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Postoperative upper airway problems

way. A number of factors, some avoidable, influence the incidence
and extent of postoperative pharyngeal symptoms, but it is unlikely
that this problem will ever be completely abolished.

A review of the literature indicates the following incidences:-
a. Sore throat

ETT: 14 – 50% (up to 90% in some studies)
LMA: 6 – 34% (up to 44%)
FM: 3 – 8%

b. Hoarseness
ETT: 4 – 42% (mean duration 3.5 days)
LMA: 9 – 21%

c. Permanent dysphonia
ETT: 0.4 – 3% (at 6 months follow up)

d. Pharyngeal dryness
ETT: 75%
LMA: 61%

PATHOLOGICAL CHANGES

The site of most applied force is different when comparing inser-
tion of an ETT to a LMA (2). With the LMA, the main force is
exerted at the end of the soft palate and the pharyngeal wall di-
rectly behind, whereas with the ETT, it is the hard palate and the
entrance to the trachea and larynx. This explains why dysphonia is
more likely to occur with the ETT, whereas dysphagia is more
common with the LMA. Nevertheless, the 2 devices share many
injuries in common (figure 1)

Introduction

General anaesthesia has undergone many refinements and advances
in the last few decades. The introduction of safe, short-acting in-
duction and maintenance agents with few side-effects, and airway
devices such as the laryngeal mask airway, have revolutionized
anaesthesia to the point where major complications and morbidity
are rare occurrences. Unfortunately, the incidence of some minor
complications has not been influenced at all by the wealth of tech-
nology at our disposal. In particular, a complaint of postoperative
pharyngeal discomfort is so prevalent that it is almost expected by
patients and anaesthetists alike as an unavoidable part of routine
anaesthesia. Complaints range from a minor throat irritation to
debilitating pain, inability to swallow and temporary voice changes,
and are a frequent observation on the postoperative visit. Whilst
seldom delaying discharge, these complaints nevertheless affect
patient satisfaction and may well affect their activities after leav-
ing hospital. In a small number of cases, pharyngo-laryngeal in-
jury may take months to recover and may even be permanent. For
this reason, follow-up of minor complaints should be considered
an essential component of the postoperative visit, as timeous refer-
ral and intervention may prevent irreversible damage.

TERMINOLOGY

A post-operative complaint of “sore throat” is often a generic term
for a number of symptoms (1), and more detailed questioning usu-
ally reveals one or more of the following:
• Pharyngeal dryness – very common, dryness or feeling of thirst
• Sore throat – continuous throat pain, may be mild, moderate or

severe
• Dysphagia – unco-ordinated swallowing or inability to swal-

low or eat
• Odynophagia – pain on swallowing or eating
• Dysphonia – hoarseness or voice changes

INCIDENCE

There is no doubt that the highest incidence of sore throat and other
airway-related symptoms tends to occur in patients who have un-
dergone tracheal intubation with an endotracheal tube (ETT), even
after ambulatory surgery of short duration (< 1 hour), although it is
almost ubiquitous after prolonged intubation (> 12 hours). With
the introduction of the laryngeal mask airway (LMA) into clinical
practice, it was anticipated that the incidence would fall dramati-
cally – unfortunately, this has not been the case. Indeed, there is a
small but definite incidence of postoperative sore throat with the
humble face mask (FM), even without insertion of a Guedel air-
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 Fig 1 Anatomy of the larynx
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After intubation

• oedema over the posterior cricoid plate and tracheal rings
anteriorly

• oedema/haematoma/erythema of the vocal cords and vocal
processes of the arytenoids

• annular mucosal epithelial loss and polymorphonuclear in-
filtration from the cuff of the ETT (can be seen after intu-
bation < 1 hr)

• “crushed” epiglottis
• submucosal tears – commonly pyriform fossa laceration
• contact ulcer of the vocal cords – may progress to granu-

loma
• pharyngeal/oesophageal perforation – associated with use

of rigid stylet
• fracture of cricoid cartilage – from vigorous application of

cricoid pressure
• nerve palsies – recurrent laryngeal and external branch of

superior laryngeal nerve

After LMA

• pharyngeal erythema – most common finding
• arytenoid dislocation – from folding back of the LMA tip
• epiglottitis – also from folding back of the LMA tip
• uvular bruising
• nerve palsies – recurrent laryngeal, hypoglossal and lin-

gual

Recurrent laryngeal nerve palsy

The recurrent laryngeal nerve (RLN) is a branch of vagus,
and ascends to the larynx on either side in the tracheo-oesoph-
ageal groove. At the apex of the pyriform fossa, it enters the
larynx behind the crico-arytenoid joint (CAJ), and divides into
a motor and sensory branch. The motor branch innervates all
the intrinsic muscles of the larynx, except the cricothyroid,
but including the vocal cords. Compression of the nerve may
occur between the ETT cuff and the arytenoid and cricoid
cartilages, or from LMA cuff pressure at the point where it
lies unprotected in the pyriform fossa.

