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 Background: In elderly patients, spinal anesthesia-induced hypotension (SAH) can be frequently caused by reduced pre-
load and stiff ventricles. The primary purpose of this study was to investigate the ability of ultrasonograph-
ic carotid artery flow measurements during the passive leg raise (PLR) test to predict SAH in elderly patients. 
The correlation between preoperative transthoracic echocardiography (TTE) measurements and SAH was also 
investigated.

 Material/Methods: The patients aged over 65 years scheduled for elective surgery under spinal anesthesia were recruited. Preoperative 
TTE was performed in all patients. Corrected carotid flow time and carotid blood flow were measured in the su-
pine, semirecumbent, and PLR positions. Ultrasonographic carotid artery flow and preoperative TTE measure-
ments were compared between patients who developed SAH and those who did not. Receiver operating char-
acteristic (ROC) curve analysis and logistic regression analysis were used to test the association with SAH.

 Results: SAH occurred in 17 of 50 patients. Carotid blood flow in the semirecumbent position and preoperative mitral 
inflow E velocity could predict SAH, showing an area under the ROC curve of 0.754 (95% CI, 0.612-0.865) and 
0.775 (95% CI, 0.634-0.881), respectively. However, according to the multivariate analysis, the independent risk 
factor for SAH was mitral inflow E velocity (OR 0.918, 95% CI 0.858-0.982, P=0.013).

 Conclusions: In elderly patients, ultrasonographic carotid artery flow measurements failed to predict the occurrence of SAH. 
Only preoperative mitral inflow E velocity of TTE was selected as an independent risk factor for SAH.
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Background

The main cause of spinal anesthesia-induced hypotension (SAH) 
is sympathetic blockade, which results in vasodilation with rel-
ative hypovolemia and reduced cardiac output. Many elderly 
patients arrive at the operating room in a relatively hypovo-
lemic state due to preoperative fasting, reduced thirst mech-
anisms, and diminished renal capacity to conserve water and 
salt [1]. Moreover, venodilation after the intrathecal injection 
decreases preload through blood redistribution to the splanch-
nic bed and lower limbs [2]. Considering that the elderly heart 
is very sensitive to preload to maintain cardiac output because 
of stiff ventricles and blunted reflex tachycardia [3], it is easy 
to understand why elderly patients undergoing spinal anes-
thesia are at increased risk of hypotension, with reported in-
cidences of 25% to 80% [4].

Recently, transthoracic echocardiography (TTE) findings before 
and after spinal anesthesia were compared between patients 
older and younger than 70 years of age [5]. The study supports 
that SAH in elderly patients is mainly caused by reduced pre-
load due to vasodilation with underlying cardiac dysfunction 
that further reduces cardiac output. Many elderly patients de-
velop SAH without any existing cardiac symptoms. In partic-
ular, left ventricular (LV) diastolic dysfunction is asymptomat-
ic at rest, and symptoms appears under stress conditions [6]. 
Cardiac output would be reduced when LV diastolic function 
is impaired, as with LV systolic function. Cardiac output de-
creases early in the diastolic dysfunction before left atrial (LA) 
pressure is increased by the compensatory mechanism, which 
represents grade I diastolic dysfunction [6].

Measuring cardiac output with arterial waveform or echo-
cardiography is invasive and requires extensive training. 
Ultrasonographic carotid artery flow measurements, such as 
corrected carotid flow time (cCFT) and carotid blood flow (CBF), 
are noninvasive, objective, and easy to perform at the bedside. 
Several studies have shown that they are correlated with in-
vasive cardiac output measurements [7,8]. Furthermore, cCFT 
and CBF have been studied to detect changes in cardiac output 
during a passive leg raise (PLR) test and were revealed as good 
parameters in fluid responsiveness during the PLR test [9-11].

The hypothesis of this study was that elderly patients with re-
duced preload and stiff ventricles are at risk of SAH. The prima-
ry purpose of this study was to investigate the ability of ultra-
sonographic carotid artery flow measurements during the PLR 
test, which reflect cardiac output, to predict SAH in elderly pa-
tients. The secondary purpose was to find the contributors of 
SAH, including preoperative TTE measurements.

