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INTRODUCTION

Endoscopic sinus surgery is performed in the narrow confines of the middle meatus,
frontal recess, anterior and posterior ethmoids. Control of bleeding is of prime importance as
even a minute bleed can obscure the surgical field mandating the frequent use of suction and
prolonging the operation time. This increases the risk of serious iatrogenic trauma such as
orbital and skull base injury which may lead to intraorbital complications and cerebrospinal fluid
leak respectively(1). There are various techniques described to minimize bleeding during
endoscopic sinus surgery. These consist of topical 1:100000 adrenaline, infiltration with 2%
lidocaine with 1:200000 epinephrine, topical oxymetazoline and use of hypotensive agents such
as beta blockers, vascular smooth muscle relaxants such as sodium nitroprusside and alpha 2
agonists such as clonidine. These techniques have proved to be of limited efficacy (2)(3)(4),
hence bleeding during endoscopic sinus surgery still remained a challenge.

Wormald et al in his first breakthrough study, found a statistically significant decrease in
the amount of surgical site bleeding following infiltration of pterygopalatine fossa with 2ml of
2% lidocaine with 1:80000 adrenaline(4). However as patients are taken for endoscopic sinus
surgery under general anaesthesia, the need for lidocaine did not seem necessary to certain
surgeons. Combining adrenaline with saline provides a dual action by vasoconstriction and tissue
pressure . There is no study or randomised controlled trials in literature to date comparing the
effect of both agents. Thus, we propose to compare the haemostatic effect of normal saline to
normal saline with 1:100000 adrenaline when used in infiltration of the pterygopalatine fossa .
.

AIMS & OBJECTIVES
The aim of this study was to evaluate and compare the safety and efficacy of pterygopalatine
fossa infiltration with normal saline to normal saline with 1:100000 adrenaline in the control of
nasal bleeding during endoscopic sinus surgery, when performed under general anaesthesia. We
consider a Wormald surgical field grade 5 or 6 to be favourable for surgery.

Objectives:

a) To evaluate and compare the effectiveness of normal saline to normal saline with 1:100000
adrenaline infiltration in pterygopalatine fossa during endoscopic sinus surgery.

b) To assess and compare the following hemodynamic variables
- Heart Rate and Mean Arterial Pressure.
- Effect of mean arterial pressure on Visual surgical grade.
- Effect of mean heart rate on Visual surgical grade.

REVIEW OF LITERATURE

Endoscopic sinus surgery is performed in the narrow corridors of the middle meatus, frontal
recess, sphenoethmoidal recess, anterior ethmoids and posterior ethmoids. This involves the use
of a rigid endoscope and a light source connected to a camera head and visualization of the
image on a monitor. Control of bleeding is of prime importance as; even a minute bleed is
perceived as a large image. A small amount of bleeding can therefore obscure the surgical field
necessitating the frequent use of suction hence prolonging the operation time. This carries the
additional risk of orbital and skull base injuries leading to visual disturbances and a cerebrospinal
fluid leak. Various techniques have been described to minimize bleeding during endoscopic
sinus surgery. These consist of

1)Topical 1:100000 adrenaline.
2) Infiltration with 2% lidocaine with 1:200000 epinephrine.
3) Use of hypotensive agents during anaesthesia. These include beta blockers, sodium
nitroprusside and clonidine (2, 3, 4).
4) Topical oxymetazoline.

Wormald et al did the first break through with his study, and found that there was a statistically
significant decrease in the amount of surgical site bleed following pterygopalatine fossa
infiltration with 2ml of 2%lidocaine with 1:80000 adrenaline(4).

ANATOMY

Pterygopalatine fossa is a small pyramid–shaped space situated immediately posterior to
the maxilla on the lateral aspect of the skull. It is in close relation to the angle at the junction of
the pterygomaxillary and sphenomaxillary fissures and below the orbital apex(5).
Pterygopalatine fossa communicates to important regions such as the infra temporal fossa,
middle cranial fossa, orbital floor, lateral wall of the nose, oropharynx and the oral cavity roof
through various fissures and foramina.

Fig.1 Anatomy of the pterygopalatine fossa (Adapted from Gray’s Anatomy for students
891,1st Edition.)

BOUNDARIES

ROOF

The roof of the pterygopalatine fossa greater wing by the sphenoid bone.

pg

ANTERIOR WALL

The anterior wall of the pterygopalatine fossa is formed by the posterior surface of the
maxilla, it is very thin and aids in surgical access to the pterygopalatine fossa. The maxilla never
rises high enough to meet the sphenoid. The inferior orbital fissure intersects the upper reach of
the pterygomaxillary fissure and extends back into pterygopalatine fossa. In this way it provides
a pathway linking the pterygopalatine fossa with the infratemporal fossa and the floor of the
orbit.

LATERAL WALL

The pterygopalatine fossa opens laterally into the infratemporal fossa.

THE PTERYGOMAXILLARY FISSURE

The pterygomaxillary fissure is best likened to a door frame made up of infratemporal
crest of the sphenoid (superiorly), the maxillary surface (anteriorly) and the anterolateral margin
of the pterygoid process of the sphenoid (Posteriorly). The pterygoid process slopes downwards
and forwards towards the maxilla. Inferiorly, palatine bone closes the pterygomaxillary fissure.

STRUCTURES THAT PASS THROUGH THE PTERYGOMAXILLARY FISSURE.
1) The maxillary artery; third part.
2) Tributaries to the pterygoid venous plexus.

3) The posterior superior alveolar nerve and vessels.
4) The maxillary and zygomatic nerves and vessels

Fig:2

Pterygomaxillary fissure ( Adapted from Clinical Oriented Anatomy pg :958,

Edition7.th)

POSTERIOR SURFACE:

The posterior portion of the ptrygopalatine consists of the smooth, anterior surface of the
pterygoid process of the sphenoid which slopes downwards and forward towards the maxilla.

The pterygoid process is U shaped and the limbs of the U form the lateral and medial pterygoid
plates, which projects posteriorly from the central portion of the process. Between the lateral
and medial plates forms the of the pterygoid fossa. The fossa contains the tensor veli palatine
and pterygoid muscles.
The pterygopalatine fossa has three openings on the posterior wall- the palatovaginal
canal, pterygoid canal (vidian canal) and the foramen rotundum.

PALATOVAGINAL CANAL
It connects pterygopalatine fossa with the nasopharynx. Anteriorly, it opens high on
rear wall of the fossa, in the angle between roof and medial wall. Its posterior entrance lies near
the rear edge of the sphenoidal process of the palatine . The pharyngeal nerve passes posteriorly
from the pterygopalatine ganglion and leaves the pterygopalatine fossa through the palatovaginal
canal, which supplies the mucosa and glands of the nasopharynx.

Fig: 3 Openings of the pterygopalatine fossa (Clinical Oriented Anatomy pg: 950 7th
edition.)

THE PTERYGOID CANAL

It is also known as the vidian canal, is a bony canal which opens onto the posterior
surface of the pterygoid process. The pterygoid canal then continues superomedially for a short
distance in the cartilage that fills the foramen lacerum and opens into middle cranial fossa just
anteroinferior to the internal carotid artery.

The pterygoid canal is occupied by the nerve (vidian) and artery of the pterygoid canal.
Vidian nerve is formed by the deep petrosal nerve and greater petrosal nerve. The artery of
pterygoid canal is an anastomotic channel between the external carotid (maxillary artery) and
internal carotid systems.

Fig.:4 Nerve of the pterygoid canal. (Adapted from Grays Anatomy for students, pg 895
1st edition. )

Foramen Rotundum

It is a small canal situated on the floor of the middle cranial fossa, through which the
maxillary nerve passes from the middle cranial fossa to the pterygopalatine fossa.

Fig: 5 Imaging of the skull base: (Adapted from Pictorial essay Year : 2012 | Volume : 22
| Issue : 4 page: 305-316.)

MEDIAL SURFACE:

The medial portion of the fossa is formed by the vertical plate of the palatine bone.

Fig: 6 - Sphenopalatine foramen emerging into nasal cavity.
(Adapted from -Clinical Oriented Anatomy pg: 234 7th Edition.)

THE PALATINE BONE

It has two plates – A vertical and horizontal plate that meets at right angles, and a
pyramidal process arising from the posterior aspect of the plates. The horizontal plate forms the
posterior third of the hard palate. The vertical plate forms a corresponding part of the lateral
nasal cavity immediately in front of the medial pterygoid plate.

Anteriorly it attaches to the maxilla and completes the medial wall of maxillary sinus.
Posteriorly it forms pterygopalatine fossa.
The sphenoidal notch of the palatine bone faces a much shallower palatine notch of the sphenoid
bone. The two notches frame the sphenopalatine foramen and link the pterygopalatine fossa with
nasal cavity.

FLOOR

There is no definite floor for the pterygopalatine fossa. As we approach posteriorly the space
between pterygoid process and maxilla narrows down and extend with greater palatine canal.

Fig: 7 Gateways of the pterygopalatine fossa (Grays Anatomy for students pg 893 1st edition.)

MAXILLARY ARTERY

The maxillary artery is a branch of the external carotid artery. It arises adjacent to
mandible neck and travels through infra temporal fossa and then enters the pterygopalatine fossa
through the pterygomaxillary fissure. The artery lies anterior to pterygopalatine ganglion and
gives origin to branches which accompany with the branches of maxillary nerve (6).
The third part of the maxillary artery branches into 6 arteries in the following order1) Posterior alveolar artery
2) Infraorbital artery.
3) Greater palatine artery.
4) Pharyngeal branch.
5) Pterygoid canal branch.
6) Greater palatine artery and sphenopalatine artery.

Posterior superior alveolar artery:

It passes through the pterygomaxillary fissure. It accompanies the posterior
superior alveolar nerve through the alveolar foramen and supplies the maxillary molar premolar
teeth and maxillary sinus.

Fig: 8 Branches of the maxillary artery. (Adapted from Journal of maxillofacial surgery 2003:61:
72.)

Infra orbital artery:

It leaves the pterygopalatine fossa through the inferior orbital fissure. It enters
the infra orbital canal and emerges through the infra orbital foramen to supply parts of the face.
In the canal it branches and contributes to the blood supply of structures near the floor of the
orbit. Another branch is the anterior alveolar artery which supplies upper canine, incisor teeth
and maxillary sinus.

Greater palatine artery:

It passes inferiorly through palatine canal along with the palatine nerves. Lesser
palatine artery arises from it passes through the lesser palatine foramen which contribute the
palate and then continues through the greater palatine foramen to supply the hard palate. The
vessel then passes through inferior lower surface of the palate and get into the incisive canal to
supply anterior aspect of septal wall of the nasal cavity.

Sphenopalatine artery:

Sphenopalatine artery pass through the sphenopalatine foramen and divides into
posterior lateral nasal arteries which supplies the lateral wall of the nose and paranasal sinuses.
The posterior septal branches pass across the roof to supply the nasal septum.

pterygoid canal Branch:

It enters pterygoid canal, terminates after passing inferiorly through cartilage
which covers the foramen lacerum. It supplies mucosa of the nasopharynx.