Hansch et al (3) looked at the incidence of laryngeal nerve
paralysis after intubation. All patients underwent direct laryn-
goscopy prior to intubation and previously unknown unilat-
eral laryngeal nerve palsies were diagnosed in 1.9% of cases.
Postoperatively, a further 1.4% of patients had unilateral nerve
palsies. This was permanent (> 6 months) in 0.5%.

AETIOLOGY OF SORE THROAT AFTER INTUBATION

Size of ETT

Larger ETT’s tend to be associated with a higher incidence of
postoperative sore throats. In a study comparing large tubes
(size 9.0 mm for men, 8.5 mm for women) to small tubes (7.0
mm for men, 6.5 mm for women), the incidence was 48% for
large tubes and 22% for small tubes (2). No ventilatory diffi-
culties were experienced as a result of using smaller tubes in
ASA 1 or 2 patients.

Gender difference

Some studies have shown that females have a higher incidence
of sore throat than male patients, and this has been attributed
to the tube often being a tighter fit (4). Generally, however,
there does not appear to be a sex difference in most studies to
date.

ETT cuff pressure

A high pressure, low volume cuff, such as the red-rubber ETT,
has been implicated as a cause of serious complications, espe-
cially after long-term intubation. Mucosal arteriolar perfusion
pressure has been measured at 32 mmHg, and an intracuff pres-
sure of > 30 mmHg consistently abolishes mucosal blood flow,
resulting in ischaemia and subsequently tracheal stenosis or
tracheomalacia. The newer thin-walled, low pressure, high vol-
ume cuffs do not affect mucosal blood flow until intracuff pres-
sures are 80 – 120 mmHg, due to more even distribution of
pressure over the mucosa. Nevertheless, the recommendation
is that intracuff pressures should always be maintained at <
20 mmHg to prevent mucosal ischaemia. High pressures may
be responsible for causing pressure-induced neuropraxia of
the recurrent laryngeal nerve, as the nerve can be compressed
between the cuff and the cricoid and arytenoid cartilages. Fre-
quent intra-operative monitoring and adjustment of intracuff
pressure is essential to avoid this complication.

ETT cuff design

Low pressure, high volume cuff design has also been impli-
cated as a cause of postoperative sore throat, because the high
volume cuff comes into contact with a large area of tracheal
mucosa. However, compared with the high pressure cuff, the
damage is more superficial. Another problem with the high
volume cuff is that if the diameter is greater than that of the
trachea, the redundant material wrinkles, causing deep mu-
cosal grooves. In addition, aspiration is not prevented. The
ideal cuff, therefore, should have a diameter slightly less than
that of the trachea and should allow a 10% increase in diam-
eter over the range of inflating pressures to avoid wrinkling.
Furthermore, the cuff should be narrow to minimize the cuff-
tracheal contact area. Although the Mallinckrodt ETT fulfils
all of these criteria, it is still possible to inflate the cuff be-
yond the recommended 20 mmHg, The Brandt Anaesthesia
Tube is designed to prevent intracuff pressure from increas-
ing above 25 mmHg, by virtue of the cuff communicating
through the inflation line with a pilot balloon that is more com-
pliant and of higher volume. The incidence of sore throat with
the Brandt ETT was 15% compared to 60% for the standard
Mallinckrodt ETT in one study (5).

Nitrous oxide

The routine use of nitrous oxide is being challenged for a num-
ber of reasons, least of all for its cost. Intra-operative diffu-
sion into air-filled spaces has been shown to increase the vol-
ume of the ETT cuff by 9 – 38% within the first 30 minutes of
anaesthesia.6 Similar changes in pressure may be recorded,
depending on the volume and pressure on initial inflation. If
nitrous oxide is used intra-operatively, it is recommended that
the cuff be inflated with saline or with gas drawn directly from
the breathing circuit, rather than air.1 In addition, the cuff seal
point should be determined after tracheal intubation and in-
termittent measurement and adjustment of intracuff pressure
should be routine clinical practice.

