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Strategic comparison of fluid management in pre-eclampsia before ce-
sarean section between 1 ml/kg BW/hour of colloid plus 5 mg/hour of
furosemide and 80 ml/hour of crystalloid: Hemodynamic optimaliza-
tion and plasma albumin level improvements

Windu Adi Baskoro', Indro Mulyono', Eddy Harijanto"’

Abstract

Objective: Pre-eclampsia is a major cause of mor-
tality and morbidity in pregnant women and
complicates 7-10% of pregnancies. The specific
protocol for fluids administration in pre-eclamp-
sia has not been used globally with potential gen-
erating pulmonary edema. The process of fluid
shifting that occurs in the interstitial can be as-
sessed objectively with a non-invasive monitor.
The objective of this study was to determine the
impact of colloid 1 ml/kg body weight (BW)/hour
and furosemide 5 mg/hour administration com-
pared with crystalloid 80 ml/hour administration
as fluid therapy in pre-eclamptic patients related
to hemodynamic profile and plasma albumin lev-
els.

Design: An analytical experimental study with a
randomized controlled clinical trial design.
Setting: A single tertiary care center in Tange-
rang, Indonesia.

Patients and participants: Forty patients diag-
nosed with pre-eclampsia who underwent elec-
tive or emergency cesarean section during Au-
gust-December 2020.

Interventions: Patients were randomly divided
into two groups and were given different pre-op-
erative fluids. Group F received 1 ml/kg
BW/hour of hydroxyethyl starch (HES) 6% with

5 mg/hour of furosemide and Group K received
80 ml/hour of crystalloid.

Measurements and results: Demographics, clini-
cal characteristics, albumin level, and hemody-
namic profile were evaluated. The reduction of
albumin levels in Group F was significantly
lower than in Group K. A significant difference
was found in 24th-hour mean arterial pressure
(MAP) (p=0.024), 15th-minute pulse rate
(p=0.033), 24th-hour corrected flow time (FTc)
(p=0.018), 15th-minute to 24th-hour thoracic
fluid content (TFC) (p<0.05), and 24th-hour
pleth variability index (PVI) (p=0.01). Giving 1
ml/’kg BW of colloids and 5 mg/hour of furo-
semide could improve better hemodynamic pro-
files compared to 80 ml/hour of crystalloid based
on evaluation of blood pressure, pulse rate, FTc,
TFC, and PVI from non-invasive monitoring and
also showed a slower reduction in plasma albu-
min level. This result might be due to the mech-
anism of fluid shifting from interstitial to
plasma. However, the adverse events of hypoten-
sion still need to be cautiously monitored.
Conclusion: Colloid and furosemide administra-
tion affect improvements of hemodynamic pro-
file parameters and plasma albumin levels in
parturients with pre-eclampsia.
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Introduction

Pre-eclampsia complicates 7-10% of pregnancies
and has become a major cause of mortality and mor-
bidity in pregnant women in the world. (1) In addi-
tion, pre-eclampsia-related postpartum pulmonary
edema occurred in 70-80% of the cases. (2) Postpar-
tum mobilization of interstitial fluid contributes to
pulmonary edema due to increased pulmonary ca-
pillary wedge pressure (PCWP). Furthermore, de-
creased colloid oncotic pressure and increased vas-
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cular permeability resulting from endothelial dam-
age contribute to the increased risk of pulmonary
edema. (3-5)

To date, there is still no particular guideline for fluid
management in pre-eclampsia, which might be the
underlying causes of the high incidence of pulmo-
nary edema. However, in recent years, FIGO (Inter-
national Federation of Gynaecology and Obstetrics)
has recommended limiting fluid with crystalloids to
80 ml per hour as fluid management in pre-eclamp-
tic patients. Despite that, the maximum total amount
of crystalloid fluid before termination was not stated
in detail. (6)

Pre-eclampsia might damage the glycocalyx and the
underlying system. The damage to the glycocalyx
then leads to a decrease in its thickness, an increase
in microvascular permeability, a decrease in mech-
ano-transduction signaling, and an increase in the
interaction of blood cells with the vessel wall. This
damage triggers extravascular conditions into hy-
pervolemia and intravascular conditions into
hypovolemia. (7)

Furosemide, a loop-active diuretic, has been a
standard treatment in heart failure for the past few
decades. Apart from its primary activity as a diu-
retic, furosemide can also affect the vascular wall
on the cardiovascular system due to the regulation
reflex of the vascular system. Furosemide increases
the drawing of extravascular fluid into intravascu-
lar, which is directly related to albumin levels so
that oncotic pressure increases. (4) Therefore, we
hypothesized that the use of furosemide in pre-ec-
lamptic patients would improve the hemodynamic
profile in pre-eclamptic patients.

