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Rodrigo, Alice, and Isadora, our children
and our hope for a better world.



Foreword

As one of the founders of perinatal medicine, it is my particular pleasure to write
this foreword and to support the current activities in this fascinating new field of
human medicine.

A particular highlight is to do it together with Ana Bianchi, the scientific daugh-
ter of my old friend and supporting pioneer in fetal medicine Roberto Caldeyro-
Barcia from Uruguay. He in heaven and I still on earth are grateful to the younger,
currently so active, and successful generation for continuing what we started and
founded decades ago.

Perinatal medicine is very versatile because its main part, the prenatal block —
this means everything that happens before birth — was to a high degree, up to the
beginning of the 1960s, a medically unexplored space. In the meantime, the evolu-
tion has been explosive.

Perinatal medicine is subject to its special characteristics, namely to be interdis-
ciplinary. This means that the cooperation with other important disciplines should
be essential. The closest connection exists between obstetrics and neonatology in
advanced centres even more than between obstetrics and gynecology.

I wish good success.

Erich Saling

“Professor Emeritus” of Perinatal Medicine at the Charité,
Humboldt-University Berlin - Germany

The Father of Perinatal Medicine

Ana Bianchi
President of Caldeyro-Barcia Foundation - Uruguay

vii



Preface

Perinatal period is defined as “the period of time between 22 weeks after fertiliza-
tion and 7 days after parturition.”

Usually, authors specializing in obstetrics and maternal-fetal medicine are invited
to write chapters of perinatology books and to express themselves about problems
related to perinatology. Consequently, the set of written productions includes strictly
obstetric texts, most often intended for prenatal care, or works written by pediatri-
cians and intended for neonatal care.

At the development stage of this book, our desire was to follow the idea of Erich
Saling from the book The Child in the Field of Obstetrics (Das Kind im Bereich der
Geburtshilfe) 2. In the 1950s, “The Father of Perinatal Medicine,” exhorts the ante-
natal care importance, reinforcing the innovative achievement of another pioneer on
perinatal care, Roberto Caldeyro-Barcia.

The progressive specialization in the field of medicine has led us to bring two
specialties, materno-fetal medicine and neonatology. The improvement in the
assessment of fetal well-being and in-utero treatment and the advancements in neo-
natal intensive care have greatly improved the chances of babies’ long-term sur-
vival. Therefore, to avoid unnecessary confusion for the purposes of this book, the
perinatal period will be extended from 20 completed weeks (140 days) of gestation
to 28 completed days after birth. This extended definition is accepted by many
authors and medical specialty societies.

Keeping in mind the original proposal of the pioneers of perinatology, which
correspond with our convictions, we accepted the invitation of Springer to bring
together in this book renowned authors of the two great specialties involved in the
field of perinatology: obstetrics and neonatology.

'1. World Health Organization. ICD-11 for mortality and morbidity statistics. Version: 2020
September. Available from: https://icd.who.int/browsel1/1-m/en#/http://id.who.int/icd/entity/
914150644. Assessed in February 2021.

>Dudenhausen JW. Erich Saling - The Father of Prenatal and Perinatal Medicine-Dedication to his
90th birthday. J Perinat Med. 2015 Jul;43(4):379.
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X Preface

This work was not without its difficulties. The main one comes from the fact that
this type of book organization gathers varied chapters in form and content, and is at
risk of becoming a "patchwork" that leaves the reader disoriented.

Such inconvenience was overcome by the editors, who were careful to put the
texts in consistent thematic blocks, managing to make the book reflect the themes
related to pediatrics and obstetrics in an integrated way to allow a better understand-
ing of perinatology. So, our aim was to avoid transmitting an overly integrated and
closed view of one of the specialties, leaving to our reader space for their own
reflection on the themes and for the development of self-interpretations.

We are grateful to chapter authors and the support by the notable Professors
Erich Saling, Asim Kurjak, and Ana Bianchi.

We dedicate this book to our children Rodrigo, Alice, and Isadora, who are the
biggest motivation of our lives.

Rio de Janeiro, RJ, Brazil Renato Augusto Moreira de Sa
Niteroi, RJ, Brazil
Jodo Pessoa, Paraiba, Brazil Eduardo Borges da Fonseca
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Chapter 1
Historical Preface: Early Stages
of Perinatal Medicine

Erich Saling and Jiirgen Liithje

Obstetrical medicine and obstetrical science have a long history. Far in the past, the
Greek gynecologist Soranos of Ephesos (98—138) wrote a textbook which was
essential for centuries: “De arte obstetrica morbisque mulierum” [1]. However,
since its beginning, obstetrics had been predominantly mother-oriented for a very
long time until the middle of the twentieth century.

Although first attempts have been made in earlier decades to assess some signs
of existence of the fetus (e.g., with auscultation of its heart rate, see below), very
little was known about clinically useful parameters of the fetal condition.

The Fetus as a New Patient in Obstetrics

The most impressive evolutionary event in obstetrics was the great change from
predominantly mother-oriented obstetrics with its considerable operative character,
to a combined also embryo- and fetus-oriented widespread concept. This began in
the 1960s, when for the first time also the unborn became accessible to applied rou-
tine medicine. In 1966, the two British pediatricians Dobbs and Gairdner wrote:
“With the advent of the techniques of amnioscopy and foetal blood sampling devel-
oped by Saling, and of amniocentesis and foetal transfusion due to Bevis and to
Liley, we witness the end of the long period of foetal inaccessibility and, we hope-
fully believe, the start of the science of foetal medicine” [2].

