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Abstract 

Preeclampsia (PE) is a pregnancy-specific syndrome characterized by maternal cardiac output (CO) alterations and relative hypovolemia. 
In patients with PE is mandatory to predict Fluid Responsiveness (FR), above all if caesarean section (CS) under spinal anesthesia is required. 
The fluid challenge (FC) is a diagnostic approach to hemodynamic management which aims at identifying the patients who respond to fluid 
administration with an increase in CO. We present a case series to evaluate the effectiveness of a FC in increasing Cardiac Index (CI) in a group 
of preeclamptic patients using a continuous pulse-contour analysis. We studied the percentage of patients with PE scheduled for caesarean 
delivery who had a 15% increase of CI after a FC, in comparison with a control group of healthy pregnant patients. At baseline the patients in 
PE group showed higher Mean Arterial Pressure (MAP) and lower Stroke Volume Index (SVI). Fifteen patients were non responders (69% of the 
patients in PE group and 46% of the patients in control). We suggest that the hemodynamic measurement of CI is useful to guide fluid therapy 
in pregnant woman with PE, and caution should be taken during fluid administration in all healthy pregnant woman at term.

Abbreviations: PE: Preeclampsia; CO: Cardiac Output; CS: Caesarean Section; FC: Fluid Challenge; CI: Cardiac Index; MAP: Mean Arterial 
Pressure; SVI: Stroke Volume Index; FR: Fluid Responsiveness; SV: Stroke Volume

Introduction 
Preeclampsia (PE) is a pregnancy-specific multi-organ syn-

drome secondary to generalized vascular endothelial activation 
and vasospasm [1,2]. Maternal hemodynamic state is characterized 
by high vascular resistances, cardiac output (CO) alterations and 
relative hypovolemia [2]. Above all the women who develop “early 
onset” PE (time of the diagnosis at or before 34 weeks of gestation-
al age) show evidence of left ventricular mild diastolic dysfunction 
and segmental impaired myocardial relaxation [2]. Several authors 
stated that assessment of maternal hemodynamic in women with 
PE is fundamental for appropriate fluid management [3,4]. Insuf-
ficient intravascular volume as fluid excess can lead to life-threat-
ening scenarios, such as decreased oxygen delivery to tissues with 
multiorgan dysfunction, or fluid extravasation and pulmonary 
oedema [4]. Poor fluid management in PE has been reported as 
leading cause of admission to an intensive care unit and maternal 
deaths [3]. 

In these patients is mandatory to predict fluid responsiveness 
(FR), especially if caesarean section under spinal anesthesia is 
required, as adequate fluid therapy aimed at optimization of 
CO could be effective to prevent spinal induced hypotension and  

 
uteroplacental hypoperfusion [5]. Different studies suggested 
some strategies to evaluate fluid responsiveness [3,6]. but the 
debate about the best way to assess it is still open. The fluid 
challenge (FC) is a reliable diagnostic approach to hemodynamic 
management which aims at identifying the patients who respond 
to fluid administration with an increase in blood pressure or CO 
[7,8]. To our knowledge, FC with CO analysis was never tested in 
PE. We, therefore decided to evaluate if a FC might have the ability 
to predict FR in a group of preeclamptic patients using a continuous 
pulse-contour analysis.

Patients
After internal Medical Ethics Committee approval and 

collection of informed consent to analysis and publication of data 
from the women enrolled, we studied the percentage of patients 
with early-onset PE scheduled for caesarean delivery (13 patients, 
PE Group) who had a 15% increase of Cardiac Index (CI) after a FC, 
in comparison with a control group of  healthy pregnant patients 
(13 patients, CC Group) undergoing caesarean section for placenta 
previa. Non-invasive hemodynamic monitoring was performed in 
all patients as internal clinical practice in our centre. In PE group 
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all the patients were treated with Metildopa 500 mg 3 times daily, 
plus Nifedipine 30 mg twice a day for 2 cases.  LiDCO plus monitor 
(LiDCO Ltd., Cambridge, UK) was used to calculate stroke volume 
(SV) from arterial waveform by autocorrelation algorithm [9]. 

Two consecutive calibrations with lithium chloride were used 
to convert nominal to actual SV and CO. We gave an arbitrary value 
of central venous pressure of 5 mmHg. We considered as baseline 
values the registration of one minute recorded three minutes after 
calibration of the monitor. The test of fluid responsiveness was 
carried out with Ringer Lactate solution 500 ml infused within 5 min. 
Data were elaborated with LiDCOviewTM program. The analysis of 
modification of hemodynamic variables minute to minute during FC 
was performed. Differences between the absolute value of variables 
within each group were studied, and baseline was chosen as control 
variable. For each hemodynamic variable the differences between 
PE and CC were evaluated by means of Unpaired t-test or Mann-

Whitney test when appropriate. The percentage of increase in CI, 
the difference between PE and CC and rate of early complication in 
both groups were evaluated.

