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Despite the decrease in maternal mortality rate, amniotic fluid embolism (AFE) is still one of the most
feared complications of pregnancy due to the high rate of mortality in Japan. The authors present a fatal
case of a healthy 39-year-old woman who died during delivery after a normal 40-week second
pregnancy. Shortly after the arrival at hospital, an abrupt drop of foetal heart rate was observed, followed

by deterioration of consciousness and cardiac arrest of the patient. Prompt cardiopulmonary
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Autopsy

resuscitation (CPR) was performed but the patient died about an hour and a half after her arrival at
hospital. Forensic autopsy confirmed the pathohistological diagnosis of amniotic fluid embolism
supported by histochemical analysis results and excluded other possible causes of death. This paper
stresses the fundamental importance of autopsy in an unexpected maternal death in conjunction with

the significance of data accumulation on maternal death.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Despite earlier recognition and aggressive treatment, morbidity
and mortality rates of amniotic fluid embolism (AFE) remain high.
An estimated 5-15% of all maternal deaths in Western countries
are due to AFE [1]. The reported maternal mortality rates for AFE
range from 37% to over 80%, with one report stating that 25-50% of
deaths occur within the first hour of diagnosis [2-4]. Diagnosis of
AFE has historically been based on autopsy, revealing amniotic
components in maternal pulmonary vasculature. Some recent
studies introduced zinc coproporphyrin 1 (ZnCP-I) and sialyl-Tn
(STN), both characteristic components in meconium, as less
invasive, diagnostic markers for AFE [5,6]. Presented in this paper
is a fatal AFE case in which the typical features were observed in
pathohistological, histochemical and clinical findings.

2. Case history

The patient was a 39-year-old multiparous woman without any
medical history or eventful course of pregnancy at 40-week
gestation. She had no known allergies and was not taking any
medication. Shortly after the membrane rupture at home, she was

* Corresponding author. Tel.: +81 3 3944 1481; fax: +81 3 3944 7585.
E-mail address: hikiji@kyudai.jp (W. Hikiji).
T Tel.: +81 3 3944 1481; fax: +81 3 3944 7585.

0379-0738/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.forsciint.2012.12.008

brought to the labour and delivery unit of the hospital by her
husband's car, in active labour. Her cervix was dilated 4 cm and
contraction occurred every 1.5 min on admission. Although the
foetal heart rate (FHR) was 140-160 bpm, meconium staining was
already observed at this stage. About 12 min later the FHR dropped
to less than 120 bpm, and it became undetectable by a few minutes
after the initial drop. An intravenous infusion of tocolytic agent
was started to weaken labour pains, but the patient deteriorated,
becoming unconscious, displaying the signs of cardiovascular
collapse. Cardiopulmonary resuscitation (CPR) was begun imme-
diately but the patient was pronounced dead about an hour and a
half after her arrival at hospital. Because of the abrupt onset of
symptoms and intensive CPR, an emergency caesarian section
could not be carried out to deliver the foetus. The estimated blood
loss was very little.

3. Autopsy findings

Forensic autopsy was performed approximately 18 h postmor-
tem. The decedent was 162 cm in height and weighed 63 kg. No
significant findings at external examination of body were present.
All organs were congested. The weights of lungs were 442 g left
and 535 g right, both strongly oedematous. The heart was of
normal size, weighing 336 g, and the coronary arteries were free of
atherosclerosis. No clots were found in the heart blood and a
number of petechiae were seen in bilateral palpebral conjunctiva
and epiglottis. A male foetus without remarkable anomaly was in
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Fig. 1. Pathohistological section of the lung: blood congestion in capillaries
(haematoxylin-and-eosin stain, original magnification 100x).

the uterus, weighing 3800 g. The placenta was intact, and the
umbilical cord was also normal. A small tear was observed on the
posterior wall of cervix. Biological sample from heart blood was
reserved but no urine could be obtained for toxicological
investigation. Microscopic examination revealed extensive blood
congestion in the pulmonary vasculature and microthromboem-
boli in the uterine microvasculature by haematoxylin-and-eosin
and azan staining (Figs. 1-4). Furthermore, amniotic components
were also detected inside the pulmonary vessels by alcian blue and
ZnCP-1 staining (Figs. 5 and 6). Immunohistochemical staining for
C5a receptor (C5aR) was positive in stromal cells around the
pulmonary capillaries and inflammatory cells in alveolus (Fig. 7).
No remarkable pathological changes were observed in placenta.
Alcoho!l and drugs were not detected by routine toxicological
analysis. Concentrations of ZnCP-1 and STN were 72.5 pmol/mL
(normal: <1.6 pmol/mL) and 2630 U/mL (normal: <45 U/mL),
respectively. These findings confirmed AFE as cause of death of the
patient.

4. Discussion

The Japanese maternal mortality rate (number of maternal
deaths per 100,000 live births) has been declining since the 1970s,
being stable around 5 for the past decade [7]. Nevertheless,
maternal death occurs on occasion, and the most frequently
reported causes today include AFE, complications of pregnancy
induced hypertension (PIH), pulmonary embolism, haemorrhage

¥
A
Fig. 3. Pathohistological section of the lung: blood congestion in capillaries (Azan
stain, original magnification 100x).

and infectious diseases [8-11]. The AFE syndrome was first
described by Meyer in 1926 [12] and numerous case reports have
been published from various countries to date. Despite its long,
worldwide recognition, it is still challenging to save AFE patients
due to the fulminant onset of symptoms and rapid clinical course
[13]. -

AFE is generally characterized by a rapidly progressive clinical
course with dyspnoea, hypoxaemia, hypotension and foetal
bradycardia with subsequent and acute cardiorespiratory collapse,
disseminated intravascular coagulopathy (DIC), neurological
compromise, maternal and foetal death [14,15]. Since not all of
these symptoms are evident on presentation, the differential
diagnosis for AFE is broad and includes anaphylactic or haemor-
rhagic shock, eclampsia, cerebrovascular diseases and pulmonary
embolism [16,17]. There are no universal diagnostic criteria to
confirm AFE but some countries have their own for the national
registry, including the United States of America, the United
Kingdom and Japan [2,3,18]. A reliable diagnosis can be made only
upon pathohistological examination, by the proof of amniotic fluid
elements such as epithelial squamous cells, lanugo hair, and fat
from vernix or infantile mucin in the pulmonary vascular bed of the
mother [19]. These components of amniotic fluid could be
identified in routine haematoxylin-and-eosin-stained sections,
but the use of immunohistochemistry permits a more reliable
assessment of the dimension of AFE. Special stains that have been
used to demonstrate amniotic fluid include alcian blue stain to

Fig. 2. Pathohistological section of the uterus: emboli in capillaries (haematoxylin-
and-eosin stain, original magnification 100x).

