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ABSTRACT
BACKGROUND & AIM
During Nitrous Oxide+ Oxygen anaesthesia and during laparoscopic surgeries using carbon dioxide for creating
pneumoperitoneum, if cuff of endotracheal tube is inflated with air, cuff pressure can rise to dangerous limits and it can produce
ischemia of tracheal mucosa. Hence distilled water as an alternative agent to air for inflation of cuffs of endotracheal tubes
was used for our study. Our aim is to investigate the difference in increase of intra-cuff pressure with time during laparoscopic
surgical procedures under general endotracheal anaesthesia with Nitrous oxide+ Oxygen+ relaxant technique when cuffs of
endotracheal tube were inflated by air & distilled water.
METHODS
Fifty patients (n=50) undergoing different laparoscopic surgical procedures under general endotracheal anaesthesia were
randomly divided into 2 groups. In group A, air was used & in group D, distilled water was used to inflate the cuffs of
endotracheal tubes. General anaesthesia was given with Nitrous oxide+ Oxygen+ relaxant technique. The intra-cuff pressures
of endotracheal tube cuffs were recorded in the beginning and at the end of laparoscopic surgical procedures. Increase of
pressures with time were recorded and analysed.
RESULTS
In group in whom we inflated the cuffs with air, there was a significant increase in intra-cuff pressures with time and there
was definite diffusion of gases into the cuffs. Increase of pressure with time was statistically highly significant (P=0.00001).
But in group in whom we used distilled water to inflate the cuffs, there was no change in the volume of water used for inflation
and water came out of cuffs at the end of the laparoscopic surgical procedures. No additional air could be aspirated from the
cuffs at the end of laparoscopic surgeries in distilled water group, indicating that there was no diffusion of gases into the cuffs
or the gases diffused got dissolved in distilled water. Hence there was no increase of volume distilled water. Hence there was
absolutely no change of intra cuff pressure with time in distilled water group of patients. Absolutely, no change of intra-cuff
volume and pressure with time in distilled water group. There was statistically significant increase of intra-cuff pressure with
time (P=0.00001) in group of patients in whom we used air to inflate the cuffs of endotracheal tubes.
CONCLUSION
Distilled water may be considered as more preferable agent than air for inflation of cuffs of endotracheal tubes during
laparoscopic surgical procedures under general anaesthesia with Nitrous oxide+ Oxygen+ relaxant technique.
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INTRODUCTION: Endotracheal intubation is an important
step during general anaesthesia for laparoscopic surgeries.
Inflation of cuff is done (a) to save anaesthetic gases and
vapours, (b) to prevent aspiration of secretions from oral
cavity and regurgitated gastric secretions, (c) to ventilate
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lungs with required tidal volume and pressure, (d) to prevent
displacement of endotracheal tube with change of position
of head.(1) During anaesthesia with Nitrous oxide+ oxygen,
due to diffusion of Nitrous oxide into cuff, intra-cuff pressure
increases with time of GA and with IPPV.(2) During
laparoscopy carbon dioxide gas is generally used to create
pneumoperitoneum to allow endoscopic surgical procedure.
This gas also diffuses into the cuff and adds to the increase
of intra-cuff pressure.(3) IPPV increases intra-thoracic
pressure, can transmit some positive pressure into cuff and
hence adds to increase of intra-cuff pressure.(3) Pressure
from outside in the form of retraction of trachea during
thyroidectomy, anterior spinal fusion procedure and other
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neck surgeries can add to the increase of intra-cuff
pressure.(4)
The intra-cuff pressure rises sometimes to dangerous
levels resulting in (a) ischemia of tracheal mucosa, causing
tracheal ulceration (b) oedema of respiratory passage
resulting in croup and respiratory insufficiency, (c)
tracheobronchitis, (d) tracheal stenosis, (e) negative
pressure pulmonary oedema, (f) Iatrogenic tracheooesophageal fistulas, (g) laryngeal complications resulting in
change of voice and vocal nodules and (h) recurrent
laryngeal nerve palsies.(5),(6),(7),(8),(9),(10),(11) All these
complications are avoidable with simple precaution,
monitoring of intra-cuff pressure periodically, and avoiding
all manoeuvres which can increase intra-cuff pressure.
Various authors have advised various techniques to avoid
raise of intra-cuff pressure during laparoscopic surgeries. In
our study, we used distilled water for inflation of cuff and
compared it with inflation by air.
METHODS: After clearance from Ethics Committee of our
Hospital and after taking informed consent in writing, 50
patients (n=50) posted for elective and emergency