Pharyngeal branch:

The pharyngeal branch of the maxillary artery passes posteriorly and enters
palatovaginal canal along with pharyngeal nerve. It supplies the sphenoid sinus, roof of the nasal
cavity and euestachian

tube. Infiltration into the pterygopalatine fossa targets mainly the

maxillary artery and its branches.

BLOOD SUPPLY OF THE NOSE AND PARANASAL SINUSES

Blood supply of the septum:

Branches of ophthalmic artery supplies nasal cavity. The

ophthalmic artery divides into posterior ethmoidal and anterior ethmoidal arteries. The septum is
also supplied by the branches of maxillary artery namely, sphenopalatine artery, septal branch of
superior labial artery and greater palatine artery which are branches of maxillary artery.

Fig: 9 Blood supply of the septum. (Adapted from
2005 Jan 15;71(2):305-311.)

Little’s area or Keisselbach’s plexus

American Academy of family physician

It is the antero-inferior part of the nasal septum where the branches of
sphenopalatine artery, septal branch of facial artery, greater palatine artery and anterior
ethmoidal artery communicate. It is the most commonest site of epistaxis in children .

BLOOD SUPPLY OF PARANASAL SINUSES
Maxillary sinusBranches from the sphenopalatine artery and the infra orbital arteries supplies
maxillary sinus. The branches of the sphenopalatine artery enter the sinus through the semilunar
hiatus. The bone and mucosa of the sinus is supplied by posterior superior alveolar artery and
intraosseous artery (6).

Fig: 10 (Adapted from Journal of implant & advanced clinical dentistry, April : 2009.)

Frontal sinus:

Branches of the anterior artery of the falx, supraorbital and supratrochlear arteries
penetrates the frontal sinus, branches from medial posterior lateral nasal artery also enter it
through the ostium.

Ethmoidal cells:
The ethmoidal arteries supply the ethmoidal sinus.
.

Sphenoid sinus:

One branch from the sphenopalatine artery enters the sphenoidal sinus from the
front and below to supply the mucosa of the sinus. The inferior hypophyseal artery also supply of
the mucosa of the sphenoid sinus.

Fig.11 Lateral nasal wall blood supply.(Adapted from the Diseases of Ear Nose and Throat by
PL Dhingra)

GREATER PALATINE FORAMEN (GPF).

Knowledge of the location of the greater palatine fossa (GPF) is very important
for enhancing the injection technique in the posterior palate for achieving optimal haemostasis.
Literature shows variability in the position of the greater palatine fossa.

According to Ajmani , 64 % of the greater palatine fossa is located opposite to
the third molar in Indians (7). In contrast ,a study by Westmoreland et al, showed that in 6% ,the
GPF was present adjacent to the third molar. (8).
The distance from the midline to the GPF and posterior margin of the palate to GPF also varies
in different literatures.

DISTANCE BETWEEN THE GPF AND THE MIDLINE

According to Westmoreland et al, the distance from GPF to midline had a mean
of 15.0mm and mm on the left right and right respectively. Ajman et al reported a distance of
14.7mm on right and 14.6mm on left and yet a study on Indian skulls by Ajay kumar et al
revealed a distance of 14.3mm and 14.4mm on right and left respectively(9).

Fig12 path from greater palatine foramen to pterygopalatine fossa.

(Adapted from national

journal of maxillo facial surgery, Jul 2009)

THE DISTANCE BETWEEN GPF AND POSTERIOR BORDER OF THE
PALATE

The distance between GPF and posterior border of the palate was about 3.5mm (right)
and 3.7mm (left) by Ajmani and Ajay kumar et al. In a similar study done by Westmoreland et al
and Saralaya et al, the mean distance from the GPF to posterior margin of the palate was 1.9
mm(10). This variability in the position of the foramen is due the difference in the growth
intensity between the maxilla and palatine bones. The eruption of the posterior teeth increases
the anterior-posterior diameter (11). Variations have also been described on the basis of shape of
the palate with 69% having an arched palatal vault, 20% flat and 11% have highly arched palate.
Palatal growth takes place in length in a sagittal plane anterior to GPF(12) .
Ajmani study on Indian skulls show that the greater palatine foramen located in relation
to sagittal plane was 1.47 cm in right and 1.46cm on the left. Westmoreland’s study revealed the
distance from the sagittal plane to the greater palatine foramen was 1.5cm on the left and
1.48cm on the right .
In 91% of the Indian skulls studied, the opening of the greater palatine foramen was
directed inferiorly in an anteromedial direction. The majority of the Nigerian skulls shows that
greater palatine foramen opens anterolaterally, directed towards the maxillary molars(12).
Westmoreland & Blanton reported that the greater palatine foramen was pointed vertically from
hard palate in 78% skulls.(8)

Malamed et al studied the location of the greater palatine fossa in a sagittal plane,
the patency of Greater palatine fossa, the distance of the greater palatine fossa from the end of
hard palate and relationship of greater palatine fossa and pterygoid hamulus(13). Forty

percentage of the greater palatine fossa were located between middle of maxillary second molar
and inter proximal area between second and third molar.

Fig 13 :

Greater palatine fossa relation to molar tooth
( Adapted from J Anatomy, 15 (3): (2011))

EVALUATION OF PATENCY OF THE PTERYGOPALATINE FOSSA

The patency of the foramen was checked by passing a probe through the greater
palatine fossa and 98.55% were found to be patent. The distance from the end of the hard palate
to the distal aspect of the greater palatine fossa ranged from 3.0mm to12.0mm with an average
distance of 6.97mm. In 48% the greater palatine fossa was located between 6.5 and 8.0 mm
from the end of hard palate. In 27% the distance was less than 6.5mm from the end of the hard
palate, while in 24% it was greater than 8.0mm. The hamular process maintained a constant
relationship in the sagittal plane to the greater palatine fossa. Palpation of the hamular process of

the pterygoid guides to locate greater palatine fossa. The distance from tip of the hamular process
to the middle of greater palatine fossa was ranged from 9.0 mm to 14.5mm.

Carla et al analysed cone beam computer tomography scans of the greater palatine fossa in
relation to
(1) Upper molars.
(2) Distance from Greater palatine canal (GPC) to alveolar ridge.
(3) Greater palatine canal to midline maxillary suture (MMS).
(4) Diameter of the greater palatine fossa
He found that 63% had the fossa located between medial face of the third molar and its centre.
The mean

distance between greater palatine fossa and midline maxillary (MMS), greater

palatine fossa to alveolar ridge and diameter of the GPF were 15.2mm,7.9mm and 3.1mm
respectively(14).

GREATER PALATINE CANAL

Fig: 14 Para sagittal computer tomography showing greater palatine canal and pterygopalatine
fossa. (Adapted from laryngoscope (4)2006.)

ANATOMY

The greater palatine canal is formed anteriorly by the infratemporal portion of
the maxilla, posteriorly by the pterygoid process and medially by perpendicular plate of the
palatine (15) . The greater palatine canal directed inferiorly from pterygopalatine fossa. The
lesser and greater palatine nerves pass inferiorly from the pterygopalatine ganglion, enter and
pass through the palatine canal and enter through greater and lesser palatine foramina. The
greater palatine nerve pass through the superior surface of the oral cavity and supply the mucosa
and glands of the hard palate and adjacent gingiva.
Posterior inferior nasal nerves originates from greater palatine nerve, which
passes medially through small foramina in the of the palatine bone and innervates the lateral wall

of nasal cavity. Similarly, the greater palatine artery passes inferiorly with the palatine nerves
into the palatine canal. Lesser palatine branch travels through lesser palatine foramen to supply
the soft palate.
In order to infiltrate into the

pterygopalatine fossa, the angle and direction of

the greater palatine canal should be kept in mind.

DIRECTION OF THE GREATER PALATINE CANAL BASED ON CBCT

Howard et al analysed cone beam computer tomography (CBCT) of 500 patient’s
scans in both coronal and sagittal planes(16) .
Three pathways were consistently observed in coronal view.
(a) The canal travels inferiorly from the pterygopalatine fossa.
(b) The greater palatine canal travelled inferior – lateral for a distance then changed direction
and passed directly inferior for the remainder of the canal.
(c) Directed inferior – lateral for a distance then change the direction to pass inferior medial for
remaining portion.
The pathway observed in sagittal plane were
(a) From the pterygopalatine fossa it travelled in an anterior – inferior direction.
(b)It travelled directly inferior for a distance and then changed direction to pass anteroinferior
for remaining portion. The most common pathway in coronal plane

was the greater palatine

canal travelling inferior lateralfor shorter distance then changes the direction to pass directly
inferior. This was observed in 43.3% of the total canals. The second most common pathway
observed was the greater palatine canal travelling directly inferior from the pterygopalatine

fossa. This was noted in about 39.5% of the canals. The third common pathway was, the canal
directed inferior-lateral for some distance then changed to an inferior – medial direction for rest
of the portion.
The most common pathway in sagittal plane is the anterior – inferior direction,
in about 93.5% of the canal.

Mahanez et al studied the anatomic route and length of the greater palatine canal
using cone beam computer tomography. In his study, he reported that the length of the greater
palatine canal and pterygopalatine fossa from greater palatine fossa to foramen rotundum range
from 31.82+- 1.37 mm(17).

A similar study by Meththrathip et al suggested the length of greater palatine canal and
pterygopalatine fossa ranged from 16.3mm to 40.9mm with a mean of 29.7mm, which is was
consistent to the findings noted by Mahanez et al (18).

Mahanez et al study also pointed that there was a significant difference between the
greater palatine canal length on the right and left sides in males. Asymmetrical growth of the left
and right canals could be due to genetic and environmental factors. This difference could be
related to inheritance and the functional activity of the musculoskeletal system (17).

Once an individual crosses the age of thirteen, the length of the palatine canal and
distance between the sphenopalatine foramen and greater palatine fossa will attain adult size.
Studies have shown that mid face growth occurred in adolescence (19).

In the study done by Waitzman et al, he showed that anterior cranial base growth was
completed before the age of five in 84% of individuals .Thereafter the cranial bones , orbit and
zygoma grow gradually until the age of seventeen. In contrast, active growth period of the upper
mid face begins at the age of five and completes in mid adolescence (20).

Fig.15 Needle remains distal part of greater palatine canal..
(Adapted from Laryngoscope (4) 2006).

Fig.16

Needle bents at 25 mm from the tip.
(Adapted from Laryngoscope (4) 2006).

In a study by Peter Wormald et al, the

the greater palatine canal length was

found to be on an average of 18.5 mm and the soft tissue thickness of the palate near to the
canal was an average of 6.9mm. The pterygopalatine fossa lies on an average of 21.6mm above
the greater palatine canal (21). The greater palatine canal length is about 14.6mm according to
Carla et al(22) .

Fig: 17

STUDY

Bend the needle at 25mm from the tip

OF

GREATER

PALATINE

CANAL

USING

AGE

RADIOANATOMIC ANALYSIS

Kibewei et al conducted a study on the dimensions of greater palatine canal by
using age stratified radioanatomic analysis. In his study, scans were stratified into one to five
noncontinous age groups < 24 months, 3-4 years, 6-7 years, 9-10 years, and 15-16 years. The
mean length of greater palatine canal varied from 15.34 +- 1.89mm in the youngest paediatric

age group to 26.79+- 1.73mm in the oldest group. In adults this distance was found to be 25.90
+- 2.06mm. There was no statistical difference in mean length of greater palatine canal beyond
12 years of age. He suggested length of the needle should vary according to the age for greater
palatine fossa injection in paediatric patients.

