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Continuous non-invasive arterial pressure
device as an adjunct to recognize
fluctuating blood pressures during
elective cesarean section under
subarachnoid blockade (SAB)
Deepak Gupta*, Vitaly Soskin**, Milos Marjanovic**,
Hassan Amhaz***
and A shish M azumdar ****
Background: Measuring non-invasive blood pressure (NIBP) in less than one minute intervals
(STAT NIBP measurements) is not always feasible. Therefore, large number of undetectable
hypotension episodes can only be recognized with continuous beat to beat monitoring of blood
pressure, for example, by continuous non-invasive arterial pressure monitor (CNAP).
Objective: The purpose of the current study was to investigate whether CNAP correlates
well with conventional intermittent oscillometric NIBP during elective cesarean sections under
subarachnoid blockade (SAB) and whether CNAP based patient management results in improved
immediate maternal vasopressor requirements and improved immediate fetal/neonatal outcomes
compared with NIBP based patient management.
Materials and Methods: The CNAP finger cuff together with the CNAP arm cuff were
placed on the same arm which also had the peripheral intravenous access. On the contralateral
arm the conventional NIBP arm cuff was placed. Study Group: The patients were managed by
the anesthesia provider based on the CNAP monitor readings. Control Group: The patients were
managed by the anesthesia provider based on the NIBP monitor readings.
Results: The CNAP-based treatment (study) group had a statistically significant lower use
of oxytocin and lower estimated blood loss than the NIBP-based treatment (control) group. The
differences in incidences of vasopressors use and peri-operative nausea vomiting between study
group and control group did not reach statistical significance. CNAP readings were more likely to
be in systolic hypotensive phases (<100mmHg) and diastolic hypertensive phases (>80mmHg) as
compared to NIBP readings.
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Conclusion: Continuous non-invasive arterial
pressure (CNAP) device may ONLY act as an adjunct
to recognize fluctuating blood pressures during elective
cesarean section under subarachnoid blockade (SAB).

Introduction
Neuraxial anesthesia including epidural
anesthesia and subarachnoid blockade (SAB) is
preferred over general anesthesia for cesarean section
for the sake of comparative significant decline in
the maternal mortality1. The major side-effect of
neuraxial anesthesia is hypotension that is evident
in 95% cases2-4. Even though the fetal consequences
of maternal hypotension during cesarean section are
unclear5-6, maternal hypotension can be presumably
deleterious because maternal blood pressure sustains
placento-fetal oxygen exchange-delivery. Therefore
close monitoring for maternal blood pressure and
when needed, immediate treatment for hypotension is
crucial4. The exact blood pressure monitoring can only
be done with intra-arterial blood pressure monitoring
utilizing an intra-arterial catheter. Due to inherent
side-effects of invasive intra-arterial catheters,
blood pressure is routinely monitored intermittently
with non-invasive blood pressure (NIBP) device7-9.
However, more than one-in-five hypotensive episodes
during surgery can be missed and another one-in-five
hypotensive episodes may be detected with a delay by
NIBP10. Consequently, immediate intervention may be
delayed. Moreover, in every other patient, hypotension
occurs within 3 minutes of SAB administration11.
There are no guidelines for optimal NIBP cycle interval
during cesarean section. Measuring NIBP in less than
one minute intervals (STAT NIBP measurements)
is not always feasible. Therefore, large number
of undetectable hypotension episodes can only be
recognized with continuous beat to beat monitoring of
blood pressure. Based on principle of volume-clamped
method first described by Penaz and colleagues12, a
continuous non-invasive arterial pressure monitor
(CNAP Monitor 500, CNSystems Medizintechnik
AG, Graz, Austria) may be a good alternative. In the
past, CNAP has been evaluated and shown acceptable
results13-19.
The purpose of the current study was to investigate

whether CNAP correlates well with conventional
intermittent oscillometric NIBP measurement (and
correspondingly recognizes undetectable hypotension
episodes) in our patient population who present for
elective cesarean sections under SAB and whether
CNAP based patient management results in improved
immediate maternal vasopressor requirements
and improved immediate fetal/neonatal outcomes
compared with NIBP based patient management.