Materials and methods

This study was a prospective, randomized con-
trolled clinical trial that compared the use between
1 ml/kg body weight (BW)/hour of colloid plus 5
mg/hour of furosemide with 80 ml/hour crystalloid
in patients with pre-eclampsia who underwent ce-
sarean section at a single tertiary care center. The
study protocol was approved by the institutional re-
view board and all participants provided written in-
formed consent. The primary objective of this study
was to evaluate the impact of the fluid management
given with hemodynamic optimalization and
plasma albumin level improvements.

Patient population

Pregnant women who underwent elective or emer-
gency cesarean section from August to December
2020 and had a diagnosis of pre-eclampsia and were
enrolled in this study. Inclusion criteria were preg-
nant women aged 18 to 40 years old with a singleton
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pregnancy, ASA (American Society of Anaesthesi-
ologists) physical status classification 2-3, body
height 145-175 cm, body mass index 18.5-35 kg/m?,
and agreed to become a participant in the study. Ex-
clusion criteria were patients who had absolute or
relative contraindications for spinal/intrathecal an-
esthesia (such as local infection, sepsis, thrombocy-
topenia [less than 75,000/mm?®], coagulopathy, and
spinal deformities), chronic hypertension, eclamp-
sia, history of cardiovascular or cerebral vascular
disease, history of pregestational and gestational di-
abetes mellitus with blood glucose level more than
200 mg/dl, placental abruption/placenta previa/pla-
centa accrete, umbilical cord prolapse, gestational
age less than 34 weeks, active labor, patients con-
firmed positive for Covid-19, and non-cooperative
patients.

The sample size calculation was based on the previ-
ous study reporting the hemodynamic profile and al-
bumin levels in pre-eclamptic patients. Using an al-
pha (two sides) of 0.05 and beta of 0.2, the sample
size calculated was 18 patients in each group. Con-
sidering the possible loss of follow-up and a drop-
out rate of 10%. The total sample size required was
40 patients.

Definitions

Pre-eclampsia is defined as a syndrome character-
ized by hypertension and positive proteinuria at the
gestational age of more than 20 weeks, without se-
vere symptoms. It may occur at early-onset (gesta-
tional age 21-33 weeks) or late-onset (gestational
age >34 weeks) of gestation. Improvement in the
hemodynamic profile is defined as improvement in
at least 3 from 4 parameters evaluated (corrected
flow time [FTc], thoracic fluid content [TFC], pleth
variability index [PVI], and systemic vascular re-
sistance index [SVRI]).

Methods

This study recruited 40 patients with pre-eclampsia
who underwent cesarean section and met the study
criteria. We randomly assigned the participants into
two groups using permuted block random sampling
with computer-generated assignment through the
independent party from www.randomizer.org.
Group K was given 80 ml/hour crystalloid as fluid
management, and Group F was given 1 mlkg
BW/hour colloid plus 5 mg/hour furosemide. The
patients, treating physicians, and research personnel
were all blinded to the study fluid allocation.

All participants were given oxygen supplementation
with a flow of 2-3 liters per minute with a nasal can-
nula and monitored with a non-invasive blood pres-
sure (NIBP) measuring device, electrocardiogram
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(ECG), pulse oximeter (Sp0O2), and electric veloci-
metry. NIBP measurements were set at 5 minutes
intervals. Intravenous way using 20 G cannula and
Foley catheter to monitor urine output were in-
serted.

