
1 23

Subtitle for 
Clinical Medicine Covers T3_HB

Second Edition

Clinical Medicine 
Covertemplate

Matthew P. Lungren
Michael R.B. Evans
Editors 

123

Frailty in 
Children

From the Perioperative 
Management 
to the Multidisciplinary 
Approach

Mario Lima
Maria Cristina Mondardini
Editors



Frailty in Children



Mario Lima • Maria Cristina Mondardini
Editors

Frailty in Children

From the Perioperative Management 
to the Multidisciplinary Approach



ISBN 978-3-031-24306-6    ISBN 978-3-031-24307-3 (eBook)
https://doi.org/10.1007/978-3-031-24307-3

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, 
whether the whole or part of the material is concerned, specifically the rights of translation, 
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms or in any 
other physical way, and transmission or information storage and retrieval, electronic adaptation, 
computer software, or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Mario Lima
Pediatric Surgery Unit
Sant’Orsola Hospital IRCCS
University of Bologna
Bologna, Italy

Maria Cristina Mondardini
Pediatric Intensive Care Unit
Sant’Orsola Hospital IRCCS
University of Bologna
Bologna, Italy

https://doi.org/10.1007/978-3-031-24307-3


v

The Oxford Dictionary defines the noun “frailty” as “weakness or poor 
health” and the adjective “frail” as “physically weak and thin” or “easily 
damaged or broken.”

Surgeons deal every day with frail individuals either because the surgical 
disease itself is endangering their health status and/or (more often) because, 
in addition to the current disease, they may have comorbidities. An aging 
patient with intestinal obstruction has a serious problem, but if this happens 
in association with diabetes, coronary insufficiency, and emphysema, the 
problem becomes very serious. Except in emergency situations, elective sur-
gery is delayed until the comorbidities are more or less under control, and this 
is why pre-operative tests and anesthetic consultations are mandatory.

Pediatric surgeons are not different from adult surgeons in this respect, 
and they have also to deal with similar situations although the age and the 
nature of comorbidities are usually different. In the core of the specialty the 
complexity of the situation may be extreme while performing surgery for 
newborns: A 900 g baby with respiratory distress syndrome, an open ductus, 
and stage 3 necrotizing enterocolitis is a very “frail” patient. The skin barrier 
is weak, immunity is developing, the g.i. tract is in the process of establishing 
a symbiotic flora, the lung is immature, and so are the clotting mechanisms 
and the brain. But prematurity is not the only dangerous comorbidity. A 
3000 g term baby with left CDH, associated congenital heart disease, pulmo-
nary insufficiency, and hypertension requiring ECMO may have more mature 
functions than a premature but shares the same extreme frailty. This could be 
extended to other surgical situations beyond the neonatal period. In addition, 
in a number of these clinical conditions there is no chance for “elective” 
surgery.

If I look back at my career as a pediatric surgeon extended along more 
than 50 years, I realize that these issues have become more and more compli-
cated with the passage of time. When I was a trainee, almost half the patients 
with esophageal atresia died and so did the majority of babies with congenital 
diaphragmatic hernia or Wilms’ tumor. Ventilation in newborns was at its 
beginnings, total parenteral nutrition was not yet available, and many of the 
supporting drugs currently used were not in the market. Survival of newborns 
below 1000 or even 1500 g was rare and our “frail” patients were the tip of 
the iceberg. Rapid progress made the iceberg emerge and it grew more and 
more until producing many of these cases that nowadays constitute a large 
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share of our activity. We succeeded in improving survival and functional 
results but, frankly, at the expense of a much more complex specialty.

This is why this book on frailty is timely and appealing. Moreover, the 
editors, Mario Lima and Maria Cristina Mondardini, authors of a number of 
acknowledged books on various aspects of our specialty, planned a compre-
hensive coverage of the subject and recruited a set of first-class authors for 
different chapters.

The book is structured in five parts: After an introduction, the frailty of the 
newborn is covered extensively. The next parts analyze the multiple comor-
bidities that may cause additional frailty, the various actions pointed to 
improving therapeutic actions in this context, and the need for social support, 
continuity of care, and transition to adult care of these individuals that may 
require follow-up and support for life.

I predict that this volume will have great success and that many of us will 
be illuminated by this comprehensive view of the growing intricacies of our 
surgical activity.

Department of Pediatric Surgery,  
Hospital Universitario La Paz
Madrid Spain

Emeritus Professor of Pediatrics,  
Universidad Autonoma de Madrid
Madrid Spain

Juan A. Tovar

Foreword
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1Frailty in Pediatrics: Definition 
and Care Needs

Franca Benini, Luca Maria Antoniello, 
and Miriam Duci

Abbreviations

AIDS Acquired immune deficiency 
syndrome

CP Cerebral palsy
ESPGHAN European Society for Pediatric 

Gastroenterology Hepatology and 
Nutrition

GERD Gastro-esophageal reflux disease
OS Orthopedic surgery

1.1  Definition of Frailty 
in Pediatrics

The term “frailty” in the pediatric setting 
describes a state of increased health vulnerability 
with an increased risk of death, in particular with 
regard to children with life-threatening, life- 
limiting, or terminal conditions [1, 2]. In these 
patients, the condition of frailty is due to a multi-

system physiological impairment, including neu-
rological, endocrine, immune, and skeletal 
muscle failures. This leads to major and complex 
clinical needs, with great impairment of quality 
of life [3, 4].

In the last years, a novel conceptualization of 
frailty and complex care was provided. In the 
pediatric setting, complex care is now intended to 
comprise health and social needs in response to a 
recognized medical condition or for patients with 
undefined diagnosis [1].

This broader definition, which also considers 
the social sphere, implies that an adequate health-
care plan should be defined to promote physical 
growth and cognitive, emotional, and social 
development, especially if the intervention plan 
lasts for years. In this scenario, each clinical 
intervention must be decided taking into account 
the child’s global well-being. In this perspective, 
the decision of “not doing,” i.e., avoiding any 
intervention, should always be considered.

In particular, the importance of “not doing” 
concerns also a subgroup of frail children, 
namely, those requiring surgery. Examples vary 
and include children with congenital or acquired 
multiorgan disease, metabolic disorders, severe 
neurological conditions with marked functional 
impairment and patients with cancer/cancer sur-
vivors with residual disability. Awareness of 
frailty and associated risks for adverse health out-
comes improves care and perioperative manage-
ment for these vulnerable patients. Specific 
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guidelines should be defined and applied to 
ensure the best quality of care.

1.2  High Complexity of Frail 
Pediatric Patients: 
The Multidisciplinary 
Coordinated Approach 
as a Model of Care

Frail children require additional care and related 
services compared with children of the same age 
[2, 5].

The spectrum of illnesses that contribute to a 
frailty condition is wide and heterogeneous [6]. 
As mentioned above, these include neurological, 
muscular, oncological, respiratory, cardiological, 
and metabolic disorders, as well as syndromes, 
malformations, infections, and postanoxic condi-
tions, with nononcological disease accounting 
for the wide majority of cases (cancer only 
accounts for 4.1%) [2, 6, 7].

Remarkably, children with human immunode-
ficiency virus (HIV)/acquired immunodeficiency 
syndrome (AIDS) living in low- to middle- 
income countries and those with congenital dis-
eases living in high-income countries account for 
about half of the total number of frail children, 
followed by children with extreme prematurity 
and birth trauma and those with neurological 
conditions [7–9].

To further complicate this scenario, several 
frail children also lack a definite diagnosis: for 
them, it is important to define the extent of frailty 
and associated risks.

The variety in terms of age groups of frail 
children leads to a great heterogeneity of needs. 
Due to the discrepancy between chronological 
and biological age, they continue to have basic 
needs typical of early childhood (e.g., assistance 
in nutrition and daily hygiene) [10, 11].

Furthermore, the communication needs of 
both families and patients have to be considered 
when managing frail children. Parents or legal 
guardians must receive timely, detailed, and 
immediate information about the child’s clinical 
condition and prognosis in an adequate and safe 
setting. They should also be informed about the 

benefits and limitations of the proposed interven-
tions, and they should always be invited to par-
ticipate in the decision-making process [12–14]. 
Especially when considering surgery, the inter-
vention must be intended as a part of a shared 
healthcare plan, with goals beyond the immediate 
benefit of the surgery itself. Healthcare providers 
must investigate the family’s actual level of 
understanding of the illness and prognosis and 
adapt communication accordingly. In addition, 
parents must be supported and guided to actively 
listen and respond to their child’s concerns and 
feelings.

To face this great variety of care needs, a coor-
dinated multidisciplinary approach represents the 
best model of care. Indeed, a multidisciplinary 
team possesses sufficient skills and abilities to 
support decision-making and respond to the vari-
ety of physical, psychological, emotional, and 
practical needs of the children and families [15, 
16]. In addition, a competent multidisciplinary 
team should be able to coordinate the interven-
tions of various players in the context of a com-
prehensive and mutually agreed plan of care [17].

Care at home is generally desired both by the 
child (as it allows him/her to live a normal daily 
life) and by the families (as it reduces physical 
and psychological discomfort and is economi-
cally advantageous). Home care ensures that the 
frail child is cared for in a family environment 
without the added distress of a less familiar and 
friendly environment, such as a hospital or 
hospice.

Frail children may require life-supporting 
devices. In this case, the multidisciplinary team 
should be able to support family members in 
training on their use, on the management of 
potential emergencies, and on how best to reorga-
nize their house [18–20].

1.3  Surgical Interventions 
in Frail Children

Three main types of surgical interventions related 
to a condition of pediatric frailty can be identi-
fied: (1) surgery aimed at restoring a physiologi-
cal function (e.g., gastrointestinal, orthopedic 

F. Benini et al.
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interventions), (2) surgery aimed at correcting 
malformations related to the underlying pathol-
ogy, and (3) surgery aimed at symptom control 
(e.g., hip dislocation). Some examples are pro-
vided below.

One of the most common problems in frail 
children is feeding difficulties, which lead to 
growth failure and malnutrition. This impairment 
is due to neurological disorders and motor/men-
tal impairments [21]. When dietary supplementa-
tion fails, gastrostomy placement needs to be 
considered to provide nutritional support and 
reduce hunger sensation. A noticeable improve-
ment in the quality of life of caregivers in terms 
of time dedicated to medical maneuvers was also 
shown [22]. In neurologically impaired children, 
feeding difficulties are often associated with gas-
troesophageal reflux disease (GERD), with a 
prevalence between 14 and 7%, depending on the 
diagnostic criteria [23–25]. According to the 
European Society for Pediatric Gastroenterology 
Hepatology and Nutrition (ESPGHAN) guide-
lines, fundoplication should be considered in 
cases of failure of optimized medical therapy 
[26].

Some frail children with airway obstruction or 
neurological conditions might benefit from tra-
cheostomy. Children with tracheostomy are 
among the most complicated patients, and they 
need multidisciplinary management by pulmon-
ologists, pediatricians, otorhinolaryngologists, 
and pediatric surgeons for proper care and better 
outcome, given also the severe burden on fami-
lies and caregivers [27].

Moreover, some patients presenting with dys-
tonia/spasticity and/or chronic pain, which 
severely impact their quality of life, can benefit 
from an implantable baclofen pump [28]. 
Although the use of intrathecal pumps has been 
well described [29], the risk of device extrusion 
and infection needs to be considered. Therefore, 
the placement of pumps in the submuscular plane 
of the abdominal wall may provide a well vascu-
larized and stable environment for this device, 
minimizing the risks related to displacement and 
infection [30].

In selected cases, such as patients with cere-
bral palsy (CP), orthopedic surgery (OS) plays an 

important role [31]. The main objectives of OS 
are to optimize function and prevent deformity. 
The most common procedures are the use of 
external fixators, orthopedic selective spasticity 
control surgery, and arm restoration, which lead 
to significant improvements in motor function. 
For instance, tenotomies of adductor longus and 
brevis are easy procedures and can improve the 
home caring of patients with spastic diplegia and 
hip and knee contractures. However, a less than 
optimal OS, performed without the support of the 
multidisciplinary medical and rehabilitation 
team, often leads to significant functional wors-
ening of patients, including the loss of previous 
ambulatory capacity, as well as to increased bur-
den for caregivers [32].

The biopsychosocial consequences of all the 
aforementioned procedures are profound. 
Therefore, in some cases, “not doing” is the best 
choice not only for patients but also for the care-
givers. Indeed, carrying out medical procedures 
for the children as well as daily hygiene can 
become burdensome and stressful for parents. 
This burden can lead to fatigue, depression, and 
social isolation [33].

To provide a practical example that summa-
rizes the above concepts, we report a description 
of a complex case in which multidisciplinary col-
laboration and effective and appropriate commu-
nication played an important role.

1.4  Multidisciplinary 
Collaboration 
for the Management 
of a Frail Child: A Case 
Report

A girl affected by neurological impairment due to 
perinatal asphyxia was admitted to our hospital 
for a 10-day history of abdominal pain and pro-
gressive feeding problems. Her mother was a 
single parent looking after her daughter. An 
abdominal X-ray revealed free air in the abdo-
men, and she therefore underwent exploratory 
laparotomy, and a colic perforation was found. 
Due to the extremely distended intestine, we 
decided to perform an ileostomy. During the 

1 Frailty in Pediatrics: Definition and Care Needs
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postoperative course, we had to manage the 
enteral feeding problems that had already been 
present for around 1 year, associated with malnu-
trition signs.

We discussed with the family the need for gas-
trostomy (already rejected by the family) to allow 
the patient to gain weight and reduce hunger 
 sensation. Initially, the mother disagreed with 
this medical decision as she wanted to continue 
to feed her per os, but after appropriate communi-
cation, we shared a common strategy, proper for 
that specific situation, in a multidisciplinary sce-
nario in which the pediatric surgeon, pediatri-
cian, dietician, anesthetist, and palliative 
physician were involved. We explained that gas-
trostomy was a good choice since this device did 
not exclude the possibility of continuing to feed 
her daughter per os. We performed a further per-
cutaneous endoscopic gastrostomy.

The next step would be the closure of the ile-
ostomy, but we decided not to perform that. 
Indeed, listening to the girl’s family, we found 
out that ileostomy management was easier than 
continuous bowel irrigations for her constipation. 
Changing the bag and washing the stomy became 
quicker and less painful; therefore, we preferred 
not to perform another surgery. Furthermore, the 
risk of new episodes of subocclusion was less 
likely to happen with the stomy.

After 6 months, the mother was really satis-
fied with this shared therapeutical decision, and 
the girl was in good health.

This case shows that the management goals of 
these children are to improve the quality of life 
for both the child and their family, and some-
times, the better choice is “not doing.”

1.5  Best Practice in the Field

Despite the fact that a broad conceptual definition 
of medical complexity exists, precise operational 
definitions are still critical and remain not fully 
defined [34]. Nevertheless, some best practices 
can be identified in the management of frail pedi-
atric patients.

The first involves the analysis of the patient’s 
needs based on a careful examination of the 

patient’s history and his/her illness, family envi-
ronment, thoughts, desires, and beliefs, when this 
is possible, according to age and situation. The 
collection of information related to his/her fam-
ily, social role, culture, and religious belief is also 
crucial.

The interdisciplinary team plays a major role 
in sharing with the patient’s family all the risk 
and benefit assessments of any possible therapeu-
tic choice. This helps maintain the “right per-
spective.” According to the situation, it allows 
healthcare providers to ensure tailored care for 
the child and his/her family in a correct balance 
between what science proposes and the actual 
viability of interventions. In this perspective, the 
term “health” is intended in its global meaning 
and not limited to the control of a symptom and/
or the recovery of the organ/system function. 
This must influence all choices and decisions and 
must change the perspective of “doing everything 
technically possible” to “doing everything that 
the situation requires, maintaining a good quality 
of life.”

It is important to leave the patient and family 
with the opportunity to evaluate the choices of 
the interdisciplinary team, giving them time to 
ask, express doubts, and propose, if useful, the 
willingness to seek a second opinion. The patient 
and family have the right to competent and hon-
est communication to base their choices. The 
child’s unalienable right is to express his/her 
opinion, which (according to age and degree of 
maturity) must always be taken into consider-
ation and must guide choices and strategies in 
some situations. Parents must be listened to in 
their doubts and requests and must be accepted in 
their perplexities, beliefs, and anger, in a dynamic 
exchange, where competence, time, respect, and 
mediation skills are the most effective tools. 
However, involvement in selecting any specific 
medical treatment cannot be considered a com-
plete decision-making responsibility, which 
remains, albeit in a continuous sharing, a medical 
choice. It is certainly not easy, but if supported 
and honestly informed, family members actively 
participate in the health choices for their child 
and can also accept the limit of “not doing,” 
transforming this limit into a new “possibility.”

F. Benini et al.
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These communications and choices become 
much easier and less burdensome when, in the 
course of the disease, clinicians have already 
faced the problem of the achievable goals of care 
and when a shared advanced care plan (ACP) is 
already defined with clear and honest goals. The 
preparation of an ACP is a key tool in the correct 
management of pediatric complexity [10]. The 
defined care program (intervention or noninter-
vention) must be implemented by providing the 
maximum competence, time, and willingness to 
communicate.

Home care must be arranged by sharing the 
clinical and/or psychological/organizational situ-
ation of the patient and family with the healthcare 
providers and the territorial team (PPC when 
available) and remaining open to discussing any 
new need.

Finally, shared monitoring of situations must 
be implemented, with the aim of preventing prob-
lems and managing needs.

The implementation of the aforementioned 
practices is not always easy; sometimes it clashes 
with a consolidated culture and practice, but 
training, information, and research supported by 
the increasingly available specific regulations 
and instruments, also for this category of patients, 
are the basis for dealing with these frequent and 
sometimes very tiring situations with greater 
competence.
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2Premature Infants

Silvia Martini and Luigi Corvaglia

Abbreviations

AGA Adequate for gestational age
AREDF Absent or reversed end-diastolic flow
BPD Bronchopulmonary dysplasia
BSID Bayley Scales of Infant Development
BW Birth weight
CBF Cerebral blood flow
CHDs Congenital heart defects
COX Cyclooxygenase
CP Cerebral palsy
CPAP Continuous positive airway pressure
CRP C-Reactive protein
DA Ductus arteriosus
ELBW Extremely low birth weight
FiO2 Fractional inspired oxygen
GA Gestational age
IUGR Intrauterine growth restriction
IVF In vitro fertilization
IVH Intraventricular hemorrhage
LBW Low birth weight
LGA Large for gestational age
LISA Less invasive surfactant 

administration
NEC Necrotizing enterocolitis
NICU Neonatal intensive care unit

NSAIDs Nonsteroidal anti-inflammatory 
drugs

PCA Postconceptional age
PDA Patent ductus arteriosus
PH Pulmonary hemorrhage
PHI Parenchymal hemorrhagic infarction
PHVD Posthemorrhagic ventricular 

dilatation
PROM Premature rupture of membranes
PVL Periventricular leukomalacia
PVR Pulmonary vascular resistance
RDS Respiratory distress syndrome
ROP Retinopathy of prematurity
SGA Small for gestational age
VEGF Vascular endothelial growth factor
VLBW Very low birth weight

2.1  Preterm Birth

2.1.1  Epidemiology

Preterm birth is defined as a delivery occurring 
before 37 completed weeks’ gestation and repre-
sents a leading cause of neonatal and childhood 
mortality worldwide, accounting for 965,000 
deaths in the neonatal period and an additional 
125,000 deaths in the first 5 years of life.

Each year, approximately 15 million neonates 
are born preterm, indicating a global preterm 
birth rate of about 11%; of these births, nearly 
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85% occur between 32 and 36 weeks’ gestation, 
10% between 28 and 31  weeks’ gestation, and 
the remaining 5% prior to the achievement of 
28 weeks [1, 2].

The percentage of preterm deliveries has 
steadily risen over the last couple of decades. 
Advances in medical technologies and thera-
peutic perinatal and neonatal care have sub-
stantially improved the rates of survival among 
preterm infants, even at the lowest gestational 
ages. However, compared to full-term-born 
infants, the survival of preterm neonates is bur-
dened by increased rates of short- and long-term 
 morbidities and, in particular, neurologic and 
developmental impairment, which can range 
from major disabilities such as cerebral palsy, 
mental retardation, and sensory impairments to 
more subtle disorders like language and learning 
problems, attention-deficit/hyperactivity disor-
der, and behavioral difficulties. Hence, preterm 
birth is a critical global problem because of its 
implications for morbidity and mortality, as well 
as its socioeconomic liability [3].

The burden of prematurity, however, is influ-
enced not only by the gestational age (GA), which 
determines the extent of the immaturity of organs 
and systems, but also by available health resources. 
As such, preterm birth rates vary significantly 
among different geographical regions according to 
their income levels, with approximately 90% of all 
premature births occurring in low- and middle-
income settings. Except for the United States, 
which, with an estimated rate of 12%, is the prin-
cipal contributor among developing countries, the 
global burden of prematurity predominantly falls 
on countries with fewer resources to manage the 
medical, social, and economic complexities of car-
ing for preterm infants. Consistently, the survival 
rate of infants born before 28  weeks of GA is 
nearly 90% in high- income settings but falls to 
10% in low-income ones [2].

2.1.2  Etiology and Risk Factors

Although the etiologic pathways underlying a 
preterm delivery still need to be completely clari-
fied, a large series of well-known risk factors has 

been identified. These risk factors have long been 
distinguished between factors that cause a spon-
taneous onset of labor or a premature rupture of 
amniotic membranes and maternal or fetal condi-
tions that represent a clinical indication for iatro-
genic preterm delivery. Some clinical conditions 
could be considered risk factors for both sponta-
neous and iatrogenic preterm births. According to 
Stout et al. there is a substantial, but imperfect, 
agreement between reviewers for the classifica-
tion of preterm birth into spontaneous and indi-
cated subtypes; incorrect classification may occur 
5–15% of the time, even with experienced 
research personnel [4]. Hence, these limitations 
have led to the proposal of a new classification 
system that considers the following maternal, 
fetal, and obstetrical conditions.

Maternal risk factors
• Acute and chronic diseases: these include 

hypertension, preeclampsia, eclampsia, diabe-
tes, acute or chronic kidney disease, heart fail-
ure, hyperthyroidism, and infections (both 
bacterial and viral).

• Age: pregnancy onset prior to 16  years and 
after 35 years has been related to an increased 
risk of premature delivery.

• Body weight: both low and excessive body 
weight prior to pregnancy as well as inappro-
priate variation of weight during pregnancy 
are associated with an increased risk of pre-
mature labor.

• Socioeconomic and educational status: there 
is a tight relationship between a low maternal 
socioeconomic status and/or education level 
and preterm delivery. As an example, the rate 
of preterm birth in Norway was 9.7% in 
women with a low level of education and 5.9% 
in women with a high level.

• Ethnicity: beyond any predictable etiologi-
cal cause of preterm birth and with the same 
range of risk factors, varying rates have been 
noticed among different ethnic groups. The 
relatively heterogeneous population of the 
United States provides a good example for 
this observation: in 2013, the preterm birth 
rate was 16.3% in non-Hispanic black women, 
11.3% in Hispanic women, and only 10.2% 
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in non- Hispanic white women. Additionally, 
when considering deliveries <32  weeks, this 
rate was twofold higher in non-Hispanic black 
women compared to non-Hispanic white 
women. Although the reason for the signifi-
cant differences in preterm birth rates between 
racial groups is not fully understood, a pos-
sible hypothesis is that it is related to underly-
ing social and economic inequalities [5].

• Maternal smoking during pregnancy: this 
habit is a major determinant of poor  pregnancy 
and neonatal outcomes, including preterm 
birth and low birth weight (LBW); in particu-
lar, more than 20% of LBW cases are related 
to this habit. The mechanisms through which 
maternal smoking leads to these adverse out-
comes are related to the effects of carbon 
monoxide, which binds to fetal hemoglobin, 
causing a state of chronic fetal hypoxia, and of 
nicotine, which increases placental and fetal 
vascular resistances. Such abnormalities of 
placental morphology, including microscopic 
infarction, obstructive endarteritis as well as 
decidual necrosis, have been associated with 
cigarette smoke [6].

Fetal risk factors
• Fetal erythroblastosis: this condition, which is 

associated with an increased risk of preterm 
birth, is caused by the transplacental passage of 
maternal immunoglobulin G (IgG) antibodies 
targeting red blood cell antigens in the fetal cir-
culation; based on the fetal blood phenotype 
group, these antibodies can destroy red blood 
cells, leading to fetal reticulocytosis, anemia, 
and, in the most severe cases, hydrops with 
subsequent circulatory failure. The various 
alloantigen types that can be involved include 
AB0, anti-RhD, anti-RhE, anti-Rhc, anti-Rhe, 
anti-RhC, anti-Kell, and multiantigen combina-
tions, with anti-RhD type being the most com-
mon cause of fetal hemolysis [7].

• Intrauterine growth restriction (IUGR, also 
known as fetal growth restriction): this is a 
complex and multifactorial condition that is 
often associated with iatrogenic preterm deliv-
ery. Fetal growth may be restricted due to con-
stitutional reasons (i.e., small parental build) or 

because of genetic abnormalities or congenital 
infections. However, the leading cause of 
IUGR is uteroplacental insufficiency, charac-
terized by altered placental vascularization 
with increased resistance of the placental ves-
sels [8]. This condition alters gas and nutrient 
exchanges at the placental interface, and the 
ensuing chronic fetal hypoxia and undernutri-
tion are responsible for the declining growth 
rates. Premature delivery of IUGR fetuses may 
be required in the presence of hemodynamic 
fetal impairment secondary to the effects of 
persistently increased placental vascular resis-
tances, which can be diagnosed by evidence of 
absent or reversed end-diastolic flow (AREDF) 
in the umbilical arteries of the fetus or, in the 
most severe cases, impaired Doppler flowme-
try in the ductus venosus. In order to compen-
sate for the reduced perfusion ensuing from 
uteroplacental insufficiency, a vascular redis-
tribution of fetal blood flow often occurs in 
AREDF cases, aiming to preserve the perfu-
sion and, subsequently, the development of 
vital organs (e.g., brain, heart, adrenal glands) 
at the expense of peripheral and splanchnic cir-
culation. This adaptive response is known as 
the “brain-sparing reflex” and is characterized 
by Doppler evidence of a decreased pulsatility 
index of the middle cerebral artery [9]. 
Consequently, body growth significantly 
declines, whereas the cranial circumference is 
less impaired. In addition to this relative pres-
ervation of brain growth, some data suggest 
that fetuses make other adaptations to adverse 
intrauterine conditions, such as the accelera-
tion of lung and brain maturation [10].

• Fetal abnormalities: congenital heart defects 
(CHDs), and especially right ventricular outflow 
tract obstructions, are associated with an 
increased risk of spontaneous preterm birth [11].

Obstetrical risk factors
• Multiple pregnancies: it is not only associated 

with delivery at lower gestational ages, but it 
is also an important risk factor for intrauterine 
growth restriction.

• In vitro fertilization (IVF): compared to natu-
rally conceived pregnancies, IVF is associated 
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with a 1.78-fold increase in spontaneous pre-
term birth risk [12].

• Placental abruption: this rare yet serious com-
plication occurs acutely when the placenta 
partly or completely detaches from the inner 
uterine wall before delivery, causing heavy 
maternal bleeding and concomitant disruption 
of fetal perfusion and of the subsequent oxy-
gen and nutrient supply.

• Placental implantation abnormalities: accord-
ing to a recent metanalysis, the preterm deliv-
ery rates for low-lying/marginal placenta, 
placenta previa, placenta accreta, vasa previa, 
and velamentous cord insertion are 26.9%, 
43.5%, 57.7%, 81.9%, and 37.5%, respec-
tively [13].

• Uterine malformations (e.g., bicornuate uterus, 
septate uterus, etc.) or other pathological condi-
tions (e.g., uterine fibromas) that hinder intra-
uterine fetal growth and development.

• Cervical insufficiency: this condition occurs 
when weak cervical tissue dilates in the earlier 
phases of pregnancy and usually in the absence 
of contractions, causing either premature birth 
or the loss of an otherwise healthy pregnancy.

• Premature rupture of membranes (PROM): 
this condition, characterized by the early 
rupture of the amniotic membranes with 
subsequent loss of amniotic fluid and oligo-
hydramnios, occurs in 2–4% of all pregnan-
cies and is known to represent a primary 
cause of nearly 50% of preterm deliveries. 
PROM is usually associated with an under-
lying infection of the placental tissue and the 
amniotic layers, defined as chorioamnionitis 
(see below).

• Chorioamnionitis: genital tract infection is 
associated with 25–40% of preterm births 
based on microbiological studies [14]. This 
range may be an underestimation limited by 
poor strategies suitable for the detection of 
infections. Microorganisms can reach the 
amniotic cavity and fetus by ascent from the 
lower genital tract or, more rarely, by hema-
togenous distribution or after invasive medical 
procedures. Bacterial vaginosis is a leading 
cause of chorioamnionitis and is associated 
with a two- to fourfold increase in the risk of 

preterm birth [15]. As a consequence of the 
infection, chemokines and cytokines enhance 
neutrophil activity and the synthesis and 
release of matrix metalloproteinases, which 
lead to a remodeling of the extracellular 
matrix within the cervix and the placental 
interface, favoring the rupture of membranes. 
Moreover, the enhanced prostaglandin pro-
duction associated with the infection repre-
sents a strong stimulus to uterine contractility 
[16]. Altogether, these events comprehen-
sively contribute to a preterm onset of labor.

2.1.3  The Preterm Newborn

2.1.3.1  Classification
According to the GA at which preterm birth 
occurs, premature infants can be classified 
into the following categories
• Moderate to late preterm infants: 32–36+6 

weeks
• Very preterm infants: 28–31+6 weeks
• Extremely preterm infants: <28 weeks

In addition to gestational age, preterm infants 
can be defined also according to their birth 
weight (BW)
• Low birth weight (LBW): <2500 g
• Very low birth weight (VLBW): <1500 g
• Extremely low birth weight (ELBW): <1000 g

The neonatal weight is influenced not only by 
the gestational age but also by the fetal condi-
tions during pregnancy; therefore, according to 
the adequacy of BW for GA, preterm neonates 
can be also classified as follows:

• Appropriate for gestational age (AGA) if BW 
is between the 10th and 90th percentile for 
GA, i.e., within the normal range.

• Small for gestational age (SGA) if BW is 
below the 10th percentile, indicating that 
intrauterine growth was below the normal 
range for GA.  This condition is particularly 
frequent after pregnancies complicated by 
IUGR. SGA babies can be also classified as 
symmetric or asymmetric based on the ratio 
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between the head and abdominal circumfer-
ence. In asymmetrical SGA, which is most 
common and often results from late IUGR 
resulting from placental insufficiency, this 
ratio is increased, whereas symmetrical SGA 
presents with an overall growth restriction 
(both circumferences are reduced compared to 
standard) and usually results from an earlier 
IUGR condition.

• Large for gestational age (LGA) if BW is 
above the 90th percentile, indicating that 
intrauterine growth exceeded the normal range 
for GA. This condition is less frequent among 
preterm infants and can be constitutional or 
underlie pathological conditions, (e.g., mater-
nal diabetes or genetic abnormalities).

2.1.3.2  Clinical Features
Preterm infants show specific phenotypical 
features, listed below, that are more evident at 
lower GAs
• The size is small, with a disproportionately 

large head, while the thoracic diameter is 
reduced. The cranial fontanels, and in particu-
lar the anterior one, are ampler than in term 
infants. The limbs are thin, with tapered 
fingers.

• The skin is reddish and thin, prone to break-
down injuries, and covered by a fine lanugo. 
Superficial capillaries and veins are evident. 
Subcutaneous fat layers are scarcely repre-
sented, giving preterm babies a sharper and 
less rounded looking.

• Ear cartilage is commonly not yet well 
defined, while recoils are mostly absent. At 
GAs <26  weeks, eyelids can be still fused 
together or only partially open. The eyes sel-
dom present a wide movement range or 
intense light reactions.

• The abdomen is prominent and distended, 
with an evident venous reticulum. Abdominal 
rectus diastasis and umbilical and inguinal 
hernias are common findings.

• The heart rate is set at higher ranges compared 
to term infants (e.g., 150–190  bpm); brady-
cardic spells are frequent, secondary to the 
periodic breathing pattern or to apneic epi-
sodes. Blood pressure is correlated to GAs: 

normal values of mean arterial blood pressure 
should be equal to or greater than the corre-
sponding GA or postconceptional age (PCA).

• The tone is decreased due to the scarce and 
immature muscle tissue and to neural immatu-
rity; hence, antigravity movements are often 
hindered, and limb posture may appear 
extended rather than flexed.

• Due to neural immaturity, the sucking–swal-
lowing coordination may be poor or lacking at 
lower GAs, leading to feeding difficulties 
requiring tube feeding. Moreover, gastric 
emptying gastrointestinal transit is often 
delayed, contributing to the development of 
feeding intolerance and constipation.

• In female preterm infants, hypertrophy of the 
clitoris is a common finding, while in males, 
testicles are often not palpable in the scrotum 
because their descent in the inguinal canal 
usually occurs after 29 weeks’ gestation.

2.2  Complications of Preterm 
Birth

2.2.1  Thermoregulation 
Impairment

The maintenance of body temperature, defined as 
thermoregulation, is a complex process that 
involves gluconeogenesis and lipolysis. The fol-
lowing clinical characteristics place preterm 
infants at extremely high risk of heat loss, with 
subsequent hypothermia:

• High surface/volume body ratio
• Permeable epidermal layer of the skin
• Thin subcutaneous fat layer
• Reduced brown adipose tissue
• Underdeveloped autonomic control of the skin 

vasculature [17]

The loss of heat through evaporation from the 
skin and the lungs is predominant within the first 
days of life, and in some cases, it might exceed 
urinary output. The clinical consequences of 
hypothermia are severe and include metabolic 
acidosis due to peripheral vasoconstriction, 
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raised pulmonary pressures, hypoglycemia, 
dehydration, and bleeding tendency due to the 
inhibition of the coagulation cascade. As such, 
reduced body temperature at admission in the 
neonatal intensive care unit (NICU) has been 
largely associated with an increased burden of 
neonatal morbidity and mortality in preterm neo-
nates [18, 19]. Moreover, the more energy is 
needed to maintain body temperature, the less is 
available for growth and brain development. 
Hence, maintaining preterm infants’ body tem-
perature within normal ranges, i.e., 36–37.5  °C 
for skin measurements, is fundamental to improv-
ing their outcomes, and for this reason, servo- 
controlled incubators and heating radiators have 
been developed to prevent excessive heating 
losses in the delivery room and during NICU stay.

2.2.2  Respiratory Distress

Neonatal respiratory distress syndrome (RDS) is 
the most common respiratory complication 
occurring in preterm infants, with an increasing 
incidence of decreasing GA. The most important 
risk factors are prematurity and low birth weight; 
among others, male gender, maternal diabetes, 
perinatal asphyxia, and delivery in the absence of 
labor are encountered.

RDS results from a deficiency of surfactant 
due to either inadequate production or surfactant 
inactivation in the context of immature lungs. 
Surfactant is a lipid mixture comprising 70–80% 
phospholipids, 10% protein, and 10% neutral lip-
ids. In around 20  weeks of gestation, lamellar 
bodies begin to form in the cytoplasm of the 
cuboidal epithelium of the bronchioles, and these 
cells differentiate into type 2 cells, which are 
responsible for surfactant production. Surfactant- 
specific lipoproteins, namely SP-A, SP-B, SP-C, 
and SP-D, form inside lamellar bodies at the api-
cal surface of type 2 cells and are subsequently 
released into the alveoli by exocytosis. Among 
these proteins, SP-B and SP-C contribute to low-
ering the surface tension of air-fluid interfaces in 
both the small airways and alveoli, preventing 
their collapse and the entering of interstitial fluid 
into the airspace [20].

Due to the immaturity of their lungs, preterm 
infants have a lower quantity and decreased activ-
ity of surfactant, which results in increased sur-
face tension in the alveoli and an enhanced risk of 
atelectasis. Widespread and repeated atelectasis 
damages the respiratory epithelium, causing a 
cytokine-mediated inflammatory response that 
increases the leakage of protein-rich fluid from 
the vascular space into the alveoli, thus triggering 
surfactant inactivation [21]. Many infants with 
RDS may require mechanical ventilation support 
to achieve the pressure amounts needed to avoid 
alveolar collapse; in turn, mechanical ventilation 
causes further damage as well as inflammation in 
the developing lung due to the overdistension of 
the alveoli [22] and to the oxidative stress gener-
ated by high fractional inspired oxygen (FiO2), 
which additionally contributes to the inactivation 
of the surfactant through protein and lipid peroxi-
dation processes [23].

RDS signs and symptoms typically occur 
within a few minutes after birth and consist of non-
specific respiratory symptoms, such as decreased 
breath sounds, cyanosis, tachypnea, expiratory 
grunting, nasal flaring, and subcostal, intercostal, 
or suprasternal retractions. Auscultation reveals 
uniformly decreased air entry. Prompt diagno-
sis and treatment require an overall assessment 
of perinatal risk factors, clinical presentation, 
radiographic findings, and evidence of hypox-
emia on blood gas analysis. The partial pressure 
of arterial oxygen (PaO2) on an arterial blood 
gas should lie within the 50–80  mmHg range, 
while partial pressure of arterial carbon dioxide 
(PaCO2) should be between 40 and 55  mmHg, 
with the pH >7.25 [24].

The pathognomonic radiological features of 
RDS include diffuse atelectasis, described as a 
ground-glass reticulogranular appearance, reduced 
lung volumes, and with air bronchograms due to 
the air-tissue interface formed between alveolar 
collapse in the background, with the air-filled 
larger airways in the foreground. Chest X-rays 
may be useful for the differential diagnosis 
between RDS and other lung conditions with a 
similar clinical presentation, such as pulmonary 
air leak disorders, pneumonia, meconium aspira-
tion, or CHD.  A cardiac ultrasound assessment 
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may add useful information for identifying persis-
tent pulmonary hypertension or an underlying cya-
notic CHD.  A workup for infectious etiologies, 
including complete blood counts and C-reactive 
protein (CRP), may be useful for ruling out RDS 
as a possible presentation of bacterial sepsis or 
viral congenital infection [24].

RDS prevention starts antenatally with the 
maternal administration of corticosteroids in case 
of possible preterm delivery in the next 7  days 
between 23 and 34 weeks’ GA [25]. This treat-
ment has been shown to effectively decrease not 
only RDS incidence and severity but also the 
rates of mortality and periventricular leukomala-
cia (PVL) in the face of any increase in maternal 
mortality [26].

The therapeutic management of neonates with 
RDS is based on the monitoring of oxygenation 
and ventilation, with pulse oximetry and serial 
blood gas evaluations, exogenous surfactant ther-
apy, assisted ventilatory support, and supporting 
care (e.g., fluid and electrolyte management, 
antibiotic therapy, nutritional support, etc.) [25].

The targeted treatment for surfactant defi-
ciency is endotracheal surfactant replacement. 
Surfactant administration decreases the risk of 
pneumothorax, interstitial emphysema, intraven-
tricular hemorrhage (IVH), and bronchopulmo-
nary dysplasia (BPD) and reduces neonatal 
mortality. According to European consensus 
guidelines, surfactant is administered to imma-
ture babies with FiO2 >0.3 [25]. To date, different 
natural surfactants prepared from minced bovine, 
porcine, or calf lung extracts are available with 
similar efficacy [27], while clinical trials on syn-
thetic surfactants are ongoing. Surfactants can be 
administered either by standard endotracheal 
intubation, which represents the standard tech-
nique, or through less invasive surfactant admin-
istration (LISA) techniques using thin 
intratracheal catheters or, alternatively, laryngeal 
masks [28]; nevertheless, further investigations 
are required to determine whether the LISA tech-
nique is preferred over endotracheal intubation 
for surfactant administration.

If neonates maintain an adequate respiratory 
drive, with FiO2 <0.3, after surfactant administra-
tion, it is possible to switch them to noninvasive 

modalities of respiratory support, which are usu-
ally preferred as they decrease the risk of mortal-
ity and BPD compared to invasive ventilation. A 
widely used first-line strategy is the early initia-
tion of continuous positive airway pressure 
(CPAP) to provide a constant distending airway 
pressure, associated with surfactant administra-
tion. RDS neonates that do not respond to CPAP, 
develop respiratory acidosis or hypoxemia, or 
have severe apneas require endotracheal intuba-
tion and mechanical ventilation. The goal of 
mechanical ventilation includes the provision of 
adequate respiratory support while balancing the 
risks of volutrauma, barotrauma, and oxygen tox-
icity. Time-cycled pressure-limited ventilation is 
the currently preferred initial mode of ventilation 
in preterm infants with RDS.  High-frequency 
oscillatory ventilation is often used as a rescue 
modality if high conventional ventilator support 
is required or if there are concerns for pulmonary 
air leaks or, empirically, in extremely preterm 
infants to minimize lung injury [25].

The prognosis of infants managed with ante-
natal steroids, exogenous surfactants, and respi-
ratory support is excellent, showing survival rates 
of up to 95% with advanced care in developed 
countries, whereas RDS-related mortality rates 
are still significantly higher in preterm infants 
born in low-income countries, where the mortal-
ity rate for premature infants with RDS is signifi-
cantly higher, at times close to 100% [29]. 
However, while surfactant replacement has 
decreased the morbidity associated with RDS, 
many neonates continue to experience such acute 
complications as air-leak syndromes, and short- 
and long-term sequelae, such as BPD, discussed 
in the following paragraph, and neurodevelop-
mental delay and cerebral palsy, whose incidence 
is higher in infants at lower GA ranges who 
received prolonged mechanical ventilation [30].

2.2.3  Bronchopulmonary Dysplasia

BPD is defined as a multifactorial, chronic pul-
monary disease typically observed in preterm 
infants who developed RDS and required pro-
longed respiratory support. Despite the signifi-
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cant advances in RDS management occurring 
over the past decades, such as surfactant replace-
ment and less invasive ventilation modalities, the 
burden of BPD is still remarkably high at lower 
GAs and BW, with an estimated incidence rang-
ing between 40 and 68% in VLBW infants, 
depending on the definition of BPD used. Other 
antenatal and postnatal risk factors associated 
with BPD development include a lack of antena-
tal steroid administration, maternal smoking, 
maternal hypertension, chorioamnionitis, family 
history of asthma, male sex, white race, SGA, 
inadequate nutrition, prolonged mechanical ven-
tilation, and neonatal infections [31].

While before the introduction of surfactant 
replacement and noninvasive respiratory supports 
lung injury associated with BPD mainly resulted 
from the detrimental effects of mechanical venti-
lation, such as barotrauma and oxygen injury, 
these new strategies have led to a significant 
change in the characteristics of BPD. Compared 
to “old BPD,” this “new BPD” is associated with 
diminished airway damage and alveolar septal 
fibrosis, but its pathological hallmarks are dys-
morphic microvasculature and alveolar simplifi-
cation [32]. This is consistent with the underlying 
pathophysiological mechanisms, according to 
which lung injury is mainly driven by an enhanced 
inflammatory response that triggers the release of 
proinflammatory cytokines (e.g., interleukins 6 
and 8, tumor necrosis factor alpha, etc.) and 
angiogenic factors [vascular endothelial growth 
factor (VEGF), angiopoietin 2], which ultimately 
results in aberrant tissue repair, dysregulated 
angiogenesis, and arrested alveolar development 
[33].

The diagnosis of BPD is made clinically, 
based on oxygen requirements at 36 weeks PCA 
or at discharge home, whichever came first, in 
infants born at ≤32 weeks’ gestation. In 2001, the 
National Institute of Child Health and Human 
Development (NICHD) workshop proposed the 
current definition, in which infants get diagnosed 
with mild, moderate, or severe BPD at 36 weeks 
PCA based on their respiratory support at that 
time [34]. This definition, however, still has many 
deficiencies and does not adequately predict 
respiratory outcomes; hence in 2016, the NICHD 

workshop on BPD further revised this definition, 
including the newer modes of noninvasive venti-
lation for BPD severity stratification [35].

In addition to persistent oxygen dependence, 
infants with BPD may present with peripheral 
edema, chronic hypoxemia, and other signs of 
right heart failure and are more prone to recurrent 
respiratory infections. Important secretions may 
obstruct the trachea or main bronchus, and it is 
not rare to observe concomitant tracheomalacia 
or bronchomalacia. These neonates may also 
present feeding difficulties and require prolonged 
parenteral nutrition [36].

Chest radiographs in BPD infants show 
decreased lung volumes, hyperinflation, areas of 
atelectasis, pulmonary edema, and interstitial 
emphysema. Infants with moderate or severe 
BPD also need to be screened for pulmonary 
hypertension at 36  weeks PCA using echocar-
diography since the estimated prevalence of this 
condition in severe BPD ranges between 20 and 
40% and significantly worsens BPD-related mor-
bidity and mortality [37].

The main aim in the management of preterm 
neonates with BPD is to limit further injury to 
their lungs, optimize lung function, detect associ-
ated complications, and support their growth.

Whenever feasible, noninvasive ventilation 
should be preferred to mechanical ventilation; if 
this is not possible, care should be taken to limit 
barotrauma and volutrauma. Exposure to hyper-
oxia is also critical in the pathogenesis of BPD 
and should be limited by keeping SpO2 target 
ranges within the recommended thresholds (90–
94%) [25].

Systemic corticosteroids, such as dexametha-
sone or hydrocortisone, are frequently used in 
BPD to reduce inflammation and facilitate extu-
bation or scale the respiratory support down. 
However, due to concerns about long-term neu-
rodevelopment, their use should be limited to 
infants with severe BPD who remain ventilator 
dependent with high oxygen requirements [37]. 
Although inhaled corticosteroids may reduce the 
neurodevelopmental burden associated with ste-
roid treatment, current literature does not demon-
strate support for their routine use in BPD 
prevention [38].
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Based on the severity of their lung disease, 
total fluid volumes may be restricted to less than 
150 mL/kg/day to prevent pulmonary edema and 
improve gas exchange. Thiazides and loop diuret-
ics are commonly used over 3 weeks after birth in 
ventilator-dependent infants with an increasing 
requirement of positive end-expiratory pressure 
despite fluid restriction to improve short-term 
pulmonary mechanics. However, a systemic 
review of the available literature does not show 
any improvement in long-term clinical outcomes 
[39]. Eventually, due to the increased work of 
breathing and to concomitant feeding difficulties, 
infants with BPD need an increased amount of 
energy (e.g., up to 150 kcal/kg/day) and proteins 
to promote lung growth and repair. Milk fortifiers 
can be used to enrich maternal or donor breast 
milk and increase its caloric contents.

Unfortunately, the structural alveolar and vas-
cular abnormalities associated with BPD persist 
into adulthood and are responsible for several 
long-term sequelae, such as significantly 
increased rates of hospital readmission during 
their first year of life; increased risk of develop-
ing reactive airway disease, asthma, and emphy-
sema; and worse outcomes following viral 
bronchiolitis. Moreover, BPD also affects the 
neurodevelopmental outcome and is associated 
with a higher prevalence of delays in motor and 
language skills [40]. Hence, infants with BPD 
require a multidisciplinary follow-up that 
includes a neonatologist, a pediatric pulmonolo-
gist, a respiratory therapist, a nutritionist, physi-
cal and occupational therapists, and child life 
specialists.

2.2.4  Patent Ductus Arteriosus

The ductus arteriosus (DA), or ductus botalli, is 
an arterial vessel interposed between the pulmo-
nary artery and the descending aorta. During 
antenatal life, oxygenated blood enters the fetal 
circulation from the placental interface through 
the umbilical vein, and via the inferior vena cava, 
it reaches the right atrium. Here, a tissue flap 
known as the Eustachian valve directs the great 
majority of this blood across the foramen ovale 

into the left atrium, from which it enters the left 
ventricle and is ejected into the systemic circula-
tion. The venous return collected by the superior 
vena cava, inferior vena cava, and coronary sinus 
is collected in the right atrium, directed into the 
right ventricle across the tricuspid valve, and then 
ejected into the pulmonary artery. However, due 
to the high pulmonary vascular resistance (PVR) 
that characterizes the antenatal circulation, only a 
small proportion of blood reaches the pulmonary 
circuit, while 80–90% of this flow is shunted 
across the DA into the descending aorta toward 
the lower half of the body [41]. Hence, the DA 
plays a key role in maintaining fetal circulation; 
however, the transition from fetal to neonatal cir-
culation, which occurs after birth, entails the clo-
sure of intra- and extracardiac shunts, such as 
DA, as their hemodynamic role becomes obso-
lete. Under physiological conditions, postnatal 
DA closure is regulated by exposure to oxygen 
and vasodilators. Oxygen induces the release of 
the potent vasoconstrictor endothelin-1 at the 
ductal level, whereas vasodilator substances such 
as prostaglandin E2, prostacyclin, and nitric oxide 
contribute to DA patency [42]. In preterm infants, 
however, several factors may contribute to the 
disruption of the physiological DA closure. First, 
the immature DA is characterized by a thinner 
muscular wall compared to the term duct, with 
smooth muscle cells that are less sensitive to 
oxygen- related vasoconstriction and more sensi-
tive to prostaglandin E2- and prostacyclin-related 
vasodilative effects. The increased circulating 
levels of systemic inflammatory mediators and 
prostaglandins, which are observed in the pre-
term population, further contribute to the failure 
of spontaneous DA closure in this population 
[43]. Moreover, it has been observed that plate-
lets are recruited into the DA lumen during clo-
sure, probably promoting a thrombotic sealing of 
the constricted DA [42]; therefore, thrombocyto-
penia [44] or an impaired platelet function [45] 
may contribute to persistent ductal patency. 
Consistently, the prevalence of a patent ductus 
arteriosus (PDA) increases with decreasing GA, 
and even the achievement of spontaneous closure 
may take up to several days to occur: in a large 
retrospective study on preterm infants who did 
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not receive active medical or surgical treatment 
for PDA closure, the median closing time ranged 
from 6 days in infants ≥30 weeks of gestation to 
71 days in those <26 weeks [46]. Hence, in the 
absence of targeted interventions, a significant 
proportion of extremely preterm neonates may be 
exposed to prolonged transductal shunting with 
potential pathophysiological implications [47].

PDA can be either symptomatic or asymp-
tomatic, depending upon the transductal shunt 
volume and direction: a small left-to-right shunt 
is usually asymptomatic, especially among late 
preterm infants, whereas a higher flow across 
the patent duct may have different hemody-
namic effects depending on PVR, as illustrated 
in Fig. 2.1.

Following preterm birth, the decrease in PVR 
may be slower than in term neonates due to the 
immaturity of the lung parenchyma, respiratory 
distress, and metabolic acidosis frequently seen 
in the early postnatal phases. The persistence of 
high PVR (Fig. 2.1a) prolongs the right-to-left or 
bidirectional shunting across the PDA, with sub-
sequent reduction of pulmonary perfusion, low 

oxygen saturation levels, and increased need for 
supplemental oxygen and invasive respiratory 
support. If pulmonary blood flow decreases, the 
venous return to the left atrium is also decreased, 
and so are the left ventricle preload and cardiac 
output, leading to decreased perfusion and oxy-
genation in end-target organs. As a consequence, 
a raise in lactate and acidosis, which contribute to 
increasing PVR, may occur, feeding a detrimen-
tal vicious cycle that eventually leads to the 
development of pulmonary hypertension [48]. 
Persistently elevated PVR increases the afterload 
of the right ventricle, which gradually becomes 
hypertrophic and/or dilated. The resulting bow-
ing of the interventricular septum toward the left 
ventricle further compromises left ventricular 
output, leading to biventricular dysfunction. 
Systemic hypotension requiring cardiovascular 
support often coexists during these phases.

Conversely, if PVR gradually decreases dur-
ing the transitional period (Fig. 2.1b), a left-to- 
right shunt across the PDA may progressively 
become hemodynamically significant. Pulmonary 
hyperperfusion increases pulmonary venous 
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return with volume overload of the left ventricle 
and systemic hypoperfusion below the ductal 
level. Increased venous return to the left atrium 
may raise left atrial pressure and reverse the 
direction of shunting through the foramen ovale, 
thus further worsening pulmonary hyperperfu-
sion and low systemic blood flow. Moreover, due 
to the diastolic dysfunction that characterizes the 
preterm myocardium [49], the left ventricle may 
struggle to adapt to the increased stroke volume, 
eventually progressing to left ventricular failure 
in the case of wide or prolonged left-to-right 
transductal shunting.

The signs and symptoms of PDA depend not 
only on the characteristics, magnitude, and dura-
tion of the transductal shunt but also on the indi-
vidual adaptive ability of the immature 
myocardium as well as additional concomitant 
factors (e.g., fluid intakes, metabolic and ventila-
tory status). A continuous heart murmur on the 
parasternal line in proximity to the second inter-
costal space is a common finding in the presence 
of PDA.  In the presence of a hemodynamically 
significant left-to-right transductal shunt, tachy-
cardia, low diastolic blood pressure, tachypnea, 
and costal retractions are often evident, whereas 
if the shunt across the PDA is predominantly 
right to left, hypoxemia, hypotension, and signs 
of systemic venous congestion may prevail. 
Several of these signs, however, are not specific 
and may overlie a concomitant RDS, which can 
be further worsened by a hemodynamically sig-
nificant PDA.

PDA persistence in preterm neonates has 
been associated with increased mortality and 
several major complications [50–54]; among 
these, the most relevant that typically occur dur-
ing the transitional period are IVH and pulmo-
nary hemorrhage (PH). Deshpande et  al. [47] 
have proposed two potential pathophysiological 
models in which the interaction between the 
immature  preterm myocardium and the expo-
sure to an unrestrictive transductal shunt during 
postnatal transition are important contributors 
to the development of both PH and IVH in pre-
term neonates with a PDA.  In particular, a 
delayed adaptation of the myocardial function 
to the volume overload resulting from transduc-

tal shunting left to right may increase left atrial 
pressure and pulmonary venous hypertension, 
placing the infant at risk of PH.  The temporal 
association between this functional disturbance 
and the typical timing of PH onset (usually 48 h 
after birth) is noteworthy [53]. On the other 
hand, myocardial adaptation to the loading 
changes, which usually occurs within the first 
48 h of life, may result in a sudden increase in 
cerebral blood flow (CBF), predisposing to 
IVH, whose incidence is highest during the first 
72 h after preterm birth [55].

On the above basis, a thorough and integrated 
clinical and echocardiographic assessment in 
preterm neonates presenting with a PDA is essen-
tial, and subsequent hemodynamic management 
should be adopted according to the underlying 
cardiovascular physiology, aiming to prevent 
unfavorable outcomes [56].

Conservative management of PDA includes 
fluid restriction (110–130 mL/kg/day, associated 
with urine output monitoring) and increasing 
end-expiratory pressure to treat the pulmonary 
edema resulting from pulmonary overflow. The 
use of diuretics is not infrequent, although raises 
controversy of not being supported by evidence 
of improved outcomes and being possibly associ-
ated with electrolyte derangements, which are 
difficult to manage in extremely preterm neo-
nates [57].

Pharmacologic treatment with nonsteroidal 
anti-inflammatory drugs (NSAIDs) such as indo-
methacin and ibuprofen or paracetamol, which 
hinder prostaglandin synthesis, should be consid-
ered in preterm neonates with a hemodynami-
cally significant PDA with left-to-right shunt and 
is likely required in ELBW infants whose PDA 
persists despite conservative management. 
Indomethacin is a nonselective cyclooxygenase 
(COX)-1 and COX-2 inhibitor introduced for 
pharmacological PDA treatment in the 
 mid- 1970s; since then and for a long time, it had 
been the treatment of choice despite its associa-
tion with renal impairment and gastrointestinal 
complications such as necrotizing enterocolitis 
(NEC) and spontaneous intestinal perforation 
secondary to its vasoconstrictor effects on 
splanchnic circulation [58]. Ibuprofen causes a 
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nonselective competitive inhibition of COX-1 
and COX-2 and, since the mid-1990s, has 
emerged as a valid alternative to indomethacin, 
demonstrating equal efficacy on PDA closure but 
lower risks of NEC and renal insufficiency [59]. 
Paracetamol inhibits the peroxidase site of pros-
taglandin H2 synthase and has also been associ-
ated with selective COX-2 inhibition. Over the 
past decade, multiple small studies have sup-
ported the efficacy of paracetamol for PDA clo-
sure; therefore, its use has progressively 
increased, although data from large randomized- 
controlled trials are expected. Due to its different 
mechanism of action, paracetamol is associated 
with poorer antiplatelet activity compared to 
nonselective NSAIDs, which inhibit COX-1-
mediated platelet aggregation [60].

If a hemodynamically significant PDA per-
sists despite pharmacologic therapy and is asso-
ciated with increased respiratory support or renal 
impairment or if pharmacologic closure is con-
traindicated (e.g., in the case of acute renal fail-
ure), surgical ligation can be performed [61]. 
Surgical complications of PDA include injury to 
the recurrent laryngeal nerve with subsequent 
vocal cord palsy, occlusion of the descending 
aorta, injury to the pulmonary artery and phrenic 
nerve, and postligation left ventricular dysfunc-
tion [57].

2.2.5  Intraventricular Hemorrhage

IVH is a major complication of prematurity, with 
an incidence that is inversely proportional to 
GA. IVH etiology is multifactorial but primarily 
lies in the intrinsic fragility of the germinal 
matrix vasculature and in CBF disturbances 
resulting from the impairment of the physiologi-
cal mechanisms of cerebral autoregulation. The 
prevalence of IVH is highest during the first 72 h 
after preterm birth, suggesting that brain circula-
tion is especially vulnerable in this period [62].

The germinal matrix lies on the upper part of 
the caudate lobe and among the periventricular 
area, and it is abundantly represented before 
34 weeks’ gestation, and after this period, it pro-
gressively reduces its size. The microvasculature 

of the germinal matrix is characterized by an 
abundance of angiogenic blood vessels with an 
immature basal lamina, decreased pericytes, and 
deficient glial fibrillary acidic protein in the 
ensheathing astrocyte endfeet [63].

Due to the inefficiency of autoregulatory 
mechanisms, preterm neonates often present a 
passive CBF, which fluctuates as systemic blood 
flow varies. Several conditions affecting systemic 
blood pressure, such as hypovolemia, acidosis, 
PDA, or RDS requiring mechanical ventilation, 
may lead to CBF fluctuations, which are trans-
lated into repeated episodes of cerebral ischemia 
and reperfusion. The occurrence of these CBF 
fluctuations in the early postnatal period likely 
contributes to the rupture of fragile germinal 
matrix vessels, which represents the trigger event 
for IVH development. Consistently with this 
mechanism, CBF fluctuations characterized by a 
transient phase of hyperperfusion [55, 64] and a 
greater burden of impaired autoregulation have 
been detected using different techniques in pre-
term infants developing IVH during the transi-
tional period [65–67]. Moreover, it has also been 
observed that, in mechanically ventilated neo-
nates, severe IVH was preceded by a global abol-
ishment of CBF reactivity to both PaCO2 and 
blood pressure, whereas milder IVH did not [68]. 
As such, the maintenance of a stable CBF since 
the early postnatal period and the prevention of 
hypoxic and hypotensive states represent funda-
mental neuroprotective strategies in the preterm 
population.

Germinal matrix bleeding may disrupt the 
ependymal lining and extend into the ventricles, 
causing progressing degrees of IVH, detailed in 
Table 2.1. Serial cranial ultrasound scans through 
the anterior fontanel are fundamental for IVH 
diagnosis and grading. Although the Papile crite-
ria [69] are still largely used in clinical and 
research settings, a more descriptive and precise 
nomenclature has been proposed by Volpe [70].

Based on its extension, IVH may have  
different clinical presentations [71]
• Silent presentation: this presentation accounts 

for 25–50% of all IVH cases and, in particular, 
for IVH grade I or II, which does not tend to 
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Table 2.1 IVH grading according to Papile and Volpe 
[70]

Papile’s grading Volpe’s grading
Grade 1: 
Subependymal 
hemorrhage

Grade 1: IVH confined to 
the germinal matrix region

Grade 2: IVH without 
ventricular dilatation

Grade 2: IVH filling ≤50% 
of the lateral ventricle and/or 
without ventricular dilatation

Grade 3: IVH causing 
ventricular distension 
and dilatation

Grade 3: IVH filling >50% 
of the lateral ventricle and/or 
resulting in ventricular 
dilatation

Grade 4: IVH with 
parenchymal 
hemorrhage

IVH with periventricular 
hemorrhagic infarction 
(PHI) in the surrounding 
parenchyma

evolve and is detected at routine cranial ultra-
sound assessments.

• Stuttering course: this is the most frequent in 
IVH grades III–IV and evolves over a few 
hours to several days. It is characterized by 
nonspecific findings, such as hypotonia, hypo-
reactivity, decreased or abnormal spontaneous 
movements, and evidence of abnormal electri-
cal brain activity.

• Catastrophic deterioration: this presentation, 
which rapidly evolves over minutes to hours, 
is least common and is usually associated with 
the most severe IVH grades. Clinical signs 
include stupor or coma, hypoventilation or 
apnea, decerebrate posture, generalized tonic 
seizures, and cranial nerve abnormalities, 
such as fixed mydriasis. Other features of this 
presentation include a bulging anterior fonta-
nelle, severe hypotension, bradycardia, meta-
bolic acidosis, and inappropriate antidiuretic 
hormone secretion.

Depending on its severity, IVH can lead to 
important neurological and neurodevelopmental 
sequelae. The destruction of the germinal matrix 
resulting from IVH and the damage to the glial 
precursors located in this area may be associated 
with poor neurodevelopmental outcomes. 
Moreover, severe IVH may be complicated by 
the development of a parenchymal hemorrhagic 
infarction (PHI) in the periventricular white mat-
ter. PHI was formerly believed to represent a 

parenchymal extension of the IVH; however, evi-
dence from microscopic studies has revealed that 
perivascular hemorrhage follows the distribution 
of the medullary veins in the periventricular 
white matter and tends to be concentrated near 
the ventricular angle, where these veins become 
confluent, leading to venous infarction. PHI fre-
quently results in a large porencephalic cyst, 
which can be isolated or accompanied by smaller 
cysts [70].

An additional common complication of severe 
IVH is posthemorrhagic ventricular dilatation 
(PHVD), occurring in 30–50% of infants with an 
IVH grade III/IV. PHVD is a consequence of the 
obstruction of the cerebrospinal fluid flow caused 
by the formation of a clot at any level among basi-
lar cisterns in the posterior fossa, the cerebral 
aqueduct, or the arachnoid villi. Serial cranial 
ultrasound scans are useful not only to diagnose 
PHVD and quantify ventricular dilatation with 
specific measures, such as the ventricular index 
and anterior horn width, but also to follow up on 
its progression. Head circumference should be 
also measured sequentially in any baby with 
PHVD. Neurosurgical intervention is required in 
nearly 40–60% of preterm infants with PHVD, 
aiming to mitigate secondary brain injury and, in 
particular, damage to the white matter. There is 
significant variability in the timing of and approach 
to intervention; early interventions include initial 
lumbar puncture and the surgical insertion of a 
ventricular access device, whereas ventriculoperi-
toneal shunts are used in the case of progressive 
PHVD after early intervention. Symptoms of 
increased intracranial pressure, including bulging 
fontanels, rapid increase in head circumference, 
vomiting, bradycardia, or sunsetting appearance of 
the eyes, require urgent intervention. PHVD has 
been associated with cognitive and motor deficits, 
particularly in progressive cases requiring ventric-
uloperitoneal shunts [72].

2.2.6  White Matter Injury

The typical patterns of white matter injury 
observed in preterm infants mainly consist in 
PVL and diffuse white matter gliosis.
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PVL is a form of white matter injury charac-
terized by the loss of premyelinating oligoden-
drocytes and determines a high risk of 
neurodevelopmental impairment. The principal 
initiating pathogenetic factors in PVL appear to 
be repeated cycles of cerebral ischemia- 
reperfusion and systemic inflammation, which, 
by activating excitotoxicity and free radical dam-
age, lead to the death of the vulnerable premye-
linating oligodendrocytes. The cerebrovascular 
anatomy and physiology of premature infants, 
namely, the presence of arterial border and end 
zones and impaired CBF regulation, underly the 
peculiar sensitivity of white matter to ischemic 
insults, resulting in PVL. This type of injury typi-
cally involves the periventricular white matter 
and can be characterized by macroscopic or 
microscopic lesions.

The focal white matter damage observed in 
PVL is caused by deep necrosis of the periven-
tricular white matter with a loss of all cellular 
elements. The typical areas involved are the arte-
rial watershed zones, which lie between the pen-
etrating branches of the middle, anterior, and 
posterior cerebral arteries. The resulting focal 
necrotic lesions may be either macroscopic or 
microscopic. While macroscopic lesions tend to 
evolve to form confluent cystic cavities, which 
are visible on cranial ultrasounds, microscopic 
necrosis alternatively evolves in white matter 
scars characterized by marked astrogliosis and 
microgliosis. It has been estimated that the latter 
form accounts for the majority of PVL cases; 
however, it is not easily diagnosed by cranial 
ultrasound and requires to be visualized with 
brain magnetic resonance imaging, it being there-
fore underdiagnosed [70].

Diffuse white matter injury is characterized by 
diffuse gliosis of preoligodendrocytes without 
focal necroses. The first step leading to this type 
of injury is a decrease in premyelinating oligo-
dendrocytes, which is counteracted by an increase 
in oligodendroglial progenitors. The latter cells, 
however, are unable to undergo appropriate mat-
uration and are particularly vulnerable to 
hypoxic-ischemic insults. Although it has not yet 
been conclusively established, it is likely that dif-
fuse white matter gliosis represents the mildest 

form of injury in a spectrum that includes cystic 
PVL as the most severe form [73].

Neurological and neurodevelopmental out-
comes following white matter injury depend on 
the patterns of injury. In the presence of white 
matter cystic lesions, the cysts’ location is rele-
vant for determining these outcomes: if the cysts 
are limited to the frontal or anterior parietal lobes, 
even though large or extensive, they are normally 
not associated with cerebral palsy (CP), whereas 
the risk of spastic diplegia or quadriplegia is par-
ticularly high with bilateral parieto-occipital 
cysts. In the latter case, cerebral visual impair-
ment is also possible due to the involvement of 
optic radiation. On the other hand, diffuse white 
matter injury is associated with lower neurode-
velopmental scores, with major impairments of 
cognitive and motor outcomes. An altered white 
matter structure has a long-term impact on neural 
connectivity and may underlie the behavioral and 
social-emotional problems growingly observed 
in children born very preterm, especially at pre-
scholar and scholar ages [74].

2.2.7  Necrotizing Enterocolitis

NEC is a life-threatening gastrointestinal compli-
cation of prematurity and has an estimated inci-
dence of 7% among hospitalized VLBW infants, 
which increases with decreasing BW and GA 
[75]. NEC represents a major cause of morbidity 
and mortality in the preterm population; the 
related mortality rates can reach up to 50% in sur-
gical cases and have remained mainly unchanged 
over the past decades.

The pathophysiology of NEC is multifactorial 
and involves several different risk factors. First, 
the anatomical and functional immaturity of the 
preterm gut determines reduced intestinal motil-
ity, which affects the clearance of the intestinal 
lumen, increases the permeability of the intesti-
nal mucosa, and alters the physiological mucosal 
defense mechanisms. In particular, the expres-
sion of Toll-like receptor 4 (TLR-4), which mod-
ulates intestinal development during pregnancy, 
is still enhanced in preterm neonates and can be 
abnormally activated by otherwise physiological 
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intraluminal stimuli, such as feeds or the gut 
microbiota [76]. The crucial role of intestinal 
dysbiosis in NEC pathogenesis has also been 
largely established. The large use of wide- 
spectrum antibiotics in early life phases, as well 
as other medications, such as H2-blockers or pro-
ton pump inhibitors, delayed the initiation of 
enteral feeds, and the use of formula feeding 
rather than maternal or donor milk favors a dysbi-
otic shift of the gut microbiome, characterized by 
low diversity and an increase in Proteobacteria 
and a decrease in Bacteroidetes and Firmicutes 
[77, 78]. This less physiological gut microbiome 
stimulates the immature immune system and 
activates TLR-4, initiating an inflammatory cas-
cade that disrupts mucosal integrity and triggers 
necrotic modifications in the immature gut. An 
additional contributor to NEC development is 
ischemia, which can result from postnatal hemo-
dynamic disturbances ensuing from hypotension, 
hemodynamically significant PDA, etc. or from 
vascular remodeling ensuing from antenatal 
IUGR with evidence of brain sparing. In this 
case, ischemic intestinal perforation may repre-
sent the predominant feature. Gut ischemia may 
also be secondary to local inflammatory pro-
cesses triggered by the TLR-4 and associated 
with an increased expression of endothelin-1, 
which determine an imbalance between vasodila-
tors and vasoconstrictor factors in the intestinal 
microcirculation [79].

The initial mucosal damage ensuing from the 
abovementioned mechanisms further alters the 
integrity of the gut mucosa, and as a conse-
quence, gut bacteria can translocate within the 
inner layers of the intestinal wall, releasing 
inflammatory toxins that further contribute to 
necrotic damage [80].

NEC clinical presentation is highly variable, 
nonspecific, and subtle. Gastrointestinal signs 
included abdominal distension, abundant bilious 
or bloody gastric residuals, bilious vomiting, 
hematochezia, evidence of abdominal dyschro-
mic, or erythematous areas. At physical examina-
tion, decreased bowel sounds, visible intestinal 
loops, and erythema of the abdominal wall, 
abdominal tenderness to palpation, or a palpable 
abdominal mass are typical findings. As the dis-

eases progress, a progressive systemic deteriora-
tion characterized by recurrent apneas, respiratory 
failure, lethargy, decreased peripheral perfusion, 
hypotension, and decreased urine output often 
occurs. Electrolytic and glucose imbalance; 
blood cell count abnormalities, such as leukope-
nia, anemia, and thrombocytopenia; and 
increased CRP are also common findings.

The most important test required to make 
NEC diagnosis is an abdominal radiograph, 
including anterior–posterior and lateral decubi-
tus views; evidence of dilated bowel loops with 
transmural edema and pneumatosis intestinalis, 
characterized by the visualization of small 
amounts of air within the bowel wall, is pathog-
nomonic. Portal venous air is not always present 
but is a poor prognostic sign when found as it 
indicates an incipient bowel perforation at early 
stages; free air in the abdomen may be seen 
when perforation has occurred. In borderline 
cases, X-rays should be repeated serially until a 
definitive diagnosis and treatment can be estab-
lished. Abdominal ultrasounds performed by 
trained personnel can be useful for identifying 
signs of intestinal pneumatosis and free air in the 
portal system or within the peritoneum and asci-
tes and for the early detection of intestinal wall 
ischemia [80].

The combination of clinical and radiological 
findings allows classifying NEC cases according 
to the modified Bell staging criteria [81, 82] 
based on systemic, intestinal, and radiological 
signs, detailed in Table 2.2.

The first intervention in the case of suspected 
NEC is to stop all enteral feedings and all under-
taken total parenteral nutrition, putting the 
 intestine at rest. A nasogastric tube should be 
placed to evaluate gastric residuals and to 
decompress the dilated bowels. Intravenous 
broad- spectrum antibiotics (e.g., vancomycin, 
piperacillin and tazobactam, metronidazole) 
should be commenced, and correction of electri-
cal disorders should be performed. In the case of 
systemic deterioration, breathing and circulation 
must be supported based on the infant’s vital 
signs. Fluid resuscitation and inotropes are indi-
cated for hypotension, while endotracheal intu-
bation and mechanical ventilation may be 
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Table 2.2 Bell’s staging criteria for NEC classification

Stage Classification Systemic signs Gastrointestinal signs Radiological findings
IA Suspected NEC Temperature instability, 

apnea, bradycardia, 
lethargy

Increased pregavage 
residuals, mild abdominal 
distention, emesis, 
guaiac-positive stool

Normal or intestinal 
dilation, mild ileus

IB Bright red blood from the 
rectum

IIA Proven 
NEC—mild

Same as above + absent 
bowel sounds ± abdominal 
tenderness

Intestinal dilation, ileus, 
pneumatosis intestinalis

IIB Proven 
NEC—moderate

Same as above + mild 
metabolic acidosis and 
thrombocytopenia

Same as above + abdominal 
tenderness ± palpable mass

Same as above + portal 
venous gas ± ascites

IIIA Advanced NEC Same as above + 
hypotension, severe 
apnea, respiratory and 
metabolic acidosis, 
disseminated 
intravascular 
coagulation, neutropenia

Same as above + signs of 
generalized peritonitis, 
marked tenderness, marked 
abdominal distention, skin 
dyschromia

Same as above + ascites
IIIB Advanced NEC 

with bowel 
perforation

Same as above + 
pneumoperitoneum

required in the case of respiratory failure. If this 
conservative therapy is effective, infants may 
resume enteral feedings within several days or 
1–2 weeks once NEC signs have resolved. The 
presence of normal bowel movements and the 
gradual improvement of radiological findings 
determine the restoration of bowel function.

In infants who have worsening conditions or 
signs of bowel perforation or who do not respond 
to medical therapy, surgical intervention is indi-
cated. The abdomen is usually approached by lapa-
rotomy; only unquestionably necrotic or perforated 
intestinal portions are removed, trying to spare the 
maximum bowel length. Due to the risk of local 
ischemia, primary anastomosis is generally contra-
indicated, and a diverting ostomy is usually uti-
lized, especially in severe cases or if there is 
evidence of peritonitis; the stoma can be reversed 
following recovery [83]. In extremely preterm and 
unstable neonates, laparotomy may be not toler-
ated; in these cases, if bowel perforation occurs, the 
bedside insertion of a peritoneal drain may be con-
sidered an alternative treatment [84].

NEC prognosis depends on its severity and the 
promptness of establishing treatment. The adop-

tion of preventive strategies such as more tar-
geted use of proton pump inhibitors or antibiotics 
and increased use of maternal or donor milk [85] 
and probiotics [86] has allowed achieving a slight 
decrease in overall NEC rates. However, the 
related mortality rates remain high, ranging from 
20% in Bell’s stages ≥2 to 50% or higher in 
ELBW neonates, or in severe cases, it requires 
surgical treatment [87]. Complications include 
postoperative adhesions and scarring, which may 
lead to stricture and obstruction. In the case of 
extensive bowel resections, other complications 
include short bowel syndrome, intestinal failure, 
nutritional deficiencies, and subsequent poor 
growth. Neonates requiring prolonged total par-
enteral nutrition may develop liver failure [88]. 
Eventually, a significant proportion of newborns 
with NEC, particularly those with the most severe 
Bell’s stages resulting in intestinal failure, may 
develop moderate to severe neurodevelopmental 
delay; the inflammatory status and hemodynamic 
instability that accompany NEC onset, together 
with the resulting nutritional deficiencies, are the 
main contributors to adverse neurodevelopmental 
outcomes [89].
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2.2.8  Retinopathy of Prematurity

Retinopathy of prematurity (ROP) is a condition 
characterized by retinal vascular proliferation, 
which typically affects premature infants under-
going prolonged oxygen therapy. The estimated 
incidence of any ROP stage is nearly 70% among 
infants with BW ≤1250 g [90].

Physiological hypoxia during antenatal life 
increases the levels of the vascular endothelial 
growth factor (VEGF), thus facilitating retinal 
angiogenesis, which starts from the 22nd week 
and continues after term, until its complete 
achievement.

The vascularization of nasal and temporal reti-
nal portions is not completed until 32 and 
40  weeks’ GA, respectively; hence, following 
preterm birth, the vascularization of these areas is 
completed in the extrauterine environment. Due 
to the concomitant pulmonary immaturity, which 
often requires supplemental oxygen, the physio-
logic intrauterine hypoxia that was previously 
driving retinal vascularization is replaced by a 
state of hyperoxia, which inhibits VEGF tran-
scription; as a result, retinal vascularization is 
delayed, and the developing capillaries undergo 
significant vasoconstriction. Subsequently, the 
increasingly metabolically active yet poorly vas-
cularized retina becomes hypoxic and stimulates 
a secondary increase in VEGF, which replaces 
normal angiogenesis with a predominantly 
 pathological vascular overgrowth in the develop-
ing retinal portions [91].

The most important risk factors for ROP are 
GA, BW, and supplemental oxygen need; in par-
ticular, increasing concentrations of O2 are 
directly correlated with the risk of ROP develop-
ment, and the duration of oxygen therapy is a sig-
nificant risk factor for severe ROP. Hence, oxygen 
therapy regulation, by maintaining SpO2 within 
the 90–94% range, is fundamental for ROP pre-
vention [92].

ROP screening consists in fundus oculi evalu-
ation following pupil dilation with phenylephrine 
and is of crucial importance for premature infants 
born ≤32  weeks GA or with BW ≤1500  g. 
Fundus examinations should begin at 4  weeks 
postnatal age or >30 weeks’ PCA [93].

Based on the findings observed at the border 
of the vascular and avascular retina, ROP can be 
classified according to the following stages.

• Stage 1: evidence of a thin but clear demarca-
tion separating the avascular retina anteriorly 
from the vascularized retina posteriorly, with 
the abnormal branching of vessels leading up 
to it

• Stage 2: evidence of a high crest along the 
demarcation line that extends above the retinal 
plane

• Stage 3: extraretinal fibrovascular prolifera-
tion or neovascularization extending from the 
ridge into the vitreous

• Stage 4: evidence of a partial retinal detach-
ment, which can be extrafoveal (stage 4A) or 
foveal (stage 4B).

• Stage 5: tractional total retinal detachment

“Plus” disease is characterized by an increased 
venous dilation and arteriolar tortuosity of the 
retinal vessels in the posterior pole. Although 
plus disease can be present at any stage, it indi-
cates vascular shunting and is a marker of severe 
ROP.  The retinal zones involved by ROP are 
three: zone I refers to a concentric area centered 
on the optic disc with a diameter twice the dis-
tance between the center of the optic nerve and 
the fovea, zone II is a circle centered on the optic 
disc ending at the ora serrata, and zone III 
includes the temporal retina [94].

The decision to treat depends on the type of 
ROP.  While a follow-up observation is recom-
mended for zone I stage 1 or 2 without plus dis-
ease or zone II stage 3 without plus disease, 
treatment is indicated in any stage zone I ROP 
with plus disease, zone I stage 3 with or without 
plus disease, or zone II stage 2 or 3 with plus dis-
ease. The current standard treatment for ROP is 
argon and diode laser photocoagulation treatment 
to the avascular retina. The use of anti-VEGF 
agents, such as intravitreal bevacizumab, has also 
been proposed as a possible therapeutic strategy, 
but it requires further validation, especially for 
safety concerns [94].

Retinal detachment, which occurs in ROP 
stages 4 and 5, is the most frequent complica-
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tion of ROP and is associated with a signifi-
cantly high risk of poor visual outcomes, 
including visual acuity reduction to light per-
ception or total blindness, and may require vit-
rectomy. Threats to visual acuity persist through 
childhood: the most common sequelae are 
myopia, whereas other late complications 
include glaucoma, amblyopia, cataract, and 
strabismus. Children with the greatest visual 
impairment (e.g., vision limited to light percep-
tion or no light perception) have significantly 
higher rates of developmental disability, epi-
lepsy, and special education needs [95].

