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Abstract
Hypotension in patients under general anesthesia is prevalent and causes unfavorable outcomes. Carotid intima-media 
thickness (CIMT) is a surrogate marker for atherosclerosis and useful for evaluating the risk of cardiovascular diseases. We 
investigated the usefulness of preoperative CIMT measurement as a predictor of post-induction hypotension (PIH). The 
ultrasonographic measurement of CIMT was performed preoperatively on 82 patients scheduled for elective surgery under 
general anesthesia in a prospective, observational study. Mean blood pressure (MBP) was recorded before induction. Hypo-
tension was defined as a 20% decrease in MBP from baseline. The ultrasonographic measurement of CIMT was unsuccessful 
in 2 (2.43%) patients, leaving 80 patients for analyses. Hypotension developed in 41 patients. CIMT was higher in the patient 
group with PIH than in the group without PIH (p < 0.001). There was statistically significant correlation between MBP 
decrease after induction and CIMT (r = 0.529, p < 0.0001). CIMT correlated positively with age (r = 0.739, p < 0.0001). The 
area under curve for CIMT was 0.753 [95% confidence interval (CI) 0.642–0.863]. The optimal cutoff value of CIMT was 
0.65 mm with a sensitivity of 75.6% and a specificity of 74.4%. CIMT was an independent predictor of PIH after adjusting 
other factors with an odds ratio of 1.833 (95% CI 1.23–2.72; p = 0.003). The ultrasonographic imaging and measurement of 
CIMT can reliably predict hypotension with a 0.65-mm threshold level. We believe that the ultrasonographic measurements 
of CIMT may be included in point-of-care application in anesthesiology.
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Abbreviations
CIMT	� Carotid intima media thickness
PIH	� Post-induction hypotension
POC	� Point of care
MBP	� Mean blood pressure
IVC	� Inferior vena cava diameter
baPW	� Brachial-ankle pulse wave velocity
USG	� Ultrasonography
IOH	� Intraoperative hypotension
CAD	� Coronary artery disease
SAP	� Systolic arterial pressure
CCA​	� Common carotid artery

1  Introduction

Carotid intima-media thickness (CIMT) is an important 
marker that determines the amount of atherosclerotic bur-
den in the common carotid artery [1]. CIMT is measured 
between the carotid artery of the intimal lumina and the 
medial–adventitial border with B-mode ultrasonography [2]. 
Ultrasonographic examination of changes in the arterial wall 
without atherosclerotic plaque has been shown to be a rea-
sonable method for predicting atherosclerosis-related events, 
such as stroke, myocardial infarction, and peripheral artery 
disease. It is a cheap, reliable, and reproducible method [3, 
4]. The American Heart Association guidelines recommend 
the ultrasonographic measurements of CIMT for intermedi-
ate-risk cerebrovascular diseases (CVD) in asymptomatic 
adults as class IIa level [5].

Intraoperative hemodynamic instability is one of the most 
important concerns for anesthesiologists during general 
anesthesia. Hemodynamic fluctuations in patients during 
anesthesia are important issues that cause adverse outcomes. 
In different clinical trials, unfavorable effects on organs due 
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to intraoperative hypotension (IOH), including stroke and 
myocardial infarction, have been reported to be associated 
with mortality, morbidity, and prolonged hospital stay after 
general anesthesia and neurosurgical or cardiovascular sur-
geries [6–9]. There is no generally accepted definition of 
IOH. Different definitions, such as systolic arterial pres-
sure (SAP) and mean arterial pressure (MAP) values ​​below 
an absolute threshold, a decrease in blood pressure below 
patients’ baseline values, a combination of these parameters, 
and the duration of hypotension, and even therapeutic appli-
cations, such as infused fluid or vasopressor, are used [5]. 
Thus, the rates of hypotension were shown to be 5–99% 
during anesthesia in a large retrospective cohort study [10].

Factors that may cause hypotension after induction during 
general anesthesia include low preoperative SAP, advanced 
age (> 65 years), emergency surgery, male sex, and (ASA) 
IV patients in a large cohort study [11]. Although there are 
studies that predict post-induction hypotension (PIH), such 
as determining the severity of arteriosclerosis by measuring 
the brachial-ankle pulse wave velocity (baPWV) and central 
blood pressure and ultrasonography of inferior vena cava 
(IVC), [12, 13] there is no study showing the relationship 
between PIH and CIMT in literature review.

In this prospective, observational study, we investigated 
to predict PIH by the bedside ultrasonographic measurement 
of CIMT.