Spinal anesthesia was performed and researchers
conducted baseline and intraoperative monitoring of
ECG, pulse, NIBP, SpO2, and electrical veloci-
metry assessment, namely FTc, TFC, PVI, and
SVRI continuously every 5 minutes, and the results
were recorded until the cesarean section was com-
pleted.

The electrical velocimetry used in the study was
ICON® Osypka Medical, Berlin, Germany. The
measurement was performed by using four elec-
trodes, the first position was 5 cm above the base of
the left neck along the internal carotid artery, the
second was at the base of the left neck, the third was
below the left thorax parallel to the xiphoid, and the
fourth was 10-15 cm below the xiphoid in the ante-
rior axillary line. MASIMO® was used on the fin-
gertip of the patient's left hand. After the electrodes
were connected, ICON® was turned on; then, the re-
searchers entered the setup menu, entered patient
data, pressed measure, and recorded the data. TFC
and SVRI were recorded on the study sheet. Next,
MASIMO® was turned on, then recorded data of
FTc and PVL

Albumin levels were measured before being given
treatment and 24 hours after treatment. In addition,
blood pressure, pulse rate, TFC, FTc, PVI, and
SVRI were measured before treatment (baseline), 5
minutes (I), 10 minutes (II), 15 minutes (III), 20
minutes (IV), 30 minutes (V), 45 minutes (VI), 60
minutes (VII), and 24 hours (VIII) after treatment.
Baseline characteristics, including age, body height,
body weight, body mass index, baby birth weight,
Apgar score, operating time, and previous history of
cesarean section were also recorded.

Statistical analysis

SPSS software (version 21.0; IBM) was used for
statistical analysis. Patients’ demographic and clin-
ical characteristics were reported using mean
(standard deviation [SD]) or median (interquartile
range [IQR]) or number (percent). The comparison
of data between two groups was analyzed using chi-
square or Fisher’s exact test for categorical data.
The independent t-test was used for numeric data
with normal distribution and the Mann-Whitney test
for numeric data without normal distribution. Fried-
man test and general linear model (GLM) analysis
test were performed to measure the association be-
tween clinical variables. A p-value of less than 0.05
was considered statistically significant.
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Results

Forty parturients were randomized into Group K
(n=20) and Group F (n=20). There was a significant
difference in the mean age between the two groups,
with the mean age of Group K being higher than that
of Group F, namely 34.3+4.1 years and 29.6+5.9
years (p<0.05). The previous history of cesarean
section was significantly more common in Group F,
i.e., ten subjects (50%), while in Group K were three
subjects (15%) (p<0.05). Other characteristics were
equivalent between the two groups (p>0.05) (Table
1).

A significant difference in post-operative albumin
levels between the two groups (p<0.001) was re-
ported, with median postoperative albumin levels in
Group F higher than in Group K, which was 2.9
mg/dl and 2.6 mg/dl, respectively. The decrease in
plasma albumin levels in Group F was significantly
lower than in Group K (p=0.002) (Table 2).

There was a significant difference in mean arterial
pressure (MAP) at 24 hours (p=0.024), with the me-
dian MAP of Group F being 93.5 mmHg, lower than
Group K, which was 99.0 mmHg. The median pulse
rate at 15 minutes (p=0.033) in Group F was signif-
icantly lower than Group K, 88 bpm, and 92 bpm,
respectively. There was a significant difference in
TFC at the time of measurement from 15 minutes to
24 hours (p=0.033; p=0.009; p=0.005; p=0.011;
p=0.018; p<0.001), with the median TFC of Group
F lower than Group K at the time of measurement
from 15 minutes to 24 hours. A significant differ-
ence in FTc at 24 hours was reported (p=0.018),
with the median FTc of Group F being 352.0 ms,
higher than Group K, which was 316.0 ms. There
was a significant difference in PVI at 24 hours
(p=0.01), with the median PVI of Group F being
11.0% lower than that of Group K, which was
19.5%. However, there was no significant differ-
ence in those parameters between the two groups at
other measurement times. Furthermore, there was
no significant difference in SVRI between the two
groups at all times of measurement.

