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Goal-directed Fluid Therapy May Improve Hemodynamic
Stability of Parturient with Hypertensive Disorders of
Pregnancy Under Combined Spinal Epidural Anesthesia for
Cesarean Delivery and the Well-being of Newborns

Wei Xiao', Qing-Fang Duan', Wen-Ya Fu', Xin-Zuo Chi?, Feng-Ying Wang?, Da-Qing Ma?, Tian-Long Wang', Lei Zhao'

"Department of Anesthesiology, Xuan Wu Hospital, Capital Medical University, Beijing 100053, China
*Department of Obstetrics and Gynecology, Xuan Wu Hospital, Capital Medical University, Beijing 100053, China
3Department of Surgery and Cancer, Pain Medicine and Intensive Care, Faculty of Medicine, Chelsea and Westminster Hospital, Imperial College,
London, United Kingdom

Background: Hypotension induced by combined spinal epidural anesthesia in parturient with hypertensive disorders of pregnancy (HDP)
can easily compromise blood supply to vital organs including uteroplacental perfusion and result in fetal distress. The aim of this study
was to investigate whether the goal-directed fluid therapy (GDFT) with LiDCOmpi , System can improve well-being of both HDP parturient
and their babies.

Methods: Fifty-two stable HDP parturient scheduled for elective cesarean delivery were recruited. After loading with 10 ml/kg lactated
Ringer’s solution (LR), parturient were randomized to the GDFT and control group. In the GDFT group, individualized fluid therapy
was guided by increase in stroke volume (ASV) provided via LiDCOrapi 4 system. The control group received the routine fluid therapy.
The primary endpoints included maternal hypotension and the doses of vasopressors administered prior to fetal delivery. The secondary
endpoints included umbilical blood gas abnormalities and neonatal adverse events.

Results: The severity of HDP was similar between two groups. The total LR infusion (P < 0.01) and urine output (P < 0.05) were higher
in the GDFT group than in the control group. Following twice fluid challenge tests, the systolic blood pressure, mean blood pressure,
cardiac output and SV in the GDFT group were significantly higher, and the heart rate was lower than in the control group. The incidence
of maternal hypotension and doses of phenylephrine used prior to fetal delivery were significantly higher in the control group than in
the GDFT group (P < 0.01). There were no differences in the Apgar scores between two groups. In the control group, the mean values
of pH in umbilical artery/vein were remarkably decreased (P < 0.05), and the incidences of neonatal hypercapnia and hypoxemia were
statistically increased (P < 0.05) than in the GDFT group.

Conclusions: Dynamic responsiveness guided fluid therapy with the LiDCOrapi 4 System may provide potential benefits to stable HDP
parturient and their babies.
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INTRODUCTION complications associated with HDP are placental abruption,
hemolysis, elevated liver enzymes, low platelets syndrome,
disseminated intravascular coagulation, neurologic deficits,
pulmonary edema and acute renal failure.y Widespread
endothelial dysfunction can also occur in the placenta
that ultimately leads to placental ischemic injury or even
infarction.!

Hypertensive disorder of pregnancy (HDP), a multisystem
disorder unique to pregnancy, is one of the leading causes of
maternal morbidity and mortality." It, complicating 3—8%
of pregnancies, is responsible for fetal growth restriction
and preterm birth.”! Elevated blood pressure (BP) is
considered to compensate the reduced maternal-fetal blood
flow due to systematic arteriole spasm.! Major maternal Perioperative management of parturient with HDP is a

great challenge. HDP is prone to peripheral edema while
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pressure. Plasma volume in parturient is decreased, and
indeed, it has been reported that 600-800 ml/m? of plasma
volume deficit occurred in such patients when compared
to normal pregnant woman.[l Severe preeclampsia may
be accompanied with cardiac dysfunction, reduced oncotic
pressure, elevated hydrostatic pressure and pulmonary
capillary leak, all of which lead to pulmonary edema.l®
Parturient with severe preeclampsia is poorly tolerant to
overhydration if the ventricular dysfunction is present and
is also sensitive to sympathetic blockade.

Cesarean delivery, which is usually applied to terminate
pregnancy in such parturient, is currently popular to be
performed under combined spinal epidural anesthesia (CSEA).
Singh et al."! suggested that spinal anesthesia could be safely
used for lower segment cesarean delivery in stable eclamptic
patients to avoid risks of general anesthesia.