Materials and Methods
After institutional review board approval for
prospective, randomized research study, a written and
informed consent for inclusion in the study was taken
from the pregnant patients aged 18 years and above
who presented for elective cesarean section under
SAB. Exclusion criteria for the study were: ASA class
IV and V pregnant patients, age less than 18 years,
patients with cardiac arrhythmia, vascular pathologies
of the upper limbs (recent vascular surgery, Raynaud’s
disease, vascular stenosis), any contraindication
for SAB and emergency cesarean sections. After
admission to the operation room, patients were
monitored using a five-lead electrocardiogram, NIBP,
and pulse oximetry. A note was made of total infused
volume of preload received by the patient before the
institution of SAB and of co-load being received by
the patient while instituting SAB. The CNAP (CNAP
Monitor 500, Cnsystems Medizintechnik AG) device’s
finger cuff measurement was calibrated with CNAP
arm cuff before the first measurement, thereafter
calibration with CNAP arm cuff was repeated every
15 min and additionally after patient`s repositioning.
The time interval for the oscillometric measurements
(NIBP) was set to 1 min. CNAP monitor and NIBP
measurement were timely synchronized and values
were registered continuously online on the CNAP
Monitor and on the patient monitor that were coalesced
onto S5 Data Collect Software in a dedicated laptop.
The CNAP finger cuff together with the CNAP arm
cuff were placed on the same arm which also had the
peripheral intravenous access. On the contralateral
arm the conventional NIBP arm cuff was placed.
Before institution of the SAB, the baseline differences
in CNAP arm cuff pressures and NIBP arm cuff
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pressures were measured. Patients with an arm-to-arm
differences of more than 10mmHg in systolic and/or
diastolic pressures at baseline (right arm pressures
vs. left arm pressures) were excluded from the study.
The baseline measurements for blood pressure were
recorded in the sitting position when the patient was
being prepared for SAB. Thereafter, the patients were
randomized and divided into two groups based on the
computer generated random number list.
Study Group: The patients were managed by
the anesthesia provider based on the CNAP monitor
readings.
Control Group: The patients were managed by
the anesthesia provider based on the NIBP monitor
readings.
SAB was performed in the sitting position using a
25 gauge Whitcare spinal needle with 12 mg hyperbaric
bupivacaine mixed with 150 mcg preservative free
morphine. After application of SAB, the patients were
immediately turned supine with at least 10 degree left
tilt. The success of the sensory block was tested for
adequacy of surgical anesthesia. Standard anesthesia
monitoring ensued. The management of hypotension
was to maintain a systolic blood pressure above
100 mm Hg or mean arterial pressure within 20%
of baseline mean arterial pressure with incremental
boluses doses of 80 mcg phenylepherine. Total amount
of boluses given were recorded. If needed, ephedrine
boluses were supplemented as rescues for blood
pressure unresponsive to phenylepherine. Total volume
of infused intravenous solutions (crystalloid, colloid or
blood products) were recorded. Neonatal birth weight
and maternal blood loss estimate were recorded.
APGAR score after 1 and 5 min, and first umbilical
(cord) vein/arterial blood gas analyses at birth were
noted for all newborns. Pre-fetal delivery, NIBP was
cycled every 1 minute and post-fetal delivery, NIBP
was cycled every 2.5 minutes.
The CNAP system consists of a double finger
cuff, a pressure transducer mounted on the forearm,
and an upper arm oscillometric cuff for calibration.
The principle of the CNAP is to keep the blood
volume of the finger arteries constant by applying an
exterior pressure to the vessel wall. This is done by
an electronic system controlling the pressure inside a
cuff around the finger. The pressure in the cuff, which
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is needed to keep the volume constant during arterial
pulsation, corresponds to the BP. We used the middle
finger and the index finger for the finger cuffs. The
system can be pre-set to average 0, 5, 10, or 20 beats.
For this investigation, all CNAP values presented as a
moving median over the last 10 beats.

Statistical Analysis
To determine a sample size for the study a F-test
(ANOVA- Analysis of Variance: fixed effects, special
main effects and interactions) power analysis was
done to obtain an alpha error probability of 0.05 and
a 1 minus beta error probability of 0.8. A sample size
of 130 cases were chosen to give the study sufficient
power to determine differences between the continuous
variables and the categorical variables of the two
groups viz. CNAP monitor readings based treatment
group vs. NIBP monitor readings based treatment
group.
An ANOVA (Analysis of Variance) and a
repeated measures ANOVA (balanced model) where
appropriate were used to compare the continuous data.
Chi square analysis and Fisher exact tests were used
to compare categorical data and proportions. Pearson
correlation coefficients, regression analysis and BlandAltman plots (for all the pooled comparative readings
across all the patients) were used to correlate the CNAP
vs. NIBP readings. P-value <0.05 was considered
significant.

