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Objectives

To improve the control of bleeding during functional endoscopic sinus surgery (FESS)

by means of positional changes, controlled hypotensive anesthesia, and an

intraoperative (IO) intravenous injection of tranexamic acid.

Patients and methods

The study included 45 patients assigned to undergo FESS. Patients were divided

randomly into three equal groups: group A received an IO injection of tranexamic acid

10mg/kg as a bolus injection after induction of anesthesia. Group B included patients

placed on a table inclined by B301 in the anti-Trendelenburg position and received an

IO injection of tranexamic acid 10mg/kg after induction of anesthesia. Group C

included patients maintained supine who did not receive an IO injection of tranexamic

acid. All patients received a maintenance anesthetic regimen that used combined

intravenous/inhalational anesthesia. Operative field visibility was evaluated using the

Fromme scale. The total amount of bleeding as judged by the amount evacuated was

recorded.

Results

The anesthetic maneuver used reduced blood pressure and heart rate significantly at

the end of surgery compared with the measures estimated at the time of induction of

anesthesia. Groups A and C showed significantly higher blood pressure and heart rate

estimated at the end of surgery compared with group B. All surgeries were conducted

completely without IO complications. No extensive bleeding was recorded and

no patient had a visibility score of 0 or 5. Four patients had a visibility score of 1, nine

patients had a visibility score of 2, 15 patients had a visibility score of 3, and 17

patients had a visibility score of 4. The frequency of patients who had higher field

visibility was significantly higher in group B compared with groups A and C, with a

significantly higher frequency in group A compared with group C. Manipulations

applied for group B significantly reduced the amount of IO bleeding, with a subsequent

significant improvement in the mean field visibility score compared with groups A and

C. Tranexamic acid significantly reduced the amount of bleeding and improved field

visibility in group A compared with group C.

Conclusion

A combination of maintaining patients in the anti-Trendelenburg position, anesthetic

manipulation using combined intravenous and inhalational anesthesia, and an IO

intravenous injection of tranexamic acid could minimize bleeding and improve field

visibility during FESS and this combination of manipulations could be recommended

as strategy for this type of surgery.
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Introduction

Functional endoscopic sinus surgery (FESS) is a useful

and widespread technique that allows the treatment of a

large number of nasal pathologies aiming at maintaining

physiological function and anatomical structure. The

extent of the operation is adapted according to each

case. It is focused on the osteomeatal complex in the

middle meatus and the ethmoid cells. FESS enables

re-establishing sinus aeration, mucosal recovery, and sinus

drainage [1].

Chronic sinusitis not responding to medical treatment

and nasal polyposis are two classical indications for

performing endoscopic sinus surgery. With FESS, which

has the advantage of good illumination and clear vision
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with a minimally invasive surgery, it is possible to achieve

consistently good results, provided the surgery is

performed accurately and with care [2]. Huang et al. [3]
have reported that after endoscopic sinus surgery for

chronic pediatric sinusitis, the antral mucosa recovered

and mucociliary clearance improved, with improved

ventilation and drainage.

Intraoperative bleeding, which reduces visibility in the

operative field, is one of the major problems of such

interventions. The complicated anatomy, its unique vari-

ations, and the proximity of the cranial base, brain, eyes,

blood vessels, and nerves require the surgeon to know the

anatomy in detail and to identify structures precisely;

thus, excessive bleeding during surgery is undoubtedly

one of the factors that can lead to complications. With

reduced visibility, the time of intervention increases.

Excessive bleeding might lead to abandoning surgery.

Improvement of intraoperative visibility while reducing

bleeding is an important task for an anesthetist during

FESS [4-6].

The current study was designed as a trial to improve the

control of bleeding during FESS by means of positional

changes, the use of controlled hypotension achieved

through maintenance of anesthesia using combined

intravenous (i.v.)/inhalational, and an intraoperative i.v.

injection of tranexamic acid.