Insertion technique and trauma

A number of factors at insertion and removal of the ETT will
affect the incidence of sore throat. A slick, uncomplicated in-
tubation in a patient with normal anatomy will result in fewer
pharyngeal complications (7). Not surprisingly, the proficiency
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of the anaesthetist is one of the most important factors affect-
ing the incidence of sore throats and hoarseness (8). A patient
with abnormal anatomy may present a problem at intubation,
with multiple attempts and more likelihood of trauma to the
pharyngeal structures. The use of an intubating stylet has been
correlated with postoperative sore throat, probably indicating
a more difficult intubation. The McCoy laryngoscope has been
implicated in causing complete disruption of the cricoarytenoid
joint, although it is a useful tool for difficult intubation (9).
Failing to deflate the cuff adequately before intubation or ex-
tubation may result in the bulk of the cuff causing damage,
whilst the presence of blood in the airway or on the ETT at
extubation is also a predictor of sore throat. An important ob-
servation is that more patients with pharyngeal injuries are
likely to complain of sore throat or hoarseness than those with-
out injuries on postoperative direct laryngoscopy.

Topical lignocaine

The topical application of lignocaine to either the ETT or the
pharyngeal structures has been repeatedly shown to cause post-
operative sore throat. It is postulated that the lignocaine re-
mains on the mucosa and acts as an irritant, because water-
soluble lubricating gels do not have this effect (1). In addition,
local anaesthetic spray or gel may “anaesthetize” the vocal
cords and result in temporary postoperative hoarseness. Lu-
brication with 1% hydrocortisone cream may also result in a
higher incidence of sore throats compared with controls, but
spraying the upper airway with a single dose of beclomethasone
(50µg) from an inhaler, reduces the incidence to 10%, com-
pared with  55% for lignocaine spray (10).

Inadequate relaxation

With the recent tendency amongst anaesthetists to avoid un-
necessary muscle relaxation, it is to be anticipated that the
incidence of pharyngeal complaints will increase. Excessive
laryngeal motor activity, such as occurs when patients cough
or strain against the ETT or during light anaesthesia, can cause
vocal cord haematoma and granuloma. This is a particular
problem in unsedated patients who are ventilated in intensive
care. The increasingly common technique of intubating pa-
tients without a muscle relaxant has been shown to result in a
high incidence of postoperative sore throat (± 40% of cases)
and voice changes, which typically last much longer than pha-
ryngeal complaints after intubation with a muscle relaxant (11).
The left vocal cord is more frequently injured because the
laryngoscope is usually held in the left hand with the endotra-
cheal tube being inserted from the right side and turned to the
left (12). In addition, when using a small ETT in an unparalyzed
patient, excessive motion of the tube against the vocal cords
during the procedure may lead to laryngeal ulceration and sub-
sequent scarring.

Urgency of intubation

Urgency of intubation is another factor responsible for sore
throat, and is related to failure to wait for the onset of ad-
equate muscle relaxation, or pharyngeal trauma when hastily
trying to intubate  a rapidly desaturating patient. The velocity
of intubation appears to have an effect on damage to the crico-
arytenoid joint (CAJ) capsule; rapid intubation leads to syn-
ovial fold damage more often than gradual intubation (13). This
damage causes a serosynovitis or haemarthrosis within the

joint, with subsequent fixation of the arytenoid in an abnor-
mal position. Some patients are predisposed to CAJ damage
as a result of congenital laxity of the capsule with large syn-
ovial folds, but are typically asymptomatic. Care should be
taken to avoid damage caused by hasty intubation in all pa-
tients.

Nasogastric tube

There are a number of reports of postoperative recurrent la-
ryngeal nerve palsy as a result of nasogastric tube pressure
on the nerve where it lies between the laryngeal mucosa and
oesophagus. Both uni- and bilateral injuries have been re-
ported, usually after prolonged intubation and ventilation.
However, there are reports of paralysis after routine surgery
and extubation (14). The hard Reye’s tube is more commonly
associated with this problem and should be avoided as far as
possible

Aspiration or bleeding

Gastric secretions or bleeding may cause sore throat and
hoarseness postoperatively as a result of inflammation or
chemical response to these irritants. Indeed, singers are fre-
quently advised by voice experts to take prophylactic antac-
ids and anti-reflux medication perioperatively, even before
elective surgery (15).