laparoscopic surgeries under general anaesthesia were
randomly divided into two groups. 25 patients in Group A
(n=25) and 25 patients in Group D (n=25).
We had selected the following groups of patients for our
study (1) ASA 1 to 3, elective and emergency surgeries, (2)
Ages between 15- 60 years, (3) both sexes (4) controlled
diabetes and hypertension.
We excluded the following groups of patients from our
study (1) ASA 4 and 5, (2) complex biochemical problems
like diabetic ketoacidosis (3) unstable cardiovascular,
respiratory, CNS and renal function (4) pregnant women, (5)
children below 15 years and very old patients above 60
years.
There were 17 male patients and 33 female patients in
our study. Portex endotracheal tubes (disposable) with high
volume and low pressure cuffs were used in our study. For
every patient in distilled water group, the correct size
endotracheal tube was kept in vertical position with cuff
downwards, the cuff was inflated with distilled water and
was sucked out with a syringe. This manoeuvre was
performed repeatedly with distilled water in syringe till all
the initial air pockets were removed from the cuff.
After pre-anaesthetic checkup and preparation, all the
patients posted for laparoscopic surgeries were received into
pre-anaesthesia room, and were premedicated with (1)
Glycopyrrolate 0.01 mg/kg IM + (2) Fentanyl 1
microgram/kg IM 45 minutes before the surgical procedure.
Intravenous line was taken and infusion of 500 mL of
Ringers lactate was started.
30 to 45 minutes after premedication, patients were
shifted on to the operation table, noninvasive BP, pulse
oximeter, ECG, capnograph, and hourly urine output
monitors were connected. After preoxygenation for 5
minutes with 100% oxygen by mask, general anaesthesia
was induced with sleep dose of Thiopentone sodium
(maximum 5 mg/kg) or propofol 2.5 mg/kg, and intubated
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with Portex cuffed endotracheal tube of adequate size
(which was already prepared, lubricated and kept ready),
after skeletal muscle relaxation with succinylcholine (1
mg/kg IV). For 25 distilled water group patients, after
general anaesthesia was induced and endotracheal
intubation was done and inflation of cuff was done with 5-8
mL of distilled water till the pilot balloon becomes full. Then,
pilot balloon was pressed to displace water into the cuff. Pilot
balloon was compressed till the air leak disappears over
trachea when auscultated (volume just required to obliterate
the space around cuff and not producing undue pressure on
tracheal mucosa). The amount of distilled water injected into
cuff was noted for every case.
For 25 air group patients, after endotracheal intubation,
the cuff was inflated with air with a syringe through Portex
cuff inflator and pressure monitor, till the air leak disappears
over trachea when auscultated. The beginning cuff pressure
was measured and recorded.
General anaesthesia was maintained with Nitrous
oxide+ oxygen+ halothane 0.5-1% or enflurane 0.5-1%
+vecuronium, IPPV in closed circuit with soda lime canister
in circuit or with semi-closed circuit with soda lime canister
in circuit with minimal leak. Patients were positioned in the
required position for laparoscopic surgery and the planned
endoscopic surgery was conducted after inflating the
peritoneal cavity with required amount of carbon dioxide.
When the surgical procedure was finished, patients
were kept in supine position, all anaesthetic gases and
vapours were stopped, and 100% oxygen continued through
same circuit. Non-depolarizing skeletal muscle relaxant
effect was reversed with glycopyrrolate 0.02 mg/kg +
neostigmine 0.08 mg/kg. When the patient became fully
conscious and all protective reflexes returned, oral suction
was done.
For air group of patients, final intra-cuff pressure was
recorded with Portex cuff pressure monitor and inflator and
the cuff was deflated with a syringe. When the cuff was
completely empty, extubation was done.
For distilled water group of patients, distilled water in
the cuff was sucked with syringe and when the cuff was
completely empty, extubation was done. When only the
initial amount of water came out and no additional air could
be aspirated from the cuff, we took for granted that the
intra-cuff pressure did not increase during the surgical
procedure.
All the patients were shifted into recovery room, kept in
300 prop up position, oxygenation by Hudson’s mask, and
with all monitors except capnograph. Patients were
observed
for
postintubation
and
postextubation
complications like croup, stridor, cough, hoarseness of voice,
and any other complication resulting in respiratory
insufficiency till next day morning (roughly for 24 hours) in
our recovery room and later in the postoperative ward till
the patients were discharged (roughly for 1 week to 10
days).
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Details of surgical procedures performed:
Surgical Procedure
Appendectomy
Cholecystectomy
Diagnostic laparotomy
Hysterectomy