Material and Methods

Ethics Statement

This study was approved by the Institutional Review Board of 
Pusan National University Hospital, Republic of Korea (Busan, 
Republic of Korea, H-1711-020-061) and registered prior 
to patient enrollment at the WHO-ICTRP, Clinical Research 
Information Service (ID: KCT0002676; principal investigator: 
Ah-Reum Cho; date of registration: February 2, 2018). The pro-
spective observational study was conducted from February 
2018 to January 2019. This manuscript adheres to the appli-
cable STROBE guidelines. Patients received oral and written 
information about the protocol and provided written consent 
the day before the surgery.

Enrollment

Patients over 65 years of age with American Society of 
Anesthesiologists physical status I-III who were scheduled for 
elective surgery under spinal anesthesia were invited to par-
ticipate. Exclusion criteria were morbid obesity (body mass in-
dex >35 kg/m2); carotid disease; symptomatic cardiac disease 
(arrhythmia, valvular disease, ischemic heart disease); lack of 
preoperative TTE; uncontrolled hypertension; contraindications 
to spinal anesthesia (bleeding tendency, allergy to local anes-
thetics, sepsis, infection of the needle insertion site); inability 
to tolerate a PLR (unable to lie supine or had pain with PLR); 
inability to understand the study information sheet; and re-
fusal. Patients were excluded if spinal anesthesia failed or the 
angle of insonation was >60° after recruitment.

Ultrasonographic Carotid Artery Flow Measurements

Real-time measurement of ultrasound carotid images was tak-
en using a 12L-RS, 5-13 MHz linear probe on a bedside ultra-
sound system (GE Vivid I; Trisonics, Harrisburg, PA, USA) by 
a trained anesthesiologist. In all cases, an ultrasound evalu-
ation of carotid artery flow was performed by assessing the 
right common carotid artery, which was scanned in the trans-
verse and longitudinal planes. Pulsed-wave Doppler tracings 
were then obtained by placement of a 0.5-mm sample gate 
through the center of vessel within 2 to 3 cm proximal to the 
carotid bulb in the longitudinal plane (Figure 1), in accordance 
with standard guidelines [12]. The angle correction cursor was 
placed parallel to the direction of blood flow.

The cCFT was calculated as follows: cCFT=systole time/√cycle 
time [13]. Systole time was measured from the start of systolic 
upstroke to the start of the dicrotic notch (Figure 1, a), while cy-
cle time was measured from the beginning of the current beat 
to the beginning of the adjacent beat (Figure 1, b). CBF was cal-
culated as follows: blood flow=π×(carotid diameter)2/4×velocity 
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time integral (VTI)×heart rate (HR). VTI of the Doppler signal 
was measured using automatic tracings (Figure 1, c). Intimal-
to-intimal carotid diameter was measured at the level of the 
sample gate (Figure 1, d). All carotid measurements (systole 
time, cycle time, VTI, diameter) were measured on 3 waveforms 
by a single investigator to calculate mean cCFT and CBF. To 
establish interrater reliability of the measurements, all mea-
surements on the obtained images were repeated by a sec-
ond independent investigator. Results from the second inves-
tigator were used to provide interrater reliability estimates.

Study Protocol

All patients received maintenance fluid therapy during the fast-
ing period. Upon operating room arrival, patients were moni-
tored in the supine position with electrocardiography, nonin-
vasive blood pressure (BP), and pulse oximetry (SpO2). After 
5 min of stabilization, baseline BP, HR, and SpO2 were record-
ed. Hypotension was defined as a systolic BP <90 mm Hg and 
a decrease in baseline systolic BP >20%. Baseline ultrasound 
carotid images were also obtained. Prior to PLR, patients were 
placed in the semirecumbent position with the head of bed 

at 45° for 3 min. A PLR test was then performed with the pa-
tient’s leg passively raised at 45° and trunk horizontal for 90 s. 
BP, HR, SpO2, and ultrasound carotid artery images were ob-
tained in the semirecumbent and PLR positions. Then, patients 
were returned to the supine position.

