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Abstract 
Hypotension induced by general anesthesia is associated with postoperative complications, increased mortality, and morbid-
ity, particularly elderly patients. The aim of this study was to investigate the effectiveness of corrected carotid artery flow time 
(FTc) for predicting hypotension following anesthesia induction in patients over 65 years old. After faculty ethical commit-
tee approval and written informed consent, 138 patients (65 years and older, ASA physical status I–III) who scheduled for 
elective surgery were included in this study. In the pre-operative anesthesia unit, the carotid artery FTc value was measured 
by ultrasound and hemodynamic values were recorded. Following anesthesia induction with propofol, hemodynamic data 
were recorded at 1-minute intervals for 3 min. Measurements were terminated prior to endotracheal intubation, as direct 
laryngoscopy and endotracheal intubation could cause sympathetic stimulation and hemodynamic changes. Hypotension 
occurred in 52 patients (37.7%). The preoperative FTc value of the patients who developed hypotension was statistically 
lower (312.5 ms) than the patients who did not (345.0 ms) (p < 0.001). The area under the ROC curve for carotid artery FTc 
was 0.93 (95% CI for AUC:0.89–0.97; p < 0.001) with an optimal cut-off of value for predicting post-anesthesia hypotension 
333 ms, a sensitivity of 90.4% and a specificity of 84.9%. As a result of the multiple logistic regression model, carotid artery 
FTc emerged as the sole independent risk factor for hypotension following anesthesia induction. Preoperative carotid artery 
FTc measurement is a simple, bedside, noninvasive, and reliable method for predicting anesthesia-induced hypotension in 
elderly patients. 
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1  Introduction

Hypotension following general anesthesia induction may 
be related to drugs, comorbidities, inadequate fluid intake, 
and a prolonged fasting period. It can lead to tissue hypop-
erfusion, organ failure, postoperative complications, and 
increased morbidity and mortality, especially in elderly 
patients [1, 2]. Therefore, early diagnosis and treatment are 
crucial in this population. Vasoactive drugs and fluid therapy 
are the most preferred agents to maintain blood pressure 
[3, 4].

Corrected carotid artery flow time (FTc) is primarily 
influenced by left ventricular preload and is associated with 
myocardial contractility and afterload [5]. Therefore, it may 
serve not only as an indicator of fluid responsiveness but 
also as an index reflecting the complexity of blood pressure 
[5, 6]. Recent studies have demonstrated that carotid artery 
FTc is an indicator that can be used to predict anesthesia-
related hypotension [7, 8]. However, there is currently a gap 
in the existing literature, specifically in the context of stud-
ies related to elderly patients who have comorbidities and a 
high ASA score.

The aim of our study is to investigate the predictive value 
of preoperative carotid artery FTc for post-induction hypo-
tension in patients with comorbidities over 65 years of age 
(ASA I–III) and to determine an appropriate cut-off value.
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2 � Methods

2.1 � Study population

After obtaining written informed consent from the patients 
and receiving approval from the faculty ethical committee 
(date: Jan/06/2023, IRB number: 129/10), we enrolled 138 
patients who met the inclusion criteria in this prospec-
tive and cross-sectional study. The study was registered 
on ClinicalTrials.gov. (NCT05896514).

Patients over 65 years of age who scheduled for elec-
tive surgery under general anesthesia were included in 
this study. Exclusion criteria were preoperative hypoten-
sion [mean arterial blood pressure (MAP) < 70 mmHg] 
and preoperative hypertension [systolic blood pres-
sure (SBP) ≥ 180 mmHg or diastolic blood pressure 
(DBP) ≥ 110 mmHg], age < 65 years old, American Soci-
ety of Anesthesiologists (ASA) physical status ≥ 4, carotid 
artery stenosis > 50%, unstable angina, left ventricular 
ejection fraction < 40%, cardiac rhythm other than sinus, 
serious vascular disease, implanted pacemaker, autonomic 
nervous system disorders, mild to severe valvular heart 
disease, emergency or urgent surgery.