LENGTH OF NEEDLE BASED ON AGE

>12 years- Bend the needle at 25mm from the tip

Between 6-12 years- Bend the needle at 20 mm from the tip.

<6 years-Bend the needle at 12 mm from the tip. (20).

Fig:18 Pterygopalatine fossa infiltration on (A) Paediatric patient < 24 months. (B) Adult
(Journal of Rhinology and Allergy Sep 2010)

DIRECTION OF THE GREATER PALATINE CANAL.

Mercuri et al described bending a 41-mm needle at 4 mm from the hub, resulting in a depth of
penetration of 36to 37 mm. He used this technique primarily for regional anaesthesia in dental
procedures.In his technique, the needle tip will be closer to the main trunk of the maxillary artery
and higher possibility of intra-arterial injection and also increases the risk of anaesthesia of the
ocular nerves.

Wormald in his landmark study suggested bending the 25 gauge needle at 25mm from the
hub at an angle of 45 degree .This denotes adequate penetration of the needle into the
pterygopalatine fossa with deposition of local anesthetic agent into the fossa to achieve better
spasm of the maxillary artery with minimal risk to maxillary artery, infraorbital nerve and orbital
contents.

Hard palate and greater palatine canal form an angle of 60 degree, so Wormald’s study
emphasise on bending the needle at 45 degree to help to facilitate the passage of needle through
the canal thereby preventing the needle from penetration deep into the pterygopalatine fossa.
Hence it was suggested that infiltration into pterygopalatine fossa should be directed inferiorly.

Fig: 19 locating greater palatine foramen. (Adapted from Oral and maxillofacial regional
anaesthesia. March 2013.)

Anaesthetic choice for endoscopic sinus surgery

Fornadley et al compared local anaesthesia versus general anaesthesia in context to
blood loss, complications and patient comfort. His findings suggested there was less blood loss
with local anesthetic agents in comparison to patients under general anaesthesia. Their
conclusion for this difference was probable vasodilatation due to vascular smooth muscle

relaxation in the skin with the inhalational anesthetic agents. Fedok et al compared complications
and recovery time in those who underwent endoscopic sinus surgery and endoscopic septoplasty
using local anaesthesia with sedation to general anaesthesia.

The study concluded that in

patients administered with local anaesthesia, the recovery time to patient discharge was shorter.
Moreover they experienced less nausea, epistaxis and emesis. Surgery duration was statistically
the same with local anaesthesia and general anaesthesia.
remains an effective and safe technique for select patients,

Although

general anaesthesia

there may be some objective

advantages with local anaesthesia(23).

Gittelman et al did a retrospective analysis comparing blood loss and operative time in
both general and local anaesthesia. The study suggested that in local anaesthesia 64% of
patients, had an estimated blood loss of 23 ml in each side whereas general anaesthesia was
associated with an average of 58 ml blood loss each side. With local anaesthesia the rate of
operative complications was 8.7% per patient and the rate of major complications per side was
1.6%. General anaesthesia had an overall complication rate of 2.4% per patient, with no major
complications; hence general anaesthesia was a viable and relatively safe option for endoscopic
sinus surgery. However in select cases, local anaesthesia may be preferable(24).

HAEMOSTASIS DURING ENDOSCOPIC SINUS SURGERY

Poor haemostasis causes increased difficulty in identifying the most important anatomic
landmarks and extremely difficult to identify sinus outflow pathways. It aggravate the risk of
intra operative complications and postoperative scarring. Reduction of bleeding during surgery

should be considered during the treatment planning and continued throughout the intraoperative
period.

There are numerous techniques to attain a quality surgical field for sinus surgery. Different
methods are needed to control arterial, venous and capillary bleeding. These include



Local / topical vasoconstriction



Position of the patient



Anaesthesia techniques



Surgical techniques



Agents that control microvascular bleeding.

The arterioles are resistance vessels which control flow to capillaries and arterivenous
anastomosis. Arterioles are supplied by α1 receptors. In addition there are venous sinuses or
capacitance vessels under the mucosa, which have thick smooth muscle. The blood volume in the
capacitance vessels determines the swelling of nasal mucosa. The adrenergic receptors within
this nasal mucosa are α 2 receptors.
Exposure

of the bone through mucosal stripping cause significant blood loss. The

haversion canal comprises of endothelial lined structures. These blood vessels have no smooth
muscle or elastic fibres. Haemostasis in this case is attained by activation of clotting pathway.

The major limiting factors for endoscopic sinus surgery and its extended uses are its
complex, creating a poor surgical field. This poses a grave problem in individuals with severe

infections and those with extensive sinonasal polyposis. During infection vascularity increases.
Thus obtaining adequate haemostasis is mandatory during surgery to obtain an improved
surgical field and prevent complications (25).

PREOPERATIVE PREPARATION

Inflammatory mediators produce vasodilatation and oedema of the sinonasal mucosa. Preoperative
use of topical corticosteroids reduce


Tissue infiltration with T lymphocytes



Vascular permeability



Tissue oedema



Capillary bleeding

This helps widen the nasal corridor hence improving the surgical field visibility.

ROLE OF STEROIDS

Steroids exert an anti-inflammatory action and boost the effect of adrenaline on smooth muscle
thus prolonging the action of topical vasoconstrictors.
Sieskiewicz
surgery

studied the

effect of oral steroid which was given for five days prior

and assessed the bleeding during endoscopic sinus surgery. He did not find any

statistically significant reduction in bleeding; however the visual condition of the operating field
was good (26).

ROLE OF PRE-OPERATIVE ANTIBIOTICS

Preoperative antibiotics reduce the bacterial load, thus reducing inflammation during
surgery and promoting postoperative healing(27). This practice provides a better operative
condition, and hastens recovery of the regenerating mucosa.

ROLE OF WITHHOLDING ANTICOAGULANTS

Individuals on aspirin and clopidgrel are advised to withhold their medications at least 710 days prior to surgery to allow regeneration of platelets. Warfarin is usually stopped 5 days
prior to surgery as this provides ample time for coagulation factors to regenerate.

POSITIONING OF PATIENT

Reverse Trendelenberg is the common surgical position adopted during endoscopic sinus
surgery. This requires the head end to be elevated to 15 degrees. Head end elevation reduces
mean arterial pressure by about 2mm Hg for every 2.5cm above the cardiac level(28). Head end
elevation reduces the venous return from the lower extremities leading to a better surgical field.

EFFECT OF REVERSE TRENDELENBURG POSITION

Ming Tse et al suggested that head end elevation has a pressure and depressor effect on
the aortic arch and carotid sinuses causing potential changes in arterial pressures. Gravity
reduces arterial pressure by decreasing the cardiac output and venous return.
Reverse trendelenburg position improves haemostasis in the surgical field (p=0.004), blood loss
per minute (p<0.002), reduced blood loss (p<0.002) when compared to supine position(28).
However excessive bleeding during surgery when in reverse trendelenburg position, may
lead to hypotension and shock. Hence caution is exercised to avoid excessive blood loss.
Deep intravenous anaesthesia can also cause rapid fall in blood pressure, under reverse
trendelenberg.

Hathorn et al compare the effect of reverse trendelenburg during endoscopic sinus
surgery. This study revealed that there is better

surgical field scoring between reverse

trendelenburg and horizontal position :(1.66vs 2.33 with P value 0.001) with reverse
trendelenburg position had better endoscopic field if view(29).
`

Fig: 20

Reverse trendelenburg position. ( Adapted from ISRN Surgery sep 2013)

LOCAL ANESTHETIC AGENTS

A wide variety of local anaesthetic agents are available and most of them fulfil the requirements
of any particular type of block. Properties of special concern are


Effectiveness



Speed of action



Duration of action



Toxicity .



Surface activity.

The most commonly used agent is lidocaine hydrochloride. Lidocaine is an excellent
local anaesthetic with a rapid onset of action. On injection it has duration of action of about one
hour, which can be prolonged to 2-3 hours by the addition of a vasoconstrictor.

Infiltration analgesia is accomplished with 0.5% lignocaine with or without the addition
of adrenaline (1:100000).The maximum dose depends on the concentration of solution used and
on whether noradrenaline is added.

Dosage for infiltration is 3mg /kg body weight for 0.5% lignocaine (maximum dose
200mg) and 7mg/Kg when adrenaline is added. These doses should be reduced when stronger
solutions are used. Lidocaine is absorbed from mucous membrane and it is a useful surface
analgesic in the concentration of 2-4%. The 4% preparation is available in viscous form for oral
analgesia. The most effective 4% solution is used in the form of nasal packs. There is a
pressurized 10% aerosol spray which delivers 10mg lignocaine per metered dose. Ointments are
available in 2-5% concentration and are used for lubricating tubes and instruments. The
maximum topical dose that is safely used is about 3mg/Kg body weight with an upper limit of
200 mg in the adult. The onset of action is rapid but of a short duration.

NASAL VASOCONSTRICTORS

Nasal vasoconstrictors play an important role in endoscopic surgery by reducing
bleeding. Some agents are applied alone or in combination with a local anaesthetic. They hence
provide both local anaesthesia as well as vasoconstriction.
The advantages of adding a vasoconstrictor to a local anaesthetic solution are:
1) Reduced bleeding
2) Reduced systemic absorption
3) Prolonged local action

Agents such as cocaine have local anesthetic and vasoconstrictor properties whereas
lidocaine, have local anesthetic properties. The commonly used vasoconstrictors are cocaine,
epinephrine, and phenylephrine. Cocaine has been used alone and in combination with

epinephrine. Cocaine has excellent vasoconstrictor properties as well as a rapid onset of action.
Lidocaine has been used in combination with phenylephrine or epinephrine(30) . Small doses of
lidocaine may cause bradycardia. Thus increased concentration may lead to sudden death,
myocardial infarction, and ventricular fibrillation. The cardiovascular effects of cocaine are
attributed to its ability in blocking the reuptake of norepinephrine at sympathetic nerve terminals.
Cocaine use is avoided in patients with a history of coronary artery disease, congestive heart
failure, myocardial infarction, hypertension, and in individuals taking MAO inhibitors (31).

COCAINE

Cocaine has been used as a nasal vasoconstrictor in many forms- in a topical solution,
paste gel or spray. Cocaine blocks the reuptake of norepinephrine, thus producing
vasoconstriction by increased alpha agonist activity. The recommended maximum dose of
cocaine that can be administered safely is 1.5 to 3 mg/kg; with a maximum dose of 200 mg.
Assessment of dose in gel and sprays is difficult. Hence these forms are not recommended.
Cocaine solution is available in different concentrations from 0.5% to 20%, but solutions of more
than 4% are not required. The addition of epinephrine, 1 mg (1 ml= 1: 1000), to cocaine solution
is intended to reduce the absorption of cocaine and provide additional vasoconstriction.