Intrathecal injection was administered to the patient in the 
right lateral decubitus position, lumbar puncture preferably 
midline at L3-4 with a Quincke 25-gauge needle. A standard 
dose of hyperbaric bupivacaine 0.5% (12-15 mg depending on 
surgery and patient condition) was injected into the intrathecal 
space, with the needle orifice oriented cranially. Immediately 
after the intrathecal injection, the patients were returned to 
the supine position. Balanced crystalloid solution (5 mL/kg) 
was administered during the procedure. After the intrathecal 
injection, mean BP, HR, and SpO2 were recorded simultane-
ously at 1-min intervals for the first 15 min. One minute af-
ter the intrathecal injection, ultrasound carotid artery imag-
es were obtained. The level of sensory block was checked at 
5 and 15 min after the intrathecal injection with a cold swab. 
When hypotension occurred, the patient was initially treated 
with 200 mL of balanced crystalloid solution. If the hypotension 

Figure 1.  Corrected carotid flow time was calculated by the measurement of interval between the start of systolic upstroke and the 
dicrotic notch of the spectral Doppler waveform: a) systole time; b) cycle time. Carotid blood flow was calculated by the 
measurement of velocity time integral tracing of the c) spectral Doppler signal and d) carotid diameter.
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persisted for 3 min, 5 mg of ephedrine was administered in-
travenously and repeated every 3 min depending on the sub-
sequent improvement. Bradycardia was defined as HR <50 
beats/min and treated with 0.5 mg of intravenous atropine.

Statistical Analysis

The sample size was calculated based on the areas under the 
receiver operating characteristic (ROC) curves. After reviewing 
the parameters to predict SAH in previous studies, the expect-
ed area under the ROC curve was >0.75. A power calculation 
determined a sample size of 50 patients with an a risk of 5% 
and a b risk of 10%. Considering a dropout rate of 10%, 55 
patients were required.

All continuous variables were tested for normal distribution 
using a Q-Q plot and Kolmogorov-Smirnov test. Data are ex-
pressed as mean±standard deviation, median (interquartile 
range), or number (%), as appropriate. The t test or the Mann-
Whitney U test were used to compare continuous variables 
between patients who did or did not develop hypotension ac-
cording to distributions. Hemodynamic parameters and ultra-
sonographic carotid flow measurements were analyzed using 
2-way repeated measures analysis of variance. For the intra-
subject factor analysis, ANOVA was performed. For post hoc 
tests of inter-subject factors, the Bonferroni correction was 
used. Categorical variables were analyzed using the chi-square 
test or Fisher’s exact test if any cell had expected counts less 
than 5. Correlations were assessed by the Spearman coeffi-
cient. For the assessment of inter-observer variation, the in-
traclass correlation coefficient (ICC) for carotid diameter, sys-
tole time, cycle time, and VTI was calculated with a 95% CI.

The accuracy of the ultrasonographic carotid artery flow mea-
surements for predicting SAH was analyzed using ROC curves 
with a 95% CI. The optimal cut-off was selected to maximize 
the Youden index. If some preoperative TTE measurements 
were significantly different between patients who did and did 
not develop hypotension, their ability to predict SAH was also 
tested using the ROC curves.

Association of the occurrence of SAH was analyzed using uni-
variate and multivariate logistic regression analyses. We se-
lected those factors significantly associated with hypotension 
in the univariate analysis (P<0.05). Candidate variables were 
entered into a stepwise multivariate logistic regression. P val-
ues <0.05 were considered statistically significant. The data 
analysis was performed using MedCalc for Windows, version 
13.2 (MedCalc Software, Ostend, Belgium) and SPSS statistics 
18.0 (SPSS Inc., Chicago, IL, USA).

Results

Of the 76 eligible patients, 55 patients were recruited. Five pa-
tients were excluded after recruitment due to atheroma in the 
carotid artery (n=2), angle of insonation >60°, and failed spi-
nal anesthesia. Finally, 50 patients were included in the analy-
sis (Figure 2). The patients’ baseline characteristics are shown 
in Table 1. Hypotension occurred in 17 patients (34.0%) and 
was first detected at 7.2±3.7 min after the intrathecal injec-
tion. Preoperative TTE demonstrated significantly lower mi-
tral inflow E velocity and medial E velocity in patients who 
developed hypotension (Table 2). The ICC and 95% CI of the 
ultrasound carotid artery flow measurements for single and 
mean measures are presented in Table 3. All ICC for the mea-
surements were greater than 0.9, indicating good interrater 
reproducibility.

