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Proactive Management of Intraoperative Hypotension of Diagnosed Preeclampsia in Women 

Undergoing Cesarean Section Under Spinal Anesthesia using ClearSite Noninvasive 

Continuous Monitoring: A Randomized Trial 

Abstract 

Background: Hypertension in pregnancy, including pre-eclampsia, gestational hypertension, 

and chronic hypertension, exhibits a wide range of cardiovascular changes.  The wide range of 

cardiovascular changes in pre-eclampsia is directly related to fluid management due to the 

permeability of water, electrolytes, and plasma shifts from the intravascular space.  The risk 

of pulmonary edema and permanent renal damage leads to a restriction of fluids making fluid 

management and stable hemodynamics difficult in women undergoing a cesarean section 

(CS) under spinal anesthesia.  We hypothesized that using the non-invasive continuous goal-

directed fluid hemodynamic monitoring ClearSite system with EV1000 advanced parameters 

platform by Edward’s LifeSciences would allow proactive management of spinal induced 

hypotension.  Earlier management of hypotension would result in less nausea and vomiting, 

higher APGAR scores, and decease risk of hypertension readmission.   

Reference: 
Fox A, McHugh S, Browne J, Kenny LC, Fitzgerald A, Khashan AS, Dempsey 

E, Fahy C, O’Neill C, Kearney PM. Estimating the cost of preeclampsia in the 

healthcare system: cross-sectional study using data from SCOPE study 

(Screening for Pregnancy End Points).Hypertension. 2017; 70:1243–1249. doi: 

10.1161/HYPERTENSIONAHA.117.09499 

Methods: This study was a randomized clinical trial approved by the Baptist Health 

Institutional Review Board (IRB 21-001) and written informed consent was obtained from all 

subjects participating in the trial.   Women diagnosed with a hypertensive condition that results 

in pre-eclampsia, a pregnancy specific condition which is either mild or severe, undergoing a 

cesarean delivery under spinal anesthesia at Baptist Medical Center Downtown or South 

Campus.  The women were randomized by anesthesia provider on call and all patients were 

required to receive 8mg Zofran prior to spinal administration, neosynpherine titrated to 

maintain mean arterial pressure > 60 mmHg or systolic (SBP) > 80% of baseline.  Spinal 

consisted of hyperbaric 0.75% bupivacaine 12mg, duramorph 150 mcg.  The primary outcome 

was APGAR score, and the secondary outcomes were nausea and vomiting, and maternal 

hypertensive related readmissions.    

Results: Ninety-seven women, thirty in study group and sixty-seven in control group, were 

included in the analysis.  The mean age of study group was 31.73 years, and the control group 



 

 

was 30.64 years of age. The Nausea & Vomiting odds ratio (OR) 0.5439 with 95% Cl 0.2284 

to 1.42952. z Statistic 01.376. Significance level P=0.1689.  Standard Error 0.0894855 

compared to 0.0619034 with both Median and Mode of Study group equal to 1(No Nausea and 

Vomiting) vs both Median and Mode of Control group equal to 2(Yes Nausea and Vomiting). 

Table 2.Using the Mann-Whitney U Test (Wilcoxon Rank Sum Test) for APGAR score of 

study group and control group the null hypothesis is unable to be rejected the z-score is 0.3122. 

The p-value is .37828. The result is not significant at p < .01. 

 

 

 

 

Conclusions:  Our findings suggest that the use of the non-invasive goal directed fluid 

hemodynamic ClearSite management system with EV1000 advanced parameters platform by 

Edward LifeSciences provided a clinically effectiveness and important advantage to proactive 

treatment of spinal anesthesia-induced hypotension in women with pre-eclampsia undergoing 

cesarean section. 

 

Study Description   

Brief Summary: 

 

Pre-eclampsia is a hypertensive pregnancy-specific disorder that is diagnosed after 20 weeks of 

gestation.  Previously normotensive women developed high blood pressure in pregnancy or the 

postpartum period.  Pre-eclampsia can be mild, characterized by systolic blood pressure above 

140 mm Hg and a diastolic blood pressure above 90 mm Hg, or severe, characterized by systolic 

blood pressure is above 160 mm Hg and diastolic blood pressure above 110 mm Hg. The 

presence of proteinuria is no longer required for the diagnosis of pre-eclampsia per the guidelines 

released by the American College of Obstetricians and Gynecologists (A.C.O.G.)  Evidence 

shows kidney and liver issues can occur without signs of protein, and the amount of protein 

detected in the urine does not predict severity or progress of disease.  A.C.O.G. states pre-

eclampsia is now diagnosed by persistent high blood pressure that develops during pregnancy or 

the postpartum period that is associated with high levels of protein in the urine OR the new 

development of decreased blood platelets, trouble with the kidneys or liver, fluid in lungs, or 

signs of brain trouble such as seizures and/or visual disturbances. 

