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Risk factors for intraoperative variatons in blood pressure and cardiac
dysrhythmia during thyroid surgery
Фактори ризика за појаву интраоперативних варијација вредности крвног
притиска и срчаних дисритмија током тиреоидне хирургије
SUMMARY

САЖЕТАК

Introduction/Objective Intraoperative variations in
blood pressure and/or cardiac dysrhythmias
(IOVBP/CD) represent one of the most common
causes of morbidity and mortality in surgical patients.
The aim of the study was to determine the incidence
and risk factors for IOVBP/CD in thyroid surgery
patients with comorbidities.
Methods The study included 1252 euthyroid patients
with ASA 2 and ASA 3 status who underwent thyroid
surgery. The following risk factors were examined:
gender, age, body mass index (BMI), ASA status,
admission diagnoses, type of operation, duration of
surgery, time under general anesthesia, difficult
intubation of trachea and coexisting diseases:
hypertension, cardiomyopathy (CMP), cardiac
arrhythmias, angina pectoris, diabetes mellitus (DM),
kidney disease. Following intraoperative events were
recorded:
hypertension,
severe
hypertension,
hypotension and cardiac arrhythmias. We used
Pearson chi-square test, univariate and multivariate
logistic regression for statistical analysis.
Results The majority of patients were female (86.3%).
In 903 (72.1%) patients IOVBP/CD were detected.
The most common problem was intraoperative
hypertension 61.4%. Eight risk factors for IOVBP/CD
were registered by univariate analysis: advanced age,
ASA 3 status, BMI>25kg/m², duration of surgery, time
under general anaesthesia, hypertension and
cardiomyopathy
as
coexisting
disease.
The
multivariate regression model identified three
independent predictors for IOVBP/CD: age,
hypertension and cardiomyopathy.
Conclusion IOVBP/CDs are common in thyroid
surgery. The most common is intraoperative
hypertension.
Older
age,
hypertension
and
cardiomyopathy as a coexisting disease are
independent risk factors for IOVBP/CD.
Keywords:
thyroidectomy;
hypotension;
hypertension; arrhythmias, cardiac

Увод/Циљ Интраоперативне варијације крвног
притиска и/или срчане дисритмије (ИВКП/СД) су
један од најчешћих узрочника морбидитета и
морталитета хируршких болесника.
Циљ студије је био да испита учесталост и факторе
ризика за појаву ИВКП/СД у тиреоидној хирургији
код болесника са коморбидитетима.
Методе Испитивање је обухватило 1252 еутиреоидна болсника АСА 2 и АСА 3 статуса подвргнутих тиреоидној хирургији. Испитиван је утицај
фактора ризика: пол, старост, индекс телесне масе
(ИТМ), АСА статус, пријемна дијагноза, тип операције, трајање операције, трајање анестезије, отежана интубација трахеје, као и коморбидитети :
хипертензија, кардиомиопатија, срчане аритмије,
ангина пекторис, дијабетес мелитус, болести
бубрега. Регистровани су интраоперативно:
хипертензија, хипертензивна криза, хипотензија и
срчане аритмије. Коришћен је Пирсонов χ2-тест,
униваријантна и мултиваријантна регресиона
анализа за статистичку обраду података.
Резултати Већину су чиниле жене (86.3%). ИВКП/
СД су регистровани код 903 (72.1%) болесника.
Најчешћи поремећај је била интраоперативна
хипертензија 61,4%. Униваријантном анализом је
регистровано седам фактора ризика за појаву
ИВКП/СД: године живота, АСА 3 статус, ИТМ>25
кг/м², трајање хирургије, трајање анестезије, хипер
тензија и кардиомиопатија као коморбидитет.
Мултиваријантном регресионом анализом издвојила су се три независна предиктора појаве
ИВКП/СД: године старости, хипертензија и
кардиомиопатија.
Закључак ИВКП/СД су честе у тиреоидној хирургији. Најчешћа је интраоперативна хипертензија.
Старије животно доба, хипертензија и кардиомиопатија као коегзистирајуће болести су независни
фактори ризика за појаву ИВКП/СД.
Кључне речи: тиреоидектомија; хипотензија;
хипертензија; срчане аритмије

