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Therapeutic Time Window of Cannabidiol Treatment on Delayed Ischemic
Damage via High-Mobility Group Box1-Inhibiting Mechanism
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Cannabidiol decreases cerebral infarction and high-mebility group box1 (HMGBI1) in plasma in ischemic
early phase. However, plasma HMGBI levels in ischemic delayed phase reach higher concentration with the pro-
gressing brain injury. In this study, we investigated the therapeutic time window of cannabidiol on functional
deficits, glial HMGBI1 and plasma HMGBI levels in a 4 h mouse middle cerebral artery (MCA) occlusion model.
Cannabidiol-treated mice were divided into 3 groups as follows: group (a) treated from day 1, group (b) treated
from day 3, group (c) treated from day 5 after MCA occlusion. Moreover, minocycline, microglia inhibitor, and
fluorocitrate, an inhibitor of astreglial metaboelism, were used to compare with cannabidiol-treated group. Re-
peated treatment with cannabidiol from 1 and 3d at the latest after cerebral ischemia improved functional
deficits and survival rates. However, cannabidiol from 5 d could not improve the ischemic damage as well as fluo-
rocitrate-treated group. Moreover, both group (a), group (b) and minocycline but not group (c) and fluorocitrate-
treated group had a decrease in the number of Ibal expressing HMGBI1 positive cells and HMGBI1 levels in
plasma. Cannabidiol may provide therapeutic possibilities for the progressing brain injury vie HMGB1-inhibit-

ing mechanism.

Key words

Cannabis contains about 60 different cannabinoids, includ-
ing the psychoactive component, A’-tetrahydrocannabinol
as well as non-psychoactive components, which include
cannabidiol, cannabinol and cannabigerol. Among these
components, cannabidiol, a non-psychoactive constituent of
cannabis, is known to exert potent anti-inflammatory, im-
munomodulatory and analgesic effects.”? In addition,
cannabidiol has been shown to be protective against global
and focal ischemic injury.>*

Although cannabidiol is generally known to have a very
low affinity (in the micromolar range) for the cannabinoid
CB, and CB, receptors, it has many pharmacological
actions,” including anxiolytic actions and anti-inflammatory
and a neuroprotective effect against ischemic injury. These
actions are thought to be dependent on a new abnormal
cannabidiol receptor, but not the non-CB, or non-CB, recep-
tor.5” We have also reported that cannabidiol has a cerebro-
protective action via a cannabinoid receptor-independent
mechanism.¥ In addition, cannabidiol has been shown to sig-
nificantly prevent infarction and myeloperoxidase (MPO) ac-
tivity after reperfusion via a CB, and CB, receptor-independ-
ent mechanism.” Recently, we have reported that cannabidiol
decreased the cerebral infarction via MPO expressing high-
mobility group box1 (HMGB1)-inhibiting mechanism. In ad-
dition, cannabidiol decreased the level of HMGBI in plasma
in ischemic early phase.'?

HMGBI, a non-histone DNA-binding protein, is widely
expressed in various tissues, including the brain. HMGBI
has been implicated in diverse intracellular functions, includ-
ing the stabilization of nucleosomal structure and the facilita-
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tion of gene transcription.'’ HMGBI1 is known to be mas-
sively released into the extracellular space by monocytes and
macrophages or necrotic cells immediately after an ischemic
insult, and induces expression of several genes related to pro-
gressive inflammation, leading to apoptosis in the post-
ischemic brain.’*~'% In addition, we have reported that re-
peated treatment with minocycline, microglia inhibitor, for
14 d improved functional deficits, and decreased plasma lev-
els of HMGB1 and the expression of terminal deoxynu-
cleotidyl transferase-mediated dUTP nick-end labeling
(TUNEL) positive cells at 14d after cerebral ischemia,'”
suggesting that the extracellular HMGBI1 level is of consid-
erable importance for the treatment of post-ischemic injury.

Cannabidiol decreased cerebral infarction and HMGB1 in
plasma in ischemic early phase. However, plasma HMGB1
levels in ischemic delayed phase reached higher concentra-
tion with the progressing brain injury.!” Therefore, we exam-
ined whether cannabidiol can inhibit the progressive inflam-
mation reaction related with HMGB1 and estimated the ther-
apeutic time window of cannabidiol in ischemic delayed
phase.

MATERIALS AND METHODS

Animals Male ddY mice (2535 g, Kiwa Experimental
Animal Laboratory, Wakayama, Japan) were kept under a 12-
h light/dark cycle (lights on from 07:00 to 19:00h) in an air-
conditioned room (23%2°C) with food (CE-2, Clea Japan,
Tokyo, Japan) and water available ad libitum. All procedures
regarding animal care and use were performed in compliance
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with the regulations established by the Experimental Animal
Care and Use Committee of Fukuoka University.

Focal Cerebral Ischemia Focal cerebral ischemia was
induced according to the method described in our previous
study.'® Mice were anesthetized with 2% halothane and
maintained thereafter with 1% halothane (Flosen, Takeda
Chemical Industries, Osaka, Japan). After a midline neck in-
cision, the left common and external carotid arteries were
isolated and ligated. A nylon monofilament (8-0; Ethilon,
Johnson & Johnson, Tokyo, Japan) coated with silicon resin
(Xantopren, Heleus Dental Material, Osaka, Japan) was in-
troduced through a small incision into the common carotid
artery, and advanced to a position 9mm distal from the
carotid bifurcation, for occlusion of the middle cerebral
artery (MCA). Following occlusion, we stopped the 1%
halothane anesthesia. We confirmed occlusion of the MCA
by examining forelimb flexion after awakening from
halothane anesthesia. Four hours after occlusion, the mice
were re-anesthetized with halothane, and reperfusion was es-
tablished by withdrawal of the filament.

Neurological Score The score was divided into 5
groups. 0; normal motor function, 1; flexion of torso and of
contralateral forelimb upon lifting of the animal by the tail,
2; circling to the ipsilateral side but normal posture at rest, 3;
circling to the ipsilateral side, 4; rolling to the ipsilateral
side, 5; leaning to the ipsilateral side at rest (no spontaneous
motor activity). Neurological score was measured at 1, 7, and
14 d after cerebral ischemia.

Rota-Rod Test in MCA-Occluded Mice Motor coor-
dination was measured using the rota-rod test as described
previously.'” Mice were placed on a rotating rod (diameter:
3 cm; Neuroscience Inc., Tokyo, Japan) with a non-skid sur-
face, and the latency to fall was measured for up to 2 min.
The rotation speed was 10 rpm.

Fluorescent Immunostaining Mice (=5 in each
group) were sacrificed by decapitation after perfusion using
saline and 4% paraformaldehyde at 1, 3, 7, and 14d after
MCA occlusion. The brains were removed of fat and water
by an auto-degreasing unit (RH-12, Sakura Seiko Co.,
Tokyo, Japan) and then embedded in paraffin. Subsequently,
5-um sections were mounted on slides and dried at 37 °C for
1d. After deparaffinization and rehydration, these sections
were rinsed twice for 1 min with phosphate buffered saline
(PBS, pH 7.4). The sections were incubated overnight at
4°C in a 1:200 dilution of rabbit polyclonal anti-MPO
(myeloperoxidase) (DAKO Inc., Carpinteria, CA, US.A.),
anti-Ibal (ionized calcium-binding adapter molecule 1)
(Wako Pure Chemical Industries Ltd., Osaka, Japan) and
anti-GFAP (glial fibrillary acidic protein) (Ventana, Kana-
gawa, Japan) primary antibodies and a 1:200 dilution of
goat polyclonal anti-HMGB1 primary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, U.S.A.). Sections were then
incubated in a 1:200 dilution of donkey anti-goat immuno-
gobulin G (IgG)-FITC (fluorescein isothiocyanate) second-
ary antibody (Santa Cruz Biotechnology) and goat anti-rabbit
IgG-Texas red secondary antibody (Santa Cruz Biotechnol-
ogy) for 1 h. Coverslips were mounted and sections were ana-
lyzed by fluorescence microscopy.

TUNEL Staining After deparaffinization and rehydra-
tion, these sections were assayed for TUNEL using direct
binding of fluorescein-conjugated dUTP (green fluo-
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rochrome) with anti-mouse NeuN (Chemicon International,
Temecula, CA, U.S.A.) providing the red counterstain, and
using the FITC-Apoptosis detection system (Promega, Madi-
son, Wisconsin, U.S.A.). The coverslips were mounted then
analyzed by fluorescence microscopy.

HMGB1 Measurements Plasma samples were fraction-
ated by SDS-PAGE,'” and HMGBI levels were determined
by immunoblotting using a standard curve for recombinant
HMGBI1 as a reference (Sigma-Aldrich, St. Louis, MO,
US.A).

Drug Preparation Cannabidiol (TOCRIS bioscience,
Bristol, UK.} was dissolved at 0.3mg/ml in 1% Tween.
Cannabidiol (0.3 mg/ml) was administered intraperitoneally
(i.p. 0.1ml/10 g) at 3mg/kg on the following schedule de-
pending on the group: group (a) treated daily for 14d from
day 1, group (b) treated daily for 12d from day 3, group (c)
treated daily for 10d from day 5 after MCA occlusion.
Minocycline (1 mg/ml, Sigma-Aldrich, St. Louis, MO,
U.S.A)), microglia inhibitor, was administered intraperi-
toneally (i.p. 0.1 ml/10 g) from 5 d after cerebral ischemia. In
addition, fluorocitrate (1 nmol/site, Sigma-Aldrich, St. Louis,
MO, U.S.A), an inhibitor of astroglial metabolism, was in-
jected intracortically from 5 d after cerebral ischemia.