2.2.9  Neurodevelopmental 
Sequelae

Delicate extrauterine development, together with 
multiple prematurity-related complications and 
other factors that accompany their hospital stay, 
such as repeated painful stimulations and paren-
tal separation, is a major challenge for the neuro-
development of children born preterm. In 
particular, the main factors that have been found 
to correlate with adverse neurodevelopmental 
outcomes include the following [96]:

• BW <750 g or GA <25 weeks
• Male sex
• Chorioamnionitis
• Low pH on umbilical arterial cord blood
• Periventricular hemorrhage grades III and IV 

and related complications (PVHI, PHVD)
• Periventricular leukomalacia or white matter 

abnormalities
• Neonatal seizures
• Prolonged mechanical ventilation
• Bronchopulmonary dysplasia
• Neonatal meningitis
• Subnormal head circumference at hospital 

discharge
• Coexisting congenital malformation
• Low parental education and parental deprivation

For this reason, a neurodevelopmental follow-
 up is routinely established after hospital dis-

charge in order to evaluate the neurodevelopmental 
milestones and the development of motor, cogni-
tive, and language functions following preterm 
birth. The Bayley Scales of Infant Development 
(BSID) is a widely used scoring tool for develop-
mental assessment over the first 42  months of 
age. BSID consists of three components investi-
gating cognitive, language, and motor skills; two 
parent-report subtests reflecting adaptive and 
social-emotional behaviors are also included in 
the evaluation [97].

To date, a large amount of literature on pre-
term infants’ neurodevelopmental up to scholar 
age is available. At 2 years of corrected age, the 
rates of moderate to severe neurodevelopmental 
impairment are striking at the lowest GAs, being 
as high as 80% in infants born before 25 weeks’ 
gestation. Adverse neurodevelopmental out-
comes after extremely preterm birth include 
intellectual disability (5–36%), CP (9–18%), 
blindness (0.7–9%), and deafness (2–4%) [98]. 
On the other hand, moderate to late preterm 
infants are not exempt from neurodevelopmen-
tal sequelae, although usually less severe; how-
ever, due to the high prevalence of preterm 
births >32 weeks’ gestation, even minor neuro-
developmental deficits may have a significant 
impact [99].

In recent years, it appears that specific neuro-
logical and developmental sequelae, such as 
severe CP, are occurring at lower rates compared 
to former data; it is likely that advances in neona-
tal medical intensive care may have contributed 
to this improvement. However, milder impair-
ments, including attention-deficit/hyperactivity 
disorder, executive function deficits, visuomotor 
problems, learning disabilities, and behavior 
problems, are remarkably high among preterm- 
born children, occurring in 50–70% of VLBW 
infants. Moreover, it should be considered that 
many developmental deficits in cognition, behav-
ioral development, and social adaptive function-
ing may emerge at older ages even in the absence 
of established neurodevelopmental impairment 
in prescholar ages, and this demonstrates the 
need for a longer follow-up of the preterm-born 
population.
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Abbreviations

AD Autosomal dominant
AR Autosomal recessive
CM Congenital malformation
MRI Magnetic resonance imaging
NIPT Noninvasive prenatal testing
NS Noonan syndrome

3.1  Introduction

Congenital malformations (CMs) are one of the 
main causes of the global burden of disease. CM 
may result in disabilities that may be physical, 
intellectual, or developmental. The disabilities 
can range from mild to severe. It is quite difficult 
to define CM in one sentence only. CMs are 
defined as structural or irreversible functional 
anomalies of prenatal origin that can affect 
almost one or more parts of the body, regardless 

of their cause. CMs may be diagnosed during 
pregnancy, at birth, during life, or postmortem. It 
is generally accepted that 3–4% of children are 
affected by congenital malformations [1–4].

Some CMs can be treated with surgical or 
nonsurgical options, such as cleft lip and/or pal-
ate, clubfoot, and atresia or stenosis. Others, 
including heart defects, neural tube defects, and 
Down syndrome (DS), can cause lifelong 
impacts. Different degrees of CMs require differ-
ent surgical approaches: from cosmetic (exeresis 
of a postaxial polydactyly) to high surgical treat-
ment (heart transplant in severe hypoplastic left 
heart syndrome and similar extreme forms of 
congenital heart disease) or with the use of thera-
peutic treatment for all the person’s life (i.e., con-
genital hypothyroidism) [5–8].

The impact of CMs on clinical and social 
approaches is high. Almost all birth defect syn-
dromes are rare, and a practicing physician 
would be expected to see only a limited num-
ber of such cases in his professional life. 
Because of the rarity of some disorders, even a 
specialist in this field will never gain experi-
ence in all of them. The recognition and analy-
sis of various component anomalies are 
fundamental to reaching a correct diagnosis, 
with implications on the best way to treat and 
approach the defects [2, 9, 10].
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3.2  Pathogenetic Mechanism

Four different pathogenetic mechanisms of 
structural anomalies are indicated by the 
terms deformation, disruption, dysplasia, and 
malformation [7]
 1. Deformation: this is caused by an abnormal 

external force acting on the fetus during its 
development. It results in the abnormal 
growth and formation of fetal structures. 
Fetuses that grow in a uterine environment 
where not enough amniotic fluid is present 
(oligohydramnios) may have a flattened 
face (Fig. 3.1) due to the compression of the 
head against the uterine wall, with no room 
for movement. Similar considerations could 
be made for positional foot abnormalities, 
such as calcaneovalgus foot or metatarsus 
adduct (Fig. 3.2) [4].

 2. Disruption: this results from destructive pro-
cesses that alter the fetal structure during 
organogenesis, i.e., in amniotic bands. The 
mechanism causing this injury is still unclear, 
but the resulting lesions range from shallow 
constricting rings with modifications of the 
lymphatic and hematological circulation to 
determine amputation or cutaneous rings, 
above all, in the distal parts of the fetal body, 
i.e., hands or feet.

 3. Dysplasia: it is due to an abnormal cellular 
organization or function within a specific tis-
sue, resulting in clinically evident structural 
and anatomical changes. It is a histologic 
diagnosis and refers to focal diffuse or seg-
mentally arranged primitive structures. An 
important aspect of most dysplastic condi-
tions is their continued course. Since the tis-
sue itself is abnormal, clinical effects may 
persist or worsen as long as the tissue contin-

Fig. 3.1 Newborn with a flattened face. Pregnancy was 
complicated by polyhydramnios, with subsequent com-
pression of the head against the uterine wall with no room 
for movement

Fig. 3.2 Left finger-foot amputation and right metatarsus 
adductus foot
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ues to grow or function. Almost all the dyspla-
sia forms seem to be caused by a major mutant 
gene. Examples include metabolic disorders 
such as storage diseases, i.e., skeletal (achon-
droplasia) and ectodermal dysplasia (hypohi-
drotic ectodermal dysplasia XL-R) or renal 
dysplasia. Dysplasia can continue to produce 
dysmorphic changes throughout life.

 4. Malformation: malformations are struc-
tural defects in the body due to abnormal 
embryonic development. They could be 
consequences of the failure or inadequate 
completion of embryological processes. As 
the earliest developmental alteration hap-
pens, more important is the damage to the 
tissue or organ involved. Alterations in 
the cellular and/or molecular interactions 
within any particular organ can cause abnor-
mal development, which leads to defective 
organogenesis till the death of the embryo. 
The anomaly does not imply any specific 
etiology but is related to an early error in 
embryonic development. The result of dam-
age in the fetal period is above all related to 
the growth and complexity of already differ-
entiated organs, and true malformations aris-
ing in this period are quite rare.

3.3  Clinical Classification 
of Congenital Malformations

The best way to approach the complexity of CMs 
is to consider the relationship of one defect to 
another. An anomaly that occurred as isolated has 
a different significance if the same defect occurs 
in connection with others [11–15].
 (a) Single defects

Malformation occurs only in one single 
organ or part of the body. In this group are 
included the majority of birth defects: con-
genital heart defects, esophageal and gastro-
intestinal atresia, anorectal atresia, cleft lip/
palate, or atresia auris (Figs.  3.3 and 3.4). 
Most of these conditions are thought to have 
a multifactorial origin. These may result as 
a consequence of the impact of environmen-
tal factors with multiple genes not able to 

determine the effect by themselves. In a few 
other cases, a genetic cause is recognized 
not always based on Mendelian inheritance 
patterns, which leads one to think of the role 
of minor genes. Rarely do the single-system 
defects, however, show a high degree of con-
cordance in monozygotic twins, which sup-
ports the hypothesis of nongenetic factors in 
their origin.

Fig. 3.3 Hard and soft cleft palate

Fig. 3.4 Right mandibular hypoplasia, microtia and 
accessory prearicular tags. (Hemifacial Microsomia)
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 (b) Sequences
A sequence is a group of related anomalies 
that generally originate from a single initial 
major anomaly that alters the  development 
of other surrounding or related tissues or 
structures [4]. Malformation sequences may 
be caused by genetic as well as environmen-
tal factors. The primary anomaly interferes 
with regular embryologic developmental 
processes, and at birth, the neonate seems to 
show multiple defects. The oligohydramnios 
sequence (Potter sequence) is a well-known 
example where agenesis of the kidneys or 
other urinary tract anomalies leads to pul-
monary hypoplasia and deformations on the 
fetus, like a dysmorphic face. Spina bifida, 
for example, is frequently associated with 
clubfoot, which is closely related to spinal 
cord injury. The Pierre-Robin sequence, 
too, is an example in which a set of abnor-
malities affecting the head and face, con-
sisting of hypoplasia of the mandibular area 
(micrognathia), glossoptosis (an incorrect 
placement or displacement of the tongue), 
that can result in an obstruction of the air-
ways. Early mandibular retrognathia is the 
primary anomaly that can explain the cas-
cade of events. Most neonates affected by 
the Pierre-Robin sequence show cleft palate, 
even though it is not generally considered 
necessary for the diagnosis of the condition 
[5, 11, 14, 16].

 (c) Syndromes
When multiple congenital anomalies, which 
are not part of one sequence but may involve 
several sequences, are thought to be due to a 
single cause, this is called a syndrome (from 
Greek “syn” and “drome,” in other words, 
“running together”) [4]. When the etiology 
of a syndrome is detected, the initial designa-
tion, known as eponymous, should be aban-
doned in favor of the specific etiological 
origin. For chromosomal anomalies, the 
definitive name should arise from the altered 
chromosome: for example, Down syndrome, 
by the eponymous John Langdon Down, who 
in 1866 described for the first time the condi-
tion, should be better defined as trisomy 21 

(T-21) for the presence of chromosome 21 
triplicate. In the same way, DiGeorge syn-
drome, reported by DiGeorge in 1965 (also 
known as conotruncal anomaly face syn-
drome, described by Takao in 1976, and 
velocardiofacial syndrome, described by 
Shprintzen in 1978), should be better 
described as CATCH 22 syndrome due to the 
variable deletion of genetic materials by the 
long arm of chromosome 22. In the case of 
monogenic disorders, which are caused pre-
dominantly by a lesion of a single gene, the 
phenotypic manifestation may depend, to 
various extents, on additional genetic vari-
ants in the same or other genes, on epigenetic 
changes, and on environmental factors. In 
the Noonan syndrome (NS), the most fre-
quent monogenic disorder occurring approx-
imately in 1000–2500 children, the first most 
common genetic cause is still PTPN11 muta-
tions, observed in 42.5% of NS patients, but 
many other mutations are described to be 
associated with NS. All these related disor-
ders are defined as a group of rare conditions 
caused by mutations in the genes of the Ras-
MAPK pathways, better known as 
RASopathies [14]. Mutations in the alpha-
l-iduronidase lead to a deficiency in the gly-
cosidase alpha-l-iduronidase; known as 
Hurler syndrome, it should be defined as 
mucopolysaccharidosis type 1 (MPS-1). In 
some other cases of multiple congenital 
anomalies, the pattern should be recognized 
while the etiology and pathogenesis are 
unknown. In this case, we should speak of 
association.

 (d) Associations
Associations are usually sporadic conditions 
with a very low risk of recurrence. They are 
related to each other as a group of anomalies 
whose occurrence is explained by chance. 
These conditions emphasize the lack of uni-
formity in clinical presentation from case to 
case. VACTERL association comprises var-
ied anomalies that are used as an acronym of 
the conditions shown at birth as  anomalies of 
vertebrae (V), anal atresia (A), cardiac 
defects (C), tracheoesophageal atresia (TE), 
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renal anomalies (R), and limb defects (L). 
Most children with this condition, however, 
do not present all these anomalies at the same 
time but rather show a varying combination 
of these from this list. The condition is often 
sporadic with a low risk of recurrence. Until 
now, it is not possible to identify a common 
etiology, and a great deal is to be learned 
about this type of congenital abnormality. 
Another method that is useful in the presence 
of one of these malformations is to try and 
exclude the presence of some other defects. 
In presence of anal atresia or limb defects, it 
is necessary to exclude cardiac, renal, spine, 
and esophageal malformations. The progno-
sis is related to the severity of the malforma-
tion that the newborn presents and the 
possibility of surgical treatment [2, 17, 18].

3.4  Etiology of Congenital 
Malformations

For many CMs, the cause is unknown. Most of 
them are caused by multiple factors, yet at the 
same time, they are related to each other. Kalter 
and Warkany (1983) reviewed the knowledge of 
the etiology of major congenital malformations 
[11]. CMs are divided into five categories, and 
the relative contribution of each causal category 
was estimated:
 1. Genetics: one or more genes might undergo a 

change or mutation that can lead to genetic 
disorders or illnesses. Some genetic condi-
tions are caused by mutations in a single gene. 
These conditions are usually inherited in one 
of several patterns of Mendelian inheritance, 
depending by the gene involved. Different 
patterns of Mendelian inheritance—autoso-
mal dominant (AD), autosomal recessive 
(AR), X-linked dominant (X-LD), and 
X-linked recessive (X-LR)—are principal 
examples of genetic patterns of inheritance. In 
other conditions, a gene or a part of a gene 
might be missing.

 2. Chromosomal abnormalities: in some cases, a 
chromosome (Turner syndrome: 45, X0) or a 
part of a chromosome (CATCH 22 syndrome) 

might be missing. In other cases, such as with 
Down syndrome, chromosome 21 is triplicate 
(trisomy 21).

 3. Environmental causes: exposure to drugs, 
chemicals, or toxic substances, i.e., alcohol 
exposure, can cause fetal alcohol spectrum 
disorders; exposure to antiepileptic drugs (val-
proic acid, hydantoin) can determine specific 
features, i.e., fetal valproate syndrome or fetal 
hydantoin syndrome. Exposure to maternal 
infections can produce infectious embryo-
fetopathy too: maternal infection early in preg-
nancy, i.e., the rubella virus, can cause a 
miscarriage or serious birth defects [congeni-
tal rubella syndrome (CRS)]. Toxoplasma 
gondii and, Zika virus can determine terato-
genic effects as eye-related manifestations of 
disease, other organ-related manifestation of 
disease as microcephaly.

 4. Multifactorial disorders: these are due to a 
combination of the effects of multiple genes 
or the interactions between hereditary ten-
dencies and nongenetic, usually undefined, 
factors, like the environment. This group of 
disorders includes a broad range of congeni-
tal birth defects, including cardiac malfor-
mations, neural tube defects, and cleft lip 
and/or palate. The underlying mechanisms 
by which the genes and the environment 
interact to cause these conditions are largely 
unknown.

 5. Unknown causes: the dividing line between 
the categories multifactorial malformations 
and malformations of unknown etiology is 
not clear-cut. For multifactorial disorders, the 
genes and the environmental factors involved 
are often unknown. On the other hand, for 
malformations of unknown etiology, it is 
often assumed that genetic as well as envi-
ronmental factors might be involved. The 
attribution of the 70% of malformations of 
multifactorial or unknown etiology to either 
one of these two categories is more or less 
a matter of subjective estimation. Family 
and twin studies have shown that these dis-
eases have a genetic component, however. 
It is also clear that there are environmental 
contributors.

3 Newborns with Congenital Malformations



38

Knowledge of the etiology of congenital mal-
formations is increasing gradually through the 
continued research of geneticists, embryologists, 
teratologists, pathologists, epidemiologists, and 
several other professionals. The estimate, how-
ever, that 70% of congenital anomalies are of 
unknown or multifactorial etiology still seems to 
be true [6, 7, 19].

3.4.1  Patterns of Inheritance

The diagnosis of a genetic disorder is based on a 
particular clinical pattern of symptoms and/or 
signs characteristic of the condition or by labora-
tory confirmation of the altered gene or gene 
products associated with the disorders [6]. It is 
important to distinguish between diseases that 
are genetic and those that are familial. A genetic 
disorder is determined completely or partially by 
altered genetic material. A familial disorder is 
one that is more common in the relatives of an 
affected individual than in the general popula-
tion: some familial disorders are genetic, and oth-
ers are caused by environmental exposure. The 
recognition of the pattern of inheritance not only 
assists in clinical diagnosis but also provides 
essential information for counseling family 
members about a recurrence risk in future preg-
nancies [4, 7].

3.4.2  Autosomal Dominant 
Inheritance

In an AD disorder, the mutated gene is a domi-
nant gene located in one of the autosomes. Only 
one mutated gene is necessary to determine this 
type of disorder. AD disorders present some 
peculiarities in most circumstances: (1) any 
child of an affected parent has a 50% chance of 
inheriting the disorder, (2) phenotypically nor-
mal family members do not transmit the condi-
tion to their offspring, (3) there is no difference 
in impact between males and females, and (4) a 
significant proportion of cases involves new 

fresh mutation. An example of AD is Marfan 
syndrome.

3.4.3  Autosomal Recessive 
Inheritance

AR disorders are those in which two copies of the 
mutant gene in a homozygous state are necessary 
to cause the condition. The affected child inherits 
one copy of the mutated gene from each parent. 
The parents of a child with an AR condition usu-
ally do not have the condition. Unaffected par-
ents are called carriers because they carry one 
copy of the mutant gene and can pass it to their 
children. An example of an AR condition is cystic 
fibrosis.

3.4.4  X-Linked Inheritance

The X chromosome has many genes that are 
important for growth and development. The Y 
chromosome is much smaller and has fewer 
genes. Females have two X chromosomes (XX); 
therefore, if one of the genes on an X chromo-
some has a change, the normal gene on the other 
X chromosome can compensate for the changed 
copy. If this happens, the female is usually a 
healthy carrier of the X-linked condition. In 
some cases, females show mild signs of the con-
dition. Males have X and Y chromosomes (XY); 
therefore if one of the genes on the male’s X 
chromosome has a mutation, he will be affected 
by the condition. Conditions that are inherited 
in this way are called X-linked recessive condi-
tions [18].
 (a) X-Linked Dominant Inheritance

Even though the most X-linked conditions 
are recessive, X-linked conditions can rarely 
be passed on in a dominant way. X-linked 
dominant disorders are seen more com-
monly in females than in males or, in the 
case of some diseases, affect only females. 
This means that even though a female inher-
its one changed copy of the gene, the 
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changed gene will be enough to cause the 
condition. In males, it is thought that the 
hemizygous are so severely affected that 
they likely do not survive. This may be 
reflected in the familial pedigree of multiple 
miscarriages or male infant deaths. An 
affected female has a 50% chance of having 
affected children (sons and daughters). An 
affected male will have all daughters 
affected, but all sons will be unaffected. 
Examples of X-linked dominant disorders 
include X-linked lissencephaly, oral-facial-
digital syndrome type I, and Rett syndrome 
[8, 17, 20].

 (b) X-Linked Recessive Inheritance
If a female carrier has a son, she will pass on 
either the X chromosome with the normal 
gene or the X chromosome with the changed 
gene. Each son, therefore, has a 50% chance 
of inheriting the changed gene and being 
affected by the condition. There is also a 
50% chance that the son will inherit the X 
chromosome with the normal gene, and for 
this, he will not be affected by the condition. 
This chance remains the same for every son. 
If a female carrier has a daughter, she will 
pass on either the X chromosome with the 
normal gene or the X chromosome with the 
changed gene. Each daughter therefore has a 
50% chance of inheriting the changed gene. 
If this happens, the daughter will be a carrier, 
like her mother. There is also a 50% chance 
that the daughter will inherit the normal 
gene. If this happens, she will not be a carrier 
and will be totally unaffected by the condi-
tion. This chance remains the same for every 
daughter. If a male who has an X-linked con-
dition has a daughter, he will always pass on 
the changed gene to her. All his daughters 
will therefore be carriers; they will usually 
not have the condition, but they are at risk of 
having affected sons. If a male who has an 
X-linked condition has a son, his son will 
never inherit the condition. Some examples 
of X-LR include hemophilia, Duchenne 
muscular dystrophy, and Fabry disease [17].

3.5  Prevention of Congenital 
Anomalies

Primary prevention represents the protection of 
the health of every person and of the community 
by activities that limit risk exposure or increase 
the immunity of individuals at risk. This could be 
achieved by preserving a good nutritional state, 
immunizing against infectious diseases of all 
community members, and making the environ-
ment as safe as possible. Those measures prevent 
the onset of illness or injury before the disease 
process begins [1, 16, 21]. Primary prevention is 
aimed at reducing the occurrence of new cases of 
the disease. Examples of successful primary pre-
vention programs in the field of congenital mal-
formations are the reduction of the prevalence of 
congenital rubella syndrome by vaccination and 
decreased prevalence of neural tube defects, both 
primary and recurrent, by the use of folic acid 
supplementation. Often, primary prevention is 
possible if the etiology of the defect is known. 
For most congenital malformations, this is impos-
sible. One relevant aspect is the precocious detec-
tion, through the different techniques of prenatal 
diagnosis, of malformation and trying to identify 
and detect the severity and possibility of some 
kind of pharmacological or surgical treatment to 
find the best solution.

3.6  Prenatal Diagnosis

Until the early 1970s, the prenatal diagnosis of 
congenital anomalies focused on detecting chro-
mosomal abnormalities by amniocentesis. Over 
the last two decades, prenatal diagnosis has ben-
efited from advances in ultrasound technology. 
Now, fetal and postnatal ultrasound is a well-
established technique for the early detection of 
abnormalities, and a precocious diagnosis may 
have important implications for the following:
 (a) Obstetric and neonatal management: women 

carrying fetuses with identified or suspected 
malformations move to tertiary centers for 
further evaluation, counseling, and manage-
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ment. The task is to differentiate between 
lesions that could be incompatible with post-
natal life, lesions that will necessitate a sup-
porting person for the life of the patients, and 
lesions that are correctable through surgery 
or not.

 (b) Morphologic anomalies detected by ultra-
sound could be associated with other defects 
and sometimes are components of syndromes 
that are difficult to identify in prenatal life. 
For these cases, genetic counseling is crucial. 
It is possible to associate specific genetic 
analysis to detect microscopic and submicro-
scopic chromosome abnormalities, like sin-
gle-gene disorders, leading to relevant 
improvements in detection, such as congeni-
tal anomalies.

Invasive prenatal diagnosis continues to be the 
gold standard for pregnancies at increased risk 
for chromosomal and other genetic diseases. 
Chorionic villus sampling is the procedure of 
choice for the first trimester, whereas amniocen-
tesis is the most common procedure during the 
mid-trimester. Prenatal diagnostic testing is 
available for an ever-increasing number of disor-
ders. At first, prenatal tests focused on Down syn-
drome, while, actually, prenatal genetic testing 
can now detect a far broader array of conditions. 
Advances in genetic and genomic medicine have 
led to a dramatic increase in the availability of 
genetic testing, including in the prenatal period. 
At the same time, prenatal screening has also 
seen improvements, with the development of 
cell-free deoxyribonucleic acid (DNA) screen-
ing, like expanded carrier screening for a broad 
array of inherited conditions. This technique has 
extended fetal screening despite maternal age.

Patients should have pretest counseling that 
explains the benefits and limitations of invasive 
prenatal diagnostic testing, the conditions that 
will and will not be detected, and the risks of the 
procedures. Prenatal genetic testing has many 
benefits, like providing reassurance when there 
are no anomalies or identifying cases that will 
benefit from proper in utero or neonatal manage-
ment. One of the goals is to guarantee the appro-
priate location and staffing for the delivery of 

affected infants and to provide the option of preg-
nancy termination for individual families that 
make that choice.

A new methodology for determining the risk 
of a fetus being affected by chromosomal and 
genetic disorders is noninvasive prenatal testing 
(NIPT). This testing analyzes small fragments of 
DNA that are circulating in pregnant blood. DNA 
fragments are free-floating, and they are called 
cell-free DNA (cfDNA). These small fragments 
usually contain fewer than 200 DNA building 
blocks (base pairs) and arise when cells die off 
and get broken down, and their contents, includ-
ing DNA, are released into the bloodstream. 
These fragments originate from placenta cells 
that have the same fetus DNA. NIPT is used to 
check chromosomal disorders, such as aneu-
ploidy (presence of an extra or a missing chromo-
some). Examples of extra chromosomes for 
autosomes are Down syndrome (T-21), Edward 
syndrome (T-18), and Patau syndrome (T-13), 
while for gonosomes, one well-known condition 
is Klinefelter syndrome (47, XXY). Another 
example of a missing copy for gonosomes is 
Turner syndrome (45, X0). All autosomes’ mono-
somy is incompatible with life. The accuracy of 
the NIPT test varies for each disorder. NIPT can 
include screening for additional chromosomal 
anomalies, such as deletion (i.e., del 22q11) or 
duplication (i.e., mosaic tetrasomy 12p or 
Pallister–Killian syndrome).

NIPT is beginning to be used to test for genetic 
disorders caused by variants (changes in single 
genes). As technology improves and the cost of 
testing decreases, researchers expect that NIPT 
will become available for many more genetic 
conditions. In the low- risk population, prenatal 
diagnosis generally consists of screening proce-
dures using ultrasound and maternal serum 
biochemistry.

Ultrasound technology continues to advance. 
Three- dimensional ultrasound imaging and the 
development of new markers should help improve 
diagnostic accuracy. Routine ultrasound screen-
ing does appear to reduce adverse outcomes in 
fetuses diagnosed with congenital anomalies.

However, limitations include operator vari-
ability, fetal position, gestational age effects 
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(poor visualization, skull ossification), and tissue 
definition. Early studies using magnetic reso-
nance imaging (MRI) in the evaluation of fetal 
morphology were hindered by fetal motion. 
Current software and hardware for MRI now 
allow the performance of MR examinations with 
high-quality images, permitting fetal imaging 
without maternal or fetal sedation. Although fast 
MRI techniques are widely available, few practi-
tioners have knowledge of fetal anatomy and 
pathology with this technique.

Preliminary studies suggest that MRI may 
improve diagnostic accuracy and change coun-
seling for many fetal central nervous system 
lesions and not as fetal abdominal, lung, and pel-
vic masses or congenital diaphragmatic hernia 
[22–24].

3.7  Communicating Diagnosis

Nowadays, fetal medicine provides reliable med-
ical data about congenital abnormalities, and 
intrauterine diagnostic techniques are increas-
ingly safe. The diagnosis that was not feasible a 
few decades ago can be elaborated with safety 
and certainty, generating ethical and legal respon-
sibilities for the doctor who recognizes a malfor-
mation and communicates a specific diagnosis or 
the suspect of a diagnosis. When the mother and 
the couple are informed that the child is affected 
by a condition with a high risk of a congenital 
defect, fear and anxiety are increased. The “ideal-
ized child,” after the communication of bad news, 
will be replaced by the “real child,” who may be 
affected by some abnormalities as well as some 
defects that can require postnatal surgical or 
long- term pharmacological treatment, as well as 
the association to some degree of cognitive dis-
ability. The reactions go through shock, disbelief, 
denial, frustration, anger, and even irritation 
directed at the doctor who is to relay the bad 
news. The sudden change in the expectations of 
the desired pregnancy and the replacement with 
this news generates an emotional reaction in the 
mother above all and the couple too, which can 
range from the total protection of their baby to 
the rejection of the pregnancy and asking the for 

termination of the pregnancy. The communica-
tion becomes critical and can worsen by a low or 
incomplete preparation of the doctor who is in 
charge of communicating the clinical conditions 
of the child. Frequently, the parents have negative 
memories of the moment they receive them, not 
only because of their content but also because of 
the way they were informed—with inability, little 
empathy, and insensitivity [4, 5]. However, the 
way to report bad news must be learned and 
improved to understand how it can interfere with 
the physician-patient relationship. The communi-
cating doctor must clarify, as much as possible, 
the aspects of the condition and, consequently, 
keep confidential the information obtained in the 
medical practice. Therefore, communication is 
one of the main critical aspects of this phase as it 
is a fundamental condition of human relations. In 
the same context, parents should be informed 
about all possible care attitudes and outcomes, 
such as the possibility of treatment and taking 
care of assistance after the birth of the baby by a 
team of doctors who are specifically involved in 
the clinical surveillance of the neonate with con-
genital malformations.

In the diagnosis communication phase, it is 
necessary to avoid words that can be related to 
the negative development of the baby and try not 
to give vague and approximate information. At 
the same time, it is not helpful to provide a long 
list of possible complications and comorbidities 
that a child could encounter over time, which 
only leads to parents feeling overwhelmed and 
powerless [15]. It is better to summarize the main 
features of the condition in a brief but clear way, 
keeping the focus on the child: every baby is 
unique, and it is wrong to consider him as a sum 
of symptoms. The discussion of the condition 
and the possible comorbidities should be accom-
panied, every time, by a description of the thera-
peutic possibilities that exist today and the 
achievable outcomes. Overall, it should be 
emphasized that the child will be included in fol-
low-up programs of surveillance in a specialist 
center to verify the growth and identify any pos-
sible problems at an early stage to supply appro-
priate measures and treatments as soon as 
possible. In the same way, it is not necessary to 
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give all the information at the first meeting; it is 
important to give more time to the couple to face 
problems and questions that will be debated in 
other subsequent meetings, where parents will be 
progressively informed about what they should 
pay attention to during the different phases of 
their child’s life [1, 6, 7, 9].

3.8  Neonatal Care at Birth

The birth of a baby with congenital malformations 
is the starting point of a clinical process to reach a 
precise diagnosis. This leads to appropriate clini-
cal planning and definition of prognosis and coun-
seling to the parents. Different causal pathways 
may lead to a similar phenotype, and the diagnosis 
process may be long and difficult, requiring a fol-
low-up survey to establish the natural history of 
the condition. Frequently, the evaluation process 
of a neonate affected by congenital malformations 
must proceed rapidly since decisions regarding 
intervention and treatment hinge on an  accurate 
diagnosis. The diagnosis of these conditions, as 
said before, could be prenatally detected, but 
sometimes it is discovered at the moment of birth 
either by obstetricians on call or by the neonatolo-
gist during the first postnatal control or in connec-
tion with the resuscitation approach. All neonates 
have to undergo a thorough physical examination, 
and to reach a possible diagnosis, it is necessary to 
follow multiple sources of information. The meth-
odology to approach the pathological aspects 
observed at birth is divided into some steps, start-
ing from collecting as much information as possi-
ble about maternal medical history, pregnancy 
reproductive and delivery history, and family his-
tory, and an accurate description of the phenotype, 
with appropriate imaging and laboratory tests, is a 
relevant step too [6, 13, 25].

3.9  Maternal Medical History

Clear links exist between maternal diseases, 
including some specific conditions, such as 
myotonic dystrophy, autoimmune conditions, 

and diabetes mellitus type I.  The incidence of 
major congenital anomalies among infants of 
diabetic mothers is four to five times higher than 
in the general population. It is fundamental to 
reach information about maternal exposure to 
drugs, cigarettes, alcohol, and infectious dis-
eases. Medicament exposure during pregnancy 
may cause adverse pregnancy outcomes, includ-
ing congenital anomalies, spontaneous abortion, 
fetal growth restriction, and low birth weight. 
It is estimated that 2–3% of birth defects are 
due to drug exposure during pregnancy. Ever 
since the thalidomide disaster occurred in the 
1960s, increasing attention to medication safety 
in pregnancy has been paid. The proportion of 
pregnancies involving medication varied dra-
matically from 27% in the United States to 93% 
in countries in France. The phenomenon is more 
common than before because of the higher pro-
portion of pregnancies complicated by chronic 
diseases and inadvertent drug use after concep-
tion. Assisted reproductive technologies (ART) 
are the treatment of choice for infertile couples. 
However these procedures are generally con-
sidered safe, children conceived by ART show 
a higher risk of prenatal and perinatal compli-
cations as congenital imprinting disorders like 
Beckwith–Wiedemann syndrome and Silver–
Russel syndrome. The incidence of these syn-
dromes in these infants is higher than general 
population. Human epigenome studies have 
generally revealed the enrichment of alteration 
in imprinted regions in children conceived by 
assisted reproductive technologies [2, 4, 11].

3.10  Pregnancy History

The pregnancy history can provide important 
information regarding the prenatal onset of 
congenital abnormalities, including informa-
tion about the following
 1. Length of gestational age (GA): it includes 

alteration in GA both before and after 
maturity.

 2. Fetal activity: this includes alteration in the 
onset of fetal activity, which increases from 
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the 19th and 20th weeks of gestation and 
reaches a maximum between the 29th and 
38th weeks and then decreases somewhat 
until delivery. Some structural defects are 
often associated with delayed onset and/or 
decreased intensity of fetal movement as well 
as the localization of fetal activity to one par-
ticular quadrant of the abdomen.

 3. Amniotic fluid (AF): this includes abnormali-
ties in the amount of AF, such as oligohy-
dramnios and polyhydramnios. During the 
third trimester of gestation, AF, under physi-
ological conditions, is in a constant state of 
dynamic equilibrium between its production 
and resorption. AF is influenced by fetal 
urine, bronchopulmonary efflux, fetal swal-
lowing and intramembranous and intravas-
cular absorption. Polyhydramnios occurs 
if the fetus shows difficulty in swallowing 
AF, as in gastrointestinal or neurological 
abnormalities. Oligohydramnios is usually 
present following chronic leakage of AF or 
anomalies in the urinary system, as in renal 
agenesis, a polycystic kidney, or urethral 
obstruction.

 4. Ultrasound findings: the prenatal detection of 
abnormalities on routine fetal ultrasound may 
identify abnormalities and can lead to suspect 
some genetic or chromosomal disorders. This 
detailed information regarding the pattern of 
events can help suspect or reach a diagnosis, 
also with the contribution of some prenatal 
genetic tests.

 5. Finding of prenatal screening: nuchal trans-
lucency (NT) scan can detect about 80% 
of fetuses with trisomy 21 and other major 
aneuploidies, for a false positive rate of 
5%. The combination of NT and mater-
nal biochemical markers can help reach a 
safer diagnosis. Specifically, the dosage of 
maternal serum-free beta-hCG and PAPP-A 
improve detection to 90%. There is now evi-
dence that the detection rate can increase to 
about 95%, and the false positive rate can be 
reduced to 3% by also examining the nasal 
bone, ductus venous flow, and tricuspid flow 
[2, 22].

3.11  Delivery History

 1. Presentation: Breech presentation occurs in 
3% of normal-term deliveries. However, it 
occurs much more frequently in some disor-
ders that affect the form and/or function of 
the fetus. Structural anomalies such as hydro-
cephalus would be less compatible with ver-
tex presentation because of the large head and 
joint dislocation (fetal akinesia and fetuses 
with multiple congenital contractures or 
arthrogryposis), which may reduce the abil-
ity of the fetus to modify its position. Defects 
of function include some conditions associ-
ated with neuromuscular disorders, such as 
trisomy 18, Prader–Willy syndrome, and 
Steinert myotonic dystrophy, among others.

 2. Type of delivery: In the management of preg-
nancy complicated by fetal malformation, 
the choice of delivery method may be made 
on obstetrical grounds or in the belief that 
one method offers the fetus benefit over the 
other. Clear evidence of benefit from cesarean 
delivery is not available in the case of many 
malformations that are often considered for 
abdominal delivery. The choice must be based 
on the knowledge of individual malforma-
tions, fetal maturity, and presentation.

 3. Growth deficiency: Growth deficit is another 
sign that may bring the child to the attention 
of the neonatologist. Small size at birth, dis-
proportionate to gestational age, is frequently 
an important clue to prenatal dysmorphic 
processes. There is an increased incidence of 
malformation as the weight for gestational 
age decreases. In addition, there is a marked 
increase of disabilities in small for gesta-
tional age children who had some structural 
abnormalities.

 4. Neonatal adaptation: The immediate post-
partum period is a time of significant physi-
ological adaptation for the baby. The neonate 
must adapt from being completely dependent 
on his mother for life- sustaining oxygen and 
nutrients to an independent being, a task 
accomplished over a period of hours to days. 
Successful transition from fetal to neonatal 
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life requires a complete interaction among the 
various systems: respiratory, cardiovascular, 
thermoregulatory, endocrinologic, and immu-
nologic. Establishing respiration is critical to 
the neonate’s transition as the lungs become 
the organs of gas exchange after separation 
from maternal uteroplacental circulation. 
Over 90% of neonates make the transition 
from intrauterine life to extrauterine life with-
out difficulty, requiring little to no assistance. 
However, for the 10% of neonates who do 
require assistance, about 1% require extensive 
resuscitation measures to survive. Neonates 
with prenatal onset of structural defects fre-
quently have problems with postnatal respi-
ratory adaptation, which may be secondary 
to altered development of fetal lung or brain 
structure.

3.12  Family History

A careful, thorough, and fully recorded history, 
complete with pedigree, forms the foundation for 
the diagnostic process. Family history can pro-
vide a good quality of information and represent 
the first clue regarding the possible genetic etiol-
ogy of congenital malformations. Consanguinity 
in the parents increases the chance of having 
autosomal recessive conditions as well as multi-
factorial disorders in their progeny.

3.13  Physical Examination

The critical aspect of a dysmorphology evalu-
ation lies in the recognition or confirmation of 
major and minor structural anomalies, and there-
fore, a physical examination of the neonate with 
congenital abnormalities is the most important 
step. The clinical assessment of the neonate must 
be thorough and accurate. Some abnormalities 
may be quite prominent or involve large areas, 

while others may be rather subtle. Selected mea-
surements of physical features are extremely 
useful in confirming a clinical appearance of 
abnormality. Standard tables and graphs by ges-
tational age norms for many of such physical 
dimensions are available with the aim of pro-
viding standards, both for comparison and for 
improved definition of normal patterns of human 
development and growth at birth and late in life 
[26]. From the primarily qualitative description, 
it is necessary to pass a new step where accu-
racy and quantitation must be necessary. Careful 
documentation by measurement, in well-known 
conditions, will allow one to distinguish hetero-
geneity, learn more about natural history, and 
provide a basis for the future application of tech-
niques and concepts from developmental biol-
ogy and molecular genetics. The real value of 
a single measurement lies in a comparison with 
a standard, which can be either age related or 
familial and ethnic related.

With the parents’ permission, it is useful to 
take photographs of the baby because photo-
graphic documentation often can be of great 
value and can be used to observe changes in time 
and to compare with other babies with a similar 
phenotype. A neonatologist should take care to 
continue to search for the less obvious anoma-
lies even when a major malformation is present. 
It could be of some help to ask for advice and 
expertise from the geneticist with experience in 
the neonatal age. Peculiar phenotype change can 
be observed in each individual during the years 
from neonate to child and to adolescent to adult 
too. A common pitfall to avoid is the tendency 
to make an erroneous diagnosis of a well-known 
syndrome, usually not completely supported by 
the abnormalities observed at birth. The descrip-
tion of the clinical association should include, 
moreover, the structural defects, even neuro-
motor evaluation, growth development, the 
disorder of sexual differentiation, or pubertal 
development.
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3.14  Surveillance After Birth

Transitional care from hospital to home repre-
sents a very critical moment. Returning home 
with a malformed baby can result in an emo-
tional burden that is very challenging, not only 
for the parents and family but also for the family 
pediatrician, territorial doctors, and nursing care, 
who are required to acquire in a short time new 
knowledge and skills. Consequently, it is neces-
sary to arrange the complexity of the care, before 
discharge, organizing care pathways that are in 
favor of the transition and integration between 
hospital and home. A consensus statement 
on birth defect surveillance (2019) proposes, 
among other things, “to establish a holistic, mul-
tidisciplinary and multi-sectorial approach that 
adequately meets the health the educational, 
occupational, rehabilitation and social needs of 
people with birth defects. Many infants with 
severe birth defects experience lifelong disabil-
ity requiring long-term treatment or rehabilita-
tion” (World Health Organization 2019). There 
are promising models for rehabilitation services 
for children with birth defects. These models are 
found in communities: hospitals, schools, other 
institutions, and primary health care. The more 
comprehensive models are in the primary care 
system and are centered on rehabilitation strat-
egy. Some reports focus on the care of infants 
and children with birth defects and on rehabili-
tation programs, which are required for lifelong 
conditions. In many cases, appropriate educa-
tion and rehabilitation for children substantially 
increase their ability to function independently 
and contribute to family and community respon-
sibilities. The assumption is that children with 
disabilities have the right to live a good life. It 
is mandatory to offer to them and their family 
the clinical and the social support required their 
usual way of living. They should have an educa-
tion like everybody else and should be able to 
go to school and follow a course of study, like 
other children. In Italy, school inclusion was 

regulated in 1977 (National Law n. 517, 1977), 
with the abolition of differential classes. Even if 
people learn very slowly, have problems seeing 
or hearing, or find it hard to move about, they 
still should be respected for being girls and boys. 
Nobody should be looked down on or treated 
badly because of their disability. Houses, shops, 
and schools should be built in such a way that 
everyone can easily go in and out and make use 
of them.

A practical example of a follow-up service 
to a child born with birth defects could be rep-
resented by the surveillance over time of neo-
nates affected by trisomy 21 (T-21), well known 
as Down syndrome. DS is by far the most com-
mon and the best-known aneuploidy due to the 
nondisjunction, translocation, or mosaicism of 
chromosome 21. In 94–97%, the extra chromo-
some may be maternal or, less frequently, pater-
nal in origin. In 3%, there is D/G translocation. 
Trisomy/normal (mosaicism) occurs in 1–2%. 
DS occurs approximately in one in every 800 live 
births in the Emilia- Romagna region.

Physical examination is the first step within 
the first hours of life, in which it is possible to 
feel there are enough criteria to advance the diag-
nosis of DS. The phenotype is characterized by 
several clinical features, of which the most con-
stant and typical are neuromotor disability and 
craniofacial dysmorphisms, together with other 
variable signs and symptoms, such as cardiac 
malformations and growth delay. Physicians 
can suspect DS based on some characteristic 
physiognomic features of infants, and physical 
examination is the first essential step to reach 
a diagnosis Neonatologists can also use score 
system as Hall’s ten cardinal signs or Jackson’s 
checklist, which is a more complex scoring sys-
tem, that could guide them in making diagnosis 
of DS. The diffusion of these scoring systems is 
an excellent way to bring attention to clinical and 
phenotypic signs of DS, contributing to a better 
understanding of the role of the excess chromo-
some 21.
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When recording the history from the par-
ents of a child with T-21, the clinician should 
include the following information: parental 
concern about hearing, vision, developmental 
delay, respiratory infections, and other prob-
lems. Delay in the child’s cognitive abilities and 
motor and language development is the most 
frequent question from parents and the family, 
too, and the usual reason for their great anxi-
ety and concern. The clinician must support the 
family since a diagnosis of DS is made, also if 
it is done during pregnancy, and has to reas-
sure them about the great possibility for these 
patients to reach as well as a level of autonomy 
in life. To reach this result it is necessary to 
inform about the opportunity to assure and the 
necessity to implement on one hand all the best 
assistance for possible clinical problems in the 
development of the child and on the other hand 
to underline the strength of early surveillance 
of neuromotor and neuro-sensorial maturation. 
All this is to activate the health service of preco-
cious sensorial and motor enabling when clini-
cians observe a delay or an impaired maturation. 
Starting from birth it is important and basic to 
follow the child in a longitudinal survey of all 
pediatric ages. Neonatologists are now referred 
to early intervention programs shortly after birth 
and inform the parents about the best way to fol-
low and foster the growth and development of 
their child. The goal of intervention programs 
for children with Down syndrome is to maxi-

mize each child’s developmental potential and 
improve the quality of his/her life. In the past few 
decades, advances in medical care have resulted 
in improved health and life expectancy for indi-
viduals with DS. Each clinical center involved 
in the clinical assistance of the child has to 
implement specific protocols, which are inter-
nationally defined and useful. Guidelines, pro-
duced by the American Academy of Pediatrics 
(AAP) and recently published (Pediatrics 2022), 
are a useful guide to follow and to help prac-
titioner doctors and institutions to take care of 
these children starting from prenatal diagnosis, 
if there was, to adolescence [24]. Children with 
DS often have multiple health needs. It makes 
sense, from the family’s perspective, to reduce 
the number of hospital visits by having multi-
disciplinary clinical and coordinated appoint-
ments. The Center for Rare Disease of Bologna 
University Hospital uses a care protocol for 
the survey of children with Down syndrome, 
which was proposed in 1984. Time after time, 
the survey was adopted, and the protocol used is 
shown in Table 3.1. During the first and subse-
quent visits, it is recommended to pay attention 
to the child’s strengths and achievements, help-
ing parents focus on the child’s potential rather 
than weaknesses. It is also essential to keep par-
ents in touch, if they so wish, with other families 
with children with DS so they can share infor-
mation and experiences and expand the support 
network for both the family and the child.
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Birth 3 m 6 m 9 m 12 m 18 m 24 m 36 m Yearly

Anamnesis • • • • • • • • •

Health maintening visit • • • • • • • • •

Neurological ev. • • • • • • • • •

Neurophiasic ev. • • • •

Blood test + TAM S • • • • • •

NBS •

TSH • • • •

Cerebral US • •

EEG  + MRI (1) •

Abdominal US •

Cardiological Ex. • •

Pneumological Ex (2) •

Gastro-enter. Ex (3) •

ENT Ex. + BAER S • • • •

Ophthalmic ex.  S • • •

Dental visit • • • • •

Table 3.1 Follow-up protocol applied for Down- syndrome- specific care at the Center for Rare Disease Neonatology 
Dept. Bologna University Hospital

Cervical X-ray at 9 years (atlantoaxial stability control)
S screening, TAM transient abnormal myelopoiesis, NBS newborn screening, TSH thyroid stimulating hormone, EEG 
electroencephalogram, MRI magnetic resonance imaging, ENT ear nose throat, BAER brainstem auditory evoked 
response
(1) If cerebral US is pathological
(2) + Pulse-oximetric for OSAS control
(3) + Screening for celiac disease
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4Frail Children with Chronic Lung 
Disease
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Abbreviations

AAD Assisted autogenic drainage
BPD Bronchopulmonary dysplasia
CF Cystic fibrosis
CFTR Cystic fibrosis transmembrane con-

ductance regulator
chILD Children
CPAP Continuous positive airway pressure
CWS Chest wall strapping
HFCWO High-frequency chest wall 

oscillation
HFNC High-flow nasal cannula
ILD Interstitial lung disease
IPV Intrapulmonary percussive 

ventilation
LTHOT Long-term home oxygen therapy
MAC Manually assisted cough
NIV Non-invasive ventilation
NMDs Neuromuscular diseases
PCF Cough peak flow
PEP Positive expiratory pressure

This chapter covers various aspects of chronic 
respiratory diseases in children, with a particular 
focus on the most important primitive respiratory 
disorders and secondary disorders with respira-
tory system involvement. Moreover, we analyzed 
the different conditions and treatments of frail 
children with chronic respiratory disorders.

4.1  Bronchopulmonary 
Dysplasia

The perinatal period, i.e., the period from birth 
(and especially premature birth) to the 28th day 
of life, is the period of greatest mortality. Pre- 
term birth is the major determinant of neonatal 
mortality and morbidity. There is an increasing 
survival of children born at a very early gesta-
tional age with an increasing proportion of chil-
dren with long-term respiratory and/or 
neurological impairment. The most important 
long-term consequence of prematurity is bron-
chopulmonary dysplasia (BPD). This condition 
is defined as oxygen dependency at 36 post- 
menstrual weeks. It is one of the most important 
complications of prematurity, with a reported 
incidence of 23% of infants born at 28  weeks, 
increasing to 73% of infants born at 23 weeks. As 
stated below, BPD incidence is increasing due to 
the increased survival of very early pre-term 
infants. It is characterized by prolonged respira-
tory support, compromised lung function and 
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recurrent respiratory infections during the first 
year of life [1]. Despite advances in early 
 respiratory care to avoid lung injury, sometimes 
long- term respiratory support is needed. 
Prolonged care needs include tracheostomy with 
mechanical ventilation, high FiO2 concentrations 
and multiple respiratory medications, such as 
intermittent corticosteroids, bronchodilators, 
diuretics and other drugs [2].

4.2  Interstitial Lung Diseases 
(ILDs)

Interstitial lung disease (ILD) in children (chILD) 
is a heterogeneous group of rare respiratory dis-
orders that are mostly chronic, with complex 
pathogenesis characterized by an injury of the 
lung parenchyma with inflammation and fibrotic 
changes. ILDs are mostly chronic and impair the 
respiratory function of the lung. The heterogene-
ity of child conditions determines often a strong 
difficultly to find effective treatments. The clini-
cal manifestations vary from asymptomatic pre-
sentation to more characteristic and severe 
clinical presentations with respiratory symptoms 
and exacerbations [3]. General measures are 
essential, with mainly administration of oxygen 
for chronic hypoxaemia and maintenance of 
nutrition with an adequate energy intake. 
Immunization with influenza vaccine on an 
annual basis is recommended, along with other 
routine immunizations against major respiratory 
pathogens. In addition, an aggressive treatment 
of intercurrent infections and a strict avoidance 
of tobacco smoke and other air pollutants are 
strongly recommended. Pharmacological therapy 
includes anti-inflammatory and immunosuppres-
sive molecules. Steroids are the preferred choice, 
administered orally and/or intravenously [4]. 
New therapeutic strategies include anti-fibrotic 
and anti-inflammatory drugs, but lung transplan-
tation remains the ultimate therapy for end-stage 
lung diseases [5].

4.3  Neuromuscular Diseases 
(NMDs)

Neuromuscular diseases are responsible for 
chronic respiratory failure and for approximately 
half of all long-term home ventilation in children 
and adolescents [56% of non-invasive ventilation 
(NIV) and 44% of all mechanical ventilation in 
children] [6].

The pathogenesis of respiratory failure con-
sists of ventilatory insufficiency caused by weak-
ness of the respiratory muscles, while the lungs 
are primarily healthy. The respiratory care of 
these patients must compensate for the ensuing 
mechanical problems of inadequate sighing, 
coughing, and insufficient functioning of the 
respiratory pump and upper airway. The patient’s 
medical history includes a course of respiratory 
tract infections, symptoms of sleep-disordered 
breathing (snoring, observed apnoeas, abnormal 
sleep positions, frequent awakening in immobile 
patients, frequent positioning, secondary noctur-
nal enuresis, nycturia, night sweats, frequent 
nightmares, morning fatigue, morning head-
aches, lack of appetite, daytime fatigue, and rest-
lessness in small children during the day), 
symptoms of daytime hypoventilation/hypercap-
nia (depressed mood, lack of drive, poor concen-
tration, tiredness, headaches, lack of appetite, 
nausea, dyspnoea, tachycardia, sweating, anxi-
ety, exhaustion), difficulty speaking (volume, 
shortness of breath), indications of difficulty of 
swallowing and aspiration, drooling, oxygen sat-
urations in different states, changes in the 
patient’s weight, as well as use of and problems 
with current treatments [7]. Children with neuro-
muscular diseases must undergo a complex mul-
tidisciplinary assessment. The respiratory system 
can be involved in different ways, depending on 
the time of onset, the phenotype of the disease 
and the comorbidities. Lung function testing 
(when feasible) and the assessment of sleep- 
disordered breathing with poly(somno)graphy 
and overnight carbon dioxide (CO2) monitoring 
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are highly recommended in these patients. 
Children with neuromuscular diseases resulting 
in symptomatic nocturnal hypoventilation or 
daytime hypercapnia should be provided with 
mechanical ventilation support [8]. Long-term 
ventilation is associated with an increase in sur-
vival rate. NIV is effective in correcting sleep- 
disordered breathing, daytime hypercapnia and 
the symptoms of nocturnal hypoventilation. 
Percentages of use for non-invasive ventilation 
compared to tracheostomy vary, possibly because 
of differences in ethical perspectives, nationality 
and medical staff expertise. Usually, tracheos-
tomy is considered in cases of severe bulbar dys-
function, failure to extubate, need for long 
ventilatory support, NIV failure or severe mid- 
face hypoplasia [6, 9].

4.4  Cystic Fibrosis (CF)

Pulmonary involvement in cystic fibrosis in char-
acterized by mucus plugging, chronic inflamma-
tion and bronchiectasis. Lung function is 
progressively deteriorated by airflow obstruction 
and parenchymal damage. The lack of a cystic 
fibrosis transmembrane conductance regulator 
(CFTR) protein causes the disease, which is 
multi-systemic rather than only pulmonary. As 
regards respiratory involvement, despite the 
improvement in CF care, chronic respiratory fail-
ure and end-stage lung disease develop in most of 
the patients [10, 11]. With the progression of pul-
monary involvement and increased respiratory 
load, patients develop a rapid shallow breathing 
pattern and subsequent daytime hypercapnia. In 
addition, chronic alveolar hypoxia, hypercapnia, 
and endothelial dysfunction due to chronic 
inflammation may cause pulmonary hyperten-
sion. Pulmonary hypertension is inversely corre-
lated with respiratory function and nocturnal 
oxygen saturation. Hypoxemia, hypercapnia and 
pulmonary hypertension indicate a poor progno-
sis and a prompt referral for lung transplantation 
[12, 13]. The management of the disease is multi- 
disciplinary, and the treatment is not only symp-
tomatic but also targeted with new effective 
modulator therapies [14]. Physiotherapy, muco-

ciliary clearance therapy and antibiotics for the 
high prevalence of pulmonary infections are the 
most important intervention to avoid the deterio-
ration of lung function. When hypercapnia takes 
over, non-invasive ventilation could be effective 
to reduce respiratory effort, improving alveolar 
ventilation and gas exchange [15].

4.5  Different Treatments 
in Children with Chronic 
Respiratory Disorders

4.5.1  Long-Term Oxygen Therapy

Long-term home oxygen therapy (LTHOT) has 
become an increasingly common practice, and 
many patients benefit from its use. It has several 
clinical and physiological benefits, as well as 
greater comfort for patients and significant cost 
reduction when compared to hospitalizations 
[16]. The use of LTHOT in paediatric patients has 
several special characteristics and important dif-
ferences when compared to the use in adults. In 
fact, physical growth and neurological develop-
ment must be considered. The evolution of some 
diseases that cause hypoxemia in children is gen-
erally good; many children require LTHOT only 
for a limited period of time [17]. BPD and CF can 
be mentioned to illustrate how this form of treat-
ment is being incorporated into paediatric prac-
tice. The number of children who needs LTHOT 
is increasing worldwide; particularly, the great 
advances in neonatology have increased the sur-
vival of very premature patients who are dis-
charged on oxygen treatment. Extremely pre-term 
infants with lung immaturity at higher grades, 
which also can develop into chronic lung disease, 
will be dependent on oxygen for months or years, 
thus making BPD the most frequent indication of 
LTHOT in children. The long-term prognosis of 
premature patients is usually good, and the time 
of supplemental oxygen use should be evaluated 
individually, ranging from a few days to months 
or years. Comorbidities must always be reas-
sessed (malnutrition, heart disease, pulmonary 
hypertension, infection) if the oxygen require-
ment increases or is extended for too long [18]. In 
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the case of CF, the evolution of treatment associ-
ated with improved nutrition has increased the 
survival of these patients, but some require 
LTHOT in the advanced stages of the disease or 
while waiting for a lung transplant. Episodes of 
hypoxia in CF patients may occur during sleep, 
exercise, air travel, and infectious exacerbations, 
and these are not limited to severe patients. 
Hypoxia during sleep and exercise may occur in 
stable patients who do not have hypoxia during 
the day. The deleterious effects of hypoxia in 
patients with CF are numerous: pulmonary 
hypertension, worsening of pulmonary infection 
and inflammation, reduced exercise capacity and 
muscle strength, and worsening of the quality of 
sleep and quality of life [19]. Bronchiolitis oblit-
erans, usually secondary to viral infections, is a 
cause of severe chronic obstructive pulmonary 
disease in infants. It is often accompanied by 
hypoxemia and the need for LTHOT during vary-
ing periods. There are no established oxygen 
saturation levels for the start of LTHOT in these 
patients. The use of the same criteria applied in 
children with BPD (SpO2 <93%) is suggested as 
it predominantly affects infants [20]. Interstitial 
lung diseases represent a rare and diverse group 
of lung diseases in children, where gas exchange 
is often compromised by the presence of hypox-
emia. Therefore, many of these patients require 
LTHOT for varying periods, associated with drug 
therapy [21]. Pulmonary hypertension secondary 
to lung disease results from chronic alveolar 
hypoxia and considerably worsens the prognosis 
of the underlying disease. Chronic hypoxia leads 
to pulmonary vasoconstriction and endothelial 
dysfunction. Moreover, the pulmonary circula-
tion is more reactive to hypoxia in children than 
in adults. In these cases, oxygen is the most 
potent pulmonary vasodilator, and LTHOT can 
slow down and even reverse alterations in the 
pulmonary vascular bed induced by hypoxia and 
may contribute to the improvement of survival 
[22]. For chronic hypoventilation, with a central 
or peripheral origin, the treatment of choice is 
NIV via a face mask or tracheostomy, but oxygen 
therapy can be used in milder and non- progressive 
cases, in cases when NIV use is impossible and in 
cases in which, despite NIV, patients persist with 

hypoxemia due to inadequate ventilation or the 
presence of associated lung disease. If LTHOT is 
used alone, CO2 levels must be monitored [23]. It 
is not uncommon for children with chronic 
encephalopathy to develop chronic hypoxemia 
and a need for LTHOT. This usually stems from 
multiple factors: recurrent pneumonia usually 
related to aspiration processes secondary to gas-
troesophageal reflux and/or dysphagia, ineffec-
tive cough, and pulmonary restriction due to 
scoliosis or other chest deformities [24]. In chil-
dren with terminal cancer, there are no data on 
the management of terminal dyspnoea, but in 
some cases, there may be benefits with oxygen as 
chronic hypoxia can cause irritability, headache 
and restlessness. When indicated, the use of a 
nasal cannula should be preferred so as not to 
cover the child’s face with a mask. The manage-
ment of these cases should be individualized, and 
if, together with the patient and family, symptom 
relief is observed, LTHOT should be used [25]. 
Traditional nasal cannula oxygen administration 
is used at low flows (0.5–6 L/min) with signifi-
cant mixing from room air limiting the maximal 
FiO2 delivery to 0.45. Conversely, with the use of 
a high- flow nasal cannula (HFNC), there is little 
entrapment of room air because of the high gas 
flow, allowing for more precise and higher FiO2 
delivery. HFNC consists of the delivery of high- 
flowing heated and humidified air through the 
nose, with FiO2, which may be set from 21% to 
nearly 100%. Standard flow rates do not require 
humidification; HFNC requires humidification 
because of the drying effect of un-humidified 
cold oxygen on nasal secretions and the respira-
tory mucosa. In addition, the high gas flow 
flushes carbon dioxide from the upper airway, 
reducing the anatomical dead space and imped-
ing expiratory flow. Thus, HFNC can create con-
tinuous positive airway pressure, although less 
than NIV.  These factors lead to a reduction in 
respiratory rate, hypoxemia and the sensation of 
dyspnoea compared with traditional oxygen 
administration through a nasal cannula or face 
mask in patients with respiratory distress during 
their end-of-life period [26]. Whereas NIV can be 
claustrophobic and impede eating and talking, 
HFNC use can allow select patients to talk and 
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eat while receiving adequate oxygenation [27]. 
Since its introduction as an alternative to continu-
ous positive airway pressure (CPAP) in pre-term 
infants, HFNC oxygenation has been widely used 
for various respiratory conditions, not only as an 
essential intensive care device [28]. HFNC in fact 
is a well-tolerated treatment alternative to CPAP 
in infants and young children with obstructive 
sleep apnoea (OSA) and with poor adherence and 
mid-face hypoplasia risk [29]. The nasal cannula 
used with HFNC is less invasive and more com-
fortable than nasal masks or nasal prongs used 
for CPAP therapy and is easier to apply in the 
case of craniofacial malformations. HFNC may 
be used as a rescue therapy for children not com-
pliant with CPAP, but an improvement in the 
devices currently available is also needed in order 
to adapt their characteristics to the needs of chil-
dren with OSA [30].

4.5.2  Mechanical Ventilation

Mechanical ventilation is used in children with 
acute and chronic respiratory failure. We do not 
deal with acute respiratory failure in this chapter. 
As stated above, children with chronic respira-
tory failure and/or sleep-disordered breathing 
due to a broad range of diseases should require 
mechanical ventilatory support. The diagnosis of 
chronic alveolar hypoventilation rests on the 
identification of chronic hypercapnia. Advances 
in the use of long-term non-invasive ventilation 
(NIV) have progressively led to a reduction in the 
need for invasive mechanical ventilation (IMV) 
through tracheostomy [31–34]. We recently per-
formed a retrospective cohort study of paediatric 
(within 18 years old) patients hospitalized in our 
paediatric tertiary center (Bambino Gesù 
Children’s Hospital) between 1 January 2000 and 
31 December 2017 using long-term NIV and 
intermittent mandatory ventilation (IMV). A total 
of 432 children were included in the study, and 
we found that children on ventilation suffered 
mainly from neuromuscular diseases or diseases 
of the upper airways and the central nervous sys-
tem. Children invasively ventilated usually 
started support younger, spent more hours on 

ventilation and were more severely ill. Our results 
highlighted that along with the growing number 
of children on long-term ventilation, it is increas-
ing their medical complexity and their need for 
high- quality health care programmes able to pro-
mote their well-being [34]. Our results are simi-
lar to those of many studies performed, especially 
in western and more developed and high-income 
countries. Logically, the percentage of use for 
NIV compared with IMV could vary because of 
differences in ethical perspectives, nationality 
and medical staff expertise. However, the use of 
long-term NIV in children is growing around the 
world due to improvements in technology, pro-
gressive experience by healthcare providers and 
increased indications in different disorders [35].

Notably, not all patients are eligible for long- 
term NIV. The inability to protect the lower air-
ways, anatomic face abnormalities, severe 
mid-face hypoplasia, and the high need for venti-
lation (more than 16 h) are important contraindi-
cations of NIV. The conditions listed above may 
preclude the initiation of or adherence to NIV 
and may lead to considering alternative treat-
ments, such as invasive ventilation via tracheos-
tomy, in concert with the family and patient [36].

4.5.3  Tracheostomy

Over the last decade, tracheostomy has been 
increasingly performed in children with complex 
and chronic conditions for the management of 
upper airway obstruction, prolonged ventilation, 
abnormal ventilatory drive and neuromuscular 
conditions [37]. The range of indications for tra-
cheostomy is reported in Table  4.1. Congenital 
upper airway anomalies resulting in a difficult 
airway that cannot be secured by other means fre-
quently necessitate transient or permanent tra-
cheostomy, especially in infants and young 
children with compromised nasal breathing. 
Upper airway obstruction as an indication is 
decreasing in frequency, and ventilator depen-
dence is an evolving indication in developed 
countries. Tracheostomy can be required in neu-
rologically compromised paediatric patients; the 
most common underlying neurological diagnoses 
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Table 4.1 Main indications for tracheostomy

Indications for 
tracheostomy Examples
Upper airway 
obstruction

Subglottic stenosis
Tracheomalacia
Tracheal stenosis
Craniofacial syndromes
Craniofacial and laryngeal 
tumours
Bilateral vocal cord paralysis
Obstructive sleep apnoea
Laryngeal trauma

Pulmonary/lung 
disease

Bronchopulmonary dysplasia
Interstitial lung diseases

Congenital heart 
disease

Post-operative diaphragmatic 
paresis

Neurological/
neuromuscular 
disease

Duchenne muscular dystrophy
Spinal muscle atrophy type I
Congenital central 
hypoventilation syndrome 
cerebral palsy
Traumatic brain and spinal 
injury
Spina bifida

Long-term 
ventilation

NIV h 16–24, severe mid-face 
hypoplasia

Pulmonary toilet/
management of 
secretions

involved are cerebral palsy [38], followed by 
drug-resistant epilepsy and other neurological 
situations characterized by ventilator depen-
dence, inability to tolerate secretions or recurrent 
aspiration pneumonia, hypotonia and upper 
respiratory obstruction [39]. The survivability of 
extreme prematurity, bronchopulmonary dyspla-
sia and other complex cardiopulmonary condi-
tions in the neonate continues to improve. As the 
worldwide care for premature and medically 
complex newborns improves, the most common 
indication for paediatric tracheostomy is now the 
need for long-term ventilation. There are no com-
prehensive recommendations for an invasive ver-
sus a non-invasive mode of ventilatory support in 
ventilator-dependent children. Often, young age, 
ventilator dependency for most of the day and 
frequent episodes of respiratory exacerbation 
with a need for intubation increase the likelihood 
of being tracheotomized. In addition, secondary 
mid-face hypoplasia has emerged as a worrisome 
complication of long-term mask application in 

young children. This has a significant effect on 
dentition and on nasopharyngeal patency in 
patients susceptible to upper airway obstruction. 
Chronic lung disease of infancy and complex 
congenital heart disease are other important enti-
ties associated with the occasional need for tra-
cheostomy in heart disease, mostly for long-term 
ventilation, because of ongoing cardiac failure, 
tracheo-bronchomalacia or post-operative dia-
phragmatic paresis. For many of these medically 
complex children, the timing of when the trache-
ostomy is performed and the preoperative discus-
sion regarding ongoing care are significantly 
challenging [36, 40–44]. Multidisciplinary input 
regarding the prognosis of a tracheostomy candi-
date should be established with the healthcare 
team and family before proceeding to surgery, 
unless the indication for tracheostomy is urgent. 
The procedure is the first step in the long process 
of transitioning ventilatory care from the hospital 
to home. A well-orchestrated use of hospital ser-
vices and education is necessary to facilitate this 
process, which places a unique burden of respon-
sibility on patients’ families. Post-operative mor-
bidity and mortality from tracheostomy are often 
related to deteriorating medical comorbidities 
and, rarely, device-related complications [45–
47]. However, there remain significant risks of 
improper care and monitoring of the patient with 
a tracheostomy, including accidental decannula-
tion or mucus plugging of the tube. Thus, paedi-
atric healthcare providers should familiarize 
themselves with routine tracheostomy care, espe-
cially in practice settings with medically com-
plex patients. Tracheostomy care is a longitudinal 
investment by families, providers and institutions 
to prevent complications both in the hospital and 
at home. For example, there is no consensus 
regarding the frequency of tracheostomy tube 
changes; usually, the recommended tube change 
frequency is once a month or more frequently, 
depending on the single case; sometimes, the 
child presents secretions that tend to obstruct the 
lumen of the cannula, and in these cases, a more 
frequent change of the cannula is required [47]. 
The advantages of frequent tube changes include 
keeping caregivers comfortable and well prac-
tised in tube changing, the possibility of decreas-
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ing airway infection and/or airway granulomas 
and the possibility of reducing the incidence of 
tube occlusion by inspissated secretions. The dis-
advantages of frequent tube changes include the 
possible stretching of the tracheostomy stoma 
when cuffed. In summary, the criteria favouring 
tracheostomy in children are upper airway 
obstruction with low chances of a definitive, 
spontaneous resolution within a reasonable time 
(weeks); low probability that surgery can defi-
nitely correct the cause; high risk of critical upper 
airway obstruction with simple respiratory tract 
infections or minor bleeding (epistaxis); high risk 
or previous history of difficulties in airway man-
agement in the case of an emergency; and 
difficult- to-control gastro-oesophageal reflux. 
Also, other criteria included are the child requir-
ing long-term ventilation and pulmonary toilet, 
having a high risk of mid-facial deformation 
from mask pressure, being ventilator dependent 
for most of the day (more than 12 h per day) or 
being unable to cope with a mask (full face or 
nasal mask); recurrent aspirations (gastro- 
oesophageal reflux, laryngeal incompetence) 
with a significant benefit from pulmonary toilet; 
and, finally, safety measures and local experience 
highly in favour of invasive ventilation. There are 
two fundamental criteria for decannulation in a 
child with a chronic tracheostomy: (1) the origi-
nal need for the tracheostomy tube is no longer 
present, and (2) the patient is able to maintain a 
safe and adequate airway independent of the tra-
cheostomy tube. The criteria for safe paediatric 
decannulation are graduation from the regular 
use of mechanical ventilation (possibly allowing 
for occasional backsliding during acute illness); 
the absence of recent known aspiration events 
and the completion of an endoscopic airway 
assessment confirming the absence of upper air-
way pathology, which could be masked by the 
tracheostomy tube (including awake flexible 
laryngoscopy to assess vocal fold movement); 
and safe daytime capping of the tracheostomy 
tube for several weeks. Additional optional steps 
may include successful weaning from supple-
mental oxygen, interval downsizing of the exist-
ing tracheostomy, tolerance of a Passy-Muir 
speaking valve, performance of a drug-induced 

sleep endoscopy and performance of a capped or 
decannulated polysomnography [42, 45].

4.6  Respiratory Physiotherapy 
in Children with Chronic 
Respiratory Disorders

Chest physiotherapy is a crucial part of the man-
agement of many respiratory diseases, in particu-
lar for children requiring mechanical ventilation 
and those with chronic conditions such as bron-
chiectasis or neuromuscular diseases. 
Physiotherapy often focuses on treating or allevi-
ating generic problems that are amenable to 
intervention rather than being disease specific.

4.6.1  Peripheral Airway Clearance 
Techniques: “Sputum 
Mobilizing”

The term airway clearance describes the different 
treatment modalities performed to enhance the 
clearance of bronchopulmonary secretions. 
Peripheral airway clearance techniques aim to 
improve ventilation, mobilize secretions and 
enhance mucus transport from peripheral to cen-
tral airways (12th generation of the bronchial tree 
and above) with higher expiratory than inspira-
tory airflows (called biased expiratory flow). 
These include manual techniques, positive expi-
ratory pressure (PEP), assisted autogenic drain-
age (AAD), high-frequency chest wall oscillation 
(HFCWO), intrapulmonary percussive ventila-
tion (IPV) and chest wall strapping (CWS) [48].

In CF, the introduction of airway clearance 
techniques prior to the diagnosis of bronchiecta-
sis is widely debated. For symptomatic patients 
who show evident response to treatment, a 
 consensus is acquired; however, in the asymp-
tomatic patient, benefits are still uncertain [49]. 
Routine chest physiotherapy is not needed, 
except for those patients with abnormal mecha-
nisms of airway clearance. In CF, there is evi-
dence that inflammation and infection are present 
early in life [48]. Airway clearance treatment 
options must be chosen, considering the child’s 
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age and ability to participate in the treatment. 
There are a wide variety of airway clearance 
techniques, and no single best technique has been 
identified [50].

4.6.2  Proximal Airway Clearance 
Techniques: “Cough 
Augmentation”

Cough is the primary defense mechanism against 
foreign bodies in the central airways. An effec-
tive cough is a vital mechanism to protect against 
respiratory tract infections, which are the main 
causes of hospitalization in patients affected by 
NMD. Progressive neuromuscular weakness can 
lead to the inability to take deep breaths and to 
cough effectively [51]. Proximal airway clear-
ance is a technique that aims to augment the 
cough by assisting inspiration, expiration or 
both. They are often described as “cough aug-
mentation” techniques, supporting or imitating a 
cough [52]. The ability to clear bronchopulmo-
nary secretions is essential to preventing sputum 
retention and associated complications, includ-
ing lower respiratory tract infection. Physical 
therapies involve measuring cough peak flow 
(PCF): reduced cough power is defined by val-
ues less than 270 L/min in children, and values 
less than 160 L/min are associated with a high 
risk of atelectasis and pneumonia [53]. Assisted 
cough techniques should be targeted to which-
ever component of the cough is reduced [54]. If 
there is only expiratory muscle weakness, then a 
manually assisted cough (MAC) will improve 
PCF by an abdominal thrust or costal lateral 
compression after an adequate spontaneous 
inspiration or maximal insufflation [55]. If there 
is inspiratory muscle weakness, then the inspira-
tory component can be supported by a maximum 
insufflation capacity, which is a series of deep 
breaths to total lung capacity (TLC) via a face 
mask attached to a one-way valve and Ambu bag 
[56]. If the cough is extremely impaired, the 
patient may require mechanical insufflation/
exsufflation. This device enhances secretion 
clearance by applying positive pressure to the 

airway (insufflation) and then rapidly shifting to 
negative pressure (exsufflation). The rapid shift 
in pressure produces a high expiratory flow, sim-
ulating a natural cough [57].
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5Frailty in Patients with Chronic 
Kidney Disease

Andrea Pession and Cristina Bertulli

5.1  Introduction

Chronic kidney disease (CKD) is a clinical syn-
drome characterized by a progressive and irre-
versible loss of kidney function. This condition 
develops into end-stage kidney disease (ESKD), 
the stage at which it becomes necessary to initiate 
renal replacement therapy (hemodialysis, perito-
neal dialysis, kidney transplant) [1].

Epidemiologic data on CKD in children may 
be underestimated because CKD can be asymp-
tomatic in its earlier stages, and the majority of 
studies only take into account patients with mod-
erate to severe CKD. Moreover, childhood CKD 
registries are usually limited to small reference 
populations.

Kidney damage stages are the following: Stage 
1, glomerular filtration rate (GFR) >90%; Stage 
2, GFR 89–60%; Stage 3, with biochemical alter-

ations, growth retardation, nutritional difficulties, 
and GFR 59–30%; Stage 4, with worsening of 
symptoms and GFR 29–15%; Stage 5, with end-
stage kidney disease, which requires renal 
replacement therapy and GFR <15% or dialysis 
(classification of different stages of CKD accord-
ing to the KDOQI guidelines [2]).

Despite these limitations, the incidence of 
pediatric CKD in Europe is reported to be around 
11–12 per million age-related population for 
stages 3–5, while the prevalence is ~55–60 per 
million age-related population. The incidence 
and prevalence of CKD are greater in males than 
in females because the frequency of congenital 
abnormalities of the kidney and urinary tract 
(CAKUT) is higher in males.

The most frequent causes of CKD are CAKUT, 
steroid-resistant nephrotic syndrome (SRNS), 
chronic glomerulonephritis (e.g., lupus nephritis, 
Alport syndrome), and renal ciliopathies (e.g., 
autosomal dominant polycystic kidney disease), 
which account for approximately 50, 10, 8, and 
5% of cases, respectively. These causes are sig-
nificantly different from the ones responsible for 
CKD in adults. Structural causes (such as renal 
hypoplasia or posterior urethral valves) are pre-
dominant in younger patients, while the inci-
dence of glomerulonephritis increases in those 
older than 12  years. Congenital malformation 
disorders are characterized by a slower progres-
sion to ESKD in comparison with glomerular 
diseases [3].
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Frailty is described as a state of increased vul-
nerability to health problems; in the general pop-
ulation, it has been shown to be predictive of 
adverse outcomes, including hospitalization, 
decreased quality of life, and mortality. Frailty is 
common in patients with CKD and is associated 
with an increased risk of adverse health outcomes 
[4–6]. The relationship between CKD and frailty 
is not completely understood. Studies have shown 
that inflammation is associated with frailty in 
many chronic diseases, and this suggests a 
“shared pathophysiology” of frailty. Shlipak 
et al. demonstrated that there are raised levels of 
proinflammatory cytokines in CKD patients.

The causes of a chronic proinflammatory state 
in CKD patients are not well understood, although 
it is likely that they are multifactorial. The 
increased plasma levels of proinflammatory cyto-
kines can be caused by both decreased renal 
clearance and increased cytokine production. The 
progressive reduction of renal function is associ-
ated with a significant increase in serum cytokine 
levels in CKD patients. Another important factor 
for the activation of the inflammatory response is 
the immunological effect of uremic toxins on the 
immune system [7].

Alterations in body composition have also 
emerged as another determinant of inflammation. 
Fat tissue is an active endocrine organ that pro-
duces several adipokines, including leptin, resis-
tin, adiponectin, IL-6, and TNF-a. Recently, a 
relationship between body fat mass (particularly 
truncal fat mass) and inflammatory parameters in 
CKD patients who are starting dialysis have been 
established. Thus, it is likely that the fat tissue 
production of inflammatory markers may con-
tribute to inflammation in CKD patients [8].

Chronic kidney disease is associated not only 
with the condition of chronic inflammation but also 
with different clinical problems, like anemia, 
growth retardation, malnutrition, bone mineral dis-
ease, hypertension and cardiovascular disease, 
reduced muscle strength, and fatigue. Patients need 
to attend frequent outpatient clinic visits and some-
times require long periods of hospitalization.

Anemia is a common complication in patients 
with CKD and is caused by decreased production of 
erythropoietin as well as iron dysregulation. Anemia 

is considered when hemoglobin falls below the age- 
and sex-specific fifth percentile value. The preva-
lence of anemia increases with advancing stages of 
CKD (the prevalence is 73% at stage III, 87% at 
stage IV, and 93% at stage V) [9, 10]. Treatment 
involves the administration of recombinant human 
erythropoietin and iron supplementation, and the 
treatment goal is to achieve hemoglobin levels of 
approximately 11  g/dL [11]. Anemia in CKD 
patients can cause many adverse clinical conse-
quences, including poor quality of life, depressed 
neurocognitive ability, reduced exercise capacity, 
and the progression of cardiovascular risk factors, 
like left ventricular hypertrophy [12].

Growth impairment is a common complica-
tion in pediatric CKD patients. The degree of 
growth impairment increases as GFR declines 
[13]. There is an evident correlation between 
growth impairment and the age of CKD onset. 
Infants with CKD are at a higher risk of severe 
growth retardation, considering that one third of 
total growth occurs in the first 2 years of life [14]. 
Malnutrition, metabolic acidosis, mineral and 
bone disease, anemia, and fluid and electrolyte 
abnormalities are all factors that contribute to 
growth impairment [3]. After infancy and early 
childhood, growth failure is also due to distur-
bances in growth hormone metabolism. However, 
inadequate nutrition due to vomiting and anorexia 
is the most important factor causing growth retar-
dation. Treatment with a recombinant human 
growth hormone is effective and does not carry 
the risk of major adverse events [15].

Chronic kidney disease-mineral and bone 
disease (CKD-MBD) is a systemic disorder of 
mineral and bone metabolism caused by CKD. It 
is defined by the presence of the following fea-
tures: abnormalities in calcium, phosphorus, 
parathyroid hormone, or vitamin D metabolism 
and abnormalities in bone histology or linear 
growth or strength; vascular or other tissue calci-
fication can develop if the disorder is not treated 
properly. The principal effect of CKD-MBD is 
growth retardation.

The effective treatment of CKD-MBD can 
reduce the development of cardiovascular dis-
ease, which can occur because of the presence of 
vascular calcification [16].
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Supplementation with vitamin D is started in 
the early stages of CKD. Phosphate control is 
crucial and begins with dietary restriction; 
however, it is usually difficult for children to 
follow a strict diet, and phosphate binders 
therefore become a necessity. Compliance with 
phosphate binders is often poor because of their 
unpleasant taste and the need to take them with 
every meal [17].

Hypertension can be present from the earliest 
stages of CKD, and its prevalence increases as 
GFR declines [18]. Hypertension represents a 
potential risk factor for cardiovascular morbidity 
in children with CKD during adulthood. Blood 
pressure should be checked at every outpatient 
clinical visit, and an antihypertensive treatment 
must be started as soon as blood pressure read-
ings are ≥90th percentile for sex and height.