Ultrasonographic carotid artery flow measurements of patients 
with and without SAH are shown in Table 4. The cCFT in differ-
ent positions were similar between patients who did and pa-
tients who did not develop hypotension. CBF in the semirecum-
bent position was significantly lower in patients who developed 
hypotension compared with those who did not (P=0.018). The 
percent changes of cCFT and CBF during PLR were not signifi-
cantly different between patients who did and did not devel-
op hypotension. The level of sensory block was significantly 
higher in patients who developed hypotension, at 5 min after 
the intrathecal injection; however, the difference in level disap-
peared at 15 min after the intrathecal injection. Patients who 

Assessed for eligibility
(n=76)

Excluded (n=21) 
• Severe medical disease (n=10)
• Declined to participate (n=8)
• No preoperative transthoracic
   echocardiography (n=3)

Excluded (n=5) 
• Atheroma in caortid artery (n=2)
• Angle >60 (n=2)
• Failed spinal anesthesia (n=1)

Total recruited
(n=55)

Analysed
(n=50)

Figure 2. Consort flow diagram.
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developed hypotension received significantly more fluid ad-
ministration. Two minutes after the intrathecal injection, the 
mean BP in the patients who developed hypotension decreased 
significantly compared with the baseline value and remained 
lower until the end of the study, compared with patients who 
did not develop hypotension (P=0.006) (Figure 3A); however, 
HR was not significantly changed, remaining close to baseline 
values in all patients (P=0.972) (Figure 3B).

For the primary outcome, the area under the ROC curve of the 
ultrasonographic carotid artery flow measurements for predict-
ing SAH are shown in Table 5. The area under the ROC curve 
for CBF in the semirecumbent position was 0.754 (P=0.001; 
95% CI, 0.612-0.865). If CBF in the semirecumbent position was 

lower than 492.6 mL/min, SAH was predicted, with a sensitivi-
ty of 76.5% and a specificity of 75.8%. Because mitral inflow E 
velocity, medial E velocity, and level of sensory block at 5 min 
after intrathecal injection were significantly different between 
patients with and without SAH, they were also analyzed with 
ROC curves. The area under the ROC curve for mitral inflow E 
velocity to predict hypotension was 0.775 (P<0.0001; 95% CI, 
0.634-0.881). If mitral inflow E velocity was lower than 59 cm/s, 
SAH was predicted with a sensitivity of 82.4% and a specificity 
of 75.8%. The area under the ROC curve for the level of sen-
sory block at 5 min after intrathecal injection to predict hypo-
tension was 0.719 (P=0.001; 95% CI, 0.574-0.837). If the level 
of sensory block was higher than T6, SAH was predicted with 
a sensitivity of 52.9% and a specificity of 78.8%. Ephedrine 

Total 
(N=50)

Non-hypotension 
(n=33)

Hypotension 
(n=17)

P value

Age (years) 71.8±4.6 71.0±4.3 73.6±5.0 0.080

Sex 0.277

 Male  40 (80.0)  28 (84.8)  12 (70.6)

 Female  10 (20.0)  5 (15.2)  5 (29.4)

Height (cm) 165.0±7.1 165.7±6.9 163.9±7.5 0.405

Weight (kg) 64.8±9.4 64.9±8.8 63.9±10.8 0.733

BMI (kg/m2) 23.9±2.5 23.6±2.2 24.2±3.3 0.416

ASA physical status 0.173

 I  3 (6.0)  3 (9.1)  0 (0)

 II  44 (88.8)  27 (81.8)  17 (100.0)

 III  3 (6.0)  3 (9.1)  0 (0)

Operation 0.466

 Genitourinary  34 (68.0)  23 (69.7)  11 (64.7)

 General  13 (26.0)  9 (27.3)  4 (23.5)

 Orthopedic  3 (6.0)  1 (3.0)  2 (11.8)

Past history

 Cerebrovascular disease  6 (12.0)  4 (12.1)  2 (11.8) 1.000

 Cardiac disease  24 (48.0)  15 (45.5)  9 (52.9) 0.616

 Diabetes mellitus  12 (24.0)  7 (21.2)  5 (29.4) 0.728

 Pulmonary disease  9 (18.4)  4 (12.5)  5 (31.3) 0.130

 Renal disease  2 (4.1)  1 (3.0)  1 (6.3) 1.000

 Liver disease  3 (6.1)  2 (6.1)  1 (6.3) 1.000

 Autoimmune disease  1 (2.0)  0 (0)  1 (6.3) 0.327

Table 1. Patient characteristics.

