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Abstract The aim of the study was to assess the effect of

three different types of anaesthesia on perioperative

bleeding control and to analyse the mean arterial blood

pressure and heart rate in patients undergoing endoscopic

paranasal sinus surgery. Ninety patients (30 women and 60

men, aged 18–85 years) scheduled to undergo functional

endoscopic sinus surgery in the years 2008–2010 were

identified as candidates for inclusion in the study. Patients

were randomly assigned to one of three groups (30 patients

each) according to the type of general anaesthesia to be

administered. Groups I and II both received inhalation

anaesthesia (sevoflurane for sedation) and intravenous

anaesthesia (fentanyl in group I, remifentanil in group II).

Anaesthesia was delivered solely via intravenous route

(TIVA) in group III, with propofol used for sedation and

remifentanil for analgesia. Blood pressure and heart rate

were monitored during surgery and post-surgically for 4 h.

Mean anaesthesia duration in groups I, II and III was

108.7 ± 20.8, 112.6 ± 22.2 and 103.7 ± 17.5 min and the

surgery duration was 71.3 ± 16.7, 78.8 ± 24.2 and 66.5 ±

15.5 min, respectively. Mean blood loss during surgery

was 365.0 ± 176.2, 340.0 ± 150.5 and 225.0 ± 91.7 ml,

with a mean blood loss rate of 5.1 ± 2.4, 4.5 ± 2.2 and

3.4 ± 1.1 ml/min in groups I, II and III, respectively.

Technologically advanced control of the drug dose with the

TIVA technique allows for better control of perioperative

bleeding.

Keywords Type of anaesthesia � Perioperative bleeding �
Functional endoscopic sinus surgery (FESS)

Introduction

Excessive bleeding during extensive endoscopic surgery of

the paranasal sinuses can compromise the safety and effi-

ciency of the surgical procedure. To ensure hemodynamic

balance and patient safety, it is essential to monitor and con-

trol perioperative bleeding. Fortunately, the amount of blood

lost during surgery can be easily determined by measuring the

total quantity of blood suctioned from the operative field.

Good surgical field visibility is one of the basic pre-

requisites for a precise and safe otolaryngological opera-

tion, and the main obstacle to good visibility is excessive

perioperative bleeding. Several factors, including arterial

blood pressure, heart rate and coagulation disorders, have a

large impact on perioperative bleeding. For this reason,

every effort should be made to maintain these cardiovas-

cular parameters at low levels.

One of the main methods of reducing perioperative

bleeding during functional endoscopic sinus surgery

(FESS) is the use of controlled hypotension. However,

poorly controlled hypotension can lead to lower blood flow

to organs that are sensitive to fluctuations in perfusion

pressure. The use of precisely dosed modern anaesthetic

agents, together with proper patient positioning, allows us

to manage haemodynamic parameters during surgery [1]
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and thus to easily control hypotension. Although several

such modern anaesthetic agents and methods are available,

one method in particular—total intravenous anaesthesia

(TIVA)—has become increasingly popular in recent years

[2–6]. In our practice, we have been using TIVA with great

success for several years now. However, few studies have

evaluated the impact of TIVA on perioperative bleeding.

The aim of the present study was to compare TIVA to

two other types of conventional anaesthesia delivery in

order to assess the impact on perioperative bleeding control

and on mean arterial pressure and heart rate in patients

before, during and after endoscopic paranasal sinus surgery.

Materials and methods

In the 2-year period from 2008 to 2010, 502 patients (209

women [41.6 %] and 293 men [58.4 %]), aged 18–85 years

underwent FESS at the Department of Otolaryngology of the

Military Medical Academy in Lodz. Of these 502 patients,

90 (30 women and 60 men) were randomly selected to par-

ticipate in this randomized, prospective study. The women

ranged in age from 18 to 75 years (mean 46.6 ± 11.12) and

the men from 20 to 85 years (mean 54.4 ± 13.29). The

inclusion criteria were based on the American Society of

Anesthesiologists (ASA) Physical Status Scale Ratings [6]

and were the same for all analgesic procedures.

The patients were allocated to one of three groups (30

patients each) based on the intended general anaesthesia

approach (i.e. intubation, mechanical ventilation, or life

and ventilation parameters monitoring). Both inhalation

anaesthesia (sevoflurane for sedation) and intravenous

anaesthesia were used for patients in groups I and II. The

only difference between groups I and II was in the intra-

venous anaesthetic agent used (fentanyl in group I, remif-

entanil in group II). Sevoflurane concentration was

regulated by an evaporator and monitored in expired gases.