Fig. 4. Pathohistological section of the uterus: emboli in capillaries (Azan stain,
original magnification 100x).
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Fig. 5. Pathohistological section of the lung: positive staining in vessels (Alcian blue
stain, original magnification 200x).

detect mucin, cytokeratin AE1/AE3 to detect foetal squamous cells,
and ZnCP-] stain to detect meconium [20,21]. A recent study by
Toéro et al. introduced C5aR stain as a helpful technique to prove the
complement activation and anaphylatoxin formation [22]. 1t is
suggested that in the presented case that meconium components
had entered the maternal circulation, as the interior space of
pulmonary vessels and uterine capillaries being positively stained
with haematoxylin-and-eosin, alcian blue and ZnCP-1. Additional-
ly, it is likely that an anaphylaxis had been provoked as positive
C5aR staining was distinctly observed in the interstitial space
between the capillaries of lungs and uterus.

Two main pathophysiological mechanisms have been proposed
to be associated with death in AFE. Elements of an embolus may
inflict mechanical obstruction of the pulmonary vasculature and
cause pulmonary vasospasm, leading to haemodynamic changes
[19,23-25]. Moreover, it has been suggested that the amniotic fluid
constituents can provoke an anaphylaxis or anaphylactoid reaction
which may be fatal depending on the severity [25~27]. The results
of histopathological findings in conjunction with immunohisto-
chemical staining suggest that both mechanisms have contributed
significantly to the presented case. Furthermore, the marked
elevation of AFE diagnostic markers, ZnCP-1 and STN, as well as the
fulminant clinical course, which had taken only about an hour from
the onset of the symptoms until death, support the diagnosis of
AFE. The absence of clots in cardiac blood and the presence of
petechiae in palpebral conjunctiva and epiglottis are both
compatible with the characteristics of sudden death. It could be

Fig. 6. Pathohistological section of the lung: positive staining in vessels (ZnCP-I
stain, original magnification 200x).

Fig. 7. Pathohistological section of the lung: positive staining in stromal cells
around the pulmonary capillaries and inflammatory cells in alveolus (C5a receptor
stain, original magnification 200x).

said that the presented case is typical in pathohistology,
histochemistry and symptomatology of AFE.

Several possible risk factors for AFE have been identified to date,
which include maternal age of 35 years or older, multigravida,
polyhydramnios, placental abruption, tumultuous labour or
delivery with uterine hypercontractility and caesarean section
[5,15,28,29]. Of the patients 41% had a medical history of allergy or
autopsy {2]. The increased maternal age, multigravida and uterine
hypercontractility could have been predisposing factors in the
presented case. It is also speculated that a small tear in the
posterior cervix during labour caused amniotic fluid to slowly
infiltrate the maternal circulation.

In Japan, it is encouraged to report all maternal mortality cases
to the Japan Association of Obstetricians and Gynaecologists, but
there is no legal responsibility for physicians to do so. The available
data and the conclusions that can be drawn depend on the depth
and precision of the cases reported voluntary. Nevertheless, it is
speculated that there were 60-70 maternal deaths in Japan in
2010, but only about half of the cases had been brought to either
forensic or clinical autopsy [30]. Needless to say, thorough
postmortem investigation, including autopsy, is essential for the
accurate cause of death determination in any case, and it is possible
that AFE would be underestimated in Japan, due to the low autopsy
rate. Accumulation of cases nationwide would allow the establish-
ment of wide and reliable database and possibly the identification
and standardization of treatments for the diseases associated with
maternal death. The elevation of autopsy rate, especially in the
maternal death cases, is strongly desired not only from the aspects
of forensic science but also of obstetrics and preventive medicine.
Whilst on the other hand, it is encouraged for both forensic and
clinical pathologists to continuously disclose the information
derived from postmortem investigation.

5. Conclusion

Postmortem histopathologic and histochemical analyses fur-
ther support the clinical diagnosis of AFE. The authors emphasize
the significance of postmortem examinations in cases of maternal
death, including the cases of suspected AFE.
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Time-resolved spectroscopy (TRS-20) measures tissue oxygen saturation (%) by
evaluating the absolute concentrations of oxygenated, deoxygenated and total hae-
moglobin based on measurement of the transit time of individual photons
through a tissue of interest. We measured tissue oxygen saturation in the prefron-
tal lobes of the brain by TRS-20 in eighteen pregnant women during caesarean
section. In a case of placenta previa, massive bleeding immediately decreased cere-
bral oxygen saturation from 67-2% to 54-2%, but did not alter peripheral tissue
oxygenation as measured by pulse oximetry. Four cases of pre-eclampsia revealed
chronic changes in elevated base levels of cerebral oxygen saturation, though
peripheral oxygen saturation was similar to that in normotensive pregnant
women. Average cerebral oxygen saturation in the cases of pre-eclampsia before
the introduction of anaesthesia was 73-6 = 4-4 (SD)% (n=4), significantly
higher than in normotensive pregnant women, 67-2 = 4-3% (n = 13, P<0-05).
Z-scores of cerebral oxygen saturation prior to anaesthesia positively correlated
with those of systolic or diastolic blood pressure. TRS-20 could detect acute as
well as chronic changes in brain oxygen saturation in response to pregnancy-asso-

ciated complications.

Introduction

Caesarean section is the most frequently performed laparot-
omy in modern medicine. However, during the procedure,
pregnancy-specific complications can suddenly affect maternal
brain circulation, such as hypertensive encephalopathy associ-
ated with eclampsia (Marik, 2009), intracerebral haemorrhage
(Marik, 2009), cardiopulmonary shock caused by amniotic
fluid embolism (Lee et dl., 2010), disseminated intravascular
coagulation, massive blood loss as a result of uterine atonic
bleeding or operative procedure of placenta previa or accreta
(Nisar & Sohoo, 2009), etc., in addition to compilations from
the anaesthesia, such as hypotension, desaturation, anaphy-
laxis, etc. (Chau-in et al, 2010; Chow et d., 2011). These
complications can occur suddenly even in low-risk pregnan-
cies. Indeed, maternal brain damage during caesarean section
has been reported (Roopnarinesingh et a., 1991). Moreover,
it is recommended that a perimortem caesarean delivery be
performed within 4 min of maternal cardiac arrest, which
could improve maternal as well as neonatal outcomes (Katz
© 2012 The Authors

et al., 1986, 2005). Therefore, appropriate monitoring of the
oxygenation of organs critical to maternal mortality and motil-
ity, that is, the brain, is needed to prepare for any sudden
deterioration in maternal cerebral circulation.

