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Abstract Objective: Early structural and functional
changes in the systemic vasculature have been pro-
posed to play a major pathogenetic role in HELLP
(hemolysis, elevated liver enzymes, and low platelet
count) syndrome. Our objective was to assess whether
the evaluation of maternal hepatic blood supply is
instructive to the prediction of onset of HELLP syn-
drome. Design: Prospective observation study. Popu-
lation: Fifty-eight women with severe preeclampsia and
60 healthy pregnant controls at 25-36 weeks gestation.
Methods: Angle-corrected time-averaged flow velocity
and the cross-sectional area of common hepatic artery
and portal vein were measured by using Doppler
ultrasonography in 58 women with severe preeclamp-
sia and in 60 healthy pregnant controls at 25-36 weeks
gestation. Intravascular flow volumes were calculated
from the product of the time-averaged velocity and the
cross-sectional area. The total liver blood flow was
taken as the sum of flow volumes in the hepatic artery
and portal vein. Results: The total liver blood flow
decreased significantly to about 40% of control in 9
women with severe preeclampsia who developed
HELLP syndrome within 4 days after the examination,
but not in 49 women with severe preeclampsia without
HELLP syndrome. Conclusion: The results indicated
that the decrease in dual hepatic blood supply
preceded the onset of HELLP syndrome.
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Introduction

HELLP (hemolysis, elevated liver enzymes, and low
platelet count) syndrome is a variant of preeclampsia
associated with a high maternal mortality and mor-
bidity. Improved outcome is based on early recognition
of onset of this syndrome to allow intensive care and
treatment, including the aggressive monitoring of the
status of both mother and fetus [1]. Although recent
studies suggest that endothelial damage in the mater-
nal hepatic circulation is important in the pathogenesis
of this syndrome [2-5], there is no study that has
examined the maternal hepatic blood supply for the
prediction of onset of this syndrome.

It is well known that Doppler ultrasonography pro-
vides a noninvasive method of monitoring and char-
acterizing the physiology of the dual hepatic blood
supply in several conditions and disease states [6-14]
with high reproducibility [15]. Several investigators [10,
16-22] have demonstrated the reciprocal relationship
between hepatic arterial and portal venous blood flows.
This effect would tend to maintain constant the volume
of blood flowing through the liver [10, 16, 17, 19].

However, control of liver blood flow by reciprocal
changes in the dual hepatic blood supply is an incom-
plete explanation [22-24]. In fact, our preliminary re-
sults [25] demonstrated that the hepatic perfusion in
healthy pregnant women increased during third tri-
mester compared to nonpregnant level. Because the
hepatic arterial blood flow remained unchanged during
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pregnancy, major determinant of the increase in the
hepatic perfusion was the portal venous return. How-
ever, the effect of preeclampsia and HELLP syndrome
on the interaction between hepatic arterial and portal
venous blood flow is still unknown.

In this prospective study, we applied this tool to
assess whether the evaluation of maternal hepatic
blood supply is instructive to the prediction of onset of
HELLP syndrome.

Materials and methods

Between November 2000 and August 2002, at the Tama
Nagayama Hospital of Nippon Medical School, we
studied 68 women with severe preeclampsia at 25—
36 weeks gestation. The Doppler ultrasound examina-
tion was performed within 24 h after severe pre-
eclampsia was diagnosed in each patient. None of the
patients had begun antihypertensive treatment at the
time of the Doppler ultrasound study. Of these, nine
patients developed HELLP syndrome within 4 days
after the examination. After the Doppler ultrasound
examination, appropriate management for each patient
with severe preeclampsia were performed (i.e., antihy-
pertensive treatment, administration of magnesium
sulfate, and/or immediate delivery). We compared
these women with 64 healthy pregnant controls, who
were matched by age and gestational age at the exam-
ination. The controls were randomly chosen from the
outpatients who visited our hospital. All of these sub-
jects provided written informed consent for participa-
tion in this study, which was approved by the
institutional review board. These women denied having
a history of liver disease, diabetes, or essential hyper-
tension and had singleton pregnancy.