Number of cases
22(44%) (7 elective +15
emergency)
26(52%) (all elective)
1(2%)(elective)
1(2%)(elective)

RESULTS: (a) The average time for which the endotracheal
tube was kept inflated was 1 hour to 3 hours 30 minutes.
Mean was 2.245 hours, and standard deviation was 0.7328.
(b) Initial intra-cuff pressure=20 cm of water. (c) Increased
pressure range in air group= 24 cm to 42 cm of water
(mean=33.04 cm of water, standard deviation=5.9828). (d)
The correlation coefficient of increase of pressures with time
in air group of patients was 0.7977(strong positive
correlation). Increase of cuff pressure with time in our air
group of patients was statistically very highly significant
P=0.00001. (e) Postextubation problems due to high intracuff pressure and ischemia of tracheal mucosa like croup,
stridor and postextubation respiratory insufficiency were not
observed in any of our patients (both groups). (f) There was
no change in volume of distilled water injected and aspirated
from cuffs of endotracheal tubes at the end of the surgery
in our distilled water group of patients (both graphs are
overlapping). Absolutely, no additional air could be aspirated
from the cuffs showing that the anaesthetic gases and
carbon dioxide diffused into the cuff got dissolved in distilled
water without increasing the volume of distilled water.
Hence we concluded that there was no change of intra-cuff
pressure throughout surgical procedure.

Chart 1: Time of inflation of cuff in group D patients

Chart 2: Time of inflation of cuff in group A patients

Chart 3: Cuff pressure changes with time in group A

Chart 4: Volume of distilled water injected and
sucked out after the surgical procedure in group D