Data are mean±standard deviation or number (%).BMI – body mass index; ASA – American Society of Anesthesiologists.
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dose was moderately correlated with CBF in the semirecum-
bent position (Spearman’s rho=-0.389; P=0.005; 95% CI, -0.602 
to -0.124) and mitral inflow E velocity (Spearman’s rho=-0.421; 
P=0.002; 95% CI, -0.626 to -0.161).

As seen in Table 6, we identified risk factors for SAH using lo-
gistic regression analysis. According to the multivariate analysis, 
the independent risk factors for SAH were mitral inflow E veloci-
ty (OR 0.918, 95% CI 0.858-0.982, P=0.013) and the level of sen-
sory block at 5 min after intrathecal injection (OR 0.581, 95% CI 
0.379-0.892; P=0.013). The area under the ROC of the multivar-
iate logistic regression model was 0.834 (95%CI 0.699-0.926).

Discussion

In the present study of elderly patients, lower CBF values in 
the semirecumbent position could predict SAH. However, it 

failed to be selected as an independent risk factor for the de-
velopment of SAH. Also, neither CBF nor cCFT changes during 
the PLR test differed between patients who did and patients 
who did not develop SAH. For the secondary outcome, mitral 
inflow E velocity showed fair ability to predict SAH and was 
selected as an independent risk factor.

Most patients in this study had impaired ventricular relax-
ation with normal LA pressure (grade I diastolic dysfunction), 
which can be asymptomatic at rest. In the early phase of dia-
stolic dysfunction, mitral inflow E velocity decreases because 
patients with diastolic dysfunction have a steeper and up-
ward end-diastolic pressure – volume relationship, in which 
small changes in end-diastolic volume would lead to a reduced 
stroke volume [14]. Therefore, the higher the LV end-diastolic 
pressure, the lower the mitral inflow E velocity before the LA 
pressure increases due to a reduced transmitral pressure gra-
dient. Although CBF in the semirecumbent position was not 

Total 
(N=50)

Non-hypotension 
(n=33)

Hypotension 
(n=17)

P value

Ejection fraction (%) 59.5±3.0 59.7±3.0 59.2±2.4 0.538

Mitral inflow E velocity (cm/s) 61.4±13.3 65.0±14.0 54.0±7.8 0.004

Mitral inflow A velocity (cm/s) 85.0±15.4 86.9±15.5 81.7±14.6 0.262

E/A ratio 0.73±0.16 0.76±0.15 0.68±0.16 0.076

Deceleration time (ms) 212.0±52.5 209.8±54.3 218.0±48.2 0.632

Medial E’ 5.8±1.7 6.1±1.7 5.0±1.2 0.018

Lateral E’ 7.9±2.1 8.2±2.0 7.2±2.1 0.104

E/E’ average 9.4±2.6 9.4±2.7 9.4±2.6 0.978

LA volume index (mL/m2) 33.7±6.8 33.5±6.1 34.1±8.4 0.811

TR velocity (m/s) 2.4±0.3 2.3±0.3 2.5±0.3 0.181

LV diastolic dysfunction 1.000

 0  1 (2.0)  1 (3.0)  0 (0)

 I  49 (98.0)  32 (97.0)  17 (100.0)

Table 2. Preoperative transthoracic echocardiography.

Data are mean±standard deviation or number (%). LA – left atrium; TR – tricuspid regurgitation; LV – left ventricle.