PHENYEPHRINE

Phenylephrine is a potent α-adrenergic agonist. Guidelines recommended on the topical use
of phenylephrine as follows

1) In children weighing 25 kg or less- the dose should not be above 20 µg/kg body weight
2) Initial phenylephrine dose not to exceed 0.5 mg
3) Monitoring vitals
4) The anaesthesiologist should be aware of all medications given.
5) Severe hypertension should be treated immediately with α-receptor antagonists or direct
vasodilators.
6) Calcium channel blockers and β-Receptor blockers should be avoided. They may worsen
cardiac output and result in pulmonary oedema.
7) If a β-receptor blocker is used to treat hypertension, glucagon administration should be ready.

A study conducted by Riegles et al compared the effect of oxymetazoline hydrochloride
0.05%, cocaine, 4%, and 0.05%phenylephrine hydrochloride on nasal mucosa during endoscopic
sinus surgeries in children. It was noted that the heart rate reduced more at 5 minutes with
phenylephrine than with cocaine or oxymetazoline and blood pressure rose more at 10 minutes
with phenylephrine than with cocaine or oxymetazoline. Subjective scoring for bleeding showed
that children, who received oxymetazoline, showed less bleeding scores than usual. The surgical
field score showed that patients who received oxymetazoline were less likely to show scores of
"worse" visualization. There was no difference in visualization or surgical bleeding between
children’s who received phenylephrine and cocaine(32).

Oxymetazoline hydrochloride directly acts on alpha adrenergic receptors in sympathetic system
than beta adrenergic system. Intra nasal application of oxymetazoline constricts the dilated

arterioles and reduces the nasal blood flow. The vasoconstriction effect of the oxymetazoline
will start at 5to 10 minutes following application and lasts for 6 hours (33).
.
In majority of endoscopic sinus surgeries, injection of adrenaline and topical application
of vasoconstrictors on the nasal mucosa produce vasoconstriction of the erectile spaces in the
mucosa but the superficially located capillaries are not affected. The arterioles, venules,
capillaries are more reactive to the vasoconstricting action of epinephrine(34).

ADRENALINE

Adrenaline (epinephrine) is the most commonly used vasoconstrictor. It is present in many
commercial preparations of lignocaine and bupivocaine. Its chemical formula is as below

Fig 21:

Structure of an adrenaline molecule

(Adapted from Essentials of Medical Pharmacology Tripathi 5 th edition)

Adrenaline ampoule: One ampoule of adrenaline has 1 ml which contains adrenaline in
the concentration of 1:1000. An antioxidant is used to prevent oxidation of adrenaline, resulting
in low solution pH, with a consequent decrease in free base and reduced penetration of axons.
When one ampoule is diluted with 10 ml of saline; it attains a concentration of 1:10000. Diluting
one ampoule of adrenaline with 100 ml saline will yield a concentration of 1:100000. We used a
1:100000 concentrations in our study.
The dose of adrenaline by injection should not exceed 0.01 mg/kg with a total maximum dose of
0.5mg/kg.

Intravascular infiltration of adrenaline may result in anxiety, vertigo, pallor and
palpitation. Severe tachyarrhythmia may develop (which can end up in ventricular fibrillation)
resulting in a fall in blood pressure with peripheral circulatory failure. Infiltration of diluted
adrenaline may cause ischemia of the skin and related tissues; however vessels that supply the
muscle get dilated. Great care is taken in avoiding injecting adrenaline in areas supplied by end
arteries.

Adrenaline is contraindicated in patient with ischemic heart disease, hypertension and
thyrotoxicosis. The side effects of diluted adrenaline solutions are due to accidental intravenous,
fortuitous higher concentrations or altered pharmacokinetics and pharmacodynamics of the drug.

A 2.5- 10 μg /ml solution may cause a fall in diastolic blood pressure due to activation of
β2 receptors in skeletal muscle, owing to increased nasal mucosa vascularity. Transient
hypertension (lasting 1-5 min), and arrhythmias are due to high concentration (10-20 μg/ml) or
rapid infiltration of large volume of solutions. Infiltration of dilute adrenaline rapidly into the
nasal septum and inferior turbinates leads to rapid rise in plasma concentration of adrenaline.
These transient changes are followed by profound hypotension by the vasoconstrictive α action.
Β2- mediated venous dilation causing a fall in cardiac output. This is further aggravated if patient
is anaesthetized due to blunting of sympathetic activity. Therefore, as supported by Li Wei-yan
and others, a lighter plane of anaesthesia may be protective against adrenaline-induced
hypotension.

The observed hypotension at 1.5 minutes was the result of activation of β 2–receptors by
adrenaline rather than the effect of lidocaine(35). A rate of 1 to 2 µg/min, though rarely used,
will initially activate β2-receptors resulting in vascular and bronchial smooth muscle relaxation,
leading to hypotension(35) . Linton and co-workers reported that a small IV bolus dose of
epinephrine would cause an initial elevation in systemic vascular resistance followed by a much
greater reduction in arterial blood pressure in cardiac patients(36)

The increase in mean arterial pressure at 3 minutes was likely to coexist with the plasma
concentration of adrenaline reaching its maximum. Homma et al found that the plasma
adrenaline concentration reached its maximum in 3 minutes after the administration of adrenaline
during dental procedures. The hemodynamic effects of adrenaline are dose-dependent. The
increase in heart rate is a result of baroreceptor reflex and minimal stimulation on β 1-receptors
(30).

Systemic absorption of adrenaline contained in the local anaesthetics occurs and the
systemic effects of adrenaline are related to the blood levels of endogenous catecholamine’s,
which determine the hemodynamic changes that occur following local infiltration. Pain or
surgeries

produce more endogenous adrenaline than the exogenous amount of epinephrine

present in the local anaesthetics. Epinephrine levels in plasma due to vascular absorption are
relatively moderate and are less than levels seen in psychological stress or pain.

Tan Lee et al compared the effect of adrenaline infiltration and topical adrenaline during
endoscopic sinus surgery. Infiltration produced a marked reduction in blood pressure and an
increased heart rate. Adrenaline acts on the β2 receptors which lead to a fall in blood pressure
increasing the risk of anaesthesia in patients with cardiac problems. Patients without cardiac comorbidities have developed cardiomyopathy after infiltration(37).

Temple et al suggested that there was no difference in terms of either blood loss or postoperative pain after turbinectomy when comparing xylocaine with adrenaline infiltration and

topical adrenaline (38). In another study no difference was noted in terms of blood loss and
operating time after saline infiltration and dilute adrenaline 1:80000 infiltration(38).
Topical adrenaline provides good haemostasis and also adequately controls the catecholamine
related side effects. Topical adrenaline exerts a combined effect due to surface vasoconstriction
and compression.

PHARMACOKINETICS

Adrenaline has short half-life. Adrenaline is metabolized by monoamine oxidase and
catecholo methyltransferase. Raanan et al assess the safety and effectiveness of an
epinephrine/lidocaine mixture administered by injection versus epinephrine administered
topically and to learn its pharmacokinetics following administration to the nasal mucosa .A
double-blind randomized controlled trial Patients were assigned into two groups and were
injected with either epinephrine 1:100,000 and lidocaine 1% or saline alone during endoscopic
nasal surgery under general anaesthesia. Pledgets soaked in epinephrine 1:1,000 were used
throughout the procedure in both groups. Hemodynamic measurements and catecholamine blood
levels were obtained. Ten patients were randomized to the epinephrine group and 12 to the saline
group. We were able to measure epinephrine and norepinephrine levels following injection in all
patients. Epinephrine levels were similar in both groups immediately after injection; however, 15
minutes following injection, epinephrine was significantly higher in saline-injected patients.
Mean arterial pressure and heart rate were affected by epinephrine and norepinephrine levels
immediately after injection but were never elevated over the normal range. Heart rate was higher
(P < .05) in the saline injected group than in the epinephrine group throughout the measurement

period. The surgeons believed that the surgical field was bloodier in saline-injected patients (P <
.05) however objective estimation of blood loss showed no difference. Injection of
epinephrine/lidocaine mixture does not produce higher blood levels of epinephrine when
compared to saline injection and did not induce any harmful side effects. We postulate that the
combination with lidocaine 1% may reduce the patients' stress and thus prevent higher
catecholamine levels. Raanan et al observed no higher level of plasma adrenaline level after
infiltration of adrenaline when compared with topical adrenaline alone after 15 minutes(39). The
effect of adrenaline reduces as time progress and reinfiltration will not be beneficial due to lack
of potential space for the adrenaline to aggregate and act on the blood vessels. Hemostatic effect
on the later period of surgery depends mainly on the topical adrenaline by compression effect
using pledgets and patients own haemostatic effect. Therefore, injected adrenaline gives a clear
surgical field mainly at the beginning of the surgery.

Vanniasergaram conducted a comparative study between normal saline and adrenaline 1:80000,
during septal surgery under general anaesthesia. He suggested that there is no significant benefit in using
adrenaline when compared with saline. Saline probably increased the tissue pressure and compressed
the blood vessels(40).

The ideal technique to obtain vasoconstriction during FESS is unclear(37). A number of
previous studies have tried to assess the effects of hypotension on the surgical field during
endoscopic sinus surgery. These studies have been limited by inadequate sample sizes, lack of a
control group, and limited data collection. The aim of the present study was to determine
whether the routine use of β-blockers as a pre-medication could improve the operative field in

endoscopic sinus surgery. Study Design: A prospective, randomized, double-blinded, placebocontrolled trial. Methods: Eighty patients undergoing endoscopic sinus surgery who fit the
inclusion and exclusion criteria were randomly assigned to receive either a β-blocker, Metoprolol
(group 1), or a placebo tablet (group 2) 30 minutes before surgery. A standard anesthetic
protocol was followed. At the commencement of surgery and at regular 15-minute intervals the
surgical field, blood loss, heart rate, blood pressure, and isoflurane concentration were assessed.
Results: There was a significant difference in overall mean heart rate between the placebo and βblocker groups (P < .0001). In the entire group, surgical grade correlated with heart rate (r =
0.36, P < .05) but not with mean arterial blood pressure. Mean surgical grade was similar
between the placebo and β-blocker groups, but early in the study a significantly better surgical
field was recorded in the β-blocker group (P < .001). Surgical grade was significantly better in
those with a mean heart rate of less than 60 beats per minute (P < .02). Conclusion: Although
“optimum” conditions were present in the patients receiving β-blocker, the authors thought that
the grading system was not discriminating enough to demonstrate a significant difference
between the groups. The crucial finding in the study was the correlation between heart rate and
surgical grade in the entire group. During endoscopic sinus surgery surgery, anesthetic
manipulations should be directed at maintaining a low heart rate .

Vasoconstriction is typically achieved by the combination of topical application and local
infiltration of anesthetic containing epinephrine. Topical vasoconstriction is achieved by using
epinephrine, oxymetazoline hydrochloride and less frequently cocaine hydrochloride. Most
otolaryngologists also advocate the use of sub mucosal infiltration of local anesthetic containing
epinephrine to obtain haemostasis and reduce postoperative pain .Under endoscopic guidance the

area above the middle turbinate is infiltrated followed by infiltration into the anterior end of
middle turbinate. The area anterior to the uncinate is not infiltrated as bleeding from an injection
site can obscure the visualisation of uncinate during its removal. In certain individuals, where
increased bleeding is anticipated a third injection is given in the posterior aspect of middle
turbinate into the area of sphenopalatine artery. Elevating the head up by 15-20 degree will
significantly reduce bleeding.