2.2 � Carotid artery FTc measurement

In the pre-operative anesthesia unit, all patients were mon-
itored with 3-lead electrocardiography (ECG), noninvasive 
blood pressure, and pulse oximetry. The carotid artery FTc 
value of each patient was measured in B-mode using ultra-
sonography (Esaote, MyLab™ X6, Italy) 10 min before 
anesthesia induction.

To acquire measurements, patients were placed in a 
supine position with their heads turned 30 degrees to the 
left. Using a 4–12 MHz linear ultrasound probe directed 
towards the head, a long-axis B-mode image of the right 
common carotid artery was captured from the lower border 
of the thyroid cartilage. Subsequently, the probe was posi-
tioned approximately 2 cm proximal to the carotid bifurca-
tion and at the center of the lumen. The angle correction 
cursor was placed parallel to the direction of blood flow. 
The insonation angle was maintained between 60 and 72 
degrees for accurate blood flow velocity measurement. A 
pulsed wave Doppler image of the blood flow along the 
artery was then obtained, and recordings of carotid artery 
blood flow wave images were made. The cycle time was 
determined by measuring the interval between heartbeats 
from the onset of the systolic upstroke, utilizing the length 
measurement function on the ultrasound device. Flow time 
was calculated by measuring the duration between the sys-
tolic upstroke and the dicrotic notch in increments of 

tenths of a millisecond (ms). The FTc measurement was 
taken consecutively 3 times, and the mean of these was 
used for analysis. FTc values were calculated using 
Wodey’s formula, FTc = flow time + [1.29 × (heart 
rate − 60), to decrease the effect of heart rate, instead of 
Bazett’s formula ( FTC =

Flow time
√

RR interval
 ) [9]. All carotid artery 

FTc measurements were analyzed by the same anesthesi-
ologist who did not participate in the follow-up 
evaluations.

2.3 � Anesthesia induction

Patients did not receive any premedication. Following the 
carotid artery FTc measurement, all patients were taken to 
the operating room, where standard monitoring, including 
3-lead ECG, non-invasive blood pressure, and pulse oxi-
metry, was conducted using an Infinity Kappa monitor (GE 
Medical Systems, Inc, Telford, PA).

Anesthesia induction was initiated with 2 mg/kg of propo-
fol (20 mg in 10 s), and muscle relaxation was induced with 
0.6 mg of rocuronium. Mask ventilation during induction 
utilized sevoflurane (2%) and a 50% oxygen-50% nitrous 
oxide mixture. Opioid agents were not administered during 
the anesthesia induction process.

2.4 � Data collection

Ten minutes before induction of anesthesia (T0), SBP, DBP, 
MAP, and HR were recorded. Following anesthesia induc-
tion, SBP, DBP, MAP, and HR were measured at 1-minute 
intervals for 3 min (T1, one minute after anesthesia induc-
tion; T2, two minutes after anesthesia induction; T3, three 
minutes after anesthesia induction).

As direct laryngoscopy and endotracheal intubation 
could induce sympathetic stimulation, measurements were 
concluded 3 min after anesthesia induction. Hemodynamic 
values during and after endotracheal intubation were not 
included in the study data.

Post-induction hypotension was defined as a 30% 
decrease in SBP, a 20% decrease in MAP, or an absolute 
SBP less than 90 mmHg and MAP less than 65 mmHg 
within 3 min after anesthesia induction. Hypotension was 
addressed with intravenous norepinephrine administered in 
bolus doses of 4 µg, with repetition as necessary.

2.5 � Sample size

The sample size was calculated assuming that carotid artery 
FTc has a diagnostic predictive validity of at least 0.70 in 
developing post-induction hypotension in elderly patients. In 
this calculation, the prevalence of hypotension was assumed 
to be 50%. We concluded that at least 112 patients were 
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required to detect a difference of 0.20 units between the area 
under the ROC curve of carotid artery FTc (AUC = 0.70) and 
the null hypothesis (AUC = 0.50) with 95% power and 5% 
two-tailed type I error. Considering a possible 20% data loss 
(dropout rate or missing data), the study was planned to be 
conducted with 135 patients.

