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Abstract. The administration of high‑level spinal anesthesia 
for cesarean section may lead to significant hemodynamic 
changes. Bioreactance‑based non‑invasive cardiac output moni‑
toring (NICOM™) provides an accurate monitoring system 
for parturients under spinal anesthesia. The present study 
hypothesized that baseline hemodynamic parameters obtained 
via the NICOM™ system could serve as predictive indicators 
for post‑spinal anesthesia hypotension. Therefore, 80 full‑term 
parturients with singleton pregnancies who underwent sched‑
uled cesarean section were enrolled and allocated to either a 
supine position group or a 15˚ left tilt group. All parturients 
received standard pre‑hydration with 750 ml of 0.9% saline. 
Baseline cardiac output index (CI), total peripheral resistance 
index (TPRI) and stroke volume (SV) were recorded using the 
NICOM™ system. Subsequently, spinal anesthesia with 2.4 ml 
of 0.5% hyperbaric bupivacaine, 10 µg of fentanyl and 0.2 mg of 
morphine was administered. Receiver operating characteristic 
(ROC) curves and multivariate logistic regression were used to 
analyze the data. A total of 40 parturients (51.9%) developed 
hypotension. The areas under the ROC curves were 0.666, 
0.594 and 0.622 for the CI, TPRI and SV, respectively. The 
optimal cut‑off value of the CI in predicting hypotension was 
3.68 l/min/m2 (ROC, sensitivity=85.0%, specificity=48.6%). 
Furthermore, CI was considered as an independent factor for 
post‑spinal anesthesia hypotension. In conclusion, the baseline 
CI obtained via the bioreactance‑based NICOM™ system may 
serve as a predictor of post‑spinal anesthesia hypotension in 
parturients regardless of patient position.

Introduction

Post‑spinal anesthesia hypotension during cesarean section 
may lead to severe maternal and fetal morbidity (1). Many 
techniques have been developed to prevent post‑spinal anes‑
thesia hypotension such as pre‑hydration with crystalloids or 
colloids, preventive usage of ephedrine or phenylephrine and 
lower leg compression (2). However, a method that would allow 
the accurate prediction of patient risk of hypotension would be 
beneficial for the development of a management strategy for 
each individual patient.

Several methods for predicting the risk of post‑spinal 
anesthesia hypotension have been investigated, including 
heart rate variability, perfusion index (PI), skin conduc‑
tance, pleth variability index (PVi), sensory block level and 
bioimpedance‑based hemodynamic monitoring. However, 
none of these methods has been widely adopted in clinical 
practice due to variability in the accuracy of results (3‑8). The 
recently developed bioreactance‑based non‑invasive cardiac 
output monitoring (NICOM™) system (Cheetah Medical; 
Baxter International Inc.) provides an accurate monitoring 
method for parturients under spinal anesthesia (9). Unlike 
bioimpedance, bioreactance is accompanied by fewer adverse 
effects associated with body movement (9,10). However, 
frequent position alterations during induction of spinal 
anesthesia have been commonly observed. On the other 
hand, the bioreactance‑based NICOM™ system has been 
indicated to minimize the inaccuracy due to alterations in 
the patient position during and after spinal anesthesia, such 
as the difference between the supine and left tilt (11). Volume 
status may affect post‑spinal anesthesia hypotension (12). 
The present study hypothesized that baseline hemody‑
namic parameters, such as cardiac output index (CI), total 
peripheral resistance index (TPRI) and stroke volume (SV), 
obtained via the NICOM™ system, could be used to predict 
the risk of post‑spinal anesthesia hypotension regardless of 
the patient's post‑anesthetic position. Therefore, an open 
label, case controlled, observational study was designed to 
evaluate the association between the parameters measured 
with the NICOM™ system and the risk of post‑spinal anes‑
thesia hypotension.
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Materials and methods

Ethics. The present prospective, observational study was 
designed as part of the trial of left tilt in preventing hypotension 
(Chinese Clinical Trial Registry no. ChiCTR‑IOR‑15007087). 
The present study was approved by the Institutional Review 
Board of the Changhua Christian Hospital (Changhua, Taiwan; 
protocol no. 150605) and registered in the Chinese Clinical 
Trial Register. Written informed consents were obtained from 
each participant before inclusion.