Some patients with CKD have masked hyper-
tension (normal office blood pressure but ele-
vated ambulatory blood pressure), and for this 
reason, they need to undergo 24-h ambulatory 
blood pressure monitoring [19].

The effective control of blood pressure 
reduces cardiovascular morbidity and mortality 
and the progression of CKD. Antihypertensive 
therapy with renin–angiotensin–aldosterone 
system inhibitors is crucial, especially in pro-
teinuric patients [20].

Children with CKD are at risk of malnutri-
tion and protein energy wasting (PEW), which 
leads to weight loss and growth failure. In the 
context of CKD, the term PEW was proposed by 
the International Society of Renal Nutrition and 
Metabolism to describe a “state of decreased 
body stores of protein and energy fuels (body 
protein and fat masses)” [21]. Inadequate nutri-
tional intake, systemic inflammation, endocrine 
perturbations, and abnormal neuropeptide signal-
ing may contribute to PEW [1, 6–10]. This condi-
tion is characterized by maladaptive responses, 
including anorexia and increased metabolic rate, 
and is associated with low serum albumin and 
loss of body weight; muscle mass is reduced, 
whereas fat mass is normal or increased [22].

The pathophysiology of PEW syndrome in 
CKD is multifactorial, and many factors are 
involved, such as endocrine disorders (e.g., vita-

min D deficiency), acidosis, anemia, oxidative 
stress, inflammatory cytokines, volume overload, 
anorexia, metabolic disorders, and dietary 
restriction.

Anorexia plays a crucial role in the develop-
ment of PEW; in CKD patients, it is caused by a 
combination of factors, including altered taste, 
gastroesophageal reflux, delayed gastric empty-
ing, and elevated levels of numerous cytokines, 
such as IL-1, IL-6, and TNF-α. Alterations in 
appetite-regulating hormones, like leptin and 
ghrelin, may contribute to anorexia in these 
patients.

Moreover, a low-protein diet is usually pre-
scribed in the advanced stages of CKD. To obtain 
a reduction in protein intake, aproteic products 
are prescribed, but these are usually unpalatable. 
Compliance with these types of dietary products 
can be poor in children with CKD, leading to a 
worsening of malnutrition [23].

All these factors play a crucial role in children 
with CKD, who may face many issues, such as 
malnutrition, uremic toxins, inflammation, 
cachexia, and protein-energy wasting.

Muscle wasting and fatigue are caused by 
chronic inflammation, which is present in patients 
with CKD, as mentioned before. Inflammation 
activates the ubiquitin-proteasome system, which 
leads to increased muscle breakdown that is not 
balanced by a corresponding upregulation of ana-
bolic pathways.

The treatment of children with CKD with a 
recombinant human growth hormone has been 
identified as an important and significant 
determinant of higher muscle mass relative to 
height [21].

5.2  Newborns and Infants 
with CKD

Neonatal CKD is defined as a decrease in kidney 
function, which manifests in the neonatal period 
and is lifelong. The incidence is difficult to assess 
because there are only a few systematic studies 
available in the literature.

The gender distribution (male-to-female 
ratio of 2.8:1) is due to the higher prevalence of 
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obstructive uropathies (such as posterior ure-
thral valves) in males, which are frequent causes 
of CKD [24]. More than 50% of infants with 
CKD are premature. Preterm neonates have a 
higher risk of CKD for several reasons. First, 
they are born with a smaller complement of 
nephrons because nephrogenesis plateaus at 
36  weeks. Second, preterm neonates are fre-
quently exposed to nephrotoxic medications and 
other risk factors for developing acute kidney 
injury [25]. Finally, CKD is more prevalent in 
preterm neonates because prenatal kidney dis-
ease leads to a higher risk of preterm delivery 
(for example, oligohydramnios).

The principal etiologies of neonatal CKD are 
summarized in Table 5.1 [24].

Chronic kidney disease management in new-
borns and infants depends on the severity of the 
CKD and ranges from simple long-term surveil-
lance for mild CKD to renal replacement therapy 
for ESKD.

The pharmacological management of CKD 
centers around drugs to replace missing endoge-
nous renal products (erythropoietin, calcitriol), 
drugs to mimic the homeostatic functions of the 
kidney (phosphorus binders, potassium binders, 
and bicarbonate and sodium supplementation), 
and the administration of vitamins/minerals 
which are poorly absorbed or utilized in CKD 
(vitamin D, iron). Other drugs are used for spe-
cific indications, such as hypertension [26].

Growth and nutrition represent the corner-
stone of the management of CKD during this 
period of life. One of the most important reasons 

for paying attention to nutrition in this very 
young CKD population is its impact on growth. 
Both linear growth and neurodevelopment prog-
ress most rapidly during the first 3 years of life; 
therefore, inadequate nutrition during this period 
can cause serious growth and developmental 
delays that are difficult to recover later.

Nutritional intake is frequently suboptimal in 
infants with CKD. Anorexia is the primary rea-
son for growth failure, even in children with mild 
CKD.  As seen before, anorexia is caused by a 
combination of factors, including altered taste, 
gastroesophageal reflux, delayed gastric empty-
ing, and elevated levels of cytokines. Special 
milk formula and supplementation with malto-
dextrins are usually prescribed in these patients.

Gastrostomy or nasogastric feeding tubes are 
an essential component of the nutritional man-
agement of almost every infant on dialysis and 
for many with CKD [27].

In the case of ESKD, the choice of chronic 
renal replacement therapy usually falls on perito-
neal dialysis in the neonatal population. There 
are some indications for hemodialysis or continu-
ous renal replacement therapy in neonates, of 
which hyperammonemia is the most important.

Patients with a weight of less than 10 kg are 
not suitable for kidney transplantation. 
Considering the nutritional and growth problems 
seen in these infants, the target of 10 kg is not 
easy to reach, and patients can remain on dialysis 
for long periods, with consequent clinical com-
plications due to renal replacement therapy.

Newborns and infants with CKD can require 
long periods of hospitalization (like in the case of 
congenital nephrotic syndrome), and this fact can 
contribute to a delay in the acquisition of neuro-
developmental skills.

Taking care of a baby with all these problems 
is a full-time job for the family and can become a 
constant burden. For this reason, families should 
be offered psychological support.

The most important predictor of mortality in 
this patient age group is the presence of nonrenal 
diseases, like pulmonary or cardiological compli-
cations; in fact, CKD can also be a feature of 
polymalformative syndromes [24].

Table 5.1 The principal etiologies of neonatal chronic 
kidney disease

Etiologies of neonatal CKD
Congenital Acquired
Autosomal dominant polycystic 
kidney disease

Renal arterial 
thrombosis

Autosomal recessive polycystic 
kidney disease
Other renal ciliopathies
Renal dysplasia/CAKUT Renal vein 

thrombosisPosterior urethral valves
Other forms of urinary tract 
obstruction

A. Pession and C. Bertulli



65

5.3  Children and Adolescents 
with CKD

As mentioned before, children and adolescents 
with CKD are fragile subjects because of the dis-
ease itself and the complications caused by it. 
These patients require frequent visits to the hos-
pital for blood exams and checkups, and this can 
have a negative psychological impact as they will 
miss school and perceive themselves as being dif-
ferent from their peers.

Long hospital stays can be necessary, not only 
in newborns but also in older patients.

Treatment compliance is another crucial 
aspect, especially during adolescence [28].

Patients sometimes refuse to accept the dis-
ease and decide to stop taking medications 
because they do not see an immediate difference 
in their clinical status. It is necessary to create an 
open and sincere line of communication between 
doctors and patients, especially during this cru-
cial period.

The frequency of checkups increases during 
ESKD due to the fact that numerous biochemical 
and instrumental exams must be performed in 
order to schedule a living donor kidney transplant 
from a relative or to put the patient on the deceased 
donor kidney transplant waiting list. The transplant 
workup usually includes blood exams, virological 
status, echocardiography, abdominal ultrasound 
and Doppler, chest X-ray, ophthalmological evalu-
ation, bone age assessment, and urological evalua-
tions in patients with urological malformations 
(like vesicoureteral reflux, posterior urethral valves, 
neurological bladder).

5.4  Transplanted Patients

In children with ESKD, renal replacement ther-
apy must be considered. Today, kidney transplan-
tation is the treatment of choice and has widely 
substituted, when possible, both peritoneal and 
hemodialysis.

A recipient weight of at least 10 kg is required 
to minimize the risk of vascular thrombosis and 
to accommodate a comparatively large adult kid-
ney [29].

It is necessary that the patient has completed 
the vaccination schedule for age before starting 
posttransplant immunosuppression therapy; this 
is especially so for live vaccines, which are con-
traindicated after transplant [30].

Recently, perioperative volume management 
and donor selection have significantly improved 
surgical outcomes; however, vascular thrombo-
sis (3.2% of pediatric kidney transplants) 
remains a cause of graft loss in the pediatric 
population [31].

After transplantation, the patients start immu-
nosuppressive therapy, which will be continued 
throughout their lives and consists of calcineurin 
inhibitors, antiproliferative agents, and cortico-
steroids. These therapies expose the patients to 
opportunistic infections.

Another problem for transplanted patients is 
posttransplant lymphoproliferative disease (PTLD): 
the most frequent types of cancers are skin cancers, 
particularly squamous cell carcinoma and mela-
noma; anogenital/gynecologic cancers; Kaposi’s 
sarcoma; sarcoma; thyroid tumors; hepatobiliary 
tumors; leukemia; and brain tumors. The recom-
mended strategies for the prevention and monitoring 
of secondary malignancies are virological monitor-
ing, vaccination, education, and routine cancer sur-
veillance. A higher incidence is seen in Epstein-Barr 
virus (EBV)-negative recipients at 5 years posttrans-
plant, compared with EBV-positive recipients [32].

Persistent posttransplant hypertension is a 
common complication and a risk factor for 
adverse cardiovascular outcomes. Left ventricular 
hypertrophy serves as an intermediate endpoint 
for cardiovascular disease risk stratification. The 
aggressive treatment of high blood pressure is 
crucial for reducing cardiovascular disease. The 
treatment goal is to obtain a blood pressure around 
the 50th percentile for sex and height [33, 34].

Age at transplantation (prepuberal or puberal), 
allograft function, and corticosteroid therapy are 
the main factors that influence growth after kid-
ney transplant. After transplant, growth velocity 
can improve if attention is paid to conservative 
measures, particularly in younger children, such 
as adequate nutritional intake, correction of met-
abolic acidosis, prevention of renal osteodystro-
phy, and steroid reduction or avoidance.
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Graft survival has progressively improved 
over the last two decades, thanks to increased 
awareness regarding donor source and recipient 
age. Data collected from 2006 to 2010 showed 
that living donor graft survival of pediatric 
patients at 1 and 5 years was 96.5% and 86.1%, 
respectively, while deceased donor recipients 
have lower graft survival rates of 96.3% and 
77.5%, respectively [35]. Adolescents have the 
poorest 5-year results of any age group, including 
adults; this can be explained by the reduced com-
pliance to therapy seen in this age group, which 
can lead to graft loss in some cases. During ado-
lescence, patients tend to compare themselves to 
their peers, and even the presence of abdominal 
scars or other feeding or dialysis devices placed 
within the body can represent a problem and a 
limitation for the socialization of the patient.

Another crucial point that can influence graft 
survival is the transition into adult care. Early 
preparation of the family, with the patient; the use 
of checklists to document maturing transition 
skills, and a gradual transition instead of an 
abrupt transfer are necessary. It is crucial to cre-
ate a multidisciplinary team, which includes a 
pediatric nephrologist, an adult nephrologist, and 
pediatric and adult psychologists, who work 
together with the family and the patients and par-
ticipate in clinical outpatient visits during the 
months before the transition [36].

Even considering the improvements in pediatric 
kidney transplant over the last few years, we must 
bear in mind that transplantation is not a curative 
treatment, and subsequently, the ongoing chronic 
illness persists in terms of daily immunosuppres-
sive treatment and its potentially unpleasant side 
effects, the fear of organ dysfunction, and the need 
for continuous medical supervision.

5.5  Health-Related Quality 
of Life and Psychological 
Aspects

Medical and surgical advances have changed the 
physical outcomes and survival rates of children 
with CKD drastically.

However, a chronic disease like CKD remains 
demanding, time-consuming, and invasive, plac-

ing high demands on children and their families; 
these patients deal with a life of limitations, and 
their quality of life is significantly impaired. 
Chronic kidney disease affects many aspects of the 
life of these children: they are subjected to daily 
dietary and fluid restrictions, difficult and invasive 
treatments with complex drug regimens, and even 
hospitalization; they can have devices in their bod-
ies for feeding or dialyzing. All these aspects influ-
ence their physical, emotional, and sexual growth. 
Data in the literature have shown that these emo-
tional alterations in patients with CKD and their 
caregivers can also persist into adulthood [37].

Chronic kidney disease also places particular 
demands on a child’s social life. Children need to 
be with their peers in and out of school, playing 
sports and participating in other activities with 
classmates and friends. Medical appointments, 
dialysis sessions, and home medication therapies 
significantly reduce social time. These children 
may become more and more isolated, making 
peer acceptance a bigger issue. Data from the lit-
erature have demonstrated that children undergo-
ing dialysis have worse emotional performance 
in comparison to those undergoing conservative 
treatment and transplanted patients. Data on 
school performance have shown that children 
with CKD are at risk of impairment [38].

The management of these patients represents 
a challenge for the healthcare team and for the 
patients and their caregivers.
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6Children with Chronic Liver 
Disease

Giuseppe Maggiore, Claudia Della Corte, 
Daniela Liccardo, Antonella Mosca, 
and Andrea Pietrobattista

A child with a chronic liver disease (CLD) is a 
frail child, exposed to the several consequences 
of chronic liver damage, such as malnutrition, 
sarcopenia, fat-soluble vitamin deficiency, gas-
trointestinal bleeding related to portal hyperten-
sion, and reduced synthesis of clotting factors, 
also due to vitamin K deficiency, ascites, and 
severe pruritus disturbing the night sleep 
(Fig. 6.1). These conditions make the quality of 
life of these children very poor. Moreover, 
chronic and active liver damage progressively 
lead to cirrhosis and end-stage liver disease 
(ESLD).

In the recent years, for the majority of these 
frail children with CLD, liver transplantation 
(LT) has become a powerful therapeutic option 
with a high rate of success and with a dramatic 
improvement of their quality of life [1].

The principal causes of frailty in children due 
to chronic liver diseases are: (1) cholestatic liver 
disorders, (2) inflammatory liver diseases, (3) 
metabolic liver disorders (MLD), and nutritional 
metabolic liver damage.

6.1  The Frail Infant/Child 
with a Cholestatic Liver 
Disease

Neonatal jaundice is a common and benign con-
dition. However, a minority of infants (1:2500) 
can present, within the first 3 months of life, 
with prolonged jaundice caused by a reduction 
of bile flow with accumulation in the liver and 

G. Maggiore (*) · C. D. Corte · D. Liccardo · 
A. Mosca · A. Pietrobattista 
Hepatogastroenterology, Nutrition, Digestive 
Endoscopy and Liver Transplant Unit, IRCCS 
Ospedale Pediatrico Bambino Gesù, Rome, Italy
e-mail: giuseppe.maggiore@opbg.net;  
claudia.dellacorte@opbg.net; daniela.liccardo@opbg.net; 
antonella.mosca@opbg.net; 
andrea.pietrobattista@opbg.net

Fig. 6.1 The frail infant with biliary cirrhosis and end- 
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in extrahepatic tissues of substances normally 
excreted in the bile, such as bilirubin, choles-
terol, and bile acids. This condition is defined 
as neonatal cholestasis (NC). NC is character-
ized by a conjugated hyperbilirubinemia (direct 
bilirubin levels >1.0 mg/dL or >17 mmol/L for 
total serum bilirubin of up to 5  mg/dL and a 
direct bilirubin fraction of more than 20% of the 
total bilirubin for values greater than 5 mg/dL). 
NC may be the presenting sign of severe hepa-
tobiliary or metabolic diseases causing end-stage 
liver disease (ESLD) and death [2]. Cholestasis 
refers to a defect in intrahepatic production or 
the transmembrane transport of bile components 
or a mechanical obstruction causing abnormal 
bile flow. The most common causes of NC are 
biliary atresia (BA) (25–40%) and an array of 
individually uncommon monogenetic disorders 
(25%). Other causes of cholestasis are related to 
preterm birth (10%), infectious diseases (1–9%), 
biliary sludge (2%), and, finally, idiopathic cases 
(13–30%) [2]. Often, the etiology is unknown; 
however, recently, the rate of patients designated 
as having “idiopathic neonatal hepatitis” contin-
ues to decline with advancements in the discov-
ery of new etiologies, mostly with the increasing 
use of available next-generation DNA sequenc-
ing (NGS) technologies. Once NC is diagnosed, 
an extensive systematic approach is crucial to 
promptly achieve a rapid diagnosis so a specific 
and often life-saving therapy can be started.

Rapid diagnosis is essential, particularly for 
BA, because the early surgical intervention of 
hepatoportoenterostomy (Kasai procedure) 
before 2  months of age correlates with better 
long-term outcomes with a native liver. 
Unfortunately, the diagnosis of BA is often 
delayed, and for this reason, the value of direct 
bilirubin should be systematically determined in 
any infant presenting with prolonged jaundice 
lasting longer than 14 days of age for term and 
21  days for preterm infants with or without 
depigmented stool [3]. Overall, the NC diagnos-
tic approach is challenging since the differential 
diagnosis is broad. The number of unique disor-
ders presenting with cholestasis in the first 
months may be greater than at any other time in 
life and includes a wide range of causes. The 

mandatory diagnostic workup should include 
extensive biochemical, radiological, and clinical 
investigations. In 2017, the North American and the 
European Society for Pediatric Gastroenterology, 
Hepatology and Nutrition published a common 
guideline for the evaluation of cholestatic infants, 
where, however, it is clearly stated that these 
guidelines are intended to be flexible and tailored 
to the individual patient and local practice and 
are not meant to determine standards of care for 
all infants [4]. All infants with NC will benefit 
from both early nutritional interventions with 
medium-chain triglyceride (MCT)-containing 
formula and fat-soluble vitamin supplementation 
to enhance growth and prevent intestinal malab-
sorption, which can result in malnutrition and 
frailty [5]. Infantile cholestatic disorders might 
be progressive, and thus medical management 
should include the treatment of possible compli-
cations, such as pruritus, portal hypertension, and 
bacterial cholangitis, which can further concur to 
the concept of frailty.

6.1.1  Principal Causes of Neonatal 
Cholestasis

6.1.1.1  Biliary Atresia
Biliary atresia is a rare obliterative cholangiopa-
thy of unknown origin involving intra- and extra-
hepatic biliary structures. Its prevalence in 
Europe and the USA varies from 1:5000 to 
1:20,000 live-born. BA spontaneously progresses 
to cirrhosis and ESLF in the first years of life. Its 
treatment is principally surgical and is based on 
two sequential procedures: the Kasai portoenter-
ostomy (KP), corresponding to a bilio-digestive 
anastomosis between the porta hepatis and an 
intestinal Roux loop, and, in the case of failure of 
this procedure, LT [6]. BA is the main indication 
of the need for pediatric liver transplants world-
wide [7]. BA presents, most commonly, with 
cholestasis between 2 and 5 weeks of life; the eti-
ology is unknown, and theories on his pathogen-
esis include genetic contributions to bile duct 
dysmorphogenesis, viral infection, toxins, or 
chronic inflammatory or immune-mediated bile 
duct injury [8]. BA does not seem to be a single 
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entity but appears to be a pathological phenotype 
caused by different etiologies, including a perina-
tal insult that triggers an immune-mediated oblit-
eration of the extrahepatic bile duct lumen or an 
embryonic or fetal defect in the normal morpho-
genesis of the biliary tree [9]. Two clinical phe-
notypes of BA exist: “classical,” which is not 
associated with extrahepatic congenital anoma-
lies, and “BA associated with splenic malforma-
tion,” which includes other congenital anomalies, 
such as, most frequently, situs inversus, asplenia, 
polysplenia, preduodenal portal veins, cardiac 
malformations, and intestinal malrotation [10]. 
The success of hepatoportoenterostomy depends 
on the precocity of the diagnosis and surgery 
[11]. Unfortunately, in the early phase of the dis-
ease, a newborn with BA appears healthy, meco-
nium is rarely discolored, stools are only 
moderately discolored, and jaundice is mild. In 
regions with a high prevalence of BA, such as 
Taiwan (1:2700), a strategy based on universal 
screening using a stool color card has been suc-
cessfully developed [12]. Abdominal Doppler 
ultrasound is noninvasive and is early recom-
mended during NC diagnostic workup. It can 
detect abnormalities in the liver and gallbladder 
suggesting BA. Infants with BA often suffer from 
the absence of the gallbladder or from a small 
contracted gallbladder; however, a normal gall-
bladder does not rule out BA. The presence of a 
triangular or tubular echogenic cord of fibrous 
tissue at the porta hepatis representing the biliary 
remnant, described as the “triangular cord sign,” 
has a diagnostic sensitivity for BA of 70% [2]. A 
definitive diagnosis of BA relies on liver biopsy 
and intraoperative cholangiography. The classic 
histologic findings are enlarged portal tracks with 
fibrosis, bile plugs, and bile duct proliferation, 
while intraoperative cholangiography documents 
the lack of a patent extrahepatic bile duct.

The current standard treatment for BA is based 
on KP, which aims to obtain successful bile 
drainage and the clearance of jaundice. If KP is 
performed within the first 60 days of life, 70% of 
patients will establish bile flow, while after 
90  days of life, less than 20% of patients will 
have bile flow. Management of patients with a 
late diagnosis (>90 days) of BA is still controver-

sial about indication to perform KP or directely 
shift to liver transplantation. The overall outcome 
of KP is related to the clearance of bilirubin, and 
avoidance of ascending cholangitis, which are 
both supposed to improve survival with native 
liver and delay of LT. KP is a palliative surgery 
and resolves cholestasis in about half of patients; 
however, in 70% of patients, hepatic fibrosis will 
progress to cirrhosis (Fig. 6.2), and these patients 
will require LT.  Exactly for this purpose and 
despite some differences among various centers, 
post-KP standard protocol treatment has been 
always based on long-term prophylactic antibiot-
ics and adjuvant steroid therapy [13]. Cholangitis 
is a common complication of KP, with an inci-
dence variable between 40 and 93% [14]. In most 
case series, more than half of patients have their 
first episode of cholangitis within the first 
6  months, and several postoperative antibiotic 
prophylaxes have been used to reduce this com-
plication. Adjuvant steroids have been used 
empirically for many years after KP to reduce the 
risk of fibrosis, treating inflammation at the porta 
hepatis. However, both treatments reached just 
controversial results in the literature [15, 16].

The outcome of KP depends on early surgery 
performed before the age of 6 weeks and on the 
caseload of the center performing the primary 
surgery. Long-term results of KP show a survival 
rate with the native liver at 10 years in about 30% 
of patients and at 20 years of about 25%. At pres-
ent, sequential treatment for biliary atresia results 
in long-term survival, with a good quality of life, 
in more than 90% of treated patients.

Fig. 6.2 Macroscopic features of biliary cirrhosis in bili-
ary atresia
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6.1.1.2  Genetic Cholestasis

Progressive Familial Intrahepatic 
Cholestasis (PFIC)
PFIC is a heterogeneous group of rare autosomal 
recessive liver disorders of childhood character-
ized by mutations in genes encoding proteins 
involved in the hepatocellular transport system 
and bile formation (Table 6.1). The exact preva-
lence remains unknown, but the estimated inci-
dence varies between 1:50,000 and 1:100,000 
births. The pathogenesis of cholestasis in PFIC 
includes defects in canalicular transport, tight 
junction integrity, nuclear signaling, vesicular 
trafficking, and membrane maintenance, which 
cause the loss of bile acids and lipid homeostasis 
[17]. Historically PFIC1, PFIC2, and PFIC3 are 
the principal subtypes of PFIC, but with the use 
of NGS, other inherited cholestatic liver diseases 
have been detected. Both PFIC1 and PFIC2 are 
caused by impaired bile salt secretion due to 
defects in ATP8B1 encoding the FIC1 protein 
and in ABCB11 encoding the bile salt export 
pump (BSEP) protein, respectively [18]. Patients 
with PFIC1 present recurrent episodes of jaun-
dice within the first few months of life and 
develop short stature, deafness, pancreatitis, and 
persistent diarrhea later. In PFIC2, the disruption 
of BSEP results in the accumulation of bile acids 
within the hepatocytes, causing severe cholesta-
sis, potentially progressive to ESLD within the 
first few years of life. Children with PFIC2 also 
have an increased risk of developing hepatocel-
lular carcinoma. Defects in ABCB4, encoding 
the multidrug resistance 3 protein (MDR3), 
impair biliary phospholipid secretion, resulting 
in PFIC3. The bile of infants with PFIC3 has 
insufficient phospholipid concentration, making 
the micelles unstable and toxic to bile ducts, 
which ultimately produce intra and lobular chol-
angiopathy [19]. Over the past years, the PFIC 
group is expanding with new subtypes. Tight 
junction protein 2 (TJP2) deficiency has been 
identified and included [19]. MYO5B deficiency, 
which impairs the targeting of BSEP to the cana-
licular membrane, may underlie 20% of previ-
ously undiagnosed low gamma-glutamyl 
transferase (GGT) cholestasis without intestinal 

involvement [20]. More recently, the homozy-
gous loss of the farnesoid X receptor (FXR) func-
tion due to NR1H4 mutations has been described 
as a new low GGT form of severe PFIC [21]. 
FXR plays an important role in bile acid homeo-
stasis and is involved in the regulation of other 
known cholestasis genes. Early-onset vitamin-K- 
independent coagulopathy and markedly elevated 
AFP levels may help distinguish FXR deficiency 
from other forms of PFIC.

The main clinical features of PFIC include 
cholestasis, jaundice, and pruritus, which can 
evolve into ESLD and death or to rescuing LT 
from infancy to adulthood. Diagnosis is made by 
a genetic test, together with a detailed history, 
physical examination, laboratory tests (mainly 
serum bile acids that are high), imaging, or histo-
logical evaluations if needed, as well as specific 
tests to exclude other causes of childhood cho-
lestasis. The medical management of PFIC ini-
tially is based on nutritional support to optimize 
the absorption of fat and fat-soluble vitamins and 
achieve weight gain in the presence of intestinal 
malabsorption due to profound cholestasis. 
Pruritus often requires aggressive treatment with 
multiple therapies, including ursodeoxycholic 
acid (UDCA), cholestyramine, rifampin, and opi-
oid antagonists. In medically refractory cases or 
in the presence of advanced liver disease, treat-
ment may include surgical biliary diversions and 
LT. A new medical approach, includes the use of 
inhibitors of the ileal apical sodium-dependent 
bile acid transporter (ASBTi), which block BA 
enterohepatic recirculation (IBATi) [4]. 
Noteworthy, the prognosis and outcome after LT 
may vary depending on the PFIC subtype. In the 
scope of cholestasis with normal GGT, the dif-
ferential diagnosis should always include a high 
suspicion of PFIC.

6.1.1.3  Alagille Syndrome (ALGS)
ALGS is a multisystem disease that includes 
chronic cholestasis due to the progressive paucity 
of interlobular bile ducts. ALGS is an autosomal 
dominant disease, with gene mutations within the 
Notch signaling pathway; JAGGED1 (JAG1) 
accounts for 95% of cases and NOTCH2 for 
2–3%. JAG1 is expressed early in the  development 
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of the cardiopulmonary system, biliary system, 
kidney, and brain [22]. There is great variability in 
the penetrance of disease even in the same family. 
Due to the variable clinical presentation of ALGS, 
it is difficult to know the exact incidence and prev-
alence. It is estimated that the prevalence of ALGS 
varies from 1:30,000 to 1:100,000 [2]. Extrahepatic 
manifestations include vascular, facial, ocular, car-
diac, vertebral, and renal anomalies; therefore, a 
multidisciplinary approach is mandatory for its 
medical management. ALGS is diagnosed when 
an individual has three out of seven major clinical 
features (Table 6.2). Bile duct paucity on liver his-
tology is no longer considered mandatory for the 
diagnosis; the presence of chronic cholestasis with 
a genetic test can be used instead. Liver function 
tests usually show elevated direct bilirubin, serum 
aminotransferases, GGT, serum bile acids, and 
cholesterol levels [23]. Severe hypercholesterol-
emia can lead to the development of xanthomas. 
Growth failure, delayed puberty, and malnutrition 
are common in children with ALGS.  Children 
with ALGS, probably because of their genetic 
defects, have poorer growth than children with 
other types of CLD. The treatment of liver involve-
ment in ALGS is mainly supportive, trying to ame-

liorate severe pruritus and xanthomas with agents 
that reduce cholestasis (UDCA, naltrexone, 
rifampin, and cholestyramine). Surgical biliary 
diversion techniques have been used for this pur-
pose, without changing overall disease progres-
sion. LT for end-stage liver disease has an 80% 
5-year survival rate, improving liver function and 
catch-up growth [24]. One of the life-threatening 
complications of ALGS is related to cerebral vas-
cular anomalies, which can lead to strokes, and 
intracranial or internal carotid artery aneurysms, 
which can result in catastrophic bleeding [2]. The 
potential for vascular anomalies is particularly 
concerning in the setting of LT, and it is recom-
mended that children with ALGS who are being 
evaluated for transplantation have magnetic reso-
nance imaging with angiogram to screen for intra-
cranial and intra-abdominal vascular anomalies. 
As for the PFIC group, also in ALGS, new thera-
pies that target the enterohepatic circulation of bile 
acids have been proposed, targeting the symptom 
of pruritus [4]. A recent placebo-controlled trial of 
an IBATi for pruritus in ALGS revealed decreases 
in caregiver and clinician “itch scores” and serum 
bile acid concentration in the IBATi group [25].

6.2  The Frail Child 
with an Inflammatory 
Chronic Liver Disease

Chronic inflammatory liver diseases in children, 
because of the widespread vaccination against the 
hepatitis B virus and the low rate and recent effica-
cious treatment of hepatitis C virus (HCV) infec-
tion, are mostly represented by autoimmune liver 
diseases (AILD). AILD belong to a wide spectrum 
of inflammatory hepatic disorders of unknown eti-
ology, in which liver damage is likely to arise from 
an autoimmune attack that, if untreated, can evolve 
into irreversible derangement of the liver architec-
ture and the loss of function.

In pediatric patients, three main types of auto-
immune disorders are described based on the 
main target of inflammatory damage

Table 6.2 Clinical characteristics and diagnostic criteria 
for ALGS

Organ/system Presentation
Liver/
cholestasis

Neonatal onset of conjugated 
hyperbilirubinemia, elevated total 
serum bile acids with or without pale 
stools

Dysmorphic 
facies

Broad forehead, deep-set eyes, 
prominent ears, straight nose with a 
bulbous tip, and pointed chin 
(triangular face appearance)

Congenital 
heart disease

Most frequently peripheral pulmonary 
artery stenosis but also pulmonary 
atresia, atrial septal defect, ventricular 
septal defect, and tetralogy of Fallot

Vertebral 
anomalies

“Butterfly” vertebrae

Eye Posterior embryotoxon
Renal Heterogenic group of renal 

abnormalities (renal cyst, dysplasia, 
uteropelvic junction obstruction)

Vascular Abdominal and cerebral vascular 
anomalies (Moyamoya syndrome)
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• Autoimmune hepatitis (AIH), in which hepa-
tocytes represent the principal target involved 
in liver damage

• Autoimmune sclerosing cholangitis (ASC), in 
which cholangiocytes and biliary structures 
are mainly affected

• “AIH/ASC overlap syndromes,” in which 
hepatocytes and cholangiocytes are equally 
and simultaneously damaged

6.2.1  Autoimmune Hepatitis

AIH is characterized by high serum activity of 
transaminases, elevated immunoglobulin G lev-
els, and the presence of specific autoantibodies. 
Depending on the autoantibody pattern, two 
types of AIH are defined in children: AIH type 1, 
with seropositivity for smooth muscle antibodies 
(SMA) and/or antinuclear antibodies (ANA), and 
AIH type 2, with positivity for anti-liver kidney 
microsome type 1 antibody (anti-LKM1) and/or 
anti-liver cytosol type 1 antibody (anti-LC1) 
[26]. These two types of AIH differ in age at 
onset, the type of presentation, and the response 
to treatment withdrawal, as reported in Table 6.3. 
Moreover, in 10–15% of cases, no antibodies are 

detected in the blood; even the histological fea-
tures and response to therapy are identical to 
those in the classic forms of AIH; these forms are 
called “seronegative autoimmune hepatitis” [27].

The prevalence of AIH is unknown and prob-
ably underestimated. It varies between different 
geographical areas, but generally, it is about two 
to three cases per 100,000 pediatric patients, with 
a higher prevalence in girls. Recent data showed 
an increase in the prevalence of this disease from 
3 to 12% in the last decade in the pediatric popu-
lation attending a tertiary center.

The etiology of AIH is unknown, even if both 
genetic and environmental factors are involved in 
its pathogenesis. In fact, in genetically predis-
posed individuals, environmental factors, not yet 
identified, trigger an inappropriate response to 
certain antigens causing hepatic damage. 
Susceptibility to AIH is linked to genes in the 
human leukocyte antigens that are involved in 
antigen presentation to CD4 T cells [28].

The clinical spectrum of AIH is particularly 
variable, and sometimes it can be completely 
asymptomatic, and the diagnosis is made follow-
ing an incidental finding of raised hepatic amino-
transferases and/or the finding of hepato- and/or 
splenomegaly on routine evaluation (20% of 
cases). The most frequent possible clinical pre-
sentations are the following:

• Acute hepatitis (the most frequent, 70% of 
cases), characterized by nonspecific symptoms 
(fatigue, malaise, nausea/vomiting, abdominal 
pain), followed by more specific signs, such as 
jaundice, pale stools, and dark urine; in some 
cases, an evolution to fulminant hepatic failure 
is reported.

• Insidious onset (10% of cases), with fatigue, 
weight loss, and relapsing jaundice, lasting 
several months before diagnosis.

• Complications of undiagnosed cirrhosis with 
portal hypertension (<1% of cases), such as 
ascites or gastrointestinal bleeding.

As described in the case of other autoimmune 
disorders, also AIH, in association with other 
extrahepatic autoimmune diseases, can occur in 
nearly 20% of cases.

Table 6.3 Clinical characteristics of autoimmune hepatitis

AIH type I 
(ANA/ASMA +)

AIH type II (LKM 
+)

Age of onset Children to 
adulthood with 
two reported 
peaks, at 10–20 
years and 
45–65 years

Children, 
median age 10 
years

Gender (F, M) 4:1 9:1
Clinical 
presentation

Variable Generally severe

Response to 
treatment

Generally good Generally good 
but high risck of 
fulminant 
hepatic failure at 
onset

Risk of 
recurrence after 
treatment 
withdrawal

High High

Prognosis Good Good
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Table 6.4 Diagnostic criteria for AIH in children

Laboratory findings
Hypertransaminasemia +/− hyper 
GGT +/− hyper-IgG

Autoantibodies ANA/ASMA/LKM/LC-1 >1:20
Liver biopsy Interface hepatitis and other 

histological features associated 
with AILD (lymphoplasmacytic 
infiltrate, rosette formation, etc.)

Exclusion of 
other chronic 
liver disorders

Wilson disease, viral hepatitis, 
metabolic diseases, alpha1- 
antitrypsin deficiency

Because of the absence of a unique diagnostic 
biomarker and various clinical and laboratory pre-
sentations, the diagnosis of AIH can be insidious. 
The diagnosis is based on a combination of clini-
cal, laboratory, histological, and imaging findings 
when other chronic liver diseases are ruled out by 
appropriate tests (Table 6.4). To support clinicians 
in the diagnostic workup, the International 
Autoimmune Hepatitis Group (IAIHG) has pro-
posed a scoring system, which includes the activ-
ity of transaminases, IgG levels, liver-specific 
autoantibodies, other autoimmune disorders, and 
characteristic histological features, giving a final 
value indicative of probable or definite AIH. Liver 
biopsy is useful in the diagnostic workup of AIH, 
and it should be done if clotting tests are normal. 
The typical histological finding is interface hepa-
titis, characterized by a dense mononuclear and 
plasma cell infiltration of the portal area, damag-
ing the limiting plate. Hepatic regeneration with 
rosette formation may also be present [29, 30].

The cornerstone of AIH treatment is immuno-
suppression, which is effective in approximately 
90% of cases. The “conventional” schedule of 
treatment consists of prednisone at the dose of 
1–2 mg/kg/die (maximum 60 mg/die), which is 
progressively reduced on the basis of biochemi-
cal response to the lowest dose compatible with 
biochemical remission, associated with azathio-
prine as a steroid-sparring agent. Azathioprine 
may be used at diagnosis or added after a few 
weeks at a starting dose of 0.5–1 mg/kg/die and is 
increased up to 2.0–2.5 mg/kg/day [31].

Usually, in the first 6 months of treatment, 
75–90% of patients normalize their liver function 
tests, inducing a phase of remission of liver dis-
ease. Unfortunately, in a subgroup of patients 
(about 10%), standard immunosuppression is 

unable to induce and maintain stable remission or 
is not well tolerated long term because of its side 
effects. In these patients, other immunosuppres-
sive agents are needed, aiming to prevent pro-
gression to ESLD.

The most frequent side effects of steroid ther-
apy are represented by cushingoid features, with 
weight gain, facies lunaris, dorsal hump, cutane-
ous striae, acne, and hirsutism, which often lead 
to poor compliance, particularly in adolescent 
girls. Severe but less frequent adverse effects are 
osteopenia with the risk of vertebral collapse, 
diabetes, cataracts, and hypertension, which usu-
ally occur after prolonged therapy at a high dos-
age. The main alternative treatments are based on 
the use of cyclosporine (Cys A) and mycopheno-
late mofetil (MMF) [32]. Several studies reported 
the efficacy and safety of Cys A as a first-line 
option to induce remission in selected subsets of 
patients in which side effects due to conventional 
schedule are to be avoided or in patients with fre-
quent relapses during standard therapy. MFM is 
another second-line option for AIH patients who 
are nonresponders or intolerant to conventional 
treatment with azathioprine. In difficult-to-treat 
patients, who are resistant or intolerant to con-
ventional treatments, the use of the most power-
ful calcineurin inhibitors, such as tacrolimus, 
should be considered. LT may become necessary 
in 5–10% of patients with AILD, or in case severe 
acute onset forms unresponsive to rescue thera-
pies or in cases with poor control evolving to cir-
rhosis and end-stage liver disease. AIH recurs 
frequently after LT in approximately 20–40% of 
cases.

6.2.2  Autoimmune Sclerosing 
Cholangitis (ASC)

ASC is characterized by a chronic inflammatory 
liver damage involving intra and extrahepatic bile 
ducts associated with autoimmune features. The 
diagnosis is based on biliary imaging demonstrat-
ing typical large and medium size bile ducts altera-
tion such as stricture, dilatation, and irregularity of 
bile duct profile and by liver biopsy revealing 
pathognomonic features of inflammatory cholan-
giopathy, as fibrous obliterative cholangitis of 
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small bile ducts. As previously stated, ASC may 
demonstrate features akin to AIH, with the simul-
taneous autoimmune aggression of hepatocytes 
and cholangiocytes. This condition, called “over-
lap syndrome,” is today referred to as 
ASC. Moreover, a possible evolution from AIH to 
ASC in the same patient exists, confirming that 
these entities are part of the same pathogenetic 
process [32].

ASC frequently occurs in association with 
other immune-mediated disorders and, in partic-
ular, with chronic inflammatory bowel diseases. 
In fact, several studies have demonstrated that the 
progression of biliary disease may be linked to 
persistent inflammatory bowel damage. Children 
with ASC are treated with the same schedule 
used in AIH patients, to which is added UDCA at 
the dose of 15–20 mg/kg/die. The prognosis of 
ASC is worse than AIH because disease progres-
sion to irreversible liver damage requiring LT is 
described in 50% of cases despite adequate treat-
ment. ASC also may recur in liver grafts.

6.2.3  Giant Cell Hepatitis 
Associated with Autoimmune 
Hemolytic Anemia (GCH-AHA)

GCH-AHA is a rare form of AILD typical of 
infancy, characterized by a severe course and poor 
response to conventional immunosuppressive ther-
apies. GCH-AHA presents generally in the first 
year of life, with autoimmune hemolytic anemia 
associated with acute liver injury histologically 
defined by widespread giant cell transformation. 
This liver disease has a less favorable response to 
immunosuppressive treatment compared to classi-
cal AILDs and shows high mortality despite and 
recurrence after liver transplant [33].

6.3  The Frail Infant/Child 
with a Metabolic Liver 
Disease (MLD)

Inborn metabolic disorders comprise a wide 
group of diseases caused by enzyme defects 
affecting amino acids, carbohydrates, metal and 
lipid metabolism, as well as mitochondrial 

defects [34, 35]. The newborn screening allows 
identifying a wide number of these inherited met-
abolic disorders, and it is a useful tool to reduce 
morbidity and mortality rates.

MLD represents about 10–15% of acute liver 
failure in infants and children and approximately 
10% of pediatric liver transplants. In some cen-
ters, MLD is the second most common indication 
of pediatric LT after BA [36]. This percentage 
increases from 30 to 50% for children under the 
age of 3  years. The precocity of the diagnosis 
influences the prognosis of these children as it 
allows the timely undertaking of specific thera-
pies aimed to avoid irreversible damage in treat-
able diseases. For these reasons, the diagnostic 
approach to children with MLD requires an accu-
rate clinical and anamnestic evaluation as well as 
specific biochemical investigations (Table 6.5).

Table 6.5 First- and second-line investigations in evalu-
ating a patient with a liver disease

First-line investigations
Alanine and aspartate aminotransferases 
(transaminases)
Alkaline phosphatase, lactate dehydrogenase, 
cholinesterase
Gamma-glutamyl transpeptidase, bilirubin, conjugated 
and unconjugated
Serum bile acids, alfa-fetoprotein
Coagulation studies: PT, PTT, factors V, VII, and XI
Glycemia, albumin, prealbumin
Urea, creatinine, uric acid, CK
Ammonia
Hepatitis A, B, C; cytomegalovirus; EBV; herpes 
simplex; toxoplasmosis; HIV
Bacterial cultures of blood and urine

Second-line investigations in suspected metabolic liver 
disease
Plasma/serum
   Copper, ceruloplasmin
   Serum iron and ferritin, transferrin, and transferrin 

saturation
   Galactose-1-phosphate uridyltransferase 

(galactosemia)
   Lactate, pyruvate, 3-hydroxybutyrate, acetoacetate
   Free fatty acids, very-long-chain fatty acids 

(peroxisomal disorders)
   Amino acids, transferrin isoelectric focusing (CDG 

syndromes)
   Free and total carnitine, acylcarnitine profile
   A1-antitrypsin activity and PI phenotyping

(continued)
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Second-line investigations in suspected metabolic liver 
disease
   Lysosomal enzymes
Urine
   Amino acids, ketones
   Reducing substances/sugars (galactosemia, fructose 

intolerance)
   Individual bile acids (bile acid synthesis defects)
   Organic acids (incl. specific assays for orotic acid 

and succinylacetone)
   Copper in 24 h urine

PT prothrombin time, PTT partial thromboplastin time, EBV 
Epstein-Barr virus, HIV human immunodeficiency virus

Table 6.5 (continued)

6.3.1  Inborn Errors in Protein 
Metabolism

6.3.1.1  Urea Cycle Defects (UCDs)
UCDs are rare inherited defects in the urea cycle 
enzymes, leading to a reduced ability to convert 
ammonia to urea in the liver [37]. They are caused 
by a deficiency of one of the six enzymes of the 
urea cycle: three mitochondria—N-acetyl gluta-
mate synthase, carbamoyl phosphate synthase 1, 
and ornithine transcarbamylase (OTC)—and 
three cytoplasmic—arginine succinate synthase, 
arginine succinate lyase, and arginase 1. These 
metabolic pathways are located mainly or 
 exclusively in the liver. All these deficiencies are 
inherited in an autosomal recessive (AR) manner, 
except for OTC deficiency, which is inherited in 
an X-linked recessive way.

The excess in circulating ammonia leads to 
central nervous system toxicity and irreversible 
neurologic damage. Clinical findings depend on 
the deficient enzyme and the gene mutation lead-
ing to its inactivation, but, anyway, all these 
defects may lead to death in the first years of life 
if not promptly recognized. Medical manage-
ment is complex, and it includes ammonia scav-
engers, such as sodium phenylbutyrate, and a diet 
restrictive of protein combined with essential 
amino acid supplementation. However, these 
patients remain at risk for metabolic decompen-
sation. Severe hyperammonemia may require 
dialysis to reduce ammonia levels. Because of the 
poor outcome of these inherited urea cycle 
enzymes defects, LT is indicated in patients with 

a recurrent or poorly controlled disease to avoid 
long-term exposure to high ammonia levels and 
the development of disabilities. LT provides a 
replacement for the deficient enzyme, and plasma 
ammonia levels normalize within 24  h from 
transplantation [38]. For the best neurological 
outcomes, early diagnosis and aggressive man-
agement are essential.

6.3.1.2  Hereditary Tyrosinemia  
Type 1 (HT-1)

HT-1 is a rare AR disorder with an incidence of 
1:100,000–1:120,000 and is characterized by 
deficient activity of fumaryl acetoacetate hydro-
lase, the last enzyme in the tyrosine catabolic 
pathway, which results in the accumulation of 
toxic metabolites, such as fumaryl acetoacetate 
and maleylacetoacetate, which are alkylating 
agents that cause damage to the deoxyribonucleic 
acid (DNA), resulting in a predisposition to hepa-
tocellular carcinoma (HCC) [39]. One of these 
metabolites is succinyl acetone, which serves as 
the diagnostic marker for HT-1. The clinical 
spectrum of the disease is wide: the acute form is 
characterized by an early and severe acute liver 
failure, while the chronic form appears later with 
growth failure, neurologic crisis, renal tubular 
acidosis, cirrhosis, and HCC.  Until 1992, the 
only treatment for this disease was LT; since 
then, NTBC/nitisinone (2-(2-nitro- 4-
trifluoromethylbenzol)-1,3-cyclohexendiome) 
has been successfully used in combination with 
diets low in phenylalanine and tyrosine, but 
patients remain at risk of developing HCC. LT is 
indicated in case of HCC, decompensated cirrho-
sis or patients without compliance to medical 
therapy and acute liver failure (ALF). The 
 long- term outcome of these patients is excellent 
(85–100%), but there is a minimal risk of recur-
rence of HCC in the transplanted liver so that 
strict surveillance is required [40].

6.3.1.3  Maple Syrup Urine Disease 
(MSUD)

MSUD is an AR disorder of branched-chain 
amino acids (BCAA) due to the impaired activity 
of the branched-chain acid dehydrogenase com-
plex (BCKD). If left untreated, MSUD can result 
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in mental illness and even death. The clinical 
phenotype is dependent on the degree of residual 
enzyme activity.

Classical MSUD, seen in infants with less 
than 2% of BCKD activity, causes an increase in 
BCAA from birth. By age 2 days, if untreated, 
infants develop irritability, lethargy, and dysto-
nia. Of note is the absence of significant hyper-
ammonemia. Infants may develop lethargy, apnea 
crisis, seizures, and cerebral edema. Emergency 
treatment includes the removal of neurotoxins 
through dialysis. The initiation of treatment 
before 72 h of age greatly reduces morbidity and 
mortality. Long-term management includes the 
aggressive management of episodic metabolic 
decompensation and dietary restriction in BCAA.

Long-term dietary management can be diffi-
cult and does not prevent metabolic decompensa-
tion in the case of intercurrent illness. Although 
BCKD is expressed in many tissues, LT prevents 
metabolic decompensation and allows for dietary 
freedom [41]. Because BCKD is also expressed 
in other tissues, the liver removed from patients 
with MSUD, in the case of LT, may be consid-
ered for use as domino grafts [42]. Following LT, 
the level of toxic amino acids normalizes and 
remains stable during intercurrent illnesses. In 
addition, the complications of MSUD, including 
cognitive, behavioral, and motor impairments, 
slowly improve.

6.3.1.4  Methylmalonic and Propionic 
Acidemias

Methylmalonic acidemia (MMA) and propionic 
acidemia (PA) are the two commonest organic 
acidemias, rare disorders of BCAA metabolism 
[43]. PA is caused by a deficiency in propionyl- 
CoA carboxylase, a downstream enzyme in the 
catabolism of isoleucine, valine, methionine, 
threonine, and odd-chain fatty acids, which con-
verts propionyl CoA in methylmalonyl 
CoA. MMA is caused by a defect in methylmalo-
nyl CoA mutase or its coenzyme adenosylcobala-
min, both resulting in the defective conversion of 
methyl malonyl CoA in succinyl CoA. Metabolic 
control is difficult, and many patients develop 
multiple decompensations, progressive neuro-
logical deterioration, and cardiac and renal com-

plications. Acute management is aimed to remove 
toxic intermediates from the body, through a 
combination of dialysis and medical therapy 
based on supplementation with l-carnitine and 
vitamin B12. The aim of nutritional support is to 
reduce kidney, heart, and brain damage and to 
achieve a normal developmental status. More 
recently, LT has become a possible alternative 
therapy to conventional dietary management for 
MMA and PA patients. LT improve overall sur-
vival of patients who benefit of an improved 
quality of life because of unrestricted diet and 
drastic decrease hospitalization time recovering 
from decompensation [44]. Normal growth and 
acceptable psychomotor and neurological devel-
opment may be achieved by LT.

6.3.2  Inborn Errors in Carbohydrate 
Metabolism

6.3.2.1  Hereditary Fructose  
Intolerance (HFI)

HFI is an AR disorder caused by aldolase B defi-
ciency, which blocks the metabolism of fructose- 1- 
phosphate into di-hydroxy acetone phosphate and 
d-glyceraldehyde [45]. The accumulation of fruc-
tose-1-phosphate can cause hypoglycemia due to 
the inhibition of glycogen phosphorylase and the 
inability to condense glyceraldehyde- 3- phosphate 
and di-hydroxy acetone phosphate. In addition, 
amounts in excess of fructose-1- phosphate lead to 
adenosine triphosphate (ATP) depletion, which is 
thought to lead to impaired protein synthesis and, 
ultimately, liver and renal dysfunction.

Patients with HFI are asymptomatic until fruc-
tose, sucrose, or sorbitol is introduced into the 
diet in the form of fruits or vegetables. 
Presentation can include hypoglycemia with lac-
tic acidosis and ketosis, nausea, vomiting, 
abdominal pain, and lethargy. HFI is one of the 
causes of infantile ALF, but it can also lead to cir-
rhosis in early childhood. Patients who remain 
undiagnosed may experience failure to thrive, 
chronic liver damage, and renal tubular dysfunc-
tion [46]. Generally, these patients develop aver-
sion to sweet food and instinctively self-impose a 
fructose-free diet.
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6.3.2.2  Galactosemia
Classical galactosemia is caused by a deficiency 
in the galactose-1-phosphate uridylyltransferase 
(GALT) gene. The most common mutation is 
Q188R, which occurs in 70% of patients [47]. 
The incidence is 1 in 45,000 live births. GALT-1 
blocks the metabolism of galactose-1-phosphate 
to uridine diphosphate (UDP) galactose. The 
buildup of galactose-1-phosphate further disrupts 
glucose metabolism and leads to lethargy, hypo-
tonia, vomiting, and diarrhea within hours of 
milk ingestion. Continued galactose ingestion 
leads to severe liver damage with jaundice, hemo-
lysis, lactic acidosis, and renal tubular acidosis. 
Failure to thrive, hepatomegaly, splenomegaly, 
cirrhosis, and cataracts characterize the more 
chronic course. Despite aggressive management, 
long-term complications occur frequently and 
can include mental retardation and ovarian dys-
function in females. LT is rarely indicated and is 
performed only in progressive liver dysfunction 
despite a galactose-free diet.

6.3.3  Inborn Errors of Lipid 
Metabolism

6.3.3.1  Familial 
Hypercholesterolemia (FH)

FH is an autosomal dominant inherited disorder 
characterized by markedly elevated plasma con-
centration of low-density lipoprotein (LDL) cho-
lesterol and tendon and skin xanthomas associated 
with a high risk of cardiovascular complications 
[48]. Life-long treatment includes dietary fat 
restriction, statins, and recurrent apheresis to 
reduce plasma LDL cholesterol. Currently, the 
only effective treatment for this disease is LT, 
which alone or in association with medications 
normalizes the plasma cholesterol level [49].

6.3.3.2  Lysosomal Acid Lipase (LAL)
LAL deficiency, previously referred to as choles-
teryl ester storage disorder, is a lysosomal storage 
disorder characterized by the accumulation of 
cholesteryl esters [50]. It has a heterogeneous 
clinical phenotype, and end-stage liver disease 
may occur. LT may be necessary for LAL-D- 

associated liver failure but is not sufficient to pre-
vent disease progression or liver disease 
recurrence. Enzyme replacement therapy 
addresses systemic disease and potentially 
improves LT outcomes.

6.3.4  Inborn Errors in Metals 
Metabolism

6.3.4.1  Wilson Disease (WD)
WD is an AR disorder causing ALF, acute-on- 
chronic liver failure, or cirrhosis in children, with 
an average prevalence of 1 in 30,000 individuals 
worldwide [51]. A genetic defect in ATP7B leads 
to defective excretion of copper from the liver, 
leading to its toxic accumulation in liver and vari-
ous extrahepatic tissues, such as brain, kidney, 
and joint. Wilson’s disease may present symp-
tomatically at any age, although the majority 
presents between ages 5 and 35. Clinical presen-
tation can vary widely; therefore, diagnosis is not 
always straightforward. The key features of 
Wilson disease are liver disease and cirrhosis, 
neuropsychiatric disturbances, Kayser–Fleischer 
ring, and acute episodes of hemolysis, often in 
association with ALF.

WD is one of the few metabolic liver disorders 
where a definitive medical therapy in the form of 
chelation can be offered. Medical therapy with 
d-penicillamine or trientine is effective for most 
patients, and patients with even advanced liver 
disease due to WD can reverse hepatic fibrosis 
with medical treatment. LT can rescue those with 
ALF or those with advanced liver disease who 
fail to respond to or discontinue medical therapy 
[52]. Treatment monitoring must be done at regu-
lar intervals and includes clinical evaluation, liver 
tests and blood counts, and copper metabolic 
parameters.

6.4  The Frail Children with Fatty 
Liver Disease

Nonalcoholic fatty liver disease (NAFLD) is the 
most common cause of chronic liver disease in 
children and adolescents. The exact prevalence of 
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pediatric NAFLD is unknown, but available data 
describe a prevalence ranging from 3 to 12% in 
the general pediatric population, with a peak of 
70% in obese children. In Western countries, the 
prevalence of NAFLD in children is estimated to 
be around 20–46%, while in Asian children, the 
prevalence is lower (5–18%) [53]. These ethnic 
differences may be related to genetic, environ-
mental, or sociocultural factors as well as differ-
ences in body composition, insulin sensitivity, 
and the adipocytokine profile.

NAFLD is characterized by the accumulation 
of fat in the hepatocytes (at least 5%) in the 
absence of other causes of liver steatosis, such as 
Wilson’s disease, deficiency in alfa-1-antitryp-
sin, celiac disease, HCV infection, metabolic 
disorders, and alcohol or drug consumption. 
Simple hepatic steatosis is usually a benign con-
dition, but in some cases, it progresses to more 
advanced forms of liver injury, characterized by 
the presence of inflammation [nonalcoholic ste-
atohepatitis (NASH)] and various degrees of 
fibrosis up to cirrhosis, predisposing to liver fail-
ure and/or hepatocellular carcinoma (HCC) [54]. 
Several studies identified insulin resistance, with 
or without obesity, as the underlying mechanism 
associated with NAFLD and identified NAFLD 
as the hepatic expression of a metabolic syn-
drome. In fact, a proposal has been recently 
made to change the term NAFLD to MAFLD 
(metabolic- associated fatty liver disease), 
assigning the disease a name linked to its patho-
genesis. However, the new nomenclature, espe-
cially in the pediatric field, is not yet accepted by 
scientific societies [55].

6.4.1  Pathophysiology

In the last two decades, several advances have 
been made in the knowledge of the pathogenesis 
of NAFLD.  The “two-hit” hypothesis has been 
exceeded by the “multi-hit” theory, in which sev-
eral factors have been identified as contemporary 
actors in the onset and progression of liver injury. 
In this theory, the starting point is represented by 
hepatic steatosis, which can be the result of sev-
eral possible factors, such as dietary habits, envi-

ronmental and genetic factors, insulin resistance, 
obesity with adipocyte proliferation, and changes 
in the composition of intestinal microbiota. 
Adipose tissue is a metabolically active endo-
crine organ that causes the release of proinflam-
matory cytokines, such as TNF-α and IL-6, 
whereas beneficial adipokines are suppressed. 
This situation leads to the development of periph-
eral insulin resistance and hyperinsulinemia and 
increased fatty acid delivery to the hepatocyte. 
The disruption of normal insulin signaling in the 
hepatocyte and an increased abundance of fatty 
acids lead to disordered lipid metabolism, char-
acterized by the overactivation of de novo lipo-
genesis (DNL) transcriptional factors, causing 
more fatty acid and glucose products to be 
shunted into these lipogenic pathways [56]. The 
role of intestinal microbiota has been recently 
considered within this metabolic dysregulation. 
An “obesogenic” diet (rich in fats and lipids) 
increases intestinal bacteria products (i.e., endo-
toxins, proteins, metabolites, lipopolysaccharides 
(LPS) with the subsequent activation of the Toll- 
like receptor (TLR) pathway, acting as a pro-
moter of inflammation and the progression of 
hepatic steatosis to NASH and fibrosis. Moreover, 
in other pediatric studies, it was shown that intes-
tinal bacterial permeability is modulated by the 
intestinal farnesoid X receptor (FXR), which 
regulates the transcription of genes involved in 
the synthesis and transport of bile acids, lipogen-
esis, and glucose homeostasis, directly or indi-
rectly, through the release of fibroblast growth 
factor-19 (FGF19) [57]. Another role of single 
nucleotide polymorphisms (SNPs) in genes 
involved in lipid metabolism [lipin 1 (LPIN1), 
patatin-like phospholipase domain-containing 3 
(PNPLA3)], oxidative stress [superoxide dis-
mutase 2 (SOD2)], insulin signaling [insulin 
receptor substrate-1 (IRS-1)], and fibrogenesis 
[Kruppel-like factor 6 (KLF6)] has been associ-
ated with the severity of liver damage in NAFLD 
patients. Moreover, a very interesting interaction 
has recently been reported between genetic risk 
factors (PNPLA3 I148M) and the severity of ste-
atosis and fibrosis [58]. PNPLA3, also known as 
adiponutrin, is a member of the patatin-like phos-
pholipase family. The rs738409 C>G single- 
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nucleotide polymorphism (SNP), encoding the 
Ile 148Met variant protein of PNPLA3, is 
described as a genetic determinant of hepatic ste-
atosis. Several studies have established a strong 
link between PNPLA3 and the development of 
NAFLD. NASH was more frequently observed in 
GG than in CC homozygous; the rs738409-GG 
genotype, versus the CC genotype, was associ-
ated with a 3.24-fold greater risk of higher necro- 
inflammatory scores and a 3.2-fold greater risk of 
developing fibrosis [59].

6.4.1.1  Diagnosis
Since NAFLD is the most common cause of 
chronic liver damage in children, it is essential to 
identify it as soon as possible in order to inter-
vene promptly, changing the natural evolution of 
the disease and preventing complications. The 
main problem in the diagnostic approach to 
NAFLD is represented by the poverty of sugges-
tive clinical signs. In fact, the diagnosis of 
NAFLD is often made following an occasional 
finding of the elevation of liver enzymes, in par-
ticular aminotransferases. In the literature, there 
is a lack of consensus as to what screening tool is 
more effective for identifying the pathology in 
subjects at risk. The European Society of 
Pediatric Gastroenterology Hepatology and 
Nutrition (ESPGHAN) suggests both measuring 
the serum ALT concentration and using liver 
ultrasound (US) as screening methods; the North 
American Society of Pediatric Gastroenterology 
Hepatology and Nutrition (NASPGHAN) recom-
mends using ALT and not US, while the National 
Institute for Health Care (NICE) suggests using 
US and not ALT.  Screening should be initiated 
between 9 and 11 years of age in obese or over-
weight children with a cardio-metabolic risk fac-
tor and repeated every 2–3 years if the risk factors 
remain unchanged [54]. The differential diagno-
sis of these conditions must consider the patient’s 
anamnestic and clinical characteristics, as well as 
the outcome of laboratory tests, imaging studies, 
and liver biopsy.

6.4.1.2  Ultrasonography (US)
Because of its availability, security, and relatively 
low cost, US is the most common imaging tech-

nique used to diagnose NAFLD. Hepatic steato-
sis is characterized by an imaging of liver 
echotexture more reflective (hyperechoic) when 
compared to that of the right kidney (bright liver), 
moreover the liver may appear increased in size. 
However, US may be unreliable in evaluating 
severely obese patients or when liver fatty liver 
infiltration is <30% [60].

6.4.1.3  Elastography
The term elastography refers to a series of imag-
ing techniques that allow the estimation of liver 
tissue rigidity by measuring the propagation of 
specific elastic waves (shear waves, S-waves) 
emitted by the probe. Elastography imaging can 
be US based (e.g., Fibroscan®) or magnetic reso-
nance based [e.g., magnetic resonance elastogra-
phy (MRE)]. These methods have proven 
effective in distinguishing NAFLD from NASH 
and in highlighting the presence and severity of 
fibrotic infiltration in the liver, especially in stud-
ies conducted in the adult population. The 
absence of certain cutoff values and the relatively 
poor diffusion of the equipment currently limit 
their use [61].

6.4.1.4  Magnetic Resonance (MRI)
Magnetic resonance imaging (MRI) is consid-
ered the most accurate imaging technique to 
assess liver fat storage in NAFLD patients 
because it can differentiate tissues containing 
only water from those containing both fat and 
water. MR spectroscopy (MRS) is a novel variant 
of the classical MRI, which quantifies triglycer-
ide accumulation within hepatocytes through the 
measurement of acyl groups within the selected 
liver region of interest. MRS can discriminate 
healthy patients from those with NAFLD with a 
sensitivity of 92.6% and a specificity of 95.7%. 
In younger children, the correct execution of MR 
requires the sedation of the patient. This element, 
associated with a relatively high cost and the 
need for specific expertise for MRS, limits the 
application of MRI in everyday clinical practice.

6.4.1.5  Liver Biopsy
Liver biopsy (LB) is considered the gold standard 
for NAFLD diagnosis and the only method that 
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Fig. 6.3 Histological features of pediatric NAFLD/NASH. Steatosis is evident in (a) [40 × magnification, EE (eosin 
hematoxylin)] and (b) (10 × EE); ballooning and lipogranulomas are present in (c) and (d), respectively, (40 × EE)

can distinguish NAFLD from NASH and provide 
a reliable scoring system designed to estimate the 
severity of the disease (Fig.  6.3). Also, it may 
help in the differential diagnosis workup and in 
detecting coexisting liver diseases. In 2015, 
ESPGHAN defined indications for LB in NAFLD 
pediatric patients: it is important to highlight that 
LB should not be considered a screening method 
[62]. LB is burdened with some limitations: it is 
an invasive technique with minor and major com-
plication risks. Pain and bleeding are the most 
common complications (84% and 2.8%, respec-
tively). Other reported complications are infec-
tions, visceral perforation, arteriovenous fistula, 
pneumothorax, hemothorax, and death (0.6%). 
Due to such limitations and the invasiveness of 
LB, in recent years, new research strands have 
been developed to identify safe and equally effec-
tive methods for diagnosing and staging NAFLD, 
but to date, biopsy remains the “imperfect refer-

ence standard.” In recent years, three principal 
scoring systems have been used in clinical and 
research activities: the Brunt system, the Pediatric 
NAFLD Histological Score (PNHS), and the 
NASH Clinical Research Network (CRN) 
 system, which is validated as a histological score. 
The NAFLD Activity Score (NAS) is based on 
the evaluation of three parameters, each of which 
is assigned a score: steatosis, 0–3; lobular inflam-
mation, 0–3; and ballooning, 0–2; NAS results 
from the unweighted sum of these parameters, 
for a total score ranging from 0 to 8. A NAS ≥5 is 
suggestive of NASH, while a NAS ≤3 excludes 
NASH [63].

6.4.1.6  Therapy

Diet and Physical Activity
Dietary improvements and increasing physical 
activity, which are intended as lifestyle modifica-
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tions, are currently the primary treatment for 
pediatric NAFLD due to its strong association 
with overweight and obesity [64]. The 
NASPGHAN recommendations indicate that a 
healthier diet with avoidance of sugar-sweetened 
beverages, an increase from moderate- to high- 
intensity physical activity, and limiting screen 
activities to <2 h per day are the main cornerstone 
for both preventing and treating pediatric 
NAFLD.  More deeply, the authors specify that 
small weight reduction (3–5% weight loss) can 
reduce hepatic steatosis, but a greater degree of 
weight loss (not less than 7%) is required to 
improve hepatic steatohepatitis.

Omega-3 Fatty Acids-Docosahexaenoic 
Acid (DHA)
Omega-3 fatty acids are a variety of polyunsatu-
rated fatty acids (PUFAs). The most studied ω-3 
fatty acids in humans are eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA), which 
can be found in fish, algae, and fish oil. Ω-3 are 
modulators of the transcription of genes regulat-
ing lipid metabolism and they provide an anti- 
inflammatory and insulin-sensitizing systemic 
activity. DHA shows anti-inflammatory effects 
being activated through GPR120 (G-protein- 
coupled receptor) and PPAR-γ. Both these recep-
tors control inflammatory signaling. The 
activation of DHA has many effects: (1) it inhib-
its macrophage and lymphocyte T proliferation 
(decreasing the production of IL-2); (2) it reduces 
NFκB activation in response to endotoxins prob-
ably acting on MyD88; and (3) via PPAR-γ 
(together with the inactivation of NFκB), it 
reduces the production of inflammatory cyto-
kines TNF, IL-6, and IL-1β. In a randomized con-
trolled trial (RCT) by Nobili et  al. NAFLD 
children on an 18-month regimen of daily DHA 
had histologically proven improvement in hepatic 
steatosis, ballooning, inflammation, NAS 
(NAFLD Activity Score), and PNHS (Pediatric 
NAFLD Histological Score) and showed a reduc-
tion in ductular reaction and hepatic stem/pro-
genitor cells (HSCs) as well as the amelioration 
of laboratory biomarkers such as transaminase, 
insulin, and HOMA-IR.  However, no effect on 
fibrosis was noted [65].

DHA and Vitamin D
In the past decades, many studies have pointed out 
the utility of a therapeutic approach with vitamin 
D (VD) and DHA. It has been demonstrated that 
VD receptor (VDR) ligands inhibit the TGFβ1/
SMAD activation of hepatic stellate cells (HSCs) 
and that DHA binding to the GPR120 has an anti-
inflammatory effect. After the activation of 
TGFβ1, the translocation of SMAD in the nucleus 
activates HSCs in response to a hepatic injury. 
This pathway acts to regulate hepatic fibrogene-
sis. There are many pieces of evidence suggesting 
that VD has a beneficial effect on fibrogenesis, 
improving fibrosis score, especially in children, 
even though it does not affect the lipid profile, 
insulin resistance markers, and inflammation. A 
recent RCT tested the combination of DHA/VD 
in improving the whole spectrum of NAFLD, 
showing that the association of DHA/VD caused 
an improvement in insulin resistance, the reduc-
tion of serum triglyceride concentration, and a 
reduction in ALT serum activity. Amelioration of 
the fibrosis score and reduction of the activation 
of hepatic stellate cells were also noted [66].

Probiotics
The role of intestinal microbiota in the pathogen-
esis of NAFLD has been widely discussed. 
Various are the mechanisms explaining the inter-
action between microbiota and NAFLD:

 – Increased extraction of energy from the diet 
due to the ability of the microbiota to digest 
complex polysaccharides, resulting in the for-
mation of short-chain fatty acids (SCFA)

 – Intestinal epithelial damage due to the bacte-
rial production of hepatotoxic products

 – Translocation of bacterial endotoxins into the 
portal circulation, and the consequent hepatic 
damage through signaling and the activation 
of TLR

 – Altered metabolism of choline with a conse-
quent decrease of the liver exports of very- 
low- density lipoprotein (VLDL) and altered 
modulation of bile acid synthesis

It was recently shown that in obese children 
with NAFLD, bifidobacteria have a protective 
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role against the development of NAFLD. In fact, 
Bifidobacterium spp. was prevalent in the control 
group, while Lactobacillus spp. was increased in 
NAFLD, NASH, and obese children. To date, two 
RCTs were conducted in children: one to evalu-
ate the influence of a single strain (Lactobacillus 
rhamnosus GG) and another to evaluate the mix-
ture of eight probiotics (VSL#3) on hepatic bio-
markers. The Lactobacillus rhamnosus GG study 
did not report any effect on liver echogenicity, 
but it achieved a significant decrease in ALT in 
treated children compared to placebo. In contrast, 
the second RCT found that VSL#3 supplementa-
tion reduced, on ultrasound evaluation, the sever-
ity of steatosis [67].

6.4.1.7  Novel Treatments
The increase in the prevalence of NAFLD, asso-
ciated with the absence of effective pharmaco-
logical treatments, has led to the study of new 
molecules to counteract NAFLD.

The farnesoid X receptor (FXR) is a nuclear 
receptor, expressed primarily in the liver and intes-
tine, which binds to bile acids. When activated, 
FXR migrates into the cell nucleus and modulates 
the transcription of specific genes involved in the 
regulation of inflammation and glucose and lipid 
metabolism. Numerous studies, mostly based on 
animal models, have shown that the use of FXR 
agonists (e.g., obeticholic acid) could improve 
hepatic steatosis and steatohepatitis.

Liraglutide is an analog of glucagon-like pep-
tide 1 (GLP-1), a gut-derived incretin hormone 
that induces weight loss and insulin sensitivity. In 
2016, the Lifestyle, Exercise and Nutrition 
(LEAN) Study, conducted on 52 adult patients 
with NASH, showed that liraglutide led to a his-
tological resolution of steatohepatitis.

In conclusion, the actual ideal pharmacologi-
cal approach for NAFLD treatment is repre-
sented by a “combination therapy,” by a mix of 
available agents (antioxidants, probiotics, anti- 
inflammatory molecules), aiming to block and 
revert liver damage in the treated patients. The 
ideal treatment should be given in a patient- 
tailored manner based on the evaluation of each 
patient and taking into account the different his-
tological features of NAFLD (ballooning, steato-

sis, inflammation, fibrosis) and the main 
metabolic alterations in order to combine differ-
ent therapeutic effects for the achievement of the 
best result.
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7The Surgical Management 
of Children with Intestinal Failure

Adrian Bianchi

Foreword A multidisciplinary specialist 
approach and appropriate parenteral and enteral 
nutrition have increased survival with a better- 
quality life for children with intestinal failure. 
Such skilled care is difficult and expensive, plac-
ing a major emotional and financial burden on the 
family, the local carers, and national health ser-
vices. Some governments will not support expen-
sive parenteral nutrition, and others will offer 
only a one-off intestinal transplant, forcing fami-
lies into the permanent torment of having allowed 
a precious child to die because of their inability 
to provide appropriate care! It is a heavy consid-
eration for professionals when advising complex 
forms of management that may not be practical 
or affordable. It is therefore imperative to support 
clinical and research programmes for the preven-
tion of intestinal failure and to maximize the vast 
potential of autologous bowel, with the backdrop 
of transplantation although still at considerable 
risk and expense.

In presenting controversial concepts and expe-
riences, this chapter seeks to stimulate discussion 
and therapeutic change for a ‘better deal’ for chil-
dren and families confronted with the short bowel 
state (SBS) and intestinal failure (IF).

7.1  Aetiology

IF has been defined as ‘the reduction of gut 
function below the minimum necessary for the 
absorption of macronutrients and/or water and 
electrolytes, such that IV supplementation is 
required to maintain health and/or growth’ [1]. 
The causes of intestinal failure in children vary 
from an inability to absorb because of an intrin-
sic mucosal problem, such as chronic villous 
atrophy, allergies, chronic diarrhoea, and 
enzyme deficiencies, as in cystic fibrosis, to 
those relating to impaired intestinal neuromus-
cular function, such as aganglionosis 
(Hirschsprung’s disease), and chronic idiopathic 
intestinal pseudo- obstruction. Others are due to 
insufficient tissue for absorption, as in short 
bowel; to altered bowel anatomy as for stric-
tures and massive bowel dilatation; or to dam-
aged mucosa following ischaemic injury from 
recurrent volvulus in malrotation and gastros-
chisis. Despite considerable adaptation, it 
remains relevant to keep in mind the irreplace-
able functions specific to different parts of the 
gastrointestinal tract and to limit surgical resec-
tions to absolute necessity. These aetiologies 
can be regarded as ‘medical’, when there is no 
surgical solution, and ‘surgical’ (the subject of 
this chapter), when the solution may lie wholly 
or partly within surgical reconstruction. The 
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management of IF in children commences with 
‘prevention and preservation’, for which an 
understanding of the conditions leading to IF 
and SBS is essential.

7.2  Surgical Necrotizing 
Enterocolitis (S-NEC)

Premature babies, especially those below 1  kg, 
are vulnerable to S-NEC. This surgical condition, 
of yet uncertain aetiology, develops within the 
first days after birth and is associated with early 
enteral feeding and bowel distension. The previ-
ously active and stable child becomes quiet and 
generally unwell with apnoeic events, vomiting, 
acidosis, and electrolyte disturbance. Abdominal 
examination elicits generalized tenderness and 
increasing bowel distension (Fig. 7.1) with even-
tual diaphragmatic splinting requiring ventilatory 
support.

Perforation releases gas, infected necrotic 
material, and undigested milk curds into the peri-
toneal space, with sepsis that demands supportive 
therapy with antibiotics, fluids, blood and platelet 
transfusions, and inotropes. The surgeon is often 
first called to a severely ill child in an unstable 
general condition with advanced intra-abdominal 
sepsis and who is classed as ‘unable to be moved’, 
thereby forcing desperate surgery in unsatisfac-
tory conditions on the neonatal unit! At laparot-
omy there is generalized tense small bowel 
distension with long segments of dubious viabil-

ity also involving the colon, as well as necrosis, 
particularly on the antimesenteric aspect of the 
loops (Fig. 7.2).

‘Re-look’ surgery for the assessment of areas 
of dubious viability, and further extensive gut 
resections are undertaken to salvage the child’s 
life. Survivors often suffer from significant com-
plications of prematurity, and from sepsis- induced 
low blood pressure and coagulopathy  that 
cause  cerebral ischaemia and haemorrhage. All 
S-NEC patients require a long-term central 
venous catheter and total parenteral nutrition with 
their own potential hazards, while the gastrointes-
tinal tract attempts recovery. Additional surgery is 
necessary to resect strictures (Fig.  7.3) and for 
bowel continuity following temporary stomas.

Many suffer intestinal failure from extensive 
bowel loss and/or impaired absorption from isch-
aemic mucosal injury. S-NEC is a potentially 
avoidable condition carrying 30–50% mortality 
and major morbidity that figures significantly in 
the aetiology of SBS and IF, for which a better 
approach is long overdue.

The Challenges S-NEC presents the obstetrician 
and the multidisciplinary neonatal team (MDNT) 
of neonatologist, neonatal surgeon, and neonatal 
anaesthetist with the challenge of managing preg-
nancy to eliminate premature birth. Until such 
time, babies will continue to deliver prematurely 
with an immature bowel and immune system.Fig. 7.1 S-NEC with abdominal distension and 

perforation

Fig. 7.2 Pre-perforation S-NEC bowel with mucosal 
necrosis
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Fig. 7.3 Post S-NEC strictures

Currently a  suspicion of S-NEC initiates 
resuscitative and supportive medical manage-
ment with a ‘watch-and-wait’ policy based on 
Bell staging [2], in the hope of avoiding surgery 
for the premature child until there are definite 
signs of bowel injury, peritonitis, or perforation. 
Such delay invariably ends with extensive sur-
gery for a septic, acidotic, hypotensive child with 
coagulopathy and a depressed immune response, 
showing the Y-sign of absent antimesenteric 
bowel perfusion on Doppler ultrasound scan [3]. 
The premature baby comes to surgery far too late 
during S-NEC, and radically different manage-
ment is necessary.

Physiologically Immunity During the first 
3–5 days after birth, the baby’s immune system 
is challenged by ingested bacteria, largely 
acquired from the mother, which are essential 

for the stimulation of the gut-related immune 
cells on the mucosal villi, and by physiological 
bacteraemia, which activates systemic immu-
nity. During this period of absent/reduced immu-
nity, the mother produces colostrum that contains 
a high concentration of protective immunoglob-
ulins (IgA, IgM, IgG). By the third to 15th day, 
the child’s gut- related and systemic immune sys-
tems are activated and protective, and the moth-
er’s milk alters towards nutrition as well as 
immune protection.

Physiology-Based Management The resuscita-
tive and early management of the premature ‘at 
risk’ child should seek to avoid predisposing fac-
tors for S-NEC and take cognition of normal 
physiology:

 (a) Bowel distension: resuscitation and ventila-
tion should avoid gaseous bowel distension, 
which raises intraluminal tension and reduces 
bowel wall circulation.

 (b) Colostrum and curd-free fresh-milk whey: 
undigestible milk curds lead to lower ileal 
obstruction, and fermentation gases raise intra-
luminal pressure, causing ischaemic necrosis 
and perforation primarily at the antimesenteric 
aspect of the loop. For the first days after birth, 
the ‘at risk’ child should be enterally fed only 
with FRESH, preferably maternal, immune-
protective colostrum. Subsequent enteral feed-
ing continues with immune-protective 
FRESH-milk whey, obtained by treating 
FRESH expressed breast milk with chymo-
trypsin to coagulate and filter out undigestible 
milk curds.

 (c) The microbiome: it is relevant to encourage 
the rapid development of a normal microbi-
ome containing essential ‘helpful gut flora’ 
usually acquired from maternal contact at vag-
inal delivery and subsequently at the breast. 
Thus, following sterile caesarean section and/
or isolation in an incubator, it is logical to 
actively inoculate the child’s skin, pharynx, 
and gut with maternal bacteria. Particular care 
should be taken with antibiotics that eliminate 
essential ‘helpful’ organisms and favour poten-
tial antibiotic-resistant pathogens.

7 The Surgical Management of Children with Intestinal Failure



92

Fig. 7.4 Early S-NEC with increasing bowel distension Fig. 7.5 S-NEC with intramural gas indicative of muco-
sal ulceration and necrosis

Fig. 7.6 A well child with viable bowel after early 
surgery

 (d) Early surgery: the MDNT must be con-
stantly alert to early alterations in the child’s 
general condition, to abdominal tenderness 
and bowel distension (Fig.  7.4), and to the 
Doppler US ring sign of hyperaemia in oede-
matous inflamed bowel [3].

It is inadvisable to await definitive but late evi-
dence of ‘gut injury’, such as static bowel loops, 
intramural gas on X-ray (Fig.  7.5), and rectal 
bleeding.