2.6 � Statistical analysis

When summarizing the data, numbers and percentages 
were used for categorical measurements and mean ± stand-
ard deviation or median (Q1–Q3) was used for numerical 
measurements. Chi-square test was used to analyze cate-
gorical measurements. The Kolmogrov Smirnov test was 
used to test whether the numerical measurements met the 
assumption of normal distribution. In the comparison of 
numerical measurements between the groups, independ-
ent samples t test was used if the assumptions were met 
and Mann Whitney U test was used if the assumptions were 
not met. Repeated measures ANOVA analysis was used to 
compare the change of repeated numerical measurements 
over time between groups. Relationship between continuous 
variables was determined by Spearman correlation coeffi-
cient (r). Coefficient was taken as very weak between 0.0 and 
0.02, weak 0.2–0.4, moderate 0.4–0.6, strong 0.6–0.8 and 
very strong 0.8–1.0. Multiple Logistic Regression analysis 
was used to determine the risk factors for the development 
of hypotension after induction of anesthesia. Variables that 
were significant in the univariate analysis were added to the 
model. Although SBP, DBP and MAP variables are signifi-
cant, MAP variable is used in the model since these three 
variables cannot be included in the model at the same time 
due to the correlation between them. ROC curve analysis 
was performed to determine the diagnostic value of the FTc 
variable in determining the development of post-induction 
hypotension. Youden index was used to determine the opti-
mum cut-off point after ROC curve analyis. Sensitivity, 
specificity and their confidence intervals were presented. 
IBM SPSS 20.0 package program was used for statistical 
analysis of the data. A value of p < 0.05 was considered sig-
nificant in all tests.

3 � Results

A total of 184 patients were evaluated, however 138 patients 
included in this study (Fig. 1).

The mean age of the patients who participated in the study 
was 72.5 ± 5.2 years and 50 of the patients were female, 
88 of them were male. Seventy patients had hypertension, 
42 had diabetes mellitus, 25 had coronary artery disease 
(CAD), and 23 had asthma-chronic obstructive pulmonary 
disease (COPD). Hypotension occurred in 52 cases (37.7%) 

following anesthesia induction. Sex, age, ASA, comorbidi-
ties, fasting time, propofol, and FTc levels were compared 
between the groups with and without hypotension. In the 
group that developed hypotension, the age, the proportion of 
ASA physical status III patients, the proportion of patients 
with a history of hypertension, and fasting time were higher 
than those who did not develop hypotension, while the FTc 
level was lower (Table 1).

The follow-up results of vital parameters in the study 
groups with and without post-induction hypotension are pre-
sented in Fig. 2. According to the results of repeated meas-
ures analysis, the time-dependent trends (time*group inter-
action) of HR levels were similar in the groups (Fig. 2d), 
whereas the time-dependent changes of SBP, DBP, and MAP 
levels were significantly different in the groups (Fig. 2a, b 
and c).

The relationship between carotid artery FTc and drop 
in MAP and SBP in patients with hypotension after induc-
tion of anesthesia was presented in Table 2. There was a 
strong negative correlation between carotid artery FTc and 
percentage change (Δ%) from baseline SBP at T1 and T2 
(r = − 0.63, p < 0.001; r = − 0.61, p < 0.001, respectively). 
Similarly, the percentage changes at T3 had moderate nega-
tive correlation between carotid artery FTc (r = − 0.59, 
p < 0.001). There was also strong negative correlation 
between FTc and percentage change (Δ%) from baseline 
MAP at T1, T2, and T3 (r = − 0.64, p < 0.001; r = − 0.60, 
p < 0.001; r = − 0.61, p < 0.001, respectively). At lower 
carotid artery FTc levels, percentage change in MAP and 
SBP was greater.

According to SBP criteria (SBP less than 90 mmHg or 
30% decrease in SBP), median FTc value in hypotension 
group (317.5 ms) was significantly lower than in non-hypo-
tension group (345.5 ms) (p < 0.001) (Fig. 3a). According 
to MAP criteria (MAP less than 65 mmHg), median FTc 
value in hypotension group (317.5 ms) was significantly 
lower than in non-hypotension group (345.5 ms) (p < 0.001) 
(Fig. 3b).