Study population. A total of 80 full‑term, parturients with 
singleton pregnancies scheduled for elective cesarean delivery 
were included in the study. The exclusion criteria were as 
follows: Parturients with multiple pregnancies, current labor, 
a history of hypertension, pre‑eclampsia, obesity [body mass 
index (BMI) >35 kg/m2], heart disease, diabetes, placenta 
previa and fetal distress.

Study protocol. All participants were allocated to either the 
supine group (supine position after spinal anesthesia) or the 
left tilt group (15˚ left lateral table tilt after spinal anesthesia). 
Group allocation was determined using a computerized 
random number table and the sealed envelope technique (13). 
All parturients received standard treatment in all aspects 
except the position of the body following anesthesia. Within 
20 min of arrival at the operating room, all parturients were 
treated with 750 ml of 0.9% saline via a 20‑gauge cannula. 
Patients were simultaneously subjected to pulse oximetry, 
electrocardiography and non‑invasive blood pressure measure‑
ments using the NICOM™ system with a cuff on the left arm. 
Following automatic calibration of the NICOM™ system, 
three data points for blood pressure (mmHg), CI (l/min/m2), 
TPRI (dynes/s/cm5/m2) and SV (ml/beat) were averaged within 
5 min of hydration with 2.5 min intervals as the baseline data.

A standard spinal anesthesia dose with 2.4 ml of 0.5% 
hyperbaric bupivacaine, 10 µg of fentanyl and 0.2 mg of 
morphine was injected to all parturients via a 25‑gauge spinal 
needle at the L3‑L4 interspace in the right lateral position. 
Patients in the supine group were placed in the supine posi‑
tion and those in the left tilt group in a 15 left lateral table 
tilt immediately after spinal anesthesia. Subsequently, blood 
pressure was recorded at 1, 3, 5, 7 and 10 min following spinal 
anesthesia. Post‑spinal anesthesia hypotension was defined 
as a decrease in systolic blood pressure >20%, as previ‑
ously described (14). For safety reasons, when hypotension 
occurred or when clinical signs of hypotension, such as nausea 
or vomiting were observed, parturients were treated with 
10 mg ephedrine and its total dose was recorded. Ephedrine 
dosage >20 mg was considered as high dose usage. Following 
recording for 10 min, the sensory block level was determined 
using an alcohol pad and surgery was then performed.

Statistical analysis. Power analysis using data from our 
pilot study with 20 participants indicated that for a rate of 
50% post‑spinal anesthesia hypotension, 42 subjects were 
required to detect a difference between the low‑ and high‑CI 
groups with a power of 0.8 and alpha of 0.05, which was 
comparable to that of previous study (14). Student's t‑test, χ2 

test or Fisher's exact test were performed when appropriate, 

to evaluate patient's characteristics, namely neonatal weight, 
Apgar score, level of anesthesia and pre‑anesthetic CI, TPRI 
and SV. Receiver operating characteristic (ROC) curve anal‑
ysis was performed to assess the diagnostic performance of the 
pre‑anesthetic CI, TPRI and SV for hypotension and high dose 
ephedrine usage. The sensitivity, specificity, positive predic‑
tive value (PPV), negative predictive value (NPV), cut‑off 
value and area under the ROC curve (AUC) were analyzed. 
Furthermore, Youden's index was applied to determine the 
optimal cut‑off value. The cumulative incidence rate of hypo‑
tension was evaluated via a Kaplan‑Meier curve. Multivariate 
analyses were performed using Cox proportional‑hazards and 
logistic regression models to evaluate the independent periop‑
erative risk factors for hypotension and high dose ephedrine 
usage.

For all data, P<0.05 was considered to indicate a statis‑
tically significant difference. All statistical analyses were 
carried out using the SPSS statistical software (version 22; 
SPSS, Inc.).

Results

Characteristics of participants. A total of 102 parturients 
were screened for eligibility between September 2015 and 
March 2016 and 80 of them met the inclusion criteria of the 
study (age range, 23‑44 years; mean, 33.16 years). Among the 
80 parturients, one in the left tilt group and two in the supine 
group were excluded from the analysis due to the development 
of fetal distress prior the scheduled operation (left tilt group), 
an inadequate sensory block level that required general anes‑
thesia and missing data in the records (supine group; Fig. 1). 
The characteristics of the remaining 77 participants are 
presented in Tables I‑III. Age, BMI, pre‑anesthetic CI, TPRI, 
SV, sensory block level, incidence of hypotension, ephedrine 
dose, neonatal weight and Apgar score showed no statistically 
significant differences between the supine and left tilt groups 
(Table I).

