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Abstract 

Background. Thyroidectomy is among the most frequently performed procedures in endocrine 
surgery. The hormonal response to surgery and anaesthesia depends in part on the anaesthetic 
techniques used; therefore, we measured serum concentrations of TSH, fT

4
, and fT

3
 in patients 

scheduled for elective thyroidectomy under TIVA or VIMA. 
methods. Seventy-eight adult patients, of both sexes, with non-toxic or hyperthyroid nodular 
goitre, were divided into groups with regard to the goitre type and the technique of anaesthesia 
used during thyroid surgery. Serum concentrations of TSH, fT

4
, and fT

3
, were measured and the 

surgical stress was estimated using the E-PASS scale.   
Results. In the groups examined, the mean serum concentrations of TSH remained unchanged 
during the period of observation. The initially high fT

4
 and fT

3
 concentrations gradually decreased, 

reaching their lowest level on the fourth day after surgery. 
conclusion. Both VIMA and TIVA can be regarded as safe techniques of anaesthesia for 
thyroidectomy.
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Despite continuous advances in conservative treat-
ment methods of goitre, its surgical removal remains 
one of the commonest endocrine surgical procedures. 
Strumectomy is associated with possible difficult intubation 
(particularly in cases of giant or retrosternal goitres and 
those markedly dislocating and distorting the trachea), 
cardiovascular disorders during thyroid manipulations, 
respiratory abnormalities after extubation, dyspepsia after 
surgery and serious postoperative complications (paresis 
of vocal cords, haemorrhage). The surgery is associated 
with a complex stress response characterized by changes 
in the neuroendocrine and immune system as well as 
metabolic disorders [1, 2, 3, 4, 5 ]. The stress response 
accompanying surgical interventions may significantly 
affect the production and release of thyroid hormones 
in the perioperative period [6, 7]. During strumectomy, 
increased release of thyroid hormones can result from 
the gland’s pathology and the surgical technique used. 
The modulation and reduction of the effects of surgical 
stress response are extremely relevant as they improve 
the outcome, shorten the hospitalization and reduce the 
cost of treatment [8, 9].

The objective of the study was to compare the effects 
of various general anaesthesia methods, i.e. volatile in-
duction and maintenance of anaesthesia (VIMA) with 
sevoflurane and total intravenous anaesthesia (TIVA) 
with propofol for strumectomy on the serum levels of 
thyroid-stimulating hormone (TSH), free fractions of 
triiodothyronine (fT3) and thyroxine (fT4). Moreover, 
the severity of surgical stress in the perioperative period 
was determined. 

MethodS
The study involved patients aged above 18 years 

of age, without cardiovascular or respiratory diseases, 
fulfilling the ASA I and II criteria. The patients with 
non-toxic or overactive nodular goitre, preoperatively 
euthyroid, scheduled for strumectomy, were divided into 
4 groups according to the type of goitre and the method of 
anaesthesia: group I − with non-toxic goitre anesthetised 
with VIMA, II − with overactive nodular goitre undergoing 
VIMA, III − with non-toxic goitre anaesthetised with 
TIVA and group IV − with overactive nodular goitre 
receiving TIVA. The control group (V) included patients 
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scheduled for laparoscopic cholecystectomy anaesthetised 
using VIMA with sevoflurane.

Serum concentrations of TSH, sT
4
 and fT

3
 were 

determined at the following measurement points: 24 
h before surgery (baseline values), immediately after 
strumectomy in the study group or after cholecystectomy 
in the control group, 1 h after the surgery completion, 
and on post-operative day 4. 

To evaluate the safety of patients in the immediate 
perioperative periods, the severity of surgical stress 
was assessed using the estimation of physiologic 
ability and surgical stress (E-PASS) and its parts, i.e. 
the preoperative risk score (PRS) and surgical stress 
score (SSS). 

The distributions of measurements were not found to 
be normal, and therefore the data were compared using 
non-parametric tests. Medians and 25th and 74th percentile 
values with their ranges (minimum and maximum value) 
were presented. The differences in hormone levels were 
assessed using the Friedman ANOVA with post-hoc analysis 
for significant results. The inter-group differences were 
determined using the Kruskal-Wallis test. The dichotomous 
variables were evaluated using the c2 test. The differences 
were considered significant at p <0.05.

ReSultS 
Ninety-three patients were encompassed in the study: 

group I − 22, II − 19, III − 18, IV − 19, and V (control) 
− 15. The characteristics of patients were presented in 
Table 1.