Patients and methods
This prospective comparative study included 45 patients,

aged 21–53 years, and assigned to undergo FESS, in the

period between January 2002 and December 2003. After

approval of the study protocol by the Local Ethical

Committee and obtaining patients’ fully informed written

consents, patients were randomly divided, using sealed

envelopes, into three equal groups (n=15): group A

received an intraoperative injection of tranexamic acid

(Cyklocapron, 100mg/ml, 5ml ample; Pfizer) 10mg/kg as

a bolus injection after induction of anesthesia. Group B

included patients placed on a table inclined by B301 in
the anti-Trendelenburg position and received an intra-

operative injection of tranexamic acid (Cyklokapron)

10mg/kg as a bolus injection after induction of anesthe-

sia. Group C included patients maintained supine and did

not receive an intraoperative injection of tranexamic acid.

All patients received a maintenance anesthetic regimen

using combined i.v./inhalational anesthesia.

Patients with the cardiovascular pathology, heart failure,

hypertension, as well as patients with bleeding diathesis

and those taking aspirin or other medications affecting

coagulation and patients with kidney or liver dysfunction,

as well as anemia (Hbo10 g/dl) were excluded from the

study. The study patients were kept fasting as per the

standard guidelines and were premedicated with oral

midazolam 7.5mg tablet 1 h before the induction of

anesthesia. Upon arrival to the operating theater, an i.v.

line was established and i.v. fluids were started using

Ringer’s solution. All patients were monitored with

noninvasive blood pressure for systolic, diastolic, and

mean (MAP) arterial blood pressure, ECG for heart rate

(HR), capnography for EtCO2, and pulse oximetry for

oxygen saturation (SpO2), and a nerve stimulator for

neuromuscular blockade monitoring. Anesthesia was

induced using i.v. propofol (propofol – Lipro 1%; B.

Braun Melsungen AG. D-34209, Melsungen, Germany),

2.5mg/kg, remifentanil (Ultiva; GlaxoSmithKline Manu-

facturing, S.P.A, Parma, Italy), 0.5 mg/kg, as a bolus dose

over 30 s, followed by an infusion of 0.05–2 mg/kg/min

using a syringe pump (JMS, SP 500; JMS Co., Ltd, Japan)

and cisatracurium (Nimbex; GalaxoWellcome, S.P.A,

Parma, Italy; 10mg/5ml ampule), 0.15mg/kg. All patients

were intubated with a cuffed endotracheal tube and

oropharyngeal packing with wet gauze, which was

removed at the end of surgery. The anesthesia was

maintained with 40% O2 and 60% N2O, 2% sevoflurane,

and cisatracurium 0.03mg/kg. Patients were mechanically

ventilated for an end-tidal CO2 concentration of

32–35mmHg and to insure SpO2 97%. MAP values less

than 60mmHg were easily corrected by reducing the

sevoflurane concentration and/or increasing fluid admin-

istration or decreasing the remifentanil infusion rate.

Before the end of surgery by 15min, all patients received

intramuscular meperidine (Pethidine) 1mg/kg. All anes-

thetics were stopped at the end of surgery and atropine

20 mg/kg with neostigmine 40 mg/kg were administered in

one syringe to reverse the muscle relaxant, after which

patients were awakened and transferred to the recovery

room. Collectively, blood pressure measures and HR were

determined at the end of surgery (TE) and were

compared versus these measures determined at the time

of induction of anesthesia (TI).

Immediately after tracheal intubation, all patients under-

went packing of the cavity with adrenaline-soaked

pledgets (1 : 100 000) to obtain maximum vasoconstric-

tion of the mucosa and thus better visualization of the

main features of the cavity. Before insertion into the

cavity, the pledgets were gently squeezed and then,

under endoscopic guidance, applied carefully on the

mucosa. The middle meatus, hiatus semilunaris, and the

sphenoethmoidal recess were packed with cotton pads

that were introduced using small auricular forceps, and

after 10min, the pledgets were removed. Xylocaine 1%

with adrenaline (1 : 100 000), 1–1.5ml, was injected

under the mucosa of the uncinate process at the level

of the head of the middle turbinate and the inferior part

of the bulla. A local anesthetic was administered at the

point of insertion of the middle turbinate to block the

vessels and the nerve fibers that come from the artery and

the anterior ethmoidal nerve.