ROC curve analysis was performed to test the predictive 
value of carotid artery FTc measurement for post-induc-
tion hypotension and diagnostic accuracy measures were 
obtained (Fig. 4). The area under the ROC curve for carotid 
artery FTc was 0.93 (95% CI for AUC:0.89–0.97; p < 0.001) 
with an optimal cut-off of 333 ms, a sensitivity of 90.4% 
(95% CI: 78.9–96.8) and a specificity of 84.9% (95% CI: 
75.5–91.7).

The outcome of the multiple logistic regression model, 
designed to identify risk factors influencing the occurrence 
of hypotension after anesthesia induction in elderly patients, 
incorporated variables such as age, ASA III score, history of 
hypertension, fasting time, mean arterial pressure (MAP), 
and carotid artery flow time (FTc), all of which were found 
to be significant in individual analyses. The analysis revealed 
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that the sole independent determinant was carotid artery FTc 
(Odds Ratio [OR] = 0.88; 95% Confidence Interval [CI]: 
0.84–0.92; p < 0.001) (refer to Table 3). In elderly patients, 
each ms decrease in carotid artery FTc was associated with a 
13% increase in the risk of post-induction hypotension (OR: 
1/0.88 = 1.13).

4 � Discussion

The data we gathered highlights the significance of preop-
erative carotid artery flow time (FTc) values as a crucial 
determinant in the occurrence of hypotension following 

Patients over 65 years of age who received general anesthesia (n=184)

Excluded (n=46)

� Preoperative systolic blood pressure 

> 180 mmHg (n=17)

� Valvular heart disease (n=9)

� Left ventricular ejection fraction 

<40% (n = 8)

� Emergency surgery (n=6)

� Implanted pacemaker (n=3)

� Carotid artery stenosis (n=3)

138 patients included

Lost to follow up data (n=0)

Analyzed (n=86)

Excluded from analysis (n=0)

No post-induction hypotension 

(n=86)
Post-induction hypotension 

(n=52)

Lost to follow up data (n=0)

Analyzed (n=52)

Excluded from analysis (n=0)

Preoperative FTc measurement to all patients

Enrollment

Follow-up

Analysis

Fig. 1   Flow chart of the study
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Table 1   Demographic 
characteristics and 
comorbidities according to the 
development of hypotension in 
the study groups

Data were presented as number of patients (n) and percent (%) for categorical variables. For other variables 
mean ± standard deviation or median (Q1–Q3) were reported according to distribution type. *statistically 
significant p < 0.05. ASA  American Society of Anesthesiologists; COPD Chronic obstructive pulmonary 
disease; CAD Coronary artery disease; DM Diabetes mellitus; FTc Corrected flow time

Hypotension following anesthesia induction p

Non-hypotension
(n = 86)

Hypotension
(n = 52)

 Sex Male 54 (62.8) 34 (65.40) 0.759
Female 32 (37.2) 18 (34.60)

 Age 71 (68.0–75.0) 73.5 (70.0–78.0) 0.017*
 Height (cm) 170.0 (160.0-176.0) 170.5 (158.0-175.0) 0.750
 Weight (kg) 74.7 ± 11.5 75.5 ± 10.2 0.721
 ASA II 74 (86.0) 35 (67.30) 0.009*

III 12 (14.0) 17 (32.70)
 Asthma-COPD 12 (14.0) 11 (21.2) 0.271
 Hypertension 36 (41.9) 34 (65.4) 0.007*
 CAD 13 (15.1) 12 (23.1) 0.239
DM 24 (27.9) 18 (34.6) 0.407
 Fasting time (hour) 10.0 (8.0–12.0) 12.0 (10.0–14.0) 0.003*
 Propofol (mg) 135.0 (100.0-150.0) 120.0 (100.0-150.0) 0.315
 FTc (ms) 345.0 (337.0-351.0) 312.5 (304.0-323.0) < 0.001*

Fig. 2   Follow-up results of vital parameters in study groups. The mean value and 95% Confidence interval were presented at each time point. 
SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HR, heart rate
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anesthesia induction in patients aged 65 and above. A 
reduction in carotid artery FTc is associated with a rapid 
and substantial decline in blood pressure post-general 
anesthesia induction. According to our findings, early 
identification of elderly patients prone to developing 
hypotension can be facilitated through preoperative carotid 
artery FTc measurements.