 

Preeclampsia complicates 5-6% of all pregnancies and according to the Pre-eclampsia 

Foundation the rate of pre-eclampsia in the United States has increased 25% in the last two 

decades. Pre-eclampsia is a hypertensive pregnancy specific condition, and the leading cause of 

maternal morbidity and mortality.  Delays in diagnosis and management of pre-eclampsia and 

other hypertensive disorders in pregnancy leads to devastating outcomes of both mother and 

infant. Many preeclamptic patients require cesarean delivery of the infant. Hypotension remains 

a common clinical problem after induction of spinal anesthesia for cesarean delivery. Maternal 

hypotension has been associated with considerable morbidity (maternal nausea and vomiting, 

fetal/neonatal acidemia, and lower APGAR scores.  The decrease of blood pressure greater than 

20% of normal often leads to uteroplacental insufficiency, adding to the already compromised 

fetus. The potential for significant spinal-induced hypotension in the pregnant patient is 

enhanced by the wide range of cardiovascular changes in pre-eclampsia.  The changes are 



 

 

directly related to fluid management due to the permeability of water, electrolytes, and plasma 

shifts from the intravascular space.  The risk of pulmonary edema and permanent renal damage 

in pre-eclampsia leads to a restriction of fluids making fluid management and stable 

hemodynamics difficult in women undergoing a cesarean section (CS) under spinal anesthesia.  

Most pre-eclamptic women deliver healthy babies and recover without serious complications 

making invasive hemodynamic monitoring debatable. Prevention of (relative) hypotension in 

preeclamptic patients is important an it has been shown that no adverse neonatal outcomes occur 

with spinal anesthesia when hypotension is treated adequately.  Available noninvasive 

hemodynamic monitoring offered by ClearSite system.  The noninvasive ClearSite system 

enables adequate profusion and the proactive management of fluid administration when 

companied with the clinical platform of the EV1000 in moderate to high-risk surgical patients 

and patients at risk for complications including pre-eclampsia. 

ClearSite system is a noninvasive continuous blood pressure from a finger cuff and advanced key 

hemodynamic parameters leading to immediate recognition of rapidly changing clinical 

situations(edwards.com). Hypotension is a sign of hemodynamic instability and recent studies 

show associations between intra-operative hypotension and increased risk of acute kidney injury, 

myocardial injury, and leading cause of post-operative mortality within 30 days of cardiac and 

non-cardiac surgery.  The Cleveland Clinic recently showed episodes of intra-operative 

hypotension was reduced by nearly half(P=0.039) with continuous noninvasive monitoring. The 

cause of intra-operative hypotension (IOH) gains clarity through advanced hemodynamic 

parameters of CO, SV, SVV, and SVR targeting treatment of preload, after load, or contractility.  

Continuous hemodynamic monitoring and parameters help provider determine appropriate fluid 

therapy, augmentation of vascular volume, vasopressors, or inotropes.  To our knowledge, the 

ClearSite EV1000 device has not been studied in women diagnosed with pre-eclampsia 

undergoing cesarean section under spinal anesthesia.  The aim of our study is to compare the 

ClearSite EV1000 noninvasive advanced parameter device verses standard monitoring.  The 

primary outcome variable is nausea and vomiting. Secondary outcome variables are hypertension 

readmission, APGAR score, and intake totals. 

 

 

 

Methods: 

Trial design and trial setting 

 

This was an interventional randomized clinical trial of 30 participants with the goal of prevention 

of spinal induced hypotension during cesarean section.  The clinical trial was carried out at 

Baptist Medical Center downtown and south campuses Jacksonville, Florida, from February 8, 

2021 to September 30, 2021.  The study was approved by the Baptist Institutional Review 

Board(IRB 21-001).  All patients gave formal written informed consent, and all information was 

de-identified. 