The approach for FESS was carried out after Kennedy

[7]. Complete removal of the uncinate process yielded

good exposure of the maxillary sinus ostium. Then,

suction of any retained secretions was performed and the

0 and 301 endoscopes were used to remove thickened

mucosa, polyps, and/or cysts.

The visibility of the operative field during FESS was

evaluated using the Fromme et al. [8] scale adapted by
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Boezaart et al. [9]: 5=no bleeding, 4= slight bleeding

and blood evacuation not necessary, 3= slight bleeding

and sometimes blood has to be evacuated, 2= low

bleeding, blood has to be often evacuated and the

operative field is visible for some seconds after evacua-

tion, 1= average bleeding, blood has to be evacuated

often and the operative field is visible only right after eva-

cuation, and 0=high bleeding and constant blood

evacuation is needed, but sometimes bleeding exceeds

evacuation and surgery is hardly possible at all or

impossible. The total amount of bleeding as judged by

the amount evacuated was also recorded.

Statistical analysis

The data obtained were presented as mean±SD, ranges,

numbers, and ratios. Data were analyzed using the

Wilcoxon Z-test for unrelated data. Statistical analysis

was carried out using the SPSS (Version 15, Chicago,

USA) for Windows statistical package. A P value less than

0.05 was considered statistically significant.

Results
The study included 45 patients, 34 men and 11 women,

mean age 39.2±8.4, range 21–53 years. According to the

American Society of Anesthesiologists (ASA), there were

37 ASA grade I and eight ASA grade II. Twenty-nine

patients underwent anterior ethmoidectomy (resection of

the uncinate process and opening of the bulla) and/or

middle meatal antrostomy; nine patients underwent

anterior and posterior ethmoidectomy and/or sphenoi-

dotomy and seven patients underwent posterior ethmoi-

dectomy and/or opening of the frontal recess. There was a

nonsignificant difference between patients enrolled in

studied groups in terms of age, sex, ASA grade distribu-

tion, or procedure performed (Table 1).

The anesthetic maneuver applied significantly reduced

blood pressure and HR at the end of surgery compared

with measures estimated at the time of induction of

anesthesia. Both groups A and C showed significantly

(Po0.05) higher blood pressure and HR estimated at the

end of surgery compared with that recorded in group B,

with a nonsignificant difference between groups A and C

(Table 2).

All surgeries were performed completely without intra-

operative complications. No extensive bleeding was

recorded and no patient had a visibility score of 0 or 5.

Only four patients (8.9%) had a visibility score of 1, nine

patients (20%) had a visibility score of 2, 15 patients

(33.3%) had a visibility score of 3, and 17 patients had a

visibility score of 4. The frequency of patients who had

higher field visibility was significantly higher in group B

compared with group A (w2= 3.174, Po0.05) and group

C (w2= 17.102, Po0.01), with a significantly higher

frequency of higher field visibility scores in group A

compared with group C (w2= 5.635, Po0.05), (Table 3).

Manipulations applied for group B significantly reduced

the amount of intraoperative bleeding, with a subsequent

significant improvement in the mean field visibility score

compared with groups A and C. Moreover, the intra-

operative administration of tranexamic acid for the

patients in group A significantly reduced the amount of

field bleeding and improved field visibility compared with

that in group C (Table 4).

Discussion
FESS is most successful in patients who have recurrent

acute or chronic infective sinusitis. Patients in whom the

predominant symptoms are facial pain and nasal blockage

usually respond well. The sense of smell often improves

after this type of surgery. In patients with nasal polyposis

that is not controlled with topical corticosteroids, FESS

allows the accurate removal of polyps [1,10].