The critical time for bowel salvage occurs dur-
ing early S-NEC when clinical, radiological, and 
ultrasonological features are not marked [3] but 
when the bowel is still viable and when the child is 
in good condition with a stable circulation, a reac-
tive bone marrow, and an activating immune sys-
tem. Through an ileal enterotomy, ALL distended 
bowel is collapsed to allow the return of circula-
tion (Fig. 7.6) and washed out with a warm soap-
air-isotonic  saline solution  (1.36% dialysis 
solution with 4 mmol/L potassium).

The placement of a stoma is optional, but 
ample abdominal drainage is relevant. With mod-
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ern neonatal anaesthesia and surgery, children 
DO NOT DIE from an early operation, and des-
perate surgery on an ‘unstable child’ implies 
missed safer opportunities. Well-judged EARLY 
surgery increases child survival with sufficient 
functional bowel for a good-quality life.

7.3  Gastroschisis

Gastroschisis is likely the result of gene interac-
tion with environmental factors, which leads to a 
failure of intra-abdominal midgut migration and 
fixation during the first 8  weeks of pregnancy. 
The condition affects younger mothers from less 
affluent backgrounds and is associated with an 
otherwise normal smaller baby at 34–36 weeks 
gestation. The bowel that lies outside the abdo-
men is supplied through a narrow-based superior 
mesenteric pedicle that passes through a 2–4 cm 
diameter umbilical port that is expanded to the 
right of a splayed umbilical cord at its left rim 
(Fig. 7.7). A narrow diameter umbilical port may 
seem to strangle a precarious midgut mesenteric 
pedicle.

The liver and spleen are always at their normal 
intra-abdominal location, and no other organs are 
extruded except for the body of the stomach, a 
testicle or fallopian tube, and the dome of the 
bladder. There is no membrane or sac, and the 
extruded bowel is freely bathed with liquor, 
becoming coated with a fibrinous ‘peel’ (Fig. 7.7) 
during the last weeks of the pregnancy. Within 
the thickened mass, the bowel commonly retains 
its structure and function. Once the ‘peel’ sponta-
neously resolves normal enteral nutrition can be 
expected. There is no loss of abdominal wall tis-
sue, but the lack of bowel within the abdomen 
leads to a reduced intra-abdominal domain that is 
too small to accommodate the extruded midgut 
without some tension.

Antenatally, the heavy  midgut on its narrow 
pedicle  is constantly at risk from volvulus with 
resorption of dead bowel and closure of the 
umbilical port. At laparotomy, the midgut sup-
plied by the superior mesenteric pedicle is absent, 
and there is only a high jejunal atresia with some 
20–40 cm of dilated jejunum, and transverse and 
left colon (Fig. 7.8).

Recurrent episodes of volvulus may  cause 
repetitive ischaemic injury with loss of absorp-
tive function in the surviving bowel.

Gastroschisis can be diagnosed by antenatal 
ultrasound scan during early pregnancy, such that 
there is an opportunity for antenatal counselling, 
and the possibility for antenatal intervention to 

Fig. 7.7 Baby with gastroschisis and ‘peel’ covered 
bowel

Fig. 7.8 Antenatal midgut volvulus. Resorbing bowel 
and jejunal atresia
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prevent volvulus. Since midgut volvulus and ‘peel’ 
tend to occur later in pregnancy, premature deliv-
ery has been proposed from around the 30th week 
to allow easier intra-abdominal placement of more 
pliable bowel. However, this must be weighed 
against the risks of prematurity (immature lungs, 
cerebral bleeding, ophthalmic issues) and possible 
S-NEC. Presently, most gastroschisis pregnancies 
come to spontaneous or induced labour closer to 
the 36th week. There is no risk to the extruded 
bowel from vaginal delivery, and there is no need 
for a caesarean section. At birth, the child, usually 
in good condition and not requiring intubation or 
ventilation, should be nursed well over on his right 
side, with the unkinked mesentery and bowel 
flowing into a plastic bag to avoid drying and to 
reduce heat loss (Fig. 7.9).

A wide-bore nasogastric tube (8–10 F) on fre-
quent suction is relevant to prevent vomiting and 
aspiration as well as gaseous bowel distension. 
Intravenous fluids are those appropriate for daily 
requirements and to replace stomach aspirates 
and serous exudates from extruded bowel. 
Excess fluids and colloids cause unwanted sys-
temic and bowel oedema. Antibiotics are not rel-
evant and favour resistant pathogens. The baby 
should be allowed to rest, and painless reduction 
of the bowel that is insensitive to handling is 
undertaken electively within the first 24 h, in the 
incubator (Fig. 7.10) and without anaesthesia or 
sedation [4].

The reactions of the fully awake baby are essen-
tial to guide the surgeon through a steady reduction 
over 30–45  min. The baby is placed supine, and 
with the abdomen stabilized by upward cord trac-
tion, the bowel loops are passed into the abdominal 
space, loop by loop alternately to right and left, 
always avoiding torsion on the mesentery. The mid-
gut should be returned to an unrotated position, with 
the small bowel passing to the right side and the 
caecum coming to overlie the stomach in the left 
hypochondrium. Excess intra- abdominal tension 
leads to diaphragmatic splinting and respiratory 
concerns, impacts significantly on the bowel blood 
supply, causes inferior vena cava compression, and 
interferes with renal function [5], such that it is bet-
ter to accept an initial partial reduction and later 
completion once the abdominal domain and 
returned bowel have become more compliant. The 
umbilical port is covered over with the umbilical 
cord and left to close spontaneously (Fig.  7.11), 
leading to a centrally placed umbilicus and an aes-
thetic scarless abdomen.

Bowel Reduction by Gravity When excess ten-
sion is unavoidable, the bowel is placed in a silo 
or bag that is hung vertically above the baby and 
is allowed to enter the abdomen by gravity over a 
period of hours or days (Fig. 7.12). The umbilical 
port is allowed to close spontaneously or is aes-
thetically sutured.

Reduction Under Anaesthesia Bowel reduc-
tion under anaesthesia with a fully relaxed baby 

Fig. 7.9 Baby turned on the right side with bowel in a 
plastic bag

Fig. 7.10 Bowel replacement without anaesthesia or 
sedation
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Fig. 7.11 Gastroschisis port closed with the umbilical 
cord

Fig. 7.12 Suspended silo and gravity reduction

Fig. 7.13 Plain X-ray showing a non-rotated midgut

requires particular attention to avoid excessive 
intra-abdominal tension. It is better to place a 
silo for slow ‘gravity’ reduction rather than to 
risk compromise of bowel blood supply, dia-
phragmatic splinting with difficult ventilation, 
and/or inferior vena cava compression and renal 
impairment.

Gastroschisis features strongly in the aetiol-
ogy of IF because of midgut loss from antenatal 
volvulus and absorptive dysfunction from repeti-
tive ischaemic injury, as well as tragically from 
avoidable bowel necrosis following ill-judged 
tense midgut reduction. Presently, antenatal 
intervention to prevent volvulus remains theoreti-
cal; however, postnatal bowel loss lies within the 
surgeon’s expertise!

7.4  Non-fixation 
and Malrotation

Failure of intra-abdominal migration, rotation, 
and fixation of the bowel during the first 8 weeks 
of pregnancy lead to a narrow-based superior 
mesenteric pedicle. Undetected malrotation with 
midgut non-fixation is a life-threatening ‘ticking 
time bomb’ awaiting volvulus. In the absence of 
volvulus, the child is entirely normal at birth, and 
there are no pointers to the non-rotated state.

Plain abdominal X-ray (Fig. 7.13) and upper 
gastrointestinal contrast studies show an S-shaped 
duodenum with the small bowel passing to the 
right side and a high caecum just below the liver 
or towards the left hypochondrium.

Copious clean bilious vomiting in a previ-
ously well patient of any age, with a flat non- 
tender abdomen and a featureless abdominal 
X-ray (Fig. 7.14a), is pathognomonic and of the 
utmost surgical emergency (Fig.  7.14b). Rectal 
bleeding is an ominous sign that is indicative of 
bowel congestion and compromised circulation. 
At laparotomy, the volvulus is derotated, usually 
in an anticlockwise direction; the mesentery 
splayed widely open and ‘roughened’; and the 
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a b

Fig. 7.14 (a, b) Featureless abdominal X-ray indicative of midgut volvulus

bowel replaced in the non-rotated position with 
the small bowel towards the right side and the 
caecum, with the appendix  devascularized and 
inverted or removed, coming to lie high in the left 
hypochondrium. A laparoscopic approach must 
ensure a ‘roughening’ of the mesentery to stimu-
late fixative adhesions and to  prevent recurrent 
volvulus. The patient must be made fully aware 
of the post-operative configuration of the bowel 
and of the absence of the appendix.

In A child having had an in  utero volvulus 
with total loss of the midgut will present as a nor-
mal child with a high jejunal atresia, short bowel, 
and IF.

7.5  Meconium Ileus—Cystic 
Fibrosis

Cystic fibrosis is due to a specific autosomal reces-
sive genetic mutation, largely affecting the 
Caucasian population. Delta F508, the commonest 
of the 1500 know mutations, configures for an 
abnormal cystic fibrosis transmembrane conduc-
tance regulator (CFTR), which is a channel- shaped 
protein that controls the passage of chloride ions 
and water across the cell membrane. Alterations in 
the CFTR lead to a  viscid and salty mucus and 
secretions, which mainly affect the lungs, pancreas, 
liver, and male reproductive organs. The thick salty 
mucus (mucoviscidosis) predisposes to repeated 

bronchial infections with eventual antibiotic-resis-
tant bacteria and progressive lung damage with 
respiratory failure. Thick pancreatic secretions fail 
to pass into the bowel, impairing normal digestion, 
growth, and general health. Thick biliary secretions 
cause stasis within the intrahepatic bile ducts and 
liver failure. Recurrent pancreatic damage may 
lead to type-1 diabetes.

Autosomal recessive transmission carries a 1:4 
chance for subsequent pregnancies so that early 
amniocentesis and foetal gene sequencing offer 
the option of termination. There is presently no 
cure for cystic fibrosis, and life expectancy 
remains limited to the 30 s. Cystic fibrosis should 
be considered in any child with recurrent chest 
infections and growth failure. The child’s sweat 
tastes markedly salty, and faeces may be particu-
larly smelly, fatty, and tenacious. Diagnosis can 
be confirmed by excessive salt on a sweat test and 
by genetic sequencing for the abnormal mutation. 
Medical management with intensive chest physio-
therapy and antibiotics attempts to clear tenacious 
mucus and limit bronchial infection. Research is 
directed at drugs that restructure the mutant CFTR 
towards normal for less viscid secretions. 
Nutritional and growth failure are addressed with 
pancreatic enzymes that are necessary throughout 
life, with dietary supplements and relevant vita-
mins, such as vit B12, following the loss of ileum, 
and insulin management for type 1 diabetes. 
Future hope lies in gene replacement therapy.
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Fig. 7.15 (a) Neuhauser’s sign. (b) Micro-colon with pellets

Fig. 7.16 Pseudocyst with surrounding calcification

Cystic fibrosis can be detected antenatally 
because of large loops of meconium-filled bowel 
on ultrasound scan. The child is born with a non- 
tender distended abdomen containing palpable 
meconium-filled indentable loops that present a 
ground-glass appearance on X-ray, known as 
Neuhauser’s sign (Fig.  7.15a), and eventually 
mid-to-distal small bowel obstruction.

A dilute gastrografin contrast enema reveals a 
micro-colon filled with tenacious ‘pellets’ 
(Fig.  7.15b). Repeated retrograde gastrografin 
washouts often fail to reach and clear the tena-
cious obstructive meconium in the dilated ileum.

Antenatal volvulus of the heavy meconium- 
filled loops and resorption of the dead bowel 
present as small bowel atresia. The autolyzing 
mass may form a large intra-abdominal pseudo-
cyst with surrounding calcification (Fig. 7.16).

Laparotomy is required for the clearance of 
the pseudocyst, the resection of all large thick- 
walled meconium-obstructed ileal loops, and 
size-matched end-to-end ileo-ileal anastomosis. 
The micro distal ileum, ileocaecal (IC) valve, and 
micro-colon should be retained and cleaned out 
by a gentle massage with soap and air mixture, 
and a record kept of the residual small bowel 
length measured along the antimesenteric border. 
Post-operative bowel patency may be delayed; 
however, a proximal defunctioning protective 

ileostomy or a Bishop-Koop stoma is not neces-
sary and necessitates additional surgery for clo-
sure. There is commonly sufficient normally 
functional and adaptive small bowel to avoid 
SBS or IF so that long-term parenteral nutrition is 
not required. Intestinal failure in cystic fibrosis 
relates to thick pancreatic secretions that are 
unable to reach the bowel as well as to progres-
sive pancreatic destruction. Surgery and nutri-
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tional management with pancreatic enzymes, 
dietary additives and vitamins, and insulin 
address the gastrointestinal issues.

The life-limiting factor for patients with cystic 
fibrosis is the progressive loss of lung function 
from mucoviscidosis and infection, and eventual 
respiratory failure, which requires lung transplan-
tation. Bowel or pancreatic transplantation is not a 
common consideration, but liver transplantation 
may be relevant in the event of liver failure. To 
this end, careful gastroenterological management 
is pertinent to maintain excellent general health.

7.6  Aganglionosis—
Hirschsprung’s Disease

Hirschsprung’s disease (HD) or aganglionosis is 
a complex genetic condition causing a failure of 
proximal-to-distal migration of ganglion cells 
from the neural crest to Auerbach’s and 
Meissner’s plexi, such that aganglionic bowel is 
aperistaltic and non-absorptive. There is a 4:1 
preponderance for males, other family members 
may be affected, and there is a 10–15% link to 
other genetic conditions, such as Down’s and 
Wardenberg’s syndromes. Around 70% of agan-
glionosis is limited to the rectosigmoid region, 
but longer colonic lengths or all the colon (total 
colonic aganglionosis) may be involved. Long- 
segment aganglionosis involving long  tracts of 
small bowel presents a short bowel state when 
ganglia are limited to the most proximal jejunum. 
The extreme form affects the whole of the gastro-
intestinal tract, including the oesophagus, and is 
only manageable by life-long parenteral nutrition 
or total gastrointestinal transplantation.

Hirschsprung’s disease should be suspected 
because of developing abdominal distension and 
a failure to pass meconium within the first 48 h 
after birth. Rectosigmoid aganglionosis responds 
to internal sphincter digital dilatation with the 
explosive passage of faeces and flatus. 
Presentation may be acute and life-threatening 
from enterocolitis (Fig. 7.17) and septicaemia.

Less acute forms can present at a later age 
because of failure to thrive and with chronic con-

stipation. Non-peristaltic aganglionic bowel 
causes obstruction at the cone-shaped ‘Transition 
Zone’ (Fig. 7.18) between the ganglionic dilated 
proximal bowel and the collapsed distal agangli-
onic bowel.

Definitive diagnosis is made on a histopatho-
logical examination of mucosal and submucosal 
suction rectal biopsy by an absence of nerve gan-

Fig. 7.17 Hirschsprung’s related enterocolitis

Fig. 7.18 Cone-shaped transition zone in Hirschsprung’s 
disease
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glia, a proliferation of nerve fibres in Auerbach’s 
and Meissner’s plexi, and raised acetylcholines-
terase levels on histochemistry. Identification of 
the transition zone is essential to reconstruction 
and requires serial bowel wall biopsies, progress-
ing proximally to normal consistency bowel con-
taining normal ganglia and nerve trunks. Such 
staging biopsies can be undertaken by an experi-
enced pathologist at a frozen section study during 
a one-stage definitive surgical procedure or may 
be the initial ‘mapping’ phase of a two-stage sur-
gical approach.

Non-surgical management of HD attempts to 
establish regular bowel evacuation until the 
planned surgical reconstruction. Failure to estab-
lish a successful evacuation pattern, a two-stage 
surgical approach, and enterocolitis are frequently 
managed with temporary colostomy in biopsy-
confirmed ganglionic peristaltic bowel proximal 
to the transition zone. Definitive surgical recon-
struction involves the resection of all the agangli-
onic segments and the ‘pull-through’ of normal 
diameter ganglionic peristaltic bowel to the anus. 
Experienced neonatal surgical units offer a one-
stage definitive ‘pull-through’ with serial frozen 
section control and without colostomy during the 
first admission within days of birth. The Swenson 
(author’s preference), Soave, or Duhamel pull-
through procedures can be undertaken at open 
laparotomy, laparoscopically, or entirely trans-
anally without an abdominal phase. The devascu-
larized aganglionic segment is intussuscepted 
through the anus and resected externally, with a 
wide oblique colo-anal anastomosis of histologi-
cally verified ganglionic bowel returned through 
the anus. Continence outcomes are good, with 
only an occasional child continuing to have prob-
lems with constipation or poor anal control. 
Down’s syndrome children may experience a 
delay in establishing full continence, but other-
wise, there is no difference in outcome.

Total colonic aganglionosis requires the resec-
tion of all the colon. An ileoanal anastomosis 
often leads to urgency and major soiling, and an 
ileal J-pouch requires major attention to com-
plete emptying to avoid enterocolitis and is more 
suited to the mature patient. It is better, during 

childhood, to accept a terminal ileostomy that is 
‘controllable with a stoma bag’ and that allows 
relatively normal activities.

Long-segment aganglionosis extending high 
into the small bowel presents a state of intestinal 
failure and short bowel. A high jejunostomy has 
large stoma losses, and management involves 
complex fluid and electrolyte replacement. A 
controllable tube-jejunostomy (discussed later) is 
preferable. Survival and growth require long- 
term parenteral nutrition to supplement enteral 
intake. Autologous gastrointestinal reconstruc-
tion of the residual ganglionic bowel offers a 
reduction in parenteral nutrition dependence and 
a better-quality life. Intestinal transplantation is 
increasingly an option.

7.7  Ischaemic Injury, Surgical 
Resection, and Diversion

Ischaemic injury from vascular emboli, acciden-
tal or child-abuse-related non-accidental abdomi-
nal trauma, abdominal seatbelt compression, and 
knife or gunshot wounds may cause midgut loss 
from obstruction or disruption of the superior 
mesenteric pedicle or extensive bowel loss from 
tearing of mesenteric vessels. Extensive ill- 
judged resection may lead to unnecessary bowel 
loss during elective surgical procedures and, par-
ticularly, during emergency surgery when post- 
operative quality of life may take second place to 
immediate survival. It is imperative that surgeons 
appreciate the diverse functions and the conse-
quences of the loss of the different parts of the 
gastrointestinal tract and develop a culture of 
preservation, limiting resection and diversion to 
absolute necessity. Digestion and absorption 
commence at the stomach and duodenum, with 
the intermix of ingested food, saliva, acid, bile, 
and pancreatic enzymes. The jejunum contributes 
considerable volumes of fluid (6–10 L) and elec-
trolytes and is responsible for the absorption of 
major nutrient components (carbohydrates, pro-
teins). It possesses marked adaptive capabilities 
and is particularly responsive to glucagon-like 
peptide 2 (GLP-2), which is produced at the cae-
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cum and right colon. The ileum has specific bind-
ing sites for the absorption of vit B12, for bile salts 
that are relevant to fat absorption, oxalate bind-
ing, and bile salt recycling. Its adaptive capabili-
ties are far greater than those of the jejunum, and 
it can increase absorption by over 500 times to 
compensate for small bowel loss. The distal 
ileum contributes a YY factor, which reduces 
motility and, with the ileocaecal valve, aids in 
slowing transit and increasing  contact time for 
absorption. The caecum and ascending colon are 
the sources of GLP-2, which is the most powerful 
known stimulant for mucosal adaptation, and the 
distal colon resorbs fluid and electrolytes, thereby 
greatly reducing losses and leading to formed 
faeces that are stored in the colorectum until reg-
ular evacuation. The loss or diversion of any part 
of the gastrointestinal tract can have significant 
consequences on metabolism, fluid and electro-
lyte balance, and the quality and volume of the 
faeces.

7.8  The Short Bowel State 
and Intestinal Failure

IF may be temporary or long-term, and complete 
or partial, depending on the underlying cause 
and the type, length, anatomy, and absorptive 
capability of the residual bowel. Thus, after ante-
natal segmental or midgut volvulus, the residual 
bowel is usually peristaltic, absorptive, and 
adaptive but will require remodelling of the 
dilated proximal segment to avoid stasis with 
bacterial overgrowth and sepsis and for effective 
propulsion. The impact of ischaemia in associa-
tion with gastroschisis and S-NEC may lead to 
severe bowel loss and/or damaged non- absorptive 
mucosa. It cannot be overstressed that all poten-
tially viable and functional bowels should be 
preserved, limiting resection and avoiding diver-
sion. Even multiple short segments (2–5 cm) of 
the neonatal small bowel, when linked together, 
can lead to a prognosis- altering length. After 
each operative procedure, the patient should be 

given an accurate record of the nature and length 
of the residual bowel, which are relevant to 
autologous bowel reconstruction.

The Specialist Multidisciplinary Team, Social 
Services, and Respite Key to the management 
of the short bowel state is the multidisciplinary 
team (MDT) of medical and surgical clinicians, 
psychologists, nurses, and support staff within the 
specialist hospital, whose role commences with 
stable venous access and the stabilization of the 
child on parenteral nutrition, and who instruct the 
parents for early transfer to home care assisted by 
the community nursing team. The long-term 
‘Comprehensive Health Care Package’ must 
attend to the child’s physical and mental health 
and must also encompass the psychological con-
cerns (fears, worries, stress), practical issues 
(baby supplies, food, clothing), and financial 
needs of all the family members, who must sig-
nificantly alter their lives, their jobs, and their 
aspirations. Financial support must cater for home 
alterations, travel for hospital visits, admissions 
for central venous catheter care and reconstructive 
bowel surgery, and for sibling support and respite 
care for the family as a unit. The mother, com-
monly the main carer, often suffers feelings of 
‘guilt’ and diminished self-respect, and the impact 
on her personal life, her relationships, and her 
career outside the home, which are essential to her 
well-being and to the family finances, must be 
addressed to avoid resentment towards the 
affected child and family breakdown.

The Intestinal Failure Hub-and-Spoke 
Model The multidisciplinary services in a dedi-
cated specialist centre are often far from the 
child’s home. Management that addresses the 
child’s mental and psychological development is 
best delivered by early transfer to the home, with 
the child able to attend school and peer-related 
activities. The ‘hub-and-spoke model’ provides 
for home care, supported by local services and 
guided by the specialist IF unit and its outreach 
IF team.
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The Hub-and-Spoke Model

Local Hospital
Community Services Specialist Intestinal Failure

Multidisciplinary Centre

(Advice, Audit, Research)

Out-reach 
IF Team

FAMILY HOME

On-line Facilities

 

The specialist centre sets up and monitors the 
care plan and undertakes investigations, central 
venous catheter and autologous bowel surgery, 
transplantation, audit, and research. The local 
hospital and community health services, sup-
ported by the outreach IF team, are responsible 
for daily care. Online computer facilities help 
the family to keep abreast of IF developments 
and to interact with their careers and other IF 
families.

7.9  Medical Management

Parenteral Nutrition The central venous cath-
eter and parenteral nutrition are the patient’s life-
line until the residual bowel has adapted to 
sustain life and growth. A significant loss of sta-
ble venous access from sepsis or catheter break-
age or blockage is an indication for bowel 
transplantation. Regular modifications to paren-
teral nutrition are specific to each patient and 
vary with enteral losses and bowel adaptation. 
Parenteral nutrition should be delivered over the 
night hours to allow for a rest period and for nor-
mal daytime activities. The intricacies of paren-
teral nutrition and intravenous access are 
available in the literature and will not be dis-
cussed. However, deserving of special mention is 
the severe hepatotoxicity induced by plant phy-
tosterols in soya-based lipid emulsions that cause 

rapid liver failure, particularly in the neonate and 
young baby. Fat emulsions should contain no 
more than 1–1.5 g/kg/day of soya-based lipids. 
SMOF, a mixture of lipids from soya, medium- 
chain triglycerides, olive oil, and fish oil, is less 
hepatotoxic and is the presently recommended 
intravenous lipid emulsion. Increasing mucosal 
adaptation and enteral absorption allow a reduc-
tion in parenteral nutrition, which reduces liver 
injury and improves quality of life.

Oral and Enteral Feeding The best long-term 
solution for intestinal failure is enteral nutrition 
by autologous bowel. Oral enteral feeding is 
also particularly relevant to physiological neo-
natal brain learning for food experience to avoid 
later food aversion and phobia. Mucosal adapta-
tion depends on regular contact with enteral flu-
ids that contain bile, salivary and pancreatic 
enzymes, and food, which should be normal, 
varied, and taken intermittently at mealtimes 
with the rest of the family. Rapid transit and 
limited mucosal contact from short bowel limit 
absorption so that enteral medications such as 
antibiotics, loperamide, and clonidine require 
an increased dosage. Similarly, more concen-
trated solids and food thickeners are beneficial 
from an early stage; however, liquids should be 
given intermittently in small volumes and lim-
ited to the daily fluid requirements to avoid a 
washout effect. Constant nasogastric or gastros-
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tomy drip-feeding should be avoided since it 
bypasses brain learning and does not allow ‘rest 
periods’ for the adapting bowel. It is important 
to reconstruct dilated bowel to avoid stasis and 
mucosal inflammation with bacterial transloca-
tion and sepsis. Until bowel continuity is estab-
lished, enteric fluids collected from the proximal 
bowel  should be infused into the disconnected 
distal bowel during the night- time  hours to 
avoid disuse atrophy and enhance enteral 
absorption, at a rate and volume that allows nor-
mal stools and avoids a washout effect.

7.9.1  Autologous Gastrointestinal 
Reconstruction (AGIR)

Bowel length virtually doubles during the third 
trimester of pregnancy [6]. Thus, even short 
lengths of neonatal bowel (2–5 cm segments) rep-
resent a significant absorptive potential. Bowel 
growth is marked during the early years and con-
tinues until adulthood. Adaptation is lifelong, 
although finite and determined by the type of 
mucosa. The normal 3.5  kg neonate averages a 
small bowel of 1.5–2 cm diameter and a length of 
around 350  cm measured along the antimesen-
teric border from the ligament of Treitz to the 
ileocaecal valve, with a complete colon. After 
bowel loss or resection a residual jejuno-ileal 
length of 60–100 cm of propulsive diameter with 
an intact ileocaecal valve and all the colon, can be 
expected to adapt sufficiently and without signifi-
cant long-term nutritional deficits. The loss of the 
ileum, IC valve, and ascending colon will require 
a greater length of small bowel, emphasizing the 
importance of preserving the IC valve and GLP-
2-producing ascending colon.

Bowel Preservation At presentation and after 
each operative intervention, it is essential, for 
reconstruction and audit, to record and photo-
graph or video the type, length as measured along 
the antimesenteric border, and diameter of all 
residual bowel. The massive proximal loop dila-
tation associated with small bowel atresia leads 
to a mismatched dysfunctional ‘big-to-small’ 

anastomosis with failure of propulsion, stasis, 
and bacterial translocation despite active peristal-
sis. It is necessary to resect back and/or tailor the 
dilated bowel along the antimesenteric border 
towards a better-matched (<3:1) end-to-end anas-
tomosis. When even this extent of small bowel 
loss is inadvisable, no resection or tailoring 
should be undertaken. ALL bowels should be pre-
served for reconstruction and the child referred 
to the specialist IF centre.

Tube-Stomata for Enhanced Absorption and 
Bowel Expansion A high small bowel abdomi-
nal wall stoma causes uncontrollable enteral 
losses, painful skin excoriation, and difficulty 
with stoma bag adhesion. At first surgery, it is 
better to construct a controllable tube- 
jejunostomy (Fig.  7.19) with a large Foley or 
Malecot catheter (18–24  F), which is brought 
through the abdominal wall and held within the 
dilated proximal loop with a double purse-string 
suture that is drawn up against the peritoneum.

A similar separate smaller tube-ostomy is 
placed in the distal bowel (ileum or colon) for the 
infusion of the proximal bowel effluent to develop 
the defunctioned distal bowel until bowel conti-
nuity. Once the tube-stomata are established, 
daytime oral feeding with the family and night- 
time distal bowel infusions commence.

Fig. 7.19 Controllable tube-jejunostomy
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Bowel Expansion Over some 6–12  months, the 
tube-jejunostomy is occluded intermittently and for 
lengthening periods to reduce losses and prolong 
nutrient-to-mucosa contact for enhanced absorption 
and adaptation. Peristalsis against occlusion forces 
bowel elongation and dilatation, creating additional 
tissue for reconstruction (Fig. 7.20).

Initial proximal tube occlusions for 5 min peri-
ods are progressively increased to tolerance (30–
180  min) and alternate with similar periods of 
drainage to avoid stasis and bacterial overgrowth. 
Vomiting and discomfort from loop contractions 
against the occluded tube  subside within a short 
time. The effectiveness and progress of the 
bowel expansion process is assessed by the child’s 
weight gain from increasing absorption and by 
loop dilatation and elongation (Fig. 7.20). It is rel-
evant to avoid excessive weight gain!, by reducing 
parenteral nutrition. This onerous but effective 
management continues for several months and 
until the proximal bowel dilates and elongates suf-
ficiently for ‘bowel remodelling and lengthening’.

7.10  Autologous Bowel 
Lengthening Procedures

Longitudinal Intestinal Lengthening and 
Tailoring (LILT) The first bowel lengthening 
procedure was reported by Bianchi [7] in 1980 
and first applied clinically with positive results in 
1981 by Boeckman and Traylor [8]. The dilated 
loop is divided longitudinally, passing between 
the mesenteric vessels, and the two vascularized 
hemi-loops of half diameter (Fig.  7.21a) are 
anastomosed isoperistaltically in an S-shaped or 
spiral fashion and to the distal bowel for com-
plete bowel continuity.

Bipolar cut-coagulation diathermy with nee-
dlepoint forceps virtually eliminates blood loss 
(Fig. 7.21b), and manual suturing (author’s pref-
erence) ensures accurate hemi-loop construction 
and anastomoses. LILT retains relatively normal 
intestinal muscle configuration, with effective 
peristalsis and forward propulsion, with a return 
of bowel function within 3–7 days. The reduced 
loop diameter avoids stasis and promotes a 
healthy adapting mucosa with increasing absorp-
tion over a longer length. Post-operative compli-
cations such as bowel necrosis, suture line 
dehiscence and leakage, fistula, and stenosis have 
been minimal and a consequence of faulty surgi-
cal techniques.

Serial Transverse Enteroplasty (STEP) Published 
in 2003 by Kim et al. [9], STEP uses a mechanical 
stapler, passed transversely between consecutive 
sets of mesenteric vessels and alternating serially 
along the  mesenteric and antimesenteric aspects, to 
reduce loop diameter and increase bowel length 
(Fig. 7.22). Particular attention is necessary to avoid 
leakage at the tips of the staple lines.

The disruption to the intestinal muscle anat-
omy is marked and could potentially reduce 
effective peristalsis. In most instances, healing is 
uneventful, and patients have progressed to full 
enteral autonomy and weaned from parenteral 
feeding. Redilatation after LILT or STEP can be 

Fig. 7.20 Bowel expansion by occlusion of 
tube-jejunostomy
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a b

Fig. 7.21 (a) LILT (author’s property). (b) Cutting bipolar diathermy

Fig. 7.22 (Author’s property): Serial transverse entero-
plasty (STEP)

Fig. 7.23 Spiral enteroplasty—SILT

managed by a ‘second STEP’ [10]. However, 
further significant disruption to the intestinal 
muscle may cause incoordinate or ineffective 
peristalsis.

Spiral Intestinal Lengthening and Tailoring 
(SILT) In 2013, Cserni et  al. [11] proposed 
SILT to retain a more normal intestinal anatomy 
and avoid dissection within the mesentery. SILT 
cuts the dilated bowel spirally along its circum-
ference, passing between the mesenteric vessels 
(Fig.  7.23). Bipolar cut-coagulation diathermy 
with needlepoint forceps ensures a clean blood-
less cut. Longitudinal distraction and manual 
suture achieve a 60% isoperistaltic elongation 
and a significant reduction in loop diameter.

SILT respects intestinal muscle configuration 
and is well tolerated. It is particularly useful instead 
of LILT or STEP when bowel dilatation is not suf-
ficient or can be combined with LILT or STEP dur-
ing the same bowel reconstructive procedure.

Small Bowel Reversed Anteperistaltic Segments  
A single small bowel reversed(antiperistaltic) seg-
ment can slow transit and increase mucosal con-
tact time and absorption while still avoiding 
bacterial overgrowth [12, 13]. The length of a 
reversed segment varies with the child’s age and 
the nature of the residual bowel. Around 10–15 cm 
is a suitable length for a single reversed segment 
that is placed towards the distal end of the small 
bowel (Fig. 7.24).

Multiple judiciously spaced segments can fur-
ther enhance absorption. Reversed segments can 
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Fig. 7.24 12 cm small bowel reversed segment

be used alone or combined with lengthening pro-
cedures but are more often considered for persist-
ing dependence on parenteral nutrition following 
reconstruction.

Long-Term Outcome from Bowel 
Reconstruction Extensive experience [14, 15] 
since 1981 confirms that bowel tailoring and 
lengthening procedures preserve all viable bow-
els, eliminate propulsive dysfunction and stasis, 
and promote effective isoperistalsis and a clean 
adaptive absorptive mucosa, such that many 
patients will dispense with parenteral nutrition 
and convert to full enteral nutrition within 
3–12  months. The critical length of the dilated 
segment that can be expected to lead to enteral 
autonomy after lengthening is around 25–30 cm 
with at least half the colon. Shorter lengths also 
benefit from greater enteral absorption and a 
reduction in parenteral support and an improved 
quality of life. Some patients will achieve nutrient 
independence but continue to require fluid and 
electrolyte supplements. The longer-term out-
come depends on the nature, adaptive potential, 
and specific functions of the residual bowel. An 
absence of ileum inevitably requires lifelong vit B12 
supplements, and the lack of ileal-bile- salt-
binding sites necessitates an oxalate reduced/free 
diet to limit the absorption and urinary excretion 

of unbound oxalates and the formation of urinary 
calculi. The ongoing attention of a specialist gas-
troenterologist is relevant throughout life to ensure 
normal growth and avoid nutritional deficiencies.

7.11  Pharmacological 
Management

 (a) Oral rehydration solution (ORS): rapid tran-
sit time with marked fluid and electrolyte losses 
causes dehydration and electrolyte imbalance, 
driving the kidneys towards fluid and electro-
lyte conservation. ORS provides additional 
fluid and a higher concentration of electrolytes 
to enhance hydration and renal function.

 (b) Opioids and cholestyramine: loperamide 
and codeine slow propulsion, and cholestyr-
amine, by binding diarrhoea-inducing bile 
salts, help towards increasing nutrient con-
tact time and absorption. Higher oral doses 
are necessary to compensate for rapid transit 
through shorter bowel.

 (c) Clonidine, given orally or by skin patch, can 
markedly improve absorption, significantly 
reduce losses, and favour enteral autonomy. 
A higher oral dose is necessary to compen-
sate for rapid transit, and although both oral 
and patch doses are minimal, it is best to 
titrate the clonidine dose against any poten-
tial effect on blood pressure.

 (d) Glucagon-like peptide 2: GLP-2, produced 
by the caecum and ascending colon, is a 
powerful mucosal stimulant that leads to an 
increased villus length with a greater number 
of cells per villus. Despite reduced single- 
cell absorption, the overall effect of the 
greater number of cells per villus is a major 
increase in nutrient absorption. Although 
GLP-2 analogues are highly effective during 
administration, the impact on the mucosa 
and on absorption is not always fully sus-
tained once the drug is stopped. Long-term 
use and heavy mucosal stimulation can 
induce neoplastic change and requires moni-
toring. Presently, the drug is expensive and is 
not easily available.
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7.11.1  Transplantation

The child with IF is a prime candidate for 
intestinal transplantation to restore enteral 
autonomy and remove the risks from long-term 
parenteral nutrition and central venous catheters. 
Transplantation requires a suitable donor, com-
plex surgery, and skilled post-operative care. 
Donor organ availability can be an issue, as 
also is the size discrepancy between the child’s 
smaller abdominal domain and adult bowel or 
liver-bowel grafts. Lifelong immunosuppression 
is essential to avoid acute graft rejection and 
graft versus host reaction (GVH). Post-transplant 
immunoproliferative disease (PTLD) is a con-
stant threat that often recedes when immunosup-
pression is stopped, which then threatens graft 
function and survival. Constant monitoring is 
advisable because of the risk of sepsis and neo-
plasia. Chronic rejection is ‘difficult’ to treat and 
is a major concern that leads to loss of bowel 
function. Spontaneous graft tolerance not requir-
ing immunosuppression is a rare phenomenon, 
and the induction of tolerance is not a consistent 
option.

There is a general agreement that transplanta-
tion should not be the first line of management 
for a child with intestinal failure but should be 
considered when there has been a loss of central 
venous access, irreversible liver injury, or poor- 
quality life after autologous bowel reconstruc-
tion. Appropriate early management  of the IF 
patient attempts to avoid transplantation by 
establishing safe parenteral nutrition that 
avoids liver injury, careful central venous cathe-
ter management and preservation of central 
access portals, and judicious surgery for maximal 
preservation of autologous bowel for expansion 
and reconstruction (AGIR). Better enteral absorp-
tion from autologous bowel and reduced paren-
teral nutrition are compatible with a life of 
acceptable quality and are a lesser-risk alterna-
tive to transplantation.

At the present time, post-transplant patient 
survival is 76–92% at 1 year following bowel and 
liver-bowel transplantation, 60–65% at 5  years 
with a lesser figure, 57% for graft survival, and 
around 50% at 10  years. While the intestinal 

transplant is functional, patients benefit from not 
requiring parenteral nutrition but must often con-
tended with episodes of acute rejection that 
require intricate management and detract from 
the quality of post-transplant life. Insidious 
chronic graft failure remains a major concern at 
5–10 years post-transplant, which requires graft 
removal and a return to parenteral nutrition, with 
an option for re-transplantation. The issues sur-
rounding transplantation, which are constantly 
updating, will not be discussed further [16]. It is, 
however, relevant to note that despite the morbid-
ity and mortality, for those with no other options, 
transplantation is a potentially life-enhancing 
management [17, 18].

7.12  Conclusion

Over the last 50  years, the management of IF 
has been transformed [19] with refinements in 
parenteral nutrition, absorption and adaptation 
enhancing drugs, autologous gastrointestinal 
reconstruction, improvement in immunosup-
pression, and transplantation. However, even 
present techniques have grave limitations; 
indeed, ‘the transplant donor must die for the 
recipient to live’!

The future lies in avoiding intestinal failure by 
better management  as for S-NEC; further 
 understanding of stem cell technology; restruc-
tured gene transfer to replace abnormal gene 
mutants, as in cystic fibrosis; less toxic immuno-
suppression; and induction of tolerance follow-
ing transplantation. The urge to ‘do more with 
autologous bowel’ must remain the ultimate 
solution and a potent driver towards innovative 
AGIR techniques for bowel elongation and for 
growing new functional autologous tissue 
towards enteral autonomy.

In writing this chapter and in proposing the 
unconventional, I have attempted to stimulate the 
reader’s imagination, and I have dared to hope 
that there will come a day when the patient with 
intestinal failure can look confidently to enteral 
autonomy and a normal life on his own recon-
structed bowel. The ingenuity of great men, 
research, and a modicum of prayer promise a bet-
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ter future, transforming the despair of intestinal 
failure into the sumptuous reality of a ‘gourmet 
meal and a glass of vintage wine’!
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8Children with Obesity

Susann Weihrauch-Blüher, Oliver Mann, 
Georg Singer, and Holger Till

8.1  Introduction

The pandemic of childhood obesity has con-
tinuously increased during the past decades, 
and especially morbid obesity in our youngsters 
still increases [1]. As in adults, the excess adi-
pose tissue triggers multiple immunological and 
metabolic pathways, resulting in serious cardio-
metabolic comorbidities such as disturbed glu-
cose metabolism leading to prediabetes or type 2 
diabetes (T2DM), nonalcoholic fatty liver disease 
(NAFLD), hyperlipidemia, and hyperuricemia 
[2–4]. Importantly, many adolescents with severe 
obesity remain obese into adulthood and develop 
major cardiovascular morbidities in early adult-
hood [5]. Recent data, for instance, suggest that 
obesity that has already started in childhood is 

associated with a significantly higher risk of devel-
oping certain malignancies later in life [6, 7].

Obesity in childhood or adolescence is 
defined—as in adults—by the body mass index 
(BMI). However, percentiles are applied to define 
the degree of obesity. In pediatrics, overweight is 
classified as BMI ≥90th and <97th percentile, 
obesity as BMI ≥97th and <99.5th percentile, 
and extreme (morbid) obesity as BMI ≥99.5th 
percentile. Age- and sex-specific percentile 
curves are available for different nations and 
countries, and in Germany, percentiles by 
Kromeyer-Hauschild et al. are applied [8].

The therapy for childhood obesity is complex, 
and conservative lifestyle intervention programs 
remain the first line of treatment, representing the 
“gold standard” for therapy. However, the long- 
term success of lifestyle intervention programs 
for reducing weight remains disputed. A recent 
study has revealed that despite having multiple 
improvements in health measures, such as a 
reduction in sweet drink intake, BMI standard 
deviation score (SDS) reduction at 12  months 
was lost at 24 months in 121 participants (60% of 
participants at baseline) [9]. Moreover, a meta-
analysis including 11 randomized controlled 
clinical trials indicated that long- term school-
based interventions on physical activity and 
dietary habits received by children aged 
6–12 years seem to have no effect on BMI [10].

As far as drug therapy in childhood obesity is 
concerned, the only available medication in 
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Europe so far includes metformin, which is 
licensed for children ≥12  years with already 
manifest T2DM and glucagon-like peptide-1 
receptor agonists, representing the only medica-
tion in Europe licensed by the European 
Medicines Agency (EMA) in early 2021 for the 
treatment of pediatric obesity.

In addition to the abovementioned lifestyle 
intervention programs and drug therapies, 
metabolic- bariatric surgery (MBS) is a treatment 
option for morbidly obese adolescents following 
strict inclusion and exclusion criteria (see below) 
[3, 11, 12]. The current international recommen-
dations and guidelines for MBS in adolescence 
are presented and discussed in the following 
chapter.

8.2  Indication for Bariatric 
Surgery in Children 
and Adolescents

MBS for adolescents was first reported in the 
1980s but has only gained importance since 
around 2000. The American Society for Metabolic 
and Bariatric Surgery (ASMBS) Pediatric 
Committee has recently updated its guidelines 
[3] and has suggested that adolescents with class 
II obesity and a diagnosed comorbidity or with 
class III obesity should be considered for MBS 
[13]. A thorough preoperative evaluation includ-
ing metabolic profiling should be performed by 
an interdisciplinary team. Moreover, sufficient 
education must be provided explaining the surgi-
cal interventions and the necessary postoperative 
lifestyle changes [13].

Indications for MBS in morbidly obese ado-
lescents vary between countries within Europe. 
However, the European Association for the Study 
of Obesity and the European Chapter of the 
International Federation for the Surgery of 
Obesity agreed on interdisciplinary European 
guidelines on MBS in adolescents in 2013 [14]. 
According to these guidelines, bariatric surgery 
can be considered in adolescents

 1. With a BMI >40 kg/m2 and at least one con-
firmed comorbidity (see below)

 2. Following at least 6 months of structured con-
servative therapy in a specialized center

 3. Showing skeletal and developmental maturity 
(Tanner stage IV)

 4. Capable of committing to comprehensive 
medical and psychological evaluation before 
and after surgery

 5. Willing to participate in a postoperative multi-
disciplinary treatment program

 6. Able to access surgery in a unit with specialist 
pediatric support (nursing, anesthesia, psy-
chology, postoperative care)

Moreover, bariatric surgery can even be con-
sidered in genetic syndromes, such as Prader–
Willi syndrome, but only after careful 
consideration by an expert medical, pediatric, 
and surgical team [14].

The German guideline published by the 
German Society for General and Visceral Surgery 
describes a BMI ≥35 kg/m2 and at least one diag-
nosed somatic and/or psychosocial comorbidity 
as indications for bariatric surgery in children 
and adolescents. In patients with a BMI ≥50 kg/
m2, surgery can be considered even without any 
comorbidity. However, 95% of the predicted final 
height or Tanner stage IV should have been 
reached, and at least 6  months of unsuccessful 
conservative interdisciplinary lifestyle interven-
tion should have been performed [15].

Exclusion criteria for bariatric surgery in ado-
lescents include the following
• Severe psychiatric disorders (unstable psy-

chosis, borderline personality, severe depres-
sion, and personality disorders) and diagnosed 
eating disorders

• Alcohol and/or drug abuse
• Pregnancy (present or planned within 

18 months after surgery)
• Inability of the patient to participate in long- 

term interdisciplinary follow-up at the obesity 
center

Most multidisciplinary MBS programs rec-
ommend a protein-rich liquid diet to induce 
weight loss and decrease the liver size, which 
should be started already preoperatively. Such 
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conditioning improves surgical safety, operative 
times, and intraoperative blood loss [12]. Before 
MBS, a comprehensive medical examination for 
existing metabolic and/or cardiovascular comor-
bidities and a psychosocial evaluation should be 
performed.

Surgery should be performed in a specialized 
facility, and treatment should be  interdisciplinary, 
including a pediatric surgeon or bariatric surgeon 
with many years of experience in obesity and 
metabolic surgery (including in adolescents), a 
pediatrician, a dietitian, a psychologist, and a 
sports medicine specialist. In the first postopera-
tive year, in particular, a standardized follow-up 
in a specialized obesity center with regular medi-
cal examinations, nutritional advice, and psycho-
logical care, as well as a supportive family 
environment, is essential.

8.3  MBS in Adolescents: 
Operative Procedures

According to present guidelines, MBS should be 
performed in high-volume centers specialized in 
the medical and surgical treatment of morbid 
obesity at any age. Thus, it seems highly advis-
able for pediatric surgeons to join a high-volume 
center for adult bariatric surgery. In the United 
States, the Metabolic and Bariatric Surgery 
Accreditation and Quality Improvement Program 
(MBSAQIP) requires for adolescent bariatric sur-
gery that a children’s hospital conducting fewer 
than 25 stapling cases per year invites an 
MBSAQIP-verified bariatric surgeon on each 
case [13].

Pathophysiologically, a fundamental distinc-
tion is made between the so-called restrictive ver-
sus malabsorptive procedures. Restrictive 
procedures “simply” tighten the stomach, for 
example, by placing an adjustable band around a 
small portion of the fundus [laparoscopic adjust-
able gastric banding (LAGB)]. This maneuver 
creates a pouch and a small channel into the 
remaining stomach. The volume of food passing 
through the band may be adjusted by changing 
the diameter of the band. The continuity of the 
gastrointestinal tract remains intact.

The Roux-en-Y gastric bypass (RYGB) 
remains the “gold standard” of all malabsorptive 
procedures. Technically, the stomach is resected 
close to the gastroesophageal junction, leaving 
only a small pouch of approximately 20 mL. A 
loop of the small bowel is anastomosed to this 
gastric pouch (alimentary loop), while the rest of 
the stomach, the duodenum, and the adjoining 
proximal small intestinal loops are initially 
excluded from the food route (biliodigestive 
loop). Further distal (100–170  cm), both loops 
are joined (common channel), allowing for the 
absorption of food.

Sleeve gastrectomy [laparoscopic sleeve gas-
trectomy (LSG)] serves both principles. Basically, 
the stomach is resected longitudinally, leaving a 
“restricted” volume of approx. 50–100 mL. This 
procedure was first recommended by the authors 
as a “stand-alone” technique for young adoles-
cents in 2008 [16]. Metabolically, it is assumed 
that the resection of the gastric fundus also 
removes large parts of ghrelin production. Since 
ghrelin induces feelings of hunger in the central 
nervous system (arcuate nucleus), the removal of 
ghrelin- producing cells induced changes in eating 
behavior [17–19]. Valid studies have shown that it 
is almost as effective as RYGB for weight loss and 
improving comorbidities [20]. Thus, LSG has 
gained general acceptance and has become the 
most commonly performed MBS procedure in 
adolescents [3].

8.4  Results of MBS 
in Adolescents

8.4.1  Effects on Weight Status

Data for comparing clinical and metabolic out-
comes for RYGB and LSG are available from 
the American Teen-LABS Consortium. These 
show a sustainable weight reduction of 27% in 
242 adolescents (161 RYGB, 67 LSG, and 14 
LAGB) after 3 years. There were no significant 
differences between RYGB and LSG (mean 
weight loss: RYGB 28% and LSG 26%). The 
adjustable gastric band (LAGB) performed 
worst (8%) [20].

8 Children with Obesity
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Previous studies support these findings. A sys-
tematic review article and a meta-analysis on 
weight loss after bariatric surgery in adolescence 
have shown that the mean BMI difference 
between the initial examination at the time of the 
operation and the examination after 1 year was 
13.5  kg/m2 (95% confidence interval −14.1 to 
11.9 kg/m2). Weight loss was greatest after RYGB 
and least after treatment with an adjustable gas-
tric band (AGB) [21].

However, these findings should be interpreted 
and discussed with caution since long-term data 
are not yet available for adults, and studies in 
adults with obesity who have undergone MBS 
have shown that many patients gain weight again 
after 3–10  years, regardless of the surgical 
method used [22].

8.4.2  Effects on Preexisting 
Comorbidities

In adulthood, LSG and LAGB have revealed sim-
ilar efficacy at 1-year and 3-year follow-ups with 
regard to weight loss and the improvement of 
comorbidities [18]. In adolescents with obesity, 
initial results revealed a significant improvement 
in the preexisting T2DM, obstructive sleep apnea 
syndrome, bronchial asthma, NAFLD and dys-
lipidemia [23, 24]. More specifically, the preex-
isting T2DM has improved or even resolved in 
90%, dyslipidemia in 66%, arterial hypertension 
in 74%, and impaired kidney function in 86% of 
affected adolescents, as shown in the Teen LABS 
study [20]. Ryder et al. demonstrated that in ado-
lescents with severe obesity who are undergoing 
MBS, the risk of cardiovascular endpoints later in 
life has significantly improved [5]. These find-
ings are comparable to long-term outcome data 
in adults after MBS [25–28].

In addition, an improvement in insulin sensi-
tivity and glucose homeostasis, decrease in 
serum-free fatty acid levels, increase in the adi-

ponectin/leptin ratio, and decrease in interleukin-
 6 and C-reactive protein have been reported in 
adolescents following MBS [29–32].

8.4.3  Complications

MBS is a high-risk operation and may induce dis-
tinct surgical complications. Basically, there are 
more “technical” complications with LAGB.  In 
up to 30% of all cases, dislocations of the band or 
erosions into the stomach may be encountered, 
requiring revisional surgery. Paulus et  al. have 
compiled the complication rate in bariatric sur-
gery in adolescence in their current systematic 
review: complications occurred in around 11% of 
patients who received AGB, including dislodge-
ment of the band and port revisions [33]. Due to 
the high rate of long-term revisional surgery, in 
adults, AGB has become a very rare procedure in 
the past years.

In malabsorptive techniques, the “principle 
may become a problem,” meaning that malnutri-
tion, vitamin deficiencies, or electrolyte imbal-
ances may occur long-term. The most important 
and most frequent long-term complication in ado-
lescents after bariatric surgery, however, are defi-
ciency symptoms of vitamins or trace elements, 
which occur after all three surgical procedures. 
Deficiency symptoms should therefore be recog-
nized and corrected before the operation. The most 
common vitamin deficiency symptoms following 
RYGB are vitamin B12 deficiency, thiamine defi-
ciency, and vitamin D deficiency [34].

Vitamin deficiency remains an issue after 
MBS: as shown in the Teen-LABS study, 37% of 
adolescent patients had a vitamin D deficiency 
preoperatively, which persisted in 43% of the 
patients 3 years after RYGB and SG. A preexist-
ing vitamin B12 deficiency worsened signifi-
cantly 3 years postoperatively. Furthermore, 5% 
of the patients had an iron deficiency preopera-
tively, and 3 years postoperatively, this rate 
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increased to 57% [20]. A lifelong vitamin substi-
tution after bariatric surgery is therefore recom-
mended and should be followed up during regular 
visits.

8.5  Discussion

MBS for the treatment of adolescents with mor-
bid obesity has evolved from being a controver-
sial issue to becoming a distinct recommendation 
within the past 20  years. Overall, laparoscopic 
Roux-en-Y gastric bypass (LRYGB) has been the 
most commonly used method to date in extremely 
obese adolescents [35–43]. Historically, the lapa-
roscopically adjustable gastric band (LAGB) had 
also been used frequently [36]. LSG has gained 
general acceptance and has become the most 
common operation performed in morbidly obese 
adolescents [3].

Independent of the procedure applied, surgery 
should only be performed in high-volume treat-
ment centers, and management should involve an 
interdisciplinary team experienced in the treat-
ment and handling of adolescents with obesity, 
including postoperative care. An indication for 
MBS in adolescents requires strict international 
recommendations and guidelines, and the 
American Society for Metabolic and Bariatric 
Surgery (ASMBS) Pediatric Committee recom-
mends that MBS should not be withheld from 
adolescents with severe comorbidities.

According to available data from adults, MBS 
can improve insulin resistance and secretion 
independently of weight loss by influencing gas-
trointestinal hormones. In some patients, a com-
plete remission of T2DM occurred just a few 
days after bariatric surgery and thus before sig-
nificant weight loss was recorded [44, 45], sug-
gesting that MBS directly influences the 
hormonal control of the glucose balance [46]. 
However, additional factors, such as adherence to 
diet recommendations and genetic predisposi-
tion, seem to play a role as well [47, 48]. The 
highest remission rates in type 2 diabetes have 
been achieved after RYGB and after biliopancre-
atic diversion with duodenal switch (BPD/DS). 
Remission rates ranging between 40 and 100% 

have been described for the different surgical 
procedures, with gastric bypass appearing to 
have higher remission rates than the purely 
restrictive procedures [44, 46, 49]. BPD and 
BPD/DS can completely normalize diabetic 
metabolism in most patients [50]. The remission 
rates in type 2 diabetes reached an average of 
76.8%: 38% after gastric banding, 84% after 
RYGB, and 98% after BPD with or without duo-
denal switch [51]. Procedures like BPD with or 
without duodenal switch are reserved for a minor-
ity of (very sick) patients, mainly due to their 
potential long-term complications—and in chil-
dren and adolescents, only extremely limited data 
exist [45, 52, 53].

Available data and, especially, results from the 
Teen-LABS Consortium suggest that MBS may 
improve preexisting impaired glucose metabo-
lism and other cardiometabolic comorbidities 
even in this age group of adolescent patients and 
can be even more effective than in adults [54–
56]. However, data were to date mostly obtained 
from retrospective studies—with the exception 
of the Teens-LAB study. Long-term data on 
adolescents who have undergone MBS are still 
pending. There are still no definitive therapy 
recommendations, in particular on the bariatric 
methods suitable for children and adolescents. 
The implementation of randomized controlled 
clinical trials is therefore essential, and meta-
bolic surgery as well as follow-up examinations 
should thus only be performed by specialized 
centers, which offer a long-term interdisciplin-
ary treatment approach.
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9Frailty in Children 
with Oncological Disease

Andrea Pession and Laura Ronchini

Children with an oncological disease are at a 
major risk of frailty from the moment of diagno-
sis; this risk increases during the treatment pro-
cess and remains elevated in the follow-up period 
and over. Thanks to the progress in the treatment 
of childhood malignancies, the prevalence of 
childhood cancer survivors increases over the 
years, but consequently, also the prevalence of 
frailty increases [1, 2]. It is estimated that 1  in 
600 young adults in western countries is a survi-
vor of childhood cancer [3].

The prevalence of frailty among childhood 
cancer survivors has been estimated by Ness 
et al. in a report from the St. Jude Lifetime Cohort 
Study [1]. Using the criteria proposed by Fried 
et  al. [4] (see below), the prevalence of frailty 
reported among 1922 childhood cancer survi-
vors, with a mean age of 33.6 ± 8.1 years, was 
13.1% among women and 2.7% among men, 
with rates increasing with age [1]. These rates are 
similar to those described among older individu-
als (age ≥65  years) [1, 5, 6]. These data high-

lights that frailty is a phenotype typical of ageing, 
which prematurely occurs in young adult survi-
vors of childhood cancer [1, 5].

Frailty among childhood cancer survivors 
consists of a phenotype characterized by reduced 
physical, cognitive and psychological reserve 
and function. This condition implies vulnerabil-
ity, increased susceptibility to developing chronic 
conditions, more frequent hospitalization, and 
reduced quality of life [5].

Frailty is the result of physical and cognitive 
impairment, consequent to the oncologic disease 
status, medications and procedures for the treat-
ment of cancer, such as chemotherapy, radiother-
apy and surgery.

At the diagnosis of neoplasia, frailty is a con-
sequence of the disease, which confers an 
increased risk of other illnesses (infection, coag-
ulopathy and other conditions depending on the 
site of cancer) and mortality.

Frailty increases during treatment; cancer 
therapies have a lot of side effects, like nausea 
and vomiting, loss of weight, alopecia, muscle 
weakness and acute illness, with an increased 
risk of organ damage, the onset of chronic condi-
tions and mortality.

Cranial radiotherapy has a major effect on 
central nervous system structures, such as the 
hypothalamic–pituitary axis, resulting in an 
increased risk of frailty related to the relevant 
impact of these structures on development and 
physical and cognitive functions [5]. However, 
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not only children exposed to cranial radiation are 
at increased risk of frailty; every cytotoxic ther-
apy may have a significant impact on vital organs 
and may have consequences on physical and cog-
nitive functions over a lifetime, resulting in an 
increased risk of frailty [5].

The psychological aspect is also important 
because a child, who, until the day before, went 
to school, played with friends and stayed well at 
home with family without worries, suddenly 
finds himself having to face hospitalization, che-
motherapy and surgery and no longer being able 
to go to school, play with friends and go about 
the daily activities.

However, the phase during which frailty 
becomes more prominent and represents a central 
problem in patients’ life is during follow-up. 
Indeed, during this phase, the effects of therapies 
and the insults received during the active disease 
and treatment come to the surface, and the risk of 
incidence of chronic disease, disability and reduc-
tion of the quality of life becomes more evident.

Both neoplasia and cytotoxic therapies create 
an environment characterized by inflammation, 
oxidative stress, deoxyribonucleic acid (DNA) 
damage, telomere shortening and mitochondrial 
dysfunction [5, 7]. These biological effects result 
in the premature ageing of the cells and tissues, 
leading to an increased risk of the onset of chronic 
diseases, disability and mortality [5, 7].

The prevalence of frailty increases with age 
and is affected by an incorrect lifestyle. Sedentary 
life, a diet rich in fat, smoking, drinking alcohol 
and other bad habits contribute to cell ageing, 
increase the prevalence of frailty and, as a conse-
quence, increase the incidence of chronic ill-
nesses, hospitalization, poor fitness and mortality 
[5, 8].

It is important to monitor childhood cancer 
survivors with a specific screening program to 
early identify the subjects with signs of prefrailty 
or frailty, who are at major risk of developing 
chronic diseases and disabilities.

The definition of frailty phenotype proposed 
by Fried et al. [4] is composed of five indicators 
of reduced physiological reserve: (1) sarcopenia 
(low muscle mass), (2) weakness (decreased 

muscle strength), (3) poor endurance (self- 
reported exhaustion), (4) slowness (slow walking 
speed) and (5) low activity (poor physical activ-
ity) [4] (Table  9.1). By evaluating these condi-
tions, we can define prefrail patients as subjects 
with two of these indicators and frail patients as 
subjects with three or more of these indicators [4, 
5] (Table 9.1).

Prefrailty, a milder phenotype that precedes 
frailty, has a higher prevalence among survivors 
of childhood cancer [1]. The prevalence of pre-
frailty reported by Ness et al. was 31.5% among 
women and 12.9% among men [1]. These data 
suggest that a significant proportion of young 
adult survivors of childhood cancer lose physio-
logic reserve and are prefrail or frail; specifically, 
nearly 8% are frail and 22.2% are prefrail, with a 
higher prevalence of both phenotypes in women 
than men [7].

By identifying these high-risk patients, it is 
possible to adopt tailored strategies to prevent 
physical and/or psychological decline [5]. For 
example, neuromuscular involvement is one of 
the first signs of frailty, manifesting with a defi-
cit in neuromuscular control, decline in muscle 
strength, weakness and low muscle mass [5]. 
Patients with one or more of these signs should 
be referred for tailored intervention with physi-
cal exercise and an active lifestyle [5]. The 
screening program has to be structured to iden-
tify these early dysfunctions and also chronic 
diseases (for example endocrinological, cardio-
logical, pneumological, neurocognitive) to get 
an early diagnosis and implement correct treat-
ment [5].

Table 9.1 Definition of prefrailty and frailty phenotypes, 
proposed by Fried et al.

(1) Sarcopenia (low 
muscle mass)

Prefrailty: the presence 
of 2 indicators

(2) Weakness (decreased 
muscle strength)

Frailty: the presence of 3 
or more indicators

(3) Poor endurance 
(self-reported exhaustion)
(4) Slowness (slow 
walking speed)
(5) Low activity (poor 
physical activity)
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Also, adequate psychological support is useful 
to prevent the incidence of mental disorders, such 
as depression or anxiety [5].

Finally, the screening program has to guide 
patients in adopting a healthy lifestyle [5].

The consequences of cancer treatment, for 
which frail childhood cancer survivors are at a 
major risk, involve different organs and systems: 
the musculoskeletal system, cardiovascular sys-
tem, respiratory system, endocrine system, and 
neurocognitive and psychological functions.

9.1  Musculoskeletal System

Muscle weakness, exhaustion, reduced exercise 
tolerance and sarcopenia are some of the first 
signs of frailty [1, 4, 5]. Reduced muscle mass 
and strength are typical of the frailty phenotype 
and have important implications on the quality of 
life. Muscle weakness in young adults results in 
reduced physical performance, with, conse-
quently, limitations of daily activities, reduced 
exercise tolerance and a sense of frustration.

Reduced skeletal muscle mass is part of the 
alterations of body composition consequent to 
cancer treatment, characterized by a loss of lean 
body mass and sarcopenic obesity [9]. This phe-
notype is more frequent among young adults 
treated for childhood acute lymphoblastic leu-
kaemia because of the high-dose glucocorticoste-
roid therapy [9]. The loss of muscle mass implies 
changes in muscle composition, leading to 
reduced muscle strength [9].

It is important that all children treated for can-
cer are offered tailored exercise programs to 
enhance muscle strength and prevent physical 
decline. It is also important, as mentioned above, 
to guide children and their families to adopt an 
active lifestyle during follow-up.

A deficit in bone mineral density is a com-
mon late effect of treatment for childhood acute 
lymphoblastic leukaemia [10]. The mainly 
responsible factors for a deficit in bone mineral 
density are glucocorticoids, alkylating agents 
and methotrexate [10]. Also, cranial and gonadal 
radiation therapy contributes to the impairment 
of bone mineral density, through the adverse 

impact on the hypothalamic–pituitary axis and 
gonadal function [10, 11]. Indeed, hormonal 
deficiency, in particular sex hormone and growth 
hormone deficiency, contributes to low bone 
mineral density [10, 11]. An adequate screening 
program is mandatory to ensure the early detec-
tion of hormonal deficiency and a prompt start 
of hormone replacement therapy, when neces-
sary, to improve bone mineral density and pre-
vent complications. Indeed, low bone mineral 
density leads to an increased risk of fracture, 
impairment in mobility, physical limitation, and 
pain [10]. Additionally, a healthy lifestyle, 
avoiding smoking and drinking alcohol and pro-
moting physical activity are important to 
improve clinical outcomes.

9.2  Cardiovascular System

Cardiovascular diseases are possible complica-
tions of cancer therapies, both during treatment 
and during follow-up, as late effects [12]. The 
frequency of cardiovascular complications 
increases during years after antineoplastic treat-
ment, up to 30 years after cancer diagnosis [12].

Childhood cancer survivors are at major risk 
of different heart and vascular diseases: conges-
tive heart failure, myocardial infarctions, valvu-
lar abnormalities and pericardial disease [12, 13]. 
Death from cardiovascular disease is the leading 
non-oncologic cause of mortality among adult 
survivors of childhood cancer, who have a sig-
nificantly higher risk of cardiovascular illness 
and death from cardiac events compared with 
matched-age healthy subjects [12].

The effects of chemotherapy on the myocar-
dium and vascular structures are various and 
might be serious. Anthracyclines are the most 
notorious among cytotoxic agents for being car-
diotoxic. The use of anthracyclines, in particular 
after exposure to a cumulative dose of 250 mg/m2 
or more, is associated with the onset of dilated 
cardiomyopathy, a chronic condition that may be 
progressive, leading to congestive heart failure 
[12]. Dilated cardiomyopathy is characterized by 
the thinning of the ventricular wall and the 
decreasing of myocardial contractility due to 
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 progressive myocardial fibrosis as a consequence 
of the loss of myofibrillar content, which occurs 
after anthracycline exposure [13, 14]. Dilated 
cardiomyopathy may occur early, up to many 
years after treatment with anthracyclines, and it 
is dose dependent [13, 14]. Risk factors associ-
ated with the onset of anthracycline-related con-
gestive heart failure are young age during 
treatment, female gender and exposure to heart 
radiation [13].

Other antineoplastic agents may be cardio-
toxic, such as alkylating agents, anti-metabolites, 
vinca alkaloids and biological agents [12].

Also, chest radiotherapy is responsible for heart 
and vascular damage; the described late effects of 
radiation therapy are myocardial fibrosis, pericar-
dial alterations, arrhythmia, valvulopathy, coro-
nary artery disease and heart failure [12]. The risk 
of cardiac sequelae from radiation therapy is 
higher in patients who have received a cardiac 
radiation dose of more than 1500 cGy [12].

Moreover, a sedentary lifestyle with low phys-
ical activity and a diet rich in fat and smoking are 
deleterious for cardiovascular function and con-
tribute to the progression of impairment in car-
diac function and vessel wall integrity. Hence, 
low physical activity and loss of lean body mass, 
part of the frailty phenotype in childhood cancer 
survivors, contribute to cardiovascular impair-
ment and increase early cardiac morbidity and 
mortality.

Tailored ongoing monitoring is very important 
in childhood cancer survivors to identify also late-
onset cardiovascular consequences of cancer ther-
apies. An accurate physical examination and 
anamnesis of daily activities and lifestyle have to 
be associated with non-invasive tests (such as elec-
trocardiogram and echocardiogram) to early detect 
signs and symptoms of cardiovascular diseases or 
an incorrect lifestyle and rapidly carry out inter-
ventions to prevent damage progression [13].

9.3  Respiratory System

The adverse effects of cancer treatment on the 
lung may consist of diminished pulmonary func-
tion, lung fibrosis, interstitial lung disease, 

restrictive and obstructive pulmonary disease, 
and pleurisy.

The respiratory complications of cancer thera-
pies can be categorized into acute (during treat-
ment), early (months after treatment) and late 
(years after treatment) effects [3].

Therapies responsible for pulmonary damage 
are chest radiation, busulfan, bleomycin, cyclo-
phosphamide, nitrosoureas and chest surgery [15, 
16], with a higher risk of pulmonary sequelae in 
patients undergoing a combination of pulmotoxic 
treatments [17]. The effects of these treatments 
add to other unfavourable conditions, such as 
infections or other organ impairment, and all 
these factors are responsible for an adverse pul-
monary outcome [3].

The respiratory symptoms of lung impairment 
are chronic cough, shortness of breath, dyspnoea, 
reduced exercise tolerance, recurrent respiratory 
tract infections and need for supplementary oxy-
gen [15]. Based on the severity of symptoms, pul-
monary complications can be classified, grading 
from mild to life-threatening conditions, to 
implement appropriate treatments [3].

The occurrence of pulmonary injury is partic-
ularly evident as a consequence of chest radiation 
[3]. The adverse effects of radiation on the lung 
can be divided into three phases: an immediate 
effect is induced by oxidative stress, which 
causes DNA damage and cell apoptosis and cre-
ates an inflammatory environment; an inflamma-
tory response conduce to a repair process, during 
which tissue remodelling occurs, and this results 
in fibrosis; the onset of a vicious circle of cell 
injury, inflammation and repair creates a hypoxic 
environment that enhances pulmonary injury and 
fibrosis, leading to chronic lung damage and 
chronic lung disease [3]. In the subacute phase 
(within months after radiotherapy), radiation 
injury may manifest as radiation pneumonitis, an 
inflammatory disease characterized by mild to 
severe dyspnoea and cough [3]. In the chronic 
phase (years after radiotherapy), lung fibrosis 
may occur; patients may be asymptomatic for 
many years and progressively develop symptoms 
(dyspnoea, hypoxemia, shortness of breath), 
which become more severe during years till the 
onset of a chronic respiratory failure, pulmonary 
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hypertension and heart failure [3]. Pulmonary 
damage induced by radiation therapy is dose 
dependent [3].

Particular pulmonary complications, which 
deserve a separate discussion, are late effects of 
allogeneic haematopoietic stem cell transplanta-
tion (HSCT), which are caused by an immune- 
mediated mechanism, Graft versus Host Disease 
(GvHD) [3]. Idiopathic Pneumonia Syndrome 
and Bronchiolitis Obliterans Syndrome are 
immune-mediated lung diseases typical of the 
allogeneic HSCT setting [3].

Idiopathic Pneumonia Syndrome (IPS) occurs 
within weeks to months after HSCT and is char-
acterized by alveolar damage with significant 
alterations at chest radiograph; patients present 
with cough, progressive dyspnoea and need for 
supplementary oxygen, without identification of 
an infectious aetiology [3]. Treatment is steroid 
based and the prognosis is poor [3].

Bronchiolitis Obliterans Syndrome (BOS) is a 
chronic obstructive lung disease, occurring months 
after HSCT with impairment in pulmonary func-
tion, an obstructive pattern, and alterations at high-
resolution chest computed tomography (air 
trapping and ground-glass opacity); patients clini-
cally present with cough, wheezing, exercise-
induced shortness of breath and dyspnoea and 
reduced exercise tolerance [3]. Treatment is based 
on immunosuppressive agents [3].

During the conditioning regimen, pulmo-
toxic agents are used, in particular busulfan and 
cyclophosphamide; so the effects of lung injury 
secondary to treatment and immune-mediated 
pulmonary complications are often difficult to 
discriminate [3]. Additionally, in the HSCT set-
ting, pulmonary infections (bacterial, fungal 
and viral infections) may contribute to lung 
injury and pulmonary dysfunction, thus, lung 
disease may be the consequence of all these 
multiple factors [3].

Overall, pulmonary late-effects of cancer ther-
apies result in a reduced quality of life in survi-
vors of childhood cancer, who may become 
limited in daily activities, with increased morbid-
ity and mortality [15].

These patients have to be aware of the adverse 
effects of smoking and exposure to occupational 

agents on pulmonary functions and need to be 
monitored in a follow-up program to identify the 
onset of new respiratory symptoms, considering 
that the effects of cancer therapies may occur 
after many years and lung diseases, such as lung 
fibrosis, may remain asymptomatic for a long 
time and become symptomatic after years from 
the end of treatment [15].

Therapy-based screening programs, including 
complete medical assessment with lung function 
tests, to detect also asymptomatic pulmonary 
sequelae, should be adopted for a tailored follow-
 up of treatment-related complications [3]. A 
long-term follow-up is recommended for all 
childhood cancer survivors, who were exposed to 
pneumotoxic therapies, providing regular visits 
and pulmonary function tests at scheduled time 
points and whenever it proves necessary [3]. 
Identification of pre-symptomatic lung disease is 
important to implement a correct treatment and 
prevent the progression of respiratory dysfunc-
tion and the onset of symptoms [3].

9.4  Endocrine System

Hormone deficiency and metabolic disorders are 
possible late effects of cancer treatment, in par-
ticular after chemotherapy and cranial and 
gonadal radiation.

Female survivors of childhood cancer are at 
increased risk of premature ovarian failure 
(POF), especially survivors exposed to pelvic 
radiation and alkylating agents, with the high-
est risk in patients exposed to both these treat-
ments, because of the synergistic deleterious 
effect between radiation and alkylating agents 
on gonads [18].

POF is a primary ovarian condition, which 
consists in premature depletion of ovarian folli-
cles and compromises endocrine and  reproductive 
ovarian function, before the age of 40 years [18, 
19]. POF may manifest with absent puberty (pri-
mary amenorrhea) or interrupted puberty (sec-
ondary amenorrhea), according to the age and 
stage of puberty during cancer treatment [18]. 
POF may occur during cancer treatment or 
promptly after the end of therapy, but most fre-
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quently POF occurs years after treatment, during 
follow-up [18].

The laboratory signs of POF are decreased 
levels of gonadal hormones and increased levels 
of gonadotropins [19]; levels of anti-mullerian 
hormone (AMH), an indicator of the follicular 
reserve, are typically low and inhibin B, a predic-
tor of follicular depletion, may lower before the 
rise of gonadotropins [19].

Clinically, patients with POF present with 
pubertal delay (absent menarche, absent develop-
ment of secondary sexual characters and reduced 
growth velocity), if they were pre-pubertal chil-
dren at the time of exposure to gonadotoxic ther-
apies; whereas, the post-pubertal onset of POF is 
characterized by the disappearance of menstrual 
cycles [19].

POF results in impaired fertility and hormonal 
and metabolic imbalance (abdominal obesity, 
dyslipidaemia, impaired glucose tolerance and 
hypertension), which increases the risk of cardio-
vascular disease and reduced bone mineral den-
sity [18, 20, 21]. Moreover, POF is associated 
with the frailty phenotype [18].

Sex hormone replacement therapy to induce 
puberty and replace gonadal hormones’ meta-
bolic effects may be an option in the management 
of patients with POF [18, 19].

Growth hormone deficiency is another possi-
ble late effect of cancer treatment, especially 
after exposure to cranial radiation, as a result of 
the damaging effect of radiations on the hypotha-
lamic–pituitary axis [13].

Growth hormone deficiency may result in 
short stature, altered body composition (reduced 
lean body mass and increased fat body mass), 
reduced bone mineral density and metabolic dis-
orders, which increase the risk of cardiovascular 
disease [13, 22]. Indeed, childhood cancer survi-
vors with growth hormone deficiency are at 
increased risk of obesity, hyperlipidaemia, hyper-
insulinemia and hypertension, resulting in a 
higher risk of vascular alteration and cardiovas-
cular events [13].

Obesity may be induced by growth hormone 
deficiency but this is not the only cause; obesity 
among childhood cancer survivors is the result of 
multiple factors: hormone deficiency, steroid 

therapy, physical inactivity and reduced energy 
expenditure, caused by low muscle mass, muscle 
weakness and reduced exercise tolerance [13].

Obesity and abnormal body composition are 
risk factors for insulin resistance and diabetes [13].

Other endocrine abnormalities may occur in 
childhood cancer survivors: thyroid dysfunction 
(both primary and secondary to TSH/TRH defi-
ciency), adrenal insufficiency, hyperprolactinemia; 
endocrine disease secondary to impairment of 
anterior pituitary functions (growth hormone defi-
ciency, TSH deficiency, ACTH deficiency, LH/
FSH deficiency and gonadotropin-dependent pre-
cocious puberty) may occur especially in survivors 
of central nervous system tumours and in particu-
lar tumours involving the hypothalamic–pituitary 
region, as a result of the tumour mass effect, sur-
gery and cranial radiation [22–25]. Childhood 
cancer survivors who were exposed to cranial 
radiotherapy to treat any type of tumour have been 
reported to be at increased risk to develop hypo-
thalamic–pituitary disorders, as a result of irradia-
tion involving the hypothalamic–pituitary area 
[26, 27].

In addition to hypothalamic–pituitary radia-
tion, also chemotherapy with alkylating agents 
and intrathecal chemotherapy represent risk fac-
tors for the onset of hypothalamic–pituitary dys-
functions [22].

Growth hormone deficiency and LH/FSH 
deficiency are associated with frailty phenotypes, 
characterized by low muscle mass and poor exer-
cise tolerance in survivors with growth hormone 
deficiency; slowness in survivors with LH/FSH 
deficiency and muscle weakness and low physi-
cal activity with low energy expenditure in survi-
vors with growth hormone deficiency or LH/FSH 
deficiency [27]. Cognitive dysfunctions, in par-
ticular impairment of memory and processing 
speed, have been associated with growth  hormone 
deficiency and TSH deficiency among childhood 
cancer survivors [22].

Hence, hypothalamic–pituitary disorders have 
been associated with physical and neurocognitive 
dysfunction in childhood cancer survivors; there-
fore, hormone replacement therapy may improve 
health outcomes and quality of life in this popula-
tion [22].
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Endocrine function testing and complete 
physical examination with particular attention to 
growth, body composition, body proportions and 
stage of puberty is an essential part of childhood 
cancer survivors’ follow-up, in order to early 
detect endocrine system disorders and start an 
appropriate treatment if necessary.

9.5  Neurocognitive Function

Both neurological and cognitive adverse effects 
of cancer treatments have been reported in child-
hood cancer survivors.

Acute neurological complications may occur 
during treatment, such as vincristine-induced 
peripheral neuropathy, described in children dur-
ing treatment for acute lymphoblastic leukaemia 
[13, 28]. This entity consists of painful distal 
polyneuropathy, involving both sensitive and 
motor nerve fibres [13]. Patients with peripheral 
neuropathy reduce physical activity and immo-
bility contributes to muscle wasting, weakness 
and reduced mobility of the joints [13]. This con-
dition was reported to be transient, but recovery 
may be delayed and in some cases incomplete; 
indeed, nerve injury may result in persistent defi-
cits and long-term neuropathy [13, 29].

Acute neurotoxicity may be also consequent 
to intrathecal chemotherapy with methotrexate 
and cytarabine, leading to stroke-like syndromes, 
seizures, myelopathy and encephalopathy [13]. 
Systemic methotrexate contributes both to acute 
and long-term neurotoxicity of other central ner-
vous system-directed therapies [13].

Long-term neurological impairment in childhood 
cancer survivors involves different functions: speech, 
balance and coordination, neurosensory functions, 
neuromuscular control and motor functions.

Speech may be compromised in survivors of 
posterior fossa tumours, as a result of surgical 
resection [23]. Cerebellar mutism, a phenomenon 
that may follow resection of cerebellar tumours is 
transient and is characterized by gradual recovery 
[23]. But neurological complications of posterior 
fossa tumours are not always transients; indeed, 
impairment in speech and reading may be persis-
tent [23, 30]. Moreover, survivors of cerebellar 

tumours, who had not manifested cerebellar mut-
ism, have been reported to exhibit ataxic dysar-
thria and slower speech, with increased incidence 
and exacerbation in patients exposed to cranial 
radiation [23].

Reading, walking, coordination and balance 
may be undermined in survivors of posterior 
fossa tumours because of the impairment of ocu-
lomotor function, as a result of the damage to 
essential structures involved in the coordination 
of eye movements [23, 31].

Visual impairment may occur in survivors of 
hypothalamic–pituitary tumours and the deficit 
may persist and deteriorate for years [23].

Also, hearing impairment may occur after 
treatment for childhood cancer; in particular 
platinum- based antineoplastic agents (cisplatin, 
carboplatin) may induce high-frequency hearing 
loss [23].