The development—particularly of the prenatal part of Perinatal Medicine—
was explosive. In the meantime, it has achieved an enormous extent and has
become widespread. It was started by obstetricians, and in the following years,
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they came close together with open-minded pediatricians and colleagues from
other interested disciplines. They created powerful interdisciplinary cooperation.
In this context, in 1967, we coined the term ‘“Perinatal Medicine” [3]. In this
young medical subdiscipline, new methods for routine diagnosis and therapy were
introduced, and its rapid development would not have been possible without new
structures in clinical care as well as in scientific organization, research, and
education.

Development of New Methods

Up to the end of the 1960s, in applied routine medicine the following main subfields
had developed:

* Assessment of fetal heart activity
e Fetal blood analysis

e Examination of amniotic fluid

* Application of ultrasonography

* Neonatological assessment

Assessment of Fetal Heart Activity

Already in 1818, during a lecture, Mayor remarked on the existence of fetal
heart sounds for the first time [4], and in 1821 Kergaradec reported in more
detail on simple auscultation of fetal heart sounds [5]. In 1833, Kennedy from
Dublin published a monumental monograph on the observations of obstetric
auscultation of the fetal heart [6]. According to Goodlin, many of Kennedy’s
clinical impressions concerning various fetal heart rate patterns are compatible
with current concepts. Kennedy included, for example, Bodson’s statement that
the most ominous fetal heart rate pattern was “slowness of its return when a
contraction is passing on” [7]. The first measurement of intrauterine pressure
during labor was done in Germany in 1872 by Schatz, using a transcervically
inserted balloon [8].

Fetal cardiography, this means recording the fetal heartbeats, started in 1890
when Pestalozza recorded heartbeats by a sphygmograph for the first time [9].
Cremer was successful in recording the first fetal electrocardiogram in 1906 [10], in
which the small fetal signals could be differentiated from the bigger ones of the
mother. In 1908, Hofbauer and Weiss recorded the first phono-cardiogram [11].
Beruti from Buenos Aires developed a phonocardiograph that could be applied in
clinical practice. He combined the microphone with a telephone and predicted
already in 1927, that in the future, obstetricians would be able to monitor the preg-
nant patient from the distance [12].
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The two outstanding pioneers of modern electronically based fetal heart rate
surveillance are Edward Hon and Roberto Caldeyro-Barcia. In 1957, Hon suc-
ceeded in separating the fetal signals out of the abdominally recorded maternal and
fetal complexes and thus laid the basis for modern cardiography [13, 14]. Roberto
Caldeyro-Barcia was not only a main pioneer of cardiotocography but also of uter-
ine physiology and pathophysiology. In 1958, Caldeyro-Barcia and his coworkers
were the first who recorded the fetal heart rate in combination with uterine contrac-
tions [15, 16]. This was the initial step for modern heart rate monitoring. All these
registrations required the usage of complicated huge equipment and could therefore
only serve experimental purposes. They were hardly suitable for widespread routine
clinical use.

The breakthrough leading to later practical clinical usage came in the 1960s
when Hammacher in cooperation with Hewlett Packard was successful in develop-
ing suitable transportable equipment, called cardiotocograph (Fig. 1.1), which was
based on the phonocardiographic principle [17]. Equipment for widespread use was
not available until 1968. But from then on cardiotocography developed rapidly into
a surveillance method used all over the world.

Other pioneers in cardiotocography, particularly in the use of Doppler CTG,
were Kazuo Maeda from Japan [18] and Mosler from Germany [19].

When we met Caldeyro-Barcia in October 1964 in Montevideo, we performed
the first combined examinations of three fetuses. That is, when pathological heart
rate patterns were present, we examined the fetal acid—base situation with our fetal
blood analysis, which had been developed 4 years earlier.

Fig. 1.1 Early model (8020A) of a transportable cardiotocograph developed by Hammacher in
cooperation with Hewlett Packard, suitable for clinical use. (© Erich Saling)
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Later, in 1968, when cardiotocography became available for routine use, in our
department the very first real study of combined assessment of the fetus by cardioto-
cography and fetal blood analysis was conducted in 146 cases. In 1970, we pre-
sented the results from 489 cases at the second European Congress of Perinatal
Medicine in London. We were surprised that in a number of cases, even with brady-
cardia, there were normal pH values. In 52 cases with bradycardia with less than
120 bpm, there were acidotic pH values only in 33% [20]. Many later studies have
confirmed this weakness of cardiotocography, i.e., often yielding false-positive
results.

Later considerable progress has been achieved particularly by the introduction of
computer assessment of cardiotocograms. Pioneers in this field have been Geoffrey
Dawes and his coworkers Visser and Redman, who already in 1978 started to evalu-
ate different patterns of cardiotocograms by the use of computers, published in
1981 [21].

Fetal Blood Analysis

Eight years before, cardiotocography became available for widespread routine
application, the first direct approach to the human fetus that could be used for rou-
tine clinical practice had been achieved. This can be considered as the moment of
the birth of intrauterine medicine. It was in Berlin on June 21, 1960 (first published
in 1961 [22, 23]) when we started sampling and examining the fetal blood from its
presenting part (Fig. 1.2). First, there were serological and hematological examina-
tions, followed by blood gas and acid—base analysis. Consequently, the fetus for the
first time became a real patient apart from the mother, and obstetrics underwent an
essentially new character.
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Fig. 1.2 Fetal blood analysis. (© Erich Saling)
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