INTRODUCTION
Intraoperative variations in blood pressure and/or cardiac dysrhythmias (IOVBP/CD) represent
one of the most common causes of morbidity and mortality in surgical patients. According to different
reports, the incidences of IOVBP/CD are between 4.9% and 17.5% [1, 2]. However, these studies are
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methodologically different, and they use different definitions of IOVBP/CD and different ways of
recording complications [1–4].
The type of surgery and advanced age were identified as significant risk factors in most studies
[5, 6]. Previous studies have mostly observed the occurrence of IOVBP/CD in cardiac or non-cardiac
surgery [7, 8]. In the case of non-cardiac surgery, most studies focus on so-called “major” surgery
which involves major abdominal, orthopedic and urological surgery. However, there is little data in
the literature about the incidence of IOVBP/CD in low risk and intermediate risk surgery. To the best
of our knowledge, thyroid surgery, which could be classified as intermediate risk surgery, has been
studied rarely [9]. This is why the aim of our study was to determine the incidence and predictors of
IOVBP/CD in thyroid surgery patients.
METHODS
This prospective five year study was conducted at the Center for Endocrine Surgery, University
Clinical Center of Serbia, Belgrade, where most patients with thyroid pathology in Serbia are
operated. The study was institutionally approved, signed patient consent was waived, because the
treatment of patients did not differ from the usual and no protected health information was collected.
Eligible patients were those aged 18 years and older presenting for thyroid surgery to University
Clinical Center of Serbia. Total of 2559 patients were included in the study. Because of the potential
influence on the incidence of IOVBP/CD, we excluded 7 patients with a diagnosis of hypothyroidism,
264 patients with hyperthyroidism, and 278 patients with autoimmune thyroid disease. We also
excluded 758 patients with ASA1 status because these are patients without comorbidity. A total of
1252 euthyroid patients ASA 2 and ASA 3 were included. Our patients had the following admission
diagnoses: 1) Nodular goiter-350 (28%); 2) Multinodular goiter-652 (52%); 3) Thyroid gland cyst-9
(0.7%); 4) Struma recidivans-69 (5.5%); 5) Papillary carcinoma-78 (6.2%); 6) Medullary carcinoma69 (5.5%); 7) Hurthle cell carcinoma-8 (0.6%); 8) Follicular carcinoma-5 (0.4%); 9) Oxyphil lesion12 (0.9%).
We noted the incidence and risk factors of the following IOVBP/CD: hypertension, severe
hypertension, hypotension, tachycardia, bradycardia, new onset atrial fibrillation/flutter and
extrasystole, ventricular and supraventricular, which we define as follows: Hypertension-increase of
systolic blood pressure (SBP)≥20% compared to baseline values within