Patient positioning

Both lithotomy and prone positions have been associated with
a higher incidence of sore throat, possibly because the ETT
tends to ride up in the pharynx, allowing the cuff and tube to
rub against the vocal cords and mucosa. In addition, these po-
sitions cause mucosal venous congestion and a concomitant
increase in pharyngeal wall pressure.

Obesity

Obese patients are more likely to be difficult to intubate and
ventilate, and larger tubes are often chosen in an attempt to
decrease airway resistance. These factors  both increase the
likelihood of postoperative sore throat.

Suctioning

Vigorous, deep suctioning before extubation may damage pha-
ryngeal tissues as a high negative pressure is exerted on the
mucosa. Indeed, fewer sore throats are reported after anticho-
linergic premedication, possibly because less suctioning is re-
quired at the end of the procedure. Care should be taken to
suction as superficially and briefly as possible, and to use a
soft catheter with a broad tip.

AETIOLOGY OF SORE THROAT AFTER LMA

Insertion technique

As the insertion of a LMA is predominantly a “blind” proce-
dure, injuries are often unsuspected. Although there are 17
different methods of insertion described in the literature, com-
monly, the LMA is inserted fully deflated, semi-inflated or
fully inflated, with or without an insertion aid. Many studies
have shown that inserting the LMA fully inflated using an in-
sertion aid gives the lowest incidence of postoperative throat
complaints, the reason being that a softer leading edge is pre-
sented to the posterior pharyngeal wall. However, inserting
the LMA inflated is more likely to result in the epiglottis fold-
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ing over, which has also been associated with sore throat.
Brimacombe (16), using the standard, fully deflated technique
of insertion reported a 30% incidence, whereas Wakeling com-
pared standard vs. inflated insertion and found that the inci-
dence was 21% deflated compared to 4% inflated (17).

Multiple attempts at insertion are associated with poor tech-
nique, epiglottic down-folding and uvular bruising, whereas
the use of an insertion device may reduce the number of failed
attempts at insertion, and hence result in fewer sore throats
(18). The introducer also prevents the tip from folding back and
allows the leading edge to pass more easily around the curve
of the pharynx (19).

Intracuff pressure

Presence of a LMA distorts normal pharyngeal architecture,
resulting in an increased antero-posterior diameter at the level
of the tongue and epiglottis, as well as tilting the larynx ante-
riorly. This can cause direct pressure on, and stretching of the
recurrent laryngeal nerve. Vocal cord paralysis ensues, usu-
ally unilateral and temporary in nature, but occasionally bilat-
eral and life-threatening (20). In addition to recurrent laryngeal
nerve palsies, overinflation of the cuff may be responsible for
hypoglossal and lingual nerve palsies reported in the litera-
ture.

There is conflicting evidence as to whether limitation of
pressure exerted on the pharyngeal mucosa by the LMA cuff
reduces throat symptoms in spontaneously breathing patients.
However, in patients ventilated through the LMA, minimiz-
ing cuff pressure has been shown to cause significantly fewer
sore throats postoperatively (21). There is evidence that airway
sealing pressure is usually optimal at submaximal cuff vol-
umes and pressures, which suggests  that it is the matching
contours of the cuff and pharynx, rather than the transmitted
pharyngeal mucosal pressure, which provide the airtight seal.
Volumes need only be enough to achieve a gas-tight seal, and
this may be acceptable with as little as 4 – 11 ml air in women
and 7 – 14 ml in men (22).

O’Kelly showed that when the LMA cuff is inflated with
the suggested appropriate volume of gas, a pressure similar
to, or greater than, the mucosal perfusion pressure of 32 mmHg
may be generated (23). With a size 3 LMA, 10 ml of air causes
an intracuff pressure of 19 mmHg, whereas 20 ml of air causes
a pressure of 49 mmHg. Similarly, 10 ml air in a size 4 LMA
causes 14 mmHg pressure, whereas 30 ml air causes 54 mmHg
pressure. Intra-operative use of nitrous oxide may increase the
intracuff pressure in a fully inflated LMA to well over 100
mmHg. Unless IPPV is anticipated, there is no need for a tight
seal when using the LMA, so submaximal inflation volumes
should be used.

It has also been observed that high cuff pressures may lead
to more sore throats in female patients than in males. The ana-
tomical form of the female larynx is rounded, whilst that of
the male is lengthened in an antero-posterior direction.
Overinflation may have the effect of distending the hypophar-
ynx, particularly in women, leading to soreness (24).