The third group (group III) received anaesthesia adminis-

tered solely via the intravenous route (TIVA), with pro-

pofol used for sedation and remifentanil for analgesia.

Target-controlled infusion (TCI) was used to deliver the

anaesthetics in group III, with the infusion pump pro-

grammed in the usual manner. Briefly, this is done by

entering the value of the target plasma drug level along

with the patient’s age and weight. The device contains the

appropriate pharmacokinetic profile and, using these input

data, calculates and adjusts (several times per minute) the

correct speed for intravenous drug delivery to achieve the

targeted plasma level. The pharmacokinetic profile pro-

grammed in the pump is specific for each company and

development of this profile is based on several thousand

studies of plasma drug concentration during anaesthesia in

patients of various ages and weights [6, 7].

For intubation, the same muscle relaxant was used in all

three groups. Controlled hypotension was applied to

maintain the systolic blood pressure below 100 mm Hg,

with analgesic and sedative doses administered accordingly.

The following parameters were assessed: duration of

anaesthesia, duration of surgery, total perioperative blood

loss and perioperative blood loss rate (ml/min). Patients

who met the criteria for surgery were randomly allocated to

one of the three groups. All patients were ASA class one

and two for general anaesthesia risk. Surgery was per-

formed in the reverse Trendelenburg position, at a 15�–20�
angle, without use of a shaver.

Inclusion criteria for surgery were as follows: arterial

blood pressure B140/90 mm Hg and general anaesthesia

risk Bclass 2 on the ASA scale. Patients took antihyper-

tensive agents up to the day of the surgery to ensure a

stable blood pressure during the perioperative period [8].

On hospital admission, blood pressure was measured

and a clinical examination was performed to assess car-

diovascular status and the possible need for additional

treatment. In addition, the following laboratory tests were

performed: blood cell counts, coagulogram, ESR (eryth-

rocyte sedimentation rate) and CRP (C-reactive protein).

All patients underwent a CT scan of the paranasal sinuses

and, depending on comorbidities and blood type, additional

tests were performed as necessary.

All patients received premedication (benzodiazepine) to

minimize the impact of the sympathetic nervous system on

the cardiovascular system. All surgical interventions were

conducted under thermally induced voltage alterations with

remifentanil and propofol (anaesthesia induction). Arterial

blood pressure and heart rate were monitored continuously

during surgery. Patients remained under nursing care dur-

ing the postoperative period. Cardiovascular system

parameters were monitored every 15 min for at least 4 h

following surgery. The mean arterial blood pressure (MAP)

and heart rate (HR) values, as well as standard deviations,

were calculated.

Statistical analysis

Results were analysed with Chi-squared tests, with a sig-

nificance level of p \ 0.05. The Student’s t test was used

for inter-group comparisons. Tukey’s HSD post hoc test

was used to compare more than one group. Pearson’s

correlation coefficient was used to assess the strength of

linear relationship between the variables.

Results

A total of 30 women and 60 men were included in the

study. Group I consisted of 8 (26.7 %) women and 22
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(36.7 %) men; group II 9 (30.0 %) women and 21 (35.0 %)

men; and group III 13 (43.3 %) women and 17 (28.3 %)

men. The statistical analysis showed no significant differ-

ences between men and women in total blood loss or blood

loss rate. At baseline, 55 of the 90 patients (61.1 %) had

normal arterial blood pressure, 25 (27.8 %) were receiving

treatment for hypertension and 10 (11.1 %) had untreated

hypertension.

The mean duration of anaesthesia was as follows

(Fig. 1): group I, 108.7 ± 20.8 min; group II, 112.6 ±

22.2 min; and group III, 103.7 ± 17.5 min. No signifi-

cant difference between the type of anaesthesia and dura-

tion thereof was observed. Surgical time was as follows

(Fig. 2): group I, 71.3 ± 16.7 min; group II, 78.8 ±

24.2 min; and group III, 66.5 ± 15.5 min. Tukey’s HSD

post hoc test revealed a statistically significant association

between anaesthesia type and surgical duration: surgical

time was significantly less in group III versus groups I and

II (p \ 0.05; coefficient of determination, R2 = 6.7 %). No

significant differences were observed in surgical time

between groups I and II.