15 minutes; Severe

hypertension–blood pressure ≥220/120 mmHg; Hypotension-decrease of SBP ≥20% compared to
baseline values within 15 min; Tachycardia: heart rate (HR) ≥85 beats per minute (bpm) for at least 5
min; Bradycardia: HR≤ 60 bpm for at least 5 min; Frequent VES/SVES (premature ventricular and
supraventricular contractions) >6/min; New onset atrial fibrillation/flutter [9].
The observed values of blood pressure and heart rate were recorded at least every 5 min using
noninvasive measurements and recorded in the list of anesthesia. The treating anaesthesiologist was
deciding on when to use a certain drug, and in which dose, so that the occurrence of these events
DOI: https://doi.org/10.2298/SARH170522156S
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would not affected the outcome of the surgery. There was no mortality in our study, both
intraoperative and postoperative. Patients were divided into two groups, group with and group without
IOVBP/CD.
The predictive power of 10 variables were studied: age (<or ≥50 years), gender, body mass
index (BMI) (<or >25kg/m²), ASA status (ASA 2 and ASA 3), admission diagnosis, type of operation
(total thyroidectomy vs. others), difficult intubation of trachea (defined as the inability to visualize the
glottis during laryngoscopy, Cormack-Lehane grades 3 and 4), duration of surgery (min), time under
general anesthesia (min) and coexisting diseases. The following coexisting diseases were observed:
Hypertension; Cardiomyopathy (CMP); Cardiac arrhythmias (tachycardia, bradycardia, atrial
fibrillation/flutter and extrasystoles); Angina pectoris; Diabetes mellitus (DM) (and therapeutic
regimen in patients with DM: insulin, oral hypoglycaemic agents, diet); Kidney disease (chronic and
terminal renal insufficiency).
Patients who were on chronic antihypertensive, antiarrhythmic therapy (especially on beta
blockers) received their therapy preoperatively, including the day of surgery. All surgery was
performed during general anesthesia. Patients were pre-medicated 20 minutes prior to surgery
(Midazolam 0.1mg/kg and Atropine 0.5mg i.m.). During induction, all patients received Fentanyl
0.05-0.1mg and Propofol in doses 1.5mg/kg. To facilitate intubation, we used Succinylcholine 1.1
mg/kg, and maintained further relaxation with Rocuronium 0.5mg/kg. Anesthesia was maintained
with Fentanyl (5µg/kg) and a mixture of gases air (2L/min), oxygen (2L/min), and Sevoflurane at an
appropriate concentration.
For statistical analysis of data we used the statistical software package SPSS 18.0 for Windows
(SPSS, Chicago, IL, USA). Continuous variables were described using measures of central tendency
(Mean) and measure of dispersion (Standard Deviation). We used percentage to describe categorical
data. The normality of data distribution was checked by one sample Kolmogorov-Smirnov test. For
statistical analysis of continuous variables, Mann-Whitney U test were used, depending on the nature
of the data. Categorical data were compared using Pearson’s χ2 test. Logistic regression analysis was
conducted to evaluate differences between patients with and without IOVBP/CD in their observed risk
factors. Odds ratios (OR) and their 95% confidence intervals (CI) represented the relative risks for
each independent risk factors associated with intraoperative incidents. All reported p values were twosided. The level of significance was set at 0.05.
RESULTS
Most of our patients were female (86.3%), mean age 56.7±11.5 years. We also converted age
into a categorical variable through the use of a receiver-operating-characteristic curve, and
demonstrated the optimal balance of sensitivity and specificity at a cutoff of age ≥50 years. Nine
hundred and nineteen patients (73.4%) were older than 50 years, most of them had at least one
IOVBP/CD (77.9% vs. 22.1%), which was statistically significant (p=0.000). The average duration of
DOI: https://doi.org/10.2298/SARH170522156S
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Table 1. Incidence of risk factors.
Value
56.86±11.42
171 (13.7%) / 1081(86.3%)
823(65.7%)
1004 80.2%) / 248(19.8%)

Risk factor
Age (mean±SD)
Sex: male/female (n (%)
BMI >25 kg/m²
ASA status: ASA 2/ASA3
Type of surgery:
total thyroidectomy/others (n (%)
Difficult intubation (n (%)
Coexisting disease
Hypertension (n( %)
Cardiac arrhythmias (n (%)
Bradycardia (n (%)
Tachycardia (n (%)
Atrial fibrillation/flutter (n (%)
Frequent (>6/min) VES/SVES (n(%)
Angina pectoris (n (%)
Cardiomyopathy (n (%)
Diabetes mellitus (DM) / insulin
dependent (n (%)
Kidney disease (n (%)

959(76.6%) / 293(23.4%)
153(12.2%)
832(66.5%)
85(6.8%)
2(0.2%)
24(1.9%)
36(2.9%)
23(1.8%)
62(5%)
98(7.8%)
149(11.9%) / 44(3.5%)
22(1.8%)

5

surgery was 69.5±24.1 minutes
and the mean time under general
anaesthesia

was

79.4±24.7

minutes. The distributions of
other risk factors in our study are
shown in table 1. IOVBP/CDs
were registered in 72.1% of
patients,