2 � Methods

2.1 � Study design

This clinical trial research was carried out at Diyarbakır 
State Hospital, Diyarbakır, Turkey. The approval of the study 
was granted by the Institutional Ethics Committee (Diyarba-
kir Gazi Yasargil Training and Education Hospital, decision 
no: 46/2018). A written approval was obtained from each 
participant.

The patients who were selected for elective surgery under 
general anesthesia were included in the study. The patients 
with CVD, coronary heart disease, coronary revasculariza-
tion therapy, peripheral vascular disease, and allergies to 
general anesthetic agents were excluded from the study.

2.2 � Assessment of CIMT

Assessment of CIMT was performed using B-mode ultra-
sonography including a 7.5-MHz superficial probe (Son-
osite® M-Turbo, Sonosite, Bothell, WA, USA) by trained 
and approved sonographers. Carotid artery imaging was per-
formed at an angle of about 20° to the opposite side of the 
neck when the patient was lying in a supine position. CIMT 
measurements were made only from the posterior (remote) 

wall of the main carotid artery. B-mode ultrasonographic 
measurements of CIMT were performed to determine the 
distance between the vessel lumen echogenicity and the 
media–adventitia echogenicity. Measurements were made 
from three different points of the right and left main carotid 
arteries: anterior oblique, lateral, and posterior oblique. 
Averages of the data from these three different angles were 
obtained. A predefined window of the right carotid artery 
bifurcation area, distal common carotid artery, bulb was 
scanned for plaques identified as focal thickening of the arte-
rial wall (> 1.2 mm). Atherosclerotic plaque segments were 
not used for the measurement. The same operator manually 
calculated the measurements.

2.3 � Anesthesia management

Intravenous catheters (18 G or 20 G) were inserted to all 
patients in the operating room. Standard electrocardio-
gram, non-invasive blood pressure, peripheral oxygen (O2) 
saturation, and end-tidal carbon dioxide monitoring were 
performed. The anesthetist caring for the patients were not 
aware of the study to overcome the bias. No acid premedica-
tion for stress ulcer was administered to the patients. Routine 
doses of midazolam [0.05–0.2 mg/kg of ideal body weight 
(IBW)], fentanyl (1–2 mcg/kg of IBW), propofol (2–2.5 mg 
of IBW), and rocuronium (0.6 mg/kg of IBW) were admin-
istered for general anesthesia. To interpret the incidence and 
degree of hypotension equally for the patients, the induction 
drugs were administered within a period 30 s.

Anesthesia was maintained by 40–50% O2 (air) and 
sevoflurane (1–2%). After orotracheal intubation, the 
mechanical ventilation was adjusted to maintain a tidal 
volume of 6–8 mL/kg, a partial carbon dioxide pressure 
of 35–40 mmHg, inspiratory:expiratory ratio of one-half 
with volume-controlled ventilation or pressure-controlled 
ventilation where appropriate (Datex Ohmeda, S/5 Avance, 
GE Healthcare, Helsinki, Finland). Anesthetic agents were 
adjusted to have a MAP of 20% and a heart rate of < 90 bpm, 
after we collected the data of our study, during the rest of 
the operation.

2.4 � Data collection

Patients’ data were recorded prospectively during the study 
period. Patients’ age, gender, height, weight, body mass index 
(BMI) (calculated according to BMI = weight/height2 for-
mula), and operation types were recorded. Comorbidities and 
medications were identified. Blood pressure values were meas-
ured from the left upper arm with an automated sphygmoma-
nometer using oscillometric methods at intervals of 3 min. 
Heart rates and blood pressure values were recorded before 
the induction of anesthesia (baseline) and within 20 min after 
tracheal intubation [11]. If hypotension (MAP value below 
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the 20% basal value) was observed, it was initially treated 
with fluid therapy. If the blood pressure did not improve, then 
5–15 mg of ephedrine was applied. A bradycardic heart rate 
of below 45 bpm was accepted, and atropine (0.015 mg/kg) 
was administered if necessary.

Hypotension developed after the induction of anesthesia 
was defined as 20% lower than the MAP value.

2.5 � Statistical analysis

The primary outcome measurement compared was defined 
as CIMT measurement predicting 20% MBP decrease after 
induction of general anesthesia between patients developed 
PIH and not developed PIH. We made a post hoc analysis 
according to the CIMT values between groups (0.782 ± 0.22 
for patients developed PIH and 0.587 ± 0.189 for patients not 
developed PIH); our study power was 98.9% with α error of 
0.05. G Power version 3.1.7 was used for sample size analysis.

