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Abstract: We compared continuous non-invasive arterial pressure device and intermittent oscillometric arterial 
pressure measurement in maintaining hemodynamic stability during spinal anaesthesia for cesarean section. One 
hundred American Society of Anesthesiologists (ASA) I-II parturients undergoing elective cesarean section under 
spinal anesthesia were included. Based on a random number table, the parturients were assigned to receive ei-
ther CNAP (group C) or NIAP (group N) monitoring. Following routine spinal anesthesia, phenylephrine 50 ug was 
intravenously administered once hypotension was detected and repeated administration was considered if there 
was no improvement 1 min after initial administration. The time of hypotension occurrence after spinal anesthesia, 
the lowest value of systolic blood pressure (SBP), neonatal Apgar score, and umbilical cord blood gas analysis were 
recorded in both groups. The incidence of hypotension after spinal anesthesia was similar in both groups (N: 35.6% 
vs C: 37.8%, P=1.0). However, severe hypotension was significantly less likely to occur in group C than in group N 
(11.1% vs 28.9%, P=0.035). Hypotension was detected significantly earlier in group C compared to group N (240 
(58)s vs 349 (79)s, P=0.000). In parturients who developed hypotension, the maximum decrease in mean SBP was 
significantly smaller in group C than in group N (26.7% vs 31.9%, P=0.01). There were no significant differences in 
maternal adverse effects after spinal anesthesia, neonatal Apgar score, or blood gas analysis between both groups 
(P>0.05). We suggested the superiority of this technique in maintaining hemodynamic stability in parturients and 
consequently improving maternal and infant outcomes.
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Introduction

Spinal anesthesia is one of the most commonly 
used anesthesia techniques in cesarean sec-
tion, and hypotension is the most frequently 
reported complication which is significantly 
more likely to occur in parturients than in non-
pregnant women [1]. Severe hypotension may 
cause the parturients to develop nausea, vom-
iting, loss of consciousness or even cardiac 
arrest. In addition, hypotension may cause 
hypoxia, acidosis or even damage to the central 
nervous system in the fetus by reducing utero-
placental blood flow [2]. Therefore, periopera-
tive maintenance of hemodynamic stability is 
important for the parturients.

The gold standard of blood pressure (BP) moni-
toring is to use an invasive arterial pressure 

(IAP) monitor to continuously measure changes 
in beat-to-beat BP. However, for the vast major-
ity of parturients who decide to undergo cesar-
ean section, monitoring of IAP by arterial intu-
bation is not appropriate. Oscillometric non-
invasive arterial pressure (NIAP) measurement 
is an intermittent monitoring method commonly 
used in clinical practice. However, the use of an 
oscillometric BP monitor prevents clinicians 
from prompt correction of maternal hypoten-
sion because the discontinuity of this technique 
does not allow detection of immediate changes 
in maternal BP after spinal anesthesia. As a 
new developing technique in recent years, con-
tinuous non-invasive arterial pressure (CNAP) 
monitoring may not only continuously measure 
beat-to-beat BP values, but also provide com-
prehensive data for BP assessment. 
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Based on the volume clamped method, the 
CNAP system translates blood flow oscillations 
detected by finger cuffs into continuous pulse 
pressure waveforms and beat-to-beat BP val-
ues [3]. The agreement between CNAP and IAP 
has been well established [4, 5]. In the present 
study, we attempted to investigate whether 
CNAP monitoring is superior to NIAP measure-
ment in maintaining hemodynamic stability 
after spinal anesthesia in parturients undergo-
ing cesarean section, and thus improving the 
maternal and infant outcomes.

Methods

The study was approved by the Medical Ethics 
Committee of Obstetrics and Gynecology 
Hospital of Fudan University, Shanghai, China, 
and was registered at ClinicalTrials.gov 
(Identifier: NCT02532270). Written informed 
consent was obtained from all parturients. We 
recruited 100 non-laboring women undergoing 
elective cesarean delivery under spinal-epidur-
al anesthesia .Inclusion criteria were age >18 
years, ASA physical status I or II, and singleton 
pregnancy beyond 36 weeks of gestation. 
Exclusion criteria included severe cardiac 
arrhythmia, vascular pathologies of the upper 
limbs (recent vascular surgery, Raynaud’s dis-
ease, vascular stenosis), contraindications for 
intraspinal anesthesia, preeclampsia, placenta 
previa, fetal distress or developmental malfor-
mation, or hypertension, diabetes mellitus, car-
diovascular diseases, or hypersensitivity to the 
study medications. The enrolled parturients 
were randomly assigned by computer-generat-
ed randomization sequence to receive either 
NIAP (group N) or CNAP (group C) monitoring. 
The randomization result was kept sealed in an 
envelope, and only the nurse responsible for 
preparing the anesthetics was allowed to open 
the envelope.