whereas

patients

were

27.9%

of

without

IOVBP/CDs. The most common
problem

was

(61.4%),

hypertension

while

severe

hypertension occurred in 3.1%
and hypotension in 6.5% of

patients. In 27.9% of patients different intraoperative cardiac arrhythmias were registered, the most
common was tachycardia (18.2%), than bradycardia (6.5%), frequent VES/SVES (2.4%), and the
least common was atrial fibrillation/flutter (0.7%).
Patients with IOVBP/CD were significantly older, more often had a BMI>25 kg/m² and were
ASA 3. There was no statistically significant difference in frequency of IOVBP/CD between male and
female patients. Significantly higher number of patients in the group with IOVBP/CD had a history of
Table 2. Incidence of risk factors among patients with and without IOVBP/CD.
IOVBP/CD
p
Yes
No
Sex(female) (n (%)
780 (86.4%) 301 (86.2%) 0.951
BMI >25 kg/m²
619 (68.5%) 204 (58.5%) 0.001*
ASA 2 (n (%)
708 (78.5%) 296 (84.8%)
0.012*
ASA 3 (n (%)
194 (21.5%) 53 (15.2%)
Age (mean±SD)
58.3±11.1
53.2±11.4
0.000*
Admission diagnosis (Multinodular
482 (53.4%) 152 (43.6%) 0.167
goiter) (n (%)
Hypertension (n (%)
643 (71.2%) 189 (54.2%) 0.000*
Cardiac arrhythmias (n (%)
63 (7.0%)
22 (6.3%)
0.671
Bradycardia (n (%)
2 (3.2%)
0 (0%)
Tachycardia (n (%)
14 (22.2%)
10 (45.5%)
0.601
Atrial fibrillation/flutter (n (%)
31 (49.2%)
5 (22.7%)
Frequent VES/SVES (n (%)
16 (25.4%)
7 (31.8%)
Angina pectoris (n (%)
50( 5.5%)
12 (3.4%)
0.125
CMP (n (%)
84 (9.3%)
14 (4.0%)
0.002*
Diabetes mellitus (n (%)
117 (13%)
32 (9.2%)
0.064
Insulin dependent DM (n (%)
36 (30.8%)
8 (25%)
0.672
Kidney disease (n (%)
16 (1.8%)
6 (1.7%)
0.949
Difficult intubation of trachea (n (%)
119 (12.1%) 44 (12.6%)
0.297
Type of surgery (total thyroidectomy)
702 (77.7%) 257 (73.6%) 0.103
(n (%)
Duration of surgery(min) (mean±SD)
70.4±23.9
67±24.4
0.008*
Time under general anaesthesia (min)
80.3±24.3
76.9±25.5
0.006*
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surgery and the incidence of difficult intubation, while the duration of surgery and time under general
anesthesia were statistically significantly longer in patients with IOVBP/CD (Table 2).
To determine the effect of each variable on the occurrence of IOVBP/CD logistic regression
model was used (Table 3). Univariate logistic regression analysis revealed statistically significant
difference between patients with and without IOVBP/CD in their age, ASA status, BMI, duration of
surgery and the time under general anesthesia, as well as previous hypertension and CMP.
Multivariate analysis showed that independent predictors for IOVBP/CD were age, hypertension and
cardiomyopathy.
Table 3. Logistic regression for IOVBP/CD.
IOVBP / CD
Univariate
Multivariate
Parameters
OR(95%CI OR)
p
OR(95%CI OR)
ASA
0,808 (0,684–0,955)
0,012*
1,026(0,853-1,233)
Age≥50 yr
0,962 (0,951–0,972)
0,000
0,971(0,959-0,983)
Sex
0,989 (0,691–1,416)
0,951
BMI
0,645 (0,500–0,833)
0,001*
0,945(0,809-1,104)
Admission diagnosis
1,019 (0 992–1,046)
0,168
Hypertension
0,478 (0,370–0,616)
0,000*
0,628(0,474-0,832)
Cardiac arrhythmias
0,897 (0,543–1,482)
0,671
Type of cardiac arrhyt.
0,955 (0,809–1,127)
0,584
Angina pectoris
0,607 (0,320–1,155)
0,128
CMP
0,407 (0,228–0,728)
0,002*
0,529(0,282-0,993)
Diabetes mellitus
0,678 (0,449–1,024)
0,065
Therapy for DM
1,197 (0,522–2,747)
0,671
Kidney disease
0,970 (0,376–2,499)
0,949
Type of kidney disease
0,899
0,975 (0,664–1,433)
Type of surgery
1,033 (0,992–1,075)
0,113
Difficult intubation
1,180 (0,864–1,611)
0,298
Duration of surgery (min)
0,027*
0,994 (0,988–0,999)
0,991(0,966-1,017)
Time under general
0,810 (0,694–0,945)
0,007* 1,004(0,979-1,029)
anaesthesia (min)