However, this anesthetic regimen may lead to maternal
hypotension and subsequent uteroplacental hypoperfusion.”!
The hemodynamic instability, which HDP parturient are
sensitive to, is mainly produced by profound peripheral
vasodilation and subsequent reduce in cardiac output (CO)
following CSEA!'” and hence in turn deteriorates
uteroplacental hypoperfusion.!''! Thus, adequate fluid
therapy, which is aimed at the optimization of maternal
organ perfusion and prevent CSEA induced uteroplacental
hypoperfusion, should be of importance. Robson et al.'
have reported that the uteroplacental perfusion is dependent
on maternal CO in parturient under CSEA. Accordingly, the
use of goal-directed fluid therapy (GDFT) with the LiDCO
system targeted at optimizing maternal stroke volume (SV)
may be beneficial.

GDFT, arecent advance in perioperative fluid management,
enables to optimize hemodynamics and oxygen delivery.['”
Perioperative GDFT has been proven to reduce the risk of
postoperative organ dysfunction and morbidity.!" LiDCOmpi ”
system,''* a noninvasive method to achieve SV optimization,
is in principle to maintain the plateau of the Frank-Starling
curve by SV variation or increase in SV (ASV). LiDCO_
with CNAP develops an arterial waveform noninvasively by
applying oscillometric pulse pressure to the finger signal and
shifting the amplified curve to the oscillometric pressure. The
PulseCO algorithm, which is validated by LiDCOplus,“S’”’]
is employed in LiDCOrapi 4 System and used to estimate SV
using an autocorrelation formula and a patient-specific
calibration factor calculated by in-vivo data.l'” In this study,
we will evaluate if GDFT strategy used with the LiDCOrapi "
system (LiDCO Ltd., Cambridge, UK) could improve
maternal hemodynamics and neonatal health outcomes for
stable HDP parturient undergoing CSEA.

MEeTHODS

Patients

After obtaining approval from Ethical Committee and written
informed consent from parturient, 52 parturient with stable
HDP presenting for elective cesarean delivery were recruited

to this study. Parturient with HDP includes gestational
hypertension and preeclampsia; and the severity of HDP
of patients was diagnosed by obstetricians accordingly.l**
All the parturient were followed up for 12 weeks following
delivery and confirmed the diagnosis by obstetricians.
Inclusion criteria were term parturient with late onset
stable HDP. The late onset HDP!"®8] means the onset of
hypertension is after 34 weeks gestation. The definitions™ of
stable HDP include: (1) Conscious, cooperative, responding
parturient, (2) no convulsive episode for at least 12 h,
(3) no papilledema, (4) no other signs of raised intracranial
pressure, (5) parturient receiving magnesium sulfate or
antihypertensive therapy, (6) without any other systemic
complications such as congestive heart failure, pulmonary
edema, acute renal failure or hepatic failure, (7) urine
output more than 0.5 ml-kg™'-h™!, (8) platelet count more
than 100 x 10° cells/L. All the recruited parturient were
randomly allocated by the computer generated random-digit
to the control (7 =26) and GDFT group (n =26) [Figure 1].
Parturient with the following situations were excluded from
this study: American Society of Anesthesiology II1-V, twin/
multiple pregnancies, contraindications for spinal anesthesia,
known fetal abnormalities and coexisting maternal diseases
except HDP, early onset HDP, gestational weeks <37 weeks,
unstable HDP, and patients who were not willing to
participate in the study. In total, 20 patients were excluded
from this study.

Protocols

After arrival in the operating room, the standard monitoring
including noninvasive BP, electrocardiography and pulse
oximetry (SpO,) were applied. LiDCOmpi , Pulse Contour
Analysis System was also established and calibrated to
measure SV, CO and increase in SV (ASV) in all patients, but
it was only used for guiding fluid therapy in the GDFT group.
Before IV-drip was started, each patient was allowed to rest
without any disturbance for 5 min. The routine hemodynamic
parameters were measured for three times with 2 min gap
between and the mean of which was recorded as the baseline
values. Oxygen was administered through nasal cannula
at 5 L/min from the start of anesthesia until baby delivery.

The standard CSEA protocol was intrathecal injection of
0.5% bupivacaine 7.5 mg (1.5 ml, isobaric, 1.0 ml/10 s)
at the L, , intervertebral spaces in the lateral decubitus
position, and epidural catheter was then inserted cephalad
as a rescue for spinal anesthesia or for postoperative pain
relief. Patients were immediately placed supine with 15°
left lateral tilt following spinal anesthesia. The cephalic
spread of sensory level was assessed bilaterally by loss of
pinprick perception. The sensory block was aimed to reach
around above T, but lower than T,. Fetal heart rate (HR)
was monitored by external cardiotocography until prepping
of the abdomen.