The monitoring of brain oxygenation in perioperative care
has undergone radical change in recent years owing to the
introduction of non-invasive measurement techniques, partic-
ularly near-infrared spectroscopy (NIRS) (Jobsis, 1977) and
its subsequent application to the assessment of tissue oxygen-
ation during anaesthesia (Lovell et dl., 1997a,b; (Madsen &
Secher, 1999). In NIRS, the different absorptive properties of
oxygenated and deoxygenated haemoglobin are used to eval-
uate oxygen metabolism. NIRS has been utilized in various
clinical fields all over the world (Mathieu & Mani, 2007;
Vardi & Nini, 2008). A number of approaches to measuring
tissue oxygenation using several types of NIRS have been
proposed; that is, continuous wave near-infrared spectroscopy
(Miura et d., 2000) by which only relative values of tissue
oxygenation can be measured; phase-modulated spectroscopy
(Pranceschini et al., 2002) by which amplitude signals for

Clinical Physiology and Functional Imaging © 2012 Scandinavian Society of Clinical Physiology and Nuclear Medicine 33, 2, 109-116

— 280 —



phase, intensity and depth of modulation after passage can
be measured; and tissue oxygen index, by which we success-
fully assessed the relative oxygenation of the human and
porcine placenta in normal and pathological states, such as
foetal growth restriction (Kawamura et al., 2007; Kakogawa
et d., 2010a), placental chorangiosis (Suzuki et d., 2009),
acute foetal hypoxia (Suzuki et ., 2012) and pregnancy-
induced hypertension (Kakogawa et a., 2010b). With these
methods, for converting the absorption of light to absclute
concentrations of total haemoglobin and oxyhaemoglobin, it
is necessary to measure the path length of light from the
source to detector, because path length has been shown to
be affected by factors such as skin and subcutaneous fat
(McCully & Hamaoka, 2000). Therefore, the absolute
concentration of oxygenated and deoxygenated haemoglobin
cannot be accurately determined and the relative status of
tissue oxygenation assessed, because path length cannot be
measured.

By contrast, TRS-20, a new near-infrared time-resolved
spectroscopic system, has high data acquisition and can calcu-
late tissue oxygen saturation by evaluating the absolute con-
oxygenated, deoxygenated and total
haemoglobin through measuring the transit time of photons
through a tissue of interest (Oda et dl., 1999, 2000; Hamaoka
et al., 2000; Jjichi et al., 2005a,b; Yamada et dl., 2008).

In this study, it was hypothesized that measurements of tis-
sue oxygen saturation by TRS-20 in the prefrontal lobes of

centrations  of

pregnant women undergoing a caesarean section are promis-
ing for the conventional assessment of changes in brain
oxygenation in response to acute and/or chronic pregnancy-
associated complications. To test the hypothesis, we measured
tissue oxygen saturation in the brains of eighteen pregnant
women during caesarean deliveries.

Materials and methods
Subjects

Eighteen pregnant women 23—42 years old (mean age
334 £ 5.7 years) who underwent a caesarean section at
Hamamatsu University Hospital from May 2010 to January
2011 were enrolled (Table 1). Fourteen of the women were
normotensive and underwent a caesarean delivery because of
a previous caesarean section (nine cases), foetal growth
restriction (two cases), twins (one case) and placenta previa
(two cases). One case of placenta previa, in which the patient
suffered massive bleeding (3750 ml), was assessed indepen-
dently of the other thirteen normotensive cases (no more than
1760 ml blood loss) (Table 1). Four pregnancies were com-
plicated with pre-eclampsia diagnosed according to the Report
of the National High Blood Pressure Education Programme
Working Group on High Blood Pressure in Pregnancy (High
Blood Pressure Education Program Working Group, 2000)
(Table 1). Informed consent was obtained after full explana-
tion of the study.
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Table 1 Clinical features of the subjects.

Weeks of  Total bleeding

Group n Age gestation (ml)
Normotensive 13 315+ 11-5 364+ 84 6689 %7211
(280-1760)
Normotensive 1 35 36 3750
with massive
bleeding
Pre-eclampsia 4 33-8:+88 36:6 £ 55 711-3 £221-3
(490-850)

Fluid loading (ml kg™") was illustrated in the middle panel
of each Figure. After initial use of 500 ml SALINHES fluid
solution 6%® (Puresenius Kabi Japan, Tokyo, Japan;
Table 2A), BICARBON® (AJINOMOTO Pharmaceutical Co.,
Ltd, Tokyo Japan; Table 2B) was used through the operation
(Figs 1 and 3). Saviozol Injection ® (Otsuka Pharmaceutical
Co., Ltd, Tokyo, Japan, Table 2C) was used in cases of mas-
sive bleeding (Fig. 2). The procedures of anaesthesia and
operation and/or administration of phenylephrine were
described in the lower panel of each Figure.

Measurements

Regional cerebral blood flow was estimated by measuring
oxygenated haemoglobin, deoxygenated haemoglobin and
total haemoglobin concentrations in the prefrontal lobes using
TRS-20 (Hamamatsu Photonics K.X., Japan) (Oda et dl., 1999,
2000). Two fibre optic bundles (optodes), emitting and col-
lecting near-infrared pulsed laser light, were fixed on both
sides of the forehead of pregnant women with an interoptode
distance of 4 cm. TRS-20 was used to evaluate the oxygena-
tion of the prefrontal lobes, because hair could affect the
transit time of each photon. Brain tissue oxygenation was cal-
culated and expressed as a percentage by evaluating absolute

Table 2 Fluids used during the operation.

