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Abstract

Background: Hypotension during spinal anesthesia remains a common
clinical issue, particularly during Cesarean sections and can lead to adverse
maternal or neonatal outcomes. ASA standard monitoring of heart rate (HR)
and blood pressure (BP) are common maternal variables monitored throughout
C-sections as surrogate markers for maternal cardiac output (CO), which more
directly reflects uteroplacental perfusion.
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Methods: Here we present the first full description of bioreactance non
invasive cardiac monitor (NICOM™) use in a series of healthy parturients
undergoing elective Cesarean section under spinal anesthesia, a monitor that is
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Results: There was a very significant decrease in both SBP and DBP and
increase in HR (p<0.001) after spinal anesthesia placement, however there
was no significant change in the CO, Cl or SVI (p>0.05) during that same
period. This change was maximal at 1 and 2 minutes after spinal anesthesia
respectively for HR and blood pressure. In contrast after delivery of the fetus
there were no significant changes in SBP, DBP and HR (p>0.05), but a dramatic
increase in CO (22.5%), Cl (16.3%) as well as SVI (13.6%). There were no
further changes to any of these parameters at delivery of the placenta; however
there was maintenance of the elevated cardiac output and stroke volume index
compared to the baseline at the time of the spinal placement.

Conclusion: While transient maternal hypotension does not seem to
result in adverse short term neonatal outcome, it would be ideal to maintain
maternal cardiac output for both maternal and fetal reasons. Routine use of
NICOM in all C-section patients should be considered, particularly in high risk
obstetric patients where early intervention for developing hypotension and more
importantly reduced cardiac output, is critical.
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Introduction parturients undergoing Cesarean section; however these monitoring

. ) ) ) ) o choices involve invasive techniques. Recently new non-invasive
Hypotension during spinal anesthesia remains a common clinical

issue, particularly during Cesarean sections (C-sections) [1]. If
hypotension does not resolve promptly, maternal complications of
nausea and vomiting are likely occur [2], and if this is persistent; more
serious consequences may result; such as decreased consciousness,
pulmonary aspiration and in extreme but rare instances maternal

methods of monitoring hemodynamic status have been developed
and clinically validated [6,7],which also can provide other useful
hemodynamic indicators in addition to cardiac output (CO), such as
cardiac index (CI) and stroke volume index (SVI). To date NICOM
has not been extensively used in the obstetric operating room, likely

cardiac arrest can occur [3]. Prolonged periods of hypotension can
also lead to reduced placental blood flow compromising the fetus [4].

Early signs of hypotensive episodes are important to recognize,
so that adequate and prompt treatment with vasopressors and/or
intravenous fluid resuscitation occurs, whichever is appropriate [5].
ASA standard monitoring of heart rate (HR) and blood pressure
(BP) are common maternal variables monitored throughout the
operative procedure for C-sections and are used as surrogate markers
for maternal cardiac output (CO), which more directly reflects
uteroplacental perfusion [1]. Direct measurement and monitoring
of maternal cardiac output would be ideal in the management of

due in part to cost and equipment availability.

Here we present the first full description of bioreactance
non invasive cardiac monitor (NICOM™, Cheetah Medical Inc.,
Wilmington, Delaware, USA) use in a series of healthy parturients
undergoing elective Cesarean section under spinal anesthesia, a
monitor that is now routinely used at our institution in the obstetric
operating room.

Methods

Following Institutional Review Board (IRB) approval, a
retrospective review of 13 randomly selected healthy parturients
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Figure 1: NICOM™ monitor used (Cheetah Medical Inc., Wilmington,

Delaware, USA) including lead sets and examples of data and trace recorded.

who had received spinal anesthesia for elective C- section was
performed; patients that had also had a NICOM™ monitor placed
(Figure 1) as well as other standard hemodynamic monitoring was
maintained (NIBP, Pulse Ox and ECG) in addition to NICOM™,
Inclusion criteria for analysis; were pregnant patients undergoing
elective C-section under spinal anesthesia that had full hemodynamic
monitoring during the case, including use of NICOM™. Exclusion
criteria were patients that either did not undergo elective C-section
with spinal anesthesia or did not have all the hemodynamic monitor
information recorded during the C-section. Standard demographic
data, such as age, height, weight, gestational age, IV fluid bolus, the
spinal anesthesia regimen, and vasopressor use, such as epinephrine/
phenylepherine was also collected from these cases.