The ProSeal LMA (PLMA) has new features compared with
the classic LMA. The additional tube draining the oesophagus
and the large wedge-shaped cuff could theoretically overcome
the problems of the LMA in obese patients, since the airway
seal pressure is greater and regurgitated fluid can be drained
directly or by means of a nasogastric tube. Although the air-

way seal pressure needed to obtain a minimal leak is greater
in obese patients, it appears that sore throat is not always re-
lated to cuff inflation pressure. A study comparing mechani-
cal ventilation of moderately obese patients through either the
LMA or  PLMA, found the incidence of postoperative sore
throats to be about 13% in both (25), and both were equally
effective for positive pressure ventilation. Evans found the
incidence of postoperative sore throat with the PLMA to be
23%, which is similar to the classic LMA, in spite of the fact
that mean airway sealing pressures were 10 – 12 cm H

2
O higher

than those described for the classic LMA.
Further studies will elucidate the role of cuff volumes and

pressure and their effect on postoperative sore throat. Until
such time, it is prudent to avoid overinflation and to monitor
and adjust cuff pressure whenever possible.

Size of LMA

Very few studies have looked at the incidence of sore throat
with different sizes of LMA’s. The manufacturers currently
recommend using the largest size possible in order to achieve
a good seal at the lowest possible pressures. Grady compared
the incidence of pharyngolaryngeal morbidity after the use of
a large (size 5 in males, size 4 in females) or small (size 4 in
males, size 3 in females) LMA in spontaneously breathing pa-
tients (26). He found that selection of a small LMA in males
and females decreases the incidence of postoperative sore
throat and hoarseness.

Nitrous oxide

As with the ETT, diffusion of nitrous oxide into the LMA cuff
is associated with an increase in cuff pressure by 20% after 30
minutes (21), and consequently, a higher incidence of sore throat.
In addition to nitrous oxide diffusion, the volume of gas in the
cuff increases when air inside it is raised from room to body
temperature.

Lignocaine

Lignocaine gel or spray causes a higher incidence of hoarse-
ness and tongue parasthesiae, but not of sore throat. A case of
bilateral vocal cord palsy secondary to lignocaine jelly diffu-
sion around the recurrent laryngeal nerve has been described.
The local anaesthetic may remain in contact with the mucosa
for a considerable length of time - diffusion is also more likely
when gel has been generously applied. Water soluble gels or
saline are effective alternatives.

Anticholinergic premedication

In contrast to the reduced incidence of complaints seen with
ETT’s, anticholinergic premedication has been associated with
an increased incidence, probably due to the drying out effect
on pharyngeal mucosa, making insertion of the LMA more
difficult.

Duration of surgery

An especially important factor when nitrous oxide is being
used, as for ETT’s. Even when cuff pressure is measured and
adjusted regularly, longer procedures are still associated with
more postoperative complaints. Foley et al showed that the
incidence increases significantly after surgery of more than
60 minutes duration, and tends to be worse when active heated
humidification is used (27).
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MANAGEMENT OF THE PATIENT WITH HOARSE-

NESS OR SORE THROAT

• Reassure the patient – most symptoms will resolve sponta-
neously.

• Prescribe a gargle containing a topical non-steroidal anti-
inflammatory (NSAID) and a local anaesthetic (eg Andolex
C ®). Gargles are alkaline solutions which become con-
centrated in inflamed tissue and are minimally systemically
absorbed. In addition, a systemic NSAID may be prescribed
to decrease synovitis in the CAJ capsule.

• Encourage the patient to rest his or her voice – this pre-
vents a contact ulcer or haematoma from developing into a
chronic granuloma with scarring.

• Consider referring the patient with both hoarseness and
odynophagia, as an injury is more likely in this setting.

• Any patient who remains hoarse for more than 5 days should
be referred to an ENT surgeon for evaluation.
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Avoiding postoperative sore throats - summary

After tracheal
General principles intubation After LMA insertion

Experience of Smaller tracheal tube Correct size of LMA
anaesthetist

Adequate anaesthesia/ Minimal cuff ?Inflation of cuff
relaxation of patient tracheal contact before insertion/

area use of insertion aid

Careful technique Monitoring and Use of KY jelly/saline
adjustment of lubricant
intracuff pressure

Soft suction catheters Avoidance of local Minimisation of
anaesthetic/steroid intracuff pressure
lubricants
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