The fluorocitrate solution for intracortical injection was
prepared as follows: 8 mg of p,L-fluorocitric acid, Ba, salt
(Sigma-Aldrich, St. Louis, MO, US.A.) was dissolved in
1 ml of 0.1 M HCL. Two to three drops of 0.1 M Na,SO, was
added to precipitate Ba®*. Two milliliters of 0.1 M Na,HPO,
was added, and the suspension was centrifuges at 1000 g for
5 min. The supernatant was diluted with 0.9% NaCl to the
final concentration, and pH was adjusted to 7.4.

The fluorocitrate solution was microinjected stereo-
taxically into the sensory-motor cortex region (anterior:
—0.22 mm; lateral: 2.5 mm from bregma; depth: 2 mm from
the skull surface). The coordinates were based on the mouse
brain atlas of Franklin and Paxinos. One microliter was in-
jected continuously at a rate of 0.25 ul/min through a stain-
less steel cannula (28 gauge) connected to a 25-ul syringe
driven by a slow-injection pump.

Statistical Analysis Results are expressed as the
mean*S.E.M. Multiple comparisons were evaluated by
Tukey—Kramer’s test after one-way ANOVA. p<<0.05 was
considered to be statistically significant.

RESULTS

The Expression Changes of HMGB1 on Neutrophils,
Microglia, and Astrocytes Following Cerebral Ischemia
HMGBI1 expressing MPO-positive cells were observed at 1
and 3d after cerebral ischemia. Similarly, Ibal expressing
HMGBI positive cells were observed at 1, 3, 7 and 14d in
the ischemic core including the striatum after cerebral is-
chemia. On the other hand, GFAP expressing HMGB1 posi-
tive cells were observed at 7 and 14 d in the ischemic penum-
bra. TUNEL positive cells increased in the ischemic core at a
peak 7d after cerebral ischemia, but they were rarely ob-
served in the ischemic penumbra except for 7 d after cerebral
ischemia (Fig. 1).

Effect of Cannabidiol on Neurological Impairment
after Cerebral Ischemia The mice subjected to MCA
occlusion had a significantly impaired neurological func-
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Expression Changes in HMGB1 on Neutrophils, Microglia, and Astrocyte Following Cerebral Ischemia

MPO-positive cells in the ischemic core, including the striatum, significantly increased at 1 and 3 d after cerebral ischemia and HMGBI1 expressing MPO-positive cells was ob-
served at 1 and 3 d after cerebral ischemia. Similarly, Ibal expressing HMGB1 positive cells were observed at 1, 3, 7 and 14 d in the ischemic core including striatum after cerebrali
ischemia. On the other hand, GFAP expressing HMGB! positive cells were observed at 7 and 14 d in the ischemic penumbra after cerebral ischemia. TUNEL positive cells in-
creased in the ischemic core at a peak 7d after cerebral ischemia. On the other hand, they were rarely observed in the ischemic penumbra except at 7d after cerebral ischemia
(n=5). Scale bar; 10 um. MPO, Ibal, GFAP, and NeuN, positive cells: red, HMGB1 and TUNEL, positive cells: green, merge: yellow.

tion. Cannabidiol-treated group (a) and group (b) had an im-
proved neurological score 14 d after cerebral ischemia com-
pared with the vehicle treated group. On the other hand,
group(c) did not have an improved neurological score
[F(4,20)=11.767, p<0.01, one-way ANOVA; vehicle treated
group, group {a), group (b), group(c), ** p<<0.01 compared
with sham, 1d after cerebral ischemia. F(4,20)=8.463,
p<<0.01, one-way ANOVA,; vehicle treated group, group
(a), group (b), group(c), **p<<0.01 compared with sham,
7d after cerebral ischemia. F(4,20)=14.200, p<<0.01, one-
way ANOVA; vehicle treated group, group(a), group
(c), **p<<0.01 compared with sham. Group(a), group (b),
#% p<<0.01 compared with vehicle treated group, 14d after
cerebral ischemia, #p<<0.05, # p<<0.01 compared with vehi-
cle treated group, Tukey—Kramer’s test, Fig. 2B].

Effect of Cannabidiol on Motor Coordination after
Cerebral Ischemia The mice subjected to MCA occlusion
had a significantly impaired motor coordination. Cannabid-
iol-treated group (a) and group (b) showed improved motor
coordination on a rota-rod test compared with the vehicle
treated group. On the other hand, group (¢) did not show im-
prove motor coordination [F(4,20)=86.283, p<<0.01, one-
way ANOVA; vehicle treated group, group(a), group (b),
group (c), ** p<<0.01 compared with sham, 1d after cere-
bral ischemia. F(4,20)=19.092, p<<0.01, one-way ANOVA;
vehicle treated group, group (a), group (b), group (c), ** p<<
0.01 compared with sham, 7d after cerebral ischemia.
F(4,20)=12.775, p<0.01, one-way ANOVA,; vehicle treated
group, group (c), ** p<<0.01 compared with sham, group (a),
#p<<0.05 compared with vehicle treated group, 14d after
cerebral ischemia, Fig, 2C].

Effect of Cannabidiol on the Survival Rate after MCA
Occlusion Cannabidiol-treated group (a) and group (b) had
an improved survival rate compared with the vehicle treated
group. On the other hand, group(c) did not show an im-

proved survival rate (Fig. 2D).

Effect of Microglia Inhibitor, Minocycline, and
Gliotoxin, Fluerocitrate, on Neurological Impairment,
Motor Coordination, and Survival Rate in MCA Oc-
cluded Mice It is shown the schedule of minocycline
10 mg/kg and fluorocitrate 1 nmol/site after MCA occlusion
(Fig. 3A). Minocycline-treated group but not fluorocitrate-
treated group showed improved neurological score, motor co-
ordination and survival rates. [Neurological score: F(3,22)=
14.083, p<<0.01, one-way ANOVA; vehicle treated group,
fluorocitrate-treated group, ** p<<0.01, *p<<0.05 compared
with sham, 14 d after cerebral ischemia (Fig. 3B). Motor co-
ordination: F(3,22)=240.010, p<<0.01, one-way ANOVA;
vehicle treated group, minocycline-treated group, fluoro-
citrate-treated group, ##p<<0.01 compared with sham.
Minocycline-treated group, # p<<0.01 compared with vehi-
cle-treated group, 14 d after cerebral ischemia (Fig. 3C)].

Effect of Cannabidiol on Microglia- and Astrocyte-
Expressing HMGB1 and TUNEL Positive Cells
Cannabidiol-treated group (a) and group (b) had a decrease in
the number of Ibal expressing HMGBI1 positive cells and
TUNEL positive cells in the ischemic core. On the other
hand, group(c) did not show a decrease in these cells.
Group (b) showed no changes in the GFAP expressing
HMGBI1 positive cells and TUNEL positive cells in the is-
chemic penumbra. GFAP expressing HMGBI1 positive cells
from group (a) displayed the morphology of fibrous astro-
cytes. In addition, TUNEL positive cells were rarely ob-
served. On the other hand, treatment of group (c) and fluoro-
citrate resulted in a disruption in the morphology of the as-
trocytes and the number of TUNEL positive cells did not de-
crease in the ischemic penumbra 14 d after cerebral ischemia
(Fig. 4A). The amount of HMGBI released into the plasma
was significantly increased at 14 d after cerebral ischemia.
Group (a), group (b) and minocycline-treated group did not
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Fig. 2. Effect of Cannabidiol on Neurological Impairment, Motor Coordination, and Survival Rate in MCA Occluded Mice

1t is shown the schedule of repeated treatment with cannabidiol (3 mg/kg, i.p.) after MCA occlusion (A). MCA occluded mice exhibited a significantly impaired neurologicai
function and motor coordination, and decreased survival rate. Cannabidiol-treated group (a) and group (b) showed improved neurological score (B), motor coordination (C) and sur-
vival rates (D). On the other hand, group (c) did not show improved functional deficits and survival rate. Values are expressed as the mean®S.E.M. (B) #* p<<0.01 compared with
sham group, # p<<0.01 compared with 14d vehicle treated group. (C) **p<C0.01 compared with sham group, #p<<0.05 compared with 14d vehicle treated group (n=6—38).
(Tukey—Kramer’s test).
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Fig. 3. Effect of Microglia Inhibitor, Minocycline, and Gliotoxin, Fluorocitrate, on Neurological Impairment, Motor Coordination, and Survival Rate in
MCA Occluded Mice

It is shown the schedule of minocycline 10 mg/kg and fluorocitrate 1 nmol/site after MCA occlusion (A). Minocycline-treated group but not fluorocitrate-treated group showed
improved neurological score (B), motor coordination (C) and survival rates (D). Values are expressed as the meantS.EM. (B) ##p<<0.0! compared with sham group. (C)
*%p<<0.01 compared with sham group, # p<<0.01 compared with 14 d vehicle treated group (n=6—38) (Tukey-Kramer’s test).
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Fig. 4. Effect of Cannabidiol on Microglia- and Astrocyte-Expressing HMGBI and TUNEL Positive Cells

Cannabidiol-treated group (a) and group (b) decreased the number of Ibal expressing HMGBI positive cells and TUNEL positive cells in the ischemic core. On the other hand,
group (c) did not show a decrease in these cells (A) (n=5). Scale bar; 20 um. Ibal, GFAP, and NeuN positive cells: red, HMGB1 and TUNEL positive cells: green, merge: yellow.
The amount of HMGBI1 released into the plasma was significantly increased at 14d after cerebral ischemia. Group (a), group (b) and minocycline-treated group but not both
group (c) and fluorocitrate-treated group had a significantly decreased level of HMGBI in plasma (B). Values are expressed as the mean*S.EM. #* p<0.01 compared with sham

group (n=3-—5) (Tukey-Kramer’s test).

increase the HMGBI level in plasma [F(6,21)=6.380,
p<0.01, one-way ANOVA; vehicle treated group and
group (c), fluorocitrate-treated group, **p<<0.01 compared
with the sham-operated group, Fig. 4B].