Results
A total of 53 patients were consented for the
study. Sixteen patients were excluded due to erroneous
zeroing methods utilized while zeroing CNAP
monitor. Two patients were excluded due to technical
difficulties with CNAP and two patients were excluded
due to failed SAB. Henceforth, data from 33 patients
were included for the final analysis of all variables
except fetal/cord blood gas analyses wherein four
more patients were excluded due to non-availability of
that data.
The demographic characteristics and baseline
pre-operative vital parameters were statistically similar
M.E.J. ANESTH 23 (4), 2016
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in both groups (Table 1). The CNAP-based treatment
group showed statistically significant reductions in
estimated blood loss (P=0.04) and oxytocin used
(P=0.02) as compared to the NIBP-based treatment
group. Additionally, pre-fetal delivery periods required
more phenylepherine and ephedrine administrations
on an average when maternal blood pressures were
being treated based on CNAP readings (Table 2)
and consequently, clinically less patients reported
intraoperative nausea-vomiting in the study group
(53%) as compared to control group (69%); however,
these values did not reach statistical significance. Cord
blood gas variables were similar between the two
groups (Table 3).
For subsequent analysis, the blood pressure data
points were pooled together for comparative correlations
irrespective of their treatment groups (study group or
control group). For the study period, 33 patients were
cumulatively monitored for 14hrs 44minutes during
pre-fetal delivery periods and 25hrs 8minutes during
post-fetal delivery periods. As pre-fetal delivery, NIBP
was cycled every 1 minute and post-fetal delivery,
NIBP was cycled every 2.5 minutes, cumulatively

comparative data points for CNAP readings vs. NIBP
readings that should have been available were 884 for
pre-fetal delivery period and 603 for post-fetal delivery
period. However, only 555 data points were eventually
compared pre-fetal delivery and only 398 data points
were eventually compared post-fetal delivery because
CNAP-NIBP-readings’ simultaneous captures in S5
Collect Data Software for appropriate comparison
were 63% and 66% (less than 100% due to artifacts
and/or incomplete readings) for pre-fetal delivery
periods and post-fetal delivery periods respectively.
Eventually, all 33 patients included in the final analysis
had at least 15 data-points each (cumulative pre- and
post-fetal delivery) inclusive of some hypotensive and
hypertensive phases.
As elicited in Table 4 and Figures 1&2 and
assuming the normal ranges for systolic blood
pressures (100-120mmHg), diastolic blood pressures
(40-80mmHg) and mean arterial pressures (6093mmHg), CNAP overall readings were less often
within normal range during pre-fetal delivery periods
with more likelihood for systolic hypotension and
diastolic-mean arterial hypertension as compared to

Table 1
Baseline Characteristics
Characteristic

Treatment based on CNAP Treatment based on NIBP
(n=17)
(n=16)

P-value

Age (in years)

28.2 ± 6.1

29.9 ± 6.1

0.43

Height (in inches)

63.6 ± 3.1

63.1 ± 2.8

0.58

Weight (in pounds)

216.8 ± 32.8

214.8 ± 43.7

0.88

10Left/7Right

12Left/4Right

0.46

CNAP ARMS
Arm on which CNAP placed
Baseline Systolic Blood Pressure (mmHg)

132.8 ± 14.5

144 ± 18.2

0.06

Baseline Diastolic Blood Pressure (mmHg)

83.1 ± 12.2

88.9 ± 14.8

0.23

Baseline Mean Arterial Pressure (mmHg)

99.8 ± 12.3

108.2 ± 15.2

0.09

Baseline Heart Rate (per minute)

88.1 ± 9.7

96.3 ± 14.3

0.06

7Left/10Right

4Left/12Right

0.46

134.6 ± 15

143.5 ± 16.8

0.12

NIBP ARMS
Arm on which
NIBP placed
Baseline Systolic Blood Pressure (mmHg)
Baseline Diastolic Blood Pressure (mmHg)

81.5 ± 10.6

87.1 ± 14.2

0.21

Baseline Mean Arterial Pressure (mmHg)

98.5 ± 12.1

108 ± 16.2

0.06

Baseline Heart Rate (per minute)
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)

88.2 ± 11.3

95.9 ± 14.5

0.1

Continuous Non-Invasive BP under SAB
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Table 2
Peri-operative Variables

Variable

Treatment based on
CNAP (n=17)

Treatment based on
NIBP (n=16)

P-value

Spinal Injection-to-Fetal Delivery Time (in minutes)

27 ± 7

25 ± 7

0.37

Fetal Delivery-to-Surgery End Time (in minutes)

41 ± 16

50 ± 22

0.2

Intravenous Fluids prior to spinal injection (ml)

691.2 ± 272.9

678.1 ± 266.4

0.89

Intravenous Fluids pre-delivery (ml)

720.6 ± 277.9

671.9 ± 236.6

0.59

Intravenous Fluids post-delivery (ml)

1147.1 ± 293.9

1043.8 ± 222

0.27

Phenylepherine
pre-delivery (mcg)

447.1 ± 323.5

352.5 ± 272.2

0.37

Phenylepherine post-delivery (mcg)

171.8 ± 232.7

160 ± 354.2

0.91

Ephedrine
pre-delivery (mg)

5.3 ± 13.3

1.6 ± 4.4

0.29

Ephedrine
post-delivery (mg)