Inadequate Doppler waveforms were obtained in 14
of 132 women (11%) because of adiposis and inability
to visualize the target vessels or the inability of some
women to hold their breaths long enough; these were
not included for further analysis. Four cases belonged
to the control group and ten to the severe preeclampsia
group without HELLP syndrome.

Severe preeclampsia was defined as an elevated blood
pressure of >140/90 mmHg in both systole and diastole,
or a rise in systolic (more than 30 mmHg) or diastolic
(more than 15 mmHg) values over the baseline blood
pressure obtained before 16 weeks gestation on at least
two measurements 6 h apart, and proteinuria >300 mg
per 24 h or >100 mg/dl in at least two random urine
specimens collected 6 or more hours apart. The HELLP
syndrome requires the presence of at least three of the
four following clinical and laboratory findings: (1) upper
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abdominal pain; (2) hemolysis, defined by an increased
lactate dehydrogenase level ( >600 U/); (3) elevated
liver enzymes, defined as increased aspartate amino-
transferase ( >70 U/1); and (4) low platelets, defined as a
platelet count <100 x 107/1.

All subjects were fasted for 12 h prior to Doppler
ultrasound examination. All measurements were ob-
tained with the subject lying in Fowler’s position. The
subjects were instructed to suspend respiration during
the measurements. All of the women were examined
by means of Doppler ultrasound with a 3.5-MHz con-
vex type transducer (Hitachi-Medico EUB-515A, Hit-
achi, Tokyo, Japan). The sample volume of the
Doppler system was set at 3 mm, the smallest velocity
scale was used in all cases, and a low wall-filter setting
was used. Pulsed Doppler US waveforms were dis-
played at sweep speeds of 40-80 mm/s. The velocity
scale was adjusted so each Doppler waveform filled as
much of the scale as possible.

A transverse scan was made at the epigastrium to
locate the common hepatic artery in its longitudinal
axis. The Doppler cursor was placed over the lumen of
the artery segment as near to the origin as possible, at
the point where it first became horizontally straight.
Angle-corrected velocity waveform measurements
were obtained in each artery; the insonation angles
were less than 60°. The time-averaged mean velocity
was calculated with machine software (Hitachi-Medico
EUB-515A, Hitachi, Tokyo, Japan) by placing elec-
tronic calipers on Doppler tracing displayed on the
image monitor. At least three similar, sequential
Doppler waveforms were recorded and the single best
tracing obtained in each artery was selected for anal-
ysis. On the duplex image, which showed both the
longitudinal two-dimensional image of the common
hepatic artery and the Doppler waveform, the cross-
sectional area of the artery was measured at the same
point by mapping the perimeter of the vessel lumen
with “traker ball” at right angles to the vessel (Fig. 1a).

For the portal vein, the angle-corrected time-aver-
aged mean velocity was measured while viewing the
vessel on its longitudinal axis with a right lateral
intercostal approach to achieve a more acute angle for
Doppler measurement. Care was taken to ensure that
the velocity was measured at the point where the portal
vein becomes intrahepatic and before it branches into
the left and right portal trunks. The cross-sectional
area of the portal vein was measured similarly at the
same point at right angles to the vessel. The cross-
sectional area was calculated automatically by mapping
the perimeter of the vessel lumen (Fig. 1b).

Hepatic arterial and portal venous blood flows
were calculated from the product of the measured
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Fig. 1 Typical Doppler trace
image of a hepatic artery and
b portal vein in healthy
pregnant women at 31 weeks
gestation

time-averaged velocity of blood in the vessel and the
cross-sectional area of the lumen of the vessel. The
total liver blood flow was taken as the sum of the
hepatic arterial and portal venous blood flow [12,
15]. Hepatic arterial resistive index (RI) was deter-
mined with the following equation: RI = (peak sys-
tolic velocity - end diastolic velocity)/peak systolic
velocity.