Among the 77 participants, 40 (51.9%) developed hypoten‑
sion after spinal anesthesia. Within the hypotension group, 
BMI, pre‑anesthetic CI and ephedrine dosage values were 
significantly higher compared with those in the non‑hypo‑
tension group (P=0.011, P=0.012 and P=0.003, respectively; 
Table II). Furthermore, 32 parturients (44.2%) met the criteria 
for high dose ephedrine usage. Therefore, the high dose ephed‑
rine group exhibited a lower mean TPRI and higher mean 
sensory block level compared with the low dose ephedrine 
group (P=0.002 and P=0.006, respectively; Table III).

ROC curve analysis. ROC curve analysis was performed to 
assess the diagnostic performance of pre‑anesthetic CI, TPRI 
and SV in the detection of hypotension and high dose ephed‑
rine usage. The results are presented in Table IV and Fig. 2. 
The AUCs of pre‑anesthetic CI, TPRI and SV for hypotension 
prediction were 0.666, 0.594 and 0.622, respectively, with 
pre‑anesthetic CI reaching statistical significance (P=0.012). 
In addition, the AUCs of pre‑anesthetic CI, TPRI and SV for 
high dose ephedrine prediction were 0.601, 0.682 and 0.479, 
respectively, with pre‑anesthetic TPRI also reaching statistical 
significance (P=0.006). The Youden's index was applied to 
determine the optimal cut‑off values. Therefore, cut‑off values 
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Figure 1. Study subject analysis flow diagram.

Table I. Characteristics of the participants sorted by post‑anesthesia position.

 Post‑anesthesia position
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics Supine (N=38) Left tilt (N=39) P‑value

Age (years) 33.47±3.95 32.85±4.60 0.523
Height (cm) 159.48±6.45 159.67±5.37 0.895
Weight (kg) 67.26±9.01 69.18±10.47 0.393
BMI 26.43±3.10 27.13±3.96 0.390
CI 3.97±0.55 4.00±0.57 0.864
TPRI 1902.34±321.45 1917.23±357.10 0.848
SV 85.21±14.16 82.44±15.56 0.417
SBP (baseline, mmHg) 122.37±15.38 122.00±14.90 0.915
SBP (0 min, mmHg) 118.21±19.52 117.62±16.47 0.885
SBP (2 min, mmHg) 106.92±26.12 98.41±19.33 0.108
SBP (5 min, mmHg) 101.68±25.26 92.00±19.32 0.062
SBP (7 min, mmHg) 102.32±19.06 97.54±15.96 0.236
SBP (10 min, mmHg) 103.39±17.02 103.44±16.22 0.991
Ephedrine dose (mg) 12.11±11.19 13.59±12.03 0.577
Apgar 1 min 7.97±0.28 7.95±0.51 0.792
Apgar 5 min 8.97±0.16 9.00±0.23 0.564
Neonatal weight (g) 3040.26±425.60 3098.79±402.03 0.537
Sensory block T3 (n, %) 3, 7.9 3, 7.7 0.435
Sensory block T4 (n, %) 31, 81.6 35, 89.7
Sensory block T5 (n, %) 4, 10.5 1, 2.6

Data are presented as the mean ± SD. The P‑value was calculated using Student's t‑test or Fisher's exact test, as appropriate. BMI, body mass 
index; CI, cardiac output index; TPRI, total peripheral resistance index; SV, stroke volume; SBP, systolic blood pressure.
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of CI ≥3.68 (sensitivity=85%; specificity=48.6%; PPV=64.2%; 
NPV=75.0%) and TPRI ≥1,989 (sensitivity=85.3%; speci‑
ficity=51.2%; PPV=58.0%; NPV=81.5%) were set for predicting 
hypotension and high dose ephedrine usage, respectively.

Α Kaplan‑Meier plot at the optimal cut‑off point is shown 
in Fig. 3. The log‑rank test was performed to evaluate the 
differences in hypotension occurrence time between the two 
groups. Mean hypotension occurrence time was 5.8 min with 
a 95% confidence interval (CI) of 4.8‑6.8 min in parturients 

with CI ≥3.68 and 8.5 min (95% CI, 7.1‑9.9 min) in parturients 
with CI <3.68. Pre‑anesthetic CI was associated with hypoten‑
sion (P=0.003, log‑rank test), with an estimated hazard ratio 
of 1.862 (95% CI, 1.096‑3.163; P=0.022) in the univariate 
analysis.