BETA BLOCKERS

Salil et al studied the effect of β-blockers as a pre-medication, in reducing the bleeding
during endoscopic sinus surgery. He found a significant improvement in surgical field during
endoscopic sinus surgery with β-blockers due to vasoconstriction of the mucous membrane
precapillary sphincters and arterioles resulting from the unopposed α-adrenergic effects of
catecholamine. Metoprolol reduces the heart rate, slows the myocardial contractility, and had an
indirect effect on mean arterial pressure. Mean arterial pressure and heart rate were less in the βblocker group. There was a strong correlation of heart rate and surgical field grading. This
correlation was not seen in mean arterial pressure. These findings pointed out that hypotension
alone will not improve surgical field. Hypotension due to inhalational agents can result in a
tachycardia. Blocking β- receptor is very effective in producing peripheral vasoconstriction, a
prime requirement in endoscopic sinus surgery. The bleeding during endoscopic sinus surgery is
mainly from the capillaries rather than arteries, the severity of which is mainly influenced by

mean arterial pressure (MAP). There was a significant early difference in Mean surgical field in
the β-blocker group. The drug concentration of the drug falls in an exponential manner as the
operative time progress. Increasing the dose may prolong the duration of action but carries a risk
of producing more adverse effects. As surgery progresses, more tissue trauma occurs which
increases the involvement of arterioles and arteries , producing increased bleed than the initial
ooze that occurs from initial minor mucosal trauma. As the effects of the β-blocker wear off, the
venous tone rises and bleeding increases (41).

Controversy exists regarding the ideal mean arterial pressure (MAP) to reduce bleeding
during controlled hypotension. Low mean arterial pressure (MAP) did not correlate with the less
bleeding during surgery. The recommended mean arterial pressure during endoscopic sinus
surgery is 65-70mmHg. Reduced oxygen supply and blood flow to brain are major
considerations.

In a study done by Sienkiewicz on controlled hypotension to reduce bleeding during surgery and
achieving good operative field, the lowest mean arterial pressure and heart rate reduced surgical
site bleed. A significant high quality surgical field was achieved by keeping the heart rate at 60
beats/min and a mean arterial pressure at 65mmHg.according to this study the intraoperative
bleeding and mean arterial pressure are related. (42) .

Milnoski et al suggested that, peri operative bleeding can be effectively controlled by
maintaining the heart rate at 60/minutes. He also emphasis that even if we maintain the mean
arterial pressure of 50-60mmHg, it cannot be assure that peri operative bleeding will be less. The
automatic tachycardia and diastole of peripheral vessels plays a main role in increased bleeding

during surgery. Therefore it is essential to control automatic tachycardia and to maintain a heart
rate at 60beats per minute for the best surgical field (43) .

TOTAL INTRAVENOUS ANESTHESIA (TIVA)

Total intravenous anaesthesia with avoidance of inhalational anaesthesia gives good haemostatic
control(45)(46) . A study comparing inhaled anaesthesia using isoflurane and fentanyl with total
intravenous anaesthesia using Propofol and Remifentanil, showed both techniques to be equally
effective in achieving hypotension, as defined by mean arterial pressures between 60 to 70 mm
Hg; however

only TIVA was effective in reducing bleeding during FESS(47). A study

comparing dexmedetomidine as a hypotensive agent to esmolol showed both agents to be equally
effective though dexmedetomidine offers the advantage of inherent analgesia, sedative and
anesthetic sparing effect(48). A study comparing clonidine based regimen with opioid
derivatives in FESS patients gave significant low grade surgical field bleeding in the clonidine
based group(49). Tirelli et al compared the efficacy of total intravenous anaesthesia with
inhalation anaesthesia and suggested that both agents are good in maintaining the mean arterial
pressure, but total intravenous anaesthesia is better in reducing blood loss and improves quality
of surgical field (50).

Boezaart et al compared the effect of sodium nitropruside and esmolol in surgical field
during endoscopic sinus surgery. Esmolol group has better surgical field at mean arterial pressure
above 65 mmHg. This most probably due to capillary vasoconstriction by unopposed alpha –

adrenergic effect on the nasal mucosa and reverse trendelberg in esmolol group which gives
superior conditions than sodium nitropruside(42).

INHALATION ANAESTHESIA

Inhalation agents like isoflurane, sevoflurane and desflurane decreases arterial blood
pressure

through peripheral vasodilatation by acting on the alpha adrenoreceptors. Higher

concentration of the drug will increase the cerebral blood flow and intracranial pressure which
hampers the auto regulation mechanism.

Degoute et al recommended that combination of drugs can reduce the concentration and
adverse effects of the agents(51). Combination of inhalation anaesthetic drugs is used to reduce
the side effects like reflex tachycardia and rebound hypertension.

TECHNIQUES OF VENTILATION
To minimize the bleeding and optimize the surgical field during endoscopic sinus surgery, it is
advised to ventilate with normocapnia or mild hypocapnia.

In a study done by Nekhendzy et al which compared the blood loss during hypercapnia
(ETCO2 60+-2mmHg), hypocapnia (ETCO2 27+-2mmHg) and normocapnia (ETCO2 37+2mmHg) in patients under intravenous anaesthesia with heart rate and blood pressure under
control, no significant difference in bleeding was noted during surgery. It is known that

hypercapnia produces vasodilatation(52). In those patients who had an active preoperative
infection or individuals not prepped with preoperative steroids, had an increased risk of
intraoperative bleeding. This suggests that meticulous surgical technique and proper use of
intranasal infiltration of vasoconstrictors to decongest nasal mucosa has a major effect in
reducing nasal bleeding during endoscopic sinus surgery than any single anaesthesia related
intervention.

Mode of ventilation is very important in controlling hypotension. Intermittent positive
pressure (IPPV) increases the intrathoracic pressures and reduces venous return to the heart. This
leads to reduced blood flow to upper part of the body and there is high risk for increase bleeding
during surgery(46).

High frequency jet ventilation (HFJV) is another method used to reduce bleeding and to improve
visibility during FESS, however further studies are required for its substantiation. Comparing
high frequency jet ventilation to intermittent positive pressure revealed high frequency jet
ventilation produced less bleeding probably due to increased venous return caused by a lesser
intrathoracic pressure. The drawbacks of high frequency jet ventilation however looms in that it
may cause necrotizing tracheobronchitis.

Barotrauma may be caused by an insufficient

expiratory airflow, or inadequate ventilation and inappropriate airway pressure monitoring(53).

Gilbey et al compared the efficacy between high frequency jet ventilation (HFJV) and
intermittent positive pressure ventilation. He described that total mean blood loss in jet
ventilation group was much lesser than intermittent positive pressure group. The surgical field

quality in jet ventilation group was also better than intermittent pressure . HFJV was compared to
intermittent positive pressure ventilation (IPPV) by assessment of surgical conditions and
measurement of intraoperative blood loss .A total of 22 patients undergoing FESS were
randomly assigned to be ventilated during surgery under general anaesthesia by either HFJV or
IPPV. The quality of the surgical field was assessed and the total blood loss was measured. The
mean airway pressure was significantly lower in the HFJV group than in the IPPV group (2.42 ±
1.17 and 7.11 ± 0.72, respectively, P < .0001). The total mean loss of blood in the HFJV group
was 170 cc and in the IPPV group was 318.18 cc (P = .017). The quality of the surgical field as
estimated by the surgeon was significantly better in the HFJV group. The mean point values on
the Boezaart et al. scale for the IPPV and HFJV groups were 2.72 ± 0.77 and 1.80 ± 0.686,
respectively (P = .0120.HFJV significantly reduced the amount of intraoperative bleeding and
thus significantly improved the quality of the surgical field. It is suggested that increased venous
return due to lower intrathoracic pressures resulted in less bleeding and improved operating
conditions. HFJV can be effectively used for FESS in order to improve endoscopic view with no
adverse effects (53).

Controversy exist in regarding which is the ideal mean arterial pressure (MAP) to reduce
bleeding during controlled hypotension. Low mean arterial pressure (MAP) did not correlate
with the less bleeding during surgery (54).The recommended mean arterial pressure during
endoscopic sinus surgery is to maintain at 65-70mmHg. Reduced oxygen supply and blood flow
to brain are major consideration.

In a study done by Sienkiewicz on the controlled hypotension to reduce bleeding during
surgery and achieving good operative field, suggested that bleeding was less with the lowest
mean arterial pressure and heart rate. A significant high quality surgical field was achieved by
keeping the heart rate at 60 b/min and a mean arterial pressure at 65mmHg. It suggested there
was a correlation between intraoperatiive bleeding and mean arterial pressure(55).

LARYNGEAL MASK AIR WAY
Laryngeal mask air way (LMA) is associated with less cardiovascular and respiratory reflex, due to
reduced stimulation of larynx when compared to endotracheal intubation.

In a study done by Tabari et al which compared the hemodynamic changes that occurred with
endotracheal intubation and laryngeal mask airway, he suggested that the laryngeal mask airway quickly
initiates to reach the target systolic arterial pressure(P< 0.05)and less blood loss(P<0.05) (56).Bleeding
from the capillaries is more frequent during endoscopic sinus surgeries. Capillary bleeding depends on
the distribution of capillaries in the tissue and intensiveness of the capillary blood flow. Capillary blood
flow can be reduced by lowering the arterial blood pressure. Endotracheal intubation causes sympathetic
stimulation which results in hypertension, tachycardia and arrhythmia. Change in plasma concentration
of the catecholamine is due to stress response to endotracheal intubation. Since larynx is not stimulated
in laryngeal mask airway, the respiratory and cardiac reflexes are less when compared to endotracheal
intubation.

Yoshikitaka et al studied the effect of laryngeal mask airway (LMA) and endotracheal
intubation on circulatory response in normotensive and hypertensive patients. In both
normotensive and hypersensitive patients there was a increase in mean arterial pressure and heart
rate after endotracheal intubation. Hemodynamic changes are more after endotracheal intubation
than laryngeal mask airway (LMA). There was an increase in plasma
noradrenaline levels after endotracheal intubation. In Laryngeal mask air way the incidence and
intensity of coughing was less when compared to endotracheal intubation.

TOPICAL ANTIFIBRINOLYTICS

Topical Antifibrinolytics (Tranexamic acid, epsion-aminocaproic acid) have been used in
medicine since 1964. 4-aminomethtyl cyclohexane carboxylic acid and 6-aminocaproic acid are
two synthetic derivatives of amino acid lysine which has antifibrinolytics effect in humans.

Antifibrinolytics combine with the lysine site on plasminogen and prevents fibrinolysis. It
stabilizes the blood clot and decreases further bleeding. There is no evidence of thrombus
formation during major surgeries.

Athanasiadis et al conducted a comparative study to know the efficacy of the epsilonaminocaproic acid and Tranexamic acid in controlling the nasal bleeding during endoscopic
sinus surgery. It is documented that the haemostatic effect of Tranexamic acid is about 6-10
times better than epsilon-aminocaproic acid. He demonstrated that the epsilon-aminocaproic acid
was ineffective in controlling intraoperative bleeding. On the other hand, even a low dose
(100mg) of Tranexamic acid provided excellent haemostasis at 2, 4, and 6 minutes following
administration(57).