 

 

 

Participants:  

We included patients 18 years and older who are pregnant and diagnosed 

http://edwards.com/


 

 

with pregnancy related hypertension with or without underlying chronic hypertension or 

gestational hypertension undergoing planned cesarean delivery under spinal anesthesia.  

Exclusion criteria were epidural anesthesia to cesarean section, general anesthesia for cesarean 

section, contraindicated in spinal anesthesia, and all other cases in which researchers determine 

to be inappropriate for this clinical trial. 

 

 

Interventions:  

The aim of this study was to find out whether the incidence of hypotension during surgery can be 

reduced in the case of non-invasive, continuous blood pressure monitoring using the ClearSight 

System in patients undergoing cesarean section under spinal anesthesia, compared to the case of 

using conventional noninvasive blood pressure monitoring.  

The study will be approved by the Baptist Medical Center Institutional Review Board. Eligible 

women admitted to the Labor and Delivery Unit of Baptist Medical Center Downtown and South 

Campuses will be approached for study participation immediately after the routine preanesthetic 

evaluation. This usually occurs shortly after admission to the Labor and Delivery Unit. Women 

who agree to participate will give written, informed consent at this time.  Preparation and 

initiation of spinal anesthesia will proceed according to routine practice at our institution. A 18-

gauge IV catheter will be inserted in the pre-operative labor and delivery suite. An IV infusion of 

lactated Ringer's solution will be started with the goal of 1000cc administered prior to advancing 

to the operating room arena. Patients will be pre-medicated with Pepcid 20 mg and 30ml of 0.3 

M Sodium Citrate prior to procedure for aspiration prophylaxis. Patients will be allowed to rest 

undisturbed for several minutes in the left lateral tilt position, during which heart rate (HR) and 

systolic blood pressure (SBP) will be taken. Baseline HR and SBP will be recorded. The subjects 

will be randomized according to the anesthesia provider on call at the time of scheduled 

caesarean section. The study group will receive standard monitoring with the addition of the 

ClearSite EV1000 noninvasive advanced goal directed therapy device. 

Upon arrival to the operating room, 8mg ondansetron will be given IV and standard monitoring 

will perform, including non-invasive BP, electrocardiography, pulse oximetry, and the 

noninvasive finger probe of the ClearSite EV1000 device.  Oxygen will be given at 3 liter per 

minute by nasal cannula. Fetal heart rate will be monitored by external cardiotocography until 

the time of surgical preparation.  Lactated Ringer's solution will be administered at a rate of keep 

vein open and a phenylephrine 40mcg/cc prepared infusion in off position connected piggyback 

to most distal port, concurrently with the start of the spinal anesthesia procedure. Spinal 

anesthesia will be induced with patients in the sitting position. After sterile skin preparation and 

draping, the skin will be infiltrated with lidocaine, a 25 gauge Whitacre needle will be inserted at 

the L3-L4 vertebral interspace (± one vertebral interspace) and bupivacaine 0.75%, 1.6 mL (12 

mg) and duramorph 150 mcg will be injected intrathecally. Patients will be immediately placed 

supine with left uterine displacement and placement of lower extremity compression bilateral 

calf device. SBP will be measured every 1-minute beginning 1 minute after spinal injection for 

10 minutes, then every 3 minutes for the remainder of the procedure via standard monitoring.  

The noninvasive continuous advanced hemodynamic monitoring will be attached prior to spinal 

anesthesia and continued through the two-hour recovery period, discontinued, and downloaded 

to password protected thumb drive. Patients’ hemodynamic data will be recorded throughout the 

procedure and printed at the end of the surgery. Five minutes after spinal injection, the sensory 

level of anesthesia will be assessed by loss of temperature sensation to T5 and loss of sensation 



 

 

to surgical instrument pinch test prior to timeout.   Pre-incision antibiotics, and uterotonic agents 

will be administered intra-operatively per routine practice. 

The phenylephrine infusion will be initiated immediately after completion of the spinal injection 

at a rate with the goal to maintain SBP ≥ 80% baseline and the MAP> 60mmHg. For this study, 

we will define hypotension as a decrease in SBP to < 80% of baseline or MAP< 60mmHg.  