2.4 ± 4.4

1.9 ± 5.4

0.78

617.6 ± 174.1

758.4 ± 208.2

0.04

4.2 ± 1.4

5.7 ± 2.2

0.02

3Female/14Male

7Female/9Male

0.14

3316.5 ± 404.3

3474.3 ± 463.4

0.3

APGAR @ 1min

6.9 ± 2.5

7.8 ± 1.6

0.24

APGAR @ 5min

8.9 ± 0.3

8.8 ± 0.5

0.66

None

8 (47%)

5 (31%)

0.76

Estimated Blood Loss (ml)
Oxytocin (units)
Baby’s Sex
Baby’s Weight (gm)

Intra-operative Nausea Vomiting
Nausea Only

5 (29%)

5 (31%)

One Vomiting

1 (6%)

1 (7%)

Multiple Vomiting

3 (18%)

5 (31%)

14 (82%)

12 (75%)

Nausea Only

1 (6%)

2 (13%)

One Vomiting

1 (6%)

1 (6%)

1 (6%)

1 (6%)

Post-operative Nausea Vomiting
None

Multiple Vomiting
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)

NIBP readings (P<0.01). Contrastingly, CNAP systolic
(not diastolic or mean arterial) readings were more
often within normal range during post-fetal delivery
periods but with persistent more likelihood for systolic
hypotension and diastolic hypertension as compared to
NIBP readings (P<0.01).
For
individual
data-point
comparisons,
correlation coefficients for CNAP readings vs. NIBP
readings for systolic-diastolic-mean arterial pressures
ranged from 0.36-0.51 in pre-fetal delivery period
and 0.47-0.57 in post-fetal delivery period (Table 5);

0.89

however, on Bland-Altman analysis/plotting, it was
noticed that as compared to NIBP readings, CNAP
readings most frequently (=Mode) underestimates
systolic blood pressure and overestimates both
diastolic blood pressure-mean arterial pressure during
pre-fetal delivery periods whereas CNAP readings
most frequently (=Mode) underestimates both
systolic blood pressure-mean arterial pressure and
overestimates only diastolic blood pressure during
post-fetal delivery periods (Table 6). The graphical
representations of correlation between CNAP readings
M.E.J. ANESTH 23 (4), 2016
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Table 3
Blood Gas Variables
Treatment based on CNAP
(n=14)

Treatment based on NIBP
(n=15)

P-value

1.6 ± 0.3

1.7 ± 0.3

0.36

1.2 ± 1.2
14.5 ± 0.9

0.6 ± 0.8
14.6 ± 1.2

0.16
0.86

7.25 ± 0.07

7.26 ± 0.04

0.81

p Carbon dioxide
(mmHg)
p Oxygen
(mmHg)
Base Excess

55.2 ± 9.3

55.7 ± 6.8

0.87

18.7 ± 6.9

17.2 ± 5.4

0.51

-4.2 ± 2.5

-3.6 ± 1.7

0.47

Oxygen-Hemoglobin Sat (%)
Bicarbonate
(mEq/L)
CORD VENOUS BLOOD GAS
Methemoglobin
(%)
Carboxyhemoglobin (%)
Hemoglobin
(g/dL)
pH

31 ± 17.3
23.4 ± 2.1

27.6 ± 13.6
24 ± 1.8

0.56
0.4

1.6 ± 0.4

1.7 ± 0.5

0.7

2.4 ± 1.6
14.6 ± 1

1.8 ± 1.3
14.6 ± 1.1

0.28
0.97

7.31 ± 0.04

7.31 ± 0.06

0.88

p Carbon dioxide
(mmHg)
p Oxygen
(mmHg)
Base Excess

45.8 ± 6.5

47.7 ± 8.9

0.51

29.3 ± 6.7

27.7 ± 8.1

0.58

-3.9 ± 1.9

-3.5 ± 1.6

0.55

Oxygen-Hemoglobin Sat (%)
Bicarbonate
(mEq/L)
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)

58.7 ± 14.2
22.1 ± 2.1

54.8 ± 21
22.8 ± 1.3

0.57
0.32

CORD ARTERIAL BLOOD GAS
Methemoglobin
(%)
Carboxyhemoglobin (%)
Hemoglobin
(g/dL)
pH

vs. NIBP readings as well as their Bland-Altman Plots
are shown in Figures 3&4.
Additional sub-analysis for the effects/
correlations of pre-fetal delivery time duration on
APGAR @ 1min and cord blood gas analyses reflected
statistically significant negative correlation with cord
arterial blood base excess in control group as well as
with cord venous blood pH in pooled (cumulative)
group, and statistically significant positive correlation
with cord venous blood carbon dioxide partial pressure
in pooled (cumulative) group (Table 7). Similarly,
when CNAP readings were measured in the left arms
of the patients, those diastolic pressure readings and
mean arterial pressure readings were significantly
overestimating the corresponding NIBP readings
(P<0.01) as compared to when CNAP readings were
measured in the right arms of the patients (Table 8).
This statistically significant effect was noted during

pre-fetal delivery periods only and was lost during
post-delivery periods suggesting a potential role/effect
of the left tilt used during pre-fetal delivery periods for
left uterine displacement.