Multivariate logistic regression analysis. Using multivariate 
analysis, after adjusting for other confounding factors, BMI 
and CI were assessed for their association with risk of 

Table II. Characteristics of the participants sorted by experience of hypotension.

 Hypotension
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics No (N=37) Yes (N=40) P‑value

Age (years) 32.84±4.35 33.45±4.24 0.534
Height (cm) 159.80±6.35 159.38±5.51 0.756
Weight (kg) 65.78±8.45 70.50±10.43 0.033a

BMI 25.73±2.74 27.76±3.96 0.011a

CI 3.82±0.53 4.14±0.54 0.012a

TPRI 1962.97±367.69 1860.78±304.06 0.187
SV 80.53±13.79 86.85±15.31 0.062
SBP (baseline, mmHg) 119.92±12.81 124.28±16.73 0.206
SBP (0 min, mmHg) 115.46±14.29 120.18±20.65 0.251
SBP (2 min, mmHg) 108.38±14.55 97.28±28.12 0.032a

SBP (5 min, mmHg) 102.03±16.80 91.93±26.54 0.052
SBP (7 min, mmHg) 102.92±15.07 97.10±19.44 0.149
SBP (10 min, mmHg) 100.89±13.66 105.75±18.64 0.194
Ephedrine dose (mg) 8.92±9.66 16.50±12.10 0.003a

Apgar 1 min 7.97±0.16 7.95±0.55 0.809
Apgar 5 min 9.00±0.00 8.98±0.28 0.570
Neonatal weight (g) 3068.92±344.13 3070.83±470.85 0.984
Sensory block T3 (n, %) 1, 2.7 5, 12.5 0.134
Sensory block T4 (n, %) 32, 86.5 34, 85.0
Sensory block T5 (n, %) 4, 10.8 1, 2.5
Supine (n, %) 18, 48.6 20, 50.0 0.906
Left tilt (n, %) 19, 51.4 20, 50.0

Data are presented as the mean ± SD. The P‑value was calculated using Student's t‑test, χ2 test or Fisher's exact test, as appropriate. aP<0.05. 
BMI, body mass index; CI, cardiac output index; TPRI, total peripheral resistance index; SV, stroke volume; SBP, systolic blood pressure.
 

Table III. Characteristics of the participants sorted by level of ephedrine received.

 High dose ephedrine
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 No (N=43) Yes (N=34) P‑value

TPRI 2009.95±377.05 1783.32±228.77 0.002a

Sensory block T3 (n, %) 0, 0.0 6, 17.6 0.006a

Sensory block T4 (n, %) 39, 90.7 27, 79.4
Sensory block T5 (n, %) 4, 9.3 1, 2.9

Data are presented as the mean ± SD. The P‑value was calculated using Student's t‑test or Fisher's exact test, as appropriate. aP<0.05. TPRI, 
total peripheral resistance index.
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post‑anesthetic hypotension. The hazard ratios were 1.120 and 
2.122 for BMI and CI, respectively (P=0.040 and P=0.014). 
Furthermore, TPRI was independently associated with high 
dose ephedrine usage (odds ratio, 0.997; P=0.013). However, 
neither hypotension nor high dose ephedrine usage were asso‑
ciated with post‑anesthetic position (Table V).

Discussion

Many attempts have been made to predict post‑neuraxial 
anesthesia hypotension using PI, PVI or other hemodynamic 
parameters (5,15‑17). PI represents a measure of peripheral 

perfusion, which is affected by the peripheral vascular tone. 
It has been reported that PI >3.5 is considered a fair predictor 
of post‑spinal anesthesia hypotension (5,15). However, another 
study failed to replicate this result (16). This may be due to 
methodological differences between the two studies and factors 
that affect PI, such as anxiety and patient movement (16).