DISCUSSION

Repeated treatment with cannabidiol (3 mg/kg, 1.p.) from
1d or 3d after cerebral ischemia improved the functional
deficits, survival rates and decreased the HMGBI1 level in
plasma and the number of Ibal expressing HMGBI positive
cells. Additionally, both groups decreased TUNEL positive
cells in ischemic core after cerebral ischemia. On the other

hand, cannabidiol from 5 d but not minocycline from 5 d after
cerebral ischemia did not improve the functional deficits as
well as fluorocitrate-treated group. Our results suggest that
cannabidiol will open the therapeutic possibilities for treat-
ment of post-ischemic injury via modulating glial HMGBI1.
In this study, Ibal expressing HMGBI1 and TUNEL posi-
tive cells increased during 1-—14 d after cerebral ischemia in
the ischemic core with the impairment of neurological func-
tions. On the other hand, astrocyte expressing HMGB1 posi-
tive cells were observed during 7—14d after cerebral is-
chemia in the penumbra region, and TUNEL positive cells
were rarely observed in this region compared with ischemic
core region. These results suggest that the role of microglia
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expressing HMGB1 would be different from that of astrocyte
expressing HMGB1 because the number of TUNEL positive
cells was different in each of the ischemic regions.

Repeated treatment with cannabidiol from 1d or 3 d after
cerebral ischemia improved the functional deficits, such as
neurological score and motor coordination, and survival
rates. In addition, both groups did not increase the HMGBI1
level in plasma, and decreased the number of Ibal expressing
HMGBI positive cells and TUNEL positive cells. However,
treatment with cannabidiol from 5d after cerebral ischemia
did not improve them. From these results it was determined
that the therapeutic time window of cannabidiol in ischemic
delayed phase is at the latest 3 d after ischemic insult through
an activated microglia-expressing HMGBI1 inhibiting mecha-
nism.

In previous study, cannabidiol produced a cerebropro-
tective effect that was mediated by inhibition of MPO ac-
tivity after cerebral ischemia, via a CB, and CB, receptor-
independent mechanism in ischemic acute phase.” In ad-
dition, although the cerebroprotective effect of cannabi-
diol was partly inhibited by 5-HT1A receptor antagonist,
WAY 100135,'® but not the MPO inhibition of cannabidiol.
Therefore, the effect of cannabidiol would depend on antioxi-
dant effect or other effects. Recently, it has been reported that
cannabidiol inhibits microglial cell migration,”” and prevents
astroglial activation vig inhibiting the expression of GFAP
mRNA and protein.?) Moreover, it has also been reported
that cannabidiol has the ability to enhance adenosine signal-
ing through inhibition of uptake,?® suggesting that it leads to
a decrease of ATP induction. Taken together, cannabidiol
might inhibit glial activation both microglia and astrocyte via
a decrease of ATP induction, and then cannabidiol might in-
hibit the expression of HMGB1 in both glial cells.

We have reported that repeated treatment with minocy-
cline, a microglia inhibitor, for 14 d from 1 d after cerebral is-
chemia decreased activated microglia expressing HMGBI
within the brain, and also decreased plasma HMGB1 at 14d
after MCA occlusion. Additionally, minocycline significantly
decreased the number of TUNEL positive cells at 14 d after
cerebral ischemia.!” However, minocycline did not affect re-
active astrocytes expressing HMGB1 on the same time
frame. Next, to inhibit reactive astrocytes induced in is-
chemic delayed phase, we used fluorocitrate, an inhibitor of
astroglial metabolism.

Fluorocitrate (1 nmol/site) temporary inhibits astroglial
metabolism but not neuron without destruction of the as-
troglial cells, and 24 h after its injection, the astroglial cells
appear to have largely recovered.”” As the results, repeated
treatment with fluorocitrate at once per 2 d from 5 d inhibited
reactive astrocytes expressing HMGB1 and caused neurolog-
ical deterioration at 14 d after cerebral ischemia. In addition,
plasma HMGB1 did not be affected by the injection of fluo-
rocitrate. Taken together, these suggest that activated mi-
croglia expressing HMGBI1 releases the large amount of
HMGB!I into extracellular space, and it may be related to
progressive inflammatory reaction in the ischemic core in is-
chemic early phase. In contrast, reactive astrocytes express-
ing HMGB1 partially release HMGB1 and influence the
long-term recovery after brain injury, through neurite out-
growth, synaptic plasticity, or neuron regeneration.”” Actu-
ally, stimulated astrocytes released HMGB1 protein and in-
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duced neuroblastoma cell differentiation.*®

Recent evidence identifies HMGB1 as a cytokine-like me-
diator of delayed endotoxin lethality.'>'¥ In addition, high
serum levels of HMGBI in patients with sepsis or hemor-
rhagic shock have been reported to be associated with in-
creased mortality and disease severity.!*?? In this study,
plasma HMGB1 levels were correlated with the extent of
brain injury, which suggests that plasma HMGB1 levels
would be a marker of progressive brain injury after ischemic
insult.

In conclusion, we are the first to demonstrate that repeated
treatment with cannabidiol from 3 d after cerebral ischemia
has cerebroprotective effect and attenuates microglia ex-
pressing HMGB1 without affecting reactive astrocytes ex-
pressing it. Our results suggest that cannabidiol will provide
therapeutic possibilities for progressively expanding inflam-
matory responses after stroke via modulating microglial
HMGBI1.
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Intrapartum fetal heart rate monitoring
in cases of congenital heart disease

Keiko Ueda, MD; Tomoaki Ikeda, MD; Naoko Iwanaga, MD; Shinj Katsuragi, MD;
Kaoru Yamanaka, MD; Reiko Neki, MD; Jun Yoshimatsu, MD; Isao Shiraishi, MD

OBJECTIVE: We evaluated the intrapartum fetal heart rate (FHR) pat-
terns in fetuses with congenital heart disease (CHD).

STUDY DESIGN: One hundred sixteen cases of fetal CHD were identi-
fied at our institute between 2000-2007; 464 fetuses without CHD were
used as controls. The incidences of abnormal FHR patterns and umbil-
ical blood gases were compared.

RESULTS: More fetuses with CHD showed variant FHR than did con-
trol fetuses (46.6% vs 17.7%; P << .01). Cesarean section deliveries
that were based on fetal indications were performed more frequently in
fetuses with CHD than in control fetuses (12.9% vs 3.2%; £ < .01).

Isomerism and tetralogy of Fallot were observed frequently with variant
FHR. When chromosomal abnormalities and intrauterine growth re-
striction were excluded, the fetuses with CHD showed more variant
FHR than did the control fetuses.

CONCLUSION: Fetuses with CHD are more likely to show abnormal
FHR patterns than are control fetuses. We suggest that cardiac abnor-
malities are associated with abnormalities in FHR patterns.

Key words: congenital heart disease, fetal heart rate monitoring,
variant FHR paltern

Cite this article as: Ueda K, lkeda T, lwanaga N, et al. Intrapartum fetal heart rate monitoring in cases of congenital heart disease. Am J Obstet Gynecol

2009;201:64.61-6.

lectronic fetal heart rate (FHR) pat-

terns have been used in the antepar-
tum and intrapartum treatment of preg-
nant women. Fetal oxygenation and
acid-base status are evaluated with FHR
patterns, which are produced in the au-
tonomic nervous system and consist of
the afferent nerve, the cardiovascular
center in the brain stem, the efferent
nerve, and the heart. This has given rise
to the hypothesis that abnormalities in
the brain or heart can cause aberrant
FHR patterns without hypoxic and/or
acidotic stress.
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Many investigators have reported that
congenital anomalies of the central ner-
vous system are associated strongly with
aberrant FHR patterns.™ For example,
Biale et al' showed that 71% of fetuses
with brain anomalies exhibited nonreac-
tive signs on nonstress tests, Terao et al®
found characteristic FHR pattern abnor-
malities in anencephalic fetuses, the de-
gree of which reflected the defect in the
brain.

Conversely, there have been only a few
reports about the relationship between
congenital heart disease (CHD) and
FHR patterns, although CHD is the most
common congenital defect.® The pio-
neer work of Garite et al® identified this
correlation in 27 patients with CHD.
There are 3 important questions to be
answered in addressing this issue. First,
we must assess whether CHD causes real
hypoxemia and/or acidosis or whether
CHD causes FHR abnormalities without
hypoxemia or acidosis. Second, is the
high incidence of aberrant FHR associ-
ated with CHD per se or associated with
the other major abnormalities that fre-
quently accompany CHD, including
chromosomal abnormalities and intra-
uterine growth restriction (IUGR)?
Third, are there any special subtypes of
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CHD with which aberrant FHR is asso-
ciated frequently? The answer to the last
question should extend our understand-
ing of the mechanism and pathophysio-
logic condition of FHR. To answer these
questions, we analyzed the intrapartum
FHR patterns of fetuses with CHD and
compared them with those of matched
control fetuses.