Discussion
The results of our study can be summarized as
follows: (a) all 33 patients included in the final analysis
had at least 15 data-points each (cumulative pre- and
post-fetal delivery) inclusive of some hypotensive and
hypertensive phases that met the criteria of Association
for the Advancement of Medical Instrumentation
(AAMI) 81060 standard which was historically
meant for beat-to-beat comparison between CNAP
monitoring and invasive arterial line-based continuous
blood pressure monitoring; (b) the CNAP-based
treatment (study) group had a statistically significant

Continuous Non-Invasive BP under SAB
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Table 4
Frequency Distribution of Blood Pressure Readings
Range of Parameter

Pre-Fetal Delivery Comparative Datapoints’
(n=555) frequency

Post-Fetal Delivery Comparative Datapoints’
(n=398) frequency

SYSTOLIC BLOOD PRESSURE READINGS
CNAP

NIBP

CNAP

NIBP

≤80 mmHg

16 (3%)

6 (1%)

12 (3%)

5 (1%)

81-89 mmHg

19 (3%)

13 (2%)

20 (5%)

9 (2%)

47 (8%)

27 (5%)

44 (11%)

17 (4%)

100-120mmHg

90-99 mmHg

208 (37%)

230 (41%)

177 (44%)

155 (39%)

121-139 mmHg

158 (28%)

193 (35%)

93 (23%)

178 (45%)

140-159 mmHg

74 (13%)

79 (14%)

38 (10%)

30 (8%)

160-179 mmHg

13 (2%)

6 (1%)

8 (2%)

4 (1%)

20 (4%)

1 (0%)

6 (2%)

0 (0%)

≥180 mmHg

DIASTOLIC BLOOD PRESSURE READINGS
≤35 mmHg

CNAP

NIBP

CNAP

NIBP

4 (1%)

4 (1%)

13 (3%)

4 (1%)

36-39 mmHg

2 (0%)

4 (1%)

4 (1%)

3 (1%)

40-80 mmHg

363 (65%)

476 (86%)

307 (77%)

365 (92%)

81-89 mmHg

106 (19%)

50 (9%)

51 (13%)

19 (5%)

90-99 mmHg

49 (9%)

15 (3%)

16 (4%)

6 (2%)

100-109 mmHg

24 (4%)

6 (1%)

6 (2%)

0 (0%)

7 (1%)

0 (0%)

1 (0%)

1 (0%)

≥110mmHg

MEAN ARTERIAL PRESSURE READINGS
≤50 mmHg

CNAP

NIBP

CNAP

NIBP

3 (1%)

2 (0%)

9 (2%)

2 (1%)

51-59 mmHg

5 (1%)

16 (3%)

7 (2%)

11 (3%)

60-93 mmHg

349 (63%)

407 (73%)

284 (71%)

312 (78%)

94-106 mmHg

116 (21%)

100 (18%)

68 (17%)

63 (16%)

107-119 mmHg

59 (11%)

25 (5%)

23 (6%)

9 (2%)

120-132 mmHg

13 (2%)

5 (1%)

6 (2%)

1 (0%)

0 (0%)

1 (0%)

0 (0%)

≥133 mmHg
10 (2%)
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)

lower use of oxytocin and lower estimated blood
loss than the NIBP-based treatment (control) group;
(c) differences in incidences of vasopressors use and
peri-operative nausea vomiting between study group
and control group did not reach statistical significance
most likely because of lack of statistical power; (d)
only 64% simultaneous CNAP and NIBP comparative
data-points were captured during the entire study
period but those pooled 953 out of potential 1487 datapoints provided sufficient data for differential analyses
between pooled CNAP readings and pooled NIBP
readings irrespective of patients being in a study group

or in a control group; (e) CNAP readings were more
likely to be in systolic hypotensive phases (<100mmHg)
and diastolic hypertensive phases (>80mmHg) as
compared to NIBP readings; (f) as expected CNAP
readings and NIBP readings correlated well, but 95%
confidence limits for CNAP-NIBP differences were
clinically unacceptable that ranged from -48 to 49
mmHg for systolic blood pressures, -24 to 42 mmHg
for diastolic blood pressures, and -24 to 36 mmHg for
mean arterial pressures in pre-fetal delivery periods
vs. -46 to 37 mmHg for systolic blood pressures,
-22 to 31 mmHg for diastolic blood pressures, and
M.E.J. ANESTH 23 (4), 2016
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Table 5
Correlation between CNAP and NIBP Readings
Correlated
Variable b/w
CNAP and NIBP
readings

Correlation
Coefficient (r)