Fig: 22 (Adapted from Journal of OBG management Jan 2014)

.

The side effect of antifibrinolytics is mainly gastrointestinal. There is an additional risk of
thrombus formation, but there are no randomized controlled studies till date to confirm this
theory. There are reported cases of cerebral and coronary artery thrombotic occlusion after
application of antifibrinolytics agents. It is possible to increase the mucoadhesive nature of the
agents when applied with packing material so as they cause minimal trauma. The effect of
antifibrinolytics in nasal mucosa healing remains unclear at present.

Gelatine Thrombin Matrix

It consists of human thrombin and bovine gelatine matrix granules. It provides
tamponade of injured blood vessels and helps to form clot on the tissue surface. Due to its
granular consistency, it attaches to the irregular surface of the hemorrhagic tissue and expands
and applies a tamponade effect on the injured vessels. The material is fully reabsorbed within 6-8
weeks.

Gall et al conducted a study on gelatine and thrombin matrix (Flo Seal) to evaluate the
safety and effectiveness in controlling bleeding following endoscopic sinus surgery and assessed
postoperative healing. He suggested that FloSeal controls bleeding at an average of 2 minutes,
after its application and also noted that it provides better healing of the operative site than
traditional nasal packing(58).

Kautankis et al conducted the study about efficacy of FloSeal on controlling bleeding and
healing after endoscopic sinus surgery. This study noted that there was a significant reduction in
bleeding immediately after surgery. But there was no significant reduction in bleeding between
the control group and FloSeal group during the first postoperative week. Another interesting
finding noted that, during post operative endoscopic evaluation there was reduced crusting in
FloSeal group (59).

Ellegala et al conducted a study on the efficacy of FloSeal during intraoperative period
and suggested that it was very effective in controlling bleeding and was safe and biocompatible
when compared to other haemostatic agents available(60).

Chandra et al compared the mucosal adhesion in two groups of patients who were treated with
either FloSeal or thrombin soaked gelatine. Increased granulation and adhesion was noticed in the postoperative endoscopic examination in FloSeal group (61).

Maccabee et al compared the effect of Merogel and FloSeal on the nasal mucosa and noticed
there was an increased reactionary fibrosis in both groups. In his study both Merogel and FloSeal
incorporated into healing tissue and delayed healing (62).

In a similar study done by Jameson et al evaluated the hemostatic agent FloSeal ,on
healing and bleeding after endoscopic sinus surgery. He conducted the study on fourty patients in
which one side was packed with Flo Seal and other side kept as control. The study revealed that

Floseal side attained hemostasis during early hours after surgery and patients felt less
discomfort(63) .

Fig: 22

Adapted from Baxter health care Jan 2013.

Microporous polysaccharide Hemispheres

They are novel biomaterial agents produced from purified potato starch. It dehydrates
blood and concentrates platelets, clotting factors and red cells. Microporous particles are used to
extract fluid from blood. It has an osmotic action that causes serum protein, platelets and particle
to concentrate on the surface. It is available in the form of powder; therefore no intra-operative
preparation is required. It is applied through a bendable applicator and does not need irrigation
after application. Microporous polysaccharide hemispheres get fully absorbed from the wound
site within 48 hours. This property of MPH helps in non-interference during wound healing and
prevent synechiae.

Microporous Polysaccharide Hemispheres in the applicator.
Fig: 23 (Adapted from journal Of the Society of Laparoscopic surgeons Jul 2006)

Sindwani et al suggested that microporous polysaccharide hemispheres

attained

haemostasis in 35 to 40 seconds and there was no break- through of bleeding even 5 minutes
after application in post endoscopic sinus surgery(64).

Antisdel noticed no increase in synechiae formation in patients treated with microporous
polysaccharide hemispheres. There was no difference in the mucosal oedema between the

patients treated with MPH and control group. This study pointed out that MPH will not affect the
normal healing process in the postoperative sinus cavities. This study also suggested application
of MPH will reduce the early postoperative bleeding(65).

Mucosal regeneration and healing is hampered when the tissue is exposed to a foreign
material. MPH has a minimal adverse impact on mucosal regeneration when compared to other
bio absorbable agents. Most of the literature suggested that MPH has a positive effect on
reducing the bleeding and its use does not affect the recovery process after endoscopic sinus
surgery. This is due to its starch based composition and quick disappearance from the surgical
site.

Athanasiadis et al examined the effect of chitosan, which is a derivative from chitin,
usually seen in fungus and insects. Chitosan gel improves microscopic wound healing and
reduces the effect of synechiae formation (66). Postoperative bleeding and adhesion are the most
common complication after endoscopic sinus surgeries. Adhesion is the most common reason
for revision surgeries.

Valentine et al conducted a study on the efficacy of novel chitosan gel on haemostasis
and wound healing. He conducted a randomized controlled trial on 40 patients who underwent
endoscopic sinus surgery. Immediately after surgery, on one side chitosan gel was placed and
other side received no treatment. This study suggested that, chitosan gel side attained
haemostasis within 2 minutes, compared with 10 minutes for the control. There was significantly
less adhesion with chitosan gel versus control side (67).

SURGICAL TECHNIQUES

HOT WATER IRRIGATION

Hot water irrigation was first described in 1878 by NL Guice and published in 1884.
Mode of action
a) Narrows the intra nasal lumen that compresses the leaking vessel.
b) It decreases the blood flow by mucosal vasodilatation.
c) Cleans the blood coagulated in the nose.
d) Triggering clotting cascade.

Stangergup et al evaluated the effectiveness of modified hot water irrigation and
conventional posterior nasal packing in patients with posterior nasal bleeding. He suggested that
hot water irrigation was as effective as traditional posterior nasal packing; more over it was less
painful and less traumatic to the nose. Hot water irrigation with 40 degree to 46 degree will
reduce diffuse bleeding from the nasal mucosa.(68).

Stangerup et al studied the effect of hot water irrigation in rabbit. After nasal irrigation
with hot water for 5 minutes, he examined the morphological changes like vasodilatation,
narrowing of nasal lumen and epithelial necrosis. He noticed that the effect of hot water

irrigation changes with temperature. No changes were noticed on the nasal mucosa between 4046degrees, mild changes seen at 46 degrees, vasodilatation was noticed above 48 degrees and
tissue necrosis was noticed above 52 degrees. This indicates that warm water irrigation has
significant effect on controlling the bleeding by vasodilatation of mucosal vessels, narrowing the
intra nasal lumen and blood coagulates removed by irrigation.(69)

DIRECT CONTROL OF BLEEDING

During resection of the vascular tumours, the early control of feeding vessel is of prime
importance. Effective instruments for coagulation like radiofrequency coagulator, endoscopic
bipolar electrocautery are essential during endoscopic sinus to attain haemostasis especially
when dealing with sinonasal tumours.
Coblation radiofrequency has been recently introduced in the field of endoscopic sinus surgery.
Ruiz et al suggested the major advantages of coblator devices are



Simultaneously dissection



Coagulation



Irrigation

Coblators helps to reduce intraoperative blood loss and morbidity during endoscopic
sinus surgeries(70). Bleeding from smaller vessels seals off with coblation settings and larger

vessels coagulated by pressing the coagulation pedals. The bipolar cauterization function helps to
cauterize the anterior and posterior ethmoid arteries.

Nasal packing after endoscopic sinus surgery is directed to control bleeding and to
prevent synechiae or restenosis. Even though the cellulose and form packing are different in their
chemical composition, their principle of action is the same. After hydration with water or blood
absorption, they increase in volume, expand and cause wound compression.

Fibrin glue started using in Rhinology in early 1990s, initially used for cerebrospinal
fluid repair and trans sphenoidal pituitary surgeries. Fibrin glue is a combination of fibrinogen
and human thrombin mixed with aminoacids and salts.

Vaiman et al compared the efficacy of merocel and aerosol application of Quixil in
controlling bleeding after endoscopic sinus surgery. He noticed 25% of patients had
postoperative bleeding in merocel group .In Quixil group there was no postoperative bleeding,
and allergic reactions (71).

Frenkiel et al studied the efficacy of elastoviscous hylan gel in controlling the bleeding in
postoperative patients. The result indicated that hylan gel was effective in controlling
postsurgical bleeding particularly who had endoscopic sinus surgery. Other parameters like
postoperative adhesions and mucosal healing also assessed, which shows potential benefit(72) .

Fig :24 Hylan Gel ( Adapted from RX MEDICAMENT)

Platelet Gel

Platelet Gel is a fibrin tissue produced from autologous platelet rich plasma (PRP). It
minimizes the bleeding during surgery; reduce infection, swelling, pain.
Pomerantz et al compared the group that received platelet gel and merocel after
endoscopic sinus surgery. He suggested that platelet gel group had better outcome after FESS.
Platelet gel helps, not only to attain haemostasis, but also better option to avoid nasal packing
entirely. It activates the growth factors that promote healing. Platelet gel is absorbable and does
not require removal and can avoid discomfort due to gauze packing.

Platelet Gel
Fig: 25

(Adapted from Journal of Orofacial Research sep 2013)

Kastl conducted a study on the efficacy of carboxy-methylated cellulose (CMC) packing .
Carboxy –methylated cellulose (CMC) is a nonabsorbable material, which can be washed out
after repeated nasal douching(73).

CMC is available in the gel and net. Efficacies of both the forms are same. The gel form gets
hydrolysed extra nasally and net get hydrolysed intra nasally. Even though the nasal bleeding
was less when compared to non packed groups, statistically was not significant.

Fig:26:

Carboxy –Methylated Cellulose (CMC).
(Adapted from International Journal Of ORL& HNS Oct 2013.)

SURGICAL FIELD GRADING :

Various techniques have been described to control endonasal bleeding during endoscopic
sinus surgery. Most of them have been analysed to describe their effectiveness, however there is
no validated and standardised method till date. Thus we strongly feel that a standard method be
applied to compare these results.
Theodore et al

develop a standardized method for documenting bleeding during

endoscopic sinus surgery. In this study, video endoscopy was used and bleeding was assessed by
Standardized and non standardized methods. Non-standardized technique involved recording the
surgical field in a random fashion for a total of 30 to 60 seconds ensuring assessment of all
anatomic regions. In the standardized technique, recording was initiated from the frontal recess,
later proceeding to the ethmoidal region, moving to the sphenoidal recess and lastly the post
nasal area. Grading was done according to the new Wormald grading scale as well as the
Boezaart grading scale.

Boezaart et al in 1995 first proposed endoscopic surgical field grading scale to
objectively evaluate the effect of sodium nitroprusside and esmolol during endoscopic sinus
surgery and found that esmolol induced hypotension, produced a superior surgical field.