All data were expressed as the mean and standard
deviation. One-way analysis of variance followed by
Scheffé F-test was used to compare the values within
each study group. Differences with P value of less than
0.05 were considered to be statistically significant.
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Because all of the examinations were performed by
one of two operators (A.N. and I.S.), the interobserver
reproducibility and intraobserver reproducibility of
Doppler ultrasound measurements were assessed in a
separate series of studies. By using Doppler sonogra-
phy, the two investigators performed the measure-
ments as mentioned above in the hepatic artery and
portal vein of ten healthy pregnant women aged 28-
32 years at 30-35 weeks gestation. For each patient in
this group, the Doppler waveform was measured three
times in succession by each investigator, and the vari-
ability between observers or measurements was ana-
lyzed.
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Interobserver reproducibility and intraobserver
reproducibility were quantified by using the intraclass
correlation coefficient R; [15, 26-28]. The following
criteria for clinically relevant agreement were used:
poor, R; less than 0.40; fair, R; greater than or equal to
0.40 but less than or equal to 0.59; good, R; greater than
or equal to 0.60 but less than or equal to 0.74; and
excellent, R; greater than or equal to 0.75 [27]. The
agreement was only considered acceptable from a
clinical point of view when the R; value was = 0.60,
which has been described by biostatisticians [27, 29] as
either ““good to excellent” [27] or ‘‘substantial to al-
most perfect” [29]: the agreement was considered not
acceptable from poor to fair (R; < 0.60), regardless of
the level of statistical significance. The R; was derived
from two-way analysis of variance in which the re-
peated measurements and subjects were factors. The
formula used to calculate the R; was (MSS - MSE)/
((MSS + (k - 1)MSE) + k(MSO - MSE)/n), where MSS
is the mean squared variation between subjects; MSO,
the mean squared variation between repeated mea-
surements; MSE, the residual mean squared; k, the
number of repeated measurements; and #, the number
of subjects.

Results

All of the subjects recruited, 58 and 60 subjects finally
completed the study in severe preeclampsia and the
control group, respectively. In the women with pre-
eclampsia, nine subjects developed HELLP syndrome
between 2 and 4 days after the ultrasound examina-
tion. Of these, seven subjects were diagnosed before
delivery while two developed postpartum.

The characteristics of the subjects at the ultrasound
examination are reported in Table 1. There was no
substantial difference in the mean age, parity, and
gestational age of subjects among the three groups. In
the mean values of the arterial pressures and the urine
protein, there were significant difference between the
control group and the other two groups. In the women
with severe preeclampsia who developed HELLP
syndrome, the both aminotransferase increased signif-
icantly compared to the control group, but the indi-
vidual values did not reach the criteria for the HELLP
syndrome. There were no significant differences in the
other laboratory data for the diagnosis of HELLP
syndrome (i.e., platelet count and lactate dehydroge-
nase) among the three groups.

The time-averaged mean velocity, cross-sectional
area, blood flow, and insonation angle of the hepatic
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artery and the portal vein, and the total liver blood
flow in the three groups are shown in Table 2. In the
severe preeclampsia without HELLP syndrome, portal
venous blood flow decreased significantly to about 70%
of control, but hepatic arterial blood flow appeared to
be slightly elevated to about 130% of control (not
significant). Therefore, there was no significant differ-
ence in the total liver blood flow between the severe
preeclampsia without HELLP syndrome and control.
In contrast to this, in the HELLP syndrome, both the
portal venous blood flow and the hepatic arterial blood
flow decreased significantly to about 30 and 70% of
control, respectively; as a result, the total liver blood
flow markedly decreased to about 40% of control
(Table 2).

Table 3 shows interobserver reproducibility and in-
traobserver reproducibility of Doppler ultrasound
measurements in the separate studies. The level of
interobserver reproducibility in the blood flow mea-
surements was good for the portal vein and excellent
for the hepatic artery. The level of intraobserver
reproducibility in the blood flow measurements was
excellent for both the hepatic artery and portal vein in
observer 1. In observer 2, the level of intraobserver
reproducibility in the blood flow measurements was
excellent for the portal vein and good for the hepatic
artery. Thus, both the interobserver reproducibility
and the intraobserver reproducibility of blood flow
measurements were clinically acceptable in this study.