PVI is considered to be associated with intravascular 
volume and it has been proposed as a predictor of post‑neur‑
axial anesthesia hypotension in some studies (3,17). However, 
one study contradicted this conclusion (16). The reliability of 
PVI in spontaneously breathing patients may be the greatest 
point of concern for this parameter. It has been demonstrated 

Figure 2. Receiver operating characteristic curve for (A) baseline CI to predict post‑spinal anesthesia hypotension, with the optimal cutoff point 3.68 using 
Youden's index. (B) Baseline CI to predict high dose ephedrine usage, with the optimal cutoff point 3.88. (C) Baseline TPRI to predict post‑spinal anesthesia 
hypotension, with the optimal cutoff point 1926. (D) Baseline TPRI to predict high dose ephedrine usage, with the optimal cutoff point 1989. (E) Baseline 
SV to predict post‑spinal anesthesia hypotension, with the optimal cutoff point 80.35. (F) Baseline SV to predict high dose ephedrine usage, with the optimal 
cutoff point 79.4. AUC, area under the curve; 95% confidence interval presented in parentheses; CI, cardiac output index; TPRI, total peripheral resistance 
index; SV, stroke volume.



YEH et al:  NICOM IN THE PREDICTION OF HYPOTENSION6

that heart rate variability is an effective indicator used to assess 
central nervous system autonomic function (4,18‑20); however, 

due to the complexity of the analysis process the method is not 
widely applied in daily clinical practice (4).

The use of hemodynamic parameters obtained using 
thoracic electrical bioimpedance techniques to predict 
post‑neuraxial anesthesia has been also reported (8). However, 
the effects of variations in body size and physical factors 
on electrical conduction have limited the clinical use of 
bioimpedance (21). Nevertheless, the accuracy and predictive 
value of the bioreactance‑based NICOM™ device has been 
demonstrated during elective cesarean delivery under spinal 
anesthesia (9).

In the present study, the post‑anesthetic hypotension 
rate was 51.9% and was consistent with that in previous 
reports (3,4,7). CI and BMI were considered independent 
predictors that could affect the risk of post‑spinal anesthesia 
hypotension. Furthermore, a left tilt of 15 did not contribute 
to the risk for hypotension. Although former guidelines have 
suggested an immediate left tilt after spinal anesthesia (22), 
recent studies have reported no improvement in maternal and 

Table IV. Receiver operating characteristic curve for CI, TPRI and SV as predictive indicators of post‑spinal anesthesia hypoten‑
sion and high dose ephedrine usage.

A, Hypotension

 AUC 95% CI Cut‑off point Sensitivity Specificity P‑value

CI 0.666 0.543‑0.788 ≥3.68 0.850 0.486 0.012a

TPRI 0.594 0.464‑0.723 ≥1926 0.675 0.595 0.158
SV 0.622 0.495‑0.749 ≥80.35 0.700 0.595 0.066

B, High dose ephedrine

CI 0.601 0.475‑0.728 ≥3.88 0.706 0.512 0.129
TPRI 0.682 0.563‑0.800 ≥1989 0.853 0.512 0.006a

SV 0.479 0.348‑0.610 ≥79.4 0.647 0.488 0.750

aP<0.05. AUC, area under curve; 95% CI, confidence interval; CI, cardiac output index; TPRI, total peripheral resistance index; SV, stroke 
volume.
 

Table V. Multivariate logistic regression for post‑spinal anes‑
thesia hypotension and high dose ephedrine usage.

A, Regression analysis for hypotension

Factor Hazard ratio 95% CI P‑value

Supine position 1.000
Left tilt position 0.891 0.467‑1.700 0.725
Age 1.018 0.934‑1.109 0.689
BMI 1.120 1.005‑1.247 0.040a

Sensory block T3 1.000
Sensory block T4 0.619 0.220‑1.744 0.364
Sensory block T5 0.082 0.008‑0.855 0.037a

CI 2.122 1.161‑3.876 0.014a

Baseline SBP 1.008 0.987‑1.030 0.468

B, Regression analysis for high dose ephedrine usage

 Odds ratio 95% CI P‑value

Supine position 1.000
Left tilt position 1.626 0.568‑4.651 0.365
Age 0.987 0.862‑1.130 0.849
TPRI 0.997 0.995‑0.999 0.013a

Baseline SBP 0.968 0.568‑4.651 0.365

Cox proportional‑hazards regression analysis for post‑spinal hypo‑
tension and logistic regression analysis for high dose ephedrine 
usage. aP<0.05. BMI, body mass index; CI, cardiac output index; 
SBP, systolic blood pressure; TPRI, total peripheral resistance index; 
95% CI, confidence interval.
 