Boezaart surgical field grading

The aim of this five point scale was to quantify the amount of bleeding in the surgical field
during endoscopic sinus surgery

Wormald surgical field scale:
Grade

Assessment

0

No bleeding

1

1-2 points of ooze

2

3-4 points of ooze

3

5-6 points of ooze

4

7-8 points of ooze

5

10 points of ooze ( sphenoid fills in 60 seconds)

6

>10 points of ooze, obscuring surface (sphenoid fills in 50 seconds)

7

Mild bleeding /oozing from entire surgical surface with slow accumulaton
Of blood in the post nasal space (sphenoid fills by 40 seconds)

8

Moderate bleeding from entire surgical surface with moderate accumulation of blood in the
post nasal space at (sphenoid fills by 30 seconds).

9

Moderately severe bleeding with rapid accumulation of blood in the post nasal space
(sphenoid fills by 20 seconds)

10

Severe bleeding with nasal cavity filling rapidly ( sphenoid fills < 10 seconds)

PJ Wormald proposed an eleven point grading scale group which aimed to address some
of the limitations with the Boezaart surgical field grading. The surgical scale grades from 1-6
depending on the number of points of ooze and from 7-10 depending on the severity of
haemorrhage.

COMPARISON OF BOEZAART AND WORMALD SCALES

By standardizing video recording of the surgery, there is a marked improvement in both the
intrarater and the interrater reliability. This study also emphasis that the Wormald scale is
significantly better than Boezaart scale (0.80 vs. 0.40) with a P value of .001. In addition the
Wormald surgical field grading has shown to be more sensitive to subtle changes when
compared to the Boezaart scale. Through this study a simple and reliable standardized method of
recording bleeding during endoscopic sinus surgery has been introduced. Standardization
facilitates analysis and improves reliability of different surgical field grading systems. It allows
uniform comparisons to be made between research done at different centres hence providing
viewers a better idea of videos shown at conferences.

Two broad categories for analyzing the surgical field due to blood loss . These include
quantifying blood loss and visibility of the surgical field. Previously during endoscopic sinus
surgery, the objective quantification was used to measure the surgical field. There are different

methods to measure total blood loss. They

include measuring all suctioned contents in

estimating the blood loss.(74). The method of subtracting the volume of rinsing solution used
during surgery from the suctioned contents is relatively accurate however the ingested fluid is
not taken into consideration. Recently a new method of measuring the haemoglobin
(Hb)concentration in the suctioned fluids and comparing this haemoglobin with the patients
intraoperative haemoglobin was introduced(75). However this was time consuming and
expensive and need special haematological laboratory expertise. Considering the dynamic nature
of the surgery, the surgical field and volume of bleeding will change during the procedure. The
aforementioned methods give an overall idea about their inaccuracy therefore demanding the
need for a better dynamic measurement tool which can be used easily. The method should be
reproducible on either side numerous times and should be sensitive to measure change.

Subjective measurement of bleeding from the operative site has been reported using
tools like visual analogue scales and the six-point surgical field grade by Boezaart. Visual
analogue scale is a both sensitive and powerful tool with excellent intrarater reliability. The
drawback of this method is individuals interpreting the scale differently thereby contributing to
strong interrater reliability.

The Boezaart grading scale was first suggested by Fromme et al, which was later modified by
Boezaart et al in 1995. It is very simple to understand, easy to learn, and frequently used in
evaluating haemostatic techniques; unfortunately it is not standardized or validated. Routinely

the surgical grading falls under grade two or three and it is difficult to identify subtle differences
in surgical fields for comparison.

The Wormald scale is more sensitive than Boezaart scale, the reason being it measures points of
ooze in the lower grades. The amount of bleed from a particular point can vary at different sites
and from patient to patient. However severe bleeding results in rapid filling of the sphenoid
sinus, thus automatically yields a higher grade. Rarely the size of the sphenoid sinus and ostium
interfere with surgical grading.

Presence of clots can pose a challenge in grading surgical fields in both the Boezaart and
Wormald surgical field grading mainly in the frontal recess. To counter such a situation one must
gently suction the inferior margin of the clot and observe for underlying activity. Unfortunately
till date there are no reported benchmarks for values of intra and inter rate reliability of bleeding
scales.
.

,

MATERIALS AND METHODS

Aim of the study

It was to evaluate and compare the safety and efficacy of pterygopalatine fossa
infiltration with normal saline to normal saline with 1:100000 adrenaline in control of nasal
bleeding during endoscopic sinus surgery.

Study design:

Single blinded prospective, randomized controlled study design.

Period of study: 1 year.

Subjects
All patients who presented with chronic sinusitis and bilateral sinonasal polyposis as
supported with nasal endoscopy and computed tomography of the paranasal sinuses were
considered for the study after fulfilling the following inclusion and exclusion criteria.
Inclusion criteria
1. Age above 18 years.
Exclusion criteria included individuals with
1. Hypertension.
2. Anticoagulation therapy.
3. Revision endoscopic sinus procedures.

4. Cardiac morbidities example-patients with coronary artery disease, heart block and
arrhythmias.
Sample size calculation :

Permuted block randomization was done and blocks of size 2, 4 and 6 was generated using SAS
9.1.3 software (Statistical Analysis System).
The method used required a sample size of 26 subjects to show a difference in the surgical grade
of 0.3 units (each receiving normal saline on one side and saline with 1:100000 adrenaline on
other side). Assuming the power of 90% and a 5 % significance level, the above sample size was
deducted.

Z1-α -Alpha error

Z1-β - Power

o

- std deviation

µ

-mean

Single Mean - Paired t-test
Surg.
Grade
Pre-test mean
2.9

Post-test mean
2.6

Standard deviation in Pre-test
0.5

Standard deviation in Post-test
0.5

Effect size
0.6

Power (%)
90

Alpha Error
5
2

1 or 2 sided

Required sample size

31

Pre test mean indicates mean surgical grade value of the solution which was used on one
side. The post test mean indicates mean surgical grade value of the solution which was not used
on the pre test side. Power of 90 indicates that 90% possibility of demonstrating a difference in
the efficacy between the two solutions. Statistical analyses was done and base line variables like
age, gender was described in either group using mean, standard deviation, frequencies and
percentages.

The quantitative variables like surgical grade, mean arterial pressure and pulse rate were
described using mean and Standard deviation or mean and IQR (interquartile range) in both the
groups. The mean /medians were compared using the paired Wilcoxon signed rank test.

Setting

Patients who presented with clinical features suggestive of chronic sinusitis and nasal
polyposis at our tertiary hospital between September 2013 and August 2014 were screened after
computed tomography of the paranasal sinuses and rigid nasal endoscopy. Those who fulfilled
the inclusion criteria were recruited for the study after obtaining a detailed informed consent.

Blinding and masking
The surgeon who performed the surgery was aware of the injections been administered
on either side. All the surgeries were performed by multiple surgeons who performed the
pterygopalatine infiltration. The principal investigator who scored the surgical field grading at
various time intervals, remained blinded to the infiltration used on either side.

Methods

The subjects who presented to the ENT outpatient clinic with nasal complaints underwent
detailed ENT examination including rigid nasal endoscopy and CT scan of the paranasal sinuses.
Patients were selected for the study if they satisfied the inclusion and exclusion criteria. A
written consent was obtained from every patient.

Under general anaesthesia, both nasal cavities were adequately decongested using
cottonoids soaked with normal saline with 1:10000 adrenaline for 5 minutes. Local infiltration

with 2 ml of 1:2, 00,000 adrenaline was injected in specific areas like axilla of the middle
turbinate, anterior border of middle turbinate and uncinate process on either side.
The hard palate was exposed after depressing the tongue. The greater palatine foramen was
identified by palpating the palate 0.5- 1 cm medial and adjacent to the upper third molar tooth.
Infiltration was given with a 24 gauge needle which was bent to 45 degrees at 25 mm from the
bevelled tip.

The transoral infiltration of the pterygopalatine fossa was administered by the operating
surgeon such that one side would be infiltrated with 2 ml of either normal saline with 1:100000
adrenaline or normal saline. On completion of procedure on one side the opposite side was
infiltrated with 2 ml of the second solution. The principal investigator responsible for grading the
intra operative bleed was blinded to the drug administered. The grading was done every 30
minutes according to a validated scale used by Wormald surgical field grade. The and heart rate
and mean arterial pressure were also recorded on the proforma chart along with the surgical
grading.

Detailed diagrammatic Algorithm of the study.

Patients

above 18

years with

bilateral

chronic sinusitis

planned for endoscopic sinus surgery under general anaesthesia.

Detailed informed consent for participation.

Pterygopalatine fossa infiltration prior to the procedure
First arm – one solution.
Second arm – second solution

and sinonasal

polyposis

Surgical scale validated scale used by Wormald surgical field scale .
At each assessment other parameters including mean arterial blood pressure (MAP) and
heart rate were also recorded.

Data collection and analysis

Wormald surgical field scale

Grade

Assessment

0

No bleeding

1

1-2 points of ooze

2

3-4 points of ooze

3

5-6 points of ooze

4

7-8 points of ooze

5

10 points of ooze ( sphenoid fills in 60 seconds)

6

>10 points of ooze, obscuring surface (sphenoid fills in 50 seconds)

7

Mild bleeding /oozing from entire surgical surface with slow accumulaton
Of blood in the post nasal space (sphenoid fills by 40 seconds)

8

Moderate bleeding from entire surgical surface with moderate accumulation of blood in the
post nasal space at (sphenoid fills by 30 seconds).

9

Moderately severe bleeding with rapid accumulation of blood in the post nasal space
(sphenoid fills by 20 seconds)

10

Severe bleeding with nasal cavity filling rapidly ( sphenoid fills < 10 seconds)

PROFORMA CHART
Patient name:

Hospital number :

Age& Gender:

Diagnosis:

Right side
0

30 mts

60 mts

90mts

120mts

Surgical grade
MAP
Heart rate

Left side
0

30 mts

60 mts

90mts

Surgical grade
MAP
Heart rate

Collected data was entered into an excel sheet.

RESULTS
Statistical analysis- All statistical analysis was done using SAS 9.1.3 software

Clinical diagnosis

120mts

We had recruited 26 patients in our study of which we had 16 patients who were diagnosed with chronic
sinusitis and were diagnosed with sinonasal polyposis.

CLINICAL DIAGNOSIS

sinonasal polyposis
38%

chronic sinusitis
62%

SURGICAL GRADE
.

parameter
B

Confidence Interval
lower
upper

p

<0.01
Adrenaline

-0.846

-1.307

-.385

Comparison of endoscopic surgical field grade between normal saline and normal saline with
adrenaline suggested that, adrenaline has significantly 0.85 units lesser surgical grade than
saline. (p value-<0.01)

Normal saline with adrenaline shows a mean surgical score below 6 during entire duration of
surgery, with a maximum efficacy during the first 60 minutes after infiltration. However normal
saline alone shows a higher mean value throughout the surgery, starting at a mean score of 5.5.

MEAN HEART RATE
Mean

Std deviation

P value

Adrenaline

77.97

4.88

.758

Saline

77.53

5.17

Mean heart rate
90
80
70
60
50
40
30
20
10
0
adre

saline
mean

std deviation

When comparing the effects of normal saline with adrenaline to normal saline in relation to
heart rate, both arms showed a mean value of 77.97 and 77.53 respectively. The P value was
0.758; hence the results are comparable though not statically significant.