We calculated 34 patients in each group for a type 1 error 
of 0.05 and a power of 0.9. To account for potential dropouts, 
the sample size was increased 80 patients.

The lowest MAP values after anesthesia induction of the 
patients were calculated and recorded as percent decreases 
relative to baseline values. The data were summarized using 
the mean and standard deviations (SD) and as percentages for 
discrete variables. The Kolmogorov–Smirnov one-sample test 
was used for the assumption of normal distribution of con-
tinuous variables. The demographic data were calculated by 
descriptive statistics. If the variables were normally distrib-
uted, then the central tendency was expressed as the mean 
(SD). The continuous variables were compared using Student’s 
t-test and Chi square test. Spearman correlation analysis was 
used to find out a correlation between the percentage of CIMT 
and MAP decline. Fisher’s exact test was used for categorical 
data and expressed in counts and percentages. The receiver 
operating characteristic (ROC) analysis and area under curve 
(AUC) were used to examine the whole patient’s CIMT to 
predict PIH. The 95% sensitivity and specificity values were 
calculated. Optimal cutoff values were defined.

Multivariate regression analysis was used to define the 
relationship between CIMT and PIH. Confounders, such as 
age, ASA physical status, and basal MAP values, were used. 
Differences were considered significant if p was < 0.05. Sta-
tistical analysis was performed using SPSS 22 (Chicago, 
Illinois, USA).

3 � Results

3.1 � Patient data

In total, 82 patients were recruited in the study. However, 
2 (2.43%) patients were excluded because of poor CIMT 

visualizations at the right and left carotid arteries (Fig. 1). 
The mean age of the patients was 41.57 ± 15.97 years. The 
surgical procedures included in the study were as follows: 
general surgery, 39 (48.8%); orthopedic, 26 (32.5%); 
urology, 2 (2.5%); otolaryngology, 9 (11.3%). The demo-
graphic data of the patients are shown in Table 1.

3.2 � Hemodynamic data

After induction of anesthesia, hypotension developed in 
41 (51.25%) patients according to the study protocol. A 
5–10 mcg dose of ephedrine was administered intrave-
nously to 5 patients despite adequate fluid administration 
after PIH. Atropine was administered to 1 patient because 
of bradycardia accompanying hypotension. There was no 
difference between age, gender, and baseline heart rate 
variability between the group with PIH and the group 
without PIH (p > 0.05). Statistically significant values 
were found between the groups according to the baseline 
MAP and ASA values of the patients (p = 0.00; p = 0.037). 
CIMT was higher in the patient group with PIH than in 
the group without PIH (p < 0.001; Table 2). There was 
a statistically significant correlation between the mean 
blood pressure (MBP) decrease after induction and CIMT 
(r = 0.529, p < 0.0001; Fig. 2). CIMT correlated positively 
with age (r = 0.739, p < 0.0001; Fig. 3).

3.3 � ROC analysis

ROC analysis for predicting PIH after general anesthesia 
induction demonstrated that AUC for CIMT was 0.753 
[95% confidence interval (CI) 0.642–0.863; p < 0.0001; 
Fig. 4]. The optimal cutoff value of CIMT was 0.65 mm 
with a sensitivity of 75.6% and a specificity of 74.4%.

3.4 � Regression analysis

Age, basal MBP, and CIMT values were found to be inde-
pendent predictors of PIH in the logistic regression analy-
sis (p < 0.05). There was an association between CIMT 
and PIH with an odd ratio of 1.833 (95% CI 1.23–2.72; 
p = 0.003). The results are shown in Table 3.

Age, basal MBP, and CIMT values are found as predic-
tors according to the multivariate linear regression model 
(adjusted R2 = 0.346, R = 0.609, R2 = 0.371, F = 14.933; 
p < 0.0001). CIMT and baseline MBP had a positive 
association with the percentage decrease in MBP after 
the induction of anesthesia (p = 0.001 and p = 0.002, 
respectively) (Table 4).
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4 � Discussion

We found that ultrasonographic measurement of CIMT 
was a predictive value in patients with PIH in our study 
(p < 0.0001). The cutoff value that we can predict hypo-
tension is 0.65 mm. We found that age and baseline MBP 
levels of patients were independent predictors of hypoten-
sion in logistic regression analysis.