Additionally, survivors of brain tumours are at 
increased risk for late onset of epilepsy and 
migraine [23].

Cognitive functions may be impaired in child-
hood cancer survivors. In particular, memory, 
processing speed, executive function and atten-
tion may result compromised as a result of cancer 
treatment, especially in patients exposed to cra-
nial radiotherapy, with a higher risk in patients 
who were exposed to radiation at a younger age, 
in particular younger than 6 years [13, 32]. After 
cranial radiotherapy, cognitive functions decline 
over time, suggesting accelerated ageing, which 
could increase the risk of early-onset dementia 
[32]. Histopathological effects of cranial radia-
tion on central nervous system structures usually 
become evident months to years after radiation 
therapy and consist of subacute leukoencepha-
lopathy and cortical atrophy [13]. White matter 
damage correlates with the severity of cognitive 
dysfunction [13].

Not only survivors treated with cranial radia-
tion are at risk for neurocognitive impairment. 
Also, survivors of childhood cancer who were 
treated only with chemotherapy and not exposed 
to cranial radiotherapy are at increased risk for 
neurocognitive dysfunctions [13, 32].

Central nervous system tumours confer risk 
for cognitive impairment, which is affected by 
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tumour size and location and surgical complica-
tions (e.g. vascular injury) [32].

Impairments of learning, memory and execu-
tive function have been reported in children with 
tumours of the supratentorial midline, also before 
radiation therapy [23].

Attention deficit is common among childhood 
brain tumour survivors, regardless of the type of 
received treatment [23]. Attention deficit disorder 
appears to worsen cognitive outcomes, exacer-
bating impairment of other neurocognitive func-
tions, such as executive function and processing 
speed [23].

Neurocognitive impairment has an important 
impact on the quality of life of childhood cancer 
survivors, resulting in academic difficulties, 
lower educational achievement, difficulty in find-
ing a job, marrying and independent living [13].

9.6  Psychological Function

A diagnosis of cancer is a cause of stress because 
turns life upside down and is associated with a 
fear of dying, therefore children and adolescents 
diagnosed with cancer are at risk for psychologi-
cal disorders which may occur at the time of 
diagnosis but may also be late-onset and 
long-term.

Psychological experiences lived by the child 
and his family during the illness lead the patient 
into a parallel world, in which he is obliged to 
abandon all his habits and his daily life and where 
the protagonist isn’t, often, himself anymore but 
his illness, and all the rest takes a second place. 
This is true, especially in adolescence, when the 
patient is fully aware of the gravity of the illness, 
the path of care that awaits him and the progno-
sis; in this case, illness often becomes fixed 
thinking in the patient’s life. While cancer in 
childhood remains more confined and is lived 
more by the family than by children themselves 
because they maintain other interests, keep alive 
their desire for games, their curiosity, their cheer-
fulness and they don’t allow the illness to become 
the protagonist of their life. One aspect to con-
sider, though, is that cancer in childhood deter-
mines a completely different experience of 

childhood and occurring in a such crucial moment 
for the neurocognitive and character develop-
ment of the child can have important conse-
quences both from the emotional and the 
neuropsychiatric points of view. In addition, 
cytotoxic therapies and especially cranial radio-
therapy can lead to consequences on neurocogni-
tive development that are greater the younger the 
patient is.

A diagnosis of cancer is a traumatic event, so 
childhood cancer survivors may manifest post-
traumatic stress symptoms and disorder, also 
many years after the end of treatments, during 
adulthood [33]. Reports documented that post-
traumatic stress disorder occurs in 10–20% of 
childhood cancer survivors [33–35]. Young adult 
survivors of childhood cancer who develop post-
traumatic stress disorder have a lower quality of 
life concerning their psychosocial well-being 
[33, 34]. Indeed, these patients experience emo-
tional distress and psychological disorders, such 
as anxiety, depression, somatization, obsessive- 
compulsive behaviour, hostility, paranoid ide-
ation and psychoticism [33]. Furthermore, 
survivors with posttraumatic stress disorder have 
more difficulties to achieve their life goals, such 
as attaining academic achievements, gaining 
employment and getting married and these dys-
functions may have a relevant impact on self- 
esteem and psychosocial health [33]. It has been 
reported that subjective perception of cancer dis-
ease severity, the intensity of treatments, late 
effects and their impact on quality of life is a 
determining factor in the occurrence of posttrau-
matic stress disorder, suggesting that subjective 
impressions have a more relevant psychological 
impact than the objective measures of the disease 
and treatment severity [34].

The psychological implications of a diagnosis 
of cancer during adolescence deserve a dedicated 
section. Adolescence is a vulnerable phase of 
development, during which children become 
more independent, establish a sense of self, and 
set their interests and future goals [36].

During this growing and developing phase, 
relationship with peers is crucial [36]. The diag-
nosis of cancer at this delicate stage leads to a 
disruption of daily life, isolation of the patient 
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from friends and a return to dependence on par-
ents, caused by the side effects of antineoplastic 
treatment, which make the patient weak and in 
need of constant support [36]. Moreover, the side 
effects of treatment, such as alopecia, diarrhoea, 
weight loss, nausea and vomiting, lead the patient 
to no longer recognize his or her own body and 
this situation increases stress and can cause anxi-
ety and depression [36].

Also after completion of the therapeutic pro-
gram, in adulthood, the survivor must face up 
the adverse effects of treatment, long-term com-
plications, such as neurocognitive and endocri-
nological disorders, cardiopulmonary diseases 
and frailty phenotype and this can cause clini-
cally relevant psychological disorders [36]. 
Another condition which represents a source of 
long-term stress is the so-called Damocles syn-
drome, characterized by the fear of a possible 
relapse of primary cancer or the onset of sec-
ondary malignancy [36].

Posttraumatic stress, depression and anxiety 
are common among young adult survivors of 
cancer diagnosed during adolescence [36]. 
Therefore, the effects of a cancer diagnosis on 
mental health don’t limit to the diagnosis or 
treatment phases but they also persist in future, 
in adulthood and influence a patient’s psycho-
logical development and mental health for a 
long time [36].

Particular attention to the onset of psychologi-
cal disorders among adult survivors of cancer 
diagnosed during childhood and adolescence is 
mandatory during follow-up because psychologi-
cal dysfunction as a result of a cancer diagnosis 
may occur also years after the completion of 
medical treatment and early psychological inter-
vention is essential to ameliorate psychosocial 
outcome [36].

9.7  Secondary Malignancies

One of the most fearsome events in survivors of 
childhood cancer, along with the relapse of the 
first neoplasia, is the development of a secondary 
malignancy. Secondary malignancies in cancer 

survivors may occur from a couple of months to 
years after the end of treatments for first cancer. 
The vast majority of secondary malignancies 
occur years to decades after the completion of 
original cancer treatment, up to 30 years after the 
diagnosis of primary neoplasia, with higher rates 
within the first 10 years [37].

Risk factors associated with an increased risk 
for secondary malignancies in childhood cancer 
survivors are related both to possible genetic pre-
disposition and adverse effects of cytotoxic 
therapies.

Therapy-related risk factors for secondary 
malignancies consist of exposure to chemothera-
peutic agents and ionizing radiation.

Among cytotoxic drugs, alkylating agents and 
topoisomerase inhibitors are the main actors 
involved in secondary cancer predisposition [37]. 
Alkylating agents (e.g. cyclophosphamide, ifos-
famide, busulfan, melphalan) are part of thera-
peutic regimens used to treat haematologic 
malignancies and solid tumours and for HSCT 
conditioning [37]. Treatment with alkylating 
agents increases the risk of secondary haemato-
logic malignancies, specifically therapy-related 
acute myeloid leukaemia (t-AML); this entity 
typically occurs within 5–7 years after primary 
cancer treatment and in many cases is preceded 
by a myelodysplastic syndrome (MDS) [37]. The 
concurrent use of alkylating agents with epipodo-
phyllotoxins may result in an even higher risk of 
t-AML [37].

The response to alkylating agents varies 
among individuals as a result of polymorphisms 
in genes encoding DNA repair proteins crucial 
for sensitivity to alkylating agents; therefore, fur-
ther knowledge about this variability could result 
in the personalization of dosing regimen to 
 minimize toxicity without compromising anti-
neoplastic effect [37].

Also, topoisomerase II inhibitors, especially 
epipodophyllotoxins (such as etoposide), increase 
the risk of t-AML [37]. t-AML consequent to 
topoisomerase II inhibitors occurs with earlier 
onset compared to t-AML consequent to alkylat-
ing agents, typically within 2–3 years after treat-
ment [37].
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Exposure to etoposide is also associated with 
an increased risk of solid secondary malignancies 
in patients treated for bone tumours [37].

Radiation therapy is used to treat various 
types of solid and haematologic paediatric 
malignancies and may be part of the HSCT 
conditioning regimen in the form of total body 
irradiation (TBI). The increased risk of sec-
ondary malignancies in childhood cancer sur-
vivors treated with radiation is well documented 
[37, 38]. Secondary malignancies after radio-
therapy generally occur after a long latency 
period (10–15 years after radiation therapy) 
[37]. Radiation-induced secondary malignan-
cies typically consist of solid tumours which 
occur at the site of primary irradiation [37]. 
Breast and thyroid carcinoma, lung cancer, 
nonmelanoma skin cancer, bone and soft tissue 
sarcomas, and central nervous system tumours, 
such as meningiomas and gliomas, are some 
types of secondary neoplasms observed in sur-
vivors of childhood cancer treated with radia-
tion therapy [37]. Considering the deleterious 
effects of radiation on organs and systems 
(endocrine system, cardiovascular system, 
respiratory system and neurocognitive func-
tion) and the high risk of secondary malignan-
cies after radiotherapy, new therapeutic 
protocols to treat paediatric malignancies 
reduced radiation exposure and introduced 
innovative radiation techniques to minimize 
irradiation of healthy tissues, such as proton 
therapy [37].

A particular entity characteristic of patients 
undergoing HSCT is a post-transplant lymphop-
roliferative disease (PTLD), consequent to 
immunosuppression [37].

In paediatric oncology an aspect to consider is 
a genetic predisposition to cancer.

Germline mutations in cancer predisposition 
genes, responsible for childhood cancer predis-
position syndromes, confer a high risk of malig-
nancies. Children with cancer predisposition 
syndromes have an increased risk of developing 
cancer, multiple primary neoplasms may occur 
during their lifetime and also the risk of second-
ary malignancies, after primary cancer treat-

ments, may be increased, as a result of increased 
susceptibility to the adverse effect of cytotoxic 
therapies.

Hereafter, some cancer predisposition syn-
dromes are mentioned [39]
 – Li–Fraumeni syndrome, caused by mutations 

in TP53 gene;
 – Fanconi anaemia, caused by mutations in 

genes encoding proteins which are crucial in 
DNA repair;

 – GATA2 deficiency, caused by mutations in 
GATA2 gene;

 – Neurofibromatosis 1, caused by mutations in 
NF1 gene;

 – Retinoblastoma predisposition, caused by 
mutations in RB1 gene;

 – Noonan syndrome, caused by mutations in 
PTPN11 and other genes encoding proteins 
involved in the Ras/Raf/MAPK pathway;

 – APC-associated polyposis conditions, caused 
by mutations in APC gene.

 – Beckwith–Wiedemann syndrome, caused by 
alterations in the short arm of chromosome 
15, in the region 11p15.

 – DICER1 syndrome, caused by mutations in 
DICER1 gene;

 – Down syndrome, caused by trisomy 21.

Jongmans et al. [40] proposed a selection tool to 
identify children with cancer with potential genetic 
predisposition for cancer [40]. This tool includes 
criteria involving five main items: family history of 
malignancies and/or consanguinity, type of child-
hood cancer, multiple neoplasms, congenital 
anomalies and/or signs and symptoms evocative of 
cancer predisposition syndromes, and increased 
treatment toxicity [40]. Children with cancer who 
meet one or more of these criteria deserve genetic 
counselling [40]. Recognition of cancer predisposi-
tion is essential to monitor patients and their fami-
lies with a focused screening program [40].

Considering the high risk of secondary malig-
nancies, which persists for many years after primary 
cancer treatment, all childhood cancer survivors 
have to be monitored over a prolonged follow-up 
period with tailored surveillance programs.
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9.8  Conclusions

In summary, considering the advances achieved 
in the treatment of childhood cancer, there will 
always be more childhood cancer survivors and 
their life expectations will always be longer. But 
antineoplastic treatments aren’t unfortunately 
without complications, which, as we have seen, 
can also last a long time with an impact on health 
and on life quality even after many years from the 
end of the therapeutic program. We understand, 
so, how important is an adequate risk stratifica-
tion in paediatric oncology, to obtain an increas-
ing personalized treatment, based on specific 
characteristics of neoplasia and of patient, to 
reach a satisfying antineoplastic efficacy with the 
least number of adverse effects, both immediate 
and long-term ones. It is also fundamental to 
understand, always better, the late effects of anti-
neoplastic treatments and the frailty phenotype of 
childhood cancer survivors, to follow patients 
with an individualized program, early recognize 
problems and promptly act with the necessary 
support, to improve outcome.
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10Operational Improvements 
in Neonatal Surgery

Olivier Reinberg

10.1  Introduction

Frailty has been introduced as a common geriatric 
syndrome that embodies an elevated risk of decline 
in health and function among the elderly. Patients 
with frailty have a higher risk for postoperative 
complications and mortality, even after minor sur-
gical procedures. As the population ages, geriatri-
cians and public health practitioners try to 
understand and, if possible, beneficially intervene 
in factors and processes that put elders at such risk, 
especially the increased vulnerability of such 
group to stressors (e.g., heat and cold, infection, 
injury) [1, 2]. Despite the identification of frailty 
as a significant predictor of poor health outcomes 
in adults, there is currently no consensus on how to 
define, measure, and diagnose this syndrome. 
Several tools and scores to quantify physiologic 
stress for surgical procedures and predict out-
comes have been suggested, but the ideal tool for 
use in a clinical setting is still missing.

The concept of frailty is new in children. 
Frailty in children and adolescents suffering car-
diac [3] or neurosurgical [4] diseases or cancers 
[5] has, however, been studied due to the related 
increased risk of morbidity and mortality. On the 
other hand, neonates and infants, who bear par-

ticular risks of adverse outcomes, have scarcely 
been the subject of systematic investigation.

Frailty in neonates can be due to different con-
ditions, with consequent different behaviors. 
Frailty may be innate to the neonate himself (i.e., 
preterm, small for gestational age), be linked to 
the particular conditions of the neonate (i.e., 
infections, malformations), or result from the 
impact of a surgical procedure (i.e., bowel resec-
tion and anastomose). Understanding the role of 
frailty in the neonate’s diagnosis is further com-
pounded by great differences associated with 
gestational ages (GAs) and birth weights.

Therefore, we are dealing with a heteroge-
neous group of patients sharing solely the com-
mon thread of frailty while presenting different 
surgical problems, various conditions, and a 
broad range of GAs and weights (see Table 10.1 
for definitions [6]). The pediatric surgeon has to 
anticipate a multitude of potential complications, 
associated with either the original disorder or its 
prescribed medical and surgical treatment.

The purpose of this chapter is to give pediatric 
surgeons tools to evaluate the frailty of surgical 
neonates in order to minimize stress induced by 
the proposed surgery and ultimately improve its 
outcome.
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Table 10.1 Definitions based on Ref. [6]

In this chapter, neonates will be defined as pre-, term, 
and postterm babies up to 1 month of life
A premature (preterm) infant is defined as a baby born 
before completing 37 weeks of gestation age (WGA)
A term infant is defined as a baby born after 
completing 37 weeks of gestation. A postmature 
(postterm) infant is one who has completed more than 
42 weeks of gestation
A baby is designated to be small for gestational age 
(SGA) if he is under the tenth percentile for weight for 
gestational age
The normal birth weight for a term infant is defined as 
2500 g
Low birth weight (LBW) is defined as an infant 
weighing between 1500 and 2500 g
An infant is designated as having very low birth 
weight (VLBW) if he is between 1000 and 1500 g
Extremely low birth weight (ELBW) is defined as a 
birth weight of less than 1000 g

10.2  What Is Neonatal Surgery?

Neonatal surgery is performed shortly immedi-
ately after birth or in the following days or weeks. 
Neonatal surgery is highly complex and, often, a 
risky procedure that involves a multidisciplinary 
team of specialists, including obstetricians, pedi-
atric anesthetists, neonatologists, the neonatal 
intensive care unit (NICU) team, and pediatric 
surgeons. In some circumstances and if possible, 
a member of the ethical committee should be 
present (see below).

The operation must be the result of a joint 
team decision. While some procedures are, 
undoubtedly, lifesaving, the question is what 
quality of life is to be expected for the patient in 
both the short and long terms. The team must 
debate why the risk to operate on such frail neo-
nate is deemed acceptable, in lieu of opting to 
postpone a surgical procedure to a later time 
when the infant becomes stronger. Alternatively, 
partial or incomplete surgery can be suggested to 
mitigate inherent surgical risks, for instance in 
the case of esophageal atresia (EA), in a very frail 
neonate. In such a case, we suggest a tracheo-
esophageal fistula ligation alone without esopha-
geal anastomosis to protect his airways until a 
total correction could be done. Petrosyan et  al. 

have shown that staged repair in very low birth 
weight neonates may have a good outcome, with 
a significantly lower rate of anastomotic compli-
cations and overall morbidity [7]. Patients at the 
highest risk for necrotizing enterocolitis (NEC) 
are preterm low birth weight (LBW) infants. A 
certain number of these neonates suffer NEC and 
will require surgery. Due to a prevailing very 
severe infection, the conditions of these extremely 
fragile children are poor, and the mortality rate 
may reach 30–40% [8]. An option is to perform a 
stoma proximal to the first necrosis/peroration 
and a postponed anastomosis.

The concept of emergency procedures has 
evolved. Decades ago, EA or congenital dia-
phragmatic hernias (CDH) were operated upon at 
birth. Today, proper stabilization of the neonate 
in a NICU, dedicated investigations, and a con-
sensual decision to operate are the rules, an 
approach that changed dramatically the progno-
sis. We do not operate anymore on a hypothermic 
baby with metabolic imbalances and with poor 
knowledge of his conditions due to incomplete 
preoperative workup.

10.3  A Very Special Population

Preterm birth accounts for 11% of all live births 
worldwide and is increasing in most countries 
[9]. In recent years, survival rates of even the 
most immature preterm infants have improved 
significantly, enabling pediatric surgeons to par-
ticipate in the management of patients with very 
immature and unique physiology. Nonetheless, 
these infants are still at risk for neurologic 
sequelae that extend beyond the neonatal period 
[10]. About one fourth of survivors of extremely 
preterm birth suffer from relevant neurological 
impairment [11].

It is not surprising that pediatric surgeons have 
to deal with many preterm and LBW neonates 
since congenital anomalies and syndromes are 
associated with premature labor. In fact, many 
abnormal fetuses are spontaneously aborted early 
in pregnancy [12, 13]. Of those who are carried 
beyond the first half of pregnancy, more than half 
are delivered preterm [14, 15] and may have 
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restricted intrauterine growth [16–18]. The 
 strongest effect was seen for chromosome anom-
alies and central nervous system malformations, 
including neural tube defects [17] and also, for 
instance, in abdominal wall defects.

Major concerns are related to the risk of bleed-
ing in the brain. Any condition that raises intra-
cranial blood pressure (i.e., high-pressure 
ventilation, high pressure in the superior vena 
cava due to pneumothorax insufflation) may 
cause bleeding. Disruption of the coagulating 
factors related to surgical bleeding may impair an 
already poor coagulation.

Low birth weight (LBW) and ipso facto very 
low birth weight (VLBW) children bear a risk of 
poor growth and neurodevelopmental develop-
ment per se [19]. Extremely low birth weight 
(ELBW) infants without anomalies are at signifi-
cantly increased risk for neonatal morbidities, 
such as bronchopulmonary dysplasia and NEC, 
which compromise their ability to achieve ade-
quate nutrition for growth [20]. The incidence of 
such neonatal comorbidities in ELBW infants 
with severe, life-threatening congenital anoma-
lies is unknown. Children with ELBW born with 
major anomalies have nearly double the risk for 
neurodevelopmental impairment, a higher risk of 
poor growth, and about three times greater risk of 
rehospitalization when compared with ELBW 
infants without major anomalies. The extreme 
frailty of these ELBW infants had to be added to 
their pathologies, and their relatively poor out-
comes need to be explained. There is evidence 
that these infants remain medically fragile after 
discharge from the NICU: 30% of infants with 
major anomalies were rehospitalized four or 
more times in the first year of life [19].

Continuous monitoring of neonatal brain 
activity using amplitude-integrated electroen-
cephalography (aEEG) has become more and 
more widespread in recent years [21]. A field of 
clinical use of aEEG is the prediction of cerebral 
outcome after birth asphyxia in term infants. It 
has also been used before, during, and after neo-
natal surgery in pre- and full-term babies [22]. 
During anesthesia, depression of brain activity 
was seen, with background patterns ranging from 
flat trace to discontinuous normal voltage. After 

cessation of anesthesia, recovery to preoperative 
brain activity occurred within 24 h in 86% of the 
preterm and 96% of the term infants, respec-
tively. This reduction was related to GA and the 
dose of sevoflurane.

10.4  Does Prenatal Diagnosis 
Modify Neonatal Treatment 
and Early Outcome of Frail 
Surgical Neonates?

Recent advances in imaging techniques, such as 
three-dimensional (3D) and four-dimensional 
(4D) ultrasound, fetal magnetic resonance imag-
ing, noninvasive serum analyses screening, and 
molecular genetics, have all significantly 
improved the knowledge and management of the 
structural anomalies of the fetus in the prenatal 
period.

Prenatal diagnosis, which must be completed 
through a multidisciplinary meeting, shall be 
used to optimize fetal, perinatal, and postnatal 
management to define the best timing for birth 
and to assist in a cost/benefit analysis of an early 
delivery. Should the risk of premature labor exist, 
even if in an unexpected urgent scenario, prenatal 
diagnosis allows the team time to give medical 
treatment (steroids) to accelerate lung 
maturation.

Very few studies have been able to show the 
benefits of the prenatal diagnosis of congenital 
malformations for live-born infants. Quartermain 
et al. [23], and some other pediatric cardiac sur-
geons using the Society of Thoracic Surgeons 
Congenital Heart Surgery database, demon-
strated the benefits of prenatal diagnosis in chil-
dren with congenital heart disease, associated 
with significantly lower rates of preoperative risk 
factors for cardiac surgery. Garabedian et al. have 
studied the impact of prenatal diagnosis on out-
comes based on a study of 469 babies born with 
different types of EA between 2008 and 2010 in 
France [24]. In their study, prenatal diagnosis did 
not interfere with the delay between birth and 
first intervention and with the neonatal treatment 
and 1-year outcome. Cases with antenatal detec-
tion had a higher morbidity rate, possibly related 
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to the EA type, type I and/or long gap being more 
frequently diagnosed antenatally. The benefits of 
prenatal diagnosis were related to both antenatal 
parental counseling and the more frequent in 
utero transfer, thus minimizing the risk for the 
baby when transfer takes place in an incubator.

Garne et al. report an analysis of 14 registries 
within a sample of 1047 live-born infants bear-
ing one or more gastrointestinal malformations 
(EA, duodenal atresia, omphalocele, gastroschi-
sis, and diaphragmatic hernia) from the European 
Registration of Congenital Anomalies and Twins 
(EUROCAT, European registries of congenital 
malformations) database. Median GA at birth 
was lower in prenatally diagnosed cases for all 
five malformations, although not statistically 
significant for gastroschisis. The difference in 
GA at birth between prenatally and postnatally 
diagnosed infants with gastrointestinal malfor-
mations is sufficient to increase the risk of mor-
tality for the prenatally diagnosed infants. They 
conclude that clinicians need to balance the risks 
of early delivery against the benefits of clinical 
convenience when making case management 
decisions after prenatal diagnosis. This may be 
because the benefits of prenatal diagnosis are 
outweighed by the problems arising from a lower 
GA at birth [25].

10.5  Neonates Undergoing 
Surgery are at Risk Per Se

Several studies demonstrated that neonates 
undergoing surgery have higher morbidity and 
mortality compared to older children and adults 
[26, 27]. A project of the American College of 
Surgeons National Surgical Quality Improvement 
Program Pediatric (ACSNSQIP-P) Participant 
Use File (PUF) aimed to compare risk-adjusted 
outcomes of neonates versus other pediatric sur-
gical patients. The overall 30-day mortality rate 
for preterm neonates, term neonates, and nonneo-
nates was, respectively, 4.9%, 2.0%, and 0.1%, 
and morbidity was 27.0%, 17.0%, and 6.4%. The 
study demonstrated that preterm neonates have a 
significantly increased risk of morbidity and 
mortality compared to nonneonates. There was 

no significant difference, however, between the 
outcomes of preterm neonates compared to term 
neonates [28]. The procedures with the most 
morbidity in the data set included enterectomy 
with anastomosis or enterostomy, CDH repair, 
gastroschisis repair, and ventriculoperitoneal 
shunt placement. The morbidity rate for these 
procedures ranged from 37 to 53%. Overall, the 
20 most morbid procedures made up only 4% of 
the entire NSQIP-P PUF study cohort, though 
they accounted for 44% of the mortality and 11% 
of the composite morbidity of the cohort [28]. 
Different conclusions come from another study 
encompassing 18,437 infants less than 30  days 
old undergoing noncardiac surgical procedures. 
In-hospital mortality for premature infants was 
10.5%, compared with 2.0% for full-term neo-
nates. In addition to the risk category, the clinical 
variables improving the prediction of in-hospital 
deaths were prematurity, serious respiratory con-
ditions, NEC, neonatal sepsis, and congenital 
heart disease [29]. Thus, it is not clear whether 
prematurity is a significant risk factor for mortal-
ity for neonates undergoing surgery or not.

Why is there such frailty in surgical neonates? 
The reason is that besides specific problems 
related to surgery and anesthesiology, the physi-
ology of the neonate differs from children. The 
transition from intrauterine to extrauterine life 
requires major cardiovascular, respiratory, and 
immunologic changes and does not allow neo-
nates to appropriately respond to the stress of a 
surgical insult [28, 29].

10.6  Identified Preventable Risk 
Factors

The frailty of surgical neonates can be evaluated 
preoperatively through cumulative risk factors 
related to pathology and the child’s condition. 
The following factors must be considered risk 
factors for the potential occurrence of postopera-
tive complications: vital organ impairment, tho-
racic or abdominal surgeries, preterm birth, low 
postconceptual age, and perioperative hemody-
namic instability (defined by pre- and per- 
operative fluid bolus or inotropic agent use) [30, 
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31]. Michelet et al. studied the major nonsurgical 
postoperative complications following neonatal 
surgery [32]. They identified four factors as inde-
pendent predictors of postoperative complica-
tions: postconceptual age of less than 40 weeks, a 
history of cardiac malformations, hyaline mem-
brane disease or NEC, preoperative NICU stay at 
the time of surgery, and intraoperative fluid bolus 
administration. Interestingly, the type of surgery 
(including major surgeries or thoracic surgeries) 
and the duration of anesthesia (correlated with 
the duration of surgery, the invasiveness and 
complexity of patient preparation: central line 
placement) were not found to be predictive of 
nonsurgical postoperative complications in mul-
tivariate analysis. However, being aware of these 
factors may be helpful in perioperative preven-
tive strategies.

Metabolic-functional frailty of the neonate 
can be impaired by an infected lung, pneumonia, 
and/or empyema [33]. These conditions can 
adversely affect a surgical procedure or may 
require a thoracic procedure per se. The causes of 
pneumonia in the neonatal period are mainly due 
to Streptococcus agalactiae (group B streptococ-
cus), Escherichia coli, Cytomegalovirus, and 
Listeria monocytogenes [34]. The cornerstones 
of treatment are supportive care (analgesia, oxy-
gen, fluid balance control) and adequate antibiot-
ics [33, 34]. Pneumonia complicated by 
pulmonary necrosis, lung abscess, parapneu-
monic effusion, and empyema may need invasive 
treatment, including interventional radiology and 
surgical procedures. A balance of interests must 
be done between the risk taken during anesthesia 
and surgery under such conditions or the risk 
taken while waiting for improvement with time. 
Surgery on an infected lung can induce or aggra-
vate, for instance, parapneumonic effusion, pleu-
ral empyema, or pulmonary necrosis, thus 
reducing the lung’s ampliation, raising pulmo-
nary pressure and leading to congestive heart 
failure. Infectious processes of the abdominal 
cavity can extend to the pleural cavity because of 
the presence of unclosed openings between the 
pleura and peritoneum in neonates.

However, the long-term outcome for children 
being operated on in spite of a lung infection is 

generally good, although recovery is usually 
more complicated and prolonged when compared 
with children without [33].

The spectrum of congenital lung diseases 
requiring surgery includes congenital pulmonary 
airway malformations (CPAM), intra- and extra-
pulmonary sequestrations, and symptomatic con-
genital lobar emphysema. Early surgery for 
prenatally diagnosed pulmonary malformations 
is indicated if symptoms such as respiratory or 
hemodynamic effects are present. In asymptom-
atic children, early resection was advocated to 
prevent pulmonary infections. The risk of infec-
tion until 3  months appears low. Stanton et  al. 
[35] opined that asymptomatic antenatally 
detected infants developed symptoms later, at a 
median age of 6.9 months (range: 2–10 months). 
Pelizzo et al. [36] reported chronic inflammation 
in 50% of asymptomatic CPAM resected at 
3 months of age. Therefore, thoracoscopic lobec-
tomy or segmentectomy during the neonatal 
period remains desirable for asymptomatic cases 
but not as an early procedure. It may be safer by 
2–3 months even in slightly symptomatic cases 
with mediastinal deviation, as long as the symp-
toms are mild enough to wait.

Pulmonary infections are favored by aspira-
tions, not because of possibly infected gastric liq-
uid in a nonfed baby but due to its irritative acid 
component on immature lungs, which may impair 
the child’s ventilatory conditions. Thus, it is 
important to prevent aspirations, with efficient 
gastric aspirations before surgery, especially in 
ventilated neonates. In the case of a nonpatent 
esophagus, the tube must be placed in the upper 
pouch.

Infections play a major role in the frailty of 
neonates. Nosocomial risk exists, as demon-
strated in French maternity departments (3% in 
postnatal beds). The incidence rates are 7.5–
12.7% or 1.3–8.5 per 1000 days in neonatal care 
units and 14.2% or 11.7 per 1000 days in neona-
tal intensive care units (NICUs). Gram-positive 
cocci bloodstream infections are the most com-
mon nosocomial infections in the NICU, but viral 
gastroenteritis is more frequent in neonatal care 
units. Risk factors include low birth weight, small 
GA and intravascular catheter in the NICU, and, 
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for viral nosocomial infections, visits and winter 
outbreaks [37]. Thus, patients entering the NICU 
can already be colonized. Therefore, antimicrobi-
als are the most commonly prescribed drugs in 
the NICU but are, unfortunately, quite often used 
inappropriately with various short- and long-term 
effects, namely, the creation of multidrug- 
resistant pathogens. Neonatal infections from 
multidrug-resistant strains are associated with 
increased mortality, excessive cost, prolonged 
hospitalization, and therapeutic challenges [38]. 
Additionally, the colonization of newborns with 
these pathogens makes them a potential source of 
nosocomial outbreaks [39]. For all the above rea-
sons, the rational use of antimicrobials in NICUs 
is imperative, and structured antimicrobial stew-
ardship interventions should be in place.

The concept that the newborn infant emerges 
from a sterile environment is obsolete. In utero 
colonization may have major impacts on the 
developing mammal in terms of developing 
immunity and metabolism, which, with epigene-
tic modifications, will lead to diseases in later 
life. The personal microbial profile that develops 
during and after birth depends on the mode of 
delivery, the type of feeding (human milk vs for-
mula), and various other environmental factors to 
which the newborn is exposed. During the last 
decade, published data suggest long-term effects 
of the overuse of antimicrobials during the neo-
natal period, through their effect on the intestinal 
microbiome, including the development of atopic 
diseases, colic, and NEC [40], and it also impairs 
the development of normal microbiota in the neo-
natal lung [41].

Preinfected children are predisposed to surgi-
cal site infections and increased morbidity and 
mortality. Few studies are exclusively dedicated 
to surgical infections in the NICU. A Canadian 
study reports on surgical site infections occurring 
within 30  days in a series of 724 infants who 
underwent 1039 surgical interventions between 
2004 and 2009 [42]. The overall surgical site 
infection rate was 4.3 per 100 interventions, up to 
19 per 100 dirty interventions. Very low birth 
weight infants were overrepresented as children 
with gastroschisis compared to other neonates.

Catania et  al. conducted a meta-analysis on 
the same subject, including 48 studies (16,442 
neonates, 946 surgical site infections; 5.7%) [43]. 
It shows that predictive factors for surgical site 
infection development were GA, birth weight, 
age at surgery, length of surgical procedure, num-
ber of procedures per patient, length of preopera-
tive hospital stay, and preoperative sepsis. 
Conversely, preoperative antibiotic use was not 
significantly associated with the development of 
surgical site infections.

10.7  Where to Operate?

Neonates in need of surgery are traditionally 
transferred from the NICU to the main operation 
room (OR). The transportation of critical patients 
could worsen their clinical condition and increase 
the complication rate by up to 70% [44, 45]. This 
is mainly due to hypothermia, changes in varia-
tions in the heart rate and blood pressure, and 
accidental displacements of vascular accesses or 
endotracheal tubes. If transportation is unavoid-
able, we strongly advocate for the use of spe-
cially dedicated devices for neonatal 
transportation. If not available, cotton roll/alumi-
num foils/woolen cap and socks cover over the 
head and limbs should be used.

Since the 1980s, many teams have promoted 
surgeries performed inside the NICU, i.e., bed-
side surgery, to avoid adverse events during 
transportation and to provide continuity of care 
with the same intensive care team. Bedside sur-
gery must achieve similar results to those done in 
the main OR. The benefits and risks of perform-
ing surgery on critically ill newborns in the NICU 
compared to those of conducting surgery outside 
the NICU have been widely reported in the litera-
ture. The first official survey from the Italian 
Society of Pediatric Surgery (ISPS) was dedi-
cated to bedside surgery in neonatal intensive 
care units (NICUs) in Italy. Bedside surgeries 
were done in 34 Italian NICUs in 2020 [46]. 
Most of these neonates requiring surgery in the 
NICU are premature or LBW, may be on pro-
longed ventilator support, and/or suffer cardiore-
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spiratory instability. The most frequently selected 
indications for surgery were pneumothorax, 
pleural effusion, pericardial effusion, central 
venous catheter positioning, intestinal perfora-
tion, patent ductus arteriosus ligation, and CDH.

Major surgeries, such as abdominal laparotomy 
drainage for NEC, are reported starting in 1977 
[47], ligation of patent ductus arteriosus since 
1982 [48], and cure of CDH since 1999 [49], even 
in VLBWI (<1000 g and/or <28 WGA) [50].

Besides common facilities (ventilator, oxy-
gen, suction, monitoring), additional require-
ments for surgery in the NICU are needed, 
including instruments for major surgery brought 
from the main OR, sealing devices, radiant 
warmer, appropriate light, and sufficient space 
around the bed to ensure sterility.

Bedside surgery is not part of the guidelines of 
the British Association of Perinatal Medicine 
(Standards for Hospitals Providing Neonatal 
Intensive and High Dependency Care and 
Categories of Babies Requiring Neonatal Care). 
Nevertheless, the feasibility, safety, and cost- 
effectiveness of surgeries performed in the NICU 
have been proven and should be considered to 
minimize risks associated with transportation in 
frail neonates.

10.8  Surgery on Neonates

From a technical point of view, there are fewer 
differences between full-term and premature 
patients than between neonates and infants. 
Without entering into questions of specific tech-
niques, we should point out that surgeries on neo-
nates must be minimally invasive, even if not 
minimal invasive surgery (MIS) (laparoscopy, 
thoracoscopy, and closed surgeries through a 
visualization system): appropriate small instru-
ments, binoculars, or microscopes are manda-
tory, i.e., “no touch handling.”

Neonates are susceptible to heat loss because 
of their proportionally large surface area, low 
body-fat-to-body-weight ratio, and limited heat 
sink capacity due to their small size. They have 
poorly developed thermoregulatory mechanisms 
to adjust their body temperature to variations 

within the OR environment. Hypothermia during 
neonatal surgery may affect vital organs’ circula-
tion, such as cerebral, myocardial, and renal, and 
these organs are more sensitive to subsequent 
ischemia. In addition, poorer blood circulation 
requires an extra supply of calories, which, in 
turn, prompts the necessity of placing the neonate 
in a neutral (thermoneutral) environment, i.e., in 
a range of ambient temperatures suitable for an 
infant, at a minimal metabolic rate, to maintain a 
constant normal body temperature by vasomotor 
control. The core temperature must be monitored. 
In full-term neonates, the critical temperature 
ranges between 32 and 34 °C; in LBW infants, 
this critical range goes up to between 34 and 
35 °C.

Factors contributing to hypothermia in the OR 
are the type and duration of surgery and the OR 
temperature before and during surgery. The oper-
ating room air conditioner must be off. The OR 
must be preheated, and frequent opening of the 
doors prior to and during surgery must be 
avoided. Different setups can be used to prevent 
hypothermia during neonatal surgery, including, 
for example, resorting to an automatic warming 
system, such as the use of a Bair-Hugger®. During 
open surgery, any exposed intestine or lung 
should be frequently irrigated with warm saline 
and wrapped in towels.

10.9  Minimal Invasive Surgery 
(MIS) on Neonates

Most congenital anomalies have been reported to 
be feasible and safe under MIS. The advantages 
of MIS have been widely reported: minimal sur-
gical stress, better view, shorter stay in the NICU, 
less pain, and improved cosmetics. Nevertheless, 
neonatal MIS faces the surgeon with hemody-
namic alterations generated by the insufflation of 
CO2 to create a working space. These changes 
differ in neonates from older children and result 
in tissue oxygen delivery [51]. The data collected 
regarding alterations in cerebral oxygenation 
during laparoscopic procedures in children have 
been limited and nonhomogeneous [52, 53]. The 
use of near-infrared spectroscopy measuring 
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perioperative brain oxygenation [regional cere-
bral oxygen saturation (rScO2)] has significantly 
improved our understanding. For example, Tytgat 
et al. have studied the impact of neonatal thoraco-
scopic repair of EA with the insufflation of CO2 
at 5 mmHg. Intrathoracic CO2 insufflation caused 
a reversible decrease in SaO2 and pH and an 
increase in paCO2. The rScO2 was higher at anes-
thesia induction but remained stable, and within 
normal limits, during and after the CO2 pneumo-
thorax, which suggests no hampering of cerebral 
oxygenation by the thoracoscopic intervention 
resulting from changes in the ventilation [53]. It 
proves the importance of the rapid recognition of 
low cerebral perfusion and its prompt correction, 
with the main goal of avoiding negative postop-
erative neurodevelopmental outcomes following 
pediatric surgical procedures.

Our French-speaking group of MIS conducted 
a multicentric study based on the experience of 
eight pediatric surgery centers [54] to evaluate 
the safety, as well as the complication rate, of 
laparoscopy and thoracoscopy during the first 
month of life.

The observed complications and the surgical 
recommendations to prevent them are listed in 
Table 10.2. Significant risk factors for complica-
tions due to insufflation include the young age of 
the patient, low body temperature, thoracic insuf-
flation, high insufflation pressure and flow, and 
the length of the surgery.

A major point emerging from this study is that 
the neonate has a high and specific sensitivity to 
the insufflation of CO2. Respiratory (hypercapnia, 
hypoxemia), hemodynamic, and thermic balances 
were altered in 12% of cases. It was possible to 
compensate for these imbalances through ventila-
tory adjustments, vascular expansion, and exter-
nal warming. A pressure of 8 mmHg appeared to 
be the limit, beyond which the risk for poor toler-
ance to insufflation increased. At the beginning of 
our MIS practice in neonates, we were lacking 
working space and resorted to more insufflation 
than today. With experience and better port place-
ments, we have proven that using intermittent 
low-flow and low- pressure insufflation avoids a 
rise in CO2 and hypothermia.

10.9.1  Hypercapnia

A significant amount of CO2 is absorbed through 
the distended peritoneal surface, resulting in fre-
quent and potentially marked hypercapnia [55]. 
Due to the ratio surface/weight in neonates, the 
peritoneal and pleural absorption surface per unit 
of weight is high in neonates, resulting in hyper-
capnia. There are options to reduce hypercapnia 
using alternative insufflation gases such as 
helium, argon, nitrogen, or even air, but, alas, 
none of them dissolve as rapidly as CO2, creating 
a potential risk of embolism. In addition, none 
are as cheap as CO2.

Hypercapnia produces acidosis (7.4–6.9): 
PaCO2 rises to a plateau in 15 min, and then pH 
falls with an associated decreased cerebral perfu-
sion in the neonates (≈20%) [56]. Hypercapnia 
increases with pressure: at 5 mmHg insufflation, 
no effect is observed, while at 10 mmHg, hemody-
namic instability and a decrease in cerebral perfu-
sion/oxygenation are detected on piglets [56].

End-tidal CO2 (EtCO2) monitoring and subse-
quent compensation by appropriate ventilation is 
mandatory because it is correlated with high CO2 
arterial pressure (PaCO2) and low pH and, conse-
quently, may expose the infant to per-operative 
acidosis and the alteration of cerebral circulation. 
Cyanotic congenital heart diseases increase this 
risk.

Table 10.2 Risk factors for neonatal MIS and prevention 
strategies [54]

Identified risk factor Strategy for prevention
Patient’s age Careful evaluation in 

premature and VLBW
Low t° at the 
beginning of surgery

Prevent hypothermia during 
transportation
Automatic warming system 
(Bair Hugger®)

High insufflation 
pressure

Low-pressure insufflation

Duration of 
insufflation

Low-flow and intermittent 
insufflation

Length of surgery 
>100 min

Preset length of surgery in 
agreement with anesthetists
Monitoring of t°, PaO2, and 
ETCo2
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10.9.2  Hypoxemia

Hypoxemia is the other secondary effect induced 
by MIS. It is observed more frequently with tho-
racoscopy than with laparoscopy due to the 
restriction on ventilation. Continuous monitoring 
of O2 saturation, a high inspiratory fraction of O2, 
and the use of minimal intermittent insufflation 
pressure prevent hypoxemia. With experience, 
we have limited ventilatory restrictions. For 
instance, when we did the first cure of EA (2000), 
single-lung ventilation via mainstem intubation 
and blockage using a Fogarty catheter was needed 
to improve visualization. Nowadays, with appro-
priate port placements, prone position, and inter-
mittent low-pressure pneumothorax insufflation, 
we can dispense single-lung ventilation, and 
patients are conventionally intubated in the tra-
chea and better ventilated on both lungs. Other 
teams experienced the same evolution with the 
same benefits; i.e., the changes observed in 
PaCO2 and pH in the neonates undergoing thora-
coscopic repair of EA/TEF were not significant 
[57]. Another concern is the risk of intracranial 
bleeding and correlated brain damage. The 
youngest the neonate is, the higher is the risk. A 
rise of pressure in the thorax, for instance, due to 
high-pressure pneumothorax, compromises 
venous return in the superior vena cava, thus 
inducing intracranial hypertension with a risk of 
bleeding. This is why we must carefully evaluate 
this risk with premature and VLBW children.

10.9.3  Hypothermia

MISs are closed procedures and, therefore, 
should prevent tissues from drying and cooling. 
However, they require gas (CO2) insufflation 
from a bottle. Liquid gas, when expanded through 
the insufflator, comes dry and cold, contributing 
to cooling the child. Consequent hypothermia 
from insufflation is directly correlated with oper-
ating time in neonatal MIS. It was observed that 
a cutoff above 100 min triples the risk of adverse 
events [54]. Attempts have been made to heat and 
humidify the CO2. A meta-analysis (Cochrane), 
including 22 studies, compared heated (with or 

without humidification) with cold gas insuffla-
tion in adult and adolescent populations undergo-
ing laparoscopic abdominal procedures. Despite 
the small increase in core body temperature (of 
0.31 °C) with heated CO2 compared to the cold 
CO2 group, the difference is unlikely to be of 
clinical significance and does not account for 
improved patient outcomes. Therefore, there is 
no apparent and clear evidence of a benefit in the 
use of heated gas insufflation, with or without 
humidification, when compared to cold gas insuf-
flation. It should be noted, however, that because 
no neonate was included, we are lacking conclu-
sive information [58].

10.10  Postoperative Care

10.10.1  Where Should the Surgical 
Neonates Be Nursed 
Postoperatively?

In 1999, the Surgical Services for the Newborn 
of Royal College of Surgeons strongly recom-
mended that surgical neonates be concentrated 
in specialist pediatric surgical units that are ade-
quately staffed with trained pediatric surgeons 
and medical and nursing personnel and fitted 
with the right equipment to care for these 
infants. In the case of preterm infants and those 
with complex congenital malformations, it rec-
ommended a multidisciplinary approach espe-
cially involving neonatologists and specialists 
in perinatal medicine/obstetricians [59]. But in 
2008, a survey of neonatal surgical units in the 
UK revealed that surgical neonates were not fol-
lowing this recommendation and were managed 
in a variety of wards—medical NICUs, pediat-
ric intensive care units, stand-alone neonatal 
surgical units, and pediatric medical/surgical 
wards [60].

This is not surprising as only a few surgical 
departments worldwide have enough cases to 
support a dedicated unit throughout the year, 
enough staff to devote sufficient time to medical 
care in addition to their surgical activities, and 
appropriate equipment to care for these infants. 
In most places, therefore, it is difficult to envis-

10 Operational Improvements in Neonatal Surgery



140

age dedicated neonatal surgical units being man-
aged exclusively by pediatric surgeons.

The question raised by Ramji et  al. is that 
since most of the preoperative and postoperative 
care of surgical neonates is similar to the medical 
needs of sick neonates, why not manage them in 
medical NICUs, with support from the surgeons? 
It is true that many of such physiological needs 
are similar to those of most medical NICUs. 
However, among all births with certain special-
ized needs, the medical and nursing staffs in 
medical NICUs have insufficient training and 
exposure to surgical neonates. Additionally, plac-
ing surgical neonates in nonsurgical units would 
dilute the pediatric surgeons’ training and experi-
ence in managing these uncommon patients [61].

We believe that surgical neonates should be 
admitted to a NICU since the best-trained spe-
cialist to manage all types of neonates (LBW and 
VLBW, preterm and term babies) is the neona-
tologist [61]. Such a recommendation does not 
preempt the contribution of a minimum daily 
multidisciplinary staff. Neonatal surgical care 
modules and curricula must be developed, both 
for the trainees as well as for the nurses, to 
improve their expertise in the care of surgical 
neonates. Additionally, pediatric surgical nurses 
should be admitted to such a unit and ought to 
participate in the training of the nonsurgical 
team.

10.10.2  Early Refeeding

In neonatal surgical patients, proper nutrition 
must be delivered to meet their proportionately 
large energy requirements. It is important to con-
tinue providing developmental care during the 
postoperative period, as well as to offer positive 
oral stimulation for neonates who will not be able 
to feed enterally for some period after surgery.

Traditionally, enteral nutrition following 
abdominal surgery in children has been delayed 
to prevent complications. The use of nil per os 
(NPO) for extended periods of time, in particular 
on neonates with long-gap EA, gastroschisis, and 
congenital heart disease, should be abandoned. 

Parenteral nutrition prevents the development of 
malnutrition but increases the risks of sepsis and 
metabolic complications, and its high cost makes 
it a less desirable method for delivering calories 
when the gastrointestinal tract can be used [62].

Early enteral refeeding has been proven bene-
ficial and is one of the recommendations of both 
the European (ESPGHAN) and the North 
American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN). We 
should not wait anymore for bowel movements to 
restart oral or enteral feeding after surgery, often 
on day 1.

In 2010, the Committee on Nutrition of the 
ESPGHAN published the following statements 
and recommendations [63]. Enteral nutrition sup-
port involves the delivery of nutrients via feeding 
tubes, as well as specialized oral nutritional sup-
plements. Enteral nutrition support is recom-
mended in a patient with at least a partially 
functioning digestive tract when oral intake is 
inadequate or the ingestion of normal food is 
inappropriate to meet the patient’s needs. Enteral 
nutrition delivery may be gastric or postpyloric. 
Whenever possible, intragastric is preferred to 
postpyloric delivery of nutrients, and intermittent 
rather than continuous feeding, considering it is 
more physiological. However, continuous feed-
ing has the advantage of providing more energy 
and better weight gain in selected groups of 
patients. Postpyloric access is indicated only in 
clinical conditions in which aspiration, gastropa-
resis, gastric outlet obstruction, or previous gas-
tric surgery precludes gastric feeding or when 
early postoperative feeding after major abdomi-
nal surgery is considered. It should be noted, 
though, that transpyloric feeding offers no pro-
tection against aspiration, vomiting, diarrhea, or 
abdominal distention [64–66].

If and when available, a mother’s breast milk 
or bank human milk should always be preferred 
to formula [65, 66]. The beneficial effects of 
breast milk have been demonstrated for term, 
near-term, and even LBW neonates [67], includ-
ing improved cognitive skills, improved behav-
ior ratings, and decreased rates of infection. 
In 1997 and 2005, the American Academy of 
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Pediatrics (AAP) published position statements 
 recommending breast milk for premature and 
other high-risk infants by breastfeeding and/or 
using the mother’s own expressed milk. We must 
empower mothers to continue providing human 
milk for their surgical neonate as human milk is 
often the key to enteral success after surgery. If 
not available, bank human milk should be used 
[65–69].

10.10.3  Enhanced Recovery After 
Surgery (ERAS®)

Guidelines by the ERAS® Society integrate 
evidence- based practices into multimodal care 
pathways, which have improved outcomes in 
multiple adult surgical specialties. A multidisci-

plinary pediatric ERAS group created in 2020 
has recommended guidelines for perioperative 
care in neonates undergoing intestinal resection 
surgery [70]. Limited applications of ERAS in 
children have demonstrated reduced surgical 
infections, readmissions, reoperations, LOS, and 
cost [71–73].

The ERAS recommendations are summarized in 
Table  10.3 [70]. More recently, the benefits of 
ERAS protocols have been extended to the manage-
ment of intubated neonates in the NICU. Wakimoto 
et al. compared 58 neonates intubated for a surgical 
procedure, of which 28 were extubated immedi-
ately and 30 were extubated in a delayed fashion. 
The delayed extubation group showed a higher 
overall incidence of adverse respiratory events, 
which led them to recommend extubation as early 
as possible after neonatal surgery [74].

Table 10.3 Enhanced Recovery After Surgery (ERASO) Society recommendations: guidelines for enhanced periop-
erative care in neonatal intestinal surgery [70]

Item Recommendation Quality Strength
Surgical practices Perform primary anastomosis as the first choice in patients with 

uncomplicated intestinal atresia
Very low Weak

Antimicrobial 
prophylaxis

Administer appropriate preoperative antibiotic prophylaxis within 
60 min prior to skin incision

Low Weak

Discontinue postoperative antibiotics within 24 h of surgery, unless 
ongoing treatment is required

Low Weak

Preventing 
intraoperative 
hypothermia

Continuously monitor intraoperative core temperature and take 
pre-emptive measures to prevent hypothermia (<36.5 °C) and maintain 
normothermia

Low Strong

Perioperative fluid 
management

Use perioperative fluid management to maintain tissue perfusion and 
prevent hypovolemia, fluid overload, hyponatremia, and 
hyperglycemia

Moderate Weak

Perioperative 
analgesia

Unless contraindicated, administer acetaminophen regularly during the 
early postoperative period (not on an “as needed” basis) to minimize 
opioid use

High Strong

Use an opioid-limiting strategy is recommended in the postoperative 
period. Manage breakthrough pain with the lowest effective dose of 
opioid with continuous monitoring

Moderate Strong

Use regional anesthesia and acetaminophen perioperatively in 
combination with general anesthesia. Multimodal strategies including 
regional techniques should be continued postoperatively

High Strong

Provide lingual sucrose/dextrose to reduce pain during naso/orogastric 
tube placement and other minor painful procedures

High Strong

Optimal 
hemoglobin

Restrict transfusions to maintaining HgB ≥90 (9 g/dL for a term 
neonate with no oxygen requirement. Term neonates within the first 
week of life, intubated or with an oxygen requirement should be 
transfused to maintain a HgB ≥110 (11 g/dL)

Low Weak

(continued)
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Item Recommendation Quality Strength
Use written transfusion guidelines and take into account not only a 
target hemoglobin threshold, but also the clinical status of the neonate 
and local practices

Low Weak

Perioperative 
communication

Implement perioperative multidisciplinary team communication with a 
structured process and protocol (“pre- and postoperative huddle”) 
utilizing established checklists

Moderate Strong

Parental 
involvement

Facilitate hands on care and purposeful practice by parents that is 
individualized to meet the unique needs of parents early during the 
admission. Sustain these to build the knowledge and skills of parents 
to take on a leading role as caregivers and facilitate their readiness for 
discharge

High Strong

Postoperative 
nutritional care

Start early enteral feeds within 24–48 h after surgery when possible. 
Do not wait for formal return of bowel function

High Weak

Use breast milk as the first choice for nutrition High Strong
Monitor urinary sodium in all neonates with a stoma. Target urinary 
sodium should be greater than 30 mmol/L and exceed the level of 
urinary potassium

Low Weak

Mucous fistula 
refeeding

Use mucous fistula refeeding in neonates with enterostomy to improve 
growth

Moderate Weak

Article licensed under a Creative Commons Attribution 4.0 International License http://creativecommons.org/licenses/
by/4.0/

Table 10.3 (continued)

10.11  Complications

The Clavien-Dindo classification, applied to 
identify the presence of surgical complications 
within 30 days in neonates, showed a 23% inci-
dence of at least one serious complication. The 
authors identified four independent risk factors 
for severe postoperative complications: reopera-
tion, operation for CDH, preterm (<32 WGA), 
and abdominal surgery [75].

De Bruin et  al. studied postoperative deaths 
after neonatal surgery in their institution during a 
7-year period, including children of any age up to 
18. Among 45,182 procedures, the all-cause 24-h 
hospital mortality was 13 per 10,000 anesthetics, 
while the all-cause 30-day in-hospital mortality 
was 42 per 10,000 anesthetics. In total, the pass-
ing of five patients was partially assigned to anes-
thesia, and in four patients, surgery was the 
partially contributing factor. Mortality was higher 
in neonates (38%) and infants (21%), in children 
with American Society of Anesthesiologists 
(ASA) physical status III and IV, and in emer-
gency- and cardiothoracic surgery [75].

10.12  Long-Term Follow-Up 
of Frail-Operated Neonates

Concerns about favorable outcomes after neona-
tal surgery are not enough. Increasing interest has 
been raised regarding the incidence of neurode-
velopmental delay in children with noncardiac 
congenital anomalies (NCCA) requiring neonatal 
surgery. In 2015, Stolwijk et al. undertook a sys-
tematic meta-search to determine the incidence 
of and potential risk factors for such outcomes 
[76]. The meta-analysis showed a cognitive score 
of 0.5 SD below the population average and 
delayed motor development in 25% of cases. 
Several of these studies report risk factors for 
psychomotor delay, including LBW, a higher 
number of congenital anomalies, the duration of 
hospital admission, and repeated surgery.

In a retrospective cohort analysis performed on 
5920 extremely LBW neonates surviving beyond 
12 h of life at 19 neonatal network centers between 
1998 and 2001, those with significant anomalies 
were more likely to die before 18–22 months’ cor-
rected age. ELBW born with major anomalies 
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have nearly twice the risk for neurodevelopmental 
impairment, an increased risk of poor growth, and 
more than three times greater risk of rehospitaliza-
tion when compared with ELBW infants without 
major anomalies [19].

10.13  Surgery on Frail Neonates 
in Developing Countries

The World Health Organization (WHO) esti-
mates that, globally, 150 million children suffer 
from some type of disability, most of whom 
reside in low- and middle-income countries 
(LMICs) with limited access to medical care [77, 
78]. Great disparities exist in the accessibility to 
and the quality of pediatric surgical services 
between high-income countries (HICs) and 
LMICs. The incidence of congenital anomalies in 
LMICs seems to be between 3.9 and 11.8 per 
1000 live births [79, 80]. Unfortunately, efforts to 
estimate the burden of pediatric surgical diseases 
in LMICs are limited by the rarity of population- 
based data. Subsequently, there is limited evi-
dence on the incidence and predictors of neonatal 
mortality at the national level and on frailty in 
neonatal surgery.

According to a recent review aiming to deter-
mine the pattern of neonatal surgical conditions 
in Ghana [81], it appears that congenital anoma-
lies are the fifth leading cause of under-five mor-
tality. The overall mortality in the study was 
13.5%, but congenital anomalies involving the 
digestive system including gastroschisis having 
the highest mortality rate (88%). Omphalocele 
(23.4%), gastroschisis (14.9%), and imperforate 
anus (n  =  6, 12.8%) contributed to the most 
deaths. Birth weight was the most significant pre-
dictor of mortality. Neonates who were catego-
rized as LBW (<2500 g) had three times the odds 
of dying when compared to those categorized as 
having normal birth weight. No EA and no CDH 
have been reported. However, there is a great dis-
parity in the number of patients with treated EA, 
their number ranging from one to more than 80 
patients per year in various neonatal surgical 
units in Africa [82]. According to Abdul-Mumin, 
“delayed access to care resulting in poor clinical 

condition on arrival, together with lack of neona-
tal surgical and anesthetic capacity, may have 
contributed to the higher mortality rates amongst 
neonates with digestive systems congenital 
anomalies.” Misdiagnosis, delayed presentation 
of neonates with pneumonia, dehydration, and 
failure to feed are the rule in Africa [82].

A study has been done in Ethiopia, one of the 
countries with the highest neonatal mortality in 
Africa, that concerns neonates at large, not only 
those requiring surgery. Shorter birth interval 
(<18  months), small and large size at birth, no 
antenatal care visit, male sex, and twin births were 
significant predictors of neonatal mortality [83].

A Tunisian study (41 neonates, 2010–2017) 
recorded 24% of deaths during hospitalization. 
The highest rate of mortality was observed for 
CDH. Predictive variables of mortality were pre-
maturity, LBW, the necessity of preoperative 
intubation, and duration of surgery of more than 
2 h [84].

In a meta-analysis of publications on neonatal 
surgery in Africa (51 studies from 11 countries in 
the 1995–2014 period), the authors pointed out 
major documented challenges, such as delayed 
presentation and inadequate facilities in 39 stud-
ies (76.5%), lack of trained care team in 32 
(63%), and the absence of NICU in 29 (57%) 
[85]. In spite of this demanding environment, 
they stated that improvements have been achieved 
in the outcomes of neonatal surgery in the past 
two decades [85].

Key reasons for the heightened mortality rates 
stem from a complex combination of social, cul-
tural, economic, and geographic factors. In 
LMICs, many births occur at home, either with 
no attendants or with traditional birth attendants; 
pejorative cultural beliefs or ignorance about 
possible cures for defects may prevent families 
from seeking treatment. The local meaning of a 
disease or malformation differs according to cul-
tural references. In many of them, it is not a per-
sonal concern that prevails but a collective one, 
and its management is multimodal [86]. If fami-
lies do seek care, they must often travel great dis-
tances to reach medical facilities. Hypothermia 
following unsupervised transport over long dis-
tances is common. Delays in diagnosis for non-
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visible anomalies are the rule and are associated 
with misdiagnosed infectious diseases. Even 
neonates who are delivered in the hospitals are 
referred late to specialist centers, often not well 
resuscitated and transported in suboptimal condi-
tions from far locations, on bad roads. These 
babies usually are hypothermic, septic, and 
hemodynamically unstable and frail on arrival at 
the referral centers.

These massive challenges are further exacer-
bated by the paucity of specialized care providers 
in LMICs. Most NICU units—if they exist—are 
not equipped for ventilation or parenteral nutri-
tion for neonates or suffer incessant electricity 
outages [82].

Among the factors related to the children’s 
condition, infection and prematurity play a major 
role in the poor outcome of neonatal surgery.

Neonatal sepsis, defined as a systemic infection 
in the first 28  days of life, encompasses blood-
stream infections, meningitis, and pneumonia. It is 
the third most common cause of death among neo-
nates, accounting for 225,000 deaths globally 
every year [87]. This seems to be a major concern 
in South Asia and sub-Saharan Africa, which have 
the highest burden of neonatal sepsis in the world, 
i.e., four to ten times higher than that in developed 
countries. Unlike high-income countries (HICs) 
with a predominance of group B Streptococci, 
Gram-negative germs predominate, possibly indi-
cating the transmission of infections from the 
environment and healthcare providers. In addition, 
antimicrobial resistance has worsened in the last 
decade, with most antibiotics becoming ineffec-
tive. About 50–88% of common isolates from 
health facilities are resistant to first-line antibiot-
ics—ampicillin and gentamicin [87, 88].

We have seen above how an infected lung can 
adversely affect a surgical procedure. Pneumonia 
represents the leading cause of mortality (more 
than two million deaths per year) in children less 
than 5 years of age worldwide [89]. Most cases of 
pneumonia occur in LMIC countries [90], where 
the problem of infection is a major concern, 
affecting the results of neonatal surgery. Sankar 
et al. call for urgent action to improve the quality 
of care at birth and implement antimicrobial 
stewardship in health facilities in South Asia, 

with the objective of reducing neonatal deaths 
from sepsis [88]. Among the proposals that 
directly involve pediatric surgeons, rational use 
of antibiotics is mandatory, i.e., avoiding unnec-
essary antibiotics, improving microbiology lab 
capacity, and obtaining blood cultures before the 
first dose [88].

Frailty is worsened by prematurity and low 
birth weight. Neonatal care in resource-limited 
LMICs differs significantly from the one afforded 
in HMIC settings. Therefore, it is not reasonable 
to extrapolate data from units in highly equipped 
countries. According to data collected in South 
Africa, results are surprisingly better than 
expected for children who survive the first hours/
days, and birth weight or GA was not predictive 
of poor neurodevelopmental outcomes [91]. In 
fact, the results may reflect the low survival of 
babies with low birth weights: ventilatory sup-
port was not offered to infants with a birth weight 
lower than 900 g due to a very low survival per-
centage of infants with lower birth weights in 
these countries. The authors are silent on whether 
these LBW babies needed surgery, but results 
suggest no difference with highly equipped coun-
tries for those who survive long enough prior to 
entering an operating room.

It is an economic and moral imperative that 
global partners invest in pediatric surgery as a 
vital component for reducing the burden of dis-
eases and malformations as a means to improve 
public health in LMICs. Healthy children are the 
single most important foundation and are the 
future of any society.

10.14  Teaching/Learning Surgery 
on the Frail Neonate

We have seen that the operating duration is cor-
related with adverse issues in neonates. Thus, the 
intervention timing and the skills of the surgeon 
play an important role. Consequently, the train-
ing of pediatric surgeons is part of the problem 
(or part of its solution?).

In 1989, the British National Confidential 
Enquiry into Perioperative Deaths (NCEPOD) in 
a report on perioperative pediatric deaths [92] 
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recommended that “surgeons and anesthetists 
should not undertake occasional pediatric prac-
tice.” This was also a statement of the European 
Union of Medical Specialists (EUMS) in 1995: 
“Surgeons taking care of children should have 
adequate training in a pediatric surgical unit. 
They should also continue to have regular expo-
sure to this type of patients.” Neonatal surgery 
should only be carried out by surgeons and anes-
thetists whose pediatric workload is of adequate 
volume to maintain a high level of surgical 
 competence and allow the training of residents. 
Congenital birth defects complicate 3–6% of 
pregnancies, leading to live birth. As an example 
of structural birth defects associated with signifi-
cant mortality/morbidity, CDH is among the 
most common anomalies, occurring in about one 
per 2000–3000 live births. Consequently, the 
opportunity of training—and keeping a desirable 
level of expertise—on CDH is low. Added to 
these facts, the combination of a shortened train-
ing period and the “new deal” on junior doctors 
about the accumulated number of hours has seri-
ous implications for training.

Nowadays, it is unacceptable to train on real 
frail patients. Advanced technologies, namely 
MIS and simulators, have been of great help in 
using simulation technology to reduce risks to 
both students and patients by allowing training, 
practice, and testing in a safe environment prior 
to real-world exposure. This is further supported 
by interest in the quality of care, restrictions on 
the use of animal models, limitations on the num-
ber of cases, medico-legal pressures, and cost- 
effective performance. Many models are 
available. The usefulness of mechanical simula-
tors with faithful models has been proven effi-
cient, for example, in EA [93, 94] or CDH [95]. 
They have facilitated shifting to realistic interac-
tive models. Computerized modern technology 
with electronically assisted devices and virtual 
reality environments has provided new tools for 
mechanical simulation. Presently, there are tools 
to evaluate cognitive/clinical, technical, and 
social/interactive skills, which we have seen to be 
quite important in neonatal surgery. Surgical sim-
ulators (mechanical, computerized, virtual) and 
models (animals and interactive) are the right 

tools to learn, train, assess surgical skills, and 
keep the surgeon’s expertise despite the small 
number of cases.

All this means that neonatal malformations 
need to be concentrated in centers to allow a suf-
ficient caseload. There are arguments in favor of 
and against such large regional specialist pediat-
ric centers. The benefits of centralization include 
the concentration of expertise, better-trained con-
sultants on call, and more appropriate develop-
ment of support services. The disadvantages 
include the burden of having children and their 
families far from their homes and the loss of 
expertise at a local level. The benefits of central-
ization, though, far outweigh the adverse effects 
of having to move children to a regional pediatric 
intensive care center [96].

Pediatric surgeons must ask their supervisory 
authorities to provide them with modern tools in 
order to avoid training on real babies. Although 
this is undoubtedly expensive, quoting Bok 
Derek from the Harvard Law School, “If you 
think education is expensive, try ignorance!” The 
major challenge faced by the new generation of 
pediatric surgeons is how to promote collabora-
tion between pediatric surgical units and, in addi-
tion, how to create networks to expand the 
publication of multicenter prospective studies 
with adequate sample sizes.

10.15  Ethical Concerns

It is hard to conclude such a chapter without 
some ethical considerations. A couple of prob-
lems are involved: one, the relation between the 
surgeon, the parents or their representative, and 
members of the caregiver team and, the other, the 
way to handle new techniques.

Neonates are inherently unable to express 
their choice toward surgical procedures, and their 
parents or representatives are supposed to make 
such decisions based on the best interest of the 
child. Today, most discussions between the sur-
geon and the parents about an “unborn patient” 
take place before birth, during an antenatal con-
sultation, usually in the presence of members of 
the caregiver team. The role of the surgeon is to 
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explain the diagnosis, alternatives for treatment 
with their possible outcomes, potential complica-
tions, and long-term outcome.

For most pregnant women, receiving a prenatal 
diagnosis of any anomaly is frequently associated 
with intense feelings of shock and grief. The par-
ents become frail themselves as this information 
ruins their expectation of a perfectly healthy child. 
During this time of crisis, parents are often faced 
with very, perhaps most, important choices about 
the pregnancy. They experience much stress and 
can quickly reach an information load saturation 
level that often translates into a need for multiple 
discussions. Levels of understanding, the cultural 
environment, and experience of professional sup-
port throughout this period of uncertainty, or even 
shock, can definitely impact decisions to be made 
and how they are subsequently perceived. If the 
“bad news” occurs once the child is born, this pro-
cess is shortened by the urgent decision to be 
made, usually in the stressful environment of the 
NICU. Giving birth to a child with a life-limiting 
condition and deciding the possible termination of 
pregnancy for fetal anomaly are emotionally trau-
matic life events, both associated with psychologi-
cal morbidity demanding appropriate support. In 
all cases, according to Nwomeh and Caniano [97], 
the following four elements must be a part of a 
fully informed process: (a) the physician to pro-
vide comprehensive information on which the 
decision to be made is supported; (b) a legal proxy 
is given to a person delegated to make decisions; 
(c) the named person demonstrates a full under-
standing of the intervention, including the indica-
tions, risks, and possible alternatives; and (d) 
written voluntary consent to the proposed inter-
vention is agreed upon. In this process, good 
knowledge of frailty in neonates is mandatory to 
properly assess any increased risk of complica-
tions or poor issues.

When explaining proposed surgical proce-
dures, we must consider that we are using new 
techniques rarely backed by randomized con-
trolled trials. Broad evidence-based support for 
many of our interventions is missing due to the 
small number of patients and the lack of multi-

center trials, especially if the results are affected 
by the variable frail conditions. Hall and Pierro 
have tried summarizing the evidence-based med-
icine (EBM) randomized controlled trial (RCT) 
(level I evidence) of some of the most common 
neonatal procedures. Their review highlights the 
fact that a quality evidence base supporting many 
of these interventions is lacking. Only a few ran-
domized controlled trials have been done in neo-
natal diseases such as CDH, NEC, pyloric 
stenosis, and inguinal hernia. All of these trials 
have resulted from collaborations between pedi-
atric surgical units firmly convinced of the impor-
tance of networks to promote multicenter 
prospective studies [98]. So how can we conduct 
an informed process if several parameters are 
lacking? We must refrain from saying “Everything 
will be fine”—a lie that will ruin parents’ confi-
dence. We must just be honest, tell the truth, and 
share what we know and what we ignore.

In the elderly, despite efforts over the past 
three decades and many suggested scales, an 
agreement on a standard instrument to identify 
frailty has not yet been achieved. Similar tools 
are still lacking for neonates, and we must keep 
working to develop them.
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Abbreviations

DNR Do not resuscitate
ERAS Enhanced recovery after surgery
MIS Minimally invasive surgery
OR Operating room

11.1  Introduction

The prevalence of pediatric chronic diseases has 
increased worldwide over the last years due to the 
advancements in medical diagnosis, developing 
technology, and treatments for different illnesses 
and comorbidities. Nowadays, frail children rep-
resent an increasing proportion of the population 

of healthcare utilization. In a tertiary care hospi-
tal of a developed country, children with complex 
special health care comprehend around 15% of 
operative cases, with around 90% of them being 
scheduled procedures [1]. Frailty in children cre-
ates a unique challenge for the pediatric surgeon. 
These children often have several medical prob-
lems that require careful attention before surgery. 
They are at increased risk for requiring acute sur-
gical interventions for complications and needs 
from previous surgeries or related to implanted 
surgical hardware (central venous access, enter-
ostomy tubes, or peritoneal dialysis catheter, 
etc.). On the other hand, they may be scheduled 
for elective procedures to address sequelae of 
disease such as malnutrition, gastroesophageal 
reflux disease or other conditions [2]. They may 
also need a surgical procedure for a common 
pediatric pathology, such as inguinal hernia, phi-
mosis, or acute appendicitis, etc.

In these chapters, we intend to consider strate-
gies to improve perioperative management of this 
special-needs population.

11.2  Frail Children—Specific 
Considerations

Any kind of hospital admission involves risk to 
this vulnerable population once it is a break from 
home routine medication and medical care, expo-
sure to the hospital environment, rotating provid-
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ers not familiarized with the patient, and 
generation of stress and anxiety [2, 3]. Frail chil-
dren are at higher risk for prolonged length of stay 
compared to the general population, as they have 
more postoperative complications such as slow 
return of bowel function, hemodynamic instabil-
ity, and respiratory insufficiency. Also, they have 
higher rates of readmissions, medical errors, as 
well as in-hospital mortality [2, 3]. Heterogeneity 
among this population, specific medication 
requirements, different anatomy or physiology, 
uncertainty about the best treatment protocol for 
the underlying conditions, developmental needs 
can make perioperative management challenging. 
Anatomic abnormalities such as micrognathia, 
muscular contractures, excessive adipose tissue, 
can make common procedures difficult (airway 
management, vascular access, positioning of the 
patient, etc). Previous surgery history is associ-
ated with postoperative adhesions, which can 
hamper surgical approach. Malnutrition can delay 
wound healing. Past hospital admissions and 
infectious disease history increases the risk for 
antimicrobial resistance, raising concerns on 
deciding prophylactic antibiotics and dealing with 
possible postoperative infection. Baseline organ 
dysfunction can require modifications in treat-
ment algorithms as the threshold for starting treat-
ment may be lower. Developmental or behavioral 
disabilities can make communicating pain and 
other symptoms difficult [2]. Familial socioeco-
nomical insufficiencies may hamper the best clin-
ical contacts and treatment adherence. There will 
be frail children that, due to their physical or clini-
cal condition, do not arouse compassion. 
Eventually, we come across the ethical question 
that some of these patients require a lot more of us 
than we could possibly give in return, either emo-
tionally, materialistically, and professionally.

11.3  Operational Improvement

The spectrum of frailty in children extends 
through all ages, originating from congenital and 
acquired conditions, with a range of static, poten-

tially resolving, and progressively declining tra-
jectories. Such heterogeneity presents challenges 
for categorization, prediction modeling, research, 
bedside care, and support of families. Nonetheless 
we intend to establish some strategies in pre- 
operative evaluation, coordination of care, post- 
operative planning, and expectation to respond to 
these special-needs children.

11.3.1  Referencing 
and Multidisciplinary Team

First of all, frail children should receive surgi-
cal care at institutions that offer multidisci-
plinary, pediatric-centered care, involving 
pediatric surgery, pediatrics, pediatric anesthe-
siology, physiatry, psychology and social ser-
vice, making an extensive preoperative planning 
possible. The team should be trained for com-
plex special health care, meaning they should 
have experienced specialists, continuing educa-
tion of healthcare providers, and guidelines for 
the management of these children [4]. It is 
essential that effective communication exists 
between all involved specialists of the team in 
order to have an organized, high-quality plan 
that fulfills the child’s needs. It is useful to have 
a central practitioner coordinating care, which 
is usually the child’s general pediatrician or 
family physician. The role would be to make 
the bond between every specialist, and also the 
family, providing organized and updated data 
[5]. When there is a planned surgery, the 
involved in-hospital specialists should stay 
informed of each other’s plans.

Families or primary care providers always 
play an important role as they can provide 
invaluable patient-specific details, including 
health summaries, interpretation of the symp-
toms, rare disease-specific expertise. Specialists 
and generalists must always involve families in 
decision making, preoperative planning, and 
postoperative management and should be edu-
cated on successful means of interaction and 
communication.
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11.3.2  Surgical Indication 
and Conservatism

The principles upon which medical decisions are 
made for frail children are the same as for any 
other child: autonomy, beneficence justice, non- 
maleficence, veracity, and fidelity [6]. Toward a 
potentially surgical problem, the decision mak-
ing is not always easy and should be part of a 
multidisciplinary consensus. Discussions can be 
improved by engaging the family and the primary 
care team as shared decision-making promotes 
co-operation, with ultimate goals of improved 
health and satisfaction [7]. When cognitively 
competent, children should also be involved in 
decisions about their care, on the basis of devel-
opmental age. This can help them understand the 
condition and treatments, reduce fear, enhance 
self-confidence and acceptance, and improve col-
laboration with treatment decisions [6].

Nevertheless, a surgical procedure is a physi-
cal aggression, and it is well known that frail 
children have increased risk of prolonged length 
of stay due to pre-procedural optimization, over-
night respiratory optimization, general uncer-
tainty of response to procedural stress, and 
possible postoperative complications. There is 
also a higher rate of medical errors and even in- 
hospital death. The anxiety around the surgery 
and disruption it causes to the family dynamics is 
also important to take into account. Surgical indi-
cation should be a decision made after careful 
consideration of risks and benefits, keeping in 
mind that good outcomes likely reflect a conser-
vative approach [1]. The surgeon must consider 
the natural history, the risks of surgery for mor-
tality and morbidity, namely, postoperative com-
plications, and decide if there is an absolute need 
to perform surgery or if the child would be able to 
have an acceptable quality of life with conserva-
tive treatment.

For hopelessly ill children, or who have a pro-
gressive degenerative neurologic disease, it is 
important to understand what are the parents’ 
expectations and determine precociously if par-
ents want care to be limited. Patients in palliative 

care may obviously benefit from surgical proce-
dures as long as it is to provide relief and/or pre-
vention of pain and discomfort. If parents request 
do not resuscitate (DNR) status for their child, it 
should be documented in the medical record for 
clarity and legal protection of the team. This does 
not mean they are not eligible for surgical proce-
dures. Some patients with DNR status may have 
significant benefit with a surgical intervention, 
even though the procedure may not change the 
natural history of the underlying disease. The sur-
geon plays an important role to discern if the pro-
cedure is important or a futility for the purpose of 
prolonging life. If there is a disagreement 
between parents and physicians’ decision, a sec-
ond opinion from another specialist is recom-
mended [8].

11.3.3  Day-Case Surgery and Early 
Discharge

The longer the length of hospital stay, the higher 
the risk of nosocomial infections, medical errors, 
stress and anxiety. There should always be an 
attempt to keep the admission as soon as possi-
ble. Therefore whenever it is feasible, the proce-
dure should be in a day-case basis. This will only 
be possible if the underlying condition is stabi-
lized, time of surgery is not very long (<120 min), 
postoperative pain can presumably be controlled 
(regional anesthesia, use of minimally invasive 
techniques), and there is no high risk of postop-
erative bleeding or alimentary intolerance [9].

When the procedure is not suitable for a day- 
case surgery, efforts should be made to reduce 
the length of stay as much as possible. Enhanced 
recovery after surgery (ERAS) has been a hot 
theme for adult surgeons lately, as it have been 
found to decrease hospital length of stay and 
complications in diverse adult surgical popula-
tions. These interventions theoretically maintain 
physiological homeostasis and minimize surgi-
cal stress, thus facilitating a quicker return to 
baseline. There is a paucity of literature assess-
ing enhanced recovery protocols in the pediatric 
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population, let alone in frail children, although 
there have been numerous pediatric studies dem-
onstrating improved outcomes with isolated ele-
ments of ERAS (perioperative counseling, 
limited perioperative fasting, non-routine bowel 
preparation, antibiotic prophylaxis, use of short- 
acting anesthetics, epidural anesthesia/analge-
sia, limited use of narcotics, nausea and vomiting 
prophylaxis, early enteral intake and mobiliza-
tion, and nonroutine use of surgical drains and 
tubes) [10]. Some of them have included frail 
children as oncologic patients and transplant 
recipients [11]. The creation of ERAS protocols 
in these populations must be an area of research 
as it seems to have a lot of potential in minimiz-
ing stress, complications, and length of stay. In 
fact, some elements of ERAS will be mentioned 
beneath as strategies for operational improve-
ment, such as perioperative counseling, mini-
mally invasive techniques, avoiding prolonged 
fasting, and postoperative pain management.

11.3.4  Pre-operative Planning

11.3.4.1  Patient and Family 
Preparation

The preoperative evaluation of frail children 
should comprehend common concerns that may 
impact perioperative decision-making. The sur-
geon must anticipate the unique intraoperative 
and postoperative potential challenges.