The patients were fasted before surgery. 
Electrocardiograph (ECG), pulse oxygen satura-
tion (SpO2), and heart rate (HR) were monitored 
(Philip, MP40, Germany) by one anesthesiolo-
gist after the patients entered the operating 
room. In group C, blood pressure (BP) was mon-
itored by the CNAP system (CNAPTM Monitor 
500, CN Systems Medizintechnik AG, Graz, 
Austria) which consists of a double-finger sen-
sor, a pressure transducer mounted on the 
forearm, and an upper arm cuff for calibration. 

The cuff was placed over the right arm. A pair of 
inflatable finger cuffs was placed on the index 
finger and middle finger of the right hand. The 
size of the finger cuffs were determined based 
on the diameter of the fingers (10-30 mm, cor-
responding to size small, medium and large). 
For the upper arm cuff for CNAP calibration, 
calibration was performed every 30 min as rec-
ommended by the manufacturer. Baseline BP 
was defined as the CNAP value measured after 
being at rest for 3 min. 

In the NIAP group, an oscillometric non-invasive 
BP cuff was placed over the right arm of  
the patients. Baseline BP was defined as  
the mean of three consecutive readings record-
ed at 1-min intervals after being at rest for 3 
min. Upon entering the operating room, a  
volume coload with 6% HES at a rate of 0.4 
ml•kg-1•min-1 (6% 130/0.4, Fresenius Kabi AG, 
Bad Homburg, Germany) was infused after 
application of a peripheral venous catheter 
before spinal anesthesia. The infusion was con-
tinued until fetal delivery, after which routine 
fluid infusion was performed based on the 
hemodynamic status of the parturients. 

Combined spinal-epidural anesthesia was per-
formed with patients in the left lateral position 
at the L2-3 or L3-4 vertebral interspace. A 
16-gauge Tuohy needle was placed in the epi-
dural space using loss of resistance to saline, 
then a 25-gauge Whitacre spinal needle was 
inserted through the Tuohy needle until the 
dura mater was punctured. Once free flow of 
clear cerebrospinal fluid (CSF) was observed in 
the spinal needle, 9-11 mg (based on height) of 
0.5% bupivacaine was diluted with CSF to 2.5 
ml, then injected in 15-20 s. After placement 
and fixation of an epidural catheter, the patients 
were positioned supine with 15° left lateral tilt. 
The sensory block level to cold was monitored 
every 5 min (1, 5, 10 and 15 min after anesthe-
sia) with alcohol swabs and was recorded at the 
time point of 15 min. Hypotension was defined 
as systolic blood pressure (SBP) lower than 
100 mmHg or 80% of baseline. Severe hypo-
tension was defined as SBP lower than 90 
mmHg or 70% of baseline. Phenylephrine 50 ug 
was intravenously administered once hypoten-
sion was detected and repeated administration 
was considered depending on the BP readings 
measured 1 min after initial administration. 
Atropine 0.25 mg was injected intravenously 
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when the heart rate (HR) was lower than 55 
beats/min, and repeated dosing may be con-
sidered if necessary.

From the time when intrathecal administration 
began, real-time monitoring of beat-to-beat BP 
was performed in group C, and changes in BP 
were monitored every 3 min in group N. In addi-
tion, BP was measured immediately when there 
were symptoms highly suggestive of hypoten-
sion, including nausea, vomiting and dyspnea. 
The time of hypotension occurrence, the lowest 
value and the maximum decrease of SBP were 
recorded in both groups. The occurrence of 
nausea, vomiting, dizziness, dyspnea and bra-
dycardia after spinal anesthesia as well as  
the administered dose of phenylephrine were 

recorded. The attending midwife or neonatolo-
gist assessed Apgar scores at 1 and 5 min 
after delivery, and neonatal birth umbilical cord 
blood pH and lactate were measured. The study 
duration lasting from the administration of spi-
nal anesthesia to delivery was also recorded.