Friedman analysis test was performed to analyze the
difference between the time of measurement in both
groups. We found a significant difference in MAP
(p<0.001), pulse rate (p<0.001), and SVRI between
measurement times in Group K. Meanwhile in
Group F, we found a significant difference in MAP
(p<0.001), pulse rate (p<0.001), TFC (p<0.001),
FTc (p<0.001), and PVI (p<0.001) between meas-
urement times. The median MAP trend in Group F
was lower than Group K from the 15-minute to the
24-hour measurement times (Figure 1). The median
pulse rate trend in both groups tends to decrease
from the baseline measurement time to 24 hours
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(Figure 2). The median trend of TFC in Group F
has decreased from baseline to 24 hours, meanwhile
in Group K tends to be stable (Figure 3). The me-
dian trend of FTc in Group F became higher from
the 15-minute to the 24-hour measurement, with a
decline at 60-minute of measurement (Figure 4).
The median PVI trend in Group F was initially
higher at the time of the baseline measurement but
then became lower from the 5-minute to 24-hour
measurement (Figure 5). The median SVRI trend in
Group F increased at the time of the baseline to 24-
hour measurement (Figure 6).

Discussion

Pulmonary edema is the most common cardiopul-
monary complication in pre-eclamptic patients,
with a prevalence of about 3%. Pulmonary edema
often occurs in the peripartum or post-partum phase.
(8) Patients with pre-eclampsia have a lower oncotic
pressure than in normal pregnancy due to protein
loss through urinary excretion. Blood volume ex-
pansion fails to occur in severe pre-eclampsia due
to decreased intravascular volume, generalized vas-
oconstriction, and haemoconcentration, resulting in
pulmonary edema. (9,10) Patients with pre-eclamp-
sia generally experience hemodynamic changes
characterized by high systemic vascular resistance,
low right and left ventricular filling pressures, in-
creased cardiac index (CI), hyperdynamic left ven-
tricular function, and normal or high PCWP. There
is an increase in capillary permeability and right
ventricular diastolic pressure, resulting in acute pul-
monary edema in severe pre-eclampsia. (9) Exces-
sive intravenous fluid therapy accompanied by
other pathological mechanisms will increase the hy-
drostatic pressure in the pulmonary vasculature.
Therefore, a maximum fluid restriction of 80
ml/hour is used in pre-eclamptic patients. (10,11)
We found that the median albumin levels in Group
F were significantly higher than in Group K and the
decrease in albumin levels in Group F was signifi-
cantly lower than in Group K. The results of this
study can illustrate that administration of colloids
and diuretics can inhibit more progressive albumin
loss in pre-eclamptic patients as well as increasing
colloid osmotic pressure (COP). No previous study
examined the comparison of albumin levels in pre-
eclamptic patients who received crystalloid fluid re-
striction and received colloids and furosemide in
preventing the incidence of pulmonary edema. It
was also mentioned that no studies were using other
colloids as fluid therapy in pulmonary edema pa-
tients. (12,13) Previous research by van der Heijden
et al mentioned that colloids in critically ill patients
with hypovolemia have increased plasma volume,

22

cardiac index, and central venous pressure more
than crystalloids. In addition, COP increased with
colloid administration. In contrast, crystalloid ad-
ministration decreased COP, but pulmonary edema
was not affected by the type of fluid, which was
probably caused by pulmonary protective factors
such as changes in interstitial pressure and lymph
flow, thereby preventing pulmonary edema. (14)
However, Wahjoeningsih said that the administra-
tion of crystalloids or colloids in pre-eclamptic pa-
tients was still controversial as some cases showed
varying conditions from low COP and leaky capil-
laries to cause non-cardiogenic pulmonary edema.
(15) In this study, the administration of diuretics
combined with colloids could overcome fluid over-
load due to fluid mobilization, extravascular and hy-
drostatic-oncotic changes. The pathology of capil-
lary permeability in pulmonary edema is still un-
clear but may be caused by endothelial damage. van
der Heijden et al (14) reported that administering
hydroxyethyl starch (HES) to patients with acute
lung injury (ALI) could improve pulmonary perme-
ability and reduced pulmonary leakage index (PLI).
In this study, the trend of mean MAP in Group F
was lower from 15-minute to 24-hour. The results
of this study were in line with previous meta-anal-
yses, which stated that administration of colloid ex-
pansion in pre-eclamptic patients was significantly
associated with lower systolic and diastolic pres-
sure, but not significantly on the cardiac index (CI).
(16)