Discussion

This prospective study indicates that the total liver
blood flow was reduced in women with severe pre-
eclampsia who developed HELLP syndrome within
4 days after the examination, but not in women with
severe preeclampsia without HELLP syndrome. Be-
cause changes in the portal venous blood flow were
similar in severe preeclampsia with or without HELLP
syndrome, albeit more pronounced in the HELLP
syndrome, the major determinant of the difference was
the hepatic arterial blood flow. Furthermore, the most
important result of this study was that the decrease in
dual hepatic blood supply preceded the onset of
HELLP syndrome.

Our results in the control group confirmed the pre-
vious study [25] which reported an increase in the
portal venous flow and the total liver blood flow of
healthy pregnant women to about 150 and 160% of
nonpregnant levels during third trimester, respectively.
These findings are contrary to conventional results
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Table 1 Characteristics of subjects

Controls Preeclampsia Preeclampsia P value
without HELLP with HELLP

No. of participants 60 49 9
Age (years) 31 (4) 33 (4) 30 (4) 0.07
Nulliparous, no. (%) 43 (72) 34 (69) 6 (67) 0.94
Gestational age at examination (weeks) 31 (4) 31 (3) 32 (2) 0.69
Systolic blood pressure (mmHg) 103 (12) 140 (21)* 152 (12)* <0.001
Diastolic blood pressure (mmHg) 59 (11) 84 (13)* 80 (15)* <0.001
Urine protein (g/24 h) 0 (0) 3.6 (0.7)* 3.7 (0.4)* <0.001
Body mass index (kg/m?) 23 (3) 24 (5) 25 (4) 0.21
Aspartate aminotransferase (U/1) 14 (7) 17 (10) 24 (9)° 0.003
Alanine aminotransferase (U/1) 10 (6) 12 (6) 22 (11)° <0.001
Lactate dehydrogenase (U/1) 235 (75) 271 (81) 257 (63) 0.34
Platelet count (x10°/1) 226 (51) 210 (49) 202 (63) 0.18

Continuous data represent mean values and standard deviation unless otherwise indicated
Significant difference against controls (one-way ANOVA followed by the Scheffé F-test)

Table 2 Blood flow parameters of hepatic artery and portal vein in controls and preeclampsia with or without HELLP syndrome

Controls Preeclampsia Preeclampsia P value
without HELLP with HELLP

No. of participants 60 49 9
Hepatic artery
Cross-sectional area (cm?) 0.7 (0.3) 0.8 (0.3) 0.5 (0.2)" 0.01
Time-averaged mean velocity(cm/s) 24.5 (4.6) 25.8 (4.9) 22.3 (4.5) 0.09
Blood flow (I/min) 0.9 (0.4) 1.2 (0.4)* 0.6 (0.2)" <0.001
Resistive index 0.76 (0.06) 0.78 (0.06) 0.81 (0.07) 0.13
Beam angle (deg.) 50 (10) 53 (6) 51 (5) 0.46
Portal vein
Cross-sectional area (cm?) 1.7 (0.4) 1.5 (0.4) 0.5 (0.2)*" <0.001
Time-averaged mean velocity (cm/s) 18.8 (4.1) 15.3 (3.8)* 13.8 (2.1)* <0.001
Blood flow (I/min) 1.9 (0.5) 1.3 (0.4)* 0.5 (0.2)*" <0.001
Beam angle (deg.) 29 (19) 26 (24) 22 (19) 0.615
Total liver blood flow (I/min) 2.8 (0.7) 2.5 (0.6) 1.1 (0.3)*F <0.001

All data represent mean values and standard deviation

#P < 0.05 against control, /P < 0.05 against the preeclampsia without HELLP syndrome (one-way ANOVA followed by the Scheffé
F-test)