Ingredient In 500 ml (g)

(A) SALINHES fluid solution 6%® (Furesenius Kabi Japan)

Hydroxyethylated Starch 70000 30-00
Sodium chloride 45
(B) BICARBON® (AJINOMOTO Pharmaceutical Co., Ltd)
Sodium chloride 3.07
Potassium chloride 0-15
Calcium chloride hydrate 0-11
Magnesium chloride 0-051
Sodium hydrogen carbonate 1.05
Sodium citrate hydrate 0-245

(C) Saviozol Injection® (Otsuka Pharmaceutical Co., Ltd)

Dextran40 15.00
Calcium chloride hydrate 0-10
Potassium chloride 0-15
Sodium chloride 3.00
L-Lactate™ 1-55

© 2012 The Authors
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concentrations of oxygenated haemoglobin, deoxygenated
haemoglobin and total haemoglobin. In brief, the light source
is a graded index type single fibre with a numerical aperture
(NA) of 0-25 and a core 200 pm in diameter, and the light
detector is a bundle of fibre with a diameter of 3 mm and NA
of 0-21. Finally, a set of histograms of photon flight time,
known as a re-emission profile, was recorded. One temporal
re-emission profile includes 1024 time channels spanning
about 10 ns in steps of about 10 ps. In this study, the emerg-
ing light was collected over a period of 2 s to exceed at least
one thousand counts of photons at the peak channel of the re-
emission profiles. The instrumental response was measured
with an input fibre placed opposite the receiving fibre through
a neutral density filter. The instrumental response of the TRS-
20 system was around 150 ps FWHM at each wavelength.
The mean optical path length was calculated from the differ-
ence between the centre of gravity of the measured re-emis-
sion profile and that of the instrumental response. Changes in
oxygenated haemoglobin, deoxygenated haemoglobin, total
haemoglobin and the sum of oxygenated haemoglobin and
deoxygenated haemoglobin were calculated using photon
intensity and mean path length.

© 2012 The Authors

The oxygenation of maternal peripheral haemoglobin was
measured by pulse oximetry at the fingertips (IntelliVue X2;
PHILIPS Electronics Japan, Tokyo, Japan). A cuff was placed
around the upper arm and blood pressure was measured inter-
mittently (IntelliVue X2; PHILIPS Electronics Japan). The mea-
surements started before the introduction of anaesthesia and
continued until the end of the caesarean section.

Approval

The Ethics Committee of the Hamamatsu University School of
Medicine approved the use of an optimal density of near-
infrared rays up to 200 mW cm™? for assessing foetuses by
the transabdominal approach. We used TRS-20 in this study, -

because the optimal density of TRS-20 is <25 mW cm ™,

much lower than 200 mW cm ™2

Statistical analysis

the statistical
significance of differences between two mean values was

Data are expressed as means £ SDs, and

assessed using the Student’s t-test or Mann—Whitney U-test, as
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appropriate. Z-scores were calculated using the formula
[(data — mean of the population)/(standard deviation of the
population)] (Larsen, 2000). Spearman’s rank correlation coef-
ficient was calculated between z-scores of two different parame-
ters. A P value of <0-05 was regarded as statistically significant.

Results

Cerebral oxygen saturation in normotensive women with
ordinary bleeding during a caesarean section

Figure 1 shows representative changes of tissue oxygen satura-
tion in the prefrontal lobes of normotensive pregnant women.
Average cerebral tissue oxygenation was 67-2 = 43 (SD)%
(n = 13) before the anaesthesia and 66-3 = 42% (n = 13)
after the operation. This decrease was not significant. A base-
line ripple was observed in cerebral tissue oxygen saturation
throughout, with no remarkable changes observed during the
operative procedures (Fig. 1). By contrast, a rather stable
baseline was observed in peripheral tissue oxygen saturation
by pulse oximetry (97-100%) (Fig. 1).

Change of cerebral oxygen saturation in a normotensive
pregnant woman with massive bleeding during a
caesarean section

Figure 2 shows changes of tissue oxygen saturation in the
prefrontal lobes of a pregnant woman with placenta previa
who suffered massive atonic bleeding after closing the uterine
suture, In accordance with the rapid increase in atonic bleed-
ing, cerebral tissue oxygen saturation began to decrease from
67-2% to 54-2% and remained low until the end of the opera-
tion (Fig. 2). Interestingly, the increased bleeding did not
affect peripheral tissue oxygen saturation determined by pulse
oximetry (99-100%) (Fig. 2).

Cerebral oxygen saturation in women with pre-eclampsia
during a caesarean section

Figure 3 shows representative changes of tissue oxygen satura-
tion in the prefrontal lobes of pregnant women with pre-
eclampsia. Average cerebral oxygen saturation before the
73-6 £ 44 (SD)% (n=4), significantly

© 2012 The Authors

anaesthesia was
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higher than in normotensive pregnant women, 67-2 % 4-3%
(n=13, P<0-05). cerebral oxygen saturation
decreased slightly from the introduction of anaesthesia,
736 +44% (n=4), to the end of the
72:7 & 5-1% (n = 4), but not significantly. Transient decreases
were observed in the cerebral tissue oxygen saturation approx-
imately in accordance with the transient decrease in blood
pressure (Fig. 2). By contrast, a rather stable baseline (98—
100%) was observed in peripheral tissue oxygen saturation by
pulse oximetry (Fig. 3).

Average

operation,

Correlation between z-scores of cerebral tissue oxygen
saturation and of systolic or diastolic blood pressure in
all the pregnant women enrolled

Z-scores of systolic blood pressure positively correlated with
those of cerebral tissue oxygenation (P<0-05; Fig. 4a). Z-
scores of diastolic blood pressure positively correlated with
those of cerebral tissue oxygenation (P<0-05; Fig. 4b). There
was no significant correlation between z-scores of systolic or

© 2012 The Authors

diastolic pressure and those of peripheral tissue oxygenation
by pulse oximetry (data not shown).