There was no statistically significant difference be-
tween the time of measurement and the treatment
groups in our study. However, the median pulse rate
in group F was lower from the baseline measure-
ment time to 24 hours. These results were consistent
with several previous prospective studies that there
was no significant change in pulse rate and CI after
administration of fluid expansion with colloids.
Pulse wave analysis studies showed significant var-
iability in the stroke volume responsiveness of pa-
tients with severe pre-eclampsia after administra-
tion of colloid bolus before spinal anesthesia. This
variability indicates that fluid restriction is safer to
use if there is no modality to monitor stroke volume.
There is a negative correlation between changes in
pulse rate and stroke volume after administration of
colloids, which means that if the pulse rate increases
drastically, it is necessary to limit further fluid ad-
ministration. (16)

The trend of the median TFC in Group F was ini-
tially higher at the baseline measurement time but
then became lower from the 5-minute to 24-hour of
measurement. In parturients with pre-eclampsia,
TFC is a good tool for detecting pulmonary edema.
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The high negative predictive value of the test makes
it a useful screening test to exclude pulmonary
edema. (17) The patient population treated empiri-
cally with diuretics showed significantly lower
TFCs than patients treated with other antihyperten-
sive drugs, untreated patients, and control subjects.
(18)

There was a significant difference in FTc at 24-hour
measurement in our study. A randomized controlled
study by Tamilselvan et al (19) reported that FTc
increased significantly compared to baseline in all
groups, both crystalloid and colloid administration
after fluid loading. However, after spinal anesthesia,
FTc remained significantly higher than baseline
only in the colloid group. Another study by McDon-
ald et al (20) showed that FTc increased signifi-
cantly above baseline in both the colloid (HES) and
crystalloid groups, with a lasting effect in the col-
loid group for 20 minutes but only up to 10 minutes
in the crystalloid group. The FTc was significantly
higher than baseline in the colloid group but not in
the crystalloid group, and this might be due to the
ability to maintain adequate intravascular expan-
sion. Therefore, it is important to recognize condi-
tions in which a patient may be volume overloaded
but have a low FTc due to pathological limitations
in LV preload (pulmonary embolism, mitral steno-
sis, tamponade). (21)

Our study showed that the trend of the median PVI
in Group F was initially higher at the time of the
baseline measurement but then became lower from
the 5-minute to 24-hour measurement. Greater PVI
is associated with hypotension after spinal anesthe-
sia for a cesarean section but may not be a clinical
helpful predictor. (22) The PVI value can be influ-
enced by factors such as ambient temperature, pa-
tient stress, and anxiety. (23) Meanwhile, according
to the study of Kuwata et al, PVI after spinal anes-
thesia was a good predictor of spinal anesthesia-in-
duced hypotension in patients undergoing cesarean
delivery. (24)

Regional anesthesia can decrease SVRI and cause
hypotension. Colloid infusion as a preload has been
shown to be more effective than crystalloid in re-
ducing the incidence of hypotension and increasing
cardiac output. (25,26) Meanwhile, in this study,
there was no significant difference in SVRI between
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the two groups at all times of measurement. How-
ever, the median SVRI in Group F was higher at the
time of the baseline measurement compared to the
24-hour one. This result was different from the
study of Pretorius et al (16), which showed a signif-
icant reduction in systemic vascular resistance after
volume expansion with colloids.

Study limitations

This study has a limitation as we only used the mod-
ern non-invasive hemodynamic profile assessment
method. However, the hemodynamic changes asso-
ciated with pulmonary edema in pregnant women
with severe pre-eclampsia are complex and involve
multiple factors. In addition, this research was only
carried out at one research center to affect the sig-
nificance of the research results. The distribution of
characteristics in each equal treatment group is ex-
pected to represent the general population's actual
results. Further studies with larger samples and re-
search centers are still needed to analyze fluid ther-
apy in pre-eclamptic patients further and monitor
hemodynamic profiles to obtain more optimal ma-
ternal and neonatal outcomes.