The primary outcome measure was the maxi-
mum decrease in mean SBP. The secondary 
outcome measures were the time of hypoten-
sion occurrence, neonatal Apgar score, umbili-
cal cord blood gases analysis at birth and 
adverse effects in maternal after spinal 
anesthesia.

Our preliminary study showed that in patients 
receiving routine BP monitoring and phenyleph-

Figure 1. CONSORT diagram for 
study recruitment.
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rine treatment, the incidence of severe hypo-
tension after spinal anesthesia was approxi-
mately 20%. We hypothesized that the use of 
CNAP would reduce the incidence of severe 
hypotension by at least half (i.e., 10%). A sam-
ple size of 45 was calculated to have 80% 
power and allow a type-2 error of 0.05. To allow 
for a 10% dropout rate, we recruited 100 
patients. Data analysis was performed using 
the SPSS 19.0 statistical software. Continuous 
numeric variables were assessed for the nor-
mality of distribution (Kolmogorov-Smirnov). 
Measurement data that were normally distrib-
uted were expressed as mean (SD). Group 
t-test was used for inter-group comparison. 
Measurement data that were non-normally dis-
tributed were expressed as median (IQR 
[range]). Rank-sum test was used for inter-
group comparison. Count data was analyzed by 
chi-square test. P<0.05 was considered as sta-
tistically significant.

Results

There were 5 patients excluded from each 
group, including 2 patients who were not eligi-
ble for inclusion, 1 patient who was converted 
to general anesthesia due to failure of spinal 
anesthesia, and 2 patients whose BP could not 
be read correctly due to severe shivering. Forty-
five parturients from each group completed  
the study. The CONSORT diagram is shown in 
Figure 1.

There were no significant differences in general 
data between both groups, including age, 
height, weight, gestational age, or duration of 
observation (P>0.05, Table 1).

No statistical differences were found in base-
line BP values or HR between the two groups 

(P>0.05, Table 2). The 
incidence of hypotension 
after spinal anesthesia 
was similar in both 
groups (N: 35.6% vs C: 
37.8%, P=1.0). However, 
the incidence of severe 
hypotension in group C 
was significantly less 
than that in group N 
(11.1% vs 28.9%, P= 
0.035). Hypotension was 
detected significantly 
earlier in group C com-
pared to group N (240 

Table 1. Characteristics and obstetric data of women undergoing 
caesarean section in CNAP and NIAP groups. Values are mean (SD) or 
median (IQR [range])

Group N (n=45) Group C (n=45) P value
Age; years 30.4 (3.6) 31.4 (3.9) 0.209
Height; cm 161.5 (4.5) 161.8 (5.5) 0.770
Weight; kg 71.4 (7.7) 71.0 (7.8) 0.770
Anaesthetic block; dermatome T4 (T4-T6 [T2-T8]) T5 (T4-T6 [T2-T8]) 0.280
Spinal to delivery time; min 17 (3) 16 (4) 0.450
Bupivacaine dose; mg 9.9 (0.7) 9.8 (0.8) 0.760
CNAP, continuous non-invasive arterial pressure; NIBP, noninvasive intermittent blood 
pressure.

(58)s vs 349 (79)s, P=0.000). In parturients 
who experienced hypotension, the mean maxi-
mum decrease in SBP was significantly smaller 
in group C than in group N (26.7% vs 31.9%, 
P=0.01, Table 2).

There were no significant differences between 
both groups, with respect to the occurrence of 
nausea, vomiting, dizziness, dyspnea or brady-
cardia after spinal anesthesia, or the adminis-
tered dose of phenylephrine (P>0.05, Table 3).

There were no significant differences in umbili-
cal venous or umbilical arterial blood gas analy-
sis between the two groups. Neonatal Apgar 
score did not differ significantly between both 
groups (P>0.05, Table 4).