MATERIALS AND METHODS
Between 2000-2007, 116 fetuses with CHD
who were delivered at the National Car-
diovascular Center were enrolled as the
study subjects. Nineteen fetuses were de-
livered by elective cesarean section and
were excluded from the study. Corre-
sponding to each study subject, we selected
4 consecutive control fetuses (case/control
ratio, 1/4), who were matched for gesta-
tional age and birthweight. Thus, we en-
rolled 464 fetuses as control subjects. Their
medical charts were reviewed for antepar-
tum and intrapartum risk factors, umbili-
cal arterial gases, postnatal treatments, and
outcomes.

Our protocol for detecting CHD was
as follows: a fetal cardiac ultrasound ex-
amination was performed on the preg-
nant women at mid term. Cardiac ab-
normalities were detected by the
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Population characteristics

Study subjects Control patients
Characteristics (n = 116) (n = 464) Pvalue
Birthweight (g) 2729 =+ 553 2754 + 531 NS
Gestational age (wk) 38 +2 38 + 2 NS
Apgar score
< 7 (1 min) 20 (17.2%) 28 (6.0%) < .05
< 7 (5 min) 11 (9.5%) 5(1.0%) < .05
Sex
Male 63 (54.3%) 245 (52.8%) NS
Female 53 (45.7%) 219 (47.2%) NS
Delivery
Induction 55 (47.4%) 204 (44.0%) NS
Operative vaginal 18 (15.5%) 45 (9.7%) NS
Emergency CS 29 (25.0%) 84 (18.1%) NS
Due to variant FHR 15 (12.9%) 15 (3.2%) < .05
Due fo arrest of delivery 14 (12.1%) 69 (14.9%) NS

No marked differences were observed between the 2 groups in gestational age, birthweight, or sex ratio; however, their Apgar
scores did differ. The emergency cesarean section (CS) was performed often in study subjects because of fetal heart rate

(FHR) pattern.
CS, cesarean section; NS, not significant.

Ueda. Intrapartum FHR monitoring in cases of CHD. Am ] Obstet Gynecol 2009.

ultrasound radiologist and then ana-
lyzed by a fetal/pediatric cardiologist for
diagnosis.

CHD was categorized into 12 sub-
types: heart isomerism, univentricular
heart (UVH), tetralogy of Fallot (TOF),
transposition of the great arteries, dou-
ble outlet of the right ventricle, hypo-
plastic left heart syndrome, common ar-
teriovenous canal, ventricular septal
defect, coarctation or interruption of the
aortic arch (COA/IAA), aortic stenosis,
pulmonary stenosis or atresia (PS/PA),
and others. Dextrocardia, Ebstein anom-
aly, truncus arteriosus, heart tumor, and
patent ductus arteriosus were catego-
rized as “others,” because they were each
represented by < 5 cases.

Electronic FHR monitoring was per-
formed continuously until delivery, once
the woman had progressed into active la-
bor (cervical dilation, > 3 cm; dilation
rate, > 1 cm/hr). At least 1 obstetrician
stayed at the bedside or at a central FHR
monitor on a 24-hour basis. Electrical
FHR monitoring was also performed un-
til just before the start of any emergency
cesarean delivery. FHR monitoring was

recorded at a paper speed of 3 cm/min
and interpreted according to the Na-
tional Institute of Child Health and Hu-
man Development guidelines.” Variable
decelerations were classified according
to Kubli et al.'® Prolonged deceleration
was defined as those decelerations that
lasted = 2 minutes and decreased to <
110 beats/min and that occurred once
during labor, except just before delivery.
Late deceleration was defined as recur-
rent if the deceleration occurred during
> 50% of the uterine contractions in a
20-minute segment.

FHR monitoring charts that were re-
corded < 3 hours during labor were ex-
cluded for the analysis. Baseline FHR,
baseline variability, and decelerations
were interpreted and recorded on an
hourly basis. Each hour was divided into
20-minute intervals, and the temporal
changes from baseline, baseline variabil-
ity, and deceleration were analyzed. We
classified the pattern that was observed
in the last 3 hours before delivery, but
notin the last 20 minutes before delivery,
because decelerations (especially vari-
able and prolonged decelerations) are

observed frequently at that time, even in
normal vaginal deliveries.'’ When dif-
ferent degrees of variable deceleration
were recorded, the most severe incident
was used for the analysis.'> The FHR
charts were reviewed by 1 investigator,
who was blinded to the blood gas analy-
sis, diagnosis of CHD, and infant
outcome.

The incidence of FHR in the groups
was compared with the use of a x* test
and Fisher exact test. Data are presented
as mean * SD. A probability value of <
.05 was considered statistically signifi-
cant. A retrospective power analysis was
performed to confirm that the study de-
sign was adequate.

RESULTS

As shown in Table 1, birthweights, gesta-
tional ages at birth, and sex ratios did not
differ significantly between the groups.
The incidence of Apgar scores < 7 was
significantly higher in infants with CHD
than in the controls, at both 1 minute
and 5 minutes after delivery.

The prevalence of each FHR decelera-
tion is shown in Table 2. Thirty percent
of patients with CHD showed severe
variable deceleration during the intra-
partum period, which was much higher
than the incidence in the control subjects
(30.2% vs 8.6%, respectively; P << .01). A
significantly higher incidence of pro-
longed deceleration was observed in the
patients with CHD than in the control
subjects (9.5% vs 3.2%, respectively; P <
.01). There was no difference in the inci-
dence of recurrent late deceleration or
lost/decreased baseline variability be-
tween the 2 groups. Variant patterns,
which included the atypical FHR pat-
terns described earlier, occurred in
46.6% of patients with CHD, which was
significantly higher than the incidence of
17.7% in the control group (P < .01).
However, no unusual types of FHR were
seen in the fetuses with CHD.

Table 1 shows the modes of delivery in
the CHD and control groups. Twenty-
nine patients (25.0%) with CHD were
delivered by emergency cesarean section,
which was a higher proportion than the
84 patients (16.8%) in the control group
(P = .11, not statistically significant).
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The incidence of emergency cesarean
section deliveries in response to a nonre-
assuring fetal status was significantly
higher during the birth of the fetuses
with CHD than during the deliveries of
the control fetuses (12.9% vs 3.2%, re-
spectively; P <C .01). The incidence of
emergency cesarean deliveries in re-
sponse to other indications, such as fail-
ure to progress to delivery, was very sim-
ilar in both groups (12.1% vs 15.1%,
respectively). Delivery was induced for
55 fetuses (47.4%) with CHD and 204
(44.0%) control fetuses. Eighteen pa-
tients with CHD (17%) underwent in-
strumental vaginal deliveries, similar to
the incidence in the control group (45
patients, 10%).

Umbilical arterial pH was compared
between the patients with CHD and the
control subjects (Table 3). The average
umbilical arterial pH values were similar
in both groups, and there was no signif-
icant difference between the 2 groups in
the incidence of acidosis at any level.

In a comparison of the patients who
were delivered by emergency cesarean
section in the 2 groups, the average um-
bilical arterial pH was lower in the con-
trol patients than in the study subjects,
but the difference was not statistically
significant. Three subjects in the control
group showed values of pH < 7.2 (20%),
but there were no cases of pH << 7.11in the
patients with CHD (Table 4). FHR decel-
eration patterns were analyzed in the
patients with CHD according to the 15
subtypes of CHD (Table 5). When com-
pared with the control group, fetuses
with TOF (10/12; 83.3%), UVH (6/8;
75%), aortic stenosis (4/7; 57.1%), isom-
erism (6/13; 46.2%), and COA/IAA (6/
13; 46.2%) showed a statistically higher
incidence of variant FHR patterns.

We excluded 44 patients from the
CHD group who had IUGR, chromo-
somal abnormalities, or other major
structural abnormalities that might have
contributed to variant FHR patterns.
The remaining 72 patients were included
in a subanalysis in which the incidence of
variant FHR patterns during labor was
still significantly higher in the CHD
group than in the normal control group
(38.8% vs 17.7%, respectively; P < .01).
The same findings were observed for the

I'nc'iyde'nce of FHR deceleration and minimal baseline
variability in patients with congenital heart disease

Study subjects Control patients
Characteristics (n = 116) (n = 464) Pvalue
Severe variable 35 (30.2%) 40 (8.6%) < .05
Prolonged 11 (9.5%) 15 (3.2%) <.,05
Recurrent late 4 (3.4%) 23 (5.0%) NS
Loss/decreased variability 4 (3.4%) 4 (0.9%) NS
None 62 (53.4%) 384 (82.3%) < .05

frequently seen in feluses with congenital heart disease.
NS, not significant,

The total number of patients with nonreassuring fetal heart rate (FHR) patterns was significantly higher in the group with
congenital heart disease than in the control group. Severe variable deceleration and prolonged deceleration were more

Ueda. Intrapartum FHR monitoring in cases of CHD. Am ] Obstet Gynecol 2009.

incidences of severe variable decelera-
tion and prolonged deceleration (Ta-
ble 6).

COMMENT

In this study, we demonstrated that se-
vere variable deceleration and pro-
longed deceleration occurred signifi-
cantly more frequently during labor
and delivery in fetuses with CHD than
in the matched control group. This was
associated with a higher incidence of
emergency cesarean deliveries in re-
sponse to nonreassuring fetal status in
the CHD group, compared with that in
the control group. However, there
were no cases of fetal acidosis during
the emergency cesarean deliveries in

the CHD group. From these findings,
we infer that abnormally developed
hearts tend to elicit aberrant FHR pat-
terns, including variable and pro-
longed decelerations, not through the
common mechanism that is observed
in normal fetuses but through an alter-
native mechanism.