Conclusion

There was an improvement in the hemodynamic
profile of blood pressure, TFC, FTc, and a lower de-
crease in plasma albumin value in pre-eclamptic pa-
tients undergoing cesarean section who received
colloid administration of 1 ml’kg BW/hour and fu-
rosemide 5 mg/hour. However, there was no im-
provement in the hemodynamic profile of pulse rate,
PVI, and SVRI. Therefore, administration of colloid
1 ml/’kg BW/hour and furosemide 5 mg/hour can be
used as an alternative to preoperative fluids in spinal
anesthesia for cesarean section with pre-eclampsia
because it can prevent a decrease in albumin levels
and improve FTc and TFC after spinal anesthesia.
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Table 1. Patients’ characteristics

Group K (n=20) Group F (n=20) p-value
Age, mean£SD (years) 34.3+4.1 29.6+5.9 0.006*
Height, mean+SD (cm) 155.4+4.9 154.445.1 0.513*
Weight, mean+SD (kg) 76.8+10.3 72.2+10.4 0.166*
BMI, median (min-max) (kg/m?) 31.3 (25.8-43.0) 30.0 (22.9-36.8) 0.192%*
Baby birth weight, mean+SD (g) 2491.0+386.0 2561.5+600.7 0.662*
Apgar score, 1st-minute, median (min- 7 (6-8) 7 (6-8) 0.841%*
max)
Apgar score, Sth-minute, median (min- 8 (7-9) 8 (7-9) 0.620**
max)
Operating time, median (min-max) 60 (60-90) 60 (60-70) 0.779**
(minutes)
History of cesarean section (yes), n (%) 3 (15.0%) 10 (50.0%) 0.018%**
Albumin pre-operatif, median (min-max) |3.1(2.1-3.4) 3.1(2.8-3.5) 0.096**
(g/dl)
Baseline MAP, median (min-max) 110.5 (94.0-130.0) 108.0 (98.0-139.0) 0.620**
(mmHg)
Baseline HR, median (min-max) (bpm) 101.5 (88.0-125.0) 99.5 (80.0-130.0) 0.583**
Baseline FTc, median (min-max) (ms) 315.5(241.0-413.0) 313.5(272.0-365.0) (0.883**
Baseline TFC, median (min-max) (kOhm- |36.0 (20.0-48.0) 36.5 (26.0-50.0) 0.659**
9]
Baseline PVI, median (min-max) (%) 18.0 (3.0-28.0) 19.0 (13.0-26.0) 0.383**
Baseline SVRI, median (min-max) (dynes |1930.5 (1450.0-3142.0) |2300.5 (1010.0-2867.0) |0.301**
« sec/cm’/m?)

Legend: SD=standard deviation; BMI=body mass index; MAP=mean arterial pressure; HR=heart rate;
FTc=corrected flow time; TFC=thoracic fluid content; PVI=pleth variability index; SVRI=systemic vascular
resistance index.

*independent t-test, **Mann-Whitney test, ***chi-square test

Table 2. Comparison of pre- and post-operative plasma albumin level

Plasma albumin level, median (min-max) (mg/dl) | Group K (n=20) |Group F (n=20) |p-value
Pre-operative 3.1(2.1-3.4) 3.1(2.8-3.9) 0.096*
Post-operative 2.6 (2.0-3.0) 2.9 (2.5-3.4) <0.001*
Delta -0.4 (-0.6-(-0.1)) |-0.2 (-0.6-(-0.1)) |0.002*

Legend: *Mann-Whitney test.
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Figure 1. MAP trend in Group K and Group F
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Legend: MAP=mean arterial pressure.

Figure 2. Heart rate trend in Group K and Group F

140
130 T
120 1
110

100
90

~

Heart rate (bpm)

80 L

70

60

NN AN

.Q .Q

e Group K

e Group F

Measurement time

Crit Care Shock 2022 Vol. 25 No. 1

25



Figure 3. FTc trend in Group K and Group F
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Legend: FTc=corrected flow time.

Figure 4. TFC trend in Group K and Group F
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Figure 5. PVI trend in Group K and Group F
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Figure 6. SVRI trend in Group K and Group F
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