Clarity through advanced hemodynamic parameters CO (Cardiac Output), SV (Stroke Volume), 

SVV (Stroke Volume Variation), and SVR(Systemic Vascular Resistance) monitored to help 

determine if the cause of IOH(Intra-Operative Hypotension) is  preload, after load, or 

contractility.  The advanced hemodynamic parameters calculated via the non-invasive beat to 

beat hemodynamic ClearSite device by Edwards LifeSciences allows for earlier and appropriate 

treatment of hypotension. 

After delivery, oxytocin 30 IU/500cc will be given by slow IV infusion per routine. The infant's 

1- and 5-minute Apgar scores will be assessed by the neonatologist or neonatal advanced nurse 

practitioner and recorded in addition to nausea and vomiting status of patient during caesarean 

section.  The results of routine umbilical cord blood gas analysis were planned but limited non 

routine analysis of all sample of umbilical cord blood.  An umbilical cord gas sample was drawn 

for every patient, but minimal samples analyzed. 

 

 

Outcomes: 

 

The primary outcome was incidence of nausea and vomiting related to spinal induced 

hypotension.  Hypotension was defined as SBP<80% of baseline SBP or MAP< 60mmHg.  

Secondary outcomes included the incidence of hypotension due to fluid status by ClearSite 

device. [ Time Frame: From spinal anesthesia to delivery]Hypotension was defined as SBP,80% 

of baseline or MAP<60mmHG and SVV (Stroke Volume Variance) < 13 via ClearSite group, 

incidence of hypotension related low APGAR score one minute and five minute post -delivery 

[ Time Frame: at 1 minute after delivery and 5 minutes after delivery ], incidence of 

intraoperative symptomatic hypotension [Time Frame: From spinal anesthesia to delivery]. 

Symptomatic defined as: hypotension plus nausea and/or vomiting and/or dizziness and/or 

breathlessness, cumulative consumptions of intake fluids [ Time Frame: From spinal anesthesia 

to delivery]. Cumulative consumptions of intake fluids (crystalloid, colloid, blood products), 

cardiac output, stroke volume, MAP [ Time Frame: From spinal anesthesia to delivery] only in 

ClearSight System group, the analysis of the differences between the test method (ClearSight) 

and reference method [ Time Frame: From spinal anesthesia to delivery]Bland-Altman analysis. 

 

Randomized sequence: 

 

Patients were randomized by anesthesia provider on call the day of scheduled cesarean section.  

A group of ten mid level anesthesia providers were asked to participate and grouped by first five 

yes responses assigned to study group.   

 

Statistical Methods: 

 

 



 

 

The study is a randomized interventional study, commonly referred to as a clinical trial.   The 

participants are randomly assigned to an exposure (such as a drug, device, or procedure). “The 

primary advantage of this feature (ed: randomized controlled trials) is that if the treatments are 

allocated at random in a sample of sufficient size. Intervention studies have the potential to 

provide a degree of assurance about the validity of a result.  It is often not possible to work with 

an entire population; therefore, random samples of the population are used.  In order to analyze 

the data in terms of how accurately the sample’s mean represents the true entire population the 

standard error is the preferred statistical test.  First, the standard error of the sample is its 

standard deviation from the population mean.  In this study the summary of the descriptive 

statistics are  shown in Table 1 and Table 2. 

Next, a Bland-Altman plot is used to visualize the differences in measurements between two 

different instruments or two different measurement techniques. 

It’s useful for determining how similar two instruments or techniques are at measuring the same 

construct. Table 3 and Graph 1. Table 4 and Graph 2. 

Last, the Mann- Whitney U test was used since it is a nonparametric test that allows two groups 

or conditions or treatments to be compared without making the assumption that values are 

normally distributed.  Table 5. 

 

 

 

 

 

 

 

 

Results: 
Table 1 

https://www.statology.org/bland-altman-plot/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

https://spreadsheetplanet.com/calculate-standard-error-excel/


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Calculate the average difference of Mean Arterial Pressure(MAP) between the two instruments 

(ClearSite vs Standard Noninvasive Blood Pressure Device) along with the upper and lower 95% 

confidence interval limits for the average difference: Bland-Altman Plot  

 
 

Table 3 

19.7333333 Avg diff MAP 

-17.721021 Lower limit MAP 

57.187688 Upper Limit MAP 

  



 

 

 

 

Graph 1 

 

 

Calculate the average difference of Fluid Intake between the two instruments (ClearSite vs 