Hemodynamic variables collected by NICOM™ were: Systolic
blood pressure (SBP), diastolic blood pressure (DBP), heart rate
(HR), cardiac output (CO), cardiac index (CI) and stroke volume

index (SVI). This data was collected and then analyzed at pre spinal
(baseline) value and following 1 minute intervals post spinal up to 10
minutes or until delivery of the fetus, 1 minute intervals after fetus
delivery until delivery of the placenta, and finally 1 minute intervals
after the delivery of the placenta up to 20 minutes after placenta was
removed.

Results

The changes in each of the variables; systolic/diastolic blood
pressure (SBP/DBP), heart rate (HR), cardiac output/index (CO/CI)
and stroke volume index (SVI) are summarized in Table 1 and Figure
2 displays the most significant changes in the first couple of minutes,
for each significant event during the C-section (e.g. before/after spinal
dosing, before/after fetus delivery and before/after placental delivery).
Patient demographic data is summarized in Table 2 and reflects a
typical obstetric patient population in our obstetric operating room.

It can be seen that there is a very significant decrease in SBP
and DBP with a concomitant increase in HR (p <0.001) after spinal
anesthesia placement, however there was no significant change in the
CO, CI or SVI (p> 0.05) during that same period. This change was
maximal at 1 and 2 minutes after spinal anesthesia respectively for
HR and blood pressure. In contrast after delivery of the fetus there
were no significant changes in SBP, DBP and HR (p>0.05), but a
dramatic increase in CO (22.5%), CI (16.3%) as well as SVI (13.6%).
There were no further changes to any of these parameters at delivery
of the placenta, however the elevated cardiac output and stroke
volume index at this level was maintained compared to the base line
at the time of the spinal placement.

All patients received a 500mL intravenous fluid bolus of Lactated
ringers at the time of the spinal placement. 46% patients did not
require any further vasopressor treatment, 23% patients received
a single dose of intravenous ephedrine only (10mg), 15% patients
a single dose of phenylephrine only (100mcg) and 15% patients a
combination of phenylephrine (50mcg, 250mcg) and ephedrine
(15mg, 30mg). The spinal doses used were between 10mg-13.5mg

Table 1:
NICOM . Immediately follow- Immediately follow spinal: |mm_edmtely fo_llowmg fetus- Immediately following fetus delivery:
Hemodynamic Vari- ) . ) delivery CF priorto delivery . )
able spinal lowest/highest value CF baseline offetus lowest/highest value CF baseline
2 MINUTES AFTER SPINAL DOSE
0, *kk 0, *
SBP 4.8% DECREASE 10.6% BELOW BASELINE** NO SIGNIFICANT CHANGE 5.7% DECREASE cf BASELINE
2 MINUTES AFTER SPINAL DOSE
0, *kk 0, *kk
DBP 16.8% DECREASE 22 5% BELOW BASELINE* NO SIGNIFICANT CHANGE 15.5% DECREASE cf BASELINE
PEAK AT 2 MINUTES AFTER DELIV-
HR 10.8% INCREASE™* ! ’\:L)N;;igg/EERBSAF;ISSEEDgSE NO SIGNIFICANT CHANGE ERY
o (10.4% ABOVE BASELINE)**
NO SIGNIFICANT 0 . PEAK AT 2 MINUTES AFTER SPINAL
co CHANGE NO SIGNIFICANT CHANGE 22.5% INCREASE (33.3% ABOVE BASELINE)*™*
NO SIGNIFICANT o - PEAK AT 2 MINUTES AFTER SPINAL
Cl CHANGE NO SIGNIFICANT CHANGE 16.3% INCREASE (36.7% ABOVE BASELINE)™*
PEAK AT 2 MINUTES AFTER DELIV-
SVI NO SCISXIKIFCLEANT NO SIGNIFICANT CHANGE 13.6% INCREASE* ERY
(12.3% ABOVE BASELINE)*
* p<0.05
> p<0.01
*kk p<0.01
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Figure 2: Graphs showing the means (+/- SD) of each variable; Systolic blood pressure (SBP), Diastolic blood pressure (DBP), Heart rate (HR), Cardiac output
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(CO), Cardiac index (Cl) and Stroke volume index (SVI); minutes after spinal placement, fetus and then placenta delivery.
Table 2: Mean (SD).
Age(yrs) Height(in)
27.2 (5.3) 64.3 (3.1)
Weight(lbs) Gestation(weeks)
181.5(37.9) 38.5(1.4)

Bupivacaine, 10-20 mcg Fentanyl and 200mcg preservative free
morphine.