For reduction of mucosal congestion, all patients under-

went packing of the nose with adrenaline-soaked

pledgets (1 : 100 000) to obtain maximum vasoconstric-

tion of the mucosa and xylocaine 1% with adrenaline

(1 : 100 000), 1–1.5ml, was injected under the mucosa of

the uncinate process. In support of this policy, Cohen-

Kerem et al. [11] found that the injection of an

epinephrine/lidocaine mixture during FESS did not

produce higher blood levels of epinephrine compared

with saline injection and did not induce any harmful side

effects.

For all the patients studied, the anesthetic procedure

using hypotensive anesthesia with combined i.v. and

inhalational anesthesia led to a significant reduction in

hemodynamic parameters compared with their baseline

level. Induced hypotension reduced venous congestion,

thereby reducing the amount of bleeding and thus

improving field visibility. These data are in agreement

with those of Sieśkiewicz et al. [12], who reported that

during FESS, the best operative conditions were achieved

in patients with the lowest MAP and HR, and there was a

significant and strong correlation between the operative

field conditions and MAP.

Deqoute et al. [13] found that remifentanil combined

with propofol enabled controlled hypotension, reduced

middle ear blood flow, and provided good surgical

conditions for tympanoplasty with no need for additional

use of a potent hypotensive agent. The current study

reported a significant reduction in the amount of

bleeding and improved field visibility when patients

were maintained in the anti-Trendelenburg position and

received an intraoperative i.v. injection of tranexamic acid

compared with those who received tranexamic acid alone

or did not receive any manipulations. These data

indicated the beneficial effect of head-tilt position on

the extent of bleeding and could be attributed to

decreased venous congestion and minimized arterial

supply of the head and neck region, an effect that is

maximized using hypotensive anesthesia. In support of

this explanation, patients in the head-up position had

significantly lower blood pressure measures and HR
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compared with other patients managed in the supine

position. In agreement with these findings, Ko et al. [14]
evaluated the factors related to the volume of intra-

operative blood loss during endoscopic sinus surgery and

reported that the reverse Trendelenburg position may

reduce intraoperative blood loss. In agreement with the

beneficial effects of patient positioning, Moumoulidis

et al. [15] reported that the Trendelenburg position is

considerably superior to the Valsalva maneuver in

identifying bleeding vessels at hemostasis and it has

become a common practice to place patients in the

Trendelenburg tilt position routinely to check the

adequacy of hemostasis without any intracranial compli-

cations using a tilt angle of 301.

An intraoperative injection of tranexamic acid signifi-

cantly reduced the amount of intraoperative bleeding and

improved field visibility compared with that in patients

who did not receive tranexamic acid. These beneficial

effects of tranexamic acid are in agreement with the

results of multiple studies that have evaluated its effect

for various forms of bleeding. Ipema and Tanzi [16]

reviewed the literature on the intraoperative use of

tranexamic acid that included a total of 16 publications in

the setting of major surgical procedures and concluded

that the use of tranexamic acid reduced postoperative

blood loss, with a significant reduction in the number of

packed red blood cell transfusions or units administered,

ICU stay, or length of hospitalization. McConnell

et al. [17] found that the use of tranexamic acid at

induction or intraoperatively reduced blood loss com-

pared with that of the control group undergoing hip

arthroplasty. Greiff et al. [18] reported that tranexamic

acid reduced the number of packed red cell transfusions

administered to patients 70 years or older undergoing

combined aortic valve replacement and CABG surgery.

In terms of otorhinolaryngological surgeries, George

et al. [19] reported that tranexamic acid at a dose of

10mg/kg administered i.v. preoperatively was effective in

the control of tonsillectomy bleeding. Alimian and

Mohseni [20] evaluated the effects of i.v. tranexamic

acid on blood loss and surgical field quality during FESS

and reported a significant reduction in blood loss, with a

significantly lower bleeding score and significantly higher

surgeon satisfaction with the surgical field in the

tranexamic group than the placebo group, and concluded

that i.v. tranexamic acid effectively reduces bleeding and

improves the surgical field during FESS. Abrams [21]

reported that the rate of secondary hemorrhage after oral

and nasal interventions can be reduced considerably by

tranexamic acid, which implies risk reduction and better

compliance, especially in an increasingly aging patient

population.