Preparing the child and family to face the sur-
gery is important on a basis of good communica-
tion methods and promptness to answer doubts 
and questions. Adaptation to the hospital envi-
ronment is a basic condition for a smooth 
uneventful stay. Some non-pharmacological 
adjuvant interventions proved to have a positive 
role on pediatric patients’ outcomes, such as hos-
pital decorations, facilities to play and participa-
tion in team games, miniature cars for children to 
play with while waiting for surgery and to drive 
them to the operating room (OR). The presence 
of hospital clowns helps in reducing stress and 
anxiety in children during medical procedures, 
induction of anesthesia, and as part of routine 
care. It might contribute to improve the psycho-

logical well-being and emotional responses in 
frail children and adolescents [12]. Also, while 
contributing to reduce parents’ stress and anxiety, 
they can contribute for their respite by providing 
some distraction and entertainment for their 
child. Music has also the potential to reduce pain, 
anxiety, and distress in children undergoing sur-
gery [13]. If possible, it brings calmness to the 
child to make a preparatory visit to the actual OR, 
where all the stages of surgery are explained. 
Right before surgery, the presence of parents pro-
vides comfort and assurance.

For hopelessly ill children with a DNR order, 
after a decision to undergo surgery, the team 
should always have a discussion with the family 
on their options. Cardiopulmonary resuscitation 
in the OR carries a much better medical progno-
sis than when performed in other hospital sce-
narios (around 50–80% of patients resuscitated in 
the OR return to their former level of function-
ing). At the OR, the event is always witnessed 
allowing rapid and effective intervention. Also, 
the adjacent cause is usually known, often revers-
ible effects of anesthesia or hemorrhage and not 
usually due to the patient’s underlying disease. 
So the family should decide whether to suspend 
the DNR order during surgery and the periopera-
tive period, maintaining the original DNR order, 
or modifying the DNR order [8].

11.3.4.2  Medical Optimization
Whenever possible, frail children should be 
brought to their individual optimum level of 
health before undergoing a surgical procedure. 
Malnourished children (or at risk of malnourish-
ment) should have a nutrition plan prior to sur-
gery, either by optimizing oral intakes or by tube 
feedings. Prolonged fasting should be avoided, so 
clear liquids should be emphasized until 1–2  h 
before surgery. Although with some limitations, 
serum albumin is generally considered a useful 
index of nutritional status and the target serum 
level should be 4 g/dL [14]. Dehydration is com-
mon and frequently underdiagnosed in malnour-
ished children who are affected by several kinds 
of disability, so it should be considered and 
treated before surgery [15]. Children with chronic 
disorders or renal disease often have associated 
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anemia with usual hemoglobin concentrations of 
6–9 g/dL. Target preoperative hemoglobin values 
should be individualized to the type of procedure 
planned and pointed after a discussion with the 
anesthesiologist. Coagulopathies and electrolyte 
imbalances must be corrected before surgery. 
Patients receiving corticosteroids for extended 
periods may not be able to support a natural stress 
response because of chronic suppression of the 
hypothalamic–pituitary–adrenal axis, so they 
should receive perioperative supplementation. 
Patients taking antihypertensive drugs should not 
suspend it, but must be closely monitored for 
intraoperative hypotension. Other drugs that 
should be continued in the perioperative period 
include antiepileptics, drugs for asthma, and 
immunosuppressants. Drugs that should be dis-
continued before surgery include anticoagulants, 
anti-thrombotic, nonsteroidal anti-inflammatory 
drugs, and diuretics. Patients with chronic lung 
disease should be preoperatively asymptomatic 
and for that, pharmacologic, environmental, or 
dietary control may be necessary. Medications 
should not be suspended during perioperative 
period. In some difficult cases, such as in cystic 
fibrosis, the pneumologist’s cooperation is essen-
tial to optimize the patient before surgery to min-
imize the surgical risk. In patients with chronic 
kidney disease, renal function and electrolyte 
monitoring is important in the preoperative 
period, and any acid–base imbalances and elec-
trolyte disturbances must be corrected. Careful 
attention must be paid to the patient’s intake and 
output. The fasting period should not be pro-
longed before surgery because they can become 
dehydrated quickly. In such patients, securing 
peripheral intravenous access is always sensible, 
even before surgery. When prescribing drugs that 
are metabolized and excreted by the kidney, mon-
itoring of serum drug levels is essential. In 
patients with chronic liver disease, edema or asci-
tes should be treated preoperatively with diuret-
ics and sodium-restricted diet. Liver enzyme 
levels and coagulation should be accessed before 
surgery. If coagulopathy is present, vitamin K 
and fresh frozen plasma should be ensured in the 
preoperative period as well as during surgery. 
When prescribing drugs that are metabolized and 

excreted by the liver, monitoring of serum drug 
levels is essential. Patients with neurological dis-
ease and seizure disorder are often considered at 
high risk of seizures occurring during or shortly 
after the procedure. There should be an appropri-
ate plan for continued use of antiepileptic drugs 
throughout pre- and immediate postoperative 
period. In patients with obesity, measures should 
be taken to prevent deep vein thrombosis and pul-
monary embolism, such as postoperative enoxa-
parin, elastic compression stockings and/or 
intermittent compression devices. Also, addi-
tional measures to prevent surgical site infection 
should be considered.

11.3.4.3  Anesthesia Plan
Frail children should always be under observa-
tion by an anesthesiology specialist prior to an 
elective surgery. The pediatric surgeon must 
communicate to the pediatric anesthesiologist the 
surgical plan so that together they can anticipate 
problems or concerns, especially for complex or 
uncommon procedures. The anesthesia team 
should be aware if the patient has a history of 
complications with anesthetics, malignant hyper-
thermia, coagulation disorders, or if the patient 
has symptoms of an upper respiratory tract ill-
ness that increases the risk of postintubation 
laryngotracheal edema. Preoperatively, the anes-
thesia team must have a plan, according to the 
surgical intervention, for postoperative pain con-
trol as caudal injection, epidural catheter inser-
tion, or peripheral nerve block.

11.3.5  The Surgery

11.3.5.1  Positioning and Surgical 
Approach

Planning a surgical approach anticipatedly is very 
important considering these patients may have 
altered anatomy or surgical implanted devices 
that restrict standard surgical steps. In patients 
with neurological or neuromuscular diseases, the 
body habitus may hamper surgical positioning 
and access. For instance, in a patient with severe 
lower extremity contractures, a laparoscopic 
operation may not be feasible if there is no ade-
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quate extracorporeal clearance of laparoscopic 
instrumentation, unless there is an alternative for 
port sites position. Surgical implanted devices 
such as ventriculoperitoneal shunts or venous 
catheters, digestive or urinary stomas, previous 
scars may limit surgical approach like surgical 
incision site. Every detail must be considered 
when deciding what technique to perform, if any 
modification will be required, and what to do in 
case of a difficulty or complication.

11.3.5.2  Minimally Invasive  
Surgery (MIS)

Minimally invasive surgery revolutionized pedi-
atric surgery since it has been proven to be feasi-
ble in a great proportion of pediatric surgery 
procedures. Advantages of minimally invasive 
surgery are unquestionable and well known 
throughout the fields of abdominal, thoracic, and 
urologic conditions. Of interest in this popula-
tion, MIS is associated with decreased risk of 
infection, decreased recovery time and length of 
stay, greater surgical visualization and precision 
[16]. If surgery is inevitably a physical aggres-
sion, MIS tends to minimize it, as it is possible to 
make smaller incisions and limited mobilization 
of structures when trying to achieve an adequate 
exposure. Greater visualization, magnification, 
and precision might prove to be an advantage in 
children who have altered anatomy. MIS should 
always be considered a first-line approach after 
disclosing any kind of cardiopulmonary 
contra-indication.

11.3.5.3  Pre-operative Simulation
Whenever there is a high-complexity surgical 
case, experience and competency are expected of 
the team. In pediatric surgery, and specifically in 
frail children, there are some conditions that are 
rare, and the team will not have experienced sig-
nificant case volume. Even if there is consider-
able volume of similar cases, each case might 
have particularities in this population. Frail chil-
dren will be frequently complex cases owing to 
their altered anatomy and physiology, increased 
risk of complications, and less tolerability to 
minor errors and distractions. That is why preop-
erative simulation can improve safety and effec-

tiveness of surgical procedures. Significant 
advances in diagnostic imaging modalities and 
image processing software enable surgeons to 
obtain detailed anatomical information preopera-
tively for each patient and incorporate this data in 
surgical simulation. A surgical simulator based 
on radiological images from an individual patient 
using three-dimensional visualization techniques 
may greatly assist surgeons to preoperatively 
rehearse an operation and facilitate sharing of 
information among the operative team [17]. 
Surgeons should have the means to achieve the 
best preparation they possible may have once we 
must always offer the best of our knowledge and 
competence to treat a child.

11.3.6  Postoperative Management

Together with the anesthesia team, a plan must be 
accomplished to minimize postoperative pain 
and analgesics requirement, which can involve 
epidural anesthesia/analgesia or a peripheral 
nerve block. These can be performed prior or 
immediately after surgery. Nausea and vomits 
prophylaxis should also be considered according 
to each surgical procedure and in high-risk 
patients. Oral/enteral feedings and physical 
mobilization should be started as early as possi-
ble. Tubes and catheters should be avoided or 
removed precociously. Every effort should be 
made so the child can have a safe and early dis-
charge. Family support should be guaranteed 
during the admission and after discharge, reas-
suring they will have response to all of their 
concerns.

11.4  Conclusion

Optimal treatment for frail children may be chal-
lenging and requires an experienced pediatric- 
centered multidisciplinary team. The surgeon, 
together with the rest of the team and family, 
must bear in mind associated disorders, possible 
altered anatomy and physiology, and potential 
complications that may occur. Whenever there is 
a potentially surgical condition, the surgical indi-
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cation must be analyzed, considering the risks 
and benefits. After the decision has been made, 
the team should carefully plan the procedure and 
implement individual pre-, peri-, and postopera-
tive care in the child’s best interests.
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ODI  Orientation dispersion index
PWI  Perfusion-weighted imaging
ROSA Robotic operating surgical assistant
SE  Spin echo
SPGR Spoiled gradient-recalled
SWI  Susceptibility-weighted images
T  Tesla
TrueFISP  Fast imaging with steady-state free 

precession

12.1  Introduction

12.1.1  Frailty and Neurosurgery

Frailty is a clinical condition characterized by 
excessive vulnerability to endogenous and 
exogenous stressors due to a reduction of 
homeostatic reserve. It is a state defined by 
diminished strength, endurance, and reduced 
physiologic function which leads to major vul-
nerability for developing increased dependency 
and/or death [1]. Principal elements that define 
pediatric frailty can be found in the previous 
chapters.

Frailty in neurosurgery has been analyzed 
especially in older patients to predict their post-
surgical outcome as shown by Pazniokas et  al. 
[2]. Most of the studies included in the review 
showed an association between “frail” phenotype 
and poorer outcomes in terms of complications 
or mortality. For example, higher frailty assessed 
with mFI index showed higher mortality and 
poorer outcome in patients with spontaneous 
intracerebral hemorrhage. Frailty assessment is 
about to become a proven item in clinical evalua-
tion in neurosurgery, especially in neuro- 
oncology, as many authors showed that frailty 
may be used as a prognostic value particularly for 
short-term postoperative complications [2–4]. 
Today, there are no available studies about pedi-
atric frailty in neurosurgery.

12.1.2  But Why is Frailty 
an Important Concept 
in Pediatric Neurosurgery?

Frailty is a concept that has been introduced 
recently in medicine and it has been extended 
also to pediatric patients because

 (a) Children have some features that make them 
generally frailer to surgery (such as higher 
risk of hemodynamic instability).

 (b) The number of frail patients has increased 
due to improvements of therapy.

In fact, decades ago, many neurosurgical 
pathologies had very poor outcomes with high 
rates of mortality and morbidity. Technological, 
therapeutical, and surgical innovations caused 
an improvement of prognosis of most of these 
pathologies. Cerebral tumors are an example of 
this phenomenon. These tumors are the second 
most prevalent tumors in children. In the past, 
cerebral tumors had very high mortality and 
morbidity related to retarded diagnosis and 
minor technical tolls during surgery, but sur-
vival rate increased progressively in the last 
30  years. In Italy, a statistically significant 
reduction was observed during the entire 
period 1970–2002. Mortality for central ner-
vous system (CNS) tumors in children 
increased from 1970 to 1977, and decreased 
constantly thereafter up to 2008, similarly in 
boys and girls. The estimated annual percent-
age change for the first period was estimated to 
be 4.6% and 6.3%, with borderline signifi-
cance, in boys and girls, respectively. In the 
following period, 1977–2008, estimated annual 
percentage change of age-adjusted mortality 
rates were − 2.3% in boys and − 2.6% in girls, 
both highly significant. The calculated average 
mortality rate for CNS tumors of 8.3 per mil-
lion/year, during the period 2000–2008, with 
59 deaths occurring annually. CNS tumors 

B. Spacca et al.



161

were more common in boys than in girls, with 
a 24% higher mortality rate [5].

Pediatric neurosurgical patients are consid-
ered frail patients as they are exposed to long- 
term treatments [6]. In fact, frailty is caused by 
both the underlying cerebral pathology and the 
treatment itself, and consequently patients have 
an increased risk of complications and sequelae.

Better therapies caused longer survival rates 
but, at the same time, determined an increase of 
complex patients, thus justifying the interest 
toward the concept of frailty.

12.1.3  Improvements in Pediatric 
Neurosurgery

The principal objective of today’s neurosurgical 
practice is the cure (or control) of the pathology 
and at the same time the maintenance of the best 
possible quality of life. Minimally invasive 
approaches, adequate anesthesiologic procedure 
and reduction of surgery duration are important 
elements.

The aim of minimally invasive surgery is to 
minimize trauma of surgery without losing thera-
peutical efficacy [7]. The concept of minimally 
invasive was born in other fields, such as general 
and gynecological surgery, and neurosurgeons 
have applied it to their field through different 
techniques that will be described in the next para-
graphs such as neuroendoscopy, stereotactic sur-
gery, microsurgery, and robotics. The advantages 
of minimally invasive surgery are increased pre-
cision, less tissue disruption, lower morbidity, 
and shorter hospital stays [7].

Moreover, an increased attention to patients’ 
needs have developed so that the improvement in 
neurosurgery implies a multidisciplinary 
approach. An example of this new exigency 
derives from the alteration of self-perception 
after cranial surgeries due to complete hair shav-
ing. Traditionally, all patients underwent a com-
plete hair shaving before craniotomy to avoid 
post-operative infections with a strong psycho-
logical impact. After years of this practice, it is 
now well understood that hair does not increase 

infections risks so it is sufficient to shave only the 
surface needed for the craniotomy or, in some 
cases, do not shave at all [8, 9]. Some studies 
have showed that not only psychological benefits 
are present, but also that complete hair shaving 
may lead to an increase of bacterial proliferation 
[10]. Moreover, limited hair shaving causes an 
improvement of quality of life and allows faster 
recovery to normal everyday activities even after 
complex brain surgeries. This practice started in 
the last decades of the twentieth century, but it 
spread only in the 2000s, and today it is a com-
mon practice in all neurosurgical departments.

Similar elements have emphasized that neuro-
surgical improvements must be oriented to mul-
tiple aspects and consider all the patients’ 
frailties. The aim of this chapter is to analyze the 
most important improvements in pediatric neuro-
surgery, their impact, and future perspectives.

12.2  Pediatric Neuro-Anesthesia

Innovative and advanced neurosurgical and anes-
thesiologic techniques have improved the out-
come of newborns and children who undergo this 
type of surgery [11]. The complexity of the 
approach to the pediatric patient depends on the 
age-related differences of cerebrovascular physi-
ology and cranial ossification. During surgeries, 
very young children show a higher risk of hemo-
dynamic instability due to a different distribution 
of the cardiac output, directed for a higher per-
centage to the CNS.  The autoregulation of the 
blood flow is guaranteed for mean arterial pres-
sure (MAP) between 60 and 20  mmHg. It is 
imperative to achieve stable hemodynamics not 
to induce hypotension or hypertension, which 
may cause respectively cerebral ischemia and, 
especially in the newborn, intraventricular hem-
orrhage [12].

Newborns and infants have higher risk of mor-
tality and morbidity compared to any other age 
group. Great part of the complications is related to 
respiratory and cardiac events. The preoperative 
evaluation is essential, but often it is not possible 
in emergency. The anesthesiologic evaluation 

12 Operational Improvement in Pediatric Neurosurgery



162

should particularly focus on airway management 
due to high rates of craniofacial malformations. 
Almost all the pediatric neurosurgeries are done 
under general anesthesia. General anesthesia 
needs one or more venous accesses and a meticu-
lous management of the airways, usually done by 
orotracheal or nasotracheal intubation. In the last 
years, only for minor surgeries, the intubation has 
been replaced with laryngeal mask, a supraglottic 
device which requires a less invasive procedure. 
The laryngeal mask allows the insertion of a naso-
gastric tube to prevent lung aspiration. The mask 
can also be used in emergency for difficult air-
ways [13]. In major neurosurgery, femoral central 
line is the most used because it does not interfere 
with cerebral venous drainage such as jugular 
catheters and it has no pneumothorax risk as in 
subclavian lines.

12.2.1  Intraoperative Monitoring

ASA monitoring standards may need additional 
parameters such as invasive arterial pressure 
monitoring though arterial catheter to be able to 
detect sudden hemodynamic instability caused 
by hemorrhage, cranial nerve manipulation, her-
niation syndromes, and venous embolism. 
Moreover, the arterial catheter allows multiple 
gas analysis during the surgery [12].

12.2.2  Hypothermia Prevention

The pediatric patient loses heat faster than the 
adult. This phenomenon concerns all the chil-
dren, but it is effectively more important in new-
borns because of their absence of subcutaneous 
fatty tissue, the higher ratio between body sur-
face and weight and due to the absence of shiver 
as a compensatory mechanism. During surgery, 
the risk of hypothermia is even higher due to low 
temperature of the operating room, the lack of 
thermoregulatory response due to general anes-
thesia, the surgery itself, and mechanical ventila-
tion. Consequently, it is imperative to minimize 
heat loss through warming table pads and warm 
fluids.

12.2.3  Prevention of Dehydration 
and Hypoglycemia

Prolonged fasting should be avoided in pediatric 
patients because excessive fluid restriction may 
lead rapidly to dehydration and hypovolemia due 
to fast metabolism of these patients. Excessive 
fasting may also induce hypotensive events, met-
abolic acidosis, and severe hypoglycemia. Today, 
the pediatric patient can have a solid meal 6  h 
before surgery, mother’s milk 4  h before and 
clear liquids until 1 h before [14]. This timing is 
important to allow the reduction of gastric vol-
ume. Nevertheless, there are still cases of high 
risk of dehydration due to the patient’s pathology, 
but also in toddlers and newborns especially, if 
premature. Dehydration is dangerous during the 
induction phase of anesthesia because it may lead 
to bradycardia. The consequences of bradycardia 
are worse in extremely young patients. It is 
imperative to adhere strictly to protocols and if 
the patient is not able to drink, it is possible to 
inject fluids IV [14].

12.2.4  Transfusion

Blood transfusions may be necessary for blood 
loss of 15% of total blood volume or in the case 
of Hb concentration below 7 g/dL. The need for 
transfusion can be stated by hematocrit values 
and through the evaluation of hemodynamic 
response to hemorrhage. It is crucial that the sur-
geon and the anesthesiologist work very closely, 
especially during intracerebral manipulation, to 
avoid any changes to the cerebral microcircula-
tion. Often, the need of transfusion anticipate 
alteration of hematocrit. The blood should be 
injected at a 37 °C temperature to prevent hypo-
thermia. Tumescent Local Anesthesia in the area 
covered by the skin incision, is extremely useful 
to reduce blood transfusions and the volume of 
blood transfused intraoperatively, especially in 
low weight patients. Tumescent Local Anesthesia 
uses low concentration lidocaine (0.1%), adrena-
line, sodium bicarbonate diluted in a large vol-
ume of saline or lactate Ringer. The cutaneous 
and subcutaneous infiltration with this solution 
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takes advantage of its long-term efficacy to 
reduce the use of pain killers. The reduction of 
hemorrhage is caused by the vasoconstrictive 
effect induced by the adrenaline (alfa1-receptors) 
and by hydrostatic compression, while infectious 
complications are minimized by the bacterio-
static activity of lidocaine [15].

12.2.5  Patient Positioning

Patient positioning is essential in neurosurgery 
for the neurosurgical approach, but also for the 
anesthetist who must deal with possible compli-
cations of different positions. Prone positioning 
may cause neck and head venous congestion, a 
reduction of pulmonary compliance, an increase 
in abdominal pression, and caval compression. 
Extreme head flexion may determinate cerebral 
compression in patients affected by posterior 
fossa diseases, while an excessive head rotation 
may prevent venous drainage by the jugular veins 
and affect cerebral perfusion. Anti-decubitus 
devices are imperative in all types of surgery [11, 
12]. In our department, the sitting position is 
being avoided from decades.

12.2.6  Newborn

Newborns (term or pre-term) have higher risks of 
complication related to anesthesia than older 
children due to the peculiarity of cardiovascular 
and respiratory systems. In fact, the responses to 
hypocapnia and hypoxia are reduced. In patients 
born before the 34th week of gestation, spontane-
ous apneas are frequent due to prematurity. 
Newborns have anatomical particularities such as 
bigger epiglottis in a more anterior position. 
Other difficulties are the much more frequent 
collapse of superior respiratory airways and the 
disproportion between head and body. Moreover, 
the respiration is necessarily nasal. Protective 
ventilation is essential to avoid pulmonary dam-
age. At the same time, hyperoxygenation may be 
harmful in preterm newborns due to higher risk 
of obliterative retinopathy and bronchopulmo-
nary dysplasia.

12.2.7  Syndromic Patient

Today, the registered syndromes are more than 
10,000 and they are still increasing. The syn-
dromic diagnosis is not always immediate, so it is 
possible for the anesthetist to face unexpected 
difficulties. In front of a syndromic patient, it is 
imperative to obtain the anamnesis and to undergo 
a meticulous preoperative evaluation, looking for 
any possible complication caused by the syn-
drome itself. Being aware of the difficulties 
related to the syndrome helps the anesthetist to 
choose the specific anesthesiologic technique, 
especially in case of difficult airway manage-
ment, congenital cardiopathy, or malignant 
hyperthermia risk.

12.3  Pediatric Neuroimaging

Brain imaging is of paramount importance in the 
diagnosis and follow up of the entire spectrum of 
disorders of central nervous system. Imaging 
techniques are brain echography, computed 
X-ray tomography (CT), and magnetic resonance 
imaging (MRI). MRI is the gold standard for 
pediatric brain imaging. With time, extensive 
employment of MRI in pediatric allowed recog-
nition of specific morphological and functional 
features of malformative, degenerative, neoplas-
tic (Fig. 12.1), and vascular disorders.

Technical improvement allows high spatial 
and contrast resolution images that are manda-
tory in order to maximize the information gained 
from imaging studies performed either on 1.5 and 
3 T equipment [16].

With respect to 1.5 T, imaging at 3 T allows 
higher resolution and more favorable signal-to- 
noise ratio with similar time. The small size of 
the pediatric brain and its higher content of water 
make more suitable employment of a 3 T unit. A 
1.5 T unit can be more suitable if body imaging 
in addition to brain studies are performed. 
However, a 1.5 T unit with a dedicated pediatric 
brain coil can provide adequate imaging in most 
clinical situation. Due to higher signal-to-noise 
ratio, 3 T is the optimal choice when highest spa-
tial resolution is required, such as MRI angiogra-
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b ca

Fig. 12.1 (a) Axial FLAIR; (b) coronal T2-weighted 
image; (c) sagittal T1-weighted image demonstrating 
right posterior temporal and parietal nonenhancing lesion, 

with sharp margins, inhomogeneous hyperintensity on 
FLAIR and T2-weighted image consistent with DNET or 
ganglioglioma

phy, or in second-level MRI studies for small 
brain malformations. However, high signal-to- 
noise ratio also allow the best results when 
advanced MRI studies are performed [16].

Besides the strength of the magnetic field, 
hardware improvement, notable development of 
32 channel phased-array head coils, and increase 
in the performance of the gradients allowed high 
spatial and contrast resolution, thus maximizing 
the advantages of high field strengths.

In pediatric patients, the clinical background 
and the chemical structure of the developing 
brain change over time, especially for neonates 
and young infants. Therefore, the MRI studies of 
the pediatric brain require imaging protocols spe-
cific for the different ages. Analogously, a spe-
cific training is required for neuroradiologists 
and MRI technicians involved in pediatric 
studies.

Careful review of patient history is always 
required prior to the MRI study, then careful 
checking of images and eventual protocol modi-
fication based on emerging findings must be per-
formed in real time by the supervising 
neuroradiologist [16].

Whatever the field strength and the imaging 
protocol, motion artifacts are the main issue in 
pediatric neuroimaging. To overcome the prob-
lem, fast imaging techniques and specific modali-
ties of sedation are employed [16]. Motion 

artifacts remain an issue for most studies of chil-
dren younger than 8 years, for which sedation is 
almost always required.

Although sedation techniques are not dis-
cussed, it is important to remind that sedation of 
infants undergoing MRI studies requires MR 
compatible life support and monitoring equip-
ment, and, above all, sedation must be performed 
by a specifically trained anesthesiologist, and that 
it is time consuming [17].

Sedation is not always necessary for MRI stud-
ies of neonates. They can undergo MRI if they are 
fed immediately prior to the study, kept warm, 
and earmuffs/earplugs are used to reduce the 
noise. Moreover, older children can avoid seda-
tion if some MR-compatible audiovisual system 
is available, or if detailed explanation is provided 
by appropriately trained nurse or technician.

Noise reduction techniques have been devel-
oped by the main MRI vendors and are adopted 
in the more recent releases.

Fast MR techniques, called PROPELLER, 
BLADE, HASTE, depending on vendor, allow 
images of the entire brain without significant 
motion artifacts in less than 1 min, and are often 
adequate for diagnosis of hydrocephalus or acute 
infarcts, but do not provide complete evaluation 
of the brain, particularly in MRI studies for sub-
tle malformations, metabolic disorders, or tumor 
progression [18].
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The signal intensity and the contrast 
between grey and white matter change through-
out the progression of the myelination, between 
birth, and 2  years of life. The changes of the 
MRI picture require careful evaluation of T1- 
and of heavily T2-weighted images. At birth 
and in the first 8 months of life, the white mat-
ter is incompletely myelinated and, due to its 
high content of water, it is hyperintense on 
T2-w.i. Therefore, the imaging parameters 
must be set in order to obtain the appropriate 
contrast between grey and white matter. In this 
period, the progression of the myelinating is 
better evaluated on T1-w.i. [16]. Between 6 
and 8 months, the progression of myelination 
makes white matter isointense to the cortex. In 
this phase, the lack of contrast makes more dif-
ficult to detect signal abnormalities, and there-
fore to diagnose malformation of cortical 
development or small tumors, as well as to rec-
ognize the abnormal signal pattern of neuro-
metabolic disorders [16].

FLAIR images have limited value in children 
younger than 1  year. After the signal intensity 
from the white matter reaches the normal value, 
FLAIR are complementary to T2-w.i. [19].

At 1.5 T, spin echo (SE) T1-weighted images 
usually provide adequate spatial and contrast 
resolution, and allow assessment of the overall 
anatomy of the brain.

At 3 T, differences in T1 relaxation times and 
magnetic susceptibility requires specific tech-
niques and parameters. SE-T1-w.i. cannot be 
obtained. 3D-T1 volumetric sequence (SPGR, 
MPRAGE, 3D-FLASH, depending on vendor) 
must be performed, and, especially if a phased- 
array head coil and parallel imaging are avail-
able, they result in optimal demonstration of 
small anatomic detail. 0.7–1 mm isotropic voxel 
partitions and multiplanar reformations in the 
coronal and axial planes are usually employed in 
MRI studies’ patients for developmental delay 
and for epilepsy, as they can demonstrate small 
cortical malformations, as well as reveal subtle 
areas of T1 shortening in injured brain, and for 
neuro-navigation.

High resolution volumetric 3D T2-w.i. 
(FIESTA, bFFE, TrueFISP, depending on ven-

dor) are employed for demonstration of specific 
anatomic details of cranial nerves or orbits. For 
evaluation of the intraorbital tract of the optic 
nerves, fat suppression techniques or DIXON 
sequences are also available [16].

3D susceptibility-weighted images (SWI) and 
gradient echo (GE) T2-w.i. are highly sensitive in 
detecting hemosiderin and calcium deposits. 
While on GE images calcium and hemosiderin 
are almost indifferently hypointense, SWI raw 
phase images allow to distinguish the opposite 
phase of paramagnetic iron, as normally seen in 
nuclei pallidi, from diamagnetic calcium, as seen 
in choroid plexus [20].

Great care is required for administration of 
contrast medium in pediatric patients. There are 
indeed increasing concerns regarding cerebral 
deposition of gadolinium and about nephrogenic 
systemic fibrosis. Given the immaturity of the 
blood–brain barrier, children have to be consid-
ered at particular risk. Gadolinium administra-
tion should be recommended only in MRI studies 
for follow-up or suspected brain tumors, infective 
or inflammatory diseases, and absolutely avoided 
“just in case”, or in absence of a definite indica-
tion [16].

12.3.1  Advanced MRI Techniques

Besides high contrast and spatial resolution 
sequences, advanced pediatric neuroimaging 
includes functional techniques that make more 
reliable and accurate the diagnosis in children 
with neurological diseases.

Advanced MRI sequences encompass 
diffusion- weighted- (DWI), diffusion-tensor 
(DTI) imaging, perfusion-weighted imaging 
(PWI), H-magnetic resonance spectroscopy (1H- 
MRS), and blood oxygenation level-dependent 
(BOLD) functional MRI (fMRI).

Advanced MRI techniques can deepen the 
understanding of the normal brain development. 
They are increasingly employed to obtain quanti-
tative biomarkers in hypoxic–ischemic or trau-
matic brain injury, or for monitoring treatment of 
brain tumors, infective diseases, and neurometa-
bolic disorders [21].

12 Operational Improvement in Pediatric Neurosurgery



166

12.3.2  Diffusion-Weighted Imaging 
(DWI)

DWI is based on the magnitude of the random 
movement of water molecules between the dif-
ferent tissues of the brain.

The diffusion is therefore related to architec-
tural factors. The diffusion rate of water mole-
cules within the cerebrospinal fluid (CSF) is 
high, as it is not limited by cell membranes, with 
respect to gray or white matter, where it is limited 
by the cell membranes and tissue packing.

Specific MR sequences that are sensitive for 
diffusion, allow to translate different diffusion 
rates differences in MR signal, and to generate 
image contrast [21, 22].

Cellular membranes, axons, myelin, and tis-
sue packing are the physiological barriers to 
water movement within the brain tissue, and 
therefore determinate the water diffusion in the 
brain.

Water molecules diffusion within the extracel-
lular space can be described as decreased or 
“restricted” and increased or “facilitated.” 
Diffusion is differentiated by means of qualita-
tive evaluation and quantitative analysis of diffu-
sion images (DWI images) and ADC maps and 
values.

On DWI images, decreased or restricted diffu-
sion from limited water mobility within the brain 
tissues corresponds to bright signal and to dark 
appearance or low ADC values on ADC maps.

Restricted diffusion is mostly caused by 
abnormal intracellular accumulation of fluid, that 
results in cellular swelling, narrowing of the 
extracellular spaces, and reduced extracellular 
water mobility. Abnormal intracellular accumu-
lation of fluid is usually referred to as cytotoxic 
edema. It is typically recognized in acute isch-
emia and traumatic brain injury. Decreased diffu-
sion can also be detected in brain tumors with 
high cellularity and high nuclear-to- cytoplasmatic 
ratio. Moreover, diffusion is restricted in fluid 
with high viscosity, such as pus in an abscess.

Increased or “facilitated” diffusion is shown 
as dark or brain isointense signal on diffusion 
images and bright appearance or high ADC val-
ues on ADC maps. Increased diffusion is related 

to abnormal extracellular accumulation of fluid, 
“widened” extracellular spaces and therefore to 
increased extracellular water mobility. This kind 
of edema is referred to as vasogenic edema; it is 
caused by a vascular damage or injury to the 
blood–brain barrier, resulting in abnormal pas-
sage of fluid from the intravascular to the intersti-
tial spaces. Vasogenic edema is observed in 
inflammatory and infective diseases and in 
chronic phase of stroke.

Furthermore, increased diffusion is seen in 
low-grade brain tumors, usually characterized by 
low cellularity, small nuclear area, and high 
amount of extracellular fluid [21].

12.3.3  Diffusion Tensor Imaging

Besides the magnitude of diffusion for each tis-
sue voxel, diffusion tensor imaging (DTI) sam-
ples the principal direction and the three 
dimensional shape of diffusion [23]. In white 
matter tracts, diffusion is predominantly parallel 
to the long axis, and limited in the direction per-
pendicular to the tract. This directional diffusion 
can be represented as an ellipsoid, and is known 
as anisotropic diffusion. A minimum of six direc-
tions of diffusion is required to assess water 
molecular motion in a tissue using the diffusion 
tensor, in addition to one with no diffusion 
weighting. When the degree of diffusion is equal 
in all the directions, such as in CSF, the diffusion 
can be represented by a sphere and is referred to 
as isotropic diffusion. Fractional anisotropy (FA) 
varies between zero, representing maximal iso-
tropic diffusion, and one, representing maximal 
anisotropic diffusion. The FA values can also be 
calculated voxel by voxel, and represented in a 
map. Areas with high anisotropy (high FA value) 
are bright (e.g., corpus callosum, internal cap-
sule), and areas with low anisotropy (low FA val-
ues) are dark (e.g., CSF or gray matter) [23, 24].

Diffusion tensor also provides information 
about the principal direction of diffusion. A color 
code map is used to indicate the direction of the 
anisotropic diffusion: red indicates left-right, 
green anterior-posterior, and blue superior- 
inferior anisotropic diffusion.
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Reconstruction of the course of white matter 
tracts based on the direction and magnitude of 
anisotropic diffusion is known as fiber 
tractography.

Tractography is based on the assumption that 
voxels with a similar orientation of their principal 
anisotropic diffusion direction are likely to be a 
part of the same white matter tract [24].

DTI properties of the white matter change 
with the age. In neonates, white matter anisot-
ropy is relatively low and increases with age. The 
increase of FA in white matter seems to occur 
in three stages: fiber organization into fascicles; 
proliferation and maturation of glial cell bodies 
and intracellular compartments; and myelina-
tion. The most part of fiber organization occurs 
in utero, and may explain the presence of anisot-
ropy in late intrauterine and premature infants. 
The following steps, that is maturation of glial 
cells, development of the cytoskeleton and of 
various intracellular structures, and finally, the 
progressive myelination of the white matter are 
related to a continuous increase in anisotropy. 
In addition, over time, cells and axonal mem-
branes become more densely packed, resulting 
in reduced water content and decreased water 
motion.

Therefore, in evaluating DTI, it is crucial to 
take into consideration the age of the child: the 
same image can be normal at a younger age, but 
abnormal at an older age [23, 24].

The main limitation of diffusion tensor is 
that it provides a good depiction of the fiber 
orientation in regions where fibers are aligned 
along a single axis. DTI fails to represent fiber 
when they cross, merge, or run adjacent to one 
another (kissing fibers). To overcome these 
limitations, high- angular resolution diffusion 
imaging (HARDI) can better estimate the fiber 
trajectories, particularly when tracts are inter-
sected. These approaches require longer acqui-
sition times, thus limiting their use in unsedated 
neonates. However, advances in MRI acquisi-
tion techniques, such as neonatal head coils, the 
use of specific protocols, and multiband MRI 
together with modern, gradient coil systems now 
enable acquisition of HARDI in a clinically fea-
sible time.

12.3.4  Compartment Models 
of Microstructure

Compartment models are aimed to characterize 
the complexity of grey and white matter tissue by 
decomposing the signal into compartments 
describing diffusion within distinct microstruc-
tural constituents. The model consists of three 
compartments: the intracellular, extracellular, 
and cerebrospinal fluid (CSF) environments [24].

NODDI provides measures of neurite density 
index (NDI) and orientation dispersion index 
(ODI).

The intraneurite compartment measures the 
diffusion inside dendrites and axons. In these 
compartments, the orientation of diffusion can be 
highly parallel, such as in corpus callosum or in 
the internal capsule, or highly dispersed, such as 
in regions of crossing fibers like the centrum 
semiovale or in the cortex. The extraneurite com-
partment represents the space occupied by glial 
cells, where diffusion is hindered.

The NODDI model has been applied to inves-
tigate white and grey matter maturation in the 
preterm brain. NDI increases in the white matter 
with increasing maturation. The highest NDI val-
ues are observed in primary motor and somato-
sensory tracts; lower values are observed in 
association fibers. Cortical maturation is charac-
terized by increasing ODI, related to increased 
dendritic arborization [24, 25].

At present multicompartmental techniques are 
confined to research: further development and 
innovations in MRI techniques will allow reduced 
time of acquisition and facilitate their use in the 
study of the neonatal and pediatric brain.

12.3.5  Magnetic Resonance 
Spectroscopy

Proton MR spectroscopy (MRS) provides mea-
surement of relative metabolite concentrations 
within a volume of interest. Major metabolite 
peaks of interest include choline (Cho) at 3.2 ppm 
from cell membranes; creatine (Cr) at 3.0  ppm, 
reflecting metabolic activity; and N-acetylaspartate 
(NAA) at 2.0  ppm, reflecting neuronal density. 
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Other peaks that can be identified in clinical MRS 
studies include myoinositol (mI) in astroglial cells 
at 3.5 ppm; glutamate glutamine (Glx) from excit-
atory neurotransmission at 2.2–2.4 and 3.8 ppm, 
respectively; lipids (Lip) and macromolecules 
at 1.3  ppm; and amino acids (AA) at 0.9  ppm. 
Single-voxel or multi-voxel techniques are usually 
employed in clinical MRS studies. Single voxel 
technique is the standard clinical tool for analysis 
of volumes of about 1 cm3 within basal ganglia, 
white matter, and other regions of interest. Multi 
voxel 2-D or 3-D MRS allow to evaluate metabo-
lite concentrations by comparison across mul-
tiple brain regions. With respect to single voxel 
technique, this approach implies increased imag-
ing time and low signal-to-noise ratio per voxel. 
Whatever the technique, care should be taken that 
voxels do not overlap cerebrospinal fluid or scalp 
tissues, which can introduce artifactual lactate and 
lipid peaks [26–28].

Different echo times can be selected: short- 
echo MRS (echo time [TE] = 20–35 ms) is useful 
to detect minor metabolites at low concentrations.

In neurometabolic disorders, MRS is employed 
to detect the characteristic lactate (Lac) doublet 
peak (1.35 ppm), which resonate out of phase and 
thus invert at intermediate echo times 
(TE  =  144  ms). The same or longer echo MR 
spectroscopy (TE  =  272–288  ms) are useful to 
assess Cho/CR ratio and the relative concentra-
tions of NAA in tumor imaging or hypoxic–isch-
emic encephalopathy. Of note, in preterm and 
near-term infants with immature metabolic path-
ways, anaerobic glycolysis can cause small lac-
tate peaks and decreased NAA and Cho ratio [26].

12.3.6  Perfusion-Weighted Imaging

Perfusion weighted MRI (PWI) techniques are 
dynamic susceptibility contrast (DSC), dynamic 
contrast-enhanced, and arterial spin labeling 
(ASL).

In DSC, the pass of a bolus of contrast medium 
gives rise to a modification of signal intensity on 
T2*-w.i. T2* susceptibility allows to track the 
signal changes generated by the transit of con-
trast medium. Different perfusion maps are 

employed for clinical purposes. Cerebral blood 
volume (rCBV), is related to neovascular capil-
lary volume in high grade tumors; it is accepted 
as clinical standard for perfusion weighted MRI 
studies for differential diagnosis of gliomas, or to 
distinguish tumors and demyelinating plaques or 
brain abscess in adult patients. Additional perfu-
sion parameters are relative cerebral blood flow 
(CBF) and mean transit time (MTT), usually 
employed in cerebrovascular disorders. Dynamic 
contrast-enhanced-MRI provides detailed infor-
mation on the disruption of the blood–brain bar-
rier. This technique uses repeated acquisition of 
T1-w.i. during the first pass and the recirculation 
phases in which contrast medium flows into the 
extravascular compartment. Long imaging times 
and specialized image post-processing are 
required, therefore applications are mainly 
employed in research studies.

However, pediatric applications of DSC are 
less consistently defined [26, 29, 30].

Arterial spin labeling (ASL) is an MR perfu-
sion imaging technique based on magnetically 
labeled arterial water molecules in the arteries as 
endogenous contrast agent. Free-water protons at 
the base of the brain are tagged by means of an 
inversion pulse. Then, after a variable post-label 
delay, a perfusion-sensitive imaging is per-
formed, and is subtracted from a control image. 
The result is a difference signal proportional to 
the amount of blood that has entered the brain. 
By means of a general kinetic model based on the 
specific tagging approach, this signal can be con-
verted to a map of absolute cerebral blood flow 
(CBF) and visually displayed in gray scale or 
various color scales [31].

The absence of exogenous contrast medium is 
the main advantage in pediatric population in 
which the use of radioactive tracers or exogenous 
contrasts agents may be restricted. Furthermore, 
differently with respect to contrast bolus tech-
niques, ASL can be quantitative and easily repeat-
able for longitudinal studies. The most common 
applications of ASL are stroke, vasculopathy, and 
hypoxic–ischemic encephalopathy. ASL is also 
employed to characterize areas of hyper-perfusion 
related to vascular malformations, tumors, epi-
lepsy, infection, and inflammation [26, 32].
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12.3.7  Functional Magnetic 
Resonance Imaging

Task-based functional MRI (fMRI) rely on T2*-
weighted blood–oxygen level-dependent (BOLD) 
imaging.

When a patient is asked to perform a certain 
task (most commonly a motor or language para-
digm), the responsible areas of cortex extract 
more oxygen from the capillaries. This leads to a 
transient decrease in oxyhemoglobin-to- 
deoxyhemoglobin ratio, followed by a compen-
satory delayed (2–6 s) increase in cerebral blood 
flow, that results in elevated oxyhemoglobin-to- 
deoxyhemoglobin ratio and increased tissue sig-
nal. By comparing activation and null states, 
BOLD images can be subtracted, and statistically 
thresholded to obtain a functional map that high-
lights the areas of activation for each task. The 
main application of fMRI is preoperative plan-
ning for brain tumor, malformation of cortical 
development, and vascular or traumatic insults.

fMRI can be also employed in surgical 
planning in children who have a higher capac-
ity for neuroplasticity and functional reorgani-
zation [26].

Compared to adults, the main limitation for 
pediatric application of BOLD fMRI techniques 
is the inability to perform task paradigms.

Development and introduction of “resting- 
state” fMRI techniques (RS fMRI), which do not 
require task paradigm, are allowed to study and 
to map functionally specific cortical regions.

RS fMRI rely on BOLD “functional con-
nectivity,” namely, phenomenon of temporal 
synchronization of functionally related brain 
areas [33].

Two different methods are employed to map 
functionally connected brain regions: seed-voxel 
correlation and independent component analysis 
(ICA) [34].

The motor network represents the temporal 
synchrony between left and right motor cortical 
regions; a visual network similarly includes left 
and right visual cortex. Cortical areas with great-
est metabolic activity at rest are referred to as 
default mode network (DMN). The DMN con-
sists of bilateral posterior cingulate gyrus, precu-

neus, inferior parietal lobules, ventromedial 
prefrontal cortex, and variable other regions, 
including temporal cortex [35, 36].

Pediatric applications of RS fMRI are based on 
the hypothesis that myelination of white matter 
tracts correspond to development and strengthen-
ing of functional connectivity between intrinsically 
connected cortical regions. Furthermore, abnor-
malities of functional connectivity might help to 
determine the effect of brain injury on brain func-
tion, and could be helpful to orientate therapies in 
neonates and children with brain injury.

Resting state networks, namely, motor, audi-
tory, visual, and DMN, can be detected in prema-
ture infants [37], indicating that cortical regions 
are functionally connected long before the onset 
of white matter myelination. The DMN could not 
be detected in premature newborns, but was iden-
tified in term-born infants [38]. By 2 years of age, 
the DMN resembled that of the adult brain.

It is expected that more extensive RS fMRI 
applications allow to understand progression of 
cortical and white matter functional activities in 
developmental age.

12.4  Technical Improvements 
of Surgical Tools

12.4.1  Operating Microscope

The impact of the operating microscope on neu-
rosurgery has been so important that today it is 
very difficult to imagine neurosurgery without it. 
Nevertheless, the process which led to the diffu-
sion of the microscope was long and complex. 
The operating microscope was firstly used by 
otolaryngologists for middle ear surgeries in the 
1920s [39] (Fig. 12.2).

During the ensuing decades, vascular sur-
geons demonstrated its utility mainly in experi-
mental models of small vessel anastomosis. The 
interest toward central nervous system arrived 
later, in the 1950s, with pioneers such as 
Theordore Kurze, who performed the excision of 
a seventh nerve neurinoma and a VII–XII cranial 
nerve anastomosis with the operating microscope 
in 1957 [40] (Fig. 12.3).
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Fig. 12.2 Nylen’s Brinell-Leitz monocular microscope 
(courtesy of Acta Otolaryngol)

Fig. 12.3 Kurze’s microscope in the first cranial base 
microsurgical laboratory, 1961

The crucial point was the work of Donaghy, 
who firstly established the world’s first micro-
surgery research and training laboratory in 
Burlington, Vermont, and then he performed in 
1960 the first “microscopic” middle cerebral 
artery embolectomy. In 1966, M.  G. Yasargil 
spent a year mastering microsurgical techniques 
in Donaghy’s laboratory. In 1967, both Yasargil 
in Zurich and Donaghy in the USA performed an 
anastomosis of middle cerebral artery and tem-
poral artery, giving birth to microneurosurgery 
[41]. In the ensuing years, many neurosurgeons 
started to admit operating microscope’s utility, 
allowing its diffusion in Europe and in the USA.

Technological innovations allowed progres-
sive improvement and, as a result, the operating 
microscope has improved tremendously since its 
invention. Today, the microscope offers good 
magnification, sufficient illumination and satisfy-
ing stability without sacrificing operational flex-
ibility [42] (Fig. 12.4).

The immediate result of microscopy was a 
reduction of complications, an increase of suc-
cess probability of surgeries and generally better 
outcomes. Vascular neurosurgery was the first 
field to adopt this technique, but in a second 
moment, it begun to be used for all surgeries that 
require an invasive operation on the CNS. At the 
same time, new surgical instrumentation was 
developed to be used with microscopy. Today, 
the operating microscope is used for a large 
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Fig. 12.4 Modern microscope (Zeiss)

spectrum of surgeries, both cranial and spinal. 
As for vascular neurosurgery, for instance, a rate 
of 97% efficiency in patients treated with a 
microscope for vascular disease was observed 
[43]. Pediatric patients benefit from it for obvi-
ous reasons.

High dynamic range imaging (HDR) is a new 
technology which allows better quality of images 
with less illumination and allows to capture 
almost with the same detail brighter and darker 
parts of the image. Moreover, some microscopes 
have automatic focusing and some of the new 
ones can also maintain a good focus also in the 
deeper layers. In fact, two of the most important 
problems of the operating microscope are the 
ability to show the same detail for bright and 
dark parts of the same image and the fact that 
zooming induces a narrowing of the focal plane 
[44]. Modern microscopes allow multiparamet-
ric visualization. For example, microscopes can 
be used during tumoral excision to examine the 
limits of the resection by using a blue light illu-
mination after the administration of 5-aminolev-
ulinic acid orally [45]. With this technique, the 
surgeon can differentiate normal tissue from 
tumor. Another technique is the intraoperative 
angiography after indocyanine green EV 
injection.

12.4.2  3-D Exoscope

One of the most recent visualization tools is the 
3D exoscope. The exoscope is a system that 
allows, with polarized eyeglasses, to visualize the 
smallest details of the surgical field on a wide 4K 
monitor without any loss of resolution [46]. It is 
also known as robotized microscope as its central 
core is made up of a small camera which can be 
robotically positioned on the surgical field, offer-
ing the same magnification as the surgical micro-
scope. Therefore, the surgeon looks directly at 
the monitor and shares the image with all the sur-
gical staff (surgical assistant, scrub nurses, anes-
thesiologist, and residents/medical students).

The system is robotized and miniaturized. The 
robotized arm is controlled through a sterile joy-
pad on the surgical field. Some exoscopes, more-
over, can be combined with optical endoscopes 
both in 3D and 4K.

During the past few years, some centers have 
already published studies that evaluate its efficacy 
for the treatment of different neurosurgical condi-
tions [47–52]. Thus, the market already offers vari-
ous types of exoscopes (e.g., ORBEYE™ Olympus, 
KINEVO® Carl Zeiss, VITOM® 4K 3D Karl Storz, 
Modus V™ Synaptive Medical) (Fig. 12.5).

The advantages of the exoscope are mainly 
user comfort [53], depth perception and reduced 
light thermal damage [54–57], the possibility to 
use personal protection devices during neurosur-
gical procedures on Covid-19 positive patients.

As for disadvantages, prolonged operative 
time has been described [53, 58]. This has been 
attributed to the learning curve that surgeons are 
confronted with, given the need to develop skills 
of indirect vision tactics and maneuvering hand 
movements while watching a monitor that is not 
in line with their hands. In the context of modern 
neurosurgery, an experienced neurosurgeon who 
has dedicated training time to neuroendoscopy, 
won’t have any problem with this new technol-
ogy. For instance, pediatric neurosurgeons, who 
are keen to perform neuro-endoscopical proce-
dures, might have a less steep learning curve 
compared to adult neurosurgeons who are more 
prone to perform microsurgical operations.
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Fig. 12.5 3-D exoscope (Aesculap Aeos®)

Fig. 12.6 3D model with a stereotactic Leksell frame; 
pre-operative attempts for ideal targeting of deep-seated 
lesions

In conclusion, 3D-exoscopes might be the 
future of modern neurosurgery. They will be for 
sure the tool that actual junior residents will 
progressively introduce into their daily practice 
and be the standard for treatment in the next 
decades.

12.4.3  Neuronavigation

Localization techniques represent a revolution in 
neurosurgery. The first localization technique 
was frame-based stereotaxis, in which the pres-
ence of a frame linked to the patient’s head 
allowed the association between the patient’s 
anatomy and the preoperative images. Frame 
based techniques are used mostly for biopsy or 
abscess surgery (Fig.  12.6). The real revolution 
was allowed by the introduction of frameless ste-
reotaxis, also known as neuronavigation [59, 60]. 
Neuronavigation is a safe and non-invasive real- 
time imaging technique, in which it is possible to 
associate a preoperative imaging to the real anat-
omy of the patient so that when the surgeon 
touches the patient’s head with a specific probe or 
pointer, he/she can see on the preoperative image 
where he/she is touching and the trajectory of 
that point into the deeper layers. Currently, neu-
ronavigation is indispensable for neurosurgery 
because it helps to localize a lesion, or a specific 
region directly on the patient [31, 32] and, at the 
same time, by this localization, it determines less 
invasive procedures because the surgeon can use 
smaller craniotomies and smaller incisions.

Neuronavigation starts with a preoperative 
imaging. The patient undergoes a dedicated CT 
or MRI before the surgery, then the image is 
uploaded onto the neuronavigator. The older nav-
igation systems needed multiple surface refer-
ences. Those markers were called fiducials and 
they used to be bone screws or adhesive markers 
[61–64] (Fig. 12.7).

Nowadays, patient’s cranial elements are used 
for the registration process, avoiding the adhesive 
markers. The use of fiducials is today limited to 
extremely accurate surgical procedures in which 
there is need to reach small targets or deep tar-
gets, for example, for biopsies, deep brain stimu-
lation, or deep visualase.

Registration is the process through which we 
create an association between the patient’s head 
and the preoperative imaging. In pediatrics, 
point pair registration and surface contour regis-
tration are the most used. The first one consists 
in matching at least three non-collinear points 
such as nasion, lateral canthus, and tragus with a 
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Fig. 12.7 Neuronavigation system. MRI was merged with a CT scan, 3D reconstruction (bottom right) shows adhesive 
markers (fiducials)

pointer. The latter is done by touching several 
multiple random points, or by scanning with 
laser registration [63]. After the registration pro-
cess, when the pointer touches the patient, the 
neuronavigator screen shows on the CT/MRI 
where we are touching and the projection of that 
point in the deeper layers. This ability of neuro-
navigation is called device tracking. The most 
used tracking technologies are optical and elec-

tromagnetic systems. The first type uses infrared 
markers on the tracked pointing device so that 
the tip of the pointer is found by geometric algo-
rithms. The disadvantage of this technique is the 
need to  create a free space between the instru-
ment and the cameras of the neuronavigator. 
New electromagnetic tracking technology does 
not need a free space because it uses electromag-
netic fields to find the position of the pointer. 
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Another important concept of neuronavigation is 
patient head movement. In the first neuronaviga-
tor systems, head movement was not allowed 
because it induced the loss of precise association 
between real anatomy and the imaging so that 
patient had to use specific head clamps to immo-
bilize the patient’s head [59]. The use of those 
head- immobilizing devices for children had high 
taxes of complications due to their skull immatu-
rity (presence of open fontanelle, fragile skull 
bone, etc.) such as skull bone deformity, frac-
tures, and sometimes epidural hematomas and 
dural laceration [65]. Today it is possible to use 
“dynamic reference frames,” a reference frame 
with markers usually attached to the head holder. 
Another solution is the use of electromagnetic 
neuronavigation, which does not need absolute 
immobilization, allowing navigation also in very 
young patients.

The trajectories described by the neuronaviga-
tor allow the surgeon to choose the approach to 

reach specific regions of the CNS, avoiding 
important structures of the brain and vessels 
(Fig. 12.8). Firstly, it allows smaller craniotomies 
for tumor resection, the assessment of critical 
brain areas in the surgical trajectory, and the 
guidance to subcortical lesions. Furthermore, it 
may allow an improvement in the extent of 
tumoral removal [61, 66].

It may help neuroendoscopy and all the pro-
cedures in proximity of functional areas. Modern 
frameless methods for localization have a posi-
tion accuracy within 2–3  mm during surgery. 
There are some clinical factors that may cause 
brain shift or lesion shift such as CSF loss, 
edema, cyst decompression, etc [67]. In the last 
decade, many authors have implemented the use 
of intraoperative MRI associated with neuronav-
igation so that the imaging shown on the neuro-
navigator is not preoperative but intraoperative, 
eliminating the problems related to brain shift. 
Paraskevoloulos et  al. showed that iMRI and 

Fig. 12.8 Pre-operative planning for a robot-assisted tumor biopsy (Medtronic)
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navigated neuroendoscopy can be used for mul-
ticompartmental hydrocephalus and complex 
cysts in infants [68]. The combination of these 
two methods have been used also for epilepsy 
surgery and oncologic neurosurgery.

Robot-assisted surgery can be seen as the 
evolution of neuronavigation, as the latter is 
used only for imaging assessment, while the 
former may perform itself an active part of the 
surgery. Robot-assisted surgery has spread 
across several surgical fields and pediatric neu-
rosurgery is one of the most promising 
(Fig.  12.9). Robotic surgery allows for high 
accuracy and safety.

De Benedictis et  al. showed a series of 128 
consecutive pediatric patients operated by 
ROSA- assisted procedures (neuroendoscopy, 
implantation of electrodes, shunt placement, 
deep brain stimulation, biopsy, and stereotactic 
cyst aspiration) and demonstrated improved 
safety and feasibility of minimally invasive 

approaches [69]. Gupta et al. showed no serious 
complications (only 3 asymptomatic small hema-
tomas and 1 temporary cranial neuropathy) 
among a series of 23 brainstem and thalamic 
biopsies done with ROSA-assisted robot with a 
diagnostic success rate of 91.1% [70]. The 
ROSA-robot belongs to both supervisory- 
controlled and shared controlled systems. It can 
be used for stereotactic and non-stereotactic sur-
geries. Future perspective are the standardization 
of robot-assisted surgeries and the use of the 
robot for further surgeries (such as endoscopic 
third ventriculostomy, ablation of epileptic foci, 
implant of intracerebral electrodes for stereo- 
EEG). Disadvantages of manual arm-based biop-
sies are larger skin incisions, whilst the advantage 
of the minimally invasive robotic technique is the 
precise placement of a small stereotactic stab 
incision unaffected by the thickness of the skin- 
muscle layer. Minimally invasive biopsy tech-
nique can improve accuracy without increasing 
operating time and improve cosmetic result, 
while being equally safe and effective compared 
to the standard frameless arm-based manual 
biopsy technique [71].

12.4.4  Neuroendoscopy

Neuroendoscopy is nowadays a solid neurosur-
gical reality. The main objectives of this tech-
nique are to increase surgical field visualization 
and to reach deep structures with a less invasive 
technique. Endoscopes are divided into rod-lens 
endoscopes and optic fiber endoscopes (also 
known as fiberscopes). Fiberscopes transmit the 
image through fiberoptic threads so that they can 
be rigid or flexible. The quality of the image 
depends on the number of fibers. Flexible endo-
scopes have the smallest diameter. Steerable 
fiberscopes have a working channel to reach the 
structures that are visualized. Moreover, it is 
possible to bend the tip in varying degrees. Rigid 
fiberscopes are available in different lengths and 
diameters (usually, the increase of the diameter 
allows better visualization and better quality of Fig. 12.9 Intraoperative image of a robot-assisted tumor 

biopsy (Medtronic Autoguide)
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Fig. 12.10 Types of 
ventricular endoscopes 
(Genitorishe by Storz)

image) (Fig. 12.10). Rod-lens endoscopes are all 
rigid with one or two working channels, and they 
may have different angles (0°-, 30°-, 70°- and 
120° angle). They are commonly used in neuro-
surgery due to their higher quality of image com-
pared to optic fiber endoscopes. Instruments can 
be used through the working channels or sepa-
rately, depending on the type of surgery. A light 
source allows to illuminate the surgical field 
though the endoscope and the image acquired is 
sent to a screen in the operating room. Generally, 
rigid endoscopes are more used than flexible 
ones, but there are some surgeries in which flex-
ible endoscopes are the main choice, for exam-
ple, in choroid plexus coagulation with or 
without ETV for obstructive hydrocephalus 
treatment [72].

The advantages of neuroendoscopy consist 
of a less invasive approach compared to micro-
surgery, an increase of the area of visualization 
at the surgical site, and the ability to look around 
corners with angled endoscopes. As mentioned 
before, rigid endoscopes have different tip 
angles. The most used are 0°- and 30° angle 
endoscopes, but specific surgeries might need to 
inspect surrounding areas with 70°- or 120° 
endoscopes.

Endoscopes can also be used during cranioto-
mies to enhance the surgeon visualization of the 
field to understand the next steps. This technique 
is called endoscope-assisted microneurosurgery 
[73] (Fig. 12.11).

The disadvantages of neuroendoscopy are the 
absence of binocular vision, the occupying space 
in surgical corridor, the limitation of instruments 
that can be used, and the need of another operator 
or an endoscope holder to allow bimanual sur-
gery. However, neuroendoscopy has reached 
optimal results for different pathologies.

Endoscopy has modified obstructive hydro-
cephalus therapy. Hydrocephalus (HCP) is one of 
the most common pediatric neurosurgical dis-
eases. Shunting has been the first accepted ther-
apy for hydrocephalus and initially it was used 
for all types of HCP (Fig.  12.12). Although 
shunting improves acute patient’s conditions, 
complications have been observed in almost all 
the patients. Complications are related to 
mechanical dysfunction, overdrainage, and infec-
tions [74], with a rate of 30% in the first years 
after shunting, a percentage that has not signifi-
cantly changed over the past 50 years [75, 76]. 
There are patients that develop multiple episodes 
of shunt failure [77]. Shunting requires long term 
follow-up and complications may happen any-
time. Shunt-related complications may lead to 
death even after long time (due to infection, or 
acute shunt dysfunction); attention to detail and 
meticulous surgical technique are important if a 
high rate of shunt infection is to be avoided 
[78–80].

Therefore, neurosurgeons looked for alterna-
tive treatments. Today, endoscopic third ventricu-
locisternostomy (ETV) is one of the most 

B. Spacca et al.



177

ba

Fig. 12.11 Endoscopic approach to pontocerebellar 
mass. (a) Preoperative T2W RM shows a hyperintense 
mass of the left pontocerebellar angle in an 8-year-old 

patient. (b) Intraoperative endoscopic image shows the 
mass on the right. On the left, the trigeminal nerve is 
visualized

Fig. 12.12 Shunting 
systems

important alternatives for obstructive HCP. ETV 
failure generally occurs early (about 90% within 
3 months), and it is rare to observe failure after 
5 years. Most of long-term studies agree with a 
70% success rate at 5 years. Age and etiology of 
HCP are the most important factors in determin-
ing success rate. Today, neurosurgeons are trying 
to understand if ETV can be used for other 
patients because it is a safe procedure and may 
allow a shunt-independent life. ETV is the first- 
line approach to aqueduct stenosis, but it is also 
effective in tectal plate lesions and midline poste-
rior fossa tumor induced hydrocephalus. The 

advantages of the ETV over shunt insertion are 
the lower rate of post-operatory complications 
and a shunt-free life [81]. ETV is a minimally 
invasive procedure because it uses small incision 
and craniotomy. Other advantages are related to 
the absence of foreign bodies (such as shunt 
devices) and the establishment of a more physio-
logical CSF circulation rather than the one 
reached by shunting.

Endoscopy can be used for other forms of 
HCP such as isolated lateral ventricle (perform-
ing a septostomy) and trapped fourth ventricle 
(performing an aqueductoplasty). Multiloculated 
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Fig. 12.13 Preoperative and postoperative CT of multiloculated HCP.  Lateral ventricle endoscopic fenestration 
induced an evident reduction of HCP. The post-op CT shows symmetric frontal horns and reduction of occipital horns

HCP can be approached endoscopically with or 
without the placement of a shunting device to 
maintain the patency of Silvian aqueduct [82] 
(Fig. 12.13).

Endoscopic procedures may be used for 
intraventricular tumor diagnosis through 
biopsy. Neuroendoscopic biopsy offers direct 
visualization of the tumor and allows to choose 
the exact point of biopsy from the most sus-
picious part of the lesion. On the other hand, 
stereotactic biopsy is a “blind” approach. In 
selected cases, full tumor resection may be 
indicated. The intraventricular endoscopic 
biopsy is safe and highly diagnostic, while 
tumor resection is not always possible due to 
limited instrumentation and poor blood loss 
control during endoscopy. Tumoral excision 
depends on tumor characteristics such as den-
sity, hardness, and vascularity. In the last years, 
the introduction of the endoscopic ultrasound 
aspirator caused an increasing interest toward 
purely neuroendoscopic total removal of intra-
ventricular and intra-paraventricular tumors 
and some authors showed the feasibility of 
these technique for tumors such as subepen-
dymal giant astrocytomas, high-grade glioma 
metastases, and pineal tumors [83]. In selected 
cases, with opportune anatomy and optimal 

surgical experience, it is possible to perform 
an ETV and tumor biopsy with the same endos-
copy (Fig. 12.14).

An example of intraventricular lesion treated 
endoscopically is the colloid cyst. Colloid cysts 
are benign lesions of the third ventricle situated 
at or near the foramen of Monro. The position of 
the cyst may be critical because it may induce an 
obstruction of lateral ventricles output causing 
hydrocephalus. Patients may be asymptomatic or 
develop headache, nausea, vomiting, and diplo-
pia. In literature, different cases of sudden death 
are present [84]. Traditionally, colloid cysts can 
be approached by a transcallosal transventricular 
microsurgery, but there is an increasing interest 
toward endoscopic treatment [85–87]. The endo-
scope enters a lateral ventricle and reaches the 
cyst through the foramen of Monro. Once the 
cyst is visualized, the first step is the coagulation 
of the cyst wall. Then, the surgeon opens the cyst, 
aspirates the content and proceeds with the resec-
tion of the walls from the third ventricles’ walls 
and eventually with the removal of the whole 
cyst. Endoscopy is not always possible. For 
example, Samadian et al. have shown four cases 
in which endoscopic approach had to be switched 
to open microscopic surgery due to incontrolla-
ble bleeding during the operation [86, 88].
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Fig. 12.14 Endoscopic ETV and biopsy of diffuse intrin-
sic pontine glioma (DIPG). (a) Preoperative T2W RM 
shows a diffuse invasive mass of the brainstem associated 
with triventricular HCP in a 4-year-old patient. 

(b) Intraoperative endoscopic image shows the creation of 
ETV by opening the floor of the third ventricle. 
(c) Intraoperative endoscopic biopsy is performed by 
approaching the tumor from the interpedincular cistern

Arachnoid cysts (AC) may also be treated 
endoscopically. Arachnoid cysts are congenital 
malformations which contain CSF and do not 
communicate with subarachnoid spaces. They 
can be unloculated or septated. AC can be either 
asymptomatic or present with headache, intra-
cranial hypertension, focal signs. AC are classi-
fied by their position. Middle fossa, suprasellar, 
quadrigeminal, and posterior fossa cysts can be 
ideal candidates for endoscopic fenestration 
[89]. Moreover, the possibility of using lasers to 
treat arachnoid cysts in selected cases has 
recently provided good results. Choi et al. [90] 
performed the largest prospective study assess-
ing the efficacy of laser-assisted endoscopic 
treatment. A pediatric case report by Van 
Beijnum et al. [91] also demonstrated success-
ful laser-assisted endoscopic fenestration of a 
suprasellar arachnoid cyst. However, compari-
sons of surgical results from laser-assisted 
endoscopic cyst fenestration with microsurgical 
cyst excision, stereotactic aspiration, or cysto-
peritoneal shunting are still lacking in the litera-
ture. In experienced hands, the endoscopic 
technique, as a first line treatment for middle 
cranial fossa arachnoid cysts, is a reasonable 
technique to offer in these patients with few 
neurological sequelae. The families must be 
warned that with this technique, the cyst may 
never fully disappear in a significant portion of 
patients. A second line of repeat endoscopy, cra-

niotomy, or shunt may have to be considered in 
failures or complications with subdural collec-
tions [92–94].

Endoscopic endonasal corridor has been exten-
sively used for skull base surgery in the last two 
decades [95]. Endoscopic endonasal surgery 
(EES) is commonly used for the treatment of skull 
base lesions such as pituitary adenomas, cranio-
pharyngiomas, and Rathke cleft cyst. EES uses 
the nasal corridor to reach the skull base through 
a sphenoidotomy [96]. Today pediatric endo-
scopic skull base surgery is a proven technique, 
and it is considered safe and useful, but there are 
no long-term comparison studies between EES 
and microsurgery techniques [96, 97]. In 2020, a 
systematic meta-analysis demonstrated the effi-
cacy of EES for craniopharyngiomas in pediatric 
patients as an optimal alternative to microsurgery 
[98]. An important issue about EES in pediatrics 
is the difference between the anatomy of children 
and adults as the piriform aperture, sphenoid sinus 
pneumatization, and inter-carotid distance are 
areas of potential limitation. Piriform aperture 
width may be a contraindication for EES in the 
youngest patients (<3 years).

Craniosynostosis consists of a premature 
fusion of one or more cranial sutures. This condi-
tion induces morphologic alterations of skull 
growth, which may lead to cosmetic alterations 
but also to diplopia, hydrocephalus, and intracra-
nial hypertension. Craniosynostosis are classified 
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as syndromic and non-syndromic. Another clas-
sification of craniosynostosis is based on the 
localization of the fused suture: different sutures 
may be involved with different consequent results 
in term of skull morphology. The treatment is 
surgical and consists in specific craniectomies 
which can be done with an open craniectomy or 
endoscopic strip craniectomy (ESC) [99–104]. 
The latter is a technique introduced in 1998 by 
Jimenez and Barone [105]. Its goal is to achieve 
similar function and cosmetic outcomes mini-
mizing the side effects of open surgery. The tar-
gets of this type of surgery are patients younger 
than 4–5  months with non-syndromic mono- 
synostosis [106] (Fig. 12.15). Over the past two 
decades, we performed over 2000 procedures for 
craniosynostosis and we started performing ESC 

for the treatment of methopic synostosis for 
nearly 50 cases. Initially, the ESC was indicated 
only for single suture fusion, but in the last years, 
it has been used also for more complex stenosis 
such as bicoronal suture fusion [107], for syn-
dromic craniosynostosis [108], and as single- 
stage treatment for metopic-sagittal synostosis 
[109]. The advantages of this technique consist of 
a reduction of surgical time, blood loss and blood 
transfusions, reduction of hospitalization, and 
perioperative complications compared to open 
surgery [110]. The disadvantages are related to the 
fact that long-term outcome is still not well under-
stood and, in our experience, according to recent 
literature, we abandoned this type of approach for 
sagittal craniosynostosis as we have not encoun-
tered any differences in terms of surgical timing, 

a

e

b c

d f

Fig. 12.15 Endoscopic craniectomy for trigonocephaly. 
(a) Surgeon’s position during endoscopic approach to 
trigonocephaly. (b) Intraoperative endoscopic image 
shows performing metopic suturectomy. (c) Intraoperative 
image of the end of the procedure with exposure of frontal 

processes of nasal bones. (d) Postoperative 3D-CT shows 
the complete removal of metopic suture. (e) Preoperative 
image shows type 2 trigonocephaly. (f) The image shows 
the result 1 year after the surgery
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blood loss, and either esthetical or functional out-
come [111]. Despite all the advantages, there are 
no studies on long-term outcome of ESC com-
pared to open technique; therefore, further analy-
sis is required.

12.4.5  Laser Interstitial Thermal 
Therapy (LITT)

The basic principle of laser interstitial thermal 
therapy is light amplification by stimulated emis-
sion of radiation.

Empirically, atoms’ state can be excited under 
light absorption in special glasses, crystals, or 
gases. Whenever these atoms go back to their 
previous state, they dissipate energy as photons 
or light particles.

These photons, which are produced by all 
atoms that go back to a previous energy state, act 
propagating with the same wave length in a physi-
cal coherent pattern. Coherence, in physics, means 
that waves have constant amplitude. Therefore, 
laser light is compact even when it travels for long 
distances. As for laser light, all released photons 
have the same features: the light beam is compact, 
monodirectional, coherent, monochrome [112].

In medicine, laser can be used to treat tissues 
with a focalized and regulated dose of energy. As 
a result, the dose of energy is transferred as heat. 
The tissue reacts with a protein denaturation pro-
cess and, thereafter, with cell destruction.

These principles were eventually applied to 
the treatment of neoplastic lesions affecting the 
central nervous system [113]. It is possible, in 
fact, to use laser interstitial thermal therapy with 
a thin laser fiber in a limited area.

Its functioning is technically easy but, at the 
same time, technologically and surgically 
complex.

The surgical technique is based on stereotaxis 
guided by computerized and automatized systems 
which can guide the surgeon’s hands toward the 
insertion of a 2 mm diameter fiber laser. The needed 
burr-hole is about 3.2 mm and the laser energy is 
concentrated at the tip of the fiber (Fig. 12.16).

The activation of the laser light is made at 
the same time with the MRI scans, every 3  s. 

The scans are also translated into a live thermic 
map (Fig. 12.17).

The neurosurgeon decides when to activate 
the laser, the power, and timing settings.

The advantages of the procedure are: less hair 
shaving, patient discharge on second post- 
operative day, no blood transfusions needed.

Fig. 12.16 MRI acquired after the insertion of a laser 
fiber for LITT (laser interstitial thermal therapy)

Fig. 12.17 Live thermic map during LITT (temperature 
around 45 °C at the core of the lesion)
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The tissue rearrangement starts 1 h after the 
treatment and can keep on going for months. 
Follow-up MRIs show, in fact, damage progres-
sion even 12 months after the procedure.

The disadvantages of the procedure include 
risk of bleeding and inaccurate positioning of the 
fiber.

At our center, five patients underwent a LITT 
procedure. In one case, we experienced inaccurate 
fiber positioning. Eventually, after repositioning, 
the intervention had no further adverse event.

12.4.6  Three-Dimensional (3D) 
Modeling and Neurosurgical 
Applications

Three-dimensional (3D) printing has deeply 
changed the practice of prototyping since its ini-
tial usage in the 1980s. This technique has given 
the possibility to produce physical 3D models 
from computer-aided designs through additive 
manufacturing [114]. Applications within clinical 
medicine are emerging due to 3D printing’s abil-
ity to produce individualized models, devices, and 
implants that can potentially improve patient care.

This technology is of particular interest for the 
production of surgical instruments that can make 
treatment as much individualized as possible. 
Moreover, thanks to the most recent advances, 
biological material can be used to build engi-
neered, inert scaffolds that can be populated with 
patient cells for the purpose of transplantation.

Studies involving the incorporation of 3D 
printing in neurosurgery have focused upon the 
creation of patient-specific anatomical models 
for surgical planning, training, and education. 
This type of technology was also used to design 
neurosurgical devices for assessment and treat-
ment of neurosurgical diseases, and to develop 
biological tissue-engineered implants [115].

In neurosurgery, physical simulators differ from 
virtual simulators as they can be directly palpated, 
easily modified according to the physician’s request, 
incised by real surgical instruments, and manipu-
lated. The combination of virtual and physical sim-
ulation enables the identification of a set of surgical 
approaches that can be objectively compared to find 

the best intervention strategy. In addition, it gives 
the chances to clinicians to try the procedure several 
times and to address its critical steps [116] 
(Fig.  12.18). Moreover, these models may be 
extremely useful for surgical residents as they offer 
a less expensive and more immediate possibility to 
improve their surgical skills (Fig. 12.19).

Since 2016, 3D printing entered the daily clin-
ical practice at Meyer Children’s Hospital. 

Fig. 12.18 Pre-operative 3D model of a possible neuro-
surgical approach for a deep-seated lesion
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Fig. 12.19 3D printed model. Preoperative attempt of the ideal surgical approach

“T3Ddy” laboratory introduced highly custom-
ized medical devices and methods to support the 
treatment of pediatric diseases. Medical devices 
for children (implantable or not) often need to 
follow the child’s growth stages. In this context, 
the use of “tailor-made” production systems for 
the patient guarantees better functionality and 
easier installation. By leveraging the unlimited 
flexibility that modern 3D printing systems make 
available, the T3Ddy laboratory opened up new 
opportunities in the advancement of pediatric 
medicine. By introducing 3D technologies into 
clinical practice, T3Ddy lays the foundation for 
the standardization of procedures for the con-
struction of customized medical devices in line 
with the philosophy of personalized care, where 

each patient is unique and the solution is built 
around them. At our center, 3D printing found 
broad application for customized prostheses, 
orthoses, cranial vault defects repair, dental 
replacements, three-dimensional physical mod-
els for planning of complex surgical interven-
tions, and small useful objects for nursing 
practice and simulation [102, 116–118].

12.4.7  Neurocognitive Assessment 
in Pediatric Neurosurgery

In pediatric neurosurgery, it is mandatory to be 
aware of the crucial physiological steps of neuro-
psychological development.
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Anomalies of neurocognitive development 
can be, in fact, the first sign of presentation of a 
neurosurgical condition not otherwise evident, as 
well as being the result of surgical therapeutic 
approaches [119, 120].

For example, neuropsychological assessment 
has become mandatory for preoperative and post-
operative evaluation of patients who undergo epi-
lepsy surgery [121, 122].

Different cognitive domains have been studied 
and, regardless of that, either stability or improve-
ment has been reported, whereas only in few 
cases decline has been described [121, 
123–129].

Preoperative prognosis factors include age at 
seizure onset, seizure frequency, duration of epi-
lepsy, epileptogenic etiology. Nevertheless, these 
factors’ influence is still unknown [130].

After surgery, the reported cognitive function 
changes are variable. In fact, there are consider-
able variations in the cognitive domain studied 
with different psychometric tests [131] and fol-
low- up duration [132].

Epilepsy surgery is not the only subspecialty 
in which neurocognitive evaluation can be con-
sidered as part of the diagnostic and therapeutic 
process.

It has been widely documented that in cases of 
cerebral tumors, a selective evaluation of cogni-
tive functions can predict the postoperative 
course and long term evolution [133–135].

There are several possibly contributing factors 
such as tumor location, developmental stage of 
the child, chronological age, presence of seizures 
and age at onset, and histology [136, 137].

The working protocol includes a test battery 
which differs depending on patient’s age.

In pre-scholar age, global developmental quo-
tient is evaluated with the Griffiths Mental 
Developmental Scale–Revised (GMDS-R) [138], 
visual attention is evaluated with the selective 
attention component from the Leiter International 
Performance Scale–Revised [139], Movement 
Assessment Battery for Children (M-ABC) test is 
used to evaluate the preferred hand tasks and the 
Achenbach Child Behavior Checklist (CBCL 
1–5  years) to measure behavioral and affective 
regulation [140, 141].

In school-age children, the intellectual profile 
is evaluated using the Wechsler Intelligence 
Scale for Children–Third Edition (WISC-III), 
eye-hand coordination is evaluated with the 
Visual Motor Integration (VMI) [142]. 
Organization and planning skills with the Tower 
of London (TOL) test.

Therefore, a detailed preoperative and postop-
erative behavioral and cognitive evaluation might 
help firstly to predict the evolution of the pathol-
ogy and secondly to improve the outcome.
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13Fragility of Children with Severe 
Early Onset Scoliosis

Description and Analysis of Innovative 
Techniques with “Growing Systems”

Tiziana Greggi and Maria Renata Bacchin

13.1  Introduction

Background Early-onset scoliosis (EOS) is 
defined as a spinal deformity which occurs clini-
cally before the age of 5 years. It can be classified 
as idiopathic, neuromuscular/syndromic, and 
congenital, according to etiology. Many patients 
may have congenital spinal malformations; oth-
ers may have severe scoliosis, rapidly evolving, 
which occurs early as a phenotypic feature of rare 
diseases with major comorbidities or serious 
health problems. Treatment of non-idiopathic 
spine deformities in young children is very 
demanding. Rare syndromes are various clinical 
conditions, heterogeneous in terms of clinics, but 
associated with spinal deformities in a large per-
centage of cases. Scoliosis is the most common 
early-onset deformity, sometimes present at birth 
and often rapidly evolving.

Methods The literature on the treatment of EOS 
was reviewed and the authors’ experience 
summarized.

Results Conventional management tools, such 
as bracing and fusion, are not always effective. 
The natural syndromic scoliosis is highly depen-
dent on the natural history of the underlying dis-
order. Scoliosis often affects children’s life early, 
creating situations of discomfort and isolation, 
making it difficult to treat the problem and some-
times opening the way to difficult and ineffective 
paths.

Conclusion While lack of treatment has been 
shown to lead to increased mortality, extensive 
early definitive fusion may lead to thoracic 
insufficiency. There are a number of surgical 
techniques to treat severe and developmental 
spine deformities (EOS) and control growth 
without fusion with the aim to delay definitive 
surgery with fusion. Delaying definitive surgery 
and using growing instrumentation may provide 
benefit in maintaining pulmonary health. The 
genetic and molecular study of syndromic dis-
eases associated with rapidly evolving scoliosis 
may lead to early diagnosis. Even the study of 
idiopathic scoliosis (certainly of a polygenic 
nature) will help to deal with the pre-symptom-
atic situation and better control the severity of 
the evolution. Children that need spinal surgery 
for early-onset scoliosis (EOS) may have a wide 
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range of underlying conditions, including con-
genital defects, tumors, arteriovenous malfor-
mations (AVMs) and consequences from other 
primary diseases. The most common diseases 
that require surgery on the spinal cord are neural 
tube defects and their associations, namely, 
tethered cord syndrome, diastematomyelia, and 
syringomyelia. Tumors in children presenting 
for spinal surgery are a less common occur-
rence, while vascular disease of the spine (e.g., 
AVMs) is rare.