Starting from the skin prepping of CSEA, each patient was
coloaded with lactated Ringer’s solution (LR) of 10 ml/kg.
The ideal body weight (patient’s height - 110) was used
to reduce the impact of varying body weight during
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Figure 1: Patients’ recruitment flow chart. Patients were excluded from our study for the following reasons: 1 for ASA physical level of llI-V; 1
for twin pregnancy; 2 for contraindications for spinal anesthesia; 2 for known fetal abnormalities; 3 for known coexisting diseases except HDP; 6
for early-onset HDP, 2 for gestational weeks <37 weeks, 2 for unstable HDP, and 1 for refusing to participate. GDFT: Goal-directed fluid therapy;
ASA: American Society of Anesthesiology; HDP: Hypertensive disorders of pregnancy.

pregnancy. In both groups, maintenance LR was infused
at arate of 2 ml-kg'-h! including any drug therapy.!'” In
the GDFT group, following coloading with LR of 10 ml/kg,
LR of 3 ml/kg was infused to test the fluid responsiveness
to guide the individual fluid therapy. The infusion duration
of fluid challenge test was 3 min. An ASV of more than
10% was defined as the positive fluid response. If the first
fluid response was positive, a further fluid challenge with
the same loading volume was repeated 1 min later until
the negative response was obtained. In control group, only
maintenance fluid infusion was administered without any
fluid challenge. In both groups, equal volume hydroxyethyl
starch (HES, 130/0.4, Voluven) was administered to
replace the volume (usually <800 ml) of blood loss during
surgery.

The definition of maternal hypotension was a decrease
of >20% of'the baseline systolic BP (SBP).! If hypotension
occurred, phenylephrine or ephedrine depending on patient’s
HR was injected intravenously. If their HR was above 60
beat/min, phenylephrine was administered with an increment

of 25 ug; otherwise ephedrine was given with an increment
of 6 mg. Further details of intraoperative fluid management
protocol are shown in Figure 2.

Data collection and study endpoints

In both groups, the demographic data, fasting duration,
cephalic spread of sensory blockade, frequency and total
doses of epidural anesthesia rescue, induction-delivery
interval, uterine incision-delivery interval, volume of fluids
infused, and blood loss were recorded. The increased body
weight during pregnancy, neonatal birthweight, gestational
age, maximum SBP and diastolic BP (DBP), level of albumin
and urine protein in 24 h, duration of hypertension, the
severity of HDP, and the level of edema were also recorded.
Edema was classified in standard grade by a physician as
follows:!" (1 = A normal foot and leg contour with a barely
perceptible pit; 2 = Fairly normal lower extremity contours
with a moderately deep pit; 3 = Obvious foot and leg swelling
with a deep pit; 4 = Severe foot and leg swelling that distorts
the normal contours with a deep pit).
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Figure 2: Protocol for intraoperative management. LR: Lactated
Ringer’s solution; CSEA: Combined spinal epidural anesthesia; GDFT:
Goal-directed fluid therapy; ASV: Increase in stroke volume; SV: Stroke
volume; HR: Heart rate.

Maternal hemodynamic parameters, including SBP,
mean BP (MBP), HR, SpO,, CO and SV, were recorded
at the baseline (T1), following coloading with LR of
10 ml/kg (T2), 4 min following LR coloading (following
first fluid challenge test) (T3), 8 min following LR
coloading (following second fluid challenge test) (T4),
stable blockade level obtained (thoracic level 5-3) (T5),
immediate after delivery (T6), placental expulsion (T7),
and discharge from operating room (T8). Prior to delivery,
the incidences of maternal hypotension, nausea and
vomiting, and the total used doses of vasopressors were
recorded. Immediately following delivery, blood samples
were taken from umbilical artery and vein in a doubly
clamped umbilical cord segment, and subsequently
analyzed with a blood gas analyzer (ABL800 FLEX,

Radiometer Medical ApS, Denmark). Apgar scores were
evaluated at 1 and 5 min following delivery. The character
of amniotic fluid was graded on a scale of 0-2 (0 = Clear,
1 = Meconium tinged, 2 = Thick meconium). The normal
limits of umbilical arterial were defined as pH >7.20,
PCO, <55 mmHg, and PO, >15 mmHg**! and venous
blood gases were defined as pH >7.28, PCO, <46 mmHg,
and PO, >21 mmHg."**

The primary endpoints of this study were the incidence of
maternal hypotension and the used doses of vasopressors
prior to delivery. The secondary endpoints were umbilical
blood gas abnormalities and neonatal adverse events.