P Value

Pre-Fetal Delivery Comparative Datapoints (n=555)
Systolic Blood
Pressures

0.48

<0.001

Diastolic Blood
Pressures

0.36

<0.001

Mean Arterial
Pressures

0.51

<0.001

Post-Fetal Delivery Comparative Datapoints (n=398)
Systolic Blood
Pressures

0.47

<0.001

Diastolic Blood
Pressures

0.49

<0.001

Mean Arterial
0.57
<0.001
Pressures
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)

-24 to 27 mmHg for mean arterial pressures in postfetal delivery periods (Table 6) because in spite of
being mired in controversies and debate, currently
followed AAMI’s guidelines recommend clinical
acceptability of bias (CNAP-NIBP mean difference)
≤5mmHg and standard deviation (SD) ≤8mmHg20-22;
and (g) left uterine displacement during the pre-fetal
delivery period may have some role in the significant
overestimations of diastolic blood pressures and mean
arterial pressures by CNAP when CNAP arm cuff and
finger cuff were placed in the left arm of the patients.
In regards to technical details about CNAP use
during this study, only two out of 33 patients required
small size finger cuffs with medium size finger cuffs
good for the remaining patients; however ten out
of 33 patients required large adult size arm cuffs as
compared to medium adult size arm cuffs for the
remaining patients. Only one out of 33 patients
reported minimal skin changes in relation to finger
cuffs that spontaneously resolved by the time patient
was transferred from operating room to recovery unit.

Table 6
Bland Altman Plot Variables for CNAP-NIBP Differences
Statistical Variable for
Difference in Blood Pressure
Readings by Two Methods
(CNAP and NIBP)

Magnitude of Difference
in Systolic Blood Pressure
Readings (CNAP-NIBP)
(in mmHg)

Magnitude of Difference in
Diastolic Blood Pressure
Readings (CNAP-NIBP)
(in mmHg)

Magnitude of Difference in
Mean Arterial Pressure
Readings (CNAP-NIBP)
(in mmHg)

9 ± 16.7

6 ± 15.1

Pre-Fetal Delivery Comparative Datapoints (n=555)
Mean ±SD

1 ± 24.4

Median

-1

9

7

Mode

-10

15

7

Upper Limit of Agreement
(Mean+2SD)

49

42

36

Lower Limit of Agreement
(Mean-2SD)

-48

-24

-24

-4 ± 20.9

5 ± 13.2

2 ± 12.7

Median

-7

4

1

Mode

-9

2

-3

Upper Limit of Agreement
(Mean+2SD)

37

31

27

Lower Limit of Agreement
-46
(Mean-2SD)
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)

-22

-24

Post-Fetal Delivery Comparative Datapoints (n=398)
Mean ± SD

Continuous Non-Invasive BP under SAB

As all patients were awake during the procedures and
effectively tolerated the arm cuffs and finger cuffs for the
entire duration of cesarean section, subjective patient
satisfaction scores were not analyzed. Besides the left
tilt’s effects on CNAP-NIBP differences, it cannot
be ruled out whether the use of forced air-warming
blankets (depending on if the awake patients requested
for them and were able to tolerate them intraoperatively
to counter perceived temperature changes) and routine
practice of pressurized non-warmed (cold) intravenous
fluids boluses/infusions especially during immediate
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post-SAB pre-fetal delivery periods have any role to
play in finger cuff based beat-to-beat CNAP readings’
under/overestimations.
During our study, it was our observation that
CNAP controller, power supply cord, and medium size
finger cuffs needed replacements despite dedicated/
single operator-use suggesting the possibilities for
CNAP components being delicate/vulnerable to
breakage requiring cautious usage especially during
rapid turnover of operating rooms. Another major

Table 7
Pre-Fetal Delivery Time and its Correlation Coefficients with APGAR Scores and Cord Blood Gas Analyses
APGAR Variable correlated
with Pre-Fetal Delivery Time

Group wherein Treatment
was based on CNAP readings
(n=17)

Group wherein Treatment
was based on NIBP readings
(n=16)

Cumulative Group Irrespective
of Treatment Basis (n=33)

-0.21 (0.42)

0.21 (0.43)

-0.1 (0.59)

Group wherein Treatment
was based on CNAP readings
(n=14)

Group wherein Treatment
was based on NIBP readings
(n=15)

Cumulative Group Irrespective
of Treatment Basis (n=29)

APGAR @ 1minute

Blood Gas Variable correlated
with Pre-Fetal Delivery Time

CORD ARTERIAL BLOOD GAS
Methemoglobin

0.11 (0.71)

-0.14 (0.62)

-0.02 (0.94)

Carboxyhemoglobin

-0.17 (0.57)

0.08 (0.77)

-0.05 (0.78)

Hemoglobin

-0.3 (0.29)

0.22 (0.43)