Young patients with neuromuscular scoliosis 
often have critical issues at heart level and 
sometimes may show the need for implantation 
of intrathecal baclofen pumps to control muscle 
spasm (cerebral palsy [CP]). Sometimes, neu-
romuscular patients have major allergies 
(latex). Anesthesia during spinal surgery in 
children must address surgical requirements for 
positioning and monitoring in addition to tak-
ing into consideration the associated medical 
problems, age- related pathophysiology, and the 
potential for blood loss and vascular injury of 
the spinal cord. The pediatric anesthesiologist 
is presented with a wide spectrum of underly-
ing pathology of variable range of age and size. 
New surgical techniques with “growing rod” 
systems help are often non-aggressive as 
opposed to instrumented fusion. However, the 
fragility of a child requires not only an experi-
enced vertebral surgeon, but also multidisci-
plinary study and strict collaboration (vertebral 
surgeon, anesthesiologist, pediatrician, neuro-
surgeon, neurologist).

Clinical Relevance Multidisciplinary collabo-
ration with translational research has brought 
more specialized fields closer to new knowledge 
on severe early onset scoliosis: innovative surgi-
cal techniques are employed that allow a rapid 
correction of a developing scoliosis in a child, 
thus giving to the vertebral surgeon everything to 
ensure adequate growth of the trunk and respira-
tory capacity, avoiding, or at least limiting, the 
neurological consequences of spinal deformity, 
providing these children the best opportunity for 
a safe operation and recovery.

13.2  Multidisciplinary Evaluation

Multidisciplinary preoperative evaluation is 
essential. The main actors are the anesthesiolo-
gist and the vertebral surgeon, in addition to the 
little patient and their family. Quite often, when 
dealing with syndromic situations, other special-
ists should be consulted, such as the pediatrician, 
pediatric surgeon, cardiologist, neurosurgeon, 
child neuropsychiatrist: very close communica-
tion and specific dedication are mandatory. The 
clinical and instrumental investigations carried 
out in this phase are listed in Table 13.1.

Meeting for preoperative assessment is also 
fundamental for the informational interview with 
the little patient and their family. For an experi-
enced vertebral surgeon, the technical aspect of 
the surgical treatment of EOS is less important 
and is lost in the complexity of the multidisci-
plinary evaluation. In the context of severe early- 
onset scoliosis, the most frequently associated 

Table 13.1 Preoperative multidisciplinary evaluation

Fundamental 
investigations What should be evaluated
•  Blood chemistry 

tests
• Echocardiogram
• Spirometry
•  Spine MRI with 

encephalo-spinal 
passage

• Full blood count
•  Urea and 

electrolytes
• Clotting profile test
• Liver function tests
• Chest X-rays
•  Baseline arterial 

blood gas analysis
•  Spirometry, when 

possible
•  Imaging of the 

cervical spine
•  ECG and 

echocardiogram

•  All organ systems to 
detect other congenital 
defects

•  The nervous system and 
documentation of 
neurological deficit

•  Anatomical 
abnormalities leading to 
‘airway challenge’

•  Specific age-related 
anesthetic considerations 
(e.g., neonates)

•  Awareness of associated 
pathology (e.g., 
Arnold- Chiari 
malformation, CP)

•  Respiratory and 
cardiovascular status

•  Previous anesthetic 
records

•  Awareness of potential 
for latex allergy

•  Psychological potential 
for latex allergy status

• Premedication
•  Preoperative 

investigations
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severe malformations are the myelo-radicular 
ones: the vertebral surgeon and the anesthesiolo-
gist should have a clear knowledge of them 
before undertaking surgery [1, 2].

13.3  Comorbidities of Early-Onset 
Scoliosis

A percentage of children who require spinal sur-
gery will have other underlying medical condi-
tions, such as neural tube defects (myelodysplasia). 
The systemic MRI study conducted by Bradford 
on 42 congenital scoliosis revealed 38% of spinal 
anomalies and, of these, 56% were negative on 
standard clinical and radiographic examination 
[3]. Myelodysplasia is an abnormality in fusion 
of the embryologic neural groove during the first 
month of gestation. The incidence is 1 per 1000 
live births. Failure of neural tube closure results 
in a sac-like herniation of the meninges (menin-
gocele) or a herniation of neural elements. 
Scoliosis associated with myelomeningocele and 
spina bifida is often severe and developmental 
with an indication to be treated in the pediatric 
age. Myelomeningocele can happen anywhere 
along the spinal cord, though it is most common 
in the lumbosacral area. High thoracic defects 
will result in severe neurological deficit.

Spina bifida refers to a failure of the fusion of 
the vertebral arches and is often associated with 
myelomeningocele [4, 5].

In 5–10% of the patients, it occurs as spina 
bifida occulta, in which the defect is covered by 
the skin and soft tissues, usually at L5. A surface 
abnormality, which may be either a skin dimple 
or a hairy patch, is usually observed. The defect 
in the vertebral arches communicates with the 
meningocele or myelomeningocele in spina 
bifida aperta. Tethered cord results when a thick 
rope-like filum terminale persists and anchors the 
conus at or below the L2 level. Neurological 
signs may develop because of abnormal tension 
on the spinal cord, especially during flexion and 
extension [6, 7]. Surgical transection of the thick 
filum terminale tends to halt the progression of 
neurological signs. Orthopedic and urological 

symptoms may develop. Diastematomyelia 
refers to the division of the spinal cord into two 
halves by a projection of a fibrocartilaginous or 
bony septum originating from the posterior verte-
bral body and extending posteriorly. It represents 
a disorder of neural tube fusion with persistence 
of mesodermal tissue from the primitive neuren-
teric canal. The majority of cases involve the 
lumbar vertebrae and tend to be associated with 
abnormalities of the vertebral bodies, including 
fusion defects, hemivertebra, hypoplasia, kypho-
scoliosis, spina bifida, and myelomeningocele 
[8]. Neurological signs result from flexion and 
extension movements of the cord. 
Diastematomyelia may coexist with a tethered 
cord. The condition is likely to be picked up in 
the preschool age. The treatment of symptomatic 
patients is the excision of the bony spur or sep-
tum and lysis of the adherent structures.

Syringomyelia is defined as a cystic cavity 
within the spinal cord, which may communicate 
with the cerebrospinal fluid pathways or remain 
localized and non-communicating. The central 
canal of the spinal cord is normally obliterated 
after birth by the cellular proliferation of the spi-
nal cord, and the ventricular system terminates at 
the obex on the caudal floor of the fourth ventri-
cle. The disturbed embryology of the caudal cer-
ebellum in the spina bifida–Arnold-Chiari 
malformation complex frequently alters the spinal 
cord and causes the central canal to remain 
enlarged and patent, causing symptomatic hydro-
syringomyelia [9]. Knowledge of the status of the 
central nervous system (CNS) aids understanding 
of the above conditions and related investigations 
are summarized in Table 13.1. Chiari malforma-
tions are a group of anatomic abnormalities that 
include displacement of the cerebellar vermis 
through the foramen magnum, elongation of the 
brainstem and fourth ventricle, and non- 
communicating hydrocephalus. Most children 
with myelomeningocele have an associated 
Arnold-Chiari malformation (Chiari II) and ulti-
mately develop hydrocephalus, usually within the 
first month of life. This will necessitate a drainage 
procedure to be performed—either a ventriculo-
peritoneal shunt or a ventriculostomy [10, 11].
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Tumors Primary spinal cord tumors can develop 
in association with severe and rapidly progres-
sive scoliosis in children. These constitute a fifth 
of all CNS tumors in children. They are either 
intramedullary or extramedullary, which, in turn, 
can be either intradural or epidural [12, 13]. The 
most common intramedullary tumors are low 
grade astrocytomas and ependymomas [14, 15]. 
Extramedullary intradural tumors are usually 
benign and arise from neural crest tissue. They 
include neurofibromas, ganglioneuromas, and 
meningiomas. Extramedullary epidural tumors 
are usually metastatic lesions arising from pri-
mary neuroblastomas, sarcomas, and lympho-
mas. This condition must be addressed along 
with correction of spinal deformity. With modern 
surgical techniques, many tumors can be safely 
and totally resected. Surgical removal of benign 
extramedullary tumors is associated with a good 
prognosis [16, 17].

13.4  Complex Syndromes 
with Multi-Organ 
Compromise

Scoliosis is a fixed, structural, lateral curvature of 
the spine with associated rotation of the vertebrae. 
It often occurs in Down syndrome, where a mal-
formation with instability at the occipitocervical 
junction resulting from a vertebral formation 
defect is commonly found [2, 18]. Congenital 
scoliosis is often part of a generalized condition, 
such as in, for example, Spina Bifida and 
Goldenhar syndrome, and may be associated 
with abnormalities in the renal, cardiac, respira-
tory, or neurological systems [4]. Indication for 
surgery is documented progression at any age. 
Most acquired scoliosis is idiopathic. Infantile 
onset idiopathic scoliosis (before the age of 
8 years) carries the most serious prognosis and, if 
left unchecked, is likely to result in cardiopulmo-
nary failure in middle age [12]. Vascular disease 
of the spine [19, 20]. This is rare, but may cause 
spinal compression, vascular steal, and spinal 
cord ischemic damage. The maintenance of spinal 
cord perfusion pressure (SCPP) and avoidance of 
cord compression are crucial considerations.

The VACTERL Syndrome Vertebral, anorec-
tal, cardiovascular, tracheoesophageal, genitouri-
nary, and limb malformations are seen in 13% of 
children with tracheoesophageal fistula. 
Meningoceles and myeloceles are usually 
repaired within the first day of life to minimize 
bacterial contamination of the exposed spinal 
cord and subsequent sepsis, which is the most 
common cause of death in this population during 
the newborn period. Many genitourinary and 
orthopedic procedures may be needed in the 
future and the threat of developing latex allergy is 
real. The main latex exposure is in the surgeons’ 
gloves and ideally all gloves and equipment used 
in these children should be latex-free from the 
first exposure [17, 21].

13.5  Anesthetic Technique

13.5.1  Introduction

Children may present for spinal surgery at any 
age from infancy to adolescence. The anesthesi-
ologist should consider age-related pathophysiol-
ogy while choosing the appropriate anesthetic 
technique. Anesthetic management requires a 
meticulous approach to safety, positioning, and 
spinal cord perfusion, with maintenance of nor-
mothermia and normovolemia [22]. Neurological 
deficit can be minimized by careful attention to 
preoperative assessment, good surgical tech-
nique, good hemodynamic management through 
cardiovascular monitoring, and continuous moni-
toring of spinal cord function.

13.5.2  Preoperative Considerations

When assessing a child for spinal surgery, it is 
important to adopt a holistic approach. Vertebral 
defects ad scoliosis in pediatric age may be asso-
ciated with other congenital anomalies. Many 
children present with congenital problems and 
may be candidates for multiple procedures. 
Associated medical conditions, details of previ-
ous medical and surgical procedures, previous 
anesthetic records, and details of ongoing treat-
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ments should be sought and evaluated. Special 
attention should be paid to the respiratory and 
cardiovascular systems, as well as the CNS, since 
any function impairment can be associated with 
or result from the condition requiring spinal sur-
gery. Preoperative assessment of patients with 
neuromuscular disease or who are immobile is 
more difficult. They are neither able to do exer-
cise tolerance testing nor to perform spirometry 
adequately. Muscular dystrophies may be com-
plicated by a subclinical cardiomyopathy. More 
than 50% of patients with Duchenne muscular 
dystrophy have some degree of dilated cardiomy-
opathy and an ejection fraction of less than 45%. 
Any reduction in ejection fraction may mean dif-
ficulties coping with the rapid fluid shifts during 
surgery. Echocardiography is required to assess 
the left ventricular function in these patients; 
however, a normal function does not exclude sig-
nificant pathology. An accurate cardiac assess-
ment becomes indispensable and a specialized 
pediatric heart center is recommended for intra- 
and postoperative consultation [4].

13.5.3  Anesthetic Aspects, Intra- 
and Perioperative Monitoring

Pediatric spine surgery, especially the correction 
of scoliosis, has now become a routine compo-
nent of pediatric anesthesia practice. Pediatric 
patients undergoing scoliosis surgery present 
unique physiological and pharmacological chal-
lenges for the anesthesiologist. Pediatric anes-
thesia is rapidly advancing, along with new 
anesthetic techniques, pharmacological options, 
blood-replacement modalities, and neurophysi-
ological monitoring. At the same time, new sur-
gical spinal techniques and new instrumentation 
have become available [1, 2]. Therefore, it is 
fundamental to have a team of expert anesthesi-
ologists who can assess the young patient preop-
eratively with all the instruments for adequate 
intra- and postoperative treatment (Table 13.2).

Spinal surgery is performed in children of all 
age groups; some of them will have other severe 
conditions. Most operations will be performed 
with the patient in the prone position. Blood loss 

may be high for some types of surgery and 
patients will benefit from blood-sparing tech-
niques. Many of them will require spinal cord 
monitoring to assess cord function and prevent 
neurological deficit [23].

13.5.4  Induction and Maintenance 
of Anesthesia

General anesthesia with intubation and mechani-
cal ventilation is common in spinal surgery 
and may be induced with IV or inhalation 
(Table  13.3). Patients are placed in the prone 
position and the tracheal tube and lines should be 
well secured before and after turning the patient. 
The use of an armored tracheal tube minimizes 
the risk of kinking. Protection of the eyes and 
pressure points must be ensured. Syndromic 
patients may  experience difficulties in intuba-
tion and/or ventilation due to the presence of cra-
niofacial malformations, cervical spine motility 
abnormalities, mouth opening, and bone fragil-

Table 13.2 Preoperative anesthetic planning and 
monitoring

• Induction of anesthesia
•  Consider fiber-optic intubation to manage difficult 

airways or unstable spinal injuries
•  Consider intubation in lateral position to protect 

the neuroplaque
• Secure safe venous access
•  Routine monitoring: include invasive BP 

monitoring where appropriate
• Airway management: secure the tube well
• Prone positioning: ensure safety
• Use appropriate agents to maintain anesthesia
• Facilitation of spinal cord monitoring
• Maintenance of SCPP
• Prevention of hypothermia
• Maintenance of volume status
•  Awareness of potential for blood loss—blood/

products organized
• Blood conservation techniques where appropriate
•  Antibiotic prophylaxis after discussion with 

surgical team
• Oximetry, capnography, and gas monitoring
• ECG, BP (usually invasive), and core temperature
•  Monitoring of neuromuscular block. Postoperative 

considerations
•  High dependency unit/intensive care nursing where 

appropriate
• Postoperative analgesia
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ity. In particular, airway management problems 
are often encountered in patients suffering from 
mucopolysaccharidosis (Morquio), Apert syn-
drome, Klippel Feil syndrome, Prader–Willi syn-
drome, Trisomy 21, and osteogenesis imperfecta. 
Some patients have reduced esophageal tone 
(e.g., Prader–Willi, Rett, Trisomy 21) and are at 
increased risk of inhalation. Proper management 
of these patients requires the presence of an expe-
rienced anesthesiologist, advanced equipment 
for difficult pediatric airway management (fibro-
bronchoscope, video laryngoscope, intubating 
LMA), and all necessary time. It would be advis-
able to schedule the intervention as the first of the 
operating session. Patients with severe scoliosis 
have restrictive syndrome of varying severity and 
are often subject to recurrent lower respiratory 
tract infections. Furthermore, some syndromes 
(trisomy 21, Prader–Willi, etc.) are associated 
with OSAS. Postoperatively, respiratory function 
may worsen due to pain and also use of opioid 
drugs with subsequent need for ventilatory sup-

port. In these patients, early specialist assessment 
is appropriate to allow optimization of respira-
tory function through physiotherapy and, when 
required, the use of non-invasive ventilation 
devices that will also be useful in the postopera-
tive period. To repair meningocele and myelo-
meningocele, tracheal intubation may need to be 
performed with the child in the supine or lateral 
decubitus position using a padded ring in order to 
protect the neuroplaque [24]. Muscle relaxation 
is normally achieved with a nondepolarizing 
neuromuscular blocking agent. In neonates, the 
onset of action of atracurium is slightly longer 
than that of suxamethonium. If a nerve stimulator 
is to be used to identify functioning nerve tissue, 
then suxamethonium is the relaxant of choice. 
Venous access needs to be secured in all chil-
dren. In those cases where major blood loss may 
be expected, more than one large cannula will be 
needed. Blood loss may be excessive in children 
undergoing extensive and aggressive spine sur-
gery, especially when treating scoliosis secondary 
to neoplastic lesions. Blood loss depends on the 
complexity and duration of the procedure. Any 
standard technique can be used for maintenance 
of anesthesia; however, when performing intra-
operative monitoring with somatosensory- and 
motor-evoked potentials, intravenous anesthesia 
becomes mandatory. The focus of intraoperative 
management is minimizing spinal cord ischemia 
and compression on the spinal cord. These are 
accomplished maintaining SCPP through control 
of blood pressure (BP) and minimizing venous 
congestion by careful positioning of the patient 
to prevent compression of the abdomen. We need 
to ensure spinal cord perfusion while producing a 
bloodless surgical field.

The most commonly used drug is remifentanil 
that is becoming increasingly popular for this pur-
pose. Remifentanil is an ultra-short-acting opioid, 
which produces profound analgesia, has a rapid 
onset, excellent titrability, and a rapid offset. It can 
be used as part of either an inhalation or an IV 
maintenance regimen. Propofol and remifentanil 
can be used together for total IV anesthesia in chil-
dren older than 2 years [25]. Monitoring during 
spinal surgery should routinely include ECG, 
pulse oximetry, capnography, anesthetic agent 
monitoring, temperature (core and peripheral), 

Table 13.3 Child’s spine surgery and anesthetic aspects 
and monitoring

•  Hypercarbia stimulates respiration to a lesser 
extent in infants than in adults

• Hypoxia leads to severe respiratory depression
•  Tendency to periodic breathing and increased risk 

of postoperative apnea up to 60 weeks after 
conceptual age

• Newborns at increased risk of atelectasis
• Diaphragm is susceptible to fatigue
•  Increased risk of airway obstruction and 

thoracoabdominal asynchrony under anesthesia. 
Characteristics of the neonatal circulation and 
myocardial function

• Limited functional reserve
• Myocardium less able to generate force
•  Myocardium more dependent on extracellular 

calcium
•  Balance in favor of the parasympathetic system. 

Immature hepatic function
•  Require adjustment and maintenance of drug 

dosing intervals
•  Immature renal function tolerates fluid restriction 

and fasting poorly and may lead to higher 
incidence of intraoperative complications

• Dislodgement of the tracheal tube
• Obstruction of tracheal tube
• Bronchial intubation
• Pneumothorax
• Failure of anesthetic equipment
• Hypothermia
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neuromuscular block and BP (usually invasive). 
Central venous pressure monitoring should be 
undertaken in patients with associated cardiac dis-
ease and where major blood loss is anticipated. In 
addition to routine monitoring and vascular access, 
placement of an arterial line should be considered 
in long surgical cases. It is wise to place a urinary 
catheter in such cases. Frequent evaluation of 
acid–base status, hemoglobin, hematocrit, and 
coagulation profiles may be needed in some 
patients. Monitoring for air embolus will also need 
to be undertaken in scoliosis surgery in pediatric 
age [26]. The state-of- the-art management for 
pediatric spinal cord injuries in the operating the-
ater mandates control of the airway while the 
patient is under spontaneous ventilation and, opti-
mally, with continuous somatosensory evoked 
potential (SSEP) monitoring. Accurate monitoring 
during extension and positioning is of prime 
importance, because this phase may lead to cata-
strophic spinal movement and irreversible injuries. 
Spinal electrical monitoring should be part of the 
perioperative care of these patients and should be 
used throughout the procedure until the patient is 
turned supine, the trachea is extubated, and the 
integrity of the spinal cord confirmed.

Decisions about where the child should be 
cared for after operation depends on the pre- 

existing cardiac and respiratory function, dura-
tion of the procedure, intraoperative events, 
extent of blood loss, hypothermia, and analgesic 
requirements. Some children need postoperative 
ventilation and intensive-care nursing [27, 28]. 
General considerations on anesthesia for spinal 
surgery in children are summarized in Table 13.2.

The Prone Position The majority of spinal sur-
gery in children is performed in the prone posi-
tion. The prone position refers to a patient placed 
face down with supports beneath the upper chest, 
shoulders, and iliac crests, allowing freedom of 
abdominal movement to facilitate ventilation 
and reduce intra-abdominal pressure so as to 
reduce bleeding from the epidural plexus. The 
head is usually placed in a headrest in neutral 
position or turned to one side while resting on 
the pillow. A padded foam or jelly pad may be 
used to protect the ear and eyes. In younger 
patients, bolsters or jelly rolls may be used to 
provide support to the torso while lifting the 
abdomen free from the surface of the operating 
table and stabilizing the patient. These usually 
consist of four adjustable posts designed to hold 
the patient while prone: two posts support the 
upper chest and the other two support the iliac 
crests (Fig. 13.1a, b). You should be aware of the 

a b

Fig. 13.1 (a) (male, 12 years) Neuromuscular scoliosis, 
preoperative prone position on a previous generation sur-
gical table, with customized padding. Electrodes placed 
for SEEP and MEP neurophysiological monitoring can be 

seen. (b) A surgical table for spine surgery, equipped with 
support devices adaptable to very small somatic measure-
ments, particularly suitable for pediatric scoliosis surgery
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complications that can occur in the prone posi-
tion (Table 13.4). Meticulous attention to detail 
can prevent their occurrence.

Temperature Maintenance Infants are more 
susceptible to hypothermia, because they have 
little subcutaneous (s.c.) fat and a greater sur-
face area-to-body mass ratio. Hypothermic chil-
dren are more prone to apnea, bradycardia, 
hypotension, and acidosis [12]. Infants maintain 
normothermia by a combination of vasocon-
striction and brown fat thermogenesis, but can-

not increase their metabolic rate in response to 
mild intraoperative hypothermia. Hypothermia 
also prolongs recovery from neuromuscular 
block, impairs platelet function, and leads to a 
higher incidence of wound infections. Devices 
available to minimize intraoperative hypother-
mia include warming mattresses and hot air 
warming blankets, such as the Bair hugger 
device and warmed fluids [29]. Conservation of 
body heat is important for infants with myelo-
meningocele, especially because autonomic 
control below the level of the defect is abnor-
mal. Operating theater temperature should be 
27  °C and radiant heat lamps should be used 
during positioning and skin preparation.

13.6  Spinal Cord Blood Flow—
Vascular Anatomy—Blood 
Flow Regulation

The spinal cord vascular anatomy comprises 
separate anterior and posterior circulations that 
arise from the vertebral arteries and are supple-
mented by intercostal and lumbar vessels from 
the descending aorta. A single anterior spinal 
artery supplies the ventral two-thirds of the 
spinal cord, which includes the corticospinal 
tracts and motor neurons. Paired posterior spi-
nal arteries form a plexus-like arrangement on 
the surface of the cord and supply the dorsal 
one-third of spinal cord parenchyma, which 
transmits proprioception and light touch. There 
is essentially no collateral flow between the 
anterior and posterior circulations [30]. The 
anterior spinal artery, which supplies motor 
neurons and tracts, is of uneven caliber and is 
not functionally continuous. The blood flow to 
the anterior spinal cord is supplemented by 
collateral flow through radicular arteries aris-
ing from the aorta. Only 6–8 of the 62 radicular 
vessels present during development persist into 
adult life. The large distance between these 
radicular arteries leaves watershed areas at the 
upper thoracic and lumbar levels, thus making 
the spinal cord particularly vulnerable to isch-
emia. The great radicular artery of Adamkiewicz 
arises from the aorta between the T8 and L3 
nerve roots, and supplements the blood flow to 

Table 13.4 Complications of prone position

• Unintentional extubation
•  Eye complications: corneal abrasions, conjunctival 

and periorbital edema, retinal ischemia, 
postoperative loss of vision due to ischemic optic 
neuropathy (ION)

•  Cable entanglement: accidental dislodgement of 
access and monitoring lines

•  Abdominal compression leading to impaired 
ventilation, increased bleeding from epidural 
plexus, and decreased cardiac output

•  Improper head and neck positioning leading to 
venous and lymphatic obstruction

• Macroglossia
Monitoring
•  Hypercarbia stimulates respiration to a lesser 

extent in infants than in adults
• Hypoxia leads to severe respiratory depression
•  Tendency to periodic breathing and increased risk 

of postoperative apnea up to 60 weeks after 
conceptual age

• Newborns at increased risk of atelectasis
• Diaphragm is susceptible to fatigue
•  Increased risk of airway obstruction and 

thoracoabdominal asynchrony under anesthesia. 
Characteristics of the neonatal circulation and 
myocardial function

• Limited functional reserve
• Myocardium less able to generate force
•  Myocardium more dependent on extracellular 

calcium
•  Balance in favor of the parasympathetic system. 

Immature hepatic function
•  Require adjustment and maintenance of drug 

dosing intervals
•  Immature renal function tolerates fluid restriction 

and fasting poorly and leads to higher incidence of 
intraoperative complications

• Dislodgement of the tracheal tube
• Obstruction of tracheal tube
• Bronchial intubation
• Pneumothorax
• Failure of anesthetic equipment
• Hypothermia
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the anterior portion of the distal thoracic spinal 
cord and lumbar enlargement [31]. It provides 
up to 50% of the entire spinal cord blood flow 
[32, 33]. The venous outflow of the spinal cord 
is divided into two systems called the vertebral 
and venous plexuses. These internal and exter-
nal plexuses communicate with each other and 
with the segmental systemic veins. Literature 
review suggests that spinal cord blood flow is 
controlled by the same factors and general 
physiological principles as cerebral blood flow 
(CBF) [34, 35]. Spinal cord blood flow is lower 
than CBF, because absolute spinal cord metabo-
lism is lower than that of the brain. Blood flow to 
the spinal grey matter is about half that to the 
cerebral cortex and the flow to the white matter is 
about one-third of that to spinal grey matter. 
SCPP equals mean arterial pressure minus 
extrinsic pressure on the spinal cord. Pressures 
exerted by local extrinsic mechanical compres-
sion, such as tumor, hematoma, spinal venous 
congestion, and increased intraspinal fluid pres-
sure can be important determinants of the 
SCPP. Spinal blood flow is maintained constant 
by vasodilation or vasoconstriction of the vascu-
lature of the cord to accommodate for changes 
in mean arterial BP. Limits of autoregulation of 
spinal cord blood flow are 45–180  mmHg. 
Conditions that affect this autoregulatory mech-
anism include severe hypoxia, hypercapnia, and 
trauma [15, 36]. The spinal cord vasculature and 
cerebral vasculature react to changes in oxygen 
and carbon dioxide concentrations in a similar 
fashion. Epidural anesthesia may affect the spi-
nal fluid pressure.

13.6.1  Spinal Cord Monitoring

Intraoperative monitoring of spinal cord function 
is considered a standard of care in spinal surgery 
[37]. Spinal cord monitoring usually forms a part 
of the surgical procedure for spinal injuries and 
for scoliosis correction. Techniques to monitor 
the integrity of spinal cord function intraopera-
tively include the wake-up test [2], SSEP [3], 
motor-evoked potentials (MEPs), and [4] derma-
tomal responses.

The Wake-Up Test It was first described 
20  years ago [38]. Before the introduction of 
electrical monitoring, it was used to evaluate spi-
nal cord function during corrective procedures of 
the spine [39]. The major advantage is that it 
assesses anterior spinal cord function (i.e., motor 
function). The hazards of this test include acci-
dental extubation, air embolism during deep 
inspiration, and dislodgement of fixators. Its 
major limitation is that it assesses spinal cord 
function only at one specific time (i.e., during the 
wake-up test) and not continuously during the 
procedure. False negatives are reported. Both 
inhalation and IV anesthetic techniques are suit-
able for the ‘wake-up’ test. A standard wake-up 
test cannot be performed in infants and small 
children.

Somato-Sensory-Evoked Potentials SSEPs 
are a more widespread method of electrical 
monitoring of the spinal cord. SSEPs measure 
the electrical potentials evoked by stimula-
tion of the sensory system [23]. The response 
of constant current stimulation of the median, 
tibial, and, rarely, the sural nerve is recorded 
at the cortex using surface electrodes or a 
bipolar electrode placed epidurally by the sur-
geon. Baseline SSEPs are recorded in order to 
exclude neurological dysfunction and also to 
determine the feasibility of operative monitor-
ing. Neurophysiology technicians monitor the 
latency and amplitude of the recordings con-
tinuously during anesthesia and surgery. A 50% 
decrease in SSEP amplitude is deemed signifi-
cant. Numerous anesthetic agents interfere with 
the latency and amplitude of the SSEPs. Surgical 
stimulation level and hypothermia also inter-
fere with SSEPs. Volatile agents, cold, hypoxia, 
hypercarbia, and spinal ischemia suppress both 
SSEPs and motor-evoked potentials (MEPs) 
[40, 41]. Responses recorded from the cerebral 
cortex are more sensitive to the effects of anes-
thetic agents than epidurally recorded responses. 
Neuromuscular block reduces muscle artifact 
on the recorded SSEPs. SSEP monitoring is a 
pathway-specific method; an injury not involv-
ing the sensory pathway will not be detected. 
Global cord monitoring may be possible with 
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combined SSEPs and MEPs [41]. Motor-evoked 
potentials (MEPs) may be either evoked EMGs 
or compound muscle action potentials (CMAPs) 
[42]. They assess function of the motor cortex 
and the descending motor pathways. They may 
be obtained by stimulation of the motor areas of 
the brain or spinal cord through the intact skin, 
direct stimulation of the exposed neuronal tis-
sue, or direct root stimulation (e.g., during the 
release of a tethered cord) through recording of 
a stimulus-related response either as a CMAP 
or as an efferent compound nerve action poten-
tial (CNAP). CNAPs allow the patient to have 
neuromuscular blocking agents. Multiple pulse 
transcranial stimulation involves cortical stimu-
lation with progressive energy aimed at detect-
ing the threshold needed to achieve peripheral 
muscular signal. A modification of this thresh-
old is a sensitive marker of spinal compromise.

Dermatomal Responses Pudendal nerve 
responses are a special case of dermatomal 
responses that are particularly useful, especially 
in patients with neuromuscular diseases [43]. The 
pudendal nerve carries sensory fibers from the 
penis, urethra, anus, and pelvic floor muscles and 
supplies motor innervation to the bulbocaverno-
sus and pelvic floor muscles, external urethral 
sphincter, and external anal sphincter. Cortical 
responses to the electrical stimulation of the dor-
sal nerve of the penis, urethra, and urinary blad-
der have all been described. Pudendal nerve 
responses are of similar morphology to the tibial 
nerve SEP and are best recorded from the same 
area of the scalp. Intraoperative neurophysiologi-
cal monitoring is mandatory in a patient with 
neuromuscular scoliosis, who does not walk but 
has sphincter control, to avoid any neurological 
aggravation during scoliosis treatment.

13.6.1.1  Intra-op Neuromonitoring 
for Neuromuscular Scoliosis

Cerebral palsy (CP), for instance, includes a 
group of non-progressive, but often changing, 
motor impairment syndromes secondary to 
lesions or anomalies of the brain arising in the 
early stage of its development. It is often associ-
ated with progressive scoliosis. The motor defect 

may be spasticity, ataxia, or dyskinesia. CP chil-
dren may be treated with different types of medi-
cations. Baclofen is an agonist at the GABA-b 
receptor, acting in the spinal cord to inhibit the 
release of excitatory neurotransmitters and 
thereby reducing the muscle tone. It is the only 
medication currently used intrathecally with a 
demonstrable reduction in spasticity. Baclofen 
may be administered intrathecally via a program-
mable pump, which is implanted surgically [44]. 
Children with rapidly developing neuromuscular 
scoliosis often go directly to the vertebral sur-
geon for spinal surgery. Their most common 
medical issues may include difficult venous 
access, limb contractures making positioning dif-
ficult, epilepsy, gastro-esophageal reflux, chronic 
upper airway obstruction, and difficulty in pain 
assessment which is crucial if pain management 
is to be effective [45]. Evaluation of perioperative 
risk is very difficult, especially in children with 
severe disability.

13.6.2  How to Control Pain 
and Anemia in the Postop

Blood Conservation Spinal surgical procedures 
have the potential for massive hemorrhage. 
Preoperative planning for spinal surgery should 
always include cross-matching of two or more 
units of blood. Preoperative supplementation 
with oral iron and possibly s.c. erythropoietin is 
mandatory. In addition, the following should be 
carefully evaluated: predonation of blood, acute 
normovolemic hemodilution, good surgical tech-
nique and hemostasis, correct positioning of the 
patient when prone, hypotensive anesthesia (only 
with adequate cord monitoring), use of cell saver, 
aprotinin [42, 45], tranexamic acid [44], intrathe-
cal opiates, and monitored use of coagulation 
products [42, 44–48]. Acceptance of a lower 
postoperative hemoglobin level should reduce 
the need for postoperative transfusions. 
Homologous blood transfusion is also associated 
with the risks of transmission of bacterial and 
viral infections, alloimmunization, immunomod-
ulation, graft vs. host disease (GvHD), metabolic 
imbalance, and transfusion mismatch [47, 49]. 
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There is a growing medical and parental concern 
about these potential hazards.

Management of Postoperative Pain Pain man-
agement after spine surgery usually requires 
opioid- based protocols: in younger children, 
either a morphine infusion or a nurse-controlled 
analgesia. Children aged 7 years or more may be 
able to use patient-controlled analgesia. 
Infiltration of the wound at the end of surgery 
with local anesthetic will help relieve pain in the 
immediate postoperative period. Opioids should 
be supplemented with regular paracetamol and 
non-steroidal anti-inflammatory drugs, if there 
are no contraindications to their use. In case of 
scoliosis surgery, an additional solution involves 
the placement of an epidural catheter by the sur-
geon at the end of the procedure [50].

13.7  Surgical Treatment

13.7.1  Introduction

Early onset scoliosis (EOS) is defined as a spinal 
deformity diagnosed before the age of 5 
(Fig. 13.2a, b). The etiology of EOS can be idio-
pathic, neuromuscular/syndromic, and congeni-
tal. These patients may have congenital spinal 
abnormalities associated with rare diseases with 
thoracic malformations, such as fused or missing 
ribs, and neuromuscular syndromes with severe 
breathing difficulties. However, they may also 
have normal vertebral formation as it happens 
with idiopathic scoliosis in children. It is a rare 
condition: the incidence of idiopathic scoliosis is 
1.5% and idiopathic scoliosis in children accounts 
for 4% of this population. However, early-onset 
scoliosis is an important health issue. These chil-
dren develop spinal deformities at a young age 
and, if left untreated, are at risk of rapid progres-
sion with impaired physiological growth and cos-
metic appearance and, most of all, lung failure. In 
patients with untreated scoliosis, mortality rate is 
reported to increase: this occurs more frequently 
in scoliosis with childhood-onset (first 5 years of 
life), followed by juvenile scoliosis (6–10 years), 
and is mainly due to respiratory failure. EOS 

often leads to severe deformities developing at an 
early age. Clinically, most of them are spinal 
deformities with double main curves and some 
have significant thoracolumbar hyperkyphosis 
[51, 52].

13.7.2  Treatment

There are no guidelines for treatment: when they 
see children with mild deformities presenting 
non-congenital progressive curves, most clini-
cians will just observe them and prescribe physi-
cal activity or treatment with brace. Unfortunately, 
the use of orthopedic braces and plaster casts in 
the treatment of congenital and neuromuscular 
scoliosis is known not to be effective. This is 
especially true for those patients with a rib- 
vertebral angle (Metha angle) >20°, indicative of 
a highly progressive curve. The orthopedic corset 
is commonly used for minor angular curves with 
a Cobb angle of 20°–30°. Treatment with orthope-
dic corsets requires prolonged use, especially in 
patients with early scoliosis, and effectiveness 
often depends on the collaboration of patients and 
families. In many cases, the orthopedic corset is 
not accepted or is poorly tolerated, especially 
when small patients with proximal thoracic curves 
have to wear a tall Milwaukee brace [52, 53].

13.7.3  Vertebral Fusion

In the past, definitive early fusion (or vertebral 
arthrodesis) has been advocated for children with 
severe progressive scoliotic curves, in particular 
congenital deformities. However, there is a grow-
ing consensus that early spinal fusion produces 
(excluding very selected congenital deformities) 
adverse pulmonary consequences [54]. Most 
spine surgeons who are experienced in scoliosis 
now use fusion as a last resort in pediatric 
patients. A literature review of the long-term 
results after fusion in patients with early scoliosis 
showed that in 37.2–39.3% of cases, it was nec-
essary to re-intervene for the progression of the 
deformity. This has also occurred in some patients 
treated with anterior and posterior fusion during 
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Fig. 13.2 (a) (female, 26 months) Severe idiopathic 
infantile scoliosis, clinical picture. (b) (female, 26 
months) Severe idiopathic infantile scoliosis, pre-op 
radiographic picture. (c) Severe idiopathic infantile scoli-
osis, post-op radiographic picture. Implantation of a mag-

netic extendable bar. (d) Severe idiopathic infantile 
scoliosis, clinical picture on post-op day 3 after minimal 
access surgery. (e) System lengthening every 2  months 
and as day surgery. Bars are distracted using an external 
remote controller

growth, theoretically to achieve circumferential 
stability [55, 56]. In addition to its failure to con-
trol spinal deformity, fusion can have negative 
consequences on the overall growth of the child. 
Prof. A.  Di Meglio has conducted numerous 
studies on spinal growth and observed that the 
fastest period of spinal growth occurs in the first 
5 years of life, when the spine increases by 50% 

of its length. It was also found that between the 
ages of 5 and 10, the spine continues to grow, 
albeit at a slower rate. The height of the thoracic 
spine is on average 11 cm in the newborn, 18 cm 
from the age of 5 and 22 cm at the age of 10 [57]. 
All of this makes it clear why treating early sco-
liosis with spinal fusion in a 5-year-old child can 
result in a loss of spinal growth of more than 
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12.5 cm. Additionally, the presence of congenital 
rib fusions associated with congenital scoliosis in 
growing children can lead to arrested lung devel-
opment. This leads to chest failure syndrome or 
the inability of the chest to sustain normal breath-
ing [58, 59]. Pulmonary function has been stud-
ied in patients who underwent early spinal fusion 
for scoliosis, and inhibition of normal thoracic 
growth was observed. The normal development 
of the lungs in children is determined, in fact, by 
an increase in the number of alveoli in the first 
years of life and an increase in lung volumes up 
to adolescence [60, 61]. For this reason, surgery 
with definitive arthrodesis of the spine at this age 
can be a great limitation on lung development 
[62, 63].

13.7.4  Growing Rods

To address limitations after spinal fusion for 
early scoliosis, growth-friendly implants have 
been developed since a long time. The instrumen-
tation techniques initially included those of the 
last century, such as the Harrington system 
(widely studied and used as an extendable bar by 
the Italian Masters Marchetti and Faldini), 
Cotrel-Dubousset, or Luque devices. More 
recently, the friend and colleague Prof. 
B.  Akbarnia (San Diego Center of Spinal 
Disorders, University of California, former presi-
dent of SRS) disseminated the technique of the 
dual growing rod, first mechanically then mag-
netically controlled. The mechanical dual grow-
ing rod system, we have been using for over 
10 years, consists of two extendable bars that we 
apply via a minimally invasive subfascial route to 
a spinal segment with deformity without fusion. 
The anchors for the bars, either hooks or pedicle 
screws, are placed only at the proximal and distal 
end of the segment. Distraction of the bars for 
lengthening over time occurs with minimally 
invasive surgical access, usually every 6–8 
months. Once maximum spinal growth or skele-
tal maturity is reached, then final fusion surgery 
is performed. With this approach, the stretchable 
bars control the progression of the spinal defor-
mity and gradually correct it.

13.7.5  The Vertical Expandable 
Prosthetic Titanium Rib 
(VEPTR) Device

When the main deformity is not the spinal one, 
but it is associated with an important thoracic 
deformity with onset in the pediatric age, a spe-
cific spine-rib device called VEPTR and devel-
oped by R. Campbell in 2004 can be used. The 
length of the device can be expanded as the 
patient grows, just as with the growing rods 
(Fig.  13.3a–e). Clearly, a treatment path with 
extendable systems is very demanding for the 
patient and their family, especially for the sched-
uled repeated surgeries to be added to the 
unscheduled procedures following mechanical 
failures (mobilization and breakage of the bars) 
[64, 65]. The need for repeated surgery under 
general anesthesia required by growing-rods and 
VEPTR is a major drawback. A high number of 
operations involves a greater number of anes-
thetic and surgical complications. In addition, 
various socioeconomic concerns are associated, 
including longer periods of hospitalization and 
more time away from school and work for the 
child and parents, respectively. Repeated opera-
tions, hospitalization, and the appearance of a 
cosmetically unacceptable surgical scar can also 
affect the child’s psychological well-being [66].

13.7.6  Magnetically Controlled 
Growing Rods (MGRs)

Due to the aforementioned drawbacks associated 
with the use of mechanical extendable bars, tech-
nological development over the last decade has 
led to the construction of systems that allow 
lengthening without surgery. MCGRs reproduce 
the effectiveness of the mechanical growing rod 
and can be controlled by an external magnet. This 
new device eliminates the need for frequent hos-
pitalizations and repeated interventions under 
general anesthesia, thus reducing wound-related 
complications, as well as psychological and 
socioeconomic problems (Fig.  13.2a–e). 
Stretching is performed in clinics with the patient 
awake in a few minutes, on average every 
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Fig. 13.3 (a) (male, 2.5 years) Preoperative clinical pic-
ture of severe congenital kyphoscoliosis with respiratory 
insufficiency equal to PO2 71 mmHg (spirometry cannot 
be performed). (b) (male, 2.5  years) Severe congenital 
kyphoscoliosis. Post-op clinical picture after surgery with 
VEPTR rib-spine instrumentation via minimal access sur-
gery. After surgery, the respiratory function has improved 
to PO2 90  mmHg. (c) On the left, post-op radiographic 
picture, LL and AP views, after surgery with VEPTR 
instrumentation. On the right, radiographic picture, AP 

view, showing the VEPTR rib-spine bar after three length-
ening procedures 2 years after first surgery. (d) On the 
left, a scheme illustrating the VEPTR lengthening proce-
dure. On the right, intra-op picture of the surgical length-
ening of an extendable bar. (e) (male, 6 years) Congenital 
kyphoscoliosis with severe respiratory insufficiency. At 
the age of 2.5 years, he was implanted with the VEPTR 
device. Clinical picture at 6 years, after five lengthening 
procedures, plus one replacement of the bar. Spirometry 
result was FV1 81%

a

b

T. Greggi and M. R. Bacchin



205

2 months [67, 68]. In addition to the cost of the 
implant, another negative aspect of the magnetic 
system is the contraindication to its use in patients 
who need high intensity MRI controls (e.g., 
myeloradicular malformations associated with 
scoliosis). However, there are studies that have 
demonstrated that MRI has no harmful effects on 
MCGRs and that there is no distortion for imag-
ing of the head and neck [20].

13.8  Conclusion

Early-onset scoliosis is a difficult challenge. 
These patients are young, with significant 
growth potential. As a result of scoliosis, they 
can develop progressive deformities with 

extremely negative consequences on cosmetic 
appearance and cardiopulmonary function. 
Surgical treatment of non-idiopathic spine 
deformities in young children is very demand-
ing. Rare syndromes are various clinical condi-
tions, heterogeneous in terms of clinics but 
associated with spinal deformities in a large per-
centage of cases.

Scoliosis is the most common early-onset 
deformity, sometimes present at birth and often 
rapidly evolving. Conventional management 
tools, such as bracing and fusion, are not always 
effective. Additionally, fusion can also cause 
significant inhibition of normal spinal and tho-
racic growth [69, 70]. Extendable bars are cur-
rently the treatment of choice for early scoliosis 
since they are distracted at intervals to allow for 

c

d e

Fig. 13.3 (continued)
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growth. However, the need for repeated inter-
ventions is associated with an exponential 
increase in complications.

With the development of the magnetic extend-
able system, non-invasive stretches can be per-
formed, thus reducing the need for frequent 
interventions and, consequently, the incidence of 
the aforementioned negative aspects for children 
and parents. However, as it always happens with 
any new technology, more studies are needed to 
further reduce complications and improve out-
comes in children undergoing treatment for 
early-onset scoliosis [71, 72]. Scoliosis often 
affects children’s life early, creating discomfort 
and isolation, making surgical treatment painful, 
and sometimes opening the way to difficult and 
ineffective paths. The dialogue with other spe-
cialists to discuss the state of the art is always a 
constructive scientific approach. I believe that 
providing information to patients and families, as 
well involving other specialists, can be an added 
value to our research. Growing systems are good 
devices which have proved effective in the treat-
ment of early onset scoliosis associated with rare 
syndromes: they should be used when the pecu-
liar features of the syndromes make deformities 
very aggressive and consequently, difficult to be 
controlled conservatively. Both clinical and 
instrumental evaluation tailored to fit the patient’s 
needs are of the utmost importance: an overall 
assessment of the peculiar features of each syn-
drome along with the common characteristics of 
scoliosis should be made.

PFR evaluates young patients’ life quality 
indirectly; cardio-US and abdominal US are use-
ful in the study of visceral malformations; brain 
and spine MRI can detect spinal cord malforma-
tion, that is to say contraindications to surgery 
and therefore, they are all mandatory for thor-
ough preoperative planning. The indication for 
traditional growing rod, magnetic rod, or VEPTR, 
should be given according to patient’s age and 
considering the presence of thoracic hyperkypho-
sis or chest deformities.

Multidisciplinary collaboration with transla-
tional research will bring more specialized fields 
closer to new knowledge on scoliosis and in par-
ticular on severe early onset spinal deformities. 

The genetic and molecular study of syndromic 
diseases and rapidly evolving scoliosis may lead 
to early diagnosis. Even the study of idiopathic 
scoliosis (certainly of a polygenic nature) will 
help deal with the pre-symptomatic stage and 
better control the severity of the evolution. The 
use of the most modern “imaging” technology, 
such as dynamic MRI for the study of the thorax, 
will take us a step forward to the correct assess-
ment of thoracic involvement in EOS. Innovative 
surgical techniques have brought remarkable 
changes in the treatment of severe scoliosis. Even 
the “non-fusion” techniques are currently a via-
ble option for the treatment of EOS. Although we 
are still facing significant complications, we 
should not be discouraged. This situation, as 
Prof. Akbarnia says, reminds us of the first steps 
taken on the path towards “organ transplantation” 
[1]: a lot of efforts are still to be made to improve 
results and aggregate strengths and experiences 
with national and international collaborations 
[18, 73].
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14Medical and Rehabilitation 
Interventions in Children 
with Frailty

Rossana Toglia, Eleonora Lovardi, 
and Enrico Castelli

14.1  Introduction

Frailty is a multidimensional syndrome character-
ized by a reduced ability to deal with acute, physi-
cal, psychological and socioeconomic stressors, 
and/or to perform daily living activities.

It is essential that the type of approach to the 
fragile child is multidisciplinary given the high 
clinical complexity of the underlying pathologies.

In these children, the most observable prob-
lems are neurological, sensory, cognitive and sec-
ondarily musculoskeletal, gastrointestinal 
problems, psychological difficulties and prob-
lems in the inter-family and social areas [1].

Growth abnormalities are frequently observed, 
these children very often present a delay in the 
growth curve with disharmony in somatic devel-
opment. For example, the presence of chronic 
diseases (lung, kidney, liver diseases, etc.) 
changes the correct absorption and supply of 
nutrients essential for growth, with a significant 
negative impact on the child’s somatic develop-
ment; another example is the child with neuro-
logical affections (cerebral palsy, spastic-dystonic 
quadriplegia with high caloric consumption due 
to the great pathological neuromuscular commit-

ment), often presenting signs of malnutrition; 
patients with spastic hemiparesis may have a 
reduced rate of growth of the paretic limb com-
pared to the contralateral.

Sensory deficits include primary and/or sec-
ondary visual difficulties (central visual blindness, 
visual-perceptual disturbances), auditory deficits 
(cortical deafness, sensorineural and transmissive 
deafness), proprioceptive disorders deriving from 
the difficulty of analysing and integrating external 
stimulations; all these sensory deficits can also 
occur as a complication of the underlying pathol-
ogy and often represent an obstacle to the success 
of the rehabilitation process.

Frailty patients often have a cognitive disabil-
ity, deriving from primary neurological damage 
or, for example, in the case of a non-neurological 
patient, from prolonged hospitalization. 
Hospitalization in long-term care facilities leads 
to environmental deprivation, the child is exposed 
to the poverty of stimulations that delay cognitive 
development, this has also an impact on behav-
ioural, social and family points of view. The 
delay in the acquisition of the stages of psycho-
motor development concerning all areas of com-
petence of the child (cognitive, language, social, 
motor), early rehabilitation intervention aimed at 
supporting the stages of psychomotor 
 development has as its main objective the func-
tional recovery of emerging abilities.

The family environment in which the patient 
is placed cannot be neglected, parents often need 
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support and assistance to reshape their parenting 
style to the child’s fragility; support for the 
extended family (grandparents, relatives, sib-
lings) is also useful so that all the figures around 
the child and the parental couple are supportive 
and must move in the same direction, to foster the 
growth of the fragile child in an environment that 
is as serene and favourable as possible.

The diagnosis of the child’s frailty must be 
made early to allow the immediate start of the 
rehabilitation treatment and the achievement of 
the best outcome.

14.2  Rehabilitation Framework 
and Individual 
Rehabilitation Project

Rehabilitation is a complex process aimed at pro-
moting the best possible participation and quality 
of life for the frailty child and the family. Through 
direct and indirect actions, it focuses on the indi-
vidual in all his dimensions, physical, mental, 
emotional, communicative and relational (holis-
tic approach), and it involves the whole family, 
social and environmental contexts (ecological 
approach).

It is achieved through the formulation of the 
rehabilitation plan and of the various treatment 
programmes for three areas: re-education, care 
and education. Re-education is the responsibility 
of health workers, and its aim is to promote the 
development and improvement of adaptive func-
tions. It is a discontinuous process that is limited 
in time and must necessarily end when it is ascer-
tained, concerning the most up-to-date knowl-
edge of biological processes of recovery, that the 
patient has not, over a reasonable period, shown 
any significant changes in either the development 
or the use of adaptive functions; education is a 
responsibility that lies with the family, with 
health workers and with teachers and educators; 
care has as its objective the well-being of the 
child and his family, and is the responsibility of 
health personnel and social workers.

The aim is twofold: to prepare the child to 
play his role in society (i.e. to educate the dis-
abled person) and to teach the community, begin-

ning with schools, to welcome and integrate him 
(i.e. to educate about disabled people), to increase 
his resources and the effectiveness of the re- 
education treatment. Social integration is, 
throughout the rehabilitation process and at all 
ages, a priority objective that must not be subject 
to the prior achievement of certain therapeutic 
goals. It must be provided to the child and his 
family uninterruptedly from the moment they are 
informed that they have been diagnosed as dis-
abled. The resources for the family must be cali-
brated according to the needs expressed and not 
the modifiability of the child’s paralysis.

The rehabilitation plan and the various treat-
ment programmes formulated must naturally 
include integrated interventions to be made, 
necessarily, in the three areas mentioned: re- 
education, education and care. We wish to 
emphasize, however, that it is not re-education 
(physiotherapy, speech therapy, etc.) that repre-
sents the element of continuity in the entire 
rehabilitation process, but rather care; this is 
particularly true in “severe” cases, in which, 
very often, re-education rapidly proves ineffec-
tive and there emerges a growing need for a 
care-based approach implemented through 
sometimes- complex interventions. This distinc-
tion is crucial as it justifies the difficulty in 
evaluating the work of health and social service 
technicians (effectiveness, efficiency and 
appropriateness).

A precise functional profile of the patient must 
be formulated at the beginning of the rehabilita-
tion treatment. To this end, a classification of the 
consequences of diseases and traumas called 
“International Classification of Impairment, 
Disabilities and handicap” (ICIDH) is used, 
which joins the etiological reference model called 
International Classification of Disease, as estab-
lished by the WHO in 1980.

The ICIDH defines three dimensions of the 
consequences of disease and trauma
 1. Impairment: temporary or permanent anom-

aly, defect or loss of a limb, organ or body 
structure or a defect of a system of bodily 
function, for example, nerve functions; repre-
sents the externalization of a pathological 
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condition; the interventions aimed at it are 
medical and rehabilitative.

 2. Disability: limitation or loss resulting from 
impairment of the ability to carry out an activ-
ity in the way considered normal for a human 
being, it can be temporary or permanent, 
reversible or irreversible, progressive or regres-
sive. It represents the objectification of impair-
ment and can be minimized through adaptive 
aids or therapeutic rehabilitation practices.

 3. Handicap: situation of social disadvantage 
resulting from impairment or disability, which 
prevents the development of a role considered 
normal for an individual, depending on his 
age, sex, cultural and social factors; repre-
sents the socialization of an impairment or 
disability, reflecting the consequences they 
have for the individual.

In 2001, the second revision of the ICIDH was 
issued with an innovative title: International 
Classification of Functioning, Disability and 
Health (ICF) [2].

The innovation of this version is the positive 
description of residual abilities, which replaces 
the term disability with ability, handicap with 
participation. The process leading to handicap 
represents a malfunction for the individual and 
can occur at three levels:
 1. Loss or abnormality of anatomical structures 

(impairments).
 2. Limitation of activities.
 3. Restriction of participation.

Seven dimensions in the health condition are 
defined in this new classification
 1. Body functions: physiological or psychologi-

cal functions of body systems
 2. Body structures: anatomical parts of the body 

(organs, limbs)
 3. Impairments: Problems in body functions 

and/or structures, defined as deviations or 
losses

 4. Activity or ability to perform a task by an 
individual

 5. Limitation of activity: difficulties that an indi-
vidual may encounter in carrying out 
activities

 6. Participation: involvement of individuals in 
life situations: it is related to health condi-
tions, functions, body structures, activities 
and contextual factors

 7. Restriction of participation: problems that an 
individual may have in life situations

In 2007, the WHO published the “International 
Classification of the Functioning of Disability 
and Health for Children and Adolescents” 
(ICF-CY), developed to supply the need for a 
version of the ICF that could be universally used 
for children and adolescents in sectors of health, 
education and social services. This new version 
identifies innovative factors such as modification 
and expansion of descriptions, modification of 
the inclusion and exclusion criteria and expan-
sion of qualifiers to allow for the inclusion of 
aspects related to the development of the child. 
Therefore, new terms belonging to the world of 
the child are taken into account such as cognition, 
language, play, attitude and behaviour [3].

On the operational level, medical rehabilitation 
interventions (rehabilitation medicine) and social 
interventions (social rehabilitation) are distin-
guished. Medical rehabilitation operates in the 
fields of impairment and disability, while social 
rehabilitation in the field of handicap and participa-
tion; it is therefore essential to draw up a complete 
rehabilitation project that includes an integrated 
social and health path that develops all the residual 
potential of the individual in functional skills.

Rehabilitation represents a development pro-
cess aimed to realize the physical, psychological, 
relational, social, professional, occupational, 
educational potential of the frailty patients, com-
patibly with the anatomical psychological impair-
ments and environmental limitations.

The rehabilitation project is defined as indi-
vidual as it sets realistic goals for the individual 
that must guide the various curative and assis-
tance interventions.

For the most serious disabilities and therefore 
also in the case of highly frailty patients, the 
rehabilitation project must also involve the fam-
ily and the living environment, for example, the 
school, to operate to achieve optimal function 
independent of the residual disability.
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The complexity of the global rehabilitation 
approach means that many professionals turn 
around the patient, who work in a coordinated 
and integrated way. The rehabilitation team is 
made up of the patient, his family members and 
the professional team, a group of healthcare pro-
fessionals with different professional skills who 
work to achieve common goals. In this way, the 
patient receives global management.

The decision-making process of the rehabili-
tating physician, the patient’s clinical manager, 
in determining the Individual Rehabilitation 
Project (IRP) must take into account the func-
tional prognosis and the modifiability margin of 
the disability framework, the degree of clinical 
stability of the patient and his possible partici-
pation in the programme. The doctor guaran-
tees, with the involvement of the team’s 
professionals, a constant flow of information to 
the patient, family, caregivers and family 
doctor.

Members of the rehabilitation team are
• Physiatrist—physician specialized in rehabili-

tation activities, responsible for the rehabilita-
tion project and whose task is the evaluation, 
diagnosis, prognosis and treatment of the con-
sequences of diseases and traumas.

• Child neuropsychiatrist—doctor who deals 
with the diagnosis and medical management 
of developmental delays.

• Paediatrician—doctor who manages any acute 
and systemic diseases and baby feeding 
problems.

• Physiotherapist—who assists the patient in 
the functional recovery process and takes care 
of impairments and motor disabilities, accord-
ing to the indications of the physiatrist.

• Nurse—deals with medical treatments during 
hospitalization in health or social-health struc-
tures and the patient’s care needs.

• Speech therapist—supports the patient with 
linguistic and communication problems, 
memory, thinking and swallowing.

• Psychologist—who provides support and edu-
cation to help the patient and the family.

• Psychomotor therapist—specific for the 
developmental age.

• Occupational therapist—supports the individ-
ual to recover autonomy in the activities of 
daily life;

• Orthopaedic technician—responsible for the 
evaluation, design and manufacture of pros-
theses and orthoses.

• Social worker.
• Professional educator.

The professional responsible for the individ-
ual area of intervention has the task of drawing 
up the individual rehabilitation programme, in 
which the short-, medium- and long-term objec-
tives are defined based on the specific disabilities 
and residual abilities of the patient; the times for 
achieving the objectives, the types of rehabilita-
tion intervention and the measures to be used to 
verify compliance are defined.

There must be periodic checks and reassess-
ments of the programme, and updates of the indi-
vidual rehabilitation project, based on the 
changes of the patient and their specific needs 
during the medical follow-up.

14.3  Medical and Surgical 
Interventions

As mentioned in the introductory part, many 
medical problems can fall within the description 
of a fragile child, the area of interest of physiatry, 
a branch of specialist medicine in neurorehabili-
tation. These children have high clinical frailty 
due to neurological disorders and/or all condi-
tions that alter their physiological development, 
with particular regard to motor functions.

Therapeutic interventions after brain damage 
aim, in the acute phase, to reduce the injury and 
increase the survival of the damaged brain tissue. 
Subsequent interventions are aimed at recovering 
motor functions by taking advantage of neuronal 
plasticity. The earlier, more intensive and more 
targeted the therapeutic/rehabilitative interven-
tion, the greater the chances of recovery.

One of the main consequences of brain and 
spinal cord injuries in the paediatric patient is the 
alteration of muscle function, in particular spas-
ticity, dystonia and hypotonia.
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• Spasticity is a clinical phenomenon in which 
muscles overreact to rapid stretch. Spasticity 
determines, together with the dyskinetic com-
ponent, involuntary movements and postures 
that affect motor control, cause pain and, over 
time, lead to the onset of antalgic postures and 
osteoarticular retractions. To treat correctly 
the spasticity, a correct medical examination 
is primarily necessary.

The signs useful for diagnosis observable dur-
ing the visit are
 – Increase of reflexes that the doctor evokes by 

hitting the knee with the hammer, for 
example.

 – Clonus (fast and repeated muscle contractions).
 – Babinski’s sign. Normally, when rubbing the 

lateral edge of the sole of the foot, the toes 
bend (Babinski negative). If there is a neuro-
logical problem, by rubbing the sole the big 
toe extends upwards and the other toes fan out 
(Babinski positive). However, it should be 
remembered that the Babinski sign is of little 
significance in children under the age of 1 or 
2 years, due to the immaturity of the cortico-
spinal pathways that control the stretch reflex.

Muscle spasticity is controlled with the use of 
muscle relaxant drugs, taken by mouth or locally 
infiltrated, according to the severity of the spas-
ticity and depending on the muscle groups most 
involved.

General pharmacological treatments, to be 
administered several times a day, are indicated in 
situations where it is necessary to obtain a relax-
ation of all the muscles of the body but, at higher 
doses, side effects may occur. The most used are 
baclofen, diazepam, trihexyphenidyl hydrochlo-
ride and tizanidine.

Local or focal drug treatments are useful when 
spasticity particularly affects certain muscle groups. 
Among the drugs used, botulinum toxin has 
assumed an important role in the treatment of spas-
ticity because it gives the children the opportunity to 
modify their motor control, expanding the “thera-
peutic window” of the rehabilitation process.

The treatment of spasticity can also be per-
formed by surgery, with the implantation of a 

pump for the intrathecal infusion of baclofen or 
with the intervention of Selective Dorsal 
Rhizotomy (SDR).

Intrathecal baclofen infusion consists of the 
surgical implantation, in the abdomen, of a pump 
that infuses continuously, through a catheter, 
baclofen directly into the cerebrospinal fluid, the 
fluid that surrounds and protects the brain and 
spinal cord. Baclofen is a drug that relaxes mus-
cles by counteracting the release of excitatory 
stimuli from the central nervous system.

The SDR surgery consists of cutting a portion 
of the dorsal (posterior) roots of the nerves of the 
spinal cord. The excitatory stimuli passing 
through the spinal cord are thus reduced. This 
surgery reduces hypertonicity and spasticity of 
the lower limb muscles more than any other ther-
apy or intervention. Patients eligible for SDR are 
generally selected in a clinic dedicated to the 
assessment of spasticity through standardized 
international functional assessment scales and 
quality-of-life rating scales. The post-surgical 
course is characterized by 3 days of bed rest in 
the supine position; on the third day, the patient is 
assisted in assuming the semi-sitting position. 
For neuropathic pain, gabapentin and paracetamol 
are given for 3 weeks; urinary retention may 
occur in the first weeks and spontaneously 
regresses. To facilitate the stretching of the mus-
cles of the lower limbs, knee pads are used in 
extension and leg–foot braces at 90°. On the fifth 
day, the loading exercises begin based on the 
patient’s tolerance, the first week of rehabilitation 
is totally focused on the passive and active 
lengthening of the muscles of the lower limbs, 
followed by muscle strengthening exercises and 
selective recruitment until the progressive recov-
ery of the load.

14.3.1  Movement Disorders

The child with high clinical neurological frailty, 
especially in the posture-motor forms of spastic- 
dystonic quadriplegia, presents a clinical picture 
considerably complicated by the presence of dys-
tonia. The causes can be numerous. We distin-
guish forms due to mutation of specific genes, 
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forms in which the cause is not known and forms, 
more frequent, due to “external” factors such as 
perinatal asphyxia, drugs, infections and tumours.

Dystonia is defined as a movement disorder 
characterized by sustained or intermittent muscle 
contractions or co-contractions (that is, simulta-
neous activation of muscle groups across one or 
more joints) causing abnormal and repetitive 
movements and/or postures.

Dystonia can be classified according to the 
aetiology, the distribution of symptoms and the 
age of onset.

They are distinguished by
 – The primary forms (on a genetic or idiopathic 

basis).
 – The secondary forms ranging from perinatal 

suffering to progressive encephalopathies, up 
to dystonia induced by neuroleptic drugs.

In dystonia we can identify
 – Focal forms (the scribe’s cramp is an 

example).
 – Segmental forms, where the disorder is lim-

ited to a single body segment.
 – Generalized forms, frequent in early child-

hood cases, characterized by involvement of 
the cervical area, trunk, limbs and the area of 
the mouth and jaw.

The treatment of dystonia involves an early 
therapeutic approach that allows avoiding the 
establishment of musculoskeletal alterations, to 
promote psychic and behavioural development and 
adequate school and social integration. Medical 
therapy includes several drugs, often administered 
in combination, including anticholinergics, dopa-
mine agonists, but also dopamine antagonists and 
benzodiazepines. Satisfactory results have been 
achieved, especially for focal forms or those with 
prevalent involvement of a body segment, by 
administering botulinum toxin. The efficacy of 
medical therapy is generally partial and, in relation 
to the high doses of the drug required, the appear-
ance of unwanted side effects is frequent.

In drug-resistant cases, it is now possible to 
consider a series of surgical options that include 
peripheral denervation (useful in focal forms), 

intrathecal baclofen infusion and surgical pro-
cedures on the basal nuclei. In particular, a neu-
rosurgical procedure defined as pallidotomy, 
which consists of the ablation of both internal 
pale globes (GPi), is performed with benefit. 
More recently, the technique of deep brain 
stimulation (DBS) has become widespread in 
the field of movement disorders, a reversible 
procedure that allows adjusting the stimulation 
parameters to the patient’s clinical needs.

Dystonia and spasticity have distinct patho-
physiological features that require different man-
agement strategies as they can lead to skeletal 
deformities, contractures or spasms, changes in 
passive components of muscle or muscle activity 
elicited by sensory triggers.

The use of orthoses is fundamental, a device 
applied directly to the patient’s body and used 
in order to modify the structural or functional 
characteristics of the neuro-musculoskeletal 
system. The orthoses, like the aids we will dis-
cuss later, are developed by the professional 
figure of the orthopaedic technician who must 
collaborate closely with the physician (phys-
iatrist, neurologist or orthopaedist, as appro-
priate) who is responsible for the medical 
prescription.

If tendon retraction or skeletal deformity does 
not respond to the various treatments listed above 
or causes significant pain, functional orthopaedic 
surgery is chosen, which acts on the tendon and 
myoarticular structures with the aim of improv-
ing their conformation and functionality. This 
approach emphasizes the importance of a 
 multidisciplinary team that revolves around the 
fragile child.

Among the orthopaedic interventions most 
performed among children suffering from spastic-
ity is the tenotomy, in which one or more tendons 
of the retracted spastic muscles are sectioned and/
or stretched. These interventions, in the most 
severe forms of disability, allow better manage-
ment of the patient from a postural point of view 
and for assistance. More frequently, we intervene 
on adductors muscles, hamstring muscles (flex 
the knee), ileo-psoas muscles (hip flexor) and 
Achilles tendon (muscle that allows you to extend 
the ankle).
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The intervention on skeletal deformities of the 
spine is also fundamental, as they affect respira-
tory mechanics and/or gastroenterological func-
tionality, as well as structure dysfunctional 
analgesic positions for the child, especially in the 
case of serious secondary alterations on respira-
tory mechanics. In neurological patients, not 
adequately postured over the years or with severe 
spasticity, another possible complication is the 
mono or bilateral subluxation of the hip; also in 
this case, there is the onset of pain (with subse-
quent worsening of the spastic symptoms and/or 
dystonic due to the constant presence of the trig-
ger) or important functional deficits affecting 
walking; the subluxations must therefore be 
treated with corrective interventions on the skel-
etal system.

After surgery, there are three recovery phases:
 1. The phase of bone and/or soft tissue healing. 

It lasts about 6 weeks and is characterized by 
the implementation of particular precautions 
and/or by the application of means of immo-
bilization, which can be cast or orthotic appli-
ances; depending on the tissues undergoing 
surgery, the type of orthosis needed will 
change; it will also be necessary to establish 
together with the surgeon the degree of inten-
sity of the mobilization and the maximum 
possible joint excursion.

 2. The stage of muscular recovery. It lasts about 
12 weeks. It concerns the muscle area directly 
affected by the surgery, and the surrounding 
areas. In this phase, the rehabilitator’s activity 
begins: the programme will vary according to 
the patient’s pre-existing conditions and the 
intervention immediately; the rehabilitator 
will have to collaborate with the surgeon to 
decide the times and methods of recovery and 
the new objectives will be defined from time 
to time; essential in the case of operations on 
the lower limbs, define the times and methods 
of recovery of the load.

 3. The phase of functional recovery correlated 
with the patient’s skills. Functional improve-
ments can occur up to 12 months after surgery.

14.4  Role of AIDS and Orthoses

Orthoses are defined as devices applied directly to 
the patient’s body and used in order to modify the 
structural or functional characteristics of the 
neuro-musculoskeletal system. Orthoses are 
essential to keep a bone segment in a precise posi-
tion or, in case of walking disturbance, to compen-
sate for muscle activation deficits, both from cause 
primary cortical and secondary from prolonged 
immobilization, or contrast conditions of muscle 
hyperactivity. Finally, they are useful in case of 
prolonged bed rest to prevent tendon retractions.

Orthoses are classified into
• Static orthoses, which maintain correct joint 

alignment avoiding retractions of muscles or 
tendons and skeletal deformities or support the 
load of the body in an upright position; they can 
also be useful in the case of surgical interven-
tions in which it is necessary in the first postop-
erative period to maintain certain positions or 
in the case of interventions on the tendon sys-
tem to favour the recovery of a correct length.

• Dynamic orthoses, which compensate for 
impaired function or provide forces that 
replace muscle contraction.

The most used orthoses in neurological reha-
bilitation are
• Upper limb orthosis, for example, to the fore-

arm–hand district. These are static orthoses, 
day or night, which aim to reduce the develop-
ment of deformities, maintaining correct 
alignment of the joints and favouring the elon-
gation of the muscle-tendon structures; they 
can also be functional, stabilizing the carpus 
and thus allowing the action of the flexor mus-
cles of the fingers.

• Trunk orthosis: there are corsets of different 
typologies made with various materials; they 
are used to contain spinal deformities, to pro-
mote trunk control and correct scoliosis.

• Lower limb orthoses, which are mainly used
 – To prevent muscular-tendon retractions and 

skeletal deformities.
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 – To promote the stability of the limb when it 
is under load.

 – To allow walking; in this case, the orthosis 
will be tailored to the functional alteration 
to be corrected.

The main lower limb orthoses are the 
following:
• Insoles or Foot Orthosis that exert a corrective 

or compensatory action in case of altered sup-
port of the foot.

• Ankle Foot Orthosis (AFO): these are ortho-
ses applied to the leg–foot segment. They are 
used in cases of hyperactivity of the triceps 
surae muscle to contrast the equinus foot (the 
tip of the foot falls down while the heel 
remains raised), or when the lower limb is 
unable to support the load of the body.

• Knee Ankle Foot Orthosis (KAFO): an ortho-
sis that runs from the root of the thigh to the 
heel. The static variant is used, for example, 
after surgical elongation of tendons when it is 
necessary to maintain the knee in extension 
for most of the day. The dynamic variant, 
jointed at the knee, is used when there is a 
weakness of the quadriceps muscle, or when it 
is necessary to maintain the correct alignment 
of the knee joint during walking.

• Hip Knee Ankle Foot Orthosis, HKAFO: it 
consists of two KAFOs joined to each other 
and fixed to the pelvis; in some cases, it can 
reach a large part of the trunk. They are used 
in cases of spinal or neuromuscular diseases to 
allow standing and walking.

Another fundamental aid for supporting frailty 
children is the use of appropriate facilities; it is 
defined in this way of any product, tool, equip-
ment or technological system that can be used by 
a disabled person to prevent, compensate, allevi-
ate or eliminate an impairment or disability.

Often the frailty child has a delay in the acqui-
sition of head and trunk control: therefore com-
mercial high chairs cannot be used, but postural 
seats are necessary: these are chairs equipped 
with a seat that allows correct containment of the 
pelvis and alignment of the lower limbs, with 

straps to give greater stability; rigid back that can 
be equipped with lateral supports for a correct 
alignment of the trunk; headrests in case of lack 
of control of the head; in the same way, commer-
cial strollers cannot be used, but postural strollers 
are more appropriate; these are strollers equipped 
with the same support systems of the postural 
seat.

Frailty child may also present a delay in the 
acquisition of an upright position and, in some 
cases, this can never be achieved; to allow the 
child to experience the standing position with 
its known benefits on breathing, intestinal tran-
sit and bone growth, stabilizing aids are pro-
duced, where the child is passively positioned 
in an upright position and is supported at the 
level of the lower limbs, pelvis, trunk and pos-
sibly head.

The child can acquire walking, but support 
may be required. We have walkers, systems 
equipped with wheels, more or less simple, 
depending on the characteristics of the patient: 
from the type open on the front without any sup-
port to walkers with pelvic and thoracic support 
in case of poor trunk and pelvis control; other 
walking aids are tripods and quadripods, sticks 
with three or four feet, which allow greater 
 stability by increasing the support base, com-
pared to the one-footed cane.

Often a child with frailty, even if they have 
reached walking, may present difficulties in 
moving for long distances, both for structural 
deficits and easy fatigue: therefore, adequate 
aids are necessary, such as wheelchairs, which 
also in this case can present different character-
istics depending on the patient clinic features; 
they can allow to push yourself or be pushed by 
the caregiver, they can be more or less light, they 
can be foldable to facilitate transport; they can 
be equipped with a postural system in case of 
significant axial hypotonia with containment 
systems similar to those of postural high chairs; 
finally, they can be electric, to allow greater 
autonomy to a patient with difficulty in using the 
upper limbs. There are also removable devices 
on the market, which can transform a manual 
wheelchair into an electric one.
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14.5  Management of Dysphagia 
and Sialorrhea

Fragile children with central nervous system dis-
eases may have a delay or impairment in the 
development of motor control, which, in some 
cases, also causes dysphagia. In particular, this is 
frequent in children with quadriplegia, genetic 
syndromes or oral–facial malformations. Often 
they have partial or incomplete swallowing 
capacity, not only of the food material but also of 
the salivary secretion.

Dysphagia is a very common disorder among 
children with clinical frailty; it is a pervasive dis-
order because, in most cases, it affects all phases 
of the deglutition process: chewing, lingual 
movements, the deglutition reflex, which can be 
delayed or weak, the closing of the glottis (partial 
or none), the persistence of residues in the oro-
pharyngeal canal. It is also present in subjects 
with cognitive disabilities as there is an alteration 
of behavioural acts (foraging for food, food 
selectivity, inappetence, refusal of food), of pre-
liminary sensory and motor information for swal-
lowing (visual and olfactory recognition of food), 
of organization, chewing and propulsion of the 
bolus [4].

Frequently there is a massive presence of sali-
vary secretions, poorly managed by the patient 
due to swallowing difficulties, defined as sialor-
rhea. One of the most important complications of 
drooling is the inhalation of saliva into the respi-
ratory, bronchial and pulmonary tracts, which 
causes recurrent chemical pneumonia. Chemical 
pneumonia occurs when inhaled material, in this 
case saliva, has a direct toxic effect on the lungs. 
In the neurological patient, in whom the general 
and respiratory clinical conditions are already 
considerably compromised, sialorrhea causes 
continuous episodes of inhalation pneumonia 
which can significantly aggravate the already 
precarious clinical conditions.

Sialorrhea is also an important social and 
management problem for those who care for the 
patient and, in the child, for the parents. It can be 
a source of embarrassment, as well as create sig-
nificant relationship and language problems. It is 

therefore a form of severe discomfort that consid-
erably limits the social life of the patient and the 
family [5].

The specific treatment for chronic sialorrhea 
is divided into two different therapeutic options: 
medical and surgical. Medical treatment is con-
servative and is based on the use of medical aids, 
such as the use of transdermal scopolamine, gly-
copyrrolate, trihexyphenidyl hydrochloride and/
or inoculation of botulinum toxin type A in the 
salivary glands [6, 7].

Surgery is a secondary therapeutic option that 
is used when sialorrhea, in addition to represent-
ing a social and interpersonal disorder, involves 
serious respiratory risks for the patient due to 
continuous salivary inhalations and when phar-
macological treatment does not provide adequate 
and time-maintained clinical results. The surgery 
consists of the isolation and subsequent ligation 
of the salivary ducts [8].

The management of dysphagia is extremely 
important as the major complication of oral inco-
ordination is bronchial aspiration which involves 
respiratory complications and puts the patient’s 
life at risk (pneumonia ab ingestis, airway 
obstruction, need for oro-tracheal intubation and 
subsequent tracheostomy) [9–11].

The anatomical-functional differentiation of 
dysphagia is essential to define the diagnostic- 
therapeutic approach in order to intervene effec-
tively with speech therapy rehabilitation 
techniques, improve the patient’s quality of life, 
and minimize the complications (suffocation, 
aspiration pneumonia and malnutrition).

The radiological methods used for the diagno-
sis of a swallowing disorder or a silent aspiration 
are the Video Fluoroscopic Swallow Study (VFS) 
or the Fibreoptic Endoscopic Evaluation of 
Swallowing (FEES). VFS is a method that 
involves the use of X-rays and shows the physiol-
ogy of all the structures involved in swallowing; 
allows to highlight the inability or delay in start-
ing pharyngeal swallowing, aspiration of ingests, 
nasopharyngeal or gastroesophageal reflux, 
residual bolus in the pharyngeal cavity after 
swallowing. The FESS investigates laryngeal 
penetration, aspiration and the presence of resi-
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dues inside the pharyngeal cavity after swallow-
ing. It also allows you to observe the movements 
of the bolus in the hypopharynx and calibrate the 
success of the protection manoeuvres [12].

Based on the results of the instrumental tests, 
a multidisciplinary intervention plan is devel-
oped, which involves various professional fig-
ures, as well as the active education of the patient, 
family members and/or caregivers:

• Dietary approach: it is essential to intervene in 
the characteristics of food such as consistency, 
cohesion, homogeneity, viscosity and temper-
ature. Nutrition must not only respond to 
strictly rehabilitative needs but must also sat-
isfy the correct caloric and water intake, there-
fore collaboration with the dietician/
nutritionist is essential.

• Assumption of a correct posture: the correct 
alignment of the head and trunk while taking 
meals is essential; it has been shown that this 
causes a temporary change in the size of the 
pharynx and the flow of the bolus, resulting in 
an improvement in the oropharyngeal transit 
time, a reduction in the risk of aspiration and a 
decrease in post-swallowing residues. It is 
therefore essential that the physiatrist pre-
scribe a postural system suitable for the 
patient.

• Artificial feeding techniques: they must be 
used if it is impossible to feed orally the child 
due to severe dysphagia, or oral feeding alone 
does not satisfy a correct caloric intake; among 
the artificial feeding techniques, we start using 
the gastric-nose tube for patients who are 
unable to feed themselves orally or in whom 
there is a high risk of aspiration and worsen-
ing of dysphagia; this device is generally 
poorly tolerated by the patient as it causes 
hypersalivation, frequent dislocations, ulcer-
ation of the airways and pain; in case of per-
sistent dysphagia beyond 4  weeks and/or 
severe calorie-protein malnutrition, the most 
used and best method to guarantee a correct 
nutritional intake is Percutaneous Endoscopic 
Gastrostomy (PEG). PEG also reduces the 
risk of aspiration. It is useful to consider a 
Percutaneous Endoscopic Jejunostomy (PEJ) 

in case of severe gastroesophageal reflux and 
high gastric stagnation to further reduce the 
risk of inhalation. Through the PEG, it is pos-
sible to administer food more easily without 
necessarily having to resort to hospital prepa-
rations; moreover, the administration of drugs 
is made easier and more absorbable [13, 14].

• Specific speech therapy for dysphagia makes 
use of the following methods [15, 16]:
 – Use of foods treated with thickeners
 – Mechanical and sensorial oral stimulations
 – Reduction of drooling with drugs such as 

scopolamine, glycopyrrolate, trihexypheni-
dyl hydrochloride and, in severe cases, sur-
gery such as ligation of the salivary ducts 
or injection of botulinum toxin in salivary 
ducts

 – Oral electrostimulation to improve chew-
ing kinetics in combination with oral sen-
sorial stimulations

 – Functional chewing therapy (FuCT): a 
technique that improves chewing ability 
and reduces lingual thrust and, indirectly, 
also drooling

14.6  Motor Rehabilitation, 
Speech 
and Neuropsychological 
Aspects

It is fundamental that the rehabilitation interven-
tion focused on the fragile child is as early as pos-
sible and oriented towards functional motor 
recovery based on active motor learning strate-
gies. Active motor intervention, unlike the con-
ventional one based on passive movement 
techniques, improves the type and harmony of 
movement starting from a cognitive approach, 
stimulating what we can define as motor inten-
tionality [17].