Table 3 Intraobserver

reproducibility for Doppler Interobserver R; Intraobserver R;
measurements (n = 10) Observer 1 Observer 2
Hepatic artery
Cross-sectional area (cm?) 0.72 0.8 0.65
Time-averaged mean velocity (cm/s) 0.69 0.74 0.71
Blood flow (I/min) 0.86 0.85 0.71
Resistive index 0.14 0.32 0.35
Portal vein
Cross-sectional area (cm?) 0.67 0.87 0.75
Poor R; < 0.40, fair Time-averaged mean velocity (cm/s) 0.76 0.78 0.79
0.40 < Ri < 0.59, good Blood flow (I/min) 0.71 0.95 0.95
0.60 < R; < 0.74, excellent Total liver blood flow (1/min) 0.72 0.94 0.92

R; 20.75
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[30], which suggested that despite a marked increase in
cardiac output, there were no significant changes in
hepatic blood flow during pregnancy. The author
applied the technique of hepatic vein catheterization to
evaluate maternal hepatic blood flow. This technique
may involve varying degree of surgical manipulation
which influences maternal cardiac function and hemo-
dynamics. In contrast, Doppler ultrasound measure-
ment, which was used in this study, is not known to
result in any harmful effects to the mother and fetus
and is routinely used in obstetric care. Therefore, our
results could be regarded to reflect more physiological
conditions than the previous study.

The present results in preeclampsia without
HELLP syndrome showed a reciprocal change be-
tween hepatic arterial blood flow and portal venous
blood flow. We speculate that these changes tend to
preserve the volume of hepatic blood flow and may
act an important role to maintain maternal liver
functions in the women with preeclampsia. The liver
is supplied by two blood flow systems, the hepatic
artery and the portal vein. The hepatic arterial blood
flow normally supplies approximately 25-35% of the
total blood flow to the liver [12, 15, 31], and most
anatomical evidence suggests that it mixes com-
pletely with portal venous blood flow in or before
the hepatic sinusoids, after which it leaves the liver
through the hepatic veins [31]. This mixing of the
hepatic arterial and the portal venous blood provides
the hepatic circulation with the unique phenomenon
of interaction between blood streams. Findings from
previous investigations [10, 16-22] have demonstrated
that an increase in the inflow volume of one circu-
lation evokes a response in the other vessel consist-
ing of reciprocal increase in vascular resistance. This
effect would tend to maintain constant the volume of
blood flow through the liver and supports our find-
ings in preeclampsia without HELLP syndrome.
Ming et al. [32] suggested that nitric oxide is the
major endogenous mediator involved in the hepatic
vascular escape, characterized by the recovery of the
initial decreased blood flow and vascular conductance
toward the control level during continued vasocon-
strictive stimulation.

However, control of liver blood flow by reciprocal
changes in vascular resistance is an incomplete
explanation [22-24]. Lautt et al. [24] demonstrated
that hepatic arterial blood flow increased when portal
venous flow was decreased, but there was no com-
pensatory increase in portal blood flow when hepatic
arterial flow was decreased. Indeed, the present re-
sults from HELLP syndrome showed no reciprocal
increase in the hepatic arterial blood flow, suggesting
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that the hepatic arterial and portal venous vascular
territories have regulatory mechanisms that allow for
independent changes. The results of experimental
studies [33-35] in rats and primates have shown that
inhibition of nitric oxide synthesis during normal
pregnancy results in a clinical picture that is similar
to that of HELLP syndrome. Furthermore, in a case
report, the beneficial effect of a nitric oxide donor in
the treatment of HELLP syndrome was documented
[3]. Although the exact mechanisms are not clear,
these clinical and experimental findings allowed us to
postulate that ability of nitric oxide production or
vascular reactivity for nitric oxide may be implicated
in the differences between the preeclampsia with and
without HELLP syndrome.

We believe that if these data can be validated in a
larger population of patients, the Doppler ultrasound
parameter of maternal dual hepatic blood supply could
become a relevant marker for the prediction of onset
of HELLP syndrome.
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