-0.01 (0.95)

pH

-0.45 (0.11)

-0.18 (0.53)

-0.34 (0.07)

p Carbon dioxide

0.49 (0.07)

-0.21 (0.44)

0.19 (0.31)

p Oxygen

-0.18 (0.54)

0.43 (0.11)

0.09 (0.64)

Base Excess

-0.16 (0.58)

-0.52 (0.04)

-0.31 (0.11)

Oxy-Hemoglobin Sat

-0.26 (0.36)

0.35 (0.21)

0.01 (0.97)

Bicarbonate

0.19 (0.51)

-0.5 (0.06)

-0.13 (0.49)

0.46 (0.1)

-0.19 (0.5)

0.12 (0.54)

Carboxyhemoglobin

0.21 (0.46)

-0.15 (0.61)

0.06 (0.74)

Hemoglobin

-0.05 (0.87)

0.43 (0.11)

0.2 (0.31)

pH

-0.41 (0.15)

-0.4 (0.14)

-0.39 (0.03)

p Carbon dioxide

0.42 (0.13)

0.38 (0.17)

0.38 (0.04)

CORD VENOUS BLOOD GAS
Methemoglobin

p Oxygen

0.07 (0.8)

-0.03 (0.9)

0.02 (0.92)

Base Excess

-0.03 (0.91)

-0.42 (0.12)

-0.22 (0.26)

Oxy-Hemoglobin Sat

-0.01 (0.96)

-0.13 (0.64)

-0.08 (0.69)

Bicarbonate

0.21 (0.47)

0 (>0.99)

0.12 (0.55)

CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)
r: Correlation Coefficient with P-Value in parentheses (significant if <0.05)
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concern was the incorrect zeroing method (zeroing
CNAP before the CNAP numerical readings appear
on the monitor) employed for the first sixteen patients
and these patients needed to be withdrawn from final
analysis. Therefore, it was our observation that even
though zeroing is feasible before CNAP readings
appear on the monitor, the zeroing of CNAP should
always be performed during active measurement only
after CNAP readings have appeared on the monitor.
Additionally, it was our observation that zeroing
needed to be repeated in spite of calibration after each
arm’s/patient’s positional alterations or if very erratic
CNAP readings are appearing on the monitor.

S5 Data Collect Software was required with
appropriate connected cables to ensure transfer and
recording of data (this step might be overridden in
the future if the CNAP monitor becomes incorporated
in the anesthesia machine itself). Additionally, due
to paucity of recorded channels in S5 Data Collect
Software, only four variables per time point were
auto-recorded (CNAP systolic, CNAP diastolic, NIBP
systolic and NIBP diastolic) and both mean arterial
pressures (CNAP or NIBP) were calculated as equal
to [(2*Diastolic)+Systolic]/3 based on corresponding
auto-recorded pressures.
In regards to calibration cycle, currently

Table 8
Differences elicited when Patients had CNAP measurements in Left Arm vs. when Patients had CNAP
measurements in Right Arm
Statistical Variable for
Difference in Blood
Pressure Readings by Two
Methods (CNAP and NIBP)

Magnitude of Difference
in Systolic Blood Pressure
Readings (CNAP-NIBP)
(in mmHg)

Magnitude of Difference in
Diastolic Blood Pressure
Readings (CNAP-NIBP)
(in mmHg)

Magnitude of Difference
in Mean Arterial Pressure
Readings (CNAP-NIBP)
(in mmHg)

Pre-Fetal Delivery Comparative Datapoints

Mean ± SD
Median

CNAP
measured
in Left Arm
(n=371)

CNAP
measured in
Right Arm
(n=184)

CNAP
measured
in Left Arm
(n=371)

CNAP
measured in
Right Arm
(n=184)

CNAP
measured
in Left Arm
(n=371)

CNAP
measured in
Right Arm
(n=184)

1 ± 23.6

0 ± 26.2

11 ± 17.1

5 ± 15.1

8 ± 15.2

3 ± 14.6

1

-5

11

2

8

2

Mode

9

-7

15

-7

7

1

Upper Limit of Agreement
(Mean+2SD)

48

53

45

35

38

32

Lower Limit of Agreement
(Mean-2SD)

-46

-52

-23

-25

-23

-26

CNAP
measured
in Left Arm
(n=287)

CNAP
measured in
Right Arm
(n=111)

CNAP
measured
in Left Arm
(n=287)

CNAP
measured in
Right Arm
(n=111)

CNAP
measured
in Left Arm
(n=287)

CNAP
measured in
Right Arm
(n=111)

-5 ± 21.7

-2 ± 18.3

4 ± 13.2

6 ± 13.3

1 ± 13.1

3 ± 11.5

Post-Fetal Delivery Comparative Datapoints

Mean ±SD
Median

-7

-6

4

5

1

3

Mode

-14

-9

4

-2

-3

7

Upper Limit of Agreement
(Mean+2SD)