Discussion

In the present study, we successfully measured tissue oxygen
saturation in the prefrontal lobes of pregnant women using
TRS-20 during the perioperative period of caesarean deliver-
ies. Both acute and chronic changes in maternal circulatory
status affected cerebral oxygenation. Acute massive bleeding
rapidly decreased cerebral oxygen saturation (Fig. 2) and
chronic pre-eclampsia significantly elevated the baseline of
oxygenation in parallel with an increase in blood pressure
(Figs 3 and 4a,b). Cerebral oxygen saturation decreased soon
after the progress of massive bleeding, while it was not asso-
ciated with the changes of fluid loading, administration of
phenylephrine, nor procedures of anaesthesia and operation
(Fig. 2). Nevertheless, these critical changes did not affect
maternal peripheral oxygen saturation measured by pulse
oximetry (Figs 1-3), frequently used by anaesthesiologists to
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obtain information on maternal circulation (Pedersen et dl.,
2009) in addition to the cardiovascular information from
continuous  electrocardiography and intermittent/continuous
measurements of blood pressure. Indeed, a systemic review
of the literature shows that pulse oximetry can detect hypox-
aemia and related events but cannot improve the outcome of
patients in surgery (Bardenheuer & Brack, 1996). One reason
for this could be that information on the peripheral oxygena-
tion of maternal haemoglobin dose not always represent the
tissue oxygenation of critical and sensitive organs, such as
the brain and splanchnic organs (Wilson & Shapiro, 2001).
As TRS-20 could detect a rapid decrease in cerebral tissue
oxygenation in response to massive bleeding during a caesar-
ean section even though peripheral oxygenation did not
change, it would provide the timely as well as appropriate
information for the clinical intervention to prevent brain
damage even in cases of unexpected sudden maternal deterio-
ration. A large-scale cohort study is necessary to clarify the
sensitivity and specificity of TRS-20 in response to the
amount of bleeding during caesarean section. It was reported

that TRS-20 could be a promising sensor in the assessment’

of vasospasm in subarachnoid haemorrhage (Yokose et dl.,
2010) and the effect of treatment for cerebral arteriovenous
fistula (Hoshino et dl., 2010).
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It is reasonable that the acute decrease in circulating blood
caused by massive blood loss decreased cerebral tissue
oxygenation (Fig. 2); however, it was a paradox that pre-
eclampsia elevated the baseline of cerebral tissue oxygen
saturation (Fig. 3). NIRS revealed that cerebral oxygenation
decreases with brain ischaemia (Pennekamp et d., 2009) but
could increase in cerebral hyperperfusion syndrome
(Ogasawara et dl., 2003; Komoribayashi et al., 2006; Pennek-
amp et a., 2009). Interestingly, increasing evidence has
revealed the possible involvement of cerebral hyperperfusion
in pre-eclampsia/eclampsia, especially when complicated by
posterior reversible encephalopathy syndrome (PRES) (Takeu-
chi et dl., 2005; Bartynski, 2008a,b). Recently, it was hypothe-
sized that maternal hypertension leads to failed vascular
autoregulation, and subsequent hyperperfusion, with endothe-
lial injury/vasogenic oedema in PRES (Bartynski, 2008b).
Currently, this hypothesis is more popular than the classical
one that vasoconstriction and hypoperfusion lead to brain
ischaemia and subsequent vasogenic oedema in PRES (Bartyn-
ski, 2008b). As there were few clinical symptoms of eclamp-
sia or encephalopathy associated with PRES in the present four
cases of pre-eclampsia, we did not carry out brain MRI and so
no information is available regarding the presence or absence
of brain oedema. Nevertheless, the high baseline of cerebral
tissue oxygen saturation suggests that a tendency for cerebral
hyperperfusion might exist in the greater part of pre-eclampsia
even without apparent clinical symptoms of encephalopathy. As
the increase in cerebral tissue oxygen saturation paralleled
the rise in blood pressure (Fig. 4a,b), there might be a dose-
dependent causative association between elevated blood
pressure and possible cerebral hyperperfusion in women. A
larger cohort is necessary to test this speculation.

The present results should be interpreted with caution,
because two fibre optic bundles (optodes) were fixed on the
forehead of pregnant women to evaluate oxygenation satura-
tion in the prefrontal lobes considering that hair could affect
the transit time of each photon and that it would be conve-
nient for routine monitoring in caesarean section. However,
the oedema usually predominates in the parietal and occipital
regions of the brain in PRES (Bartynski, 2008a). Therefore, a
different study design is preferable to clarify further the possi-
ble association between elevated cerebral tissue oxygenation
and PRES or its preceding changes.

In conclusion, we applied TRS-20 to eighteen pregnant
women during caesarean deliveries and successfully measured
oxygenation saturation in the prefrontal lobes of the brain.
Massive bleeding immediately and markedly decreased cere-
bral oxygen saturation, while peripheral oxygen saturation
remained stable. Four cases of pre-eclampsia revealed chronic
changes in the baseline of cerebral oxygen saturation, while
peripheral oxygen saturation was similar to that in normoten-
sive pregnant women. As TRS-20 can detect both acute and
chronic changes of brain oxygen saturation in response to
pregnancy-associated complications, it is a promising new tool
for maternal monitoring in caesarean deliveries.

© 2012 The Authors
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Successful Living Donor Liver Transplantation for
Fulminant Hepatic Failure That Manifested Immediately After
Cesarean Delivery
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A 31-year-old pregnant woman was diagnosed as having acute
hepatitis of unknown etiology and conservatively treated. An
emergency cesarean delivery was performed 5 days later at
33 weeks and 3 days of gestation because of a gradual dete-
rioration in fiver function. Two days after the cesarean deliv-
ery, she lost consciousness in the evening (Glasgow coma
scale [GCS] = 9) because of hepatic encephalopathy and was
diagnosed as having fulminant hepatic failure (FHF). Five days
after the cesarean delivery, the patient (blood type B) under-
went a successful left lobe with caudate lobe (S1+2+3+4)
liver transplantation from her father (blood type AB), an ABO-
incompatible donor. At 1 year follow-up, she and her baby
are in good medical condition. The drastic deterioration in
hepatic function, despite intensive plasmapheresis and con-
tinuous hemodiafiltration, during the early postpartum period
suggested a possible causative association between the termi-
nation of pregnancy and progression of FHF from acute hepa-
titis of unknown etiology. ASAIO journal 2012; 58:174-176.