In recent times, carotid artery FTc measurement has been 
utilized either independently or in conjunction with other 
methods to assess current volume status in both critical and 
non-critical patients [6, 10–13]. Barjaktarevic et al. demon-
strated that carotid artery FTc values increased in correlation 
with elevated cardiac output resulting from volume infusion 
[14]. Additionally, carotid artery FTc proves to be a reli-
able diagnostic tool for estimating fluid status in dehydrated 
individuals during fasting [10]. This suggests that assessing 
cardiac functions through carotid artery FTc becomes more 

feasible when patients undergo prolonged fasting before 
anesthesia. Hypotension after general anesthesia induction 
can be attributed to various factors, and prolonged fasting 
time is particularly crucial for elderly patients who are more 
susceptible to dehydration and the adverse effects of inad-
equate fluid intake. In our study, patients who developed 
hypotension after anesthesia induction exhibited longer 
fasting times and lower preoperative carotid artery FTc val-
ues compared to those without hypotension. Our findings 
support the hypothesis that extended fasting time and low 
carotid artery FTc values contribute to anesthesia-induced 
hypotension.

There is limited literature on the use of carotid artery FTc 
in elderly patients. Chen et al. employed carotid artery FTc 
as an alternative method to stroke volume variation (SVV) 
for assessing volume responsiveness in elderly patients dur-
ing general anesthesia [15]. Maitra et al. suggested that a 
carotid artery FTc value below 330.2 ms, with a sensitivity 
of 85.7% and specificity of 96.8%, can predict hypotension 
after propofol-induced anesthesia in ASA I–II patients aged 
between 18 and 65 years [8]. In a separate investigation, the 
association between FTc values and fluid responsiveness was 
evaluated in spontaneously breathing awake patients span-
ning an age range of 19 to 80 years. The determined cut-off 
value for fluid responsiveness in this study was 349.4 ms, 
exhibiting a sensitivity of 72.7% and specificity of 87.1% 
[16]. Notably, these investigations did not exclusively focus 
on elderly patients. Wang et al. proposed that a carotid artery 
FTc value below 379.1 ms reliably indicated post-induction 
hypotension in elderly patients [17]. However, it is crucial 
to acknowledge that their study specifically enrolled elderly 
patients aged 65–75 years with ASA physical status I–II, 
excluding those with hypertension, diabetes, cardiovascular 
disease, and obesity. They uniformly administered crystal-
loid at a rate of 10 mL/kg/h to all patients before measuring 
carotid artery FTc and calculated FTc values using Bazett’s 
formula. In our research, all patients aged over 65 with ASA 
scores of I–III were included, with the oldest participant 

Table 2   Relationship between FTc and % decreases in SBP and MAP

*statistically significant p < 0.05. r correlation coefficient; SBP  Sys-
tolic blood pressure; MAP Mean arterial pressure; FTc Corrected flow 
time; T1 one minute after anesthesia induction; T2 Two minutes after 
anesthesia induction; T3 Three minutes after anesthesia induction

FTc

SBP % drop according to baseline T1 r − 0.63
p < 0.001*

T2 r − 0.61
p < 0.001*

T3 r − 0.59
p < 0.001*

MAP % drop according to baseline T1 r − 0.64
p < 0.001*

T2 r − 0.60
p < 0.001*

T3 r − 0.61
p < 0.001*

Fig. 3   Comparison of FTc and SBP levels a and MAP levels b in patients with and without hypotension
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being 87 years old, and no fluid infusion was administered 
before carotid artery FTc measurement. In addition; given 
prior suggestions that Wodey’s formula could be as accurate 
as Bazett’s formula or even superior, we opted for Wodey’s 
formula for FTc calculation [18]. Our findings aligned with 
those reported in existing literature.