The mechanisms by which FHR pat-
terns are elicited have been investi-
gated."” Variable deceleration is thought
to occur through an autonomic nervous
reflex, which involves the efferent para-
sympathetic nerve, the cardiovascular
center in the medulla oblongata, the af-
ferent vagal nerve, and the cardiac rhyth-
mic system (ie, sinoatrial node and atrio-
ventricular node). The stimulation is

Compaﬁson of umbilical arterial PH between the groups

Study subjects Control patients
pH (n = 116) (n = 464) Pvalue
Average 7.290 *+ 0.097 7.304 = 0.076 NS
<70 2 (1.7%) 2 (0.9%) NS
7.0-71 2 (3.4%) 7 (1.9%) NS
7.1-7.2 8 (10.3%) 26 (7.5%) NS
> 7.2% 104 429 NS

No difference between the 2 groups was observed in the average umbilical arterial pH or the number of fetuses with pH <
7.2. The diagnoses of fetuses with pH < 7.2 were tetralogy of Fallot (TOF, n = 3), isomerism heart (n = 3), univentricutar
heart {UVH; n = 1), veniricular septal defect (VSD; n = 2), common arteriovenous canal (CAVC; n = 1), and hypoplastic
aorta {n = 1). Seven fetuses had chromosemal abnormalities or intrauterine growth restriction. Ten fetuses had variant fetal
heart rate patterns, 3 fetuses had severe variable deceleration, and 2 fetuses had prolonged deceleration. Loss/decreased
variability and lale deceleration were each observed in 2 fetuses, which were relatively high proportions in this subgroup
compared with those fetuses in the whole study group (17.7% vs 3.4% for loss/decreased variability and 17.7% vs 3.4%

for late deceleration, respectively).
NS, not significant,

27.2 > pH: TOF 3, isomerism 3, VSD 2, UVH 2, CAVC 1, hypoplastic aorta 1.

Ueda. Intrapartum FHR monitoring in cases of CHD. Am ] Obstet Gynecol 2009.
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Compérison of umbilical arterial pH in emergency
c-section cases between the groups

Study subjects Control patients
pH (n = 15) (n = 15) Pvalue
Average 7.307 =+ 0.041 7.249 + 0.134 NS
<7.0 0 1(6.7%) NS
7.0-71 0 1{13.3%) NS
71-7.2 0 1 (20.0%) NS
>72 15 12 NS

Three of the normal fetuses who were born by emergency cesarean section had pH < 7.2, but none of the fetuses with
congenital heart disease who were born by emergency cesarean section had pH < 7.2,

NS, not significant.

Ueda. Intrapartum FHR monitoring in casés of CHD. Am ] Obstet Gynecol 2009.

either umbilical compression, especially
of the artery, which leads to sufficient ar-
terial hypertension to stimulate the
baroreflex, or fetal head compression,
which also leads to an autonomic ner-
vous reflex.!”® Therefore, it is readily com-
prehensible that an abnormality of the
brain, the heart, or the nerve that connects
the 2 organs is associated strongly with
variant FHR patterns. This has been sub-

stantiated by several lines of clinical and
experimental evidence. Garite et al® re-
ported that fetuses with congenital anom-
alies, especially those of the brain or heart,
more frequently showed aberrant FHR
patterns. Biale et al' reported the same ob-
servation in 1985. Terao et al* demon-
strated different atypical FHR patterns in
anencephalic fetuses with different degrees
of brain deficit.

We have inferred several possible mech-
anisms other than acidosis for abnormal
FHR patterns: an evaluation of the CHD
subtypes that are most susceptible to FHR
abnormalities should increase our under-
standing of the pathophysiologic condi-
tion of the “heart anomaly and FHR” issue.
In this study, isomerism and UVH pro-
duced the most frequent aberrant FHR
patterns. This could have been caused by
the structural characteristics of these 2 sub-
sets of CHD that occur in the early stages of
heart development, with aberrant lateral-
ity, which could interrupt or modify the
electrical impulses. Isomerism and UVH
are known to be associated with abnormal-
ities of the conduction system in the heart,
such as dual sinus or atrioventricular node,
absent sinus node, or complete heart
block."*"'* Although we excluded fetuses
in whom intrapartum FHR monitoring
would be difficult (such as those with a
complete atrioventricular block), it is likely
that an inherited abnormality of the im-
pulse conduction system is possibly associ-
ated with the occurrence of aberrant FHR
patterns.

Incidence of variant FHR patterns in subjects with CHD
Severe Prolonged Recurrent Minimam Normal

Subjects with CHD (n) Variant FHR VD D LD variability FHR
Isomerism (n = 13) 6 (46.2%)° 1 3 0 2 7
UVH (n = 8) 6 (75. 0%)b 3 3 0 0 2
TOF (n = 12) 10 (83.3%)° 7 1 1 1 2
DORV(n =7) 1{(14.3%) 1 0 0 0 6
VSD (n = 8) 3(37.5%) 3 0 0 0 5
HHS(h=17) 2 (28.6%) 1 0 1 0 5
TGA(n = 7) 2 (28.6%) 2 0 0 0 5
AS(n=7) 4 (57. 1%)b 4 0 0 0 3
CAVC (n =7) 2 (28.6%) 1 0 1 0 5
PS/PA (n = 5) 2 {40.0%) 1 1 0 0 3
COA/IAA (n = 13) 6 (46 2%)° 4 0 1 1 7
Others (n = 22 0 (45.5%) 7 3 0 0 12
Total (n = 116) 54 (46 6%) 35 11 4 4 62
Tetralogy of Fallot (TOF), isomerism, univentricular heart (UVH), pulmonary stenosis or atresia (PS/PA), and coarctation or interruption of the aortic arch (COA/IAA) were the major heart
abnormalities that were associated with aberrant fetal heart rate (FHR) patterns. Ebstein anomaly (n = 4), truncus arteriosus (n = 2), heart tumor (n = 4), and patent ductus areriosus (n =
2) were categorized as “others,” because they were each represented by < 5 cases.

AS, aortic stenosis; CAVC, common arteriovenous canal; CHD, congential heart disease; D, deceleration; DORY, double outlet right ventricle; HLHS, hypoplastic left heart syndrome; LD, late
deceleration; TGA, transposition of grate aorta; VD, variable deceleration; VSO, ventricular septal defect.
3 Others included Ebstein anomaly {n = 4), truncus of the arleriosus (n = 2), heart tumor {n = 4}, and patent ductus arteriosus (n = 2); ® Incidence of variant FHR patierns in this calegory was

significantly higher than that of study subjects (P < .05).

Ueda. Intrapartum FHR monitoring in cases of CHD. Am ] Obstet Gynecol 2009,
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lncideﬁce of variant FHR patterns in subjects with CHD (excluded IUGR,
chromosome abnormality, and othgr major anomalies)

Variant Severe Prolonged Recurrent Minimam Normal
Subjects with CHD (n) FHR VD D LD variability FHR
Isomerism (n = 6) 3 (50.0%) 0 2 0 1 3
UVH (h = 3) 2 (66.7%) 1 1 0 0 1
TOF (n = 6) 4 (66.7%)° 4 0 0 0 2
DORV (n = 6) 0 0 0 0 0 6
VSD (n = 3) 1 (33.3%) 1 0 0 0 2
HLHS (n = 6) 1(16.7%) 1 0 0 0 5
TGA (n = 6) 2 (33.3%) 2 0 0 0 4
AS(n=3) 1 (33.3%) 1 0 0 0 2
CAVC (n = 5) 1 (20.0%) 1 0 0 0 4
PS/PA (n = 4) 2 (50.0%) 1 1 0 0 2
COAIAA (n = B) 2 (33.3%) 2 0 0 0 4
Others (n = 18)° 9 (50.0%) 7 1 0 0 9
Total (n = 72) 28 (38.9%) 21 6 0 1 44

Patients with tetralogy of Fallot (TOF), isomerism, univentricular heart (UVH), and pulmonary stenosis or atresia (PS/PA) showed more instances of nonreassuring fetal heart rate (FHR) than
were observed in the control fetuses. However, the incidence of nonreassuring FHR palterns that were associated with coarctation or interruption of the aortic arch (COAAAA) decreased when
intrauterine growth restriction, chromosome abnormalities, and other major fetal abnormalities were excluded.
AS, aortic stenosis; CAVC, common arteriovenous canal; CHD, congential heart disease; D, deceleration; DORV, double outlet right ventricle; HLHS, hypoplastic left heart syndrome; [UGR,
intrauterine growth restriction; LD, late deceleration; TGA, transposition of grate aorta; VD, variable deceleration; VSD, ventricular septal defect.

2 Others included Ebstein anomaly {n = 4), truncus of the arteriosus (n = 2), heart tumor {n = 4), and patent ductus arteriosus (n = 2); ® Incidence of variant FHR patterns in this category was

significantly higher than that of study subjects (P < .05).

Ueda. Intrapartum FHR monitoring in cases of CHD. Am J Obstet Gynecol 2009.

Other explanations are required for
the development of aberrant FHR pat-
terns with TOF, PS/PA, and COA/IAA.
One explanation is that the pressure
overload on the right ventricle in pa-
tients with TOF or PS/PA is severe
enough to elicit aberrant FHR patterns.
In fact, right heart tumors (2/2) pro-
duced nonreassuring patterns; hypertro-
phy of the right ventricle of unknown
cause (1/1), which was categorized as
“other” in this study, also produced a
nonreassuring pattern. We deduce from
these data that right-ventricle hypertro-
phy could be a factor that affects variant
FHR. However, it is unknown whether
increased workloads on the right ventri-
cle, its aberrant electrical conduction
system, or other factors are responsible
for these variant FHR patterns.

