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Estimated continuous cardiac output (esCCO) is a new parameter to estimate and continuously display cardiac output
(CO) and stroke volume (SV) using the electrocardiogram (ECG), blood pressure (BP)*, and a dedicated pulse
oximeter. *Either invasive or non-invasive measurements of BP may be used.
We experienced a case of cesarean section under spinal anesthesia with esCCO monitoring.

Background

In cesarean section under spinal anesthesia, maternal hypotension is likely to occur after the initiation of anesthesia.
Rapid fluid infusion or vasopressor administration is performed with frequent non-invasive blood pressure monitoring
to maintain uteroplacental blood flow. However, there are limited reports of observing continuous changes of CO
after the initiation of anesthesia.
esCCO is a non-invasive continuous CO monitor that uses the negative correlation between SV and pulse wave
transit time (PWTT), which is determined by the time from the R-wave of the ECG to the start of the pulse
oximeter wave and provides continuous display of hemodynamic changes. This report describes our experience of
hemodynamic management with esCCO monitoring during a cesarean section under spinal anesthesia in a pregnant
woman with severe obesity.

Case

A 33-year-old primiparous woman with a height of 164 cm and a body weight of 107 kg had concurrent hypertensive
disorders of pregnancy, severe obesity (BMI of 39.8 kg/m2), and type 2 diabetes. An attempt was made to induce
delivery due to pregnancy-induced hypertension at 37 weeks and 6 days of gestation, but failed. Thus, she underwent
urgent cesarean section under spinal anesthesia. Immediately before the initiation of anesthesia, BP was 166/96
mmHg, heart rate (HR) was 114 bpm, and esCCO was 10.9 L/min. After the initiation of anesthesia, the operating
table was positioned left-tilt and head-down with the patient in the supine position, and crystalloid solution
was rapidly infused. After that, BP was 90/52 mmHg, HR was 86 bpm, and esCCO was 8.04 L/min. 0.2 mg of
phenylephrine was administered as an intravenous bolus twice. After that, BP was 131/52 mmHg, HR was 67 bpm,
and esCCO was 6.33 L/min. After an adequate anesthetic block height was obtained, the operating table was returned
to its original horizontal position. After that, BP was 79/41 mmHg, HR was 72 bpm, and esCCO was 6.29 L/min.
Uterine left displacement, rapid infusion of crystalloid solution, and a bolus of 0.2 mg of phenylephrine led to BP of
121/79 mmHg, HR of 83 bpm, and esCCO of 7.86 L/min (Figure 1).
Events
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Sitting position
Left lateral tilt and low head position
Horizontal supine position
Uterine left displacement
Start of surgery
(v) Skin-to-skin contact
End of surgery

Balance during surgery
Crystalloid solution: 1700 mL
Urine: 400 mL
Blood loss: 1500 mL
(including amniotic fluid)
Total balance: -200 mL

Figure 1 esCCO monitoring in an urgent cesarean section under spinal anesthesia
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Discussion

esCCO decreased after the initiation of anesthesia, but administration of phenylephrine did not always increase
esCCO. Phenylephrine decreases HR due to baroreceptor reflex and may contribute to a decrease in CO.1 During the
course of pregnancy, decreased maternal CO and increased peripheral vascular resistance are associated with reduced
uteroplacental blood flow and fetal growth restriction.2,3 Therefore, anesthetic management to maintain CO during
cesarean section may also be necessary.
After delivery of the fetus, decreases in esCCO caused by oxytocin and bleeding were observed, possibly
coinciding in time with nausea. However, such a coincidence is not known for certain because there were errors
in the esCCO measurement due to body movement-related noise in the ECG or the pulse oximeter. In addition,
esCCO requires approximately three minutes of rest for initial calibration. This may be unsuitable depending on
the degree of urgency of surgery (Figure 2).

Discussion

Factors that may have caused changes in esCCO
Decrease

Initiation of anesthesia, phenylephrine, supine position, bleeding, oxytocin

Increase

Stress of surgery, fluid infusion, uterine left displacement

Treatment of hypotension with
phenylephrine

Immediately after the
initiation of anesthesia

Are there some adverse effects on neonatal conditions?
During the course of pregnancy
• Low maternal CO and high peripheral vascular resistance are associated with
raised impedance of the uterine and umbilical arteries.2

Maternal cardiac output will
decrease and peripheral vascular
resistance will increase

• Cardiovascular dysfunction precedes fatal growth restriction.3
After delivery of fetus

esCCO in cesarean section under spinal
anesthesia

Possibly associated with nausea

[Advantages]

Non-invasiveness, continuous measurement, low cost

[Disadvantages]

Initial calibration for approximately three minutes, temporary interruption of
measurement due to body movement

Figure 2 Discussion of esCCO in an urgent cesarean section under spinal anesthesia

Future expectations

The use of esCCO in clinical practice of cesarean sections provided us continuous information on dynamic changes,
and we got a view that had not been seen with hemodynamic management relying on previous non-invasive BP
monitoring. Visualization of changes in esCCO in the absence of blood pressure measurements may facilitate smooth
responses to hypotension and provide safer anesthesia for mothers and infants.
In addition, an approach to hemodynamic management targeted at maintaining CO requires not only phenylephrine
but also several alternatives, such as fluid infusion and noradrenaline, and esCCO may play a role in assessing these
alternatives. The greatest advantage of esCCO is that we can monitor cardiac output with a combination of ECG,
BP and a dedicated pulse oximeter. In contrast, we expect further technological improvements to ameliorate the
disadvantages of initial calibration time and sensitivity to body movement.

Overall comment

It is important for anesthetic management to supply adequate blood flow and oxygen to tissues and organs. Even
if BP is maintained, oxygen supply might not be assured. We have been using ECG, BP and SpO2 as independent
parameters. However, esCCO will be a breakthrough parameter that provides non-invasive and continuously
useful information for anesthetic management by combining these parameters.
<Kazuya Tachibana, Chief Director, Department of Anesthesiology>
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