Statistical analysis

Following preliminary study (n = 20), the incidences
of hypotension were 10% in the GDFT group and 60%
in the control group individually. A sample size of 14
was needed in each group to have a power of 95%,
differences (hypotension) of 30% or more detected between
the groups. Twenty-six patients per group were recruited to
compensate for any exclusion.

Statistical analysis was done with SPSS software (version 11.5,
SPSS Inc., Chicago, IL, USA). All quantitative data were
presented as mean + standard deviation, between-group
comparisons were done with unpaired #-test and in-group
comparisons adopted repeated measures one-way
ANOVA. Median (25-75% percentile) of rank data and
nonnormally distributed quantitative variables were also
given, between-group comparisons were performed by
nonparametric test with Mann—Whitney test. Qualitative
variables were expressed as percentages and compared via
Chi-square test. A P < 0.05 was considered as statistically
significant.

ResuLts

Patients’ characteristics

The characteristics of patients’ age, weight, height,
preoperative hemoglobin, postoperative hemoglobin and
fasting duration were similar between the two groups. There
were no significant differences in the frequency and dosage
of epidural rescue, cephalic spread of sensory blockade,
the intervals from CSEA induction to delivery and uterine
incision to delivery, the total operation time and anesthesia
time. In addition, intraoperative blood loss and intraoperative
colloid (HES, 130/0.4, Voluven) infusion between two
groups were comparable. However, in GDFT group, there
were 54% (14/26) patients challenged with a second fluid
bolus, and no patients received a third one. The total LR
infusion (P <0.01) and urine output (P <0.05) in the GDFT
group were higher than that in the control group [Table 1].

The increased body weight during pregnancy, neonatal birth
weight, gestational age, maximum SBP and DBP, level of
albumin and urine protein in 24 h compared well between
the two groups. The duration of hypertension, the severity
of HDP, and the level of edema were also not dissimilar
between the two groups [Table 1].
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Table 1: Parturients’ characteristics

Parameters Control group (7 = 26) GDFT group (n = 26) Statistics P
Age (years) 320438 30.0+£4.3 1.68 0.10
Weight (kg) 86.4+12.9 81.8+£14.9 1.21 0.23
Height (cm) 164.0 +4.5 162.8+7.8 0.66 0.52
Preoperative hemoglobin (g/L) 123.6 £13.0 1193 +9.8 1.35 0.18
Fasting duration (h) 10.6 2.4 10.1+2.8 0.72 0.48
Increased weight during pregnancy (kg) 17.9+6.7 21.6+75 1.88 0.07
Gestational weeks (weeks) 38 (37-39) 38 (38-40) 0.20
Albumin (g/L) 329+3.6 31.4+£4.0 1.44 0.16
Urine protein (g/24 h) 0.41 (0.11-2.12) 0.34 (0.16-1.45) 0.68
Level of edema 1.5(1-2) 1.5(1-2) 0.82
Duration of hypertension (d) 8.5 (5.8-14.0) 7.0 (5.0-8.0) 0.19
Maximum SBP (mmHg) 155.7+13.0 154.7+8.5 0.34 0.73
Maximum DBP (mmHg) 100.0 +10.8 102.1£7.2 0.83 0.41
Severity of HDP
Ratio of gestational hypertension (%) 34.6 385 0.08 0.77
Ratio of mild preeclampsia (%) 423 385 0.08 0.78
Ratio of severe preeclampsia (%) 23.1 23.0 0.01 1.00
Level of blockade (dermatome) 5(5-5) 5(5-5) 0.30
Induction to delivery interval (min) 17.0+2.3 18.1+2.0 1.83 0.07
Uterus incision to delivery interval (min) 1.8+0.9 24+1.8 1.44 0.16
Operation time (min) 37.6£4.7 38.4+£5.7 0.58 0.56
Anesthetic time (min) 54.4+7.6 54.6+7.0 0.09 0.93
Neonatal birth weight (g) 3018.0+693.0 3092.0 £ 594.4 0.41 0.68
Intraoperative LR (ml) 682.3 +82.8 880.8 £215.4 4.39 <0.01
Intraoperative colloid (ml) 223.1 £58.7 271.2 £ 141.5 1.60 0.12
Intraoperative blood loss (ml) 223.1+58.7 2712+ 1415 1.60 0.12
Intraoperative urine output (ml) 103.8 +£37.2 132.7+£52.8 2.28 0.03
Postoperative hemoglobin (g/L) 106.6 £9.5 104.6 +6.4 0.89 0.38
Frequent of epidural rescue (%) 46.2 53.8 0.31 0.58
Amount of epidural rescue (ml) 3(04) 0(04) 0.95

Values are given as mean value + SD, median (25-75% percentile), or percentages. SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
HDP: Hypertensive disorders of pregnancy; LR: Lactated Ringer’s solution; SD: Standard deviation; GDFT: Goal-directed fluid therapy.