p
0,788
0,000*
0,475
0,001*

0,047*

0,486
0,759

DISCUSSION
The results of our study indicate a high incidence of IOVBP/CD in euthyroid patients
undergoing thyroid gland surgery (72.1%). Röhrig et al. [2] registered IOVBP/CD in 17.5% of
patients, but they studied all types of non-cardiac surgery, including urgent surgery. It was shown that
the occurrence of IOVBP/CD was affected by age, male gender, ASA status, previous cardiac disease
and type of surgery. Sanborn et al. [4] found the incidence of IOVBP/CD in 6.5% of patients. The
authors define intraoperative hypertension as systolic blood pressure of more than 195 mmHg, with
the explanation that if they used lower values, almost two-thirds of patients would have intraoperative
hypertension. It was shown that independent predictors were urgent surgery; age over 70 years and
ASA 3. Both studies registered IOVBP/CD automatically by using computerized machine-readable
record sheets, in contrast to our study where data were recorded manually.
To indicate the importance of methods of data recording, the study of Benson et al. [3]
compared manual with automatic recording of blood pressure (BP). On the sample of 16019 patients,
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it has been shown that much more adverse events were detected automatically than manually
(18.7%vs.5.7%). Both ways of recording data have their advantages and disadvantages. The main
complaint to the automatically recorded values of blood pressure is the frequent occurrence of
artifacts which significantly affect the validity of the data, while the manual mode is criticized for
subjectivity.
The explanation for such a high incidence of IOVBP/CD in our study can be viewed from
several aspects: selection of patients who were included in the study (excluded ASA 1, thyroid
surgery only), institution where the study was carried out (university clinical center-tertiary
institution), criteria for defining IOVBP/CD (significantly different among the studies) and method of
recording data (in our study manual). Our study included only patients ASA 2 and ASA 3 status,
patients who had coexisting diseases and in which perioperative complications are most commonly
reported.
Although preoperative cardiology management has significantly advanced in recent years, we
are still not able to exactly predict the individual risk. One of the most commonly used models for
cardiovascular risk prediction is Lee Revised Cardiac Risk Index (RCRI); patient is at risk if he/she
has two or more risk factors (ischemic heart disease, congestive heart failure, cerebrovascular disease,
diabetes mellitus treated with insulin, renal failure, and high risk surgery) [10]. Boersma et al.
demonstrated a substantial improvement of LEE’s index predictive power by adding type of surgery,
age and ECG findings [11].
However, the most important reason for such large variations in the frequency of IOVBP/CD
between different studies is the method of defining intraoperative problems, especially hypertension.
Studies differ in the type of blood pressure which is observed, systolic or mean arterial BP. Then,
which change of value of BP is considered significant; relative to the patient's baseline blood pressure
or below/above a certain absolute threshold. Minimum length of duration of the changes of BP,
interval and method of measurement (invasive or noninvasive) also differs among studies [1, 2, 4, 7,
8, 12, 13, 14]. Our previous study showed that independent predictors for intraoperative hypertension
were older age, BMI 25 kg/m2, and hypertension as a coexisting disease [15]. Also, our recently
published study that examined the prevalence of hypertension and risk factors for its occurrence in
patients undergoing parathyroidectomy found intraoperative hypertension in 56.9% patients and also
showed that independent predictors were older age and history of hypertension [16].
More than 2/3 of surgical patients have hypertension as a coexisting disease and nearly 80% of
cardiac patients [12]. History of hypertension, especially non-treated, increases the risk for
intraoperative complications [17,]. In our study, 66.5% of patients had hypertension as a coexisting
disease, while intraoperative hypertension was registered in 61.4% of patients. Most patients, who had
hypertension as a coexisting disease, also had intraoperative hypertension (76.3%), which implies that
if a patient had a previous history of hypertension he or she has a greater likelihood of having
intraoperative hypertension.
DOI: https://doi.org/10.2298/SARH170522156S
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To demonstrate the effect of defining the value of BP, and having in mind the influence of
intraoperative hypotension on the development of postoperative complications and the importance in
predicting adverse outcome, one study found 140 different definitions of intraoperative hypotension,
resulting that the incidence of intraoperative hypotension is varying between 5% and 99% [ 18]. In
our study, hypotension occurred in 6.5% of patients.
Also, there is little available data about the incidence and risk factors of IOVBP/CD in thyroid
surgery. In our previous study [9], in which we examined the occurrence of IOVBP/CD in 200
patients who underwent thyroidectomy, IOVBP/CD was recorded in 38% of patients. IOVBP/CDs
were defined in the same way as in this study, but the majority of patients (49%) were ASA 1 status
(without comorbidity).
Our study showed that independent predictors for the occurrence of IOVBP/CD were age,
previous hypertension and cardiomyopathy. Some other studies have also confirmed the influence of
older age on the occurrence of both intraoperative complications and postoperative morbidity and
mortality [1, 2, 5, 19]. There are an increasing number of persons older than 65, and these are
precisely the patients who most often require surgical treatment. It was shown that age, per se, did not
affect the occurrence of postoperative complications, and that in patients older than 70 years,
complications should not be expected unless there are comorbidities [20]. Similar results were found
in studies which examined the impact of age on the occurrence of postoperative complications in
thyroid surgery. Passler et al. have shown no difference in morbidity or mortality between patients
aged ≥75 years and younger patients [21] while Mekel et al. demonstrated that age ≥80 is associated
with higher morbidity after thyroid surgery, although not independently [22]. Monk et al.
demonstrated higher 1-year mortality in patients older than 65 in contrast to younger populations
(10.2% vs. 5.5%, respectively) and comorbidity as the most powerful predictive factor [23].
Our study showed that although the duration of surgery and time under general anesthesia were
significantly longer in patients with intraoperative events, they were not selected as predictors. Reich
et al. also showed that intraoperative tachycardia and hypertension more often occur in operations of
longer duration and that they were associated with negative postoperative outcomes [23,13]. Other
studies have also confirmed the influence of the duration of surgery on the occurrence of IOVBP/CD
[5,14]. It has also been shown that with every extension of the duration of anesthesia there is an
increased risk of complications, for every 60 minutes of anesthesia the risk of having a complication
increases by 18% to 36% [20].
We were not able to confirm diabetes mellitus and renal failure as predictors for IOVBP/CD.
The study of Kheterpal et al. [5] also found that diabetes mellitus and renal failure were not predictors
for IOVBP/CD, with the explanation that the reason for such a result is probably better preoperative
management, as well as standardization of treatment of these patients.