Standard Noninvasive Blood Pressure Device) along with the upper and lower 95% confidence 

interval limits for the average difference: Bland-Altman Plot 
 

Table 4 

419.866667 Avg Fluid Difference 

-1182.2351 Low Limit Avg Fluid Diff 

2021.96841 High Limit Avg Fluid Diff 

 

 

 

https://www.statology.org/bland-altman-plot-excel/


 

 

Graph 2 

 

 

 

 

 

Table 5 
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https://www.statology.org/how-to-perform-a-mann-whitney-u-test-in-excel/


 

 

 

 

 

 

 

 

Discussion: 

 

Spinal anesthesia is the widespread neuraxial technique for caesarean section delivery due to 

fewer complication rate, superior quality of surgical anesthesia, and rapid onset rate.  Although 

spinal anesthesia is a safe anesthetic choice, it is associated with complications such as 

hypotension and bradycardia.  Studies have shown that after a subarachnoid block, hypotension 

can be substantial, ranging from 10% to 80%.  A cardiorespiratory reflex known as Bezold-

Jarisch(BJ) reflex is believed to trigger hypotension during spinal anesthesia.  The same 

mechanoreceptors and chemoreceptors(5-HT3, 5-HT1B/1D, 5-HT7, and 5-HT2A/2B receptors) 

of the BJ reflex are found in the ventricular walls, and and increase in vagal activity and 

inhabitation of sympathetic outflow produces vasodilatation, bradycardia, and hypotension. The 

receptors are activated by hypervolemia and hypovolemia that results from vasoconstriction 

inhibiting properties of spinal anesthesia.  Blood pressure, heart rate and right atrial pressure all 

decrease proportionally during high and low spinal anesthesia leading to hypotension.  All the 

normal physiological factors resulting in hypotension are magnified with the physiological 

changes of pregnancy. Continuous noninvasive blood pressure monitoring in high-risk pregnant 

women reduced the severity and duration of hypotension compared to standard noninvasive 

intermittent blood pressure monitoring as indicated by the higher average mean arterial pressures 

100mmHg compared to 87.8mmHg in this study.  In addition to the continuous monitoring, the 

ClearSite EV1000 calculates advanced hemodynamic parameters(CO, CI, SVR, SVV) that 

provide superior treatment capability.  Early detection of hypotension avoids remedial steps, 

reducing severity and duration of intraoperative hypotension.  Hypotension is directly related to 

uteroplacental blood flow and fetal oxygen deprivation, even a relatively short duration of 

hypotension is associated with worse outcome.  It has been shown that just a single minute at 

MAP of 50mm Hg increases the risk of mortality 5% in a non-pregnant patient. 

Our results were consistent with  Fabrício TavaresMendonçaLuis CarlosCrepaldi JuniorRafaela 

CarvalhoGersantiKamila Christinede Araújo, who concluded patients that received 8mg 

ondansetron before spinal anesthesia showed reduced incidence of spinal anesthesia induced 

hypotension and vasopressor usage as well as decreased nausea and vomiting. Our results were 

https://www.sciencedirect.com/science/article/pii/S0104001421001019%2522%2520%255Cl%2520%2522!
https://www.sciencedirect.com/science/article/pii/S0104001421001019%2522%2520%255Cl%2520%2522!


 

 

also consistent with Takashi Juri, M.D.et al, who concluded noninvasive continuous blood 

pressure monitoring with the ClearSite EV1000 system of Maternal hypotension during a 

Cesarean Section delivery led to intraoperative hemodynamic stability.  Identification of 

therapeutic and noninvasive monitoring strategies that prevent reflexes and hypotension in 

patients undergoing spinal anesthesia are extremely valuable for anesthesia providers. 

 

 

Conclusion: 

There were no hypertensive related readmissions in neither the study group nor the control group. 

We were able to demonstrate reduced incidence of nausea and vomiting with ClearSite system that 

strongly correlated to higher mean arterial pressure in the study group as well as a low incidence of 

hypotension.  Our findings suggest that the use of the non-invasive goal directed fluid 

hemodynamic ClearSite management system with EV1000 advanced parameters platform by 

Edward LifeSciences provided a clinically effectiveness and important advantage to proactive 

treatment of spinal anesthesia-induced hypotension in women with pre-eclampsia undergoing 

cesarean section. The observed difference is clinically important, even without statistical 

significance, the finding should be pursued (perhaps with a larger and better powered study). 
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