff pressure (P;) and intracuff
volume (V,) were measured by a CPG (VBM, Mediz-
inteknik, Germany) and a 20 ml syringe, respectively.
Having measured the intracuff volume, the aspirated
air was immediately returned to the cuff. Subse-
quently, the in vitro compliance curves for the tracheal
tube used were determined employing another tube
with the same brand and size. To determine the curves,
intra cuff volume was increased stepwise by one ml
increments and the intra cuff pressure was measured
by the same CPG (Figure 1). The pressure exerted by
the cuffs on the tracheal mucosa (AP) was calculated
using the following formula:**

AP=P1 - P2

Where, P, is the intracuff pressure following in vi-
tro inflation of the tube cuff by V1.

The data, presented as mean + SD, were com-
pared by unpaired student t or Mann-Whitney test
using Statistical Package for Social Sciences (SPSS)
version 11.5. A P value of <0.05 was considered sta-
tistically significant.
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Fig 1: Cuff compliance curves in different sizes of Kendall endotracheal tubes.

224 WWW.irmj.ir Vol 10 July 2008


http://www.irmj.ir

Results

There was no significant difference in the duration of
intubation between Group 1 in which the intracuff
pressure was monitored by a CPG (4.0+2.8 days) and
Group 2 whose cuff pressure were monitored by "no
leak test" and manual palpation of the pilot balloon
(4.145.1 days). However, the age of patients in
Group 1 (36.5+17 years) was significantly lower than
that of group 2 (53.5 + 18.8 years). The intracuff
pressures in Groups 1 and 2 were 35.3+32.8 cmH,0
and 88.8+27.1 cmH,0, respectively with correspond-
ing intracuff volumes of 9.1+3.7 ml and 15.5+4.1 ml.
The calculated pressures exerted on tracheal mucosa
(AP) for Group 1 (16.3+11.1 cmH,O) was signifi-
cantly lower than that of Group 2 (35.5£15.6 cmH0)
(Tables1 and 2).

Discussion

A number of procedures have been proposed for moni-
toring the appropriate tracheal cuff pressure, among
which CPG is the highly recommended and most rdli-
able method.”*® The pressure exerted by the cuff on
the tracheal wall, seems to be the major factor respon-
sible for the complications of cuff's overinflation.??
Such a pressure, which is largely determined by the
compliance of the tracheal tube cuff, is recommended
to be less than that established by mucosal perfusion
(30 cmH,0).?* Various methods have been employed
for the measurement of pressure exerted by the cuff on
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the tracheal wall; however, no single method is entirely
satisfactory.®® The most accurate methods in cluded
microchip transducers implanted between the cuff and
tracheal mucosa®™?’ and estimation of the pressure us-
ing calculated cuff compliance. This study employed
the latter method, which was reported to provide meas-
urements comparable to those made by the former.®In
the present study, the pressure exerted on the tracheal
mucosa in patients in whom the intracuff pressure was
monitored by palpation, was relatively higher than the
recommended values. However, such a pressure was
relatively lower in patients in whom the intracuff pres-
sure was monitored by CPG. The values of intacuff
pressure measured by CPG were not normally distrib-
uted, which led to a large standard deviation. This
might equally be attributed to the small sample size or
the inherent variability of the data. The involvement of
ether of these factors in bringing about large standard
deviations needs further investigation. Our results are
compatible with those of previous studies that demon-
strated the inadequacy of manual palpation technique
to estimate appropriate cuff pressures.®® In the ICUs,
where the present study was conducted, the cuff pres-
sure was underestimated, because it was mainly moni-
tored by palpation. This condition as well as higher
pressure exerted on tracheal mucosa might account for
the high incidence of patients referring to our clinics
with overinfaltion and resultant tracheal stenosis, The
acceptable minimum intracuff pressure is bdieved to
be 20 cmH,0.*** However, there is no universal con-
sensus about acceptable maximum values of intracuff
pressure which according to previous studies it might
range from 25 to 40 cmH,0.%** Patients whose

Table 1: The values of age, intubation time, intracuff volume (V,), intra cuff pressure (P;) and the pressure ex-
erted on tracheal mucosa (DP) from group one and two. The comparisons were made using student t test.

Parameter Group 1 Group 2 P value
Age(year) 36.5+ 17 53.5+18.8 0.007
Intubation time(day) 4+238 41+51 0.343
Vi (ml) 9.1+3.7 155+ 4.1 .000
P1(cmH,0) 35.3+32.8 88.8+27.1 .000
DP(cmH,0) 16.3+11.1 35.5 +15.6 .000

Table 2: The percent and number sex and brand of endotracheal tube in group 1 (G;) and group 2 (G,).

Group 1 Group 2
Male 10 (83.3%) 35 (77.8%)
Female 2 (16.7%) 10 (22.2%)
Supa tube 11 (91.7%) 32 (71.1%)
Kendall tube 1 (8.3%) 13 (28.9%)
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intracuff pressures were monitored by palpation tech-
nique had an intracuff pressure of more than 40
cmH,0, whereas the corresponding value measured by
CPG were lower than 20 cmH0.

Regardless of the problems associated with the
palpation method to monitor intracuff pressure, the
findings of present study might indicate the inade-
quate training and/or skill of nursing staff for ICUs at
the hospitals studied. Moreover, lack of written
posted protocols, which the staff could refer to refresh
ther awareness of the procedure, might have been im-
portant in the poor practices observed. The mean age of
the patients in Group 1 was significantly lower than that
in Group 2. This difference in age, although undesirable
in a comparative study, can rardy influence the results,
since no rdationship existed between the patients’ age
and the size of proper endotracheal tube, cuff pressure
sedl or needed intracuff pressurein adults.

In conclusion, the results of present study showed

that monitoring of cuff pressure by palpation was less
efficient and should be superseded by more accurate
methods such as CPG. The other issues that help re-
duce complications of tracheal intubation, include
adequate training of nursing staff and their continuous
professional practice through modification of nursing
curriculum and posting the foregoing written proto-
cols. The study; however, suffered from a drawback
of unequal sample sizes assigned to the groups under
study. Therefore, the findings of the must be inter-
preted in the light of such a limitation.
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