Maternal outcomes

Following twice fluid challenge tests, the SBP, MBP, CO
and SV in the GDFT group were significantly higher, and
the HR was lower than that in the control group [Table 2 and
Figure 3]. The intraoperative SpO, value was maintained
above 98% in all patients. In each group, compared with the
baseline values, the timepoint of placental expulsion induced
most noticeable changes in all hemodynamic parameters. In
GDFT group, both fluid challenge tests produced significant
increases in CO and SV (P < 0.05); meanwhile, no such
changes occurred in the control group [Table 2 and Figure 3].
In general, the drops in SBP and MBP prior to delivery were
more noticeable in the control group [Table 2 and Figure 3].

In the control group, the incidence of hypotension prior
to delivery was significantly higher than that in the GDFT
group (61.5% vs. 19.2%, P<0.01). The doses of phenylephrine
injection before fetal delivery were subsequently higher in
the control group (P < 0.01). The incidences of nausea and
vomiting, headache and the totaled use of ephedrine were
comparable between two groups [Table 3]. No parturient
in either group experienced any other events, e.g., seizure,
pulmonary edema, cardiac failure or malignant arrhythmia.

Neonatal outcomes

The Apgar scores at 1 and 5 min following delivery were
similar between both groups [Table 4]. However, In addition,
the incidence of PuvCO, more than 46 mmHg in umbilical
vein was significantly elevated (53.8% vs. 23.1%, P <0.05),
and the incidence of PuvO, <21 mmHg was remarkably
elevated in the control than in the GDFT group (34.6%
vs. 7.8%, P < 0.05). Although without reaching statistical
significance, a similar pattern change was found in umbilical
arterial samples [Table 5].

Discussion

Hypertensive disorder of pregnancy, which affects 3—8%
of all pregnancies, remains one of the leading causes of
maternal mortality and morbidity.** Cesarean delivery
was used to deliver baby in HDP parturient with a range
from 11% to 57% and providing anesthesia is a great
challenge due to the accompanied uncontrolled hypertension,
reduced intravascular volume and multi-organ dysfunction.
The choice of anesthesia for lower segment cesarean
delivery in HDP parturient remains controversial owing
to the considerably varied clinical spectrum of HDP.[
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Figure 3: Mean differences in hemodynamic variables between the two groups. (a) Systolic blood pressure; (b) Mean blood pressure; (c) Heart
rate; (d) Cardiac output; (e) Stroke volume were monitored at the following time points in both groups. T1: Baseline; T2: Following coloading with
LR of 10 ml/kg; T3: 4 min following LR coloading (following first fluid challenge test); T4: 8 min following LR coloading (following second fluid
challenge test); T5: Stable blockade level obtained (thoracic level 5-3); T6: Immediate after delivery; T7: Placental expulsion; T8: Discharge from
operating room. Diamond with blue line and square with red line indicate the control group and the GDFT group at that time, respectively. Data
were expressed as mean =+ standard deviation; *Significantly different at P < 0.05 compared with the baseline (T1) in each group, *Significantly
different at P < 0.05 compared between the two groups. GDFT: Goal-directed fluid therapy; LR: Lactated Ringer’s solution.

The known risks of general anesthesia include difficult
intubation, aspiration, significant hemodynamic changes
during intubation, impaired intervillous blood supply and
drug interactions between anesthetics and antihypertensive
medication.!*” Regional anesthesia is contraindicated in the
presence of coagulopathy and raised intracranial pressure.
The central neuraxial block is related to severe hypotension,
high motor blockade and convulsion occurring during
manipulation.*! In addition, the sensitivity to vasopressors
is enhanced in HDP parturient.””! Despite these potential
risks associated with central neuraxial blocks anesthesia,
it provides relative stable hemodynamics, decreased
catecholamine concentrations,® improved uteroplacental
and maternal peripheral perfusion®® and higher Apgar scores
at 1 min,®*! thus CSEA is the preferred choice for HDP
patients. Similar to a previous report,! CSEA was safely

provided in fifty-two stable HDP parturient without any
major complications in our study.