Discussion

Hypotension is a common complication after 
spinal anesthesia in parturients undergoing 
cesarean section. The incidence of hypoten-
sion ranges from 30% to 100% depending on 
the definition of hypotension and study design 
[1, 6]. Obstetric anesthesiologists have been 
focusing on exploring the best way to prevent 
and treat maternal hypotension after spinal 
anesthesia and to reduce consequent impact 
on the fetus [1, 7]. Early detection of hypoten-
sion and prompt targeted treatment may effec-
tively reduce the risk of hypotension after anes-
thesia and improve the safety and comfort  
of parturients undergoing cesarean section. 
Some noninvasive monitoring techniques have 
been investigated in this field. Monitoring of 
cerebral oxygen saturation (ScO2) by transcere-
bral near infrared spectroscopy is a method 
developed based on the physical property of 
near infrared and the absorption spectrum of 
oxygenated Hb. This technique may noninva-
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sively and continuously monitor brain tissue 
oxygen metabolism and hemodynamics. A 
decrease of more than 5% in ScO2 indicates an 

effect on brain tissue oxy-
genation. In a study by 
Berlac PA et al [8] who 
used ScO2 for early de- 
tection of hypotension 
after obstetric spinal ane- 
sthesia, the mean time 
from identification of a 
decrease of 5% in ScO2  
to occurrence of hypoten-
sion (a decreased of 25% 
in SBP) was 81s (IQR 
30-261 s). Berlac PA et al 
found that a decrease of 
5% in ScO2 was associat-
ed with a sensitivity of 
100% and a specificity of 
85% in predicting hypo-
tension. While, Sun S et al 
[9] found that the mean 
time from identification of 
a decrease of 5% in ScO2 
to occurrence of hypoten-
sion was 38 s (IQR 30-261 
s), and that a decrease of 
5% in ScO2 was associat-
ed with a sensitivity of 
75% and a specificity of 
78% in predicting hypo-
tension. It was believed 
that the accuracy of hy- 
potension prediction ba- 
sed on a decrease in ScO2 
needs to be further im- 
proved. Pulse Transit Time 
(PTT) is the time interval 

Table 2. Haemodynamic outcomes during caesarean section under spinal anaesthesia in CNAP and 
NIAP groups. Values are mean (SD), median (IQR [range]) or number (proportion)

Group N (n=45) Group C (n=45) P value
Baseline blood pressure; mmHg 122.4 (10.1) 118.9 (11.8) 0.65

Baseline heart rate; beat/min 87.1 (13.8) 88.2 (14.5) 0.83

Maximum systolic blood pressure; mmHg 120.2 (16.2) 119.3 (17.5) 0.53

Minimum systolic blood pressure; mmHg 95.6 (15.2) 92.0 (12.7) 0.62

The time of hypotension occurrence; s 349 (79) 240 (58) 0.000

The change of SBP; n (%) 16.3 (12.0-28.7 [3.07-51.61]) 17.2 (12.0-25.7 [2.65-34.17]) 0.23

Patients with hypotension; n (%) 16 (35.6%) 17 (37.8%) 1.0

Patients with severe hypotension; n (%) 13 (28.9%) 5 (11.1%) 0.035

Mean maximum decrease in SBP with hypotension; n (%) 31.9 (27.1-41.9 [22.5-51.61]) 26.7 (23.9-28.9 [22.20-34.17]) 0.01
CNAP, continuous non-invasive arterial pressure; NIBP, noninvasive intermittent blood pressure.

Table 3. Maternal outcome measures and phenylephrine consumption 
during caesarean section under spinal anaesthesia in CNAP and NIAP 
groups. Values are number (proportion) or median (IQR [range])

Group N (n=45) Group C (n=45) P value
Nausea 7 (15.6%) 5 (11.1%) 0.76
Vomiting 4 (8.9%) 2 (4.4%) 0.68
Dyspnea 3 (6.7%) 2 (4.4%) 1.0
Dizzy 6 (13.3%) 5 (11.1%) 1.0
Bradycardia 4 (8.9%) 3 (6.7%) 1.0
Phenylephrine dose; ug 36.44 (0-80 [0-160]) 39.11 (0-80 [0-200]) 0.74
CNAP, continuous non-invasive arterial pressure; NIBP, noninvasive intermittent blood 
pressure.