Single (95% CI) Average (95% CI)

Systole time  0.923 (0.883-0.850)  0.960 (0.938-0.975)

Cycle time  0.997 (0.996-0.998)  0.999 (0.998-0.999)

Carotid diameter  0.889 (0.832-0.927)  0.941 (0.908-0.962)

Velocity-time integral  0.996 (0.994-0.998)  0.998 (0.997-0.999)

Table 3. Intraclass correlation coefficients.
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selected as an independent risk factor of SAH, the significant 
difference between patients who did and those who did not 
develop SAH may have clinical implications. The head-up posi-
tion reduces preload and cardiac output, which would be fur-
ther aggravated in patients with stiff ventricles with a high-
er LV end-diastolic pressure, which represent a lower inflow 
mitral E velocity on echocardiography, and these patients are 
more likely to develop SAH [15,16].

A recent study showed an interesting finding in elderly pa-
tients with SAH. Cardiac output decreased from baseline be-
fore and during intrathecal injection after the patients changed 
to the lateral decubitus or seated position and progressively 
decreased after intrathecal injection [17]. On the other hand, 
cardiac output increased initially before the intrathecal injec-
tion in patients who did not develop SAH. The authors hypoth-
esized that diastolic dysfunction could be the reason for the 
absence of this biphasic change in cardiac output in patients 
who develop SAH. Their hypothesis could partially explain the 
results of the present study. Although the ability of preoperative 
TTE measurements to predict SAH was a secondary outcome, 

and while its statistical power was small, mitral inflow E ve-
locity showed good ability to predict SAH. Moreover, mitral 
inflow E velocity was significantly correlated with ephedrine 
dose, which would represent the severity of SAH.

Another independent risk factor for SAH was the level of sen-
sory block of ³T6 at 5 min after intrathecal injection. A previ-
ous study showed that ascension range and rate are important 
predictor for SAH [18]. In our study, the level of sensory block 
at 15 min after intrathecal injection was not significantly dif-
ferent between patients who did and did not develop hypoten-
sion. Although extensive and rapidly raised sensory block is an 
apparent risk factor, there is no definite strategies to prevent 
higher and rapid sensory block [19]. Also, when it is noticed, 
there is not much time to apply strategies to prevent SAH.

The cCFT value failed to predict the occurrence of SAH during 
the PLR test. One study demonstrated that invasive measure-
ments of cardiac output were significantly correlated with CBF 
but weakly correlated with cCFT in patients undergoing car-
diac catheterization [8]. This is because the CBF calculation 

Factor Non-hypotension (n=33) Hypotension (n=17) P value

Corrected carotid flow time (ms)

 Baseline 367.4±50.4 349.7±20.5 0.171

 Semirecumbent 351.8±23.2 343.3±20.0 0.201

 Supine, legs elevated 366.7±32.0* 356.3±20.5* 0.229

 1 min after intrathecal injection 362.8±32.3 352.4±16.9 0.219

Carotid blood flow (mL/min)

 Baseline 605.4±160.3 516.7±149.1 0.064

 Semirecumbent 555.4±121.2 456.0±126.2 0.009

 Supine, legs elevated 563.3±153.9 504.5±177.7 0.230

 1 min after intrathecal injection 562.6±183.8 489.9±193.1 0.199

Percent change during PLR test

 Corrected carotid flow time  4.8 (0.2-7.6)  3.4 (0.4-8.0) 0.767

 Carotid blood flow  1.4 (-9.2-14.4)  14.6 (-14.2-28.3) 0.341

Level of sensory block

 5 min  T8 (T8-T9)  T8 (T5-T8) 0.012

 15 min  T5 (T4-T6)  T4 (T4-T6) 0.146

Fluid administration

 During intrathecal injection (mL)  320.0 (293.8-350.0)  335.0 (292.5-346.3) 0.976

 After intrathecal injection (mL)  35.0 (33.0-37.0)  236.0 (232.0-238.0) <0.0001

Table 4.  Ultrasonographic carotid artery measurements and intraoperative data in patients with and without spinal anesthesia-
induced hypotension.