Hypertensive disorder of pregnancy, an underlying
multi-organ disorder, is unique to pregnancy. The
perioperative fluid management presents challenges to
anesthetists. The pregnancy induced maternal plasma
volume expansion is attenuated in HDP parturient. In
general, a deficit of 600—800 ml/m? has been reported when
compared with normal pregnancy.” This deficit is considered
secondary to vascular constriction induced hypertension,
which is associated with impaired organ perfusion, especially
impaired uteroplacental perfusion.?” Rapid fluid infusion
may improve maternal and fetal organ perfusion, but it
also results in a significant increase in alveolar-arterial
oxygen difference and shunt fraction, indicating maternal
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Table 2: Intraoperative maternal hemodynamic changes

in the both groups

Parameter Control group GDFT group P
(n = 26) (n = 26)

SBP (mmHg)
Tl 133.30 + 15.77 134.60 + 16.39 0.78
T2 123.20 + 17.89* 129.00 + 10.49 0.16
T3 12520+ 17.67 126.20 + 13.47* 0.81
T4 122.50 + 15.68% 129.40+9.17 0.06
T5 121.60 + 15.95% 130.40 + 14.93 0.04
T6 123.10 + 18.46* 130.30 + 15.11 0.13
T7 113.20 + 22.60* 116.90 + 18.42%* 0.51
T8 119.60 + 14.07* 120.80 + 16.79* 0.78

MBP (mmHg)
T1 94.92 +15.05 9427 +11.65 0.86
T2 89.31 + 11.80 92.38 +9.81 0.31
T3 96.27 +15.07 90.46 + 12.79 0.14
T4 91.12 + 15.26 98.12+9.43 0.05
T5 87.27 +15.06 94.88 + 14.38 0.07
T6 84.27 + 14.10%* 93.65 + 13.71 0.02
T7 78.04 £ 14.76* 83.00 + 14.54* 0.23
T8 82.69 + 10.68* 83.46 + 14.57* 0.83

HR (beat/min)
Tl 88.12 + 12.94 83.92 + 12.61 0.24
T2 90.00 + 12.14 85.96 + 8.73 0.18
T3 93.73 + 15.45 80.12 + 10.74 <0.01
T4 85.81+ 11.74 78.12 + 11.12% 0.02
T5 84.81+12.39 78.23 + 11.22% 0.05
T6 88.23 +18.20 83.23 +12.78 0.26
T7 98.12 + 15.39* 84.42 +12.89 <0.01
T8 81.15+10.88 82.00 + 12.97 0.80

CO (L/min)
T1 8.79 +2.81 7.81+1.92 0.15
T2 8.83 +2.46 8.39 +2.01 0.48
T3 8.08 + 1.84 9.49 & 1.92% 0.01
T4 8.00 + 1.89 9.54 + 1.94* 0.01
T5 8.48 +2.31 8.82+1.90 0.56
T6 9.17 +£2.99 9.06 + 1.98* 0.88
T7 10.91 + 3.58% 10.34 + 3.20% 0.55
T8 9.42 +3.97 8.79 +2.41 0.49

SV (ml/beat)
Tl 96.38 + 26.65 94.35+20.11 0.76
T2 100.90 + 24.63 96.92 +20.10 0.52
T3 87.08 + 14.22 116.40 + 28.05* <0.01
T4 93.42+16.79 124.00 + 28.89* <0.01
T5 99.92 +29.98 112.50 + 26.29* 0.11
T6 104.30 £ 33.93 107.00 + 18.11 0.73
T7 113.30 + 35.52* 118.00 + 27.88* 0.59
T8 113.70 + 37.37* 108.30 + 25.59 0.55

Table 3: Maternal adverse events prior to fetal delivery

Parameter Control group GDFT group Statistics P
(n=26) (n=26)

Phenylepherine 25 (0-50) 0 (0-0) <0.01
dose (ng)

Ephedrine dose (mg) 0 (0-0) 0 (0-0) 0.17

Incidence of 61.5 19.2 9.67 <0.01
hypotension (%)

Incidence of nausea 0 7.6 2.08 0.15
and vomiting (%)

Incidence of 0 3.8 1.02 0.31

headache (%)

Values are given as median (25-75% percentile) or percentages.

GDFT: Goal-directed fluid therapy.