MEAN ARTERIAL PRESSURE

Adrenaline

Mean

Std deviation

76.33

6.2

P value

.683
Saline

75.66

5.3

Mean arterial pressure
90
80
70
60
50
40
30
20
10
0
adrenaline

saline
mean

std deviat

When comparing the effects of plain normal saline to dilute adrenaline in relation to mean
arterial pressure both arms showed a mean value of 75.66 and 76.33 respectively. The P value
was 0.683; hence the results are comparable though not statistically significant.

MAXIMUM HEART RATE

Adrenaline

Mean

Std deviation

81.19

4.4

P value

.525
Saline

81.19

5.8

Maximum heart rate

90
80
70
60

mean

50

SD

40
30
20
10
0

Adrenaline

saline

When comparing the effects of plain normal saline to dilute adrenaline in relation to maximum
heart rate both arms showed a mean value of 81.19and 81.19 respectively. The P value was 0.525;
hence the results are comparable though not statistically significant.

MAXIMUM MEAN ARTERIAL PRESSURE

Adrenaline

Mean

Std deviation

80.84

6.3

P value

.947
Saline

80.73

6.0

When comparing the effects of plain normal saline to normal saline with adrenaline in relation to
maximum mean arterial pressure

both arms showed a mean value of 80.73 and 80.84

respectively. The P value was 0.947; hence the results are comparable though not statistically
significant.

90

Maximum mean arterial pressure

80
70
60
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adrenaline

40

saline
30
20
10
0
mean

SD

HEART RATE VERSUS SURGICAL GRADE

There was no significant correlation between heart rate and surgical grade with P value of .110. This
correlation is independent of time.

Mean arterial pressure versus surgical grade

There was no significant correlation between mean arterial pressure and surgical grade with p value 0.11.

Discussion
Endoscopic sinus surgery (ESS) is one of the most common surgical procedures
performed by otolaryngologists. Achieving adequate haemostasis is vital for proper visualization
during surgery and avoiding complications. Bleeding in the surgical field is dependent on a
number of factors mainly severity of disease and patient comorbidities such as hypertension and
coagulation disorders. There are various well described and developed strategies to minimize
intra-operative bleeding. These include - patient positioning, anesthetic techniques, topical
decongestants, infiltration techniques and surgical techniques. The importance of haemostasis to
obtain a better surgical field in preventing iatrogenic complications during endoscopic sinus
surgery is paramount. Hence this study to compare the efficacy of pterygopalatine fossa
infiltration with normal saline to normal saline with 1:100000 adrenaline in the control of nasal
bleeding during endoscopic sinus surgery, when performed under general anaesthesia. Till date
there are only three published articles in the world literature, which determine the effect of
pterygopalatine fossa infiltration during endoscopic sinus surgery and there is no study or
randomised controlled trials in the literature to date comparing the effect of both these agents.

We conducted the study on 26 consecutive patients who underwent endoscopic sinus
surgery for sinonasal polyposis and chronic sinusitis. Sixteen of the study group where diagnosed
with chronic sinusitis and the rest with sinonasal polyposis. The grading was done every 30
minutes according to a validated scale used by Wormald surgical field grade. The heart rate and

mean heart rate were also recorded on a proforma chart as and when the surgical grading was
marked.
In our study, the endoscopic surgical field grade between normal saline and normal saline
with1:100000 adrenaline suggested that, adrenaline has significantly 0.85 units lesser surgical
grade than saline.(p value- <0.01).
The normal saline with adrenaline maintained a lower surgical grade during the entire
duration of surgery when compared to normal saline. It was also noted that normal saline with
adrenaline had a maximum efficacy during the first 60 minutes after infiltration, thereafter with
the passage of time, its effectiveness gradually weaned off.

In a similar study done by Wormald et al, the effectiveness of 2% lidocaine with 1:80000
adrenaline was studied in reducing intraoperative bleeding following unilateral transoral
pterygopalatine fossa infiltration during endoscopic sinus surgery. This study showed that the
infiltrated side had lesser bleeding compared to the non-infiltrated side and the surgical grade
was statistically significant (P= 0.019).
In our study we used normal saline with adrenaline instead of 2% lidocaine with
adrenaline because under general anaesthesia as the need for lidocaine seemed unnecessary to us.
We felt that normal saline exerted its effect by raising tissue pressure and causing vascular
compression. Combining adrenaline with saline provides a dual action by vasoconstriction and
tissue compression.
To extend the action of peripheral blocks, adrenaline is usually added to the lidocaine. It
has been presumed that the adrenaline prolongs the effect of lidocaine by decreasing the local
blood flow, which resulted in delayed absorption of slower local anesthetic agent(76).

Yet another similar study done by Eloy et al compared the blood loss during endoscopic
sinus surgery in two groups of patients who received 1% lidocaine with 1:100000 adrenaline
infiltration. One group received 1% lidocaine with 1:100000 adrenaline, both trans nasal and
trans oral through greater palatine canal (combined group) and another group received the same
infiltration trans-nasally only (control group). He noted a large difference in estimated blood loss
between combined group and control group, though it was not statistically significant (P=0.95).

Valdes et al investigated the efficacy of pterygopalatine fossa infiltration on blood loss
and surgical field grading during endoscopic sinus surgery. In this study, the pterygopalatine
fossa was infiltrated with 1% xylocaine and 1:100000 adrenaline on one side and the opposite
side served as the control. He observed that there was no difference between non-injected and
injected sides in terms of surgical field grade (P = 0.151)(77).

The surgical grading for our study was done with the Wormald scoring system. However
inorder to compare with Wormalds study, we noted that the mean surgical grade with Boezaart
scale for normal saline with 1:100000 adrenaline in our study was 6.615. The mean surgical
grade with Boezaart scale for 2% lidocaine with 1:80000 adrenaline in Wormald et al study
was 2.59.This observation suggests that lignocaine with adrenaline may produce better
haemostasis than normal saline with adrenaline. It is probable that the pain relief that lignocaine
produces results in the better parameters, but this observation needs to be validated by an
independent study.

Our study also revealed that there was no significant correlation between heart rate and
surgical grade (P value of 0.110). The Valdes et al study also concurs with this observation, but
Wormald et al noticed there was statistically significant correlation between surgical grade and
heart rate (P=0.004).

Our study compared the effects of plain normal saline to normal saline with 1:100000 in
relation to mean arterial pressure. Both arms showed a mean value of 75.66 and 76.33
respectively. The P value was 0.683; hence the results were comparable though not statistically
significant. Wormald and Valdes -,in their respective studies have made the similar observation.
Both anesthetic techniques and surgical techniques have to be combined to get an
optimum result during endoscopic sinus surgery. In our study, we have noted that the
pterygopalatine fossa infiltration gives a better haemostatic control, especially during the first
hour from the time of infiltration.We would therefore recommend pterygopalatine injection as an
additional manoeuvre along with a few of the other described techniques for an optimised
surgical field.

Conclusion

Our study compares the efficacy of pterygopalatine fossa infiltration with normal saline to
normal saline with 1:100000 adrenaline, in reducing bleeding and thus providing a better
surgical field. The study revealed a better surgical field on the side infiltrated with saline and
adrenaline when compared to saline infiltration alone (p value< 0.01) .The initial hour proved
crucial as the maximum hemostatic effect was noticed in this hour. Heart rate and mean arterial
pressure did not show any statistical significance with the surgical grade of bleeding on our
study.
.

The technique for attaining haemostasis in endoscopic sinus surgery is mutifactorial ;

this may range from simple warm saline irrigations to use of gelatin matrix in achieving
hemostasis.. Infiltration of the pterygopalatine fossa is one of the many techniques that can be
adopted to provide a better surgical field. It is our opinion that sheer tissue compression with
saline infiltration may not suffice to provide a better surgical field; the vasoconstrictive effect of
adrenaline does bear an impact on the final surgical field and outcome.
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PATIENT INFORMATION SHEET

Endoscopic sinus surgery is done for treating diseases of the nose and paranasal surgeries.
Success largely depends on achieving a dry surgical field during the Procedure.
Many methods have been adopted for reducing the nasal bleed intraoperatively. We
commonly use xylocaine with 1: 100000 adrenaline for the same.
Recent studies have been shown the benefit of pterygopalatine fossa infiltration for these
cases and xylocaine with adrenaline has been used for this purpose.
We would like to know if saline and adrenaline alone is enough for achieving a good intra
operative surgical vision. We would inject about 2 ml of 1:100000 adrenaline on one side and
normal saline on other side to the area near the upper last tooth.
If you take part what will you have to do?
You will be asked to answer a questionnaire and undergo a detailed Ear, Nose and
Throat examination prior to the surgery.
Does this drug have any side effects?
No. The diluted adrenaline and saline are commercially available and has been in use for long
period of time with no added side effects as observed on patients.
Am I allowed to withdraw from this study before the surgery?
Your participation in this study is voluntary and you are free to withdraw at any time, without
giving any reason and your withdrawal will not affect your treatment in this hospital. There is
no extra risk for you due to your participation in this study since our treatment for you will
not be influenced by this test. There is absolutely no additional cost to you as a result of
participation in this study.
What will happen if you develop any study related injury?
We do not expect any injury to happen to you but if you do develop any side effects such as
allergic reaction or any other unforeseen complication due to the study, these will be treated
appropriately.
What happens after the study is over?
Once the study is done, the collected data will be analysed. Results will be compared between
adrenaline and normal saline infiltration. If the results are favourable, this could be a standard
treatment for all patients undergoing Endoscopic sinus surgery.
Will your personal details be kept confidential?
Your identity will remain confidential. However we may publish the results in a journal or a scientific
meeting; and your medical notes may be reviewed by people associated with the study.
Dr Vinod P
Employment Number: 33075
PG Registrar
Dept of ENT
Christian medical college, Vellore.
Contact number: 8056947057.
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CONSENT TO TAKE PART IN A CLINICAL TRIAL

Study Title:
To compare the effectiveness of normal saline to adrenaline (1:100000) in
reducing

intraoperative

bleeding

following

pterygopalatine

fossa

infiltration

prior to performing endoscopic sinus surgery
Study number:
Participant’s name:
Date of birth/age (in years)

I--------------------------------------------------------------------------------------------------, father/mother/guardian/relative of -----------------------------(Please tick boxes)
Declare that I have read the information sheet provide to me regarding this study and have clarified
any doubts that I had. [ ]
I also understand that participation in this study is entirely voluntary and that I am free to withdraw
permission to continue to participate at any time without affecting my usual treatment or legal rights [
]
I understand that I will receive free treatment for any study related injury or adverse event but I will
not receive any other financial compensation [ ]
I understand that the study staff and institutional ethics committee members will not need my
permission to look at my health records even if I withdraw from the trial. I agree to this access
[ ]
I understand that my identity will not be revealed in any information released to third parties or
published [ ]
I voluntarily agree to take part in this study [ ]
Signature (or Thumb impression) of the Subject/Legally Acceptable

iii

Date: _____/_____/______
Signatory’s Name: _________________________________

Representative:
Date: _____/_____/_
Signatory’s Name: _________________________________

Signature of the Investigator: ________________________
Date: _____/_____/______
Study Investigator’s Name: _____________
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Signature:
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