Discussion

While most anesthesia practitioners utilize the standard ASA
hemodynamic parameters such as SBP, DBP and HR, as can be seen
from our data these may not always reflect cardiac output; which is
a more important determinant of uterine fetal perfusion. In addition
to fetal heart rate monitoring, which will drop as uterine blood flow
is reduced [8] there have been different monitoring techniques
utilized such as fetal brain Doppler monitoring, to asses adequate
fetal perfusion [9]; however it would be better to prevent this from
occurring by keeping maternal cardiac output optimal before these
adverse downstream changes develop.
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More commonly used non-invasive cardiac monitor’s use
bioimpedence technology; however this methodology did not
apply as well in the obstetric setting, for a number of reasons;
notwithstanding the susceptibility to patient movement and other
artifacts. Bioreactance monitors analyze the variations in voltage
in each beat as a response to the application of a high-frequency,
trans-thoracic electrode and have a number of advantages over the
previously used bioimpedence based monitors, inaccurate concerns
resulting from signal-noise ratio, variations seen with different
patient body habitus and electrode / skin conductivity . NICOM™
monitoring has been successfully used in cardiac patients, ICU and in
pregnant patients. Validation studies comparing NICOM™ to more
invasive cardiac monitoring, such as semi-continuously monitoring
by thermodilution using a pulmonary artery catheter (PAC-CCO)
have been utilized in cardiac patients and have shown NICOM™ to
be comparable [10].

A recent study investigated potential predictive risk factors
for hypotensive events following spinal anesthesia, and found 50%
of spinal anesthetic C-section cases resulted in hypotensionwith
independent risk factors for this being age, body mass index and peak
level of sensory block. Treatment options for hypotension include
intravenous prophylaxis such as colloid or crystalloid pre-loading and
interventional treatment with fluids or vasopressor medications such
as ephedrine or phenylephrine [11]. Past studies have investigated
the effectiveness of these treatments and analyzed outcomes for
both mother and fetus. However these treatments though effective
for restoring blood pressure readings to normal, may have varying
effects on other hemodynamic variables such as CO, which are more
relevant to fetal perfusion. The other measurements used to assess
cardiac function and hemodynamics in addition to heart rate (HR)
and mean arterial blood pressure (MAP), that are assessed with non
invasive (NICOM™) monitoring, may be more relevant to fetus
placental perfusion. These include a variety of cardiac parameters
such as beat to beat cardiac output (CO), stroke volume index (SVI)
and cardiac index (CI).

The overall incidence rate of Cesarean section has increased as
has the co-morbidities and complicated them [12]. NICOM™ has
been used mostly in ICU settings [13] but has been applied during
pregnancy [14,15]. NICOM™ has also very recently been applied in
pediatric hemorrhagic shock model [16], but there are few reports of
NICOM™ use during surgical procedures. We report the successful
use of bioreactance NICOM™ monitoring of key events such as
post spinal anesthesia, fetal and placental delivery in a case series of
parturients during C-section. Electrical velocimetry has been used
to measure cardiac output to best position a pregnant patient in
the ICU to prevent aorta caval compression [17]. Similarly our use
of bioreactance NICOM™ was shown to be an easy to use monitor
throughout the C-sections, and could provide reliable and valuable
additional hemodynamic information during the surgery. The profile
of each cardiac variable added to the picture of the hemodynamic
status of the patient, and provided information that could be used in
clinical management decisions, as needed.

In conclusion while transient maternal hypotension does not
seem to result in adverse short term neonatal outcome [18,19], it
would be ideal to maintain maternal cardiac output for both maternal

and fetal reasons. Routine use of NICOM™ in all C-section patients
should be considered, particularly in high risk obstetric patients where
early intervention for developing hypotension and more importantly
reduced cardiac output, is critical.
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