DISCUSSION: For laparoscopic surgeries under general
anaesthesia, endotracheal intubation is a time tested
technique. Anaesthesia through Pro-Seal LMA was
suggested as an alternative technique by some authors,
because it did not guarantee against aspiration of gastric
juice, and it was not permitting change of position of the
head or the patient from supine to any other required
position, it was not a much popular technique.(12) Cuffed
endotracheal tube is being used during general anaesthesia
for laparoscopic surgeries to prevent aspiration of oral and
gastric secretions to prevent wastage of anaesthetic gases,
and to do IPPV perfectly, satisfying peak inspiratory flow rate
and pressure required for inflation of both lungs
satisfactorily.(13) Low volume high pressure cuffed
endotracheal tubes when used for general anaesthesia,
produced tracheal mucosal ischemia, ulceration, tracheal
stenosis, vocal cord nodules, producing postextubation
stridor, croup, and respiratory insufficiency.(14) Thoracic
epidural anaesthesia along with general anaesthesia was
suggested for preventing hypertension during endotracheal
intubation in old patients with hypertension by some
authors.(15) For preventing dangerous autonomic reflexes
like hypertension, hypotension, bradycardia and arrhythmias
because of vagal stimulation, inflation of cuff of
endotracheal tube by alkalinised lignocaine or plain
lignocaine of various percentages or 4% lignocaine spray
before intubation was suggested by a number of
authors.(16),(17),(18),(19),(20) Inflation of cuff of endotracheal
tubes with air during laparoscopic surgeries has definite
disadvantage as the Nitrous oxide+ oxygen, and carbon
dioxide diffuses into the cuff producing increase of intra-cuff
pressure to dangerous levels.(21) Intermittent deflation of
cuff during laparoscopic surgeries was suggested by some
authors as a solution for this problem, but it did not prevent
the postextubation tracheal problems.(22) When the cuff of
endotracheal tube inflated with air intra-cuff pressure had
raised to dangerous levels producing postextubation stridor,
croup, tracheal ischemia, ulceration.(23) In our patients in
whom air was used to inflate the cuffs of endotracheal tubes
also there was statistically highly significant increase of
intra-cuff pressure with time, (P=0.0001) but no respiratory
insufficiency, croup or irritant cough was observed in any of
our patients (both the air& distilled water groups). In our
distilled water group patients, there was no increase of intracuff pressure, and hence no possibility for postextubation
tracheal problems. In our air group patients also there were
no postextubation problems observed, maybe because the
increased intra-cuff pressure with time had not reached
dangerous levels to produce tracheal mucosal ischemia, but
that possibility definitely would have been there if the
laparoscopic surgical procedure had extended for longer
time.
Pressure applied over trachea in the form of retraction
for a long time, as in the cases of anterior cervical fusion
procedure, and when the cuff of endotracheal tube was
inflated by air intra-cuff pressure had definitely raised to
dangerous levels resulted in postextubation respiratory
insufficiency and vocal cord problems.(24) If water is used to
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inflate the cuff of endotracheal tubes and when pressure is
applied over trachea, water gets displaced into the pilot
balloon and hence no possibility of increase of intra-cuff
pressure. In our distilled water group patients, there was
displacement of distilled water into the pilot balloon
whenever there was some pressure over trachea. We had
pressed the pilot balloon whenever we observed some air
leak, and in that way we had re-inflated the cuff of
endotracheal tube with displacement of distilled water from
the pilot balloon back into the cuff.
Limitations of our study was we could not record the
intra-cuff pressure with Portex cuff inflation meter in our
distilled water group patients, as the pressure of water was
not communicating with meter. We injected distilled water
into the cuff of endotracheal tube just enough to prevent air
leak around endotracheal tube, and aspirated the same
amount of distilled water, we inferred that the intra-cuff
pressure did not increase with time during laparoscopic
surgeries.
Another important difficulty we faced in our study was
“at the end of surgical procedure before extubation distilled
water had to be aspirated with syringe through the port of
the pilot balloon“. Distilled water will not come out
automatically if the pilot balloon is plucked out before
extubation. (As practiced in western countries like USA).

6.

CONCLUSION: Whenever general anaesthesia is given for
laparoscopic surgical procedures and when the cuffs of
endotracheal tubes are inflated with air, anaesthetic gases
and carbon dioxide will diffuse into the cuffs of endotracheal
tubes, raising intra-cuff pressure to dangerous levels with
time of general anaesthesia. Hence we infer from our study
that “distilled water may be considered as more preferable
agent for inflation of cuffs of endotracheal tubes during
laparoscopic surgeries under general anaesthesia given with
Nitrous oxide+ Oxygen+ relaxant technique and when
carbon dioxide is used to create pneumoperitoneum”.

14.

7.

8.

9.

10.

11.

12.

13.

15.

16.

17.
REFERENCES:
1. Dorsch JA, Dorsch SE. Intratracheal tubes and
associated equipment. Understanding of Anaesthesia
Equipment, Williams & Wilkins 2008;5th Edn.
2. Ahmad NL, Norsidosh AM. Change of endotracheal
tube cuff pressure during nitrous oxide anaesthesia:
comparison between air and distilled water cuff
inflation. Anaesth Intensive care 2001;29(5):510514.
3. Jayneb BY, Ali U, Ali C, et al. Changes of cuff
pressures of endotracheal tubes during laparoscopic
and open surgeries. Surg Endosc 2012;26(2):398401.
4. Ratnaraj J, Tordov A, Mc HugT, et al. Effect of
decreasing pressures of endotracheal tube cuffs
during neck retraction for anterior spinal fusion cases.
J Neurosurgery 2002;97(2nd suppl):176-179.
5. Fan C, Chow P, Tsai K. Tracheal rupture following
emergent endotracheal intubation: case report. J
Emerg Med 2004;22(4):289-293.