In all groups of patients, the mean serum concentrations 
of TSH did not change significantly throughout the 
observation period (Fig. 1), except for TSH levels 1 h 
after surgery, which was significantly lower in group II 
and IV compared to group I and III. The differences 
were found both in patients anesthetised with inhalation 
method (by 55.8 %; p<0.001) and intravenous method 
(by 28.6 %; p<0.05).

The serum concentrations of fT
4
 in the individual groups 

gradually decreased at each successive measurement point, 
reaching the lowest values on day 4 after surgery (Fig. 2). 
Compared to baseline values, the biggest fT

4
 decrease was 

observed in group II and IV (p<0.001) and slightly smaller 
in group III (p<0.05). In group II and IV, irrespective of 
the anaesthesia method applied, a significant decrease in 
fT

4
 was found 1 h after surgery as compared to baseline 

values. In group I, the serum fT
4
 level was significantly 

lower on postoperative day 4 in comparison with the 
value observed 1 h after the procedure. 

Amongst the patients with overactive nodular goitre, 
higher concentrations of fT

4
 were found at all measurement 

points compared to patients with non-toxic goitre, yet 
the significant differences were only demonstrated in 
patients undergoing VIMA (group II) immediately after 
thyroidectomy. In the TIVA group (group IV), the fT

4
 

concentration remained similar throughout the observation. 
In all groups, the highest serum concentrations of fT

4
 

were noted before surgery (Fig. 3). On postoperative day 
4, the level of Ft

3
 was markedly lower in all surgically 

treated patients. In the control group (V), however, the fT
3
 

concentrations did not substantially change throughout 
the observation period.  

 Prior to surgery and immediately after thyroidectomy, 
the values of fT

3
 were found to be significantly higher 

in group II and IV compared to group V.
The inter-group differences in surgical stress severity 

in the perioperative period, including the evaluation 
according to PSS and SSS were not significant. 

diScuSSion
The main goal of anaesthetic management is to 

provide patient safety in the perioperative period, which 
is achieved by relieving the pain and inhibiting the stress 

Table 1.  Characteristics of 
patients and time of 
surgery (number or 
mean±SD)

Patients  i  ii  iii  iV  V

Number 22 19 18 19 15

Gender
women 16 18 15 18 11

men 6 1 3 1 4

Age (years) 44.5 ± 12.9 46.6 ± 9.4 52.0 ± 11.1 46.5 ± 14.3 45.8 ± 17.3

Body weight (kg) 69.5 ± 13.0 71.6 ± 14.4 74.4 ± 14.9 74.7 ± 12.9 67.1 ± 12.9

Time of anaesthesia (min) 111.4 ± 23.8 114.2 ± 20.6 101.9 ± 8.9 120.0 ± 6.2 105.0 ± 7.2

Time of surgery (min) 88.4 ± 22.0 90.5 ± 19.4 78.9 ± 19.6 93.9 ± 16.1 77.3 ± 16.9

Fig. 1. Serum TSH concentrations at individual measurement 
points
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the operating site within the neck or peritoneum during 
inhalation anaesthesia with sevoflurane and intravenous 
anaesthesia with propofol. Similar results are found in 
the studies of comparable profiles [12]. According to 
some other reports, serum concentrations of fT

3
, rT

3
 

and T
4
 are elevated during inhalation anaesthesia [7, 10].

Due to possible complications of surgical and anaesthetic 
treatment, the postoperative period is particularly 
hazardous [14, 15]. The studies in patients undergoing 
abdominal surgeries reveal that E-PASS enables to define 
the probability of complications, including deaths [16]. 
Low values of total PRS and SSS score correlate with low 
risks of postoperative complications and low mortality 
rates [17, 18]. The prognostic efficiency of E-PASS has 
been confirmed in patients undergoing thoracic, vascular 
and orthopaedic surgical procedures [18, 19, 20]. Our 
observations are similar; in all groups of patients, low 
E-PASS scores were associated with low risk of postoperative 
complications and good prognosis. 

concluSionS
1. The use of VIMA with sevoflurane and TIVA with 

propofol for thyroidectomy does not result in significant 
changes in serum concentrations of thyrotropin or free 
fractions of tyrosine and triiodothyronine, irrespective 
of the type of goitre, and enable the maintenance of 
euthyreosis in the perioperative period. 

2. VIMA and TIVA can be the alternative methods of 
anaesthesia in patients subjected to removal of various 
goitre types providing their safety in the immediate 
postoperative period.
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