Fulminant hepatic failure (FHF) has been reported at vari-
ous points during pregnancy.'* A gold standard for treatment
has not yet been established, especially concerning the timing
of termination of pregnancy, because the condition can have
serious consequences not only for the mother but also for the
fetus.? There is limited experience in liver transplantation dur-
ing pregnancy or the early postpartum period.* We here report
a case of acute hepatitis that progressed to FHF 2 days after
cesarean delivery in the third trimester of pregnancy. Intensive
plasmapheresis and continuous hemodiafiltration according to
Japanese style of artificial liver support (ALS) did not improve
her hepatic coma but gave her a greater chance of undergoing
successful living donor transplantation at a different clinical
institution located in another prefecture.
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Case Report

A 31-year-old gravida 1 and parous 1 woman became
pregnant. Neither the patient nor her family had any history
of hepatic disease. At 32 weeks and 6 days of gestation, she
complained of epigastric pain and consulted a local outpatient
clinic. She was transferred to Hamamatsu University Hospital
because of elevated liver enzyme levels. On physical exam-
ination, she presented with severe jaundice, a mild fever of
37.8°C, and tachycardia of 116 beats/min, although her blood
pressure and urinalysis were normal. Mild tenderness was
observed in the right hypochondriac area; however, abdomi-
nal ultrasonography of the liver was unremarkable. Labora-
tory evaluation showed alanine transaminase (ALT) 930 unit/L,
aspartate aminotransferase (AST) 1553 unit/L, platelet count
299,000/ul, prothrombin time (PT) (international normalized
ratio [INR] 1.01, 97%), blood urea nitrogen (BUN) 6.0 mg/d,
negative serologic tests for viral hepatitis A, B, C, and E, as well
as Epstein-Barr (EB), herpes, and cytomegaloviruses. Electric
fetal heart rate monitoring showed a reassuring fetal status. She
was diagnosed as having acute hepatitis of unknown etiology
and conservatively treated.

However, her liver function gradually deteriorated as shown
in Figure 1, and an emergency cesarean delivery was per-
formed 5 days after admission at 33 weeks and 3 days of gesta-
tion. An immature, male baby weighing 2,268 g was born with
an Apgar score of 6 (1 minute) and subjected to a resuscitation
procedure.

Two days after the cesarean delivery, she lost consciousness
in the evening (Glasgow coma scale [GCS] = 9) because of
hepatic encephalopathy and was diagnosed as having FHF,
i.e., PT (INR 1.86, 30%), BUN 2.3 mg/dl, and ammonia (NH,)
235 pg/dl. Plasmapheresis and continuous hemodiafiltration
were immediately performed in accordance with Japanese
style of artificial liver support (ALS)* (Figure 1).

The ALS did not achieve recovery from coma in the patient,
but provided more time for us to assess the indications for liver
transplantation according to the Liver Transplantation Guideline
published by the Acute Liver Failure Study Group of Japan (i.e.,
11 days from onset of hepatitis to hepatic coma, low percent-
age of PT, total bilirubin level more than 10 mg/dl, low ratio of
direct to total bilirubin).® She was transferred to Kyoto University
Hospital by helicopter 5 days after the cesarean delivery. On the
same day, the patient (blood type B) underwent a successful left
lobe with caudate lobe (S1+2+3+4) liver transplantation from
her father (blood type AB), an ABO-incompatible donor. Ritux-
imab 300 mg was administered during surgery. She regained
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Figure 1. Longitudinal changes of the parameters associated with liver function. AST, aspartate aminotransferase; BUN, blood urea nitro-

gen; PT, prothrombin time; INR, international normalized ratio.

consciousness 1 day after the operation (Figure 1). Plasmaphere-
sis and hemodiafiltration were continued untif 8 and 6 days after
the operation, respectively (Figure 1). Histology showed massive
hepatic necrosis. She was discharged 64 days after transplanta-
tion. One year on, she and her baby are in good medical condi-
tion, although she demonstrated transient ascites 4 months after
delivery because of acute cellular rejection.

Discussion

Some cases of FHF during pregnancy are based on diseases
unique to pregnancy, such as hemolytic anemia, elevated liver
enzymes and low platelet count (HELLP) syndrome, acute fatty
liver of pregnancy, and preeclampsia, in which the hepatic dys-
function begins to resolve postpartum.”® Other cases are usu-
ally regarded as similar to those seen in nonpregnant women.®
However, it has been suggested that hepatitis B virus (HBV)-
related FHF in pregnancy sometimes improves with delivery to
a point suitable for surgical treatment'#'® on modification of

the bichumoral substrate'# or stabilization of the viral param-
eters of hepatic function.™

In this case, however, acute hepatitis progressed to FHF
2 days after cesarean delivery (Figure 1). The ALS could not
improve her coma but effectively reduced total bilirubin lev-
els with a tendency to decrease NH, levels (Figure 1), which
contributed to sustenance of the patient until living donor liver
transplantation became available. We cannot deny the possi-
bility that ALS could not remove some toxins.

As far as we know, there have been five case reports, includ-
ing ours, of FHF rescued by liver transplantation early post-
partum during the third trimester of pregnancy (Figure 1,
Table 1)."'-"* These reports suggest that early termination of
pregnancy may not always improve FHF. In view of the fact
that a better prognosis for newborns is expected in the third tri- -
mester of pregnancy than in the second trimester, termination
of pregnancy would be one of the therapeutic choices in cases
of acute severe deterioration of maternal hepatic function espe-
cially in the third trimester. In such situations, it would be worth

Table 1. Reports of Liver Transplantation Socn After Delivery in the Third Trimester of Pregnancy

Mode of  Onset of FHF Maternal (Fetal)
Reference (year) Etiology ALS Delivery (w.g.) (d.a.d.) LT (d.a.d.) Outcome
Bourliere et al.™ Drug-induced NS CS (30) 1 1 Survived (survived)
Remiszewski et al.? AFLP BT VD (33) 10 10 Survived (survived)
Gill et al.™® Drug-induced AFLP BT VD (33) 3 3 Survived (fetal death)
Ockner et al.'* AFLP BT CS (37) 1 3 Survived (survived)
This case FH of unknown etiology BT and AT CS (32) 2 5 Survived (survived)

AFLP, acute fatty liver of pregnancy; CS, cesarean section, VD, vaginal delivery; FH, fuiminant hepatitis; FHF, fulmi-
nant hepatic failure; LT, liver transplantation; w.g., weeks of gestation; d.a.d., days after delivery; ALS, artificial liver sup-
port; NS, no statement; BT, before transplantation (no statement after transplantation); and BT and AT, before and after

transplantation.
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considering a possible manifestation of FHF immediately after
delivery, although the exact causative relationship between the
onset of FHF and termination of pregnancy is unclear.