18.

19.

20.

21.

Harris R, Joseph A. Acute tracheal rupture relate to
endotracheal intubation: case report. J of Emerg Med
2000;18(1):35-39.
Terashima H, Sakuri T, Takahashi S, et al. Post
intubation tracheal stenosis: problems associated
with choice of management. Jap J Thoracic
Cardiovascular Surg 2002;55(10):837-842.
Lu YH, Hseih MW, Yong YH. Unilateral vocal cord
paralysis following endotracheal intubation-a case
report. Act Anaest Scand 1999;37:221-224.
Pelc P, Prigogine T, Bishop P, et al. Tracheo
oesophageal fistula, a case report & review of
literature. Acta Otolarygologica Belg 2001;55(4):273278.
Mandoe H, Nicolajn L, Lintrup U, et al. Sore throat
after endotracheal intubation. Anaesth Analgesia
1992;74(6):897-900.
Efferen LS, Elsakr A. Post extubation stridor, Risk
factors & outcome. J Assoc Acad Minor Phys
1998;9(4):65-68.
Tim M Cook, Gene Lee, Jerry P Nolan. The ProSeal
Laryngeal mask airway: a review of literature. Can J
of Anaesth 2005;52(7):739-760.
Braj J, Navarro L, Tajata I, et al. Endotracheal tube
cuff pressure: need for precise measurement. Sao
Paulo Med J 1999;117(6):243-247.
Nordin V. The Trachea & cuff induced tracheal injury.
An experimental study on causative factors and
prevention. Acta Oto Laryngologica 1997;345:1-71.
Licker M, Farinelli C, Klopfenstein CE. Cardiovascular
reflexes during anaesthesia induction in elderly
patients: the influence of thoracic epidural
anaesthesia. Can J Anaesth 1995;7(4):281-287.
Ahmed Shobi Bsuni. Intra cuff alkalinised lignocaine
reduces
sedative/analgesic
requirements
for
mechanically ventilated patients. Anaest Pain &
Intensive Care 2013;17(3):228-232.
Stoetling
RK.
Circulatory
changes
during
laryngoscopy and intubation with or without
lignocaine. Anaesthesiology 1977;47(4):381-384.
Basuni AS. Intra cuff alkalinised lidocaine reduces
Sedative& analgesic requirements in mechanically
ventilated patients. Saudi J Anaesth 2014;8(4):4515.
Estebe JP, Dalahaye S, Le Corre P, et al. Alkalinisation
of intra-cuff lignocaine and lubrication of gel protect
against
tracheal
tube
induced
emergence
phenomena. Br J Anaest 2004;2(3):361-366.
Lev R, Rosen P. Prophylactic lidocaine use pre
intubation: a review. J Emerg Med 1994;12(4):499506.
Tu HN, Saidi N, Liutaud T, et al. Nitrous oxide
increases endotracheal tube cuff pressures and
incidence of tracheal lesions in anaesthetised
patients. Anaest Analg 1999;89(1):187-190.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 3/Issue 31/Apr. 18, 2016

Page 1389

Jebmh.com
22. Karasava F, Matsuoka N, Kodama M, et al. Repeated
deflation of gas barrier cuff to stabilize cuff pressure
during Nitrous Oxide anaesthesia. Anaesth Analg
2002;95(1):243-248.
23. Yeldrim ZB, Uzonkoy A, Caigdim A, et al. Changes in
cuff pressure of endotracheal tubes during
laparoscopic and open abdominal surgeries. Surg
Endsc 2012;25(2):398-401.

Original Article
24. Rakesh G, Girija PR, Pramod KP, et al. Effect of
retractor application of cuff pressure and vocal cord
function in patients undergoing anterior cervical
discectomy & fusion. Ind J Anaest 2010;54(4):292295.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 3/Issue 31/Apr. 18, 2016

Page 1390