IOH is a common side effect of anesthesia. IOH and 
hypertension were reported to be associated with post-
operative complications and mortality [10, 14]. Monk 
et al. found that IOH was associated with 30-day mortal-
ity [15]. Walsh et al. showed an increase in acute renal 
damage and myocardial damage in patients with IOH 
(MBP < 55 mmHg) [7]. No clear description of IOH was 
identified. Bijker et al. identified over 140 definitions [10]. 

We used a 20% decrease in MBP from the baseline MBP 
in our study.

In the early period of atherosclerosis, there is an increase 
in the thickness of the intima-media of the arterial wall. 
This is observed in both the coronary arteries bed and the 
peripheral arteries [16]. Thus, CIMT, which is detected by 
non-invasive methods, predicts the presence or absence of 
coronary artery disease (CAD). In addition, CIMT can iden-
tify high-risk individuals for CAD and is associated with 
cardiovascular risk factors, including age, diabetes melli-
tus, and total cholesterol [3]. As of today, there is no CIMT 
threshold value and definition that poses a risk for CAD in 
association with CIMT and CAD. The general approach is 
that CIMT measurements above 0.9 mm or 1 mm are risk 
factors [17]. The mean CIMT measurements performed by 
Tossetto et al. was 0.88 mm for men and 0.89 mm for women 

Fig. 1   Flow diagram
Assessed for eligibility (n= 82 )

Lost to follow-up (n=2 )

-Ineffective images and measurements of     
sonographic CIMT =(2)

Analysed  (n=80 )

Analysis

Follow-Up

Enrollment
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[18]. Moreover, Stein et al. observed a 0.665–0.010 mm 
increase in CIMT per year [19]. Similar results have been 
achieved in our study (men, 0.595 mm; women, 0.789 mm). 
The reason why CIMT values are higher for women is prob-
ably that the mean age of the female patients in our study 
is higher than that of the males (male patients, 35.5 years; 
female patients, 48.1 years).

This is the first study to examine the relationship between 
CIMT and PIH in literature. We found a mean cutoff value 

of 0.65 mm (sensitivity: 75.6% and specificity: 74.4%). 
This value is equivalent to the CIMT of healthy individuals 
between 50 and 70 years of age [20, 21]. The presence of 
this relationship between PIH and this value is consistent 
with the knowledge that patients aged over 50 years were 
a risk factor for PIH according to the study by Reich et al. 
They retrospectively analyzed 4096 patients who underwent 
general anesthesia [22].

Bedside or point-of-care (POC) ultrasonography has 
emerged as a tool for diagnostic assessment in anesthe-
siology and perioperative period over the past two dec-
ades. It has been used for many applications such as 

Table 1   Demographic data of the patients

Data are presented as the median or number of patients (%)
ASA American society of anesthesiologists; mean ± standard devia-
tion, n patient number

Characteristics Mean ± SD

Age (Years) 41.57 ± 15.97 (18–76)
Gender (M/F) 42/38
BMI (kg/m2) 26.79 ± 4.20 (17.90–40.09)
ASA (I/II/III) 48/28/4
CIMT (mm) 6.87 ± 2.26
Comorbidities
 HT 5 (6.3%)
 DM 3 (3.8%)
 Cardiovascular 1 (1.3%)
 Respiratory 1 (1.3%)
 Renal 1 (1.3%)
 Other 4 (5.0%)

Type of surgery
 General surgery 39 (48.8%)
 Orthopedic 26 (32.5%)
 Urology 2 (2.5%)
 Otolaryngology 9 (11.3%)
 Ophthalmology 1 (1.3%)
 Neurosurgery 2 (2.5%)
 Plastic and reconstructive surgery 1 (1.3%)

Table 2   Preoperatively carotid intima media thickness (CIMT) ultra-
sound measurements and hemodynamic data between patients who 
developed post-induction hypotension (PIH) and not developed PIH

*p < 0.001; **p < 0.05

Characteristics Developed hypotension

Yes No p

Age (years) 44.82 ± 16.21 38.15 ± 15.18 0.061
Sex (M/F) 19/22 23/16 0.273
BMI (kg/m2) 27.39 ± 4.37 25.52 ± 4.05 0.051
ASA (I/II/III) 20/17/4 28/11/0 0.037**
Baseline HR (beats/min) 83.87 ± 11.83 83.10 ± 12.21 0.774
Baseline MBP (mmhg) 107.18 ± 14.69 94.88 ± 14.25 0.00*

CIMT (mm) 0.782 ± 0.2.2 0.587 ± 0.189 0.00*

Fig. 2   The correlation of carotid intima media thickness (CIMT) and 
percentage decrease in MBP (%) (r = 0.529, p < 0.0001)