Data are mean±standard deviation, median (interquartile range). PLR – passive leg raise; T – thoracic spine. * P<0.05 compared with 
semirecumbent position.
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includes more clinical parameters, such as carotid diameter, 
VTI, and HR, which may be less sensitive to the changes of a 
single parameter. PLR is believed to result in the autotrans-
fusion of approximately 300 mL of blood from the legs to the 
central blood volume [20]. This reversible and transient auto-
transfusion increases cardiac output without excess fluid ad-
ministration. Fluid responsiveness can be predicted by changes 
in the index of cardiac output during the PLR test. The reason 
the PLR test was not useful in the present study might have 
been that patients were not in a hypovolemic state enough 

to respond to the PLR test. Previous studies that showed pos-
itive fluid responsiveness with CBF and cCFT during the PLR 
test included critically ill patients and patients with dialysis or 
acute blood loss [11,21,22]. On the other hand, patients in this 
study were relatively healthy and received maintenance fluid 
therapy during the fasting period and fluid preloading during 
intrathecal injection. This is in accordance with the relatively 
lower incidence of SAH in elderly patients in the present study 
than in those previously reported [23,24]. Another assumption 
is that patients with diastolic dysfunction may have a reduced 
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Figure 3.  Hemodynamic parameters. (A) Mean blood pressure in the patients who developed hypotension decreased significantly 
compared with the baseline value and remained lower until the end of the study compared with patients who did not 
(P=0.006). (B) However, HR was not significantly changed, remaining close to baseline values in all patients (P=0.972). 
BL – baseline; semi, semirecumbent position; PLR – passive leg raise position. This figure was created with MedCalc® 
Statistical Software (version 13.2, MedCalc Software Ltd.).
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response to the PLR test owing to the steep end-diastolic pres-
sure–volume relationship that leads to reduced stroke volume.

There are several limitations to this study. First, reduced cardi-
ac output and mitral inflow E velocity in patients with LV dia-
stolic dysfunction only occurs in grade I diastolic dysfunction. 
When LV diastolic dysfunction becomes more severe, mitral 
inflow E velocity increases as LA pressure rises to compen-
sate. Therefore, our results could apply only to the patients 
with grade I diastolic dysfunction. In our study, SAH occurred 
in only 17 patients. Moreover, this study was not designed to 
investigate the mechanism of the relationship among CBF, LV 
diastolic dysfunction, and SAH. Therefore, further large stud-
ies are needed to confirm the causal relationship between LV 
diastolic dysfunction and SAH.

AUC 95% CI P value Threshold Sensitivity (%) Specificity (%)

CBF in semirecumbent (mL/min) 0.754 0.612-0.865 0.001 £492.6 76.5 75.8

Mitral inflow E velocity (cm/s) 0.775 0.634-0.881 <0.001 £59 82.4 75.8

Medial E’ (cm/s) 0.676 0.529-0.802 0.032 £5 64.7 72.7

Level of sensory block at 5 min 0.719 0.574-0.837 0.001 £T6 52.9 78.8

Table 5. Receiver operating characteristic (ROC) analysis to predict spinal anesthesia-induced hypotension.

CBF – carotid blood flow; AUC – area under the curve; CI – confidence interval; T – thoracic spine.

Variable Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value

Baseline CBF (mL/min) 0.996 (0.992-1.000) 0.054

CBF in semirecumbent (mL/min) 0.993 (0.987-0.999) 0.006

Mitral inflow E velocity (cm/s) 0.915 (0.856-0.979) 0.002 0.918 (0.858-0.982) 0.013

E/A ratio 0.023 (0.000-1.643) 0.012

Medial E’ (cm/s) 0.550 (0.322-0.939) 0.010

Level of sensory block at 5 min 0.634 (0.444-0.907) 0.006 0.581 (0.379-0.892) 0.013

Table 6. Univariate and multivariate logistic regression of variables associated with spinal anesthesia-induced hypotension.

CBF – carotid blood flow; OR – odds ratio.

Conclusions

According to this study, ultrasonographic carotid artery flow 
measurements failed to predict the occurrence of SAH. However, 
only mitral inflow E velocity and the level of sensory block at 
5 min after intrathecal injection were selected as independent 
risk factors for SAH. Our results suggest that preoperative TTE 
may identify patients with a high risk of SAH. Larger studies 
are needed to identify the relationship between LV diastolic 
dysfunction and SAH.
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