Table 4: Neonatal outcomes after delivery

Values are given as mean value +/- SD. *P<0.05 versus the baseline (T1)
while P values in the table indicate the statistical significance between
the both groups. SBP: Systolic blood pressure; MBP: Mean blood
pressure; HR: Heart rate; CO: Cardiac output; SV: Stroke volume;
T1: Baseline; T2: Following coloading with LR of 10 ml/kg; T3: 4 min
following LR coloading (following first fluid challenge test); T4: 8 min
following LR coloading (following second fluid challenge test);
T5: Stable blockade level obtained (thoracic level 5-3); T6: Immediate
after delivery; T7: Placental expulsion; T8: Discharge from operating
room; SD: Standard deviation; GDFT: Goal-directed fluid therapy;
LR: Lactated Ringer’s solution.

Parameter Control group  GDFT group Statistics P
(n = 26) (n = 26)
Apgar at 1 min 10 (10-10) 10 (10-10) 0.90
Apgar at 5 min 10 (10-10) 10 (10-10) 1.00
Character of 0 (0-0) 0 (0-0) 0.71
amniotic fluid
Umbilical ABG
pH 7.29+0.07 7.32+£0.04 2.05 0.04
PCO, (mmHg)  53.07 £8.75 48.93 +7.81 1.80 0.08
PO, (mmHg) 19.89 £ 11.07 20.09 + 7.60 0.07 0.94
SO, (%) 27.57+18.44  33.79+15.95 1.09 0.28
Base deficit -1.6 (—2.4—0.6) —0.7 (-2.4-1.0) 0.52
(mmol/L)
Lactic acid 225+2.11 1.82+0.63 1.01 0.32
(mmol/L)
Umbilical VBG
pH 7.33+£0.07 7.36 +£0.02 2.08 0.04
PCO, (mmHg)  46.49+7.59 43.84 £4.81 1.50 0.14
PO, (mmHg) 23.07 £ 6.41 26.93+6.01 2.24 0.03
SO, (%) 46.53+£21.91 54.17 £20.07 1.31 0.20
Base deficit -1.4(-2.6—0.5) -1.0(-1.9-0) 0.15
(mmol/L)
Lactic acid 2.04+1.97 1.84 £ 0.50 0.50 0.62
(mmol/L)

Values are given as mean value £SD or median (25-75% percentile).
ABG: Arterial blood gas; VBG: Venous blood gas; PCO,: Partial
pressure of carbon dioxide; PO,: Partial pressure of oxygen; SO,: Oxygen
saturation; SD: Standard deviation; GDFT: Goal-directed fluid therapy.

interstitial pulmonary edema.®"! In addition, the risk of
pulmonary edema is elevated in HDP parturient due to the
increased capillary permeability, reduced colloid oncotic
pressure gradient and impaired left ventricular function.!3?!
Consequently, adequate volume expansion may benefit HDP
parturient while excessive volume expansion will increase
risks of developing pulmonary edema.!

The main goal of the perioperative fluid management is
to improve the maternal organ perfusion, placental blood
supply, and fetal oxygen delivery.® Improvement of maternal
organ perfusion can be achieved by well-controlled BP and
adequate volume expansion. Adequate fluid administration
can further compensate the preoperative dehydration
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Table 5: Neonatal adverse events after delivery

Incidence of Control group GDFT group Statistics P
events (%) (n = 26) (n = 26)
Umbilical VBG
pH <7.28 7.6 0 208  0.15
PCO, >46 mmHg 53.8 23.1 520  0.02
PO, <21 mmHg 34.6 7.8 565  0.02
Umbilical ABG
pH <7.20 7.6 0 208  0.15
PCO, >55 mmHg 30.8 19.2 092 034
PO, <15 mmHg 46.2 26.9 207 015
Character of 7.6 3.8 0.28 0.60
amniotic fluid=2
Apgar <7 11.5 0 3.18 0.07

Values are given as percentages. VBG: Venous blood gas; ABG: Arterial
blood gas; PCO,: Partial pressure of carbon dioxide; PO,: Partial
pressure of oxygen; GDFT: Goal-directed fluid therapy.