Fig. 3   The correlation of carotid intima media thickness (CIMT) and 
age. (r = 0.739, p < 0.0001)
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transesophageal echocardiography, lung ultrasonogra-
phy, confirmation of endotracheal tube positioning (air-
way ultrasonography), evaluation of gastric contents for 
aspiration risk (gastric ultrasonography), and estimation 
of intracranial pressure via the optic nerve sheath diam-
eter [23, 24]. There are several studies to predict PIH by 

ultrasonography. Zhang et al. reported that preoperative 
POC IVC ultrasonography measurements can predict PIH 
in 75% of patients and the threshold was > 43% for Col-
lapsibility Index [13]. However, this study has a number 
of limitations [25]. Firstly, previous studies had demon-
strated moderate inter-rater reliability for IVC measure-
ment. Secondly, IVC collapsibility may not be a reliable 
measurement because patients’ ventilation changed from 
spontaneous ventilation to positive ventilation, which 
can affect the results. In our study, sonographic CIMT 
has some superiority to sonographic IVC measurements 
with more convenient results, better images, and it is not 
affected by patients’ ventilation characteristics. In another 
study, Morimoto et al. identified the relationship between 
the level of arteriosclerosis and blood pressure changes 
during anesthesia induction by measuring the baPWV and 
central blood pressure. They concluded that baPWV was a 
predictor of PIH [26]. Compared with simpler measures, 
like the ankle-brachial index, CIMT has the psychological 
advantages of an imaging tool as patients and physicians 
tend to believe in visible structures rather than abstract 
concepts. Moreover, it is important to note that PIH can 
be predicted on certain threshold values of CIMT in our 
work. Therefore, we proposed that CIMT be used as a 
screening tool to identify subjects at risk for PIH.

5 � Limitations

This study has several limitations. Firstly, the sample size 
is small and it limits the power of subgroup analysis. Sec-
ondly, observer dependency in our manual measurements 
is higher than semiautomated CIMT measurements. It has 
been shown that the ultrasound settings and the observer’s 
interpretation of the CIMT may affect the measurement 
[27]. Because of the inability of the standard measure-
ment of CIMT and imaging, researchers have used dis-
similar ultrasound protocols, resulting in variability in 
CIMT measurements [28]. However, highly reproducible 
measurements can be obtained with an experienced CIMT 
reader through manual tracing [29]. We have used higher 
frequency ultrasound probes to obtain CIMT imaging. 
However, manual CIMT measurements are time consum-
ing. In order to overcome the inter-reader and intra-reader 
variability of the CIMT measurements, semiautomated 
measurements have been introduced [29]. Moreover, while 
most of the measurement variability in the CIMT is due 
to differences between observers, the intra-observer vari-
ability over time appears to be very small. So, the meas-
urements were performed by the same sonographer to 
overcome this variability.

Fig. 4   Receiver operating curves (ROC) for carotid intima media 
thickness (CIMT) to predict post-induction hypotension. AUC: C 
expiratory diameter: AUC: 0.753. (95% CI 0.642, 0.863; p < 0.0001)

Table 3   Multivariate Logistic Regression analyses of Patients who 
developed post-induction hypotension according to independent vari-
ables (Age, baseline MBP, CIMT)

Characteristics Regression 
coefficient

Odds ratio 95% CI of odds 
ratio

p

Constant − 6.62 NA NA 0.001
Age − 0.06 0.94 0.89–0.99 0.033
Baseline MBP 0.05 1.05 1.00–1.09 0.028
CIMT 0.60 1.83 1.73–2.72 0.03

Table 4   Multivariate linear regression model patients to predict mean 
blood pressure decrease (%) after Induction of anesthesia according 
to independent variables (Age, baseline MBP, CIMT)

Characteristics Regression coefficient p

Constant − 0.199 0.009
Age − 0.002 0.098
Baseline MBP 0.003 0.002
CIMT 0.026 0.001
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6 � Conclusion

Ultrasonographic imaging and measurement of CIMT can 
reliably predict hypotension, which we define as a 20% 
decrease in baseline MBP value after induction of anesthe-
sia in the majority of patients. We found 0.65 mm of CIMT 
as the threshold level. For this reason, an experienced reader 
can provide clinically useful information about PIH to deter-
mine possible complications for high-risk patients. We think 
that sonographic CIMT measurement may be a part of POC 
application in anesthesiology with subsequent researches on 
this issue.
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