The predominant occurrence of severe
variable and prolonged decelerations in
the CHD group persisted even after we
had excluded patients with IUGR, aneu-
ploidy, or major congenital anomalies.
TOF was still associated significantly

with aberrant FHR patterns. Conversely,
the high incidence of aberrant FHR that
was observed with COA/IAA decreased
after the exclusion of these confounding
cases,'”?* which suggests that the mech-
anism of variant FHR is based on an ex-
tracardiovascular complication in some
subtypes of CHD. Further investigations
are required to test our speculation.

It is unlikely that more parturient
women with fetuses with CHD would
decide to undergo a cesarean section de-
livery than women with normal fetuses,
because the incidence of other indica-
tions for cesarean deliveries (such as fail-
ure to progress in labor) was equivalent
in the 2 groups. However, we could not
exclude the possibility that the higher in-
cidence of cesarean deliveries in the
study group that resulted from FHR ab-
normalities may have been attributable
to the obstetrician’s intolerance of ab-
normal FHR patterns in fetuses who
were at risk of poor outcomes. Although
the indications for cesarean section de-
livery are standardized at our institutes,
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the physician’s decision to perform a ce-
sarean section after consideration of the
antenatal fetal diagnosis cannot be
controlled.

We conclude that variant FHR pat-
terns are detected more often in fetuses
with CHD than in control fetuses. We
speculate that cardiac abnormalities are
associated with abnormalities in FHR
patterns. The interpretation of FHR pat-
terns in fetuses with CHD requires spe-
cial care, because not all of them indicate
fetal acidosis.
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Background: Cases suggestive of non-acidemia related cerebral palsy (CP) are likely misdiagnosed as acidemia
related CP because of the presence of nonreasuring fetal heart rate (FHR) patterns.

Aims: Our purpose was to compare intrapartum FHR patterns between the cases of neurological damage and
the cases without disability after severe metabolic acidemia and neonatal encephalopathy, and also to
compare the FHR patterns between cases with CP due to asphyxia and cases with CP of other etiology in
infants born after 34 weeks.

Study design: From 1998 to 2003, our peer review conferences determined 136 infants with high-risk factors
for neurological impairment in the unselected 65,197 live births. High-risk infants were chosen according to
our criteria. Among them 58 were eligible infants because they were born at 234 weeks of gestation and also
had legible FHR traces.

Outcome measures: Incidence of nonreassuring FHR patterns.

Results: Fifteen infants were acidemia related and 43 were non-acidemia related high-risk infants. Ten of the 15
acidemia infants developed CP and all had shown bradycardia > 13 min with a nadir <80 bpm. In the 43 non-
acidemia infants, 35 had CP, mental retardation, epilepsy, or hearing loss and 74% (26/35) of them had shown
nonreassuring FHR patterns. Incidence of severe bradycardia was significantly elevated in the acidemia related CP
compared with acidotic infants without disability, and those with non-acidemia related CP.

Conclusions: Even in infants with non-acidemia related CNS impairments, who were born at >34 weeks of

Keywords:
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Fetal heart rate monitoring
Cerebral palsy
Nonreassuring patterns
Population-based

gestation, 74% had shown intrapartum nonreassuring FHR patterns.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Recent studies suggested that only 10% of infants with cerebral
palsy (CP) were caused by intrapartum asphyxia [1-3}]. Abnormal
intrapartum fetal heart rate (FHR) patterns were frequently associated
with congenital anomalies [4] and cytomegalovirus (CMV) infected
fetuses {5], which are also known to be high-risk for poor neurological
outcomes. These results suggest that nonreassuring FHR patterns do
not necessarily cause brain damage, but are associated with pre-
existing central nervous system (CNS) abnormalities. However, this
speculation has not been tested in an unselected population-based
study.

Maclennan categorized 3 essential criteria to link acute intrapar-
tum hypoxia to a possible cause of CP, and also listed other factors
suggesting that CP was caused by other than acute intrapartum
hypoxia [6]. In 2003, the Neonatal Encephalopathy Committee
Opinion {7} used the Maclennan's Criteria [6] and American College
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of Obstetricians and Gynecologists (ACOG) 163 criteria [8] to form the
foundation of a new approach. However, cases suggestive of non-
acidemia related CP are likely misdiagnosed as acidemia related CP. In
this unselected population-based study, we used the modified criteria
of International Consensus and the Neonatal Encephalopathy Com-
mittee Opinion to distinguish non-acidemia related infants from those
which were acidemia related, and evaluated the incidence of
nonreassuring FHR patterns in each group. We also sought to find if
there were any specific patterns associated with acidemia related CP
and non-acidemia related CP.

2. Methods

We have 5 secondary-level and 1 tertiary-level perinatal medical
centers in Miyazaki, which cover nearly 11,000 deliveries per year {9].
Approximately 80% of them give birth in the private clinics, and the
remaining 20% in the secondary and tertiary centers, High-risk
pregnancies and newborns that need to refer to the regional secondary
centers are listed in Table 1. Those who have the above-mentioned high-
risk factors are basically treated in the secondary or tertiary centers.

We started the peer review audit conference to evaluate possible
causes of perinatal death and neurological damage in 1998, where

— 137 —



236 Y. Kodama et al. / Early Human Development 85 (2009) 235-238

Table 1
Referral indications

Table 3
Criteria to define acidemia related and non-acidemia related high-risk infants

1. High risk pregnancy
1) Multiple pregnancy
2) Intrauterine growth restriction
3) Fetal anomalies
4) Polyhydroamnios, oligohydroamnios
5) Placenta previa
6) Pregnancy complicated endocrine disorders
7) others
2. Emergency maternal transfer
1) Fetal indication
a. Prematurity
b. Nonreassuring fetal status
2} Fetal and maternal indications
a. Pregnancy induced hypertension
b. Placental abruption
3) Maternal indications
a. Obstetric bleeding
b. Shack
c. Sepsis
. Neonatal transfer
1) Low birth weight infant <2000 g
2) Gestational age <34 weeks
3) Respiratory, cardiovascular, renal disorders
4) Digestive problem ex. Abdominal distention, bloody stool etc.
5) Severe hyperbilirubinemia
6) Asphyxia
7) Anomalies
8) Neurological problem
9) Not doing weli

W

obstetricians and neonatologists from all the 6 perinatal centers
participated twice a year. We examined all the perinatal and neonatal
deaths. Infants with neurological damage or high-risk for neurological
damage at the time of the conference were also investigated. The
inclusion criteria for neurological high-risk infants are listed in Table 2.

The conference subclassified the neurologic high-risk infants into
two groups, acidemia related and non-acidemia related infants
according to the International Consensus Criteria [6]. We modified
them such that high-risk infants for acidemia-related were defined if
they had both 1) evidence of a metabolic acidosis (umbilical arterial
pH<7.0 and base deficit 212 mmol/l) and 2) early onset of severe or
moderate neonatal encephalopathy as shown in Table 3. Since the
infants' long-term outcomes were not known at the time of the
conference, subtypes of CP were not used for the criteria. The other
neurological high-risk infants were classified as non-acidemia related.
These categories were applied to the infants born at >34 weeks of
gestation.

Intrapartum FHR charts were interpreted according to the guide-
lines of National Institute for Child and Human Development (NICHD)
[10]. Reassuring FHR was defined when there were normal FHR

Table 2
Inclusion criteria of the neurological high-risk infants

1. Umbilical arterial pH<7.0 or base deficit 212 mmol/l.
2. Abnormal neurological findings during the neonatal period.
a, Seizure activity
b. Hypertonia or hypotonia
c. Abnormal reflex.
d. Trritability or hyperexcitability
e, Poor sucking and swallowing reflexes
f. Shallow, irregular respirations.
¢. Apnea (not caused by prematurity)
3. Abnormal neurological images during the neonatal period.
a. Intraventricular hemorrhage (grades 3-4)
b. Periventricular leukomalacia
¢. Hydrocephalus
d. Congenital CNS anomalies
4, Congenital infection which may cause neurological damage.
5, Severe IUGR (23SD)

1. Acidemia related

1) Metabolic acidosis (pH<7.0 and base deficit 212 mmol/l).

2) Early onset of severe to moderate neonatal encephalopathy.
. Non-acidemia related

1) Umbilical arterial pH2 7.0 or base deficit <12 mmol/L

2) Congenital major or multiple anomalies.

3) Central nervous system infection or sepsis

4) Central nervous system anomalies

5) Intrauterine growth restriction

6) Decreased variability from the onset of labor

7} Microcephaly at birth

8) Extensive chorioamnionitis

9) Congenital coagulation disorders

10) Multifetal pregnancy

11) Major postnatal risk factors of cerebral paisy

n

baselines, moderate baseline variability, with accelerations, without
late, variable, or prolonged decelerations. Nonreassuring FHR patterns
were defined as those except for the reassuring patterns. Variable
decelerations were classified into mild, moderate, and severe by
the classification of Kubli et al. [11]. Prolonged deceleration were
defined as those decelerations lasting 22 min with a decrease to
<100 beats/min. Late decelerations were defined as recurrent if they
occurred during more than 50% of the uterine contractions in a 1-h
segment, The FHR monitoring charts at least 1 h before delivery were
used for analysis, Baseline FHR, baseline variability, acceleration, and
decelerations were interpreted and recorded on an hourly basis.
According to our previous study [12], we classified the pattern by the
worst pattern immediately preceding delivery. If 21 prolonged decelera-
tions occurred, we defined the pattern as prolonged deceleration. When
varying degrees of variable decelerations were present, the most severe
incident was used. The FHR monitoring charts were reviewed by four
investigators, and determined by majority. The investigators were blinded
to the blood gas analysis and neurological outcomes.