Mean blood loss during surgery was as follows (Fig. 3):

group I, 365.0 ± 176.2 ml; group II, 340.0 ± 150.5 ml;

and group III, 225.0 ± 91.7 ml. Mean blood loss was

significantly lower in group III compared to groups I and II

(p \ 0.00; coefficient of determination, R2 = 15.7 %); no

significant differences between groups I and II were

observed for this variable. Mean blood loss rates were as

follows: group I, 5.1 ± 2.4 ml/min; group II, 4.5 ± 2.2

ml/min; and group III, 3.4 ± 1.1 ml/min (Fig. 4). The rate

of blood loss/min was significantly lower in group III

versus groups I and II (p \ 0.005; coefficient of determi-

nation, R2 = 11.6 %).

MAP values before, during and after surgery are shown

in Table 1 for all three study groups. In patients with

normal blood pressure at baseline, differences in MAP

values were not statistically significant (p [ 0.05). In

patients with treated hypertension, blood pressure

decreased (in both men and women) during surgery,

although these values returned to pre-surgical levels after

surgery. Notwithstanding these changes, the observed

differences in MAP were not statistically significant

(p [ 0.05). In patients with untreated hypertension, blood

pressure normalized (i.e. became non-hypertensive) during

surgery in both men and women, but returned to pre-sur-

gical levels after surgery; however, this variation in blood

pressure was not significant (p [ 0.05).

As Table 1 shows, MAP after surgery was higher than

the baseline values before surgery (regardless of the type of

anaesthesia); however, these differences were not signifi-

cant (p [ 0.05). The greatest differences in MAP values

occurred in patients with treated and untreated hyperten-

sion (Table 2).

Fig. 1 Mean anaesthesia duration (min) in individual anaesthesia

types by patient gender

Fig. 2 Mean surgery duration (min) in individual anaesthesia types

by patient gender

Fig. 3 Mean values of blood loss (ml) in particular anaesthesia types

by patient gender

Fig. 4 Rate of blood loss (ml/min) in individual anaesthesia types by

patient gender
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Discussion

All of the outcome variables evaluated in this study—

surgical time, anaesthesia time, total blood loss and mean

blood loss rate—were lower in the group treated with

TIVA. These findings strongly suggest that TIVA is

superior to conventional anaesthetic techniques for con-

trolling perioperative bleeding and is a strong argument for

the use of TIVA in endoscopic paranasal sinus surgery.

Surgical treatment of massive mucosal inflammation of

the nose and paranasal sinuses with polyps is particularly

challenging, even when endoscopic methods are used.

A two-stage surgical procedure is recommended, especially

in patients who have previously had polyps removed from

the nasal meatus (due to the possibility of adhesions), or

when topographical identification of the surgical field is

impeded. Local bleeding, which is difficult to control due

to anatomical and pathological characteristics, affects the

visibility of the surgical field during FESS. Excessive

bleeding—which can be evaluated by the quantity of blood

suctioned from the surgical field—is often a signal to

interrupt surgery [9]. Therefore, it is important that ana-

esthesiology teams pay close attention to the hemodynamic

parameters of the cardiovascular system, in addition to the

usual monitoring of appropriate ventilation and analgesic

procedures.

According to the United States National Library

of Medicine, controlled hypotension is defined as a phar-

macologically induced reduction of the systolic blood

pressure to 80–90 mm Hg, a reduction of MAP to

50–65 mmHg or a 30 % reduction in baseline MAP.

Controlled hypotension can be induced by patient-con-

trolled epidural anaesthesia and a number of different

hypotensive drugs. Of the various hypotensive medications

available, vasoactive drugs (nitroglycerin, beta blockers,

calcium channel antagonists) and clonidine and ACE

inhibitors have proven to be the most effective. However,

controlled hypotension is best achieved with precisely

dosed, modern anaesthetic drugs, which have an immedi-

ate impact on hemodynamic parameters [10–12]. The

combinations of remifentanil and propofol or remifentanil

and inhaled anaesthetics (isoflurane, desflurane or sevo-

flurane) seem to be ideal due to their good safety profile

and the ease with which the precise dose can be prepared

and delivered. Moreover, these drugs do not accumulate in

the body and have no impact on post-anaesthetic recovery.

In addition, their use ensures that consciousness and psy-

chomotor functions are recovered quickly upon termina-

tion of anaesthesia administration. Fentanyl, which is also

commonly used, has an important drawback: it does

not allow for a precise manipulation of haemodynamic

parameters and can accumulate in the body depending on

the dose applied [13–15].T
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A major limitation of the conventional administration of

intravenous drugs is that even though the total drug dose

administered is determined by the anaesthetist, its con-

centration in the brain depends on the volume and rate of

distribution, the drug’s affinity for brain tissue and the

speed of drug elimination from the body. Moreover, it is

difficult to determine the appropriate drug infusion rate to

ensure the appropriate level of sedation [16, 17].