Table 4. Neonatal outcomes in CNAP and NIAP groups. Values are 
mean (SD) or number (proportion)

Group N 
(n=45)

Group C 
(n=45) P value

Umbilical artery pH 7.27 (0.04) 7.28 (0.05) 0.75
PCO2 (mmHg) 56.62 (6.02) 56.72 (5.75) 0.50
PO2 (mmHg) 15.5 (6.50) 16.7 (5.03) 0.38
Base excess (mEq/L) -1.44 (1.38) -1.48 (1.43) 0.76
LAC (mmol/L) 1.85 (0.28) 1.82 (0.35) 0.80

Umbilical vein pH 7.33 (0.05) 7.36 (0.03) 0.65
PCO2 (mmHg) 44.74 (8.25) 43.85 (5.45) 0.74
PO2 (mmHg) 25.25 (6.82) 27.4 (5.5) 0.67
Base excess (mEq/L) -1.36 (1.25) -1.28 (1.44) 0.16
LAC (mmol/L) 1.65 (0.25) 1.69 (0.32) 0.70

Apgar Scores 1 min <7 1 (2.2%) 1 (2.2%) 1.0
5 min <9 0 (0%) 0 (0%) 1.0

CNAP, continuous non-invasive arterial pressure; NIBP, noninvasive intermittent blood 
pressure.

from the ECG R wave to the pulse plethysmo-
graph upstroke, recorded by the SpO2 probe. 
When there are changes in circulation, mea-
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surements of PTT may provide instant informa-
tion about the cardiovascular (CV) system for 
each cardiac cycle. Sharwood-Smith G and col-
leagues [10] predicted changes in the CV sys-
tem after obstetric spinal anesthesia based on 
PTT. An increase of 20% in PTT had a sensitivity 
of 74% and a specificity of 70% in predicting a 
decrease of more than 10% in mean arterial 
pressure. The two methods described above 
have some limitations when used in clinical 
practice for prediction of hypotension after 
obstetric spinal anesthesia. Further research is 
warranted to investigate the predictive accura-
cy of these methods.

Conventional NIAP measurement is the most 
common method used for monitoring changes 
in BP in clinical practice. This is an easy-to-per-
form, noninvasive, and repeatable method. 
However, it allows only discontinuous measure-
ment and cannot continuously provide real-
time changes in BP. In addition, this method 
detects hypotension with delay because it gen-
erally takes at least 45-55 s from cuff inflation 
to deflation and to final obtainment of the BP 
values. There is no evidence or clinical guide-
line on the optimal NIAP cycle. Based on gen-
eral experience, intervals between 1 min and 5 
min are used in clinical practice. Repeated 
NIAP measurements too often lead to increased 
discomfort of the patient, and an inappropriate 
interval time may prevent clinicians from timely 
detection of hypotension. IAP is considered as 
the “gold standard” of BP monitoring due to its 
accuracy and reliability. However, arterial intu-
bation generally may cause a series of compli-
cations, including bleeding, infection, thrombo-
sis, and local ischemia, as well as damage to 
the nerves and surrounding tissues. It requires 
skilled professionals to receive special training 
to perform IAP monitoring [11-13]. Therefore, it 
is impossible for this method to be routinely 
practiced in cesarean section. CNAP monitor-
ing is a technique based on the volume com-
pensation method originally proposed by Penaz 
and his colleagues [14] in 1973. A CNAP device 
consists of (1) a pneumatic cuff attached to the 
middle or base of a finger, (2) an electro- pneu-
matic servo control system to control the cuff 
pressure so as to maintain a constant vascular 
volume to obtain maximum pulse wave, and (3) 
an infra-red system to detect changes in pulse 
waves. The cuff pressure, which is constantly 
adjusted by an electric oscillator and measured 

by a pressure sensor and then fed back to the 
pneumatic system, corresponds to the arterial 
pressure. The CNAP device may provide beat-
to-beat BP readings and continuously monitor 
changes in BP, and its accuracy and precision 
have been compared favorably to invasive 
intra-arterial BP monitoring [4, 5]. 