Pediatric neurologists, independent of the current study, made a
diagnosis of infant with CP, mental retardation (MR), epilepsy and
hearing loss at age one year or older.

Severely handicapped individuals are independently registered by
the Miyazaki Prefectural Health Service Centers, in which 142 infants
were registered by two years old during 1998-2003. In this
registration system, individual information is protected and only
collective numbers are revealed.

3. Results

In a total of 65,197 live births from 1998 through 2003, we had 190
(0.29%) stillbirths, 115 (0.18%) neonatal deaths, and 136 (0.21%) infants
with the neurological damage or high-risk factors.

As shown in Fig. 1, 17 infants had acidemia, and 119 had non-
acidemia. The inclusion criteria (Table 2) of these infants were
abnormal neurologic signs (n=52), abnormal CNS images (n=68),
infectious disease (n=10), and severe intrauterine growth restriction
(IUGR; n=18).

Among them, 66 infants were >34 weeks of gestation. Fifteen
(23%) of them were classified as acidemia, and the remaining 51 (77%)
were non-acidemia according to the umbilical arterial blood gas
analysis. In acidemia group, the umbilical arterial blood could not be
obtained in two cases, and very early neonatal blood was used
following the recommendation of the International Consensus [6]. The
FHR traces of the 8 infants were either missing or illegible. The
remaining 58 infants were the study subjects, in which 15 were
acidemia and 43 were non-acidemia. After at least 1-year follow-up,
11 acidemia infants and 35 non-acidemia infants were diagnosed as
having CP, MR, epilepsy, or hearing loss.
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Fig. 1. Flow diagram of the current study. Abn; abnormal, IUGR; intrauterine growth restriction, FHR; fetal heart rate.

First, we compare the FHR patterns between the 10 cases with CP
and the 4 cases without disability after severe metabolic acidemia and
neonatal encephalopathy (Table 4). Ten cases with CP showed
bradycardia with a nadir <80 bpm and duration >13 min. On the
other hand, none of the 4 cases without disability showed such severe
bradycardia as mentioned before (Table 4). The incidence of severe
bradycardia (<80 bpm, 213 min) was significantly elevated in
acidemia related CP (10/10 versus 0/4, p<0.001, Fisher test).

Table 4
Neurological outcomes and their intrapartum FHR patterns

Acidosis Non-acidosis
(n=15) (n=43)
Neurological Normal long-term - Damaged Normal long-term - Damaged
outcomes follow up? follow up?
(n=4) (n=11) (n=8) (n=35)
Normal® 4 8
Cerebral palsy 10° 23
Mental retardation 7
Epilepsy 1 2
Hearing loss 3
FHR pattern
Bradycardia 1 1 1 2
Prolonged 1 1 9
decerelation
Severe variable 1 3
deceleration
Recurrent late 1 10
deceleration
Recurrent late 2
deceleration+LOV
Lov 2
Reassuring 4 9

FHR; fetal heart rate, LOV; loss of variability.
* Means normal long-term follow up at one year or later.
b All infants with cerebral palsy showed bradycardia <80 bpm for >13 min,

Thirty-five of the non-acidemia related neurological damages were
associated with congenital abnormalities (n=17), congenital CMV
infection (n=6), IUGR (1=4), seizures of unknown causes (n=2), bacterial
infection (n=2), hypotonia of unknown causes (n=1), and others (n=3).
Even though they were categorized as non-acidemia, 74% (26/35) of them
had shown nonreassuring FHR patterns, including late deceleration
(n=10), prolonged deceleration (n=9), severe variable deceleration
(n=3), bradycardia (n=2) and decreased baseline variability (n=2)
(Table 4). The remaining 9 infants had reassuring FHR patterns and
were associated with congenital abnormalities (n=6), congenital CMV
infection (n=1), and hypotonia and seizure of unknown causes (n=2).

We also compared the FHR patterns between cases with CP due to
acidemia and cases with CP of other etiology (non-acidemia). For this
purpose, we excluded 3 cases with asphyxia with a moderate acidemia
(pH 7.01-7.10, n=3) from non-acidemia related, since the pathogene-
tical mechanism in these cases was likely to be the same as in the
acidemia related group. Incidence of bradycardia (<80 bpm, 213 min)
was significantly higher (p<0.001, Fisher test) in acidemia related CP
(10/10) compared with that in non-acidemia related CP (0/32). In non-
acidemia, the most frequent pattern was recurrent late deceleration
{n=10), followed by prolonged decelerations (n=9), severe variable
decelerations (n=3), bradycardia (n=2) and loss of variability (n=2).
Thus, FHR patterns between the two groups were totally different.

4, Comment

Several FHR patterns have been described that are consistent with
pre-existing fetal brain damage, which are different from those with
intact CNS [4,5,13-18]. For example, Garite et al. [4] showed a significant
increase (51%) in FHR abnormalities in infants with congenital
malformations, although there were no characteristic patterns that
would specifically identify them. We previously reported that 40% of the
CMV-infected fetuses showed either prolonged deceleration or recur-
rent late decelerations, which was significantly higher than the matched
controls [5]. The FHR patterns of 20 anencephalic fetuses showed
varying degrees of decreased variability, correlating to the severity of
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brain defects [16]. Other reports also showed abnormal FHR patterns in
50 to 70% of congenital malformations [17,18].

In this unselected population-based study, 74% of the infants with
non-acidemia related CNS impairments showed various types of
nonreassuring FHR patterns. Taking it into consideration that 8 of the
51 non-acidemia infants were missing from evaluation (Fig. 1),
nonreassuring FHR patterns were still present in at least 60% (26/43).

This observation delivers important message such that more than
70% of the infants with non-acidemia related CNS impairments may
show nonreassuring FHR patterns as a result of pre-existing CNS
disorders, but not as a causal relationship to damage their CNS.
Otherwise, nonreassuring FHR patterns during the intrapartum period
may lead to a misdiagnosis of acidemia related neurological
impairment,

In this study, we found that fetal bradycardia with a nadir <80 bpm
and duration 213 min was the specific pattern in acidemia related CP,
compared with the cases without disability after severe acidosis. Our
observation was consistent with the previous report showing that
neonatal asphyxia or death occurred when more than 10 min elapsed
after bradycardia (<90 bpm) occurred in cases with uterine rupture
[19]. Similarly, we also found that severe bradycardia was predomi-
nantly observed in acidemia related CP compared with non-acidemia
related CP which showed various patterns including prolonged
deceleration and recurrent late deceleration.

Maclennan [6] defined 3 essential and 5 non-specific factors that
suggest a cause of CP due to acute intrapartum hypoxia. However, we
had difficulties in differentiating four asphyxiated infants according to
the guidelines. They were cord prolapse (n=2) and dystocia related
birth trauma (n=2), which showed bradycardia or prolonged
deceleration but did not meet the criteria of severe acidosis (range:
pH 7.025-7.100, base deficit 11.0-11.7 mmol/l). Three of them
developed CP or epilepsy, and one developed normal. Our observation
agreed with previous reports. The application of guidelines of severe
acidosis (pH<7.00) would miss a high percentage of the babies who
had asphyxial neonatal encephalopathy {20]. That is, a pH value <7.0
identifies a very high risk group of babies at risk for adverse outcome.
On the other hand, only a small subset of the infants actually have
adverse neurological outcome if the pH>7.0. This is due to the fact that
so many infants are born with a normal pH and although percentage
wise the majority of these infants do well, a small percent do not.
Kirkendall and Phelan reported that severe acidosis at birth was
manifested approximately 8% to 9% in neurologically damaged infants
[21].

In a total of 65,197 live births, 46 infants of 234 weeks of gestation
had poor neurological outcomes (11 for acidemia at birth and 35 with
other perinatal high-risk factors), leading to a rough estimation of
neurological impairment in 0.07% of all births. This estimation is
compatible with some previous reports. For example, in the California
Cerebral Palsy Project, 192 children with moderate to severe cerebral
palsy gave a prevalence of 1.23/1000 survivors. Fifty-three percent of
them had birthweight greater than or equal to 2500 g, which is 0.65/
1000 (0.065%) [22].

One limitation of this study was that we did not follow all of the
65,197 babies to search for neurological sequalae, Although almost all
of the high-risk pregnancies and newborns were transferred to the
secondary or tertiary centers in our district, a few of them might not
be registered in our peer review audit conferences. Even though some
neonates seem normal at birth, they may develop CP later [23]. In
order not to miss these cases, we needed to cooperate with our public
health service centers. Registration of severely handicapped infants
(n=142) during the study period of 1998 through 2003 also supports

our assumption that we were able to enroll most of the high-risk
infants for neurological damages (registered cases were136 in this
study).