The ROC curve analysis in our study revealed an area under 
the curve for carotid artery FTc of 0.93, with an optimal cut-off 
of 333 ms, a sensitivity of 90.4%, and a specificity of 84.9%. 
Consequently, a preoperative carotid artery FTc value below 
333 ms was identified as a significant indicator for clinical 

hypotension. In Wang et al.’s study, investigating the efficacy 
of FTc in elderly patients, the identification of a higher cut-
off value (379.1 ms) may be attributed to the exclusion of 
patients over 75 years of age and those with comorbidities 
[17]. Additionally, all patients received fluid infusion before 
carotid artery FTc measurement in their study.

The duration of FTc is influenced by factors such as left 
ventricular preload, myocardial contractility, and afterload. 
Consequently, the presence of hypertension, which elevates 
left ventricular afterload, may result in a shortened carotid 
artery FTc [19]. Moreover, individuals of advanced age and 
with a high ASA physical status might be more susceptible 
to hemodynamic fluctuations due to factors such as left ven-
tricular diastolic dysfunction, reduced vascular reactivity, 
and heightened sensitivity to anesthetics [17]. Indeed, our 
study observed a higher risk of hypotension post-anesthesia 
induction in elderly patients with preoperative hypertension, 
elevated ASA physical status, and a diminished carotid artery 
FTc value. However, based on logistic regression analysis, 
only a low carotid artery FTc value emerged as an independ-
ent risk factor for anesthesia-induced hypotension among 
these variables. This finding underscores the effectiveness of 
carotid artery FTc value in predicting hypotension following 
the induction of general anesthesia.

The strength of our study lies in its uniqueness as, to the 
best of our knowledge, it is the first to investigate the effec-
tiveness of FTc in predicting hypotension after anesthesia 
induction in all patients aged over 65, including those with 
comorbidities and an ASA physical status of less than 4. How-
ever, the study had some limitations. First, it was conducted 
as a single-center study. Second, the absence of BIS monitor-
ing during anesthesia induction is noteworthy. Although the 
propofol dose remained consistent across patients with and 
without hypotension, the inclusion of BIS monitoring could 
have provided valuable insights into the depth of anesthesia. 
Third, since several studies have shown that FTc is an indicator 
of afterload, preload, cardiac contractility, and fluid response, 
additional ECHO-related parameters were not included in 
the study data. Fourth, continuous blood pressure monitor-
ing provides more accurate information. However, given that 
we included patients with very low surgical risk (ophthalmic 
surgery, examination under general anesthesia, etc.) and the 
incorporation of hemodynamic data between induction of 
anesthesia and endotracheal intubation in the study, we used 
non-invasive arterial monitoring.

5 � Conclusion

Based on our study results, a preoperative carotid artery flow 
time (FTc) of less than 333 ms is identified as an independent 
risk factor for hypotension following the induction of anes-
thesia with propofol in elderly patients with comorbidities 

Fig. 4   ROC curve of carotid artery FTc in determining the occur-
rence of hypotension following anesthesia induction in elderly 
patients

Table 3   Results of logistic regression analysis to determine the risk 
factors affecting the development of hypotension after induction of 
anesthesia

*statistically significant p < 0.05. ASA American Society of Anesthe-
siologists; MAP Mean arterial pressure; T0 Ten minutes before anes-
thesia induction; OR Odds ratio; CI confidence interval

OR 95%CI for OR p

 Age 1.08 0.97–1.20 0.153
 Having ASA III score 

(ASA II reference)
2.79 0.73–10.8 0.135

 History of hypertension 1.25 0.39–4.06 0.709
 Fasting time 1.05 0.85–1.31 0.639
 MAP T0 1.01 0.97–1.06 0.476
 Carotid artery FTc 0.88 0.84–0.92 < 0.001*
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and ASA physical statuses I–III. The measurement of pre-
operative carotid artery FTc emerges as a straightforward, 
bedside, noninvasive, and dependable method for predicting 
anesthesia-induced hypotension within this specific patient 
demographic.
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