Our previous studies

confirmed the importance of adequate preoperative preparation of diabetic patients, for the prevention
and reduction of intra and postoperative complications [24]. Accordingly, all our patients with DM
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were well prepared for surgery, they had serum glucose level and glycosylated hemoglobin in the
range of normal values, which probably contributed to the fact that this comorbidity did not show up
as an important risk factor for IOVBP/CD.
It is known that the incidence of difficult intubation of the trachea is higher in thyroid surgery
compared to other types of surgery. The incidence of difficult intubation in our previous studies,
which included more than 2000 patients who underwent thyroid surgery, ware 5.5% and 6.81%, while
Adnet et al. and Ametheu et al. reported even higher incidence (8% and 11.1% respectively) [25–28].
In this study, difficult intubation was registered in 12.2% of patients. Difficult intubation, especially if
it takes a long time, increases the risk of various complications, including cardiovascular. We
expected that such a high incidence of difficult intubation would significantly contribute to occurrence
of IOVBP/CD. However, difficult intubation was not a risk factor for IOVBP/CD. The reason for that
is probably the good practice of the experienced anesthesiological team in our center, who
successfully solve difficult intubations, on a daily basis.
Although only 7.8% of our patients had cardiomyopathy, CMP was an independent predictor
for IOVBP/CD. Other studies also showed similar results [1, 8].
A potential limitation of our study is that we have not examined the impact of these events on
the postoperative outcome. However, since the aim of our study was to determine the incidence and
risk factors of IOVBP/CD, and not their impact on postoperative outcome, we believe that this is a
topic for a future study.
CONCLUSION
Because of the large number of patients with cardiovascular comorbidities, the incidence of
intraoperative variations in blood pressure and/or occurrence of cardiac dysrhythmias are high, even
in thyroid surgery-which is considered as an intermediate risk surgery. Our study showed that older
age, hypertension and cardiomyopathy as a coexisting disease are independent risk factors for
IOVBP/CD. Patients with these risk factors constitute a group in which anesthesiologists should pay
special attention to the manner of preparing and maintaining anesthesia, in order to minimize
significant variations of intraoperative blood pressure values and/or occurrence of cardiac
dysrhythmias.
ACKNOWLEDGMENT
The authors are grateful to Arsen Ristic MD, PhD, Associate Professor, Clinic for Cardiology,
Clinical Center of Serbia, Belgrade, for his expert suggestions and generous assistance.
Work was carried out under the project of the Ministry of Education, Science and
Technological Development of the Government of the Republic of Serbia, number: 175042.