38

35

31

32

27

26

-21

-25

-20

Lower Limit of Agreement
-49
-39
-22
(Mean-2SD)
CNAP: Continuous Non-invasive Arterial Pressure
NIBP: Non-Invasive Blood Pressure (Intermittent)
The Comparative Values indicated in BOLD were statistically significant (P<0.01)
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Fig. 1
Pre-Fetal Delivery Distribution of CNAP vs. NIBP readings in various blood pressure ranges
(graphical methodology as inspired from Benes et al23)
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Fig. 2
Post- Fetal Delivery Distribution of CNAP vs. NIBP readings in various blood pressure ranges
(graphical methodology as inspired from Benes et al23)
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Fig. 3
Pre- Fetal Delivery Comparison of CNAP vs. NIBP readings and their corresponding Bland-Altman Plots

Fig. 4
Post- Fetal Delivery Comparison of CNAP vs. NIBP readings and their corresponding Bland-Altman Plots
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(routinely) used CNAP calibrates its arm cuff every
5-30 minutes (30 seconds is the calibration time) and
its dual-(active mode-passive mode)-finger cuff (with
auto-switching between the two modes for the dual
cuffs at the end of calibration) every 15-60 minutes
(2 minutes is the calibration time). We followed dual
finger cuff calibration every 15 minutes that also
simultaneously calibrated arm cuff at the same time
too, and we inferred that the CNAP arm cuff should
be calibrated every 5 minutes as the CNAP readings
may be as good as the last CNAP arm cuff numbers
(primarily an oscillometry based NIBP numbers may
be assumed to be standard numbers) and thereafter
CNAP can provide the continuous beat-to-beat
data interspersed within these 5 minutes intervals.
Moreover, to avoid the 2-minutes calibration time
(and correspondingly lost readings) during the dual
finger cuff calibration, the finger cuff calibration
should be cycled every 60 minutes as long as fingercuff related venous discolorations are tolerable within
these interspersed 60 minutes intervals. Moreover,
dampening issues related to the finger cuffs overriding
knuckles (interphalangeal joints) can lead to further
technical errors wherein small finger cuff may be too
small and medium finger cuff may be too big that
can exclude such patients from possibility of CNAP
monitoring.
There were few limitations in the study. As
CNAP and NIBP were measured in different arms and
even though their baseline measurements were not
statistically dissimilar, it can not be predicted whether
the inter-arm differences still remained statistically
dissimilar during the dynamic state of ongoing cesarean
sections and whether these unquantified inter-arm
differences have major role to play in CNAP-NIBP
readings’ differences. There can be operator bias on
how brachial (arm) cuffs are placed and even though
dedicated/single operator placed these cuffs in all
the patients, the bias still cannot be completely ruled
out because large arm cuffs are usually less painful
and might have been preferred by patients (almost
one-third of our patients) that can lead to differential
stability (tightness) of these cuffs around dissimilarly
sized arms in our patients. No scatter diagrams for
beat-to-beat comparisons were available as there was
no corresponding beat-to-beat comparative NIBP data
point at the same time (scatter diagrams of beat to beat

Deepak G. et. al

would have been possible only if CNAP was being
compared with invasive arterial line pressures). Target
control infusion based phenylepherine administrations
rather than its total dose would have been better
estimations because otherwise under/overestimations
can happen depending on the fluidity of hemodynamics
and catching up by the operator-administered doses
intermittently.
In summary, beat-to-beat CNAP can only act as
an enhancement for NIBP because it is just preempting
the providers to recalibrate/zero with NIBP during
the time-period when they are not measuring NIBP,
for example, during the 1-minute interval of NIBP or
during the lowest possible 5-minute calibration cycle
interval of CNAP. Three simple steps when using
CNAP for enhancing NIBP could be as follows: (a) if
low beat-to-beat CNAP pressures, immediately check
NIBP (recycle for zero/recalibration); (b) if high beatto-beat CNAP pressures, immediately check NIBP
(recycle for zero/recalibration); and (c) if normal
ranged beat-to-beat CNAP pressures, ensure high
vigilance because CNAP pressures may be lower or
higher than the standard NIBP readings at that time
because CNAP numbers are as good as last calibration
of arm cuff readings (especially if it was an extremely
SUBNORMAL/hypotensive number or an extremely
SUPRANORMAL/hypertensive number) which can
be auto-repeated no less than 5minutes (although
manual calibration can be done any number of times).

Conclusion
Continuous non-invasive arterial pressure
(CNAP) device may ONLY act as an adjunct to
recognize fluctuating blood pressures that may need
confirmation with intermittent oscillometric noninvasive blood pressure (NIBP) measurements during
elective cesarean section under subarachnoid blockade
(SAB).
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