The early postpartum period is characterized by a dramatic
withdrawal of placental steroid hormones, being associated
with enormous changes in almost all maternal physiologic pro-
cesses, such as cardiovascular, endocrine, immune, nutrient,
and energy-metabolic functions." It is plausible that these dras-
tic physiologic changes after delivery might be associated with,
at least partly, the acute deterioration of FHF in this case.

Conclusion

In conclusion, we successfully carried out living donor liver
transplantation for a patient developing FHF 2 days after cesar-
ean delivery in the third trimester of pregnancy. The drastic
deterioration of hepatic function during the early postpartum
period suggested that early termination of pregnancy may not
always lead to the resolution of FHF.
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Letter to the Editors-in-Chief

The first report of uncontrollable subchorionic and retroplacental
haemorrhage inducing preterm labour in complete PAI-1
deficiency in a human

Dear Editors,

Fig. 1

Plasminogen activator inhibitor-1 (PAI-1) is a member of the ser-
ine protease inhibitor (SERPIN) superfamily and is the primary phys-
iological regulator of urokinase-type plasminogen activator and
tissue-type plasminogen activator [1]. Although a number of studies
have indicated that elevated levels of PAI-1 are associated with sever-
al pathological states such as arterial thrombotic events [2] and poor
prognosis in cancer patients [3], our knowledge of the consequences
of PAI-1 deficiency is still limited due to the rarity of this condition.
We recently reported a case of genetically identified complete PAI-1
deficiency in a human [4]. The patient showed a tendency for massive
bleeding, which was also observed in a PAI-1-deficient patient in a
previous report [5].

Genetic alterations that lead to a predisposition for bleeding are
associated with clinical complications during pregnancy. The most
vivid example of this association is congenital afibrinogenemia and
congenital coagulation factor XIII (FXIII) deficiency, which result in
genital bleeding and spontaneous miscarriage in the first 6-8 weeks
of gestation if left untreated {6,7].

The patient with complete PAI-1 deficiency we described recently
[4] fell pregnant 3 times, at the age of 26, 27, and 29 years. Although
we were unable to identify the reason for her increased bleeding ten-
dency at the time, we attempted to manage her pregnancies. In this
report, we describe the clinical course of these pregnancies. This is
the first report describing the clinical course of pregnancies in a
completely PAI-1-deficient human.

Case report

The patient was a 47-year-old woman who had experienced mul-
tiple episodes of major bleeding, as described previously (4]. The first
pregnancy occurred at the age of 26 years. The pregnancy course was
uneventful and foetal growth was normal until 16 weeks’ gestation.
At the end of 16 weeks’ gestation, a small amount of genital bleeding
was observed, and she was hospitalised. Her prothrombin time, acti-
vated partial thromboplastin time, and plasma fibrinogen levels were
within the normal limits (13.0s, 34.9s, and 165 mg/dL, respectively);
however, plasma D-dimer levels were slightly elevated (2.4 pyg/mL, a
normal range is<0.5 ug/mL). Fresh frozen plasma (FFP) was injected
twice a week to control the genital bleeding and maintain her preg-
nancy. Plasma D-dimer levels were suddenly elevated at the end of
18 weeks’ gestation, and massive genital bleeding was observed at
19 weeks’ gestation. Although a retro-placental echo-free space was
not observed, the foetal heart beat had stopped and the cervix of
the patient's uterus was found to be fully opened. Plasma D-dimer

0049-3848/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.thromres.2011.10.008

levels were decreased and genital bleeding had -stopped 1 week
after removal of the foetus (220 g). The aborted foetus was male
and his appearance was normal.

The second pregnancy occurred at the age of 27 years. Inmediate-
ly after the confirmation of pregnancy at 7 weeks’ gestation, she was
admitted to our hospital. Although a small amount of genital bleeding
was observed at 8 weeks’ gestation, this pregnancy was uneventful
until 11 weeks’ gestation. A continuous but small amount of genital
bleeding was observed after the end of the 11th week of gestation;
therefore, FFP administration 2-3 times per week was initiated. Al-
though the genital bleeding had stopped at 20 weeks’ gestation, FFP
administration was continued to stabilise the pregnancy. Because
plasma D-dimer levels were slightly elevated at 28 weeks’ gestation,
the frequency of FFP administration was changed from 2-3 times
per week to once a day. However, plasma D-dimer levels continued
to be elevated, reaching 128 pg/mL at 32 weeks’ gestation, accompa-
nied by uncontrollable uterine contractions with grade 2 placental
abruption diagnosed by ultrasonography. Hence, an emergency cae-
sarean section was carried out; the patient delivered a live 1736-g fe-
male infant. Perioperative blood loss amounted to 4500 mL, which
was controlled by the administration of 42 U FFP.

The third pregnancy occurred at the age of 29 years. Based on the
successful management of the previous pregnancy, the patient was
hospitalised at 8 weeks’ gestation and continuous FFP administration
was initiated. FFP was administered twice a week until 16 weeks’ ges-
tation, which was gradually increased until 19 weeks’ gestation. After
20 weeks’ gestation, FFP administration was performed every day. Al-
though the pregnancy was stabilised until 24 weeks’ gestation, plas-
ma D-dimer levels were continuously elevated from 25 weeks’
gestation, reaching 57.9 pg/mL at 27 weeks’ gestation, accompanied
by uncontrollable uterine contractions with placental abruption. An
emergency caesarean section was again carried out; the patient deliv-
ered a live 978-g female infant. Perioperative blood loss amounted to
1037 mL. In both cases, the blood loss was calculated to measure the
weight of the blood absorbed by gauze and/or sanitary napkins. These
daughters were healthy and did not have any symptoms.

Discussion

We have intensively investigated the relationship between coagu-
lation disorders and spontaneous miscarriage. Indeed, we have previ-
ously reported that fibrinogen and FXIII are critical factors for
stabilising placental attachment to the uterus [6,8]. Pregnancies in pa-
tients with both afibrinogenemia and congenital FXIII deficiency re-
sult in spontaneous miscarriage at around 7-8 weeks of gestation in
humans [6,8]. We have successfully managed such pregnancies with
suitable supplemental therapies {9,10].