DOI: https://doi.org/10.2298/SARH170522156S

Copyright © Serbian Medical Society

Srp Arh Celok Lek 2017│Online First August 8, 2017 │ DOI: https://doi.org/10.2298/SARH170522156S

10

REFERENCES
1. Forrest JB, Rehder K, Cahalan MK, Goldsmith CH. Multicenter study of general anesthesia III. Predictors of
severe perioperative adverse outcomes. Anesthesiology 1992; 76: 3–15. [PMID: 1729933]
2. Röhrig R, Junger A, Hartmann B, Klasen J, Quinzio L, Jost A, et al. The Incidence and Prediction of
Automatically Detected Intraoperative Cardiovascular Events in Noncardiac Surgery. Anesth Analg 2004;
98: 569–77.
3. Benson M, Junger A, Michel A, Sciuk G, Quinzio L, Marquardt K, et al. Comparison of manual and
automated documentation of adverse events with an Anesthesia Information Management System (AIMS).
Stud Health Technol Inform 2000; 77: 925–9.
4. Sanborn KV, Castro J, Kuroda M, Thys DM. Detection of intraoperative incidents by electronic scanning of
computerized anesthesia records: comparison with voluntary reporting. Anesthesiology 1996; 85: 977–87.
5. Kheterpal S, O’Reilly M, Englesbe MJ, Rosenberg AL, Shanks AM, Zhang L, et al. Preoperative and
Intraoperative Predictors of Cardiac Adverse Events after General, Vascular, and Urological Surgery.
Anesthesiology 2009; 110: 58–66.
6. Sabaté S, Mases A, Guilera N, Canet J, Castillo J, Orrego C, et al. on behalf of the ANESCARDIOCAT
Group Incidence and predictors of major perioperative adverse cardiac and cerebrovascular events in noncardiac surgery. Br J Anaesth. 2011; 107: 879–90.
7. Reich DL, Bodian CA, Krol M, Kuroda M, Osinski T, Thys DM. Intraoperative Hemodynamic Predictors of
Mortality, Stroke, and Myocardial Infarction After Coronary Artery Bypass Surgery. Anesth Analg 1999;
89: 814.
8. Seki M, Kashimoto S, Nagata O, Yoshioka H, Ishiguro T, Nishimura K, et al. Are the Incidences of Cardiac
Events During Noncardiac Surgery in Japan the Same as in the United States and Europe? Anesth Analg
2005; 100: 1236–40.
9. Dimitrijevic N, Neskovic V, Obrenovic-Kircanski B, Gvozdenovic LJ, Diklic A, Pavlovic D, et al.
Cardiovascular complications during anaesthesia in thyroid gland surgery. In: “Proceedings Eurosurgery
2000”, Istanbul, Turkey; Bologna: Monduzzi Editore, International Proceeding Division; 2000. p. 127–30.
10. Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF, et al. Derivation and
prospective validation of a simple index for prediction of cardiac risk of major noncardiac surgery.
Circulation 1999; 100: 1043–9.
11. Boersma E, Kertai MD, Schouten O, Bax JJ, Noordzij P, Steyerberg EW, et al. Perioperative cardiovascular
mortality in noncardiac surgery: Validation of the Lee cardiac risk index. Am J Med 2005; 118: 1134–41.
12. Aronson S, Stafford-Smith M, Phillips-Bute B, Shaw A, Gaca J, Newman M. Intraoperative Systolic Blood
Pressure Variability Predicts 30-day Mortality in Aortocoronary Bypass Surgery Patients. Anesthesiology.
2010; 113: 305–12.
13. Reich DL, Bennett-Guerrero E, Bodian CA, Hossain S, Winfree W, Krol M. Intraoperative Tachycardia
and Hypertension Are Independently Associated with Adverse Outcome in Noncardiac Surgery of Long
Duration. Anesth Analg. 2002; 95: 273–7.
14. Reich DL, Hossain S, Krol M, Baez B, Patel P, Bernstein A, et al. Predictors of Hypotension After Induction
of General Anesthesia. Anesth Analg. 2005; 101: 622–8.
15. Kalezic N, Stojanovic M, Milicic B, Antonijevic V, Sabljak V, Markovic D, et al. The incidence of
intraoperative hypertension and risk factors for its development during thyroid surgery. Clin Exp Hypertens.
2013; 35(7): 523–7.
16. Sabljak VD, Zivaljevic VR, Milicic BR, Paunovic IR, Toskovic AR, Stevanovic KS, et al. Risk Factors for
Intraoperative Hypertension during the Surgery of Primary Hyperparathyroidism. Med Princ Pract. 2017 Apr
10. [DOI: 10.1159/000475597]
17. Paix AD, Runciman WB, Horan BF, Chapman Currie M MJ. Crisis management during
anaesthesia:hypertension. Qual Saf Health Care 2005; 14: e12.
18. Bijker JB, van Klei WA, Kappen TH, van Wolfswinkel L, Moons KG, Kalkman CJ. Incidence of
Intraoperative Hypotension as a Function of the Chosen Definition: Literature Definitions Applied to a
Retrospective Cohort Using Automated Data Collection. Anesthesiology. 2007; 107: 213–20.
19. Bijker JB, van Klei WA, Vergouwe Y, Eleveld DJ, van Wolfswinkel L, Moons KG, et al. Intraoperative
Hypotension and 1-Year Mortality after Noncardiac Surgery. Anesthesiology 2009; 111: 1217–26.
20. Boruk M, Chernobilsky B, Rosenfeld RM, Har-El G. Age as a Prognostic Factor for Complications of Major
Head and Neck Surgery. Arch Otolaryngol Head Neck Surg. 2005; 131: 605–9.
21. Passler C, Avanessian R, Kaczirek K, Prager G, Scheuba C, Niederle B. Thyroid surgery in the geriatric
patient. Arch Surg. 2002; 137: 1243-8. [PMID: 12413310] [DOI:10.1001/archsurg.137.11.1243]
22. Mekel M, Stephen EA, Gaz DR, Perry HZ, Hodin AR, Parangi S. Thyroid surgery in octogenarians is
associated with higher complication rates. Surgery 2009; 146: 913–21.