Due to the disadvantages associated with the conven-

tional intravenous techniques described above, TIVA and

similar techniques have become popular in recent times

and offer a viable alternative to inhalational anaesthesia.

The emergence and feasibility of TIVA is due to advances

in the pharmacokinetic and pharmacodynamic properties of

newer drugs such as propofol. These properties make these

drugs ideal for delivery via continuous infusion. Similarly,

new computer technology has allowed for the development

of sophisticated delivery systems (target-controlled infu-

sion) that enable anaesthetists to easily control intravenous

delivery.

Advances in the field of anaesthesiology have led to

greater patient safety. Control and modification of cardio-

vascular system parameters ensure that arterial blood

pressure and heart rate remain stable, thus facilitating good

visibility of the surgical field, which in turn enables sur-

geons to work with greater confidence during surgery. In

Poland, nearly all laryngological centres perform surgery

under general anaesthesia, and use of this type of general

anaesthesia has become so widespread that it can now be

considered the standard in laryngological surgery.

Sieśkiewicz et al. [4] evaluated the relationship between

mean arterial pressure and perioperative bleeding during

FESS in patients with a low heart rate. They found that

intraoperative bleeding is largely a function of MAP and

HR: when the HR is maintained at 60 beats/min, there is no

need, in many cases, to intensively reduce bleeding to

achieve optimal surgical conditions. Surgery performed

with drug-induced hypotension (arterial blood pressure of

50–60 mm Hg) does not always assure the desired effect of

reducing perioperative bleeding caused by the diastole of

peripheral vessels and automatic tachycardia, conditions

that ultimately increase bleeding. Therefore, it is essential

to prevent recurrent automatic tachycardia and to maintain

heart rate at 60 beats/min [18, 19].

In that same study [4], Sieśkiewicz and colleagues used

the Fromm and Boezzart scale [20] to evaluate periopera-

tive bleeding and surgical field visibility. They found good

results with an MAP between 65 and 78 mm Hg. However,

generalized use of such a low blood pressure might be risky

depending on the age of the patient; consequently, an

individualized approach should be used. Theoretically, the

decreased heart rate extends the diastolic duration and

increases filling in the vessels, which ultimately results in

increased cardiac output and bleeding in the operative field

[18, 19].

A postoperative increase in arterial blood pressure, as

occurred in our study, is usually associated with pain and

for this reason analgesic treatment should be implemented

in the intensive care unit (ICU). In our case, we did this by

devising an algorithm to administer postoperative analge-

sics according to pain intensity levels. Using a visual

analogue scale (VAS) ranging from 0 (no pain) to 10 scores

(very severe pain), the intensity of the postoperative pain

was divided into four categories, as follows: I—slight pain

(VAS \ 4); II—moderate pain (VAS 4–6, pain up to

3 days); III—severe pain (VAS 4–6, pain for over 3 days);

and IV—very severe pain (VAS [ 6). Depending on the

patient’s medical history (hepatic failure, renal insuffi-

ciency, asthma, gastrointestinal disorders and blood clot-

ting), we first administer non-opioid drugs, followed by

opioids if the pain is long lasting.

Conclusion

The use of technologically advanced dosing techniques

(TCI) during entirely intravenous general anaesthesia in

group III provides better control of hypotension, leading to

less bleeding in the operative field, and a shorter operating

time. Blood pressure in patients with hypertension (whe-

ther treated or not) should be pharmacologically normal-

ized by an anaesthetist during the operation. However, this

is often not possible and in such cases intensive bleeding

will likely hamper the operation.

Table 2 Mean heart rate (HR) in the pre-, peri- and postoperative periods

Heart rate Preoperative period Perioperative period Postoperative period

HR SD HR SD HR SD

F M F M F M F M F M F M

Patients with normal blood pressure 77.1 79.1 8.5 10.4 80.4 81.7 9.7 10.4 73.8 75.9 12.6 10.2

Patients with treated hypertension 81.9 84.2 13.4 12.9 81.7 83.5 11.8 8.6 76.4 77.1 14.2 11.8

Patients with untreated hypertension 83.5 85.8 10.4 12.2 84.1 84.2 12.6 16.2 78.4 80.2 10.6 9.6
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