Results
At baseline the patients in PE group showed higher mean 

arterial pressure and lower Stroke Volume Index, as compared to 
CC as showed in (Table1), but only the difference in MAP reached 
statistical significance.  Overall 15 patients were not able to respond 
to FC with an increase in CI (non-responders, NR): 9 patients (69%) 
were in PE group, while 6 (46%) in CC group. Among responders 
the mean C.I. average (ΔCI) was 1.1 + 1.5 L/min/m2, SVI mean 
raise was 6.4 + 8.8 ml/m2/beat. No significant changes in HR, MAP 
and SVRI was recorded (Figure 1) shows the distribution of fluid 
responsiveness in the two groups: ΔCI after FC was significantly 
lower in women with severe PE (p=0.002). 

Figure 1:Box-and-whisker plot of Delta C.I., variation of cardiac index induced by fluid challenge (L/min/m2), in 13 women 
with severe preeclampsia (PE group) and in 13 healthy controls. Delta C.I. was higher in CC group than in PE group (p = 
0.002). *p<0.05. Boxes with internal lines represent median and interquartile range and whiskers are range.

Table 1: Hemodynamic data of the two group of patients at baseline. The patients in PE group showed higher mean arterial pressure 
(* = p<0.05).

Baseline CI (L/min/m2) SVI (mL/m2/beat) MAP(mmHg) HR (beats/min) SVRI(dynes-sec-5/m2)

PE Group 3.7 ± 1.0 38.4 ± 14.1 118 ± 7 90 ± 14 2609 ±741

CC Group 3.8 ± 1.4 48.0 ± 9.3 94 ± 13 78 ± 20 2084 ± 929

p = 0.86 0.07 0.002* 0.21 0.10

Discussion
In normal pregnancy vascular dilation, reduction in arterial 

pressure and increased heart rate cause an increased CO.  In PE, both 
a “hyperdynamic” state with high CO and low vascular resistance 
and a “hypodynamic” state with high resistances, low CO and low 
plasma volume are described [1,2]. Particularly the so called “early-
onset” PE (before 34 weeks of gestation) is characterized by high 
vascular resistance and low CO, whereas “late onset” preeclampsia 
is dominated by high CO and low vascular resistance [1,2]. In 
early-onset preeclampsia, the endothelial dysfunction produces 
the haemodynamic changes, organ dysfunction and foetal growth 

restriction [1]. Several authors studied haemodynamic in PE using 
noninvasive monitoring tools, demonstrating these findings [2]. At 
our knowledge this is the first study to evaluate the ability of a FC to 
increase CO in spontaneously breathing patients affected by severe 
PE by a beat-to-beat analysis of SV.  Our findings are in accordance 
with previous data [2,3,10]. Brun et al studied a population of 44 
patients affected by severe PE and reported that only 52% of the 
patients who developed oliguria responded to a fluid challenge [3]. 
The authors outlined the poor predictive value of clinical features 
such as oliguria to assess fluid responsiveness and guide fluid 
management [3]. 
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Ambrozic et al showed that severe PE is associated with 
ultrasound evidence of increase in extravascular lung water and 
disturbed diastolic left ventricular function compared with healthy 
pregnancies, and they found only a small proportion (about 14%) 
of women with severe PE to be fluid responsive to passive leg 
raising [10]. Moreover, they observed a small percentage (67%) of 
fluid responders to passive leg raising also among control group of 
healthy pregnant women at term. Nevertheless the compression 
of inferior vena cava by the gravid uterus in pregnant women at 
term, and the increased abdominal pressure make questionable the 
validity of passive leg raising in these clinical scenario, despite some 
authors argued in favor of it [3,11]. In our opinion is remarkable 
the finding that about one in two patients among healthy pregnant 
resulted NR to FC. A reduction in diastolic performance could be 
the main reason of these findings. Indeed Melchiorre et al. showed 
a tendency toward reduced diastolic reserve and impaired chamber 
diastolic function in a large population of pregnant women at term 
subjected to echocardiography [12]. A mild degree of diastolic 
dysfunction and segmental myocardial diastolic dysfunction 
were seen respectively in 17,9% and 28,4% of the women [12]. 
FC seems to be a reliable test that not requires specific expertise 
as compared to echocardiographic assessment. Moreover, it does 
not add invasively manoeuvre to PE normal management, but it 
allows a continuous monitoring that potentially might be useful to 
address and evaluate different therapeutic strategies according to 
fluid responsiveness. Further studies are required to evaluate the 
benefit of this monitoring in guide clinical decision. In conclusion 
we suggest that the hemodynamic measurement of CO and SV 
may be useful to guide fluid therapy in pregnant woman with SPE; 
moreover, caution should be taken during fluid administration in 
healthy pregnant woman at term undergoing to surgery.
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