DOI: https://doi.org/10.2298/SARH170522156S

Copyright © Serbian Medical Society

Srp Arh Celok Lek 2017│Online First August 8, 2017 │ DOI: https://doi.org/10.2298/SARH170522156S

11

23. Monk TG, Saini V, Weldon BC, Sigl JC. Anesthetic Management and One-Year Mortality After Noncardiac
Surgery. Anesth Analg 2005; 100: 4–10.
24. Kalezic N, Velickovic J, Jankovic R, Sabljak V, Zivaljevic V, Vucetic C. Preoperative preparation of patient
with diabetes mellitus. Acta Chir Yugosl 2011; 58: 97–102.
25. Kalezić N, Milosavljević R, Paunović I, Živaljević V, Diklić A, Matić D, et al. The incidence of difficult
intubation in 2000 patients undergoing thyroid surgery: single center experience. Vojnosanit Pregl. 2009; 66:
377–82.
26. Kalezić N, Sabljak V, Stevanović K, Milicić B, Marković D, Tošković A, et al. Predictors of difficult airway
management in thyroid surgery: a five-year observational single-center prospective study. Acta Clin Croat.
2016; 55 Suppl 1: 9–18.
27. Adnet F, Racine SX, Borron SW, Clemessy JL, Fournier JL, Lapostolle F, et al. A survey of tracheal
intubation difficulty in the operating room: a prospective observational study. Acta Anaesthesiol Scand
2001; 45: 327–32.
28. Amathieu R, Smail N, Catineau J, Poloujadoff MP, Samii K, Adnet F. Difficult intubation in Thyroid
surgery: Myth or reality? Anesth Analg 2006; 103: 965–8.

DOI: https://doi.org/10.2298/SARH170522156S

Copyright © Serbian Medical Society