Ilies C et al [15] investigated the use of CNAP 
versus NIAP for monitoring of hypotension after 
spinal anesthesia in cesarean section and 
found that the use of CNAP resulted in detec-
tion of more hypotensive episodes and that 
NIAP monitoring was associated with missed  
or delayed detection of approximately 40% of 
hypotensive episodes. However, Ilies C’s study 
simultaneously used two techniques for moni-
toring of each parturient, and therefore it could 
not determine whether there were any differ-
ences in maternal or fetal outcomes between 
these monitoring techniques. For this purpose, 
we designed the current study which sought to 
investigate the effects of different monitoring 
methods on maternal and fetal outcomes in 
parturients receiving CNAP or NIAP monitoring. 
In our study, CNAP monitoring was associated 
with significantly earlier detection of hypoten-
sion compared to NIAP measurements (240 
(58)s vs 349 (79)s, P=0.000). The incidence of 
hypotension after spinal anesthesia was simi-
lar in both groups. However, severe hypoten-
sion was significantly less likely to occur in 
group C than in group N (11.1% vs 28.9%, 
P=0.035). In parturients who had hypotension, 
the mean maximum decrease in SBP was sig-
nificantly smaller in group C than in group N 
(26.7% vs 31.9%, P=0.01). We believed that 
hypotensive episodes may be detected earlier 
by the CNAP technique and that prompt inter-
vention may effectively reduce the develop-
ment of severe hypotension and acute hemody-
namic fluctuations after spinal anesthesia. 
However, we found no differences in adverse 
events (such as nausea, vomiting, et al.), neo-
natal Apgar score, or umbilical cord blood gas 
analysis between the two groups. This may be 
explained by a small sample size, the use of 
coload, and a low incidence of hypotension in 
our study. Future studies with a larger sample 
size are needed.

There may be some problems with the use of 
the CNAP system in parturients. For example, 
the accuracy of CNAP measurements may be 
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impaired by severe shivering. In our study, 2 
patients were excluded from group C due to 
severe shivering which may also interfere with 
routine NIAP monitoring. There were another 2 
patients excluded from group N due to the 
same symptom. To reduce the influence of shiv-
ering on BP monitoring, use of a heating appa-
ratus (such as a heating blanket) [16] and infu-
sion of heated fluid [17] in the perioperative 
period may lead to effective heat preservation 
and reduced shivering. Some studies suggest 
that intrathecal co-administration of opioids 
[18] or low-dose magnesium sulfate [19] or 
intravenous injection of low-dose ketamine 
[20] during spinal anesthesia may effectively 
reduce the development and severity of shiver-
ing in parturients, thus reducing its impact on 
BP monitoring. In a study by McCarthy et al [21] 
who investigated CNAP versus NIAP monitoring 
in cesarean section under spinal anesthesia, 
CNAP failures were significantly more likely to 
be for two or more consecutive minutes. In two 
patients, CNAP failed for 8 min consecutively. 
This may be explained by non-obtainment of 
CNAP values caused by loss of distal interdigi-
tal arterial waveform due to cuff inflation during 
CNAP calibration. Prolonged measurement fail-
ure may occur when repeated calibration is 
needed if there is an interference with calibra-
tion. Additionally, in their study by McCarthy et 
al [21], the time interval for calibration was 15 
min, which was significantly shorter than the 
time from obtainment of pre-anesthesia base-
line BP values to fetal delivery. In our study, to 
reduce the influence of CNAP calibration on BP 
monitoring, the time for calibration was set to 
30 min as recommended by the manufacturer. 
Therefore, the impact of repeated calibration 
on BP readings was reduced.

There were some limitations with our study. 
First, all the enrolled subjects were healthy par-
turients undergoing elective cesarean section. 
Further investigation is needed to assess the 
impact of the two monitoring techniques on 
maternal and fetal outcomes after spinal anes-
thesia in high-risk pregnant women. Second, 
this was not a double-blind clinical trial. How- 
ever, the objectivity of the parameters evaluat-
ed in our study may ensure the robustness of 
the results of our study.

In conclusion, compared to conventional NIAP 
measurement, the use of CNAP monitoring was 

associated with earlier detection of hypoten-
sion after spinal anesthesia in cesarean sec-
tion, suggesting the superiority of this tech-
nique in maintaining hemodynamic stability in 
parturients and consequently improving mater-
nal and infant outcomes. It appears that CNAP 
monitoring has a promising role in obstetric 
patients. 
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