Coagulation factor deficiencies are very rare, and thus, it is difficult
to investigate the mechanisms underlying the associated increased
bleeding tendency during pregnancy. In order to overcome this diffi-
culty, fibrinogen-deficient mice [11,12] and FXllI-deficient mice [13]
were generated by gene manipulation methods. Afibrinogenemia in
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Fig. 1. The amount of genital bleeding (GB) (g), fresh frozen plasma (FFP) administered (U: 1 U= plasma separated from 200 mL blood), and plasma D-dimmer levels (ug/mL) observed
during the course of the patient's 3 pregnancies. The black arrow indicates the day of the miscarriage. The white arrows indicate when the emergency caesarean sections were performed.

mice was found always to result in spontaneous miscarriage {11}, but
supplemental fibrinogen could rescue these pregnancies [14]. Sponta-
neous miscarriages were also observed in FXIlI-deficient mice {13]. It
must be emphasised, however, that not all of the latter mice showed
spontaneous miscarriage, and some normal deliveries were observed.
These results suggest that further stabilisation of the fibrin matrix in
the fibrinoid layer through crosslinking is preferable, but not essen-
tial, for a successful pregnancy in mice. These mice are reliable tools
for mimicking human diseases; however, it should be noted that
some phenotypical discrepancies do exist between humans and
mice even when the same genes are deficient.

In the case of complete PAI-1 deficiency, such discrepancies must
be further emphasised. Several reports have described that PAI-1
deficiency leads to bleeding diathesis in humans | 15]. However, Ser-
pinel ~/~ mice do not show an increase in bleeding tendency [16],
and pregnancies in Serpinel-deficient mice were found to be
completely uneventful. Indeed, deficient male and female mice are
being successfully crossbred to maintain Serpinel-deficient colo-
nies. On the other hand, the PAI-1-deficient patient reported herein
experienced a spontaneous miscarriage due to massive genital
bleeding in the 19th week of her first pregnancy. The genital bleed-
ing began in the 16th week of gestation in the absence of supple-
mental therapies. When comparing PAI-1 deficiency to congenital
afibrinogenemia or FXIII deficiency, it becomes clear that genital
bleeding begins much later in complete PAI-1 deficiency. In this
case, the patient was given 5 U FFP twice a week after genital bleed-
ing was observed. Each administration could theoretically restore
approximately 20% of plasma coagulation factors. Indeed, the con-
centration of PAI-1 in FFP is almost equivalent to that in fresh plasma
[17]. However, the half-life of active PAI-1 in vivo is extremely short
(about 6 min) [18]. Therefore, the supplementation of PAI-1 via FFP
administration did not appear to fulfil the demand for this factor in
this pregnancy, resulting in further genital bleeding and miscar-
riage. The next 2 pregnancies were successfully maintained by the
administration of large amounts of FFP; however, despite this

increased treatment, it was very difficult to maintain the pregnan-
cies in the 2nd trimester. The demand for PAI-1 during pregnancy
appears to continuously increase, but the amount of PAI-1 that can
be delivered via FFP administration is limited. Thus, the fragile sup-
ply and demand balance was broken midway through the last 2
pregnancies. Indeed, uncontrollable uterine contractions with ele-
vated plasma D-dimer levels, which indicate massive genital bleed-
ing in the uterus, especially the foeto-maternal surface, triggered
preterm labour, resulting in the need for caesarean section for safe
delivery. These findings indicate that PAI-1 plays an important role
in the maintenance of pregnancy in humans. It may therefore be as-
sumed that low levels of PAI-1 may be a risk factor for spontaneous
miscarriage and/or preterm labour in humans.

In summary, our findings show the following: (1) FFP administra-
tion is not sufficient for rescuing PAI-1-deficient patients from massive
bleeding after 25 weeks’ gestation, and purified and/or recombinant
PAI-1 is therefore necessary. (2) Such interventions are not required
in mice, because of a lack of such a bleeding tendency. Based on studies
in Serpinel ~~ mice, several PAI-1 inhibitors have been synthesised for
use in clinical trials to treat thrombotic events such as stroke and coro-
nary ischaemia. However, the phenotypical manifestations of PAI-1 de-
ficiency in humans are quite different to those in mice. Thus, care must
be taken when translating research findings from the mouse to the
human in this field.
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REG l« is a biomarker for predicting response
to chemotherapy with S-1 plus cisplatin

in patients with unresectable stage IV
gastric cancer
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Background: The regenerating gene la (REG lo) is involved in gastric carcinogenesis as an antiapoptotic factor. Therefore, we
investigated whether REG lu confers resistance to chemotherapeutic drugs in gastric cancer (GC) cells and whether REG lu
expression is useful for predicting the response to chemotherapy and outcome in patients with GC.

Methods: A total of 70 patients with unresectable stage IV GC received first-line chemotherapy with S-1 and cisplatin (S-1/CDDP).
The expression of REG lo was evaluated immunohistochemically using biopsy samples obtained before chemotherapy, and its
relationship to clinicopathological parameters was analysed statistically. The effects of REG Iz gene induction on resistance to
5-FU or CDDP treatment were examined by cell survival assay and flow cytometry.

Results: Of the 70 patients with unresectable stage IV GC, 19 (27%) were positive for REG lo expression. The expression of REG la
was independently predictive of poorer progression-free and overall survival in such patients (hazard ratio (HR) 2.46; P=0.002 and
HR 1.89; P=0.037, respectively). The gene induction of REG lx conferred resistance to cell death induced by 5-FU or CDDP in
GC cells.

Conclusion: In patients with stage IV GC, REG la, which confers resistance to chemotherapeutic drugs in GC cells, is a potential
biomarker for predicting resistance to S-1/CDDP treatment.

Gastric cancer (GC) is a major cause of cancer-related death
worldwide (Kamangar et al, 2006; Ferlay et al, 2010), and the
outcome of patients with unresectable GC is very poor (Chau et al,
2004; Lee et al, 2007). Recently, advances in chemotherapy have
considerably improved the prognosis of patients with unresectable
GC, and subsequently the combination of S-1 (comprising a
prodrug of 5-fluorouracil, 5-chloro-2,4-dihydropyrimidine, and

potassium oxonate) with cisplatin (S-1/CDDP) has been accepted
as a first-line therapy for such patients in Japan (Boku, 2008;
Koizumi et al, 2008; Ohtsu, 2008). However, the response to
chemotherapy is known to differ widely among such patients, and
in fact GC patients who show a poor response to first-line
chemotherapy are considered to have a dismal prognosis
(Matsubara et al, 2008; Choi et al, 2011; Park et al, 2011). In this
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