and CSEA induced acute decrease in cardiac preload to
prevent hypotension occurring.** However, the exact
volume of fluid expansion is difficult to predict and varies
according to different infusion timing, patient status, and
anesthetic regimens. Goal-directed fluid therapy, providing
individualized fluid management according to the individual
demographics and medical status, may be a solution for such
patients.’>¢! GDFT therapy based on dynamic parameters
has been proven to improve postoperative outcomes and
reduce postoperative complications in low to high risk
patients under mechanical ventilation.l'>'337] Our study
applied LiDCOmpi . System to guide GDFT under spontaneous
breath. The validity and usefulness of LiDCO,, ;, system
have been proven in healthy patients,[' even in parturient
with severe preeclampsia.l*® LiDCO, ., system can
continuously assess SV based on noninvasive pulse contour
analysis, which provides a reliable hemodynamic trend.!'¥
Previous studies have indicated that GDFT strategies via
LiDCO supplied fluid responsiveness can optimize oxygen
delivery and reduce total cardiovascular complications,
including arrhythmias and acute pulmonary edema in
high-risk patients.***” Even in a parturient with acute
myocardial infarction, LIDCO system guided a close control
of hemodynamic parameters, which improved maternal
outcome and newborn well-being.*') Compared with BP,
CO is a better predictor of adequate maternal organ and
uteroplacental perfusion,!'! which is the basis of CO
optimization by GDFT. In our study, GDFT strategies via
LiDCO supplied fluid responsiveness were used to optimize
venous return and CO to reduce the incidences of maternal
hypotension and subsequent neonatal adverse events. Our
data also verified the advantages of CO optimization. The
previous GDFT studies in parturient employed invasive
monitorst®®! were performed under mechanical ventilation*!
or during the postpartum period,* while our study employed
a noninvasive system to perform intraoperative GDFT
management in parturient under spontaneous breath. The
protocol is feasible in daily obstetric fluid management.

To date, the most suitable intravascular loading regimen is
still controversial. There is no evidence to support the benefits
of HES over crystalloid during GDFT therapy.“* Coloading
volumes between 500 and 1000 ml of crystalloid (Ringer’s
lactate or normal saline) or colloid can equally reduce
the incidence of hypotension.*¥ However, considering
the cost-effectiveness, long-term intravascular stay to
develop overload following delivery, potential impacts on
hemostasis and renal function of colloid, crystalloid fluid
was preferred in our study. The loading volume varies
according to different intrathecal doses, similar to previous
experience, ! our study employed LR solution of 10 ml/kg
as coloading regimen, but the advantage of crystalloid fluid
warrants further study.

Compared with Apgar scores, umbilical blood gas values,
especially umbilical arterial pH are more sensitive indicators
of perinatal outcomes."***! In our study, although the median
Apgar score at 1 and 5 min were similar, the incidences of
hypercapnia and hypoxemia were significantly different
between groups. Fetal acidosis (pH <7.20) occurred in two
cases (7.6%) and Apgar score at 1 min <7 occurred in three
cases (11.5%) in the control group, indicating unfavorable
outcomes of the unborn.*! In HDP parturient, uteroplacental
blood supply is impaired with potential risks of placental
abruption;® in addition, the blood flow is pressure dependent
and hence prolonged severe maternal hypotension can
threaten uteroplacental perfusion and result in fetal distress
or neonatal acidosis.*”! Following spinal anesthesia, the
venous return and CO were optimized via LiDCO,_ , guided
fluid management in the GDFT group. Those strategies
significantly decreased the incidences of maternal hypotension
and uteroplacental hypo-perfusion to minimize the risks of
developing neonatal hypoxia and hypercapnia.®! On the other
side, the GDFT strategies employed in our study also reduced
the total dosages of vasopressors administered. Although
phenylephrine is related with a decreased risk of fetal acidosis
and a higher BE value than ephedrine;*”! the indirect effect
of phenylephrine results in norepinephrine release.’” Thus,
as verified by our data, the excessive use of phenylephrine
without sufficient fluid loading in HDP parturient may further
induce vasoconstriction of the uteroplacental circulation with
increased oxygen extraction and impaired oxygen delivery,t!
and eventually cause the fetal acid-base imbalance.

There are some limitations of our study. Colloid preload
and coload, which are effective strategies to prevent spinal
anesthesia-induced hypotension, were not employed; so it
can be questionable whether the findings of our study can be
extrapolated to the patients with colloid preload and coload.

In summary, our data suggested that dynamic responsiveness
guided fluid therapy with the LiDCO,__, system can reduce
the incidence of maternal hypotension and the requirements
of vasopressors, and subsequently decrease neonatal adverse
events. The GDFT protocol reported in this study [Figure 2]
may provide benefits to stable late-onset HDP parturient and
the newborns during cesarean delivery under CSEA.
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