Despite this limitation, we categorized acidemia and non-acidemia
related high-risk infants with the best clinically available materials,
and evaluated their FHR monitoring records in an unselected,
population-based setting. To our best knowledge, this is one of the
few unselected, population-based studies to show that nonreassuring
FHR patterns are present in 70% of infants (>34 weeks of gestation)
who subsequently develop CNS sequalae with other causes than
intrapartum asphyxia. We also found that bradycardia (<80 bpm,
>13 min) was the specific pattern in acidemia related CP. Further
investigation and reassessment should proceed to support our
observation.
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Current Commentary

The 2008 National Institute of Child Health
and Human Development Report on Fetal

Heart Rate Monitoring

Julian T. Parer, M, Php, Tomoaki Ikeda, Mp, PiD, and Tekoa L. King, cnm, MPH

Standardization of fetal heart rate (FHR) interpretation
and management guidelines has been elusive, and no
system is currently widely accepted in the United States.
The recently summarized 2008 Eunice Kennedy Shriver
National Institute of Child Health and Human Develop-
ment workshop proposed a three-tier system of inter-
pretation of FHR patterns, but left management recom-
mendations to the professional associations. The middle
tier, called indeterminate Category II, which contains the
variant FHR patterns seen most frequently, is vast and
heterogeneous. We propose that this category can be
subcategorized at least tentatively, based on evidence
available from previously published studies. Such subcat-
egorization will allow the organizations proposing man-
agement recommendations to more readily set up guide-
lines for graded interventions and clinical responses to
the spectrum of FHR patterns, with the aim of minimizing
fetal acidemia without excessive obstetric intervention.
Such management algorithms will need to be tested by
appropriately designed clinical studies.

(Obstet Gynecol 2009;114:136-8)

he recent Eunice Kennedy Shriver National Institute
of Child Health and Human Development
(NICHD) Workshop Report on Electronic Fetal
Monitoring,! in partnership with the American Col-
lege of Obstetricians and Gynecologists (ACOG) and
Society for Maternal Fetal Medicine, was planned as
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an update on the last workshop, published in 1997,23
with the aim of revisiting the definitions of the fetal
heart rate (FHR) patterns, and updating pattern inter-
pretation. We attended the meeting and had an
opportunity for input. However, the final consensus
document could not contain all of the proposals and
minority opinions raised by the committee partici-
pants. For that reason we are suggesting proposals for
future consensus meetings on FHR monitoring, par-
ticularly with regard to management of FHR patterns.

THE THREE-TIER SYSTEM OF
INTERPRETATION

Four possible approaches to classification and inter-
pretation were presented at the conference, the three-
tier Canadian,® three-tier British,’ three-tier Miller
(United States), and five-tier U.S. and Japanese
Framework® classifications. The consensus was to
accept a three-tier approach, because of its simplicity
and ease of teaching.” This results in a classification
virtually identical to that stated in 1997. The “normal”
(normal rate, normal variability, absence of decelera-
tions) and the “abnormal” (absent variability with
decelerations or bradycardia) tracings were agreed
upon, but consensus could not be reached in the
intermediate group, termed the “indeterminate” cat-
egory, or Category IL, in 2008. This category (II) is a
hugely heterogeneous group of patterns, with the
possibility of differences in baseline rate, variability,
decelerations of different type and severity, different
evolutions, and based on the best available evidence,
differences in fetal risk.

EVIDENCE OF VARIABLE RISK WITHIN THE
INDETERMINATE CATEGORY

Early work going back 40 years that attempted to
determine the clinical significance of FHR patterns
strongly suggested that the degree of fetal acidemia
was related to depth of decelerations, whether they be
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late or variable decelerations.®-!* Similarly, the rela-
tionship between decreased or absent FHR variability
and fetal acidemia was convincingly established, al-
though admittedly in observational studies rather
than randomized controlled trials.”-'' Some of this
work was not included in the most recent ACOG
Practice Bulletin of 2005.'? Such observational studies
gave rise to the clinical practice of moving toward
delivery when FHR variability was decreasing, or was
lost in the presence of recurrent decelerations, to such
an extent that it is now impossible to study outcomes
in such cases in a randomized fashion, because the
tracings do not continue due to the intervention. In
other words, with such patterns the older data are all
we have, and we are unlikely to have any more except
fortuitously collected ones. For example, the unique
data presented by Paul, Hon, and coauthors in 1975°
related fetal pH to three groups of late decelerations
(mild, moderate, and severe) and was also dichoto-
mized by FHR variability (average or reduced). These
data show the striking relationship of acidemia to
severity of decelerations, and also the ameliorating
influence of FHR variability. There were 28 fetuses in
the most acidemic group of severe late decelerations
with reduced variability, and it would be ethically
unacceptable to prospectively collect such data now.
We believe that the heterogeneity of the Category II
patterns is such that meaningful studies cannot be
done without creating subcategories, preferably by
creating at least a five-tier system.

Five-tier systems are very common in medicine
and other fields and are not generally regarded as
excessively complex. For example, quality of evi-
dence and classification of recommendations (Cana-
dian Task Force on the Periodic Health Examination),
risks of drugs in pregnancy (U.S. Food and Drug
Administration), adverse event grading scale for
patients in experimental studies (used by commit-
tees on human research) all use at least five grada-
tions. The Plymouth FHR interpretation and deci-
sion support system'? uses five tiers, as does the
Framework approach.®

COMPUTER-ASSISTED FETAL HEART RATE
INTERPRETATION

Computer-assist devices have been agonizingly slow
in coming into clinical usage in management of FHR
patterns, although they have been discussed for de-
cades and in fact were considered imminent during
the NICHD workshops on FHR in the 1990s. This
expectation was probably largely responsible for
avoiding the terminology of mild, moderate, and
severe categories of decelerations in the 1997 NICHD
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report, because it was felt that computer analysis
would make such visual distinctions obsolete. We are
now of the opinion that this was a disservice to the
subject, because the computer analyses did not be-
come available, and the absence of such subcategori-
zations probably discouraged acceptance of the rich
literature on observational studies of the past that
correlated depth and duration of decelerations, and
the importance of FHR variability, to the risk of fetal
acidemia. This in turn, we believe, has impeded
progress toward developing management guidelines.
Although we now have devices that are approved by
the U.S. Food and Drug Administration for FHR pat-
tern interpretation, they are not yet diagnostic devices,
lack definitive evidence of efficacy, and are unlikely to
be widely used very soon in clinical practice.

RESEARCH RECOMMENDATIONS FOR
CATEGORY 1l
The 2008 NICHD document appropriately focuses
on the need for further studies, particularly in Cate-
gory II, where there occur most deficits in our knowl-
edge about the risk of fetal acidemia and about how
these patterns evolve into more serious patterns.
Because most FHR patterns fall into this category,
inconsistency in management by clinicians persists.
We believe that subcategorization of this group, based
on evidence (albeit limited) already available, would
be a stimulus for individual research projects to
determine best practices in specific settings and with
specific populations. We believe that such categoriza-
tion should not be limited by fears of medical-legal
consequences, because such fears may impede future
progress in appropriate studies of FHR monitoring
and management of patterns.

We have presented one such approach based on
a five-tier color-coded approach.® This framework
classified all possible FHR patterns (134), based on
baseline rate (five categories), baseline variability
(three categories), and decelerations (11 categories).
The patterns were then color coded based on two
factors 1) risk of acidemia and 2) risk of evolution to
a more serious pattern. The pattern with least risk,
green, corresponds to the 2008 NICHD Category 1,
and that with the greatest risk, red, includes all of the
2008 NICHD Category III. Three intermediate cate-
gories, blue, yellow, and orange, are an attempt to
subclassify patterns based on increasing risk to the
fetus. These three colors roughly correspond to 2008
NICHD Category II, the Indeterminate group, although
we also include more patterns in the red zone than
specified in the NICHD Category III. Justification for
the subcategorization is given in the original article®
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and in the references cited above. Tentative manage-
ment recommendations are also given. We continue
to stress that this is a proposal not yet tested fully,
although some preliminary validation is emerging
(unpublished).

THE THIN LINE BETWEEN INTERPRETATION
AND MANAGEMENT

A stated aim of the 2008 Workshop was to recom-
mend a system of interpreting FHR patterns for use in
the United States, based on existing classification
systems. The aim was not to develop management
algorithms, which was considered to be a function of
professional specialty entities, although some general
management principles were agreed upon for the
three categories.

It is our opinion that there is such a thin line
between “interpretation” and “management” that it is
virtually impossible to separate them in such a docu-
ment as that produced from the Workshop. This
segue to management is seen for Category I tracings,
which may be “followed in a routine manner, and no
specific action is required.” Category IIl tracings, al-
though they “are predictive of abnormal fetal acid—base
state at the time of observation,” are followed by the
recommendation for “prompt evaluation” and efforts to
ameliorate the pattern by conservative techniques.

These clearly are management suggestions, but
the second recommendation is incomplete. A pattern
which has evolved to Category III, with absent FHR
variability and recurrent decelerations or bradycar-
dia, should, we believe, be managed initially by rapid
preparation for delivery.® This will probably be re-
quired for most cases in this category, and we believe
that conservative ameliorating techniques, which in
most cases will already have been tried, are unlikely
to abolish the pattern.

SUMMARY

We recommend that when the specialty organizations
produce tentative and testable recommendations for
pattern management, they will recognize the hetero-
geneity of the indeterminate group and include sub-
categorization of these patterns. This can be done on
evidence from already available observational stud-
ies, some going back many decades. Such a categori-
zation will expedite studies of recommendations for
research made in the NICHD document of 1997, and
reiterated in 2008, and will serve as a beginning
approach to standardization of FHR pattern manage-
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ment., Such recommendations will then be able to be
tested by appropriate studies, to see if fetal metabolic
acidemia can be minimized without excessive obstet-
ric intervention.
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