In agreement with the use of i.v. tranexamic acid as

the effective route for administration, Choi et al. [22]
reported that a preoperative i.v. bolus administration of

tranexamic acid at 20mg/kg reduces blood loss compared

with placebo during bimaxillary osteotomy. Kaewpradub

et al. [23] found that tranexamic acid in an irrigant fluid

does not significantly decrease intraoperative blood loss

compared with placebo during orthognathic surgery.

Sankar et al. [24] have reported that preoperative and

intraoperative administration of the antifibrinolytic agent,

tranexamic acid, is effective in controlling blood loss and

improving the quality of the surgical field for adolescent

patients undergoing orthognathic surgery.

Table 1 Patients’ distribution in both groups studied according to patients’ characteristics and procedure performed

Group A (n=15) Group B (n=15) Group C (n=15)

Age (years) 38.3±8.8 (21–53) 40.2±8 (23–51) 39.2±8.4 (21–53)
Sex (male : female) 12 : 3 11 : 4 11 : 4
ASA grade I : II 12 : 3 12 : 3 13 : 2
Procedure performed [n (%)]
Anterior ethmoidectomy 10 (66.7) 10 (66.7) 9 (60.1)
Anterior and posterior ethmoidectomy 3 (20) 2 (13.3) 4 (26.6)
Anterior ethmoidectomy, posterior ethmoidectomy and frontal recess 2 (13.3) 3 (20) 2 (13.3)

Data are presented as mean±SD, numbers and ratios; ranges and percentages are in parentheses.
ASA, American Society of Anesthesiologists.

Table 2 Mean blood pressure and heart rate changes reported

in the groups studied at the end of surgery compared with

measures determined at the time of induction of anesthesia

SAP (mmHg) DAP (mmHg) MAP (mmHg) HR (beat/min)

Group A (n=15)
TI 121.8±9.6 78.3±5.9 92.8±7.1 81.8±2.9
TE 84.2±5.2a,b 66.7±3.5a,b 72.5±4.7 73.3±4.5a,b

Group B (n=15)
TI 116.7±5.2 76.5±5 89.9±5.1 82.8±3
TE 79.4±3.6a 63.1±2.6a 68.5±2.9 67.5±3.3a

Group C (n=16)
TI 118.6±5.6 77.7±4.3 91.3±4.7 78.6±4.7
TE 83.1±4.1a,b 65.1±2.9a,b 71.1±3.3 70.6±3.9a,b

Data are presented as mean±SD.
DAP, diastolic arterial blood pressure; HR, heart rate; MAP, mean
arterial blood pressure; SAP, systolic arterial blood pressure.
aSignificant vs. TI.
bSignificant vs. group B.

Table 3 Patients’ distribution according to the field visibility

score reported in the groups studied

N (%)

Group A
(n=15)

Group B
(n=15)

Group C
(n=15)

Total
(n=45)

1 1 (6.7) 0 (0) 3 (20) 4 (8.9)
2 3 (20) 2 (13.3) 4 (26.7) 9 (20)
3 5 (33.3) 5 (33.3) 5 (33.3) 15 (33.3)
4 6 (40) 8 (53.4) 3 (20) 17 (37.8)

Data are presented as numbers and percentages, and are in
parenthesis.
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It can be concluded that a combination of maintaining

patients in the anti-Trendelenburg position, anesthetic

manipulation using combined i.v. and inhalational anes-

thesia, and an intraoperative i.v. injection of tranexamic

acid could minimize bleeding and improve field visibility

during FESS, and this combination of manipulations

could be a recommended strategy for this type of surgery.
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