Figure 3. Development of hypotension during observation period according 
to Kaplan‑Meier curve. Dotted line, CI <3.68; solid line, CI ≥3.68. CI, cardiac 
output index.
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neonatal outcomes following a 15 left tilt (23). The results of 
the present study also supported this conclusion. Similar to 
previous studies, this study showed that a higher BMI was 
associated with a higher rate of post‑spinal anesthesia hypo‑
tension under the same dosage (24,25). This may result from 
aortocaval compression and decreased cerebrospinal fluid 
volume (26,27).

The results of the present study also revealed that 
pre‑anesthetic CI could be used to predict the risk of 
post‑spinal anesthesia hypotension with an AUC of the ROC 
of 0.666 (95% CI, 0.543‑0.788; P=0.012). Unlike a previous 
report (8), the results showed that TPRI had no predictive 
value on post‑anesthetic hypotension. This difference may 
be associated with several factors, with the first being the 
differences in the patient group. For example, unlike the 
previous study that enrolled patients with both spinal and 
epidural anesthesia (8), in the present study only parturients 
who underwent spinal anesthesia were enrolled. However, 
whether the results could be extended to epidural anesthesia 
or combined spinal‑epidural anesthesia remains unknown. 
The second factor is that the precision for spontaneous patient 
measurement between bioimpedance and bioreactance could 
contribute to the study results. It has been suggested that biore‑
actance is not affected by the precision of electrode placement 
or body movement during respiration (10). Thirdly, the time of 
baseline data acquisition and the types of fluid comprise could 
be another important issue. For example, the previous study 
obtained baseline data after hydration with 1,000 ml lactated 
Ringer's solution (8); however, in the present study only 750 ml 
0.9% saline were used for pre‑hydration. Pre‑hydration affects 
the hemodynamic status (28). Therefore, the time of baseline 
data acquisition, before or after hydration, could affect the 
results. For the same reason, pre‑hydration fluid with colloids 
or crystalloids and the volume of pre‑hydration could also 
have an impact on the findings of the present study.

Consistent with a previous meta‑analysis, a dose of 20 mg 
of ephedrine was considered as a high dose (29). Notably, rather 
than CI, TPRI was more closely associated with high dose 
ephedrine usage. It has been reported that ephedrine exhibits 
direct and indirect effects on the sympathetic system, and its 
responses are considered to be associated with the sympa‑
thetic tone (30‑32). However, whether the baseline TPRI is an 
indicator of the sympathetic tone or not is another concern. 
The precise cause for the association between TPRI and high 
ephedrine requirement remains unknown and requires further 
research.

The present study has several limitations. Firstly, in this 
study, instead of a continuous blood pressure monitor, a 
non‑invasive blood pressure monitoring device was used. 
Arterial cannulation is required for continuous blood pres‑
sure monitoring, which is considered unnecessary in clinical 
practice. Therefore, the participants were protected from 
additional risks. Secondly, the analysis was conducted for only 
10 min following spinal anesthesia and not throughout the 
whole procedure. Massive blood loss and fluid shifting may 
occur during cesarean section (33) and may complicate the 
interpretation of the study results. Furthermore, there were no 
statistically significant differences between the hypotension 
and non‑hypotension groups 5 min following spinal anesthesia 
due to timely treatment. Thirdly, the definition of hypotension 

could affect the cut‑off point for the results. Hypotension 
was defined as a 20% decrease from the baseline systolic 
blood pressure, as previously reported (14). Fourthly, hemo‑
dynamic status is dynamic. In the current study, the baseline 
data were obtained within 15 min of hydration with 750 ml 
of 0.9% saline. Therefore, the current findings may be only 
applied to individuals subjected to the same protocol.

The present study demonstrated that baseline CI obtained 
via the bioreactance‑based NICOM™ system could serve as a 
predictive indicator for post‑spinal anesthesia hypotension in 
parturients regardless of the position of the patient. In addition, 
baseline TPRI could be used as a potential predictive indicator 
of poor ephedrine response. Therefore, the present anesthesia 
strategy was designed, including the prophylactic use of ephed‑
rine or adjustment of pre‑hydration volume according to the 
baseline hemodynamic data. This non‑invasive method may 
provide guidance for individualized treatment or prophylaxis 
for parturients. However, further studies are required before 
the clinical application of the aforementioned findings.
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