The traditional techniques of passive movement 
do not produce an improvement in motor skills like 
an active motor learning, which takes advantage of 
the mechanisms of cerebral plasticity. The latter 
allow the reorganization of damaged neural net-
works which, from a clinical point of view, trans-
late into a targeted motor activity. Through active 
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motor learning, the child acquires new motor pat-
terns and this, if carried out consistently and 
through an intensive rehabilitation intervention, 
allows brain reorganization towards non-patholog-
ical movement and behaviour patterns.

At present, the most effective rehabilitation 
interventions are those that have the following 
characteristics:
 – Carrying out tasks and activities typical of 

daily life that allow an easier internalization; 
the child focuses on a purpose and finalizes 
his movement to it, this acts as an immediate 
concrete reinforcement to the rehabilitation 
exercise, increases the patient’s self-esteem 
and its active reproduction in daily life.

 – The intensity of training and the repeated 
request of the functions are key elements to 
achieve the best rehabilitation efficacy.

Their common mechanism of action aims to 
modulate plasticity starting from experience. 
Motivation and attention are vital modulators of 
neuroplasticity and if a specific training is 
rewarding and enjoyable for children, then they 
are stimulating to produce spontaneous move-
ments outside the therapeutic setting too.

For an in-depth study on the most effective 
rehabilitation strategies for fragile children and 
the clinical practice guideline, we recommend 
reading the article by Jackman et al. [18].

Among the rehabilitation interventions with 
the greatest scientific evidence of effectiveness 
we have
• Bimanual training and Constraint Induced 

Motor Therapy (CIMT): specific to recover 
the function of upper limbs in hemiplegia and 
in bimanual integration deficits.

• Mobility training, treadmill training: specific 
for mobility and for the acquisition of correct 
gait patterns using treadmills or robotic exo-
skeletons linked to virtual reality.

• Robotic systems: devices developed in recent 
decades, used to enhance residual capacity 
and develop upper arm mobility, standing, 
balance and locomotion; these devices facili-
tate cortical reorganization through intensive, 

controlled, repetitive, task-oriented training 
and motor learning.

• Action observation training: exploits a neuro-
physiological mechanism based on the corre-
spondence between observed and performed 
actions.

• Occupational therapy: in which strategies are 
sought to increase the patient’s autonomy in 
daily life, having as a starting point the 
strengthening of his residual abilities.

• Dysphagia training: specifically to overcome 
the chewing difficulties of children and to pro-
mote autonomy in nutrition.

The environment in which the child lives, and 
the one where he carries out the rehabilitation 
treatments, must be full of stimuli. It is vital to 
adapt the environment in which the patient is 
inserted, in order to enhance his residual skills as 
much as possible and allow the execution of the 
activity through therapy focused on the context.

The motor deficit negatively impacts the cog-
nitive development of the fragile child, delaying 
the acquisition of the normal stages of psychic 
development and the ability to experience reality, 
even in the absence of specific cognitive deficits. 
It has been shown that early motor rehabilitation 
intervention, based on learning ability, may be 
able to improve the child’s cognitive abilities and 
sustain them over time. Similarly, early cognitive 
and psychomotor rehabilitation may be able to 
support and enhance the children’s residual abili-
ties, promote their language development, func-
tional and social skills.

Therefore, it is necessary that all children with 
frailty, in the course of their development, receive 
a complete neuropsychological assessment, 
including an evaluation of cognitive level, execu-
tive functions and academic skills, in order to 
give useful suggestions for the school care 
through an individualized educational plan, 
shared with parents and rehabilitation figures and 
tailored to the child. It is also useful to monitor 
aspects relating to the self-esteem of fragile chil-
dren over time because they have more difficulty 
than their peers. It is beneficial, to develop a cor-
rect image of oneself related to one’s disability, 
and to support the fragile child by a psychologi-
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cal rehabilitation intervention, capable of 
strengthening and supporting self-esteem over 
time, especially in the adolescent period and in 
the transition phase towards adulthood.

There are numerous rehabilitation interventions 
focused on the development of the cognitive abili-
ties of the fragile patient. It is important to consider 
early schooling (insertion in the nursery, support of 
social integration and interactions in a group of 
peers) and carry out rehabilitation as early as possi-
ble through an intensive and holistic intervention. 
Communication is a priority goal, linguistic under-
standing, meta-phonological aspects of discourse, 
communicative exchange using, if necessary, 
appropriate alternative augmentative communica-
tion devices to support language even in non-verbal 
form.

In support of psychomotor treatment, the 
GAME method can be considered: it is described 
in the article of Morgan et al. [19]. It is a combi-
nation of motor training, environmental enrich-
ment and family educational therapy.

It is also useful to consider the Cognitive 
Orientation-Occupational Performance method-
ology (CO-OP; Novak and Honan [20]): initially 
designed for the population with coordination 
disorders and dyspraxia, to date, there is also evi-
dence of efficacy in the population with 
CP.  Patients set personalized goals and experi-
ence them in their daily life, through personal-
ized Problem-Solving strategies.

The global care of a child with frailty must 
include family support too, essential both to opti-
mize the development of the child and to reduce 
the risk of psychological stress in parents.

Among the various psychological support 
options for parents, the following should be 
noted:
 – Triple P stepping stone: focused on improving 

parenting skills, setting realistic goals with the 
therapist based on the emerging needs of the 
moment, gradually achieving goals and then 
setting others

 – Acceptance and Commitment Therapy (ACT): 
focuses on increasing parental flexibility and 
improving a parent’s ability to change accord-
ing to the changing needs of the child

It is established that an early and therapeutic 
rehabilitation intervention also on the parental 
figures allows the child to have more chances of 
obtaining the best outcomes.

In conclusion, the child with frailty needs a 
rehabilitation intervention as early as possible, in 
order not to lose functional residual abilities and 
to support the child during development. The 
rehabilitative approach must be multidisciplinary, 
paying attention to the global care of fragile chil-
dren and their families. Periodic follow-ups must 
be regularly performed, in order to update the 
personalised rehabilitative project. It is equally 
important the construction of a social and health 
care network, involving the rehabilitation team, 
the school and the family, to guarantee the best 
possible quality of life.
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15Operational Improvement 
in Psychology

Giovanna Perricone

15.1  Introduction

The promotion of mental health in the child and 
adolescent (C/A), as an indication of developmen-
tal well-being [1] is a priority for all healthcare 
professions and others, and all fields and disci-
plines of the healthcare sector involved in the treat-
ment of any given pathology, syndrome, disorder 
and, in particular, during the preparatory, operative 
and post-surgical recovery stages of surgery.

Mental health can be substantially affected by 
the fragility of the child/adolescent [2]. Fragility, 
(defined, according to the leading literature in the 
field of psychology, as the unusual sensitivity of 
the individual towards stress) leads to limitations 
in the management of daily life. It fosters a dete-
rioration in the psycho-physical health of the 
patient, and, more importantly, in the correct 
functioning of life skills [3]. It is a mental state 
which can produce negative outcomes in terms of 
confusion, lack of stability, overlapping, etc.; a 
dissociation of Internal Working Models [4, 5] 
with which the child/adolescent has built rela-

tionships with the outside world and, therefore, 
with the surgical procedure. It describes a disso-
ciation which, in some cases, can lead to the 
development of “disorganized attachment” [6, 7].

The paediatric perioperative period is undoubt-
edly considered to be a healthcare situation in 
which fragility is elemental in hindering success-
ful support, listening and accompaniment aiming 
to moderate stress that this very perioperative 
period can create, especially in such a complex 
moment in this stage of life. It is a developmental 
stage which would seem to characterize psychic 
functioning, particularly active from birth to 
puberty and with specific emotional and cogni-
tive changes during adolescence.

Perioperative period seems to compromise 
psychic functions which constitute the child’s/
adolescent’s ‘inner world’ [8] and which are usu-
ally decisive for the typical development. In this 
sense, we refer to motivations, attachment, curi-
osity, the desire for relationships and communi-
cation and the construction of an effective mental 
model which allows the C/A to attribute mental 
states to the adult [9–11]. This is how the child/
adolescent develops a “secure attachment” to the 
caregiver concerned in this developmental stage.

In this developmental condition during the peri-
operative period, these psychic functions in the C/A 
are put at risk, leading to “disorganized attach-
ment”. This is the type of attachment which 
becomes a predictor of psychological disorders and 
pathological dissociation as an adult [12, 13]. The 
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experience of the perioperative period, in fact, can 
lead to mentalization of experiences by the C/A 
which are not always coherent with the needs and 
emotional tendencies typical of the developmental 
stage in that moment. These experiences are disor-
ganized and unstable, eliciting “disorganized attach-
ment”. These are mentalizations which also 
characterize dissociative disorders [14, 15]. This 
form of attachment can begin to manifest in the 
perioperative period, through internalized and 
externalized symptoms which evolve into develop-
mental trauma [16].

These alterations and disorders affecting the 
developmental trajectory during the perioperative 
period are the object of study and intervention by 
paediatric psychology, a field of study which also 
specifically focuses on supporting the C/A in 
conditions of risk during the developmental pro-
cess [17, 18]; conditions which appear to be 
determined or, however, present during the peri-
operative period [19].

Scientific literature on this subject ([17, 20–24], 
op. cit.) has provided a specific multisystemic model 
for psychological treatment, in consideration of pae-
diatric assessment ([18, 25], op. cit.) of the child’s 
condition. Specific attention is given to fragility, as a 
variable in functioning, this latter defined as lying 
between cognition and emotion, and between the 
biological and cultural, from an epigenetic perspec-
tive [26, 27]. We refer here to treatment based on 
strengthening ([22, 28, 29], op. cit.), which allows 
the child/adolescent to cope with a stressful event 
(surgical procedure) through emotional and cogni-
tive coping skills, such as creative adaptation to the 
perioperative period [30] and the development of 
self-protection mechanisms, or further still, the 
strengthening a sense of agency [31, 32].

Paediatric psychology views this treatment as 
a multi-systemic “field”, involving the care- 
giving system together with that of the family, 
school, rehabilitation, etc.

15.2  Fragility Between Nature 
and Nurture

When determining a condition of fragility in the 
C/A in situations of biological and psychological 
difficulty, healthcare professionals (surgeons, 

paediatricians, psychologists, child and adoles-
cent neuropsychiatrists) do not always take into 
consideration the full complexity of this fragility. 
This simplified approach hinders the identifica-
tion of those aspects (emotions, representations, 
etc.) which lead to distortions in perception, to 
problems with self-regulation and to perpetually 
active arousal processes, and which deter adap-
tive and adaptational functioning of the child dur-
ing the perioperative period. These are the aspects 
which all those involved should take into consid-
eration for more successful outcomes regarding 
clinical or surgical procedures.

In order to successfully provide support to the 
C/A in the perioperative period, it is fundamental 
to be aware that fragility (which characterizes the 
psychological functioning of the patient before, 
during and after the surgical procedure) consti-
tutes a dysfunctional state of the various dimen-
sions of development and relative developmental 
‘domains’ (cognitive, emotional, social, percep-
tual, etc.) ([18], op. cit.). These domains are con-
sidered as organization systems which contain 
both representations and specializations of 
knowledge and experience (which help adapt 
instrumental skills to mental functioning), and 
facilitate the development of skills, itineraries, 
strategies, etc. [33, 34]. The latter ensure instru-
mental skills are operative and are considered 
functional to the relationship which each C/A 
builds with the self and with the surrounding 
reality (established through spacetime and peo-
ple) during the perioperative period.

Each domain, therefore, is a complex plurality 
of conceptual categories (i.e. certain emotions: 
fear, sense of guilt; certain perceptions: sense of 
danger, etc.) and their relative significance (i.e. 
the type of script) (Macchi Cassia et al. op. cit.) 
concerning the degree of preparation for the sur-
gical event. Thus, the script constitutes a model 
with which the child/adolescent represents the 
surgical situation and the roles of the people 
involved, well before the single events occur.

We refer here to meanings that the different 
categories assume in the development of the sin-
gle domain. Each of these categories (cognitive, 
emotive, etc.) refers to individual specializations 
(associations, comparisons, principal connec-
tions of each domain) which are contextualized 
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in the functioning of the mind (for example, 
choosing to adopt social roles on the ward; i.e. 
during rounds, the child externalizes the fear of 
being operated on, on behalf of all children on the 
ward, or the C/A adopts certain routines during 
treatment).

It is functioning represented within the com-
plexity of thought and the function of orientation 
which thought itself adopts when guiding actions 
and when identifying behaviours, fixed within 
the complex workings of the C/A’s mind. The 
contribution provided by these categories 
(together with their functions in terms of per-
sonal development) and the production which 
they activate in terms of products related to the 
specific domain (social, cognitive … domains), 
characterize the condition of fragility both in bio-
logical, psychological and social terms, thereby 
attributing the characteristic of nature and nur-
ture to fragility.

This characteristic ensures that the different 
‘domains’ foster specific forms of understanding 
and classification of the reality constituted by 
hospitalization, therapies and treatments linked 
to the surgical procedure, together with the fac-
tual and virtual reality which forms the individual 
nature of the fragility. Domains guide both the 
choice of means through which the fragile sub-
ject operates and relates to the event, and the 
search for solutions to and the management of 
problems posed by the surgery. Therefore, to talk 
of fragility in the perioperative period, when con-
sidering single domains, means to refer to the 
importance and relevance of schemas, represen-
tations, categories and classifications of the sur-
gical procedure and its variables, but also to take 
into consideration conscious choice, or not, in 
relation to services, regulations which need to be 
observed, conduct, and behaviours attributable to 
the specific nature of all the child/adolescent’s 
developmental aspects [35].

They are all elements which form a type of 
conceptual and emotional ‘filter’ (dysfunctional 
or functional), through which relationships 
between the C/A and the surgical procedure are 
defined. It is important to remember, however, 
that the cognitive element is always a fundamen-
tal factor in this ‘filter’, that is, in the interconnec-
tions between the different developmental aspects.

This approach ‘filter’ proves to be the origin 
of “cellular memory” transformation, through 
which a specific mentalization/interiorization of 
the surgical procedure (deposited, integrated in 
the complete archive of all experiences surround-
ing this event) is integrated with the child’s men-
talizations of the here and now during the 
perioperative period [36, 37].

Every cell provides not only inherited infor-
mation (fear of the unknown which the surgery 
represents), but at the same time information 
integrated with data acquired through the mental-
ization of that same personal experience, devel-
oped during the perioperative period.

Taking into consideration the contribution 
neuroscience has made [38], it is important to 
note that these mentalizations, thanks to the acti-
vation of chemical substances produced by emo-
tions (neuropeptides), become thoughts or ideas 
transformed into matter [39]. In this sense, emo-
tions which are at the base of fragility (fear, 
sense of guilt …) seem to be present physically 
in the body, establishing a connection with tis-
sues and cells [40, 41]. The body (that body 
which is preparing itself for surgery, or which 
has just undergone surgery) is a body which 
thinks, elaborates emotions, in graining and 
influencing its own feelings and those in the sur-
rounding ‘field’ systems, through these thoughts 
or emotional elaborations [42].

These transformations brought about by the 
body, however, can be further modified based on 
the contribution of the amygdala. This region of 
the brain acts as a sentinel, sending danger sig-
nals which produce anxiety in the C/A. The sig-
nals contribute to characterizing the relationship 
with the various ‘field’ systems, for example, the 
healthcare system, which the child does not eas-
ily trust. Mirror neurons generate further fragility 
in the C/A by transmitting dysfunctional models 
which develop from this condition of anxiety.

Fragility, and any developmental disorders 
caused by it, interpreted in this way is the object 
of many international studies ([21, 25], op. cit.; 
[22]; Roberts et al. op. cit..; [18, 24], op. cit.) by 
a number of experts in paediatric psychology. It 
is a disciplinary sector which today constitutes a 
field of epistemology with related expertise, and 
which is considered particularly effective not 
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only as regards fostering the process of growth 
(between psychological development and matu-
rity) but also as regards its ability to contribute to 
a theoretical discussion on various professional 
practices in the area of paediatrics and maternal-
child hospital and local community caregiving.

15.3  The Paediatric Condition 
in the Perioperative Period

The epistemological development of this field of 
study prefers to consider each C/A affected by a 
morbid event as a “condition of the field”, rather 
than as a “case” (see Fig. 15.1). This “condition” 
is defined by the relationships that the child (as 

an ontosystem, affected both by resources and 
developmental disorders) creates between sys-
tems of reference [43].

In this sense, fragility is set within the context 
of psychological and biological disorders, and 
vulnerabilities, etc., which define the child/ado-
lescent in the perioperative period, further influ-
encing relationships between these factors. The 
perioperative period is part of the ‘condition of 
the field’; a chronosystem defined as a specific, 
dysfunctional spacetime related to the develop-
mental process. It is influenced by the develop-
mental stage of the C/A, and, therefore, by age 
and by how or in what sense the child has mental-
ized experiences connected to preparation for the 
surgical procedure, to the procedure itself or to 

A developmental emergency
Ee. = C.e. x R / Me.f. 1

SUBJECT-ONTOSYSTEM

(system from which field relationships

develop)

RESOURCES

Personal, biological, genetic, epigenetic,

social, expectations of representation and

self-narrative etc.

DISORDERS

Vulnerability, fragility, severity of the

pathology

Care system

Hospital system 
provided
Hospital internal 

support systems/

(listening, setting 

in, accompanying)

Home support

Pathology
(nosological picture, 

treatments/protocols, 

prospects for 

recovery, complexity 

of surgical 

procedure)

Family system

Parenting skills (creative adaptation to the

situation, style of upbringing, plans for the

child, portrayal of the illness etc.)

Education system

Relationship with the school, with peers etc.

Local healthcare services system

(Family consultants, Child Neuropsychiatric

Service, Social Services)

*

*

*

*

* Cronosystem

Fig. 15.1 Child/adolescent as a “condition of the field” 
in the perioperative period. aIt is a formula which defines 
the Developmental emergency (Ee.) as a ratio between 
developmental impairments (C.e.) and resources (R.) and 

the relationship between this ratio and the C/A’s func-
tional mentalizations (Me.f.) in the management of the 
perioperative period. (Adapted from [17], op.  cit., with 
permission)
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the post-operative stay, etc. The type of disorder, 
the surgical procedure and the relationship the 
C/A has with various systems also affect this 
chronosystem; clearly each “field condition” is 
influenced by specific chronosystems.

We must also consider a twofold “epigenetic 
standpoint” when interpreting this field condi-
tion. Exposure of the ontosystem to the complex-
ity of the field modifies the relationship the C/A 
(origin of the relationships) has with the surgical 
procedure in either a dysfunctional (parent who 
transmits anxiety in the relationship, doctor lack-
ing confidence) and/or a functional way (trusting 
and entrusting her/himself to the surgeon), even 
though the C/A, origin of the field, is part of it.

At the same time, exposure of the “field condi-
tion” to the surgical procedure modifies relation-
ships between the systems in this field; this 
modification has repercussions on the child’s per-
ception and behaviour in the perioperative period.

Therefore, accepting the paediatric psychol-
ogy model means managing perioperative fragil-
ity not only regarding actions concerning the 
child directly but also actions and activities which 
involve relationships between the C/A and these 
systems. These are actions which manage both 
the representations which the C/A and the sys-
tems have of that fragility and the influence that 
the perception of fragility exerts. The influence of 
the experience of fragility, which the C/A attri-
butes to him/herself and which the systems 
acknowledge, must also be taken into consider-
ation. This becomes a deterrent to a possible 
sense of agency, and, therefore, to the possibility 
of overcoming the risk ([17, 29], op. cit.) that the 
perioperative period represents.

This perception of fragility and its outcomes 
proves to be integrated into cellular memory, 
both as deposits of representations, inherited 
emotions, and as a transformation of those 
deposits, (determined by the current relevance of 
the relations regarding the “field condition”). 
This memory will influence the C/A also in 
terms of weakening motivation and, therefore, 
will also affect her/his ability to create goals, 
experience a sense of self-sufficiency, self-real-
ization, etc. It will heighten fragility and leave 
the C/A hostage to negative emotions, stress and 

anxiety. In this way, the perioperative period 
becomes an external riskiness factor; the combi-
nation of internal risk and external riskiness will 
produce a psychosocial risk [44] which can lead 
to a condition of cumulative stress caused by a 
series of traumas (amongst which the surgical 
procedure). In subsequent developmental stages, 
this stress can create Developmental Trauma 
Disorder [45].

15.4  Possible Dysfunctional or 
Functional Field 
Relationships 
in the Paediatric 
Perioperative Period

…in the relationship with the parents

Up to this point, considerations on the config-
uration of the field condition (which embraces 
the fragility of the child in the perioperative 
period), would seem to support the argument that 
this fragility is an aspect of the child/adolescent 
(origin of this field of relationships) but that evi-
dently it can also be considered an emotional- 
cognitive aspect, caused and/or influenced by the 
type of relationship formed with systems.

One of the relationships to which the child/
adolescent is exposed and that has the greatest 
influence is one which belongs to a dangerous 
configuration of parenting competence affected 
by a form of dysregulation, in the sense that it 
does not satisfy the needs of the C/A in the peri-
operative period.

Clinical and psychological evidence [46–48] 
has shown that spontaneous strategies adopted by 
parents, through parenting competence, within 
their relationship with the C/A, are heavily com-
promised. By this we mean that their incapacity 
to practice scaffolding [49, 50] (intended as a 
framework or a guide for the C/A in the periop-
erative period), coping (intended as the ability to 
face or anticipate the surgical procedure, etc.) 
and caregiving [51, 52], (intended as the ability 
to manage the C/A during the specific periopera-
tive period), leads to an inability to express posi-
tive feelings towards the child and a refusal to 
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interact, so as to create a neglect sort of dysfunc-
tional mirror image of the relationship.

The child feels confused, alone, with a strong 
sense of incomprehension, let down and driven to 
ask ‘who am I’; and the parent is unable to pay 
attention or to be in the relationship. Both become 
factors leading to a sort of latency in the attribu-
tion of sense and meaning to their being the par-
ents of a C/A who is experiencing a period in his/
her life where he/she anticipates, experiences and 
manages in a dysfunctional way, the complex 
nature of the surgical procedure.

Research regarding this relationship [53–58] 
reports that the child, when on the inside of this 
type of relationship, when asked to describe his/
her condition during hospitalization or as a 
patient waiting for surgery, seems to push the 
presence of a parent into the background or not to 
contemplate it at all. Conversely, the parent 
seems to use a narration which is based on antip-
athy [59, 60], and so based on a critical parenting 
[61], dominated by hostility, revenge and guilt, 
leading to behaviours such as rejection and the 
tendency to consider the child a scapegoat for 
other siblings. This behaviour would appear to be 
linked to low parent genuineness, high variability 
in personality with a subsequent lack of stability 
([61], op. cit.).

Child neglect as a form of maltreatment takes 
the form of omissive behaviour on the part of the 
parent, rather than intercepting the needs of the 
child in that moment of the perioperative period 
and its various stages. This form of maltreatment 
is defined in terms of acts of omission (or judged 
as such in reference to European [62] and profes-
sional standards), as they highlight the inappro-
priateness and risk of actions carried out by 
parental figures; figures which are in a position of 
unequal power compared to the child, creating a 
child–parent relationship which renders the child 
vulnerable.

It is, therefore, a form of maltreatment based 
on negligence and omission to meet current needs 
which the perioperative period creates in the 
child during its various stages. This form of mal-
treatment, which we identify as child neglect 
(ibidem; Dubowitz et  al. 2000; Hornor 2014; 
Blumenthal 2015) and which is traced to dysreg-

ulation in parenting competence ([18], op. cit.), is 
clearly evident during perioperative stages and in 
specific behaviour, such as the lack of self- control 
exhibited by the parent during the diagnosis 
period prior to surgery and poor emotional intel-
ligence (in the sense that the parent is not con-
scious of the emotions they are feeling, and 
experiences disorientation as a result of these 
emotions). It becomes dysfunctional as it hinders 
the ability to provide encouragement to the child 
and clear information, which would provide con-
tent to the unknown and the unfamiliar created by 
the surgery.

Behaviours which show dysregulation in par-
enting competence include the incapacity to 
behave in a balanced manner, and so the tendency 
to move from moments of frustration to exalta-
tion, and accentuation of their role; dysfunctional 
behaviours include an inability to predict the out-
comes of this omissive relationship, or behav-
iours we refer to as heuristic and/or bias [63]. 
These latter comprise all those prejudices and 
preconceptions of the C/A which characterize the 
relationship in terms of clichés (incapacity, weak-
ness, vulnerability, unreliability of the C/A in 
managing the post-operative stage).

In this sense, specific omissions can be identi-
fied ordinarily used by the parents for the func-
tions of scaffolding, coping, caregiving.

Regarding behaviours governing the relation-
ship with the C/A, they can be attributed to a 
model defining child neglect validated by scien-
tific evidence (Bifulco et  al., op.  cit., Bifulco, 
op. cit., Hornor, op. cit.; [64]), and to a number of 
indicators which are defined as opposing and lie 
on a continuous line of three factors:

• Stimulation, including hypo and hyper stimu-
lation; during hospitalization prior to surgery, 
the parent provides the C/A constantly with 
activities/tasks or the parent keeps the child 
away from any opportunity that might involve 
the child in carrying out a task.

• Acknowledgement, in the form of non- 
recognition and, therefore, the incapacity of 
the child to be able to take any responsibility 
in the post-operative stage. On the contrary, 
adulation (for example, giving the C/A all the 
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responsibility for therapeutic alliance 
 regarding management of the pre-op stage: 
diet, control of physical activity, etc).

• Care, intended as hypo-care, parent who is 
careless about therapy appointments, misses 
follow-up appointments, does not provide the 
surgeon with the necessary information to 
ensure full knowledge of illness relapses. In 
contrast, we have hypercare, the parent puts 
pressure on the child to observe the most 
important aspects of daily life, during hospi-
talization, convalescence, etc.

This model for the definition of child neglect 
is supported by a study of the Italian Society of 
Paediatric Psychology (2012/2021) aimed at the 
design, construction and validation of an obser-
vation tool, supported also by a data collection 
sheet to detect the risk of child neglect. This form 
is useful during hospital stay to identify “clini-
cal” couples in terms of child neglect. Following 
the administration of observation tool on these 
couples and the positive identification of child 
neglect, the data (condition of child neglect in a 
situation of dysregulation of parenting compe-
tence) can be used to activate protected hospital 
discharge, also during follow-ups.

Often added to this is the preconception of 
medical incompetence, inadequacy in the hospi-
tal care or even an overemphasis of their own 
knowledge, of information regarding the surgery 
or possible therapeutic alliance, and of possible 
consequences or side effects of the procedure.

… in the relationship with the rehabilitation 
system

In a number of paediatric conditions during 
the postoperative period, rehabilitation is required 
[65–68], for example, in children with disability, 
with disorders or suffering from neurodevelop-
mental disorders, in addition, clearly, to children 
suffering from certain cancers and from pre- 
existing mental disorders not always identified 
prior to the perioperative period.

All of these are conditions that can lead to 
clinical pictures of maladjustment, including 
attention and executive functions dysfunction, 
meta-cognitive sensitivity (if concerning pre- 

school age children, meta-cognition beyond this 
developmental stage, etc.) and disturbances in 
control, etc. Often it concerns disorders which 
appear either due to a state antecedent to surgery, 
or caused by the manifestation of specific bio-
logical disorders or by emotional and cognitive 
stress induced by the surgery itself. These are 
paediatric conditions for which psychological 
support, in terms of listening and accompaniment 
are not generally envisaged. The appearance of 
these disorders is often underestimated and only 
careful follow-up on progress made post-surgery 
is able to detect red flags indicating a dysfunc-
tional psychic state. In this case, integrated reha-
bilitation is required ([18, 69, 70], op. cit.).

During post-operative period, children can 
experience a fall in energy levels [71]. This weak-
ening leads to a condition of “fatigue” [72], 
which would seem to constitute a specific devel-
opmental risk condition and psycho- 
developmental blackouts, as outlined below:

• Selective attention: defined as the ability to 
focus on specific aspects or elements of the 
situation, with repercussions in terms of a 
poor sense of reality [73] (for example, con-
cerning the organization of daily life in the 
hospital).

• Self-control: unable to manage the self- 
regulation process of behaviour and of chang-
ing activities due to rules and requirements 
related to the paediatric condition [74].

• Meta-cognitive sensitivity and/or meta- 
cognition: unable to identify strategies to 
understand the task assigned in treatment and 
therapy, and to locate dysfunctions in their 
own behaviour compared to the successful 
outcome of all the medical procedures 
“involved in the treatment process” [75].

• Problem-solving: unable to solve tasks 
assigned during caregiving and treatment, 
etc., with significant difficulty in identifying 
possible solutions [76].

Paediatric psychology, when viewed as com-
plementary to child and adolescent psychiatry 
and integrated care, and as an ethical process of 
solidarity [77], promotes, on a national and inter-
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national level, the significance of psychological 
rehabilitation models applied to the assessment 
and to the surgery, in child and adolescent disor-
ders ([78]; Kazak and Noll 2015). It is, in fact, 
this complementary which allows the child and 
adolescent to develop the capacity for commu-
nity life, the development of resources (often, 
consciousness of these resources), and the inter-
ruption of a vicious circle of chronicization of 
“disorders” in and of the developmental pro-
cesses which form the various domains. In this 
sense, the pillar of psychological rehabilitation in 
paediatric psychology is managing all the com-
ponents which create the domains in cognitive 
terms, and of the “specializations” ([18], op. cit.). 
This rehabilitation perspective also manages con-
flict in the relationship between needs in every 
paediatric condition, including needs arising 
from the developmental stage and needs caused 
by the pathology, or in our case, the post- operative 
state.

In paediatric psychology, a multidimensional 
rehabilitation model is evident [17, 79, 80]: psy-
chiatric rehabilitation, which manages structural 
functions and processes [81], and psychological 
rehabilitation, or better described as psychosocial 
and educational rehabilitation [82], which 
focuses on the developmental processes of the 
domains (social, cognitive, etc.). It is through 
these that the structural processes related to func-
tions are developed in everyday life (of psychiat-
ric relevance) ([18], op. cit.), allowing the child 
and adolescent to organize the most important 
systems of that domain as a function of his/her 
mental health (ibidem).

Complementarity in psychiatric/psychosocial- 
educational rehabilitation means adopting an epi-
genetic perspective [83, 84]. It is a perspective 
which, during rehabilitation, promotes the impor-
tance of contexts seen not as a variable but as an 
epiphenomenon of mental health ([17, 85–87], 
op. cit.). It is worth noting here the importance 
that surgical follow-ups, together with the family 
paediatrician, assume whilst accompanying the 
rehabilitation period (part of the Child and 
Adolescent Neuropsychiatric Service) providing 
continuity through hospital and local community 
services.

Psychological rehabilitation thus becomes an 
integrated, psychosocial-educational type of 
rehabilitation, outlining, in the meantime, the 
development of a possible “alternative represen-
tation of the self” in the child or adolescent, ori-
ented towards redefining their own skills and 
reinforcing functional resources, to enable rein-
sertion into their context in a different way. It is 
important to note that in all types of psychologi-
cal support, including and above all rehabilita-
tion, the C/A must be given support in the 
development of an experiential self [88], that is, a 
self which is constantly in transformation as it 
assimilates the various experiences and, in par-
ticular, the mentalizations of those experiences. 
These latter include experiences connected to the 
surgery during the perioperative period.

Integrated rehabilitation, thus, describes, in 
particular, a supplementary model and profes-
sional practices relating to the two directions 
indicated (psychiatric/psychosocial-educational), 
and, more specifically, the direction linked to the 
psychological intervention is defined according 
to the following:

 – A psychological perspective aimed at promot-
ing developmental alternatives regarding the 
“mentalization”/interiorization of experiences 
linked to the child’s own conditions, and, thus, 
of themselves and relationships with the sys-
tems connected to their conditions. It is further 
aimed at promoting alternatives regarding 
behaviours, relationships, the transformation of 
their emotions and “attachment ties”, and 
finally, the possible recovery of those abilities 
and skills compromised within the various 
domains, together with the reactivation (resto-
ration, start-up) of the conditions typical of 
mental health, and, thus of well-being of the 
developmental process. Furthermore, this per-
spective allows us to emphasize the importance 
of identifying boundaries in terms of develop-
ment (cognitive, motor, social, etc.), relating to 
damage and to the possibility of planning an 
itinerary for possible transformation.

Regarding rehabilitation perspectives identi-
fied by paediatric psychology and applicable to 
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the post-operative stage, in cases of stress, an 
educational perspective is indicated [70], aimed 
at modifying behaviour through the promotion of 
learning. This form of rehabilitation uses specific 
types of education, amongst which psychoeduca-
tion [89]. Finally, regarding rehabilitation per-
spectives in the post-operative stage, the social 
perspective should be taken into consideration, 
aiming towards “social healing” in such a way 
that the C/A recontextualizes her/himself within 
roles, relationships, tasks, actions, activities 
belonging to the everyday social routine.

One of the most used rehabilitation models in 
paediatric psychology is that of the developmen-
tal crisis ([17, 64, 90–94] op.  cit.) and crisis 
readapted to child and adolescent disorders. An 
example is the condition in which, compared to a 
critical event (represented by post-operative 
stress disorder and a state of fragility), the child 
and/or adolescent, with greater or lesser aware-
ness, experiences distress when thinking and 
“feeling” that the skills used up to that moment to 
relate to the world in everyday life, are no longer 
adequate to manage the event [95, 96].

Integrated rehabilitation, when managing the 
C/A during the post-operative stage, must carry 
out certain developmental tasks which constitute 
a turning point in the rehabilitation process, in as 
much as the C/A is seen to have a sense of agency 
within a significant stage of the life cycle (the 
perioperative period) in addition to the develop-
ment stages involved in growth. These transfor-
mation tasks must include as a priority

 – Redefining an understanding of the self, the 
concept of self and the image of the self

 – Managing an experiential self in the here and 
now of the disorder

 – Mentalizing the experience of the surgical 
procedure as part of the self

 – Building integrated mapping to represent his/
herself

 – Recognizing his/her own resources
 – Redefining meanings of those resources
 – Projecting his/herself in regard to the C/A’s 

own paediatric condition [93, 97].

Psychosocial-educational rehabilitation in 
paediatric psychology assumes three directions 
when managing processes (disorders and 
resources); an assessment direction, which 
allows us to guide the intervention; a support 
direction when seeking to provide answers to the 
developmental tasks posed by the crisis; and the 
rehabilitation intervention for disturbed domain 
processes. The development of these processes 
constitutes specific outcomes relating to effective 
rehabilitation. This is an orientation supported by 
the strengthening perspective ([28, 29], op. cit.), 
used in paediatric psychology when guiding 
rehabilitation in an attempt to strengthen skills 
and abilities. These latter, in the form of present 
and developed resources, can ensure the child or 
adolescent passes through the risk or develop-
mental blackout, doubtless caused by the periop-
erative period, and which constitutes a very real 
“developmental emergency” ([17], op. cit.).

It is an emergency whose profile depends on 
the relationship between developmental process 
disorders and resources in the various domains in 
relation to interiorizations that the child/adoles-
cent has developed concerning experiences 
linked to the condition and other connected vari-
ables. All of this must also take into consider-
ation the fact that the perioperative period informs 
the trend of the developmental trajectory both in 
terms of dimension/domain (cognitive, social, 
etc.) and in terms of evolution (and so of mental-
ization, as an interiorization of the experience).

15.5  Integrated Working Within 
the System to Provide 
Support During 
the Perioperative Period

Configuration of the “condition of the field”, 
which can highlight the C/A’s factors of function-
ing (fragility, vulnerability, etc.) as well as the 
possible dysregulation of parenting competence, 
the severity of the pathology, malformation, and 
the complexity of the surgical procedure, etc., 
inevitably poses a number of questions concern-
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ing time, space and available resources for multi- 
professional, integrated working.

When referring to integrated working in the 
hospital and local community healthcare system, 
obviously we indicate an inclusive model that the 
system itself can promote using an integrated, 
inclusive model which needs to be contextualized 
in the surgical unit, by means of “approved” hos-
pital procedures. The model which paediatric 
psychology proposes for this type of work is 
based on knowhow and refers to a shared concept 
[98, 99], that the professional figures involved 
(psychologist, surgeon anaesthetist, nurses, etc.) 
can consider when working together and in their 
own practices whilst managing the C/A.

This concept, which goes beyond the aim, 
becomes the backdrop for each procedure in the 
care taking process during the various stages of 
the perioperative period, and, therefore, within 
the different hospital and local community ser-
vices and home care. The clarity of concept 
should be supported by equal clarity in criteria 
which can guide integrated working, and which 
include managing the involvement of the psy-
chologist in everyday routines and not only con-
sultancy based. This is an aspect which not only 
provides accompaniment of the child and parent 
throughout the most difficult moments of prepa-
ration for surgery, but also affects time manage-
ment of the nursing staff. It avoids pulling this 
staff away from other duties due to the fact that, 
in the absence of specific professions such as the 
psychologist, it is the nursing staff that is required 
to deal with issues related to a lack of regulation, 
poor therapeutic alliance, difficult relations 
between family and doctors, etc.

Regarding criteria for integrated working, 
joint, transversal accompaniment is suggested—
psychologist/surgeon—during the different 
stages of treatment, in addition to bearing in mind 
the patient’s quality of life (also in the case of 
surgery for serious pathologies, which in some 
cases includes a poor prognosis), the inseparabil-
ity of ‘cure’ and ‘care,’ and managing the C/A 
not as a “case” but as a condition of the field 
[100]. This concept and the criteria indicated 
refer to specific perspectives of inclusive, inte-

grated working and can be identified in the com-
plete contextualization of the figure and 
psychological intervention, in the functional 
organization of the “connections” ([17], op. cit.) 
between surgery and other units, services, clinics 
and paediatric emergency units. These are “con-
nections” which lead to better quality healthcare. 
Finally, amongst the perspectives, there is also 
the identification of the psychological interven-
tion as promotion of well-being and development 
of the cycle of life.

The “connections” indicated translate into cer-
tain directions: connection, in terms of the ability 
to connect information and transmit it; ties, in 
terms of commitments between figures, depart-
ments; sequences, intended as connections which 
define a common theme, a logical- operational 
framework governing relationships between the 
various professional practices. A concluding 
remark on the management of the perioperative 
period in terms of integrated working, brings to 
the forefront three dynamic factors which affect 
the system and which should be considered if the 
system wishes to embrace an integrated working 
ethos successfully. These three factors include 
Energy [101], which constitutes the efficiency of 
the functioning (i.e. support shift work), but also 
the efficacy of the healthcare provided (i.e. 
encourage trust in clinics/day hospitals); Strength 
and Solidarity [102], which represent a defensive 
barrier and scaffolding (set of aspects of refer-
ence); and Communication [103, 104] defined as 
a structural system action, both in terms of institu-
tional communication [105] and in terms of dis-
semination/awareness raising [106].

Regarding the functionality of communica-
tion, it is important to remember that inte-
grated working means (Ravioli, op. cit; Ferro 
and Tosco, op. cit.; [107–113])
 – Creating space for others [114]
 – Listening
 – Satisfying demand, based on both explicit and 

implicit needs [115]
 – Ensuring an image of “health”
 – Creating engagement
 – Intercepting the emotional world of the patient
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 – Giving functional messages to the adaptative 
behaviours and processes of the C/A, family 
and staff

 – “Playing” the game of closeness, distance, 
security, limits [116, 117]

 – Rejecting the fear-appeal, and, therefore, not 
eliciting fear when providing information, 
directives [118]

 – Rejecting the idea of always opposing 
whatever

 – Rejecting the idea of astounding/shocking 
however

It is clear that communication needs to focus 
on a specific aim, that of promoting a condition 
of well-being in all of the subjects involved in the 
perioperative period of a child, taking into con-
sideration that the quality of management of a 
surgical procedure also depends on the condi-
tions of well-being of the healthcare workers. 
This is especially so as regards life in the depart-
ment, clinic and local community services.

The complex nature of the perioperative 
period, in terms of time and planning specific 
medical procedures, necessitates an integrated, 
inclusive type working culture [119, 120]. This 
implicates the use of a specific “language” shared 
by the healthcare workers involved; a “language” 
which should be developed in terms of reciproc-
ity, sharing, pooling of ideas [121, 122] and sta-
bility of each professional identity. Based on this 
working culture, which characterizes the rela-
tionship between the various professional figures, 
adaptive behaviours can be developed; not only 
adaptive (healthcare workers already take a holis-
tic approach to the child or adolescent undergo-
ing an operation, within the “field” of each single 
patient), but also adaptational, knowing how to 
build an integrated working system between pro-
fessional figures.

This is developed using: acknowledgement of 
the importance of the role of the other profes-
sional (also in front of the C/A and family), recog-
nizing the efficacy of the contribution of the other 
professional, and, finally, activating problem- 
solving in the search for situations and tools 
which will allow professionals to receive feed-

back regarding the results of their actions and 
those of others. This “adaptational nature” leads 
to the protection and safeguard of all subjects 
involved (patients/visitors, surgeons, anaesthe-
tists, psychologist, nurses, etc). Furthermore, the 
healthcare system and the specific professional 
practice of the single patient are also safeguarded, 
defeating the need for defensive medicine [123]. 
This also contributes to preventing work-related 
stress (Balducci, Fraccaroli, op. cit.).

There are minimum integrated working con-
ditions based on the following
 – Joint training
 – Creation of a pact of shared responsibility 

with a deliberate and approved framework 
governing integrated working

 – Constant involvement of the administration 
offices, with tailored awareness-raising train-
ing, defined in terms of place and time

 – Creation of synergies between various itiner-
aries/projects and relative financial resources 
involving the Department (projects connected 
to various national funding programmes PSN- 
National Health Framework), conventions, 
voluntary organizations and community ser-
vices, which are advised to create synergic 
planning as a single organizing body, whilst 
maintaining each contributor’s specificity 
(Art. 5 of the S.I.P.U.Ò Convention.)

 – Executive plan for integrated working
 – Monitoring of patient management through 

integrated working and the deliberate, 
 executive plan, with specific tools and dis-
semination of the data obtained

The choice to adopt integrated working is cer-
tainly not the sole responsibility of the doctors 
and nurses, etc.; it needs to be facilitated and sup-
ported by positions created specifically to assist 
and accompany not only the single subjects (C/A, 
family, healthcare workers) but also the system 
itself. These figures can be paediatric psycholo-
gists specifically trained nationally for this posi-
tion (masters, specialized training) and 
internationally (training programmes proposed 
by the 54th Division, in Roberts’ works).

15 Operational Improvement in Psychology



234

15.6  Trauma in the Perioperative 
Period; A Multidimensional 
Approach

During the perioperative period, the specific pae-
diatric condition can develop into a traumatic con-
dition for the C/A.  The psychological trauma, 
which certainly is not an illness and, therefore, the 
characteristics cannot be standardized, does not 
produce the same symptoms and reactions [124] 
and leads to a complex configuration. Obviously 
here we are referring to a condition based on the 
contemporary nature of a biological, physical 
event and a psychological state. This distinction 
helps us to define the trauma of our C/A as a 
dynamic relationship between the psyche and the 
body, which creates a dysfunctional holistic 
nucleus, restorative and dissipative in nature. This 
migrates towards an interconnection which can 
create a psychic mental functioning that helps the 
child to transform emotions and representations, 
and in which the body is no longer considered 
separate from the mind. This functioning, how-
ever, can be managed, can be “confronted”, trans-
forming it into an “opening” for new possibilities; 
psychological intervention can foster this on a 
cognitive, emotive, perceptive level.

In this sense, the psychological intervention 
follows an itinerary leading to a more complex 
reconfiguration of the developmental resources 
than the C/A possessed before the trauma [125]. 
This allows the management of this condition of 
“displacement” that the child experiences as an 
annihilation of thought and emotions, and thus of 
ties or connections to the “body wound” [126]; 
the absence of a “social hook”. The child has dis-
tanced her/himself in mental and perceptional 
terms. However, they contextualize themselves in 
a distant mental space where they feel an indis-
tinct sense of “draining” of their resources [57] 
and, finally, displacement activates a lack of 
engagement with the body [127].

It is important to remember that the C/A lives 
in a traumatic state, this state is the result of dys-
functional relationships which form the specific 
“condition of the field”, and are not attributable 
exclusively to the fragility of the child, to the 
severity of the pathology or to the malformation, 

etc., which he/she has. When we refer to trauma, 
we are indicating a psychic event resulting from a 
breach in mental balance, mental functioning and 
emotional regulation. It is often accompanied by 
a distortion in perception, dissociation and the 
inconceivability of the event, otherwise risking 
fragmentation of the sense of identity, of relation-
ships and emotions.

When referring to trauma in the C/A, during 
the perioperative period, we refer to a cata-
strophic event in a condition of chaos; it is a cog-
nitive and emotional “leap” forcefully 
undermining the dynamic balance of the domains 
which preside over functioning. This renders the 
surgery, invasive treatments, medications and 
“inconceivable mental contents” something 
either to flee from or to succumb to [127].

Trauma in the perioperative period can evolve 
into psychopathogenetic dissociative processes 
(Farina and Liotti, op. cit.), which produce symp-
toms of dissociation and create a specific clinical 
picture (dissociative disorders). Alternatively, it 
can be linked to nosographic classifications 
regarding various psychopathologies. Self- 
regulation domains (emotions, identity, relations) 
seem to be particularly affected [128], more pre-
cisely: concerning the emotional domain, we wit-
ness excessive emotional reactivity, outbursts of 
aggression, imprudent and destructive behaviour, 
a tendency to experience dissociative states 
 prolonged under stress, an inability to feel plea-
sure and positive emotions. Concerning dysregu-
lation of the identity, the concept of the self is 
disturbed, together with denigration, low self-
esteem, and a sense of guilt. Finally, regarding 
interpersonal dysregulation, we detect difficulty 
in maintaining relationships, difficulty feeling 
close to others, avoidance with little interest in 
relationships, and a general social withdrawal, in 
addition to occasional very close or intense rela-
tionships but with difficulty in maintaining 
involvement.

Careful consideration of trauma during the 
perioperative period also implies an analysis of 
the impact that this has on executive systems of 
the brain [129]. Regarding the impact of the 
trauma on the primitive executive system, and, 
thus, on the neural networks surrounding the 
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amygdala (mainly involving the right subcortical 
structure and the corpus callosum), high reactiv-
ity and significant use of the right of veto are 
seen, in addition to the tendency to impose your-
self on others. Regarding impact on the second 
executive system, and, therefore, on the frontopa-
rietal networks and the hippocampus (responsi-
ble for spacetime sequencing of experience and 
behaviour) the presence of a trauma inhibits cog-
nitive elaboration and memory. In addition, the 
learning process seems to be inhibited and dam-
aged by the multiple consequences of chronic 
activation [130–132]. As regards the third execu-
tive system, and, therefore, pertaining to the 
medial structures in the brain associated with 
attachment, self-awareness and empathy towards 
others, Default Mode Network [133], inhibitions 
in affections and syntonization, compassion and 
empathy are detected, together with decreased 
development of self-awareness and the capacity 
for insight [134, 135].

It is important to note that in this developmen-
tal condition determined by the trauma, a sub-
stantial deterrent can be established by the 
capacity for mind-mindedness in the parents. As 
correlated to parental sensitivity, it can promote 
secure attachment, with the relative resources in 
terms of domain development.

This mapping of the impact of trauma, from a 
bio-psychosocial perspective, should also take 
into consideration repercussions on the health of 
the C/A’s developmental process during the peri-
operative period, highlighting the fact that, apart 
from post-traumatic stress disorder, recent stud-
ies have produced consensus criteria relating to 
Developmental trauma disorder ([45, 136], 
op. cit.) and, at the same time, Adjustment disor-
der [137]. The aforementioned criteria provide 
meanings, explanatory models to define the 
objectivization of the psychic disorder, demon-
strating that cumulative stress created by overlap-
ping of macro and micro traumas during 
childhood and adolescence leads to very real dis-
tress conditions, or even disorders due to an 
impact on the executive systems, and, therefore, 
disorders pertaining to forms and types of dys-
regulation in adulthood.

15.7  Closing Considerations

Paediatric psychology embraces these two direc-
tions in caregiving theory, starting from a model 
of C/A Health in paediatric treatment, which rec-
ognizes an “adaptive and adaptational personal-
ity” ([17], op.  cit.). It delineates, as the central 
nucleus of functioning, the interconnection (fun-
damental for the well-being of the developmental 
trajectory of the child affected by the pathology), 
between regulation processes which cut across 
the various domains, executive systems and field 
relations.

The perioperative period thus becomes a lon-
gitudinal itinerary in which, managing the risk of 
the child and adolescent adopting dysregulation 
(as a “reason for being” in their everyday life) as 
a perverse antidote to the fragility which defines 
them. In this way, it is not feasible to contemplate 
accompaniment and support as being provided 
only by a paediatric psychologist within specific 
dedicated spaces (clinics, departments, home); 
we need to focus our attention, rather, on creating 
a multi-professional model which is able to direct 
intervention to focus on prevention from a bio- 
psychosocial perspective. It is prevention which, 
on the one hand, can contrast the patient’s dys-
regulated behaviour, even during the treatment 
process with the surgeon, and, on the other hand, 
can enhance their life skills.
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16Follow-Up to Ensure Continuity 
of Care and Support Preventive 
Care

Giuliana Ferrante , Vincenzo Antona, 
Mario Giuffrè , Ettore Piro , Gregorio Serra , 
and Giovanni Corsello 

16.1  Introduction

Over the last decades, the prevalence of chronic 
health conditions and disabilities among children 
rose steadily, thanks to medical advances in both 
treating the primary condition and managing its 
complications. The improved long-term survival 
rates led to persistently high rates of pediatric 
chronic health conditions [1], which are often 
burdened with limitation in daily activity and 
dependence on medication, special diets, medical 
technology, assistive devices, and specialized 
staff. Therefore, children with complex chronic 
conditions are a frail population who generally 
need healthcare services beyond what is usual for 
healthy children [2]. Indeed, their health issues 
often require specialized and continuing care. 
Such specificities expose this population to 
become highly vulnerable. The healthcare ser-
vices are generally poorly efficient in delivering 
continuity of care for chronic health conditions. 
As a matter of fact, healthcare services are mainly 
focused on delivering urgent care, whereas the 

management of children with chronic health 
problems is still suboptimal. Poor and disadvan-
taged children are at even greater risk, with an 
increased need for hospitalization and high costs 
for the healthcare system as a whole.

Children and adolescents with chronic health 
conditions have special needs in each stage of the 
disease that should be managed in a proactive 
way [3]. Indeed, many of them require complex 
care plans with long-term treatments and assis-
tance imposing a high economic burden on the 
healthcare system. Thus, the progressive change 
in the pediatric morbidity profile implies an 
urgent remodeling of healthcare systems in order 
to meet the special needs of frail children, over-
coming the organization of existing care models 
aimed at treating acute conditions. Noteworthy, 
planning for healthcare services directed to chil-
dren with complex chronic diseases must take 
into account relevant differences in the needs of 
this population compared with adults [4, 5]. In 
particular, their developmental status and the key 
role played by parents/caregivers in the interac-
tion between the child and the healthcare services 
and providers [6] should be considered along 
with the relevant role of the school environment 
in shaping the social development of schoolchil-
dren and adolescents.

Continuity of care is directed toward those 
subjects who need to access healthcare services 
over time [7] and is crucial for children with spe-
cial healthcare needs. Continuity of care of such 
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children should be oriented to a comprehensive 
and tailored approach toward each individual. 
According to the American Academy of 
Pediatrics, comprehensive health care should 
ensure continuity, providing care over an 
extended period of time, and organizing transi-
tions both to other pediatric providers and into 
the adult healthcare system [8]. Three types of 
continuity of care were identified across health-
care settings: relational, informational, and man-
agement. Relational continuity refers to an 
ongoing relationship between a patient and one 
or more healthcare providers; informational con-
tinuity is defined as “the use of information from 
prior events and circumstances to make current 
care appropriate for the individual and his or her 
condition”; management continuity is defined as 
the prompt provision of complementary services 
delivered by a variety of providers within a shared 
management plan [9, 10].

In pediatrics, some studies have demonstrated 
that high continuity of care is associated to 
decreased emergency department (ED) visits [11, 
12], increased therapeutic adherence [13], and 
improved receipt of preventive screening [14]. 
Nearly 1 in 7 pediatric ED visits may be prevent-
able and thus associated with continuity [15]. In 
addition, a positive association between continu-
ity of care in childhood and improved preventive 
care has been observed [14]. Providers who are 
more familiar with their patients may have more 
time to address preventive screening topics. 
Moreover, higher continuity is associated with 
higher parental knowledge of anticipatory guid-
ance topics [16]. Discussing the benefits of conti-
nuity with parents may also improve continuity 
itself. Furthermore, continuity influences paren-
tal trust and perceptions about the quality of care 
and coordination of healthcare services [17–19]. 
Therefore, assuring continuity is the key to high- 
quality pediatric primary care [20]. Otherwise, 
limitations in the continuity of care may contrib-
ute to the suboptimal clinical management of 
children and adolescents with chronic diseases, 
leading to unnecessary hospital admissions. 
Parents of children with complex care needs fre-
quently attend pediatric EDs, with a study from 
England showing that 77% of children with four 
or more ED admissions over 12  months had a 

chronic disease [21]. The provision of frag-
mented care and the poor coordination between 
healthcare services underline the need for identi-
fying efficient strategies to improve this network. 
The clinical follow-up of frail children should 
include high-quality care programs with enough 
patient volume to support both clinical expertise 
and ancillary services to address their special 
needs. Subspecialty units and primary care pro-
viders may collaborate on many aspects of care. 
Such organization would facilitate data gather-
ing, enabling comparisons among centers, and 
rapid translation of new research findings into 
clinical practice [22]. Recognizing the relevance 
of ensuring the quality of subspecialty care, sev-
eral organizations have set training programs to 
support healthcare professionals in delivering the 
most appropriate care for children with complex 
needs. Studies reported heterogeneous experi-
ences of accessing subspecialty care by families 
of children with complex conditions [23], espe-
cially in children’s hospitals. Some issues that 
families have identified were a lack of awareness 
of community resources, fragmented services 
delivery, and inconstant ability to meet linguistic 
and cultural needs [24, 25].

16.2  Models of Care Delivery 
for Children with Complex 
Conditions

The need for obtaining substantial improvements 
in care delivery for children with complex condi-
tions led to the rapid proliferation in the creation 
of new models of care [26] aimed at delivering a 
set of services provided by a defined team, assess-
ment-driven, and designed to address the needs 
of patients and their family. Continuity, famil-
iarity, accessibility, and partnership are key ele-
ments in enhancing care coordination. Models of 
care can be divided into three categories: primary 
care-centered (PCC) models, consultative- or co-
management-centered (CC) models, and episode-
based (EB) models (Table 16.1). PCC models of 
care function as a single location for comprehen-
sive primary care and care coordination services. 
They may be community- or tertiary care-based 
and rely on the strength of long-term relationships 
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Table 16.1 Main characteristics of the three categories of models of care for children with complex conditions

Model PCC CC EB
Examples Community-based; tertiary 

care center
Ambulatory; tertiary care center Inpatient service; transitional 

facility
Services 
provided

Comprehensive primary 
care; preventive care/
anticipatory guidance; care 
coordination services

Co-management of medical 
issues; subspecialties visits; care 
coordination services

Management of acute medical 
issues; bedside care; care 
coordination services

Target 
population

Local patients Patients with rare diseases who 
need frequent subspecialties 
visits and high levels of 
technology for assistance

Patients with frequent/prolonged 
hospitalizations; patients using 
new medical technologies; 
patients undergoing surgery

Modified by Pordes E, Gordon J, Sanders LM, Cohen E. Models of Care Delivery for Children With Medical Complexity. 
Pediatrics. 2018; 141 (Suppl 3): S212–S223

between primary care practitioners, families, and 
their local communities. Advantages include the 
proximity to a patient’s home, an understanding 
of the local context and cultures, an ability to 
provide care for family members [27]. Barriers to 
delivering care within these models may include 
costs and time needed to provide services, lack 
of communication and coordination, inadequate 
knowledge to address complex acute illness, 
and limited personnel and community resources 
[28]. Interventions to overcome these issues may 
include the involvement of nonphysician care 
coordinators and external case managers, lon-
ger and more frequent visits, parental advisory 
groups, and telemedicine. CC models are those 
in which providers in subspecialty programs, or 
more general complex care programs at tertiary 
care centers, deliver care services, often in part-
nership with primary care practitioners. CC mod-
els are commonly focused on care coordination 
services and co-management of medical issues, 
providing a link between the tertiary care cen-
ter and the community [29]. Providers involved 
in these models are well trained to care for frail 
children who need frequent subspecialties vis-
its and high levels of technology for assistance. 
However, it should be pointed out that the cen-
tralization of resources and expertise in tertiary 
care centers possibly makes difficult the remote 
management of acute illness and communication 
with local services. EB models of care deliver 
location-limited interventions for a specific ill-
ness episode or for a defined period. The main 
advantage is the ability of trained staff to deliver 
care when children and their families are most 

vulnerable. Nonetheless, there is a risk that 
chronic needs are not met because acute health 
issues are prioritized. To improve care within this 
model, hospital staff could be involved in a child’s 
care beyond the period of hospitalization [30]. 
Transitional facilities also represent an emerg-
ing strategy to improve continuity. These facili-
ties can be used when the child is stabilized but 
cannot come back to the community for a variety 
of reasons. Children, and sometimes their fami-
lies, can reside for a period of time at these loca-
tions where caregivers acquire the skills for home 
management and children receive therapies.

There is evidence that several gaps in care are 
common across models. Integrating information 
and services from a variety of sources (e.g., 
schools, the home, social, and medical services) 
is complex. The inclusion of social workers in 
care teams and the implementation of novel tech-
nologies enabling communication between social 
and medical services [31], may link medical and 
community services with the aim to develop the 
ideal “patient-centered medical neighborhood”. 
Moreover, few care delivery systems are targeted 
for children with primary mental health issues, 
and few models integrate mental health services. 
Additionally, there are few standards of practice 
for transitioning children to adult health care and 
few adult care providers are appropriately trained 
and/or interested in caring for complex childhood- 
onset diseases. Ideal models of care include part-
nerships with adult medical providers to ensure 
the continuation of coordinated care services and 
structured planning for care transition [32]. 
Moreover, an ideal care delivery model for chil-
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dren with complex conditions should include 
proactive plans based on family and children’s 
requirements, ensuring prompt treatment of acute 
health issues and shared decision-making to 
address comprehensive needs [33]. An ideal care 
delivery system for children with medical com-
plexity should also ease parental financial, time, 
and emotional burdens through support strategies 
such as in-home care, access to respite facilities, 
increased financial resources, and adult mental 
and physical healthcare services. There is cur-
rently a lack of studies comparing different mod-
els of care for children with medical complexity. 
Given the heterogeneous needs across a child’s 
life, probably no one-size-fits-all approach exists 
in facilitating optimum care for this population. 
Ongoing research to develop standardized out-
come measures and evaluate existing care deliv-
ery systems is essential to ensure the delivery of 
high-value care for children with complex condi-
tions [34].

16.3  Assuring High Quality 
of Care and Best Outcomes 
for Children with Complex 
Conditions

There is no simple solution for achieving an effi-
cient system of care delivery for chronic condi-
tions [35]. Advances in the care strategies for 
people with chronic conditions are required, as it 
is recognized that the biomedical model approach, 
merely based on the prescriptive act, is not thor-
oughly efficient nowadays. Successful experi-
ences indicate the need for the coordination of all 
healthcare sectors to overcome the possible prac-
tice gaps in providing continuity of care [36]. The 
adoption of a comprehensive approach by policy-
makers, managers, and healthcare providers is 
necessary to recognize the needs of frail children 
and their families.

Key aspects in the follow-up of children with 
chronic conditions are: the collaborative care 
between the general practitioner and the spe-
cialist, the shared care, in addition to supported 
self- management. The collaboration among pro-
fessionals improves the efficiency and the conti-
nuity of care. Children with complex care needs 

have to access multiple points of care to treat 
their conditions as well as to monitor their psy-
chophysical development [37]. This requires a 
coordination of efforts to guarantee a continuum 
of preventive, curative, and rehabilitation care 
delivery. The general value of various specialized 
treatments such as speech and language therapy, 
physical therapy, and respiratory care is well rec-
ognized. Nonetheless, efforts should also address 
both primary and secondary prevention, that is, 
preventing the onset of a condition and prevent-
ing the consequences of a condition, respectively. 
In frail children, improved outcomes also may 
result from the prevention of serious disability in 
adulthood [38]. Through the limited available evi-
dence, integrated care models have the potential 
to improve care processes, health outcomes, and 
patient experience [39, 40]. The communication 
between professionals could be facilitated by the 
use of shared medical records. This is particu-
larly relevant when the monitoring process after 
discharge involves primary care professionals and 
hospital specialists. Family pediatricians are key 
persons playing a mediating and coordinating role 
in the network of clinicians and service providers. 
However, a study investigating the willingness and 
ability of pediatricians to accept children with spe-
cial healthcare needs into their practice reported 
that they do not feel adequate to care for all types 
of conditions and this reduces the ability to imple-
ment effective medical home care [41].

The shared care ensures the development of 
expanded partnerships among healthcare profes-
sionals and between the professionals and the 
population and could increase co-responsibility 
and an acknowledged positive evaluation of users 
[42]. Shared decision-making should be individ-
ualized according to the preferences of patients/
families [7].

Self-management and the empowerment pro-
cess aiming to provide skills to manage the child 
both during hospitalization and at home is another 
issue of extreme relevance from the parents’ 
 perspective [43]. Providing caregivers with spe-
cific tools about the medical care of their children 
and referrals for social services during the transi-
tion to home and thereafter may empower fami-
lies and improve health outcomes [44]. Special 
efforts should be made to reach an effective alli-
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ance between healthcare providers and families 
in order to sustain and ameliorate children’s care. 
A personalized written plan enabling the identifi-
cation of the procedures to be adopted in case of 
acute illness can be considered a useful strategy 
to support parent engagement and strengthen the 
partnership between parents and clinicians.

Evaluating the team composition along with 
the activities performed can be useful in order to 
identify possible solutions to achieve the best inte-
grated care models [45], such as phone services to 
support primary care physicians for questions 
about treatment or diagnosis, and nonphysician 
care coordinators to ensure access to social ser-
vices [46]. Another solution can be the dissemina-
tion of emerging technologies, including mobile 
applications, telemedicine, patient portals, video 
chat, and other web-based resources, which can 
facilitate the monitoring of symptoms, increase 
adherence to treatments, and connect patients with 
each other. Implementation of telehealth into pedi-
atric patient-centered care is suitable for managing 
safely and effectively some pediatric conditions. 
In particular, during a state of emergency, such as 
the COVID-19 pandemic, telemedicine can play a 
central role in supporting physicians with the man-
agement of children with complex medical condi-
tions. Telemedicine involves the use of information 
and communication technologies to improve 
patient outcomes by increasing access to care and 
medical information [47] and might provide an 

additional resource, replacing in-person visits [48, 
49]. Moreover, it offers the opportunity to bridge 
many divides, including geographical and logisti-
cal challenges. Implementing a combined model 
using both in-person and remote visits can help 
integrate face-to-face evaluation with the need to 
ensure continuity of care [50]. Although socioeco-
nomic status may influence access to the Internet 
and other technologies, these tools hold the poten-
tial to improve the delivery of care for chronic con-
ditions, enabling follow-up in a more flexible 
manner. This may be relevant for minority and 
low-income families who often have to face addi-
tional barriers related to transportation, language, 
and cultural issues [34]. Parents could provide 
information about their child’s status daily or 
weekly, allowing the medical staff to review the 
data in real time, decide about treatment changes, 
and evaluate the actual need for clinical visits [51]. 
Lastly, investment in the training of healthcare 
professionals, along with investment in adequate 
therapeutic projects, network services, and care 
resources is urgent. With adequate training, com-
munity healthcare professionals can acquire the 
skills and knowledge necessary to provide appro-
priate care. Through such an approach, the savings 
from high-cost urgent visits will balance the costs 
of strengthening continuity [42].

A set of benchmarks for implementation of 
integrated care for children with complex dis-
eases is shown in Fig.  16.1. These benchmarks 

Fig. 16.1 Benchmarks for implementation of integrated care for children with complex diseases
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will help to define the support for operational 
activities, identify research priorities, and dis-
seminate good practices implementation [52].

16.4  Promoting Integrated, 
Coordinated, and Child-and- 
Family-Centered Models 
of Care

The UN Convention on the Rights of the Child 
states that the highest attainable standard of 
healthcare is a fundamental right of every child 
[53]. In real life, achieving an optimal health sta-
tus means taking into account the child’s subjec-
tive well-being as well as the ability to perform 
daily activities and participate socially at home, 
school, and in the community [54]. To reach this 
goal, frail children require a variety of services 
encompassing medical and nursing assistance, 
rehabilitation, educational, social, and family 
support services (Fig. 16.2) [55, 56]. The connec-
tion between different kinds of services and dif-

ferent providers is a prerequisite for the healthcare 
system to help children and families cope with 
chronic illness and disability. Hence, efforts are 
needed in order to set new models of care that 
emphasize coordinated services focused on child 
and family needs [46, 55, 57].

The care of children with chronic conditions 
can be highly demanding and interfere with 
everyday family life. Nowadays, many needs 
(e.g., care coordination, medication manage-
ment, mental health) frequently go unmet [58], 
and families are often burdened with the respon-
sibility of providing medical and/or nursing 
assistance and ensuring care coordination for 
their children. Parents of frail children often 
report increased stress, decreased sleep quality, 
and a sense of frustration since they are fully 
absorbed by care coordination, administration, 
and advocacy activities [59]. The need for care at 
home after discharge from the hospital usually 
generates anxiety, insecurity, and scare. This 
underline how could be important, in the period 
preceding hospital discharge, preparing the fam-

Fig. 16.2 Variety of 
services in child-and- 
family-centered care
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ily for home care, considering the social context 
and that each caregiver may experience the 
child’s condition in a different way. Therefore, 
professionals should be inserted into the family 
context in order to know its structure and func-
tioning, identify the specific needs, and provide 
comprehensive care to all members [60]. A 
smooth organization of care would imply a 
reduced burden for the parents caring for children 
with chronic diseases. On the contrary, the lack 
of patient/parent acceptance may exacerbate the 
vulnerability of these families by creating a sense 
of insecurity and doubts about their competence 
in care [61]. The presence of a social worker 
either in the hospital or in the primary care set-
ting may help to embrace the social component in 
order to identify and accomplish the child and 
family needs.

16.5  The Models of Child Health 
Appraised (MOCHA) Project

The complex care needs of children with chronic 
conditions pose great challenges for healthcare 
systems, due to many reasons: they require medi-
cal and social care over a long period as well as 
coordinated delivery services; minor illnesses 
must be addressed in the context of the primary 
complex health condition; the clinical presenta-
tion can be rare, thereby challenging diagnosis 
and care management. Special healthcare needs 
in children are a field of interest of the Models of 
Child Health Appraised (MOCHA) project [61]. 
MOCHA is the first systematic study evaluating 
how different systems of primary care for chil-
dren in Europe address the needs of children and 
their families. Results from the MOCHA project 
showed that countries across Europe have few 
systems for identifying all the healthcare provid-
ers who deliver care to children with complex 
needs. In particular, less than half of the 30 coun-
tries involved in the project have adopted policies 
to support integrated healthcare services for chil-
dren with complex diseases. Integration of care is 
at different stages of progress for different clini-
cal situations. Primary care physicians are gener-
ally little involved in care planning for children 

before their discharge from the hospital. There is 
poor parental participation in policy develop-
ment; nonetheless, non-governmental organiza-
tions have been increasingly involved in 
communicating family issues to government rep-
resentatives. Common barriers to integration of 
care across Europe include poor care coordina-
tion, lack of standards of care, inadequate clinical 
expertise and specialist training, geographical 
heterogeneity in care delivery, limited resources 
for service development and insufficient imple-
mentation of electronic health records, and scarce 
access to psychosocial services [62]. As part of 
the MOCHA project, core principles and stan-
dards for the effective, personalized care of chil-
dren with special healthcare needs were 
established with the aim to improve the quality of 
care and support parents/caregivers. The core 
principles include access to care, co-creation of 
care, and effective integrated governance. Access 
to care refers to high-quality, prompt, and acces-
sible care services that are equitably available to 
all groups within the population to meet their 
needs and improve their health status. 
Co-creation of care refers to the ability to 
design, develop, deliver, and evaluate health and 
social care-related support. Specifically, this 
principle focuses on transitioning to home as 
well as transitioning to adult services, supporting 
a partnership approach to prepare the family to 
care for the child at home, and the development 
of a plan of care for facilitating the transition to 
adult services. Effective integrated governance 
refers to the governance necessary to enhance 
and support the delivery of integrated, equitable, 
accessible, and responsive care services to chil-
dren with complex health conditions. The 
MOCHA principles rely on a child-centric 
approach to the delivery of care. The application 
of these principles is obviously influenced by 
each individual child’s needs, stage of develop-
ment, and age, in the context of the family and 
socioeconomic background. Nonetheless, these 
principles offer a means to press policy in rela-
tion to service delivery for children with special 
health needs, to evaluate existing services, and to 
function as indicators to guide future service 
development in this field [63].
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16.6  Conclusions

The increased prevalence of multidisciplinary 
and multiprofessional health conditions in child-
hood over the last decades, requires urgent efforts 
to improve the care of affected children. The eco-
nomic and social burden of childhood disability 
involves both the present and the future, through 
growing demands on support for healthcare and 
social needs. Meeting the needs of frail children 
will require targeting clinical, developmental, 
functional, and quality of life outcomes. 
Promising results could arise from the spread of 
condition-specific networks that gather patients 
and scientists in order to enhance the quality of 
care. Critical will be translating research findings 
into specific interventions to improve outcomes 
in real life. Major changes will also require 
investment in community and social services to 
make children and their families less dependent 
on the healthcare sector.

Comprehensive and integrated systems of care 
will ensure that frail children receive all those 
services that can improve their daily activities 
and their ability to take part in social and educa-
tional activities. Through this, integrated care 
should include health services as part of a whole 
system of prevention and care in both primary 
care and subspecialty units that is coordinated, 
comprehensive, team-based, and multidisci-
plinary. Information systems to support monitor-
ing and communication among levels of care and 
with parents and children will be therefore funda-
mental. It will be also crucial to focus on key 
areas of child and adolescent short- and long- 
term functioning and development, as well as to 
better assess their physical and social environ-
ment. If these actions are not taken, the growing 
number of children with chronic conditions and 
associated disabilities will pose a substantial bur-
den on healthcare and social services; in addition 
to this, childhood disability is expected to lead to 
major health and social impairments among a 
large number of young adults in the next decade 
[64]. Hence, it is time for an inter-governmental 
strategy to help ensure that policies dedicated to 
the rights and needs of children with chronic 
health conditions receive the attention and budget 

they urgently deserve [65], with equity and 
homogeneous distribution. Indeed, even though 
the prevalence of complex medical conditions 
has increased overall, the burden disproportion-
ately affects vulnerable populations. Disparities 
by ethnicity and language may limit access to 
healthcare services. Therefore, barriers faced by 
racial/ethnic minority groups or those of low 
socioeconomic status and poor health literacy 
should be addressed to avoid that social dispari-
ties could leave out children and their families 
who traditionally have poor access to care.
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DALY Disability-Adjusted Life Year
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ICT Information and Communication 

Technology
NHS National Health Service
QALY Quality Adjusted Life Years
WHO World Health Organization

17.1  Introduction

The Italian National Health Service guarantees 
by law the uniform provision of care throughout 
the country. The fifth Title V of the Constitution 
assess that the responsibility for healthcare is 
shared between the central government and the 
Regions and the Autonomous Provinces. 
However, enormous differences in the organiza-
tion and delivery of regional health services are 
still present.

Public health spending has absorbed a rela-
tively small share of gross domestic product, 
although it has consistently exceeded central gov-
ernment forecasts over the past 40 years. Changes 
in payment systems, in particular for hospital 
care, have encouraged containment of expendi-
ture, as the tax sources used to finance the National 
Health Service (NHS) have progressively 
regressed. Limited evidence on vertical equity 
suggests that the NHS guarantees equal access to 
primary care; however, low-income groups still 
face obstacles when they require specialist cares. 
The health status of Italians has progressively 
improved (up to the SARS-CoV-2 pandemic) and 
compares favorably with that of other countries, 
even if regional disparities remain [1].

Unfortunately, given the economic crisis that 
has persisted for many years, cost containment 
has been and is a central issue for the NHS. Health 
authorities require evidence of the economic and 
clinical value of each health interventions. In this 
context, the integration and evolution of tech-
niques to measure the economic sustainability of 
new technologies is essential. The Disability- 
Adjusted Life Year (DALY) and the Quality 
Adjusted Life Years (QALY) are two measure-
ments tools used in the evaluation of the quality 
of health interventions. DALY is an impartial 
measure of sustainability. It can exceed the limit 
of using arbitrary economic threshold values, 
since it is a benchmark directly comparable with 
the per capita Gross Domestic Product (GDP). 
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Indeed, in 2002, the World Health Organization 
(WHO) suggested that interventions costing less 
than three times the per capita GDP per avoided 
DALY could be considered profitable.

The expected value of information and the esti-
mated contribution to GDP (social costs due to 
presence and absenteeism) should be implemented, 
together with divestment decisions based on health 
technology assessment and the generation of a 
complete set of health data (analyzing data using 
artificial intelligence). These procedures can 
improve the effectiveness of health governance and 
improve the quality of health services [2].

The European Union also believes that the 
Italian NHS should be strengthened, starting with 
the staff. The indications of the EU Commission 
in Italy suggest a substantial increase in public 
investments in health care and in the adoption of 
policies aimed at enhancing health personnel. 
The aim is removing impediments to training, 
hiring and maintaining human and professionals 
resources which are becoming difficult to find in 
the European panorama.

Following the economic consequences 
related to SARS-CoV-2 epidemic, the European 
Commission has published several recommenda-
tions to reform policies of each member country. 
First of all, improve the coordination between the 
State and the Regions. In fact, the Commission 
underlines that, in our country, healthcare spend-
ing is below the EU average and that the response 
to the pandemic was essentially based on an 
extraordinary mobilization that offset the limita-
tions of infrastructure, the number of healthcare 
workers and limited investments of the past years.

The pandemic has imposed new models of 
organization, work, and life to respond to the 
health emergency and has given further impor-
tance to values such as trust, freedom, care, giv-
ing more importance to the so-called soft skills 
among health professionals.

Furthermore, a wide gap between the different 
territories in Italy (consequence of the NHS 
reform—Constitutional Law 3/2001) has emerged. 
Differences between the regions have been observed 
as consequences of the constraint of regional budget 
(a new tool for controlling health expenditure).

Tensions have occurred in institutional rela-
tions as a result of the “regionalization” of the 
NHS, to which conflicts have been added to rede-
fine the financial, institutional, and political rela-
tions between the national government and the 
regions.

During crises, the main objective is to main-
tain the balance over time between the contribu-
tion required to health care to favor fiscal 
consolidation and to maintain the primary func-
tion of protecting health by responding to increas-
ing demand deriving from the new needs induced 
by the crisis and the spread of chronic and degen-
erative diseases.

The addition of new problems puts a strain on 
the sustainability of the NHS, strongly underlin-
ing the need for appropriateness in the provision 
of services also in compliance with ethics in the 
allocation of the resources assigned.

To get an idea of the extent of the low funding 
of the Health System, it is enough to recall that 
public health expenditure in 2017 was just $ 2622 
per capita in Italy, against—at purchasing power 
parity—France’s $ 4068 and $ 4986 of Germany.

A systematic contraction in the last 20 years: an 
annual growth rate passed from 7.1% in the period 
2001–2006 to just 1% from 2007 to 2015, during 
which the main contribution came from the reduc-
tion of expenditure for employee income category: 
it is easy to understand on which shoulders the 
effort for the survival of the NHS has weighed.

There are three fundamental issues that have 
characterized a new health policy
 1. The need to configure a multilevel governance 

of the NHS: Law 833/78 was clear in giving 
responsibility for epidemics to the state. 
During the COVID-19 pandemic, we wit-
nessed a deployment of separation strategies 
and actions to hoarding of health goods by the 
Regions, which have generated tensions 
between them and the national government. 
Health protection is a complex function and 
requires a multilevel government, as it is 
expressed in both local, regional (for example 
networks for complex pathologies and high- 
tech treatments for which Hub centers are set 
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up), supra-regional (the national IRCCS net-
work), and worldwide. The defeat of the re- 
centralization at the Constitutional 
Referendum then opened a new season to 
regionalism which, at present, in health care is 
a knot to be solved if the meaning of a National 
Health Service is to be recovered.

 2. Extent, and costs of universalism, that is, 
selectivity or conditionality of the global cov-
erage and free healthcare services. Over the 
years, the cut in public spending has gradually 
increased citizens’ share in the cost of ser-
vices, with an increase in the output to private 
producers or abandonment of care, with esti-
mates ranging from 12.2 million people 
according to the survey Census to four million 
people communicated by ISTAT at the hearing 
in the Chamber on the 2010 budget law, giving 
space to the traditional arguments in favor of 
the need to develop a second and third pillar 
for the population with the highest income. 
There are about 11 million policyholders, of 
which eight million through category funds or 
contractual/corporate welfare policies negoti-
ated with employers who can transfer the bur-
den to the community according to the classic 
scheme of discounts and tax breaks.

 3. The governance of the effects of re- organization: 
In all the regions there has been the phenome-
non of the merger of Healthcare Companies in 
recent years, but the gigantism of the companies 
could only become a shortcut with respect to 
the longer and more difficult processes of true 
integration. There is no need to erase the bound-
aries between companies, but only to improve 
skills and services. In the future, it will be of 
strategic importance to do this through new 
technologies, and making political and func-
tional boundaries soft and permeable. The abil-
ity to create integration will pass through the 
expansion of the relationship to ensure the 
development of research on the themes of the 
predominantly territorial levels of assistance 
and to train the new generations of health pro-
fessionals through the extension of teaching and 
training to aspects and territorial dynamics, not 
stopping at the hospital.

The sustainability of this system model also 
depends by economic equity and good rela-
tionships between professional communities 
involved.

17.1.1  Innovations for Healthcare 
System

COVID-19 today remains still an urgency and a 
series of questions must be addressed: what 
synergy is possible between hospital and terri-
torial services (which has proved the keystone 
in the management of the epidemic), what solu-
tions could be adopted for a flexible, intensive 
care system capable of being activated when 
needed and, above all, how to cope with the 
sudden loss of availability of beds that neces-
sarily requires effective management of hospi-
talizations to prevent the virus from spreading?

It is necessary to invest in the training of the 
staff of the District (Directors) and of the inter-
locutors closely linked to them, to equip the 
Districts with the skills, tools (Information and 
Communication Technology—ICT), and the 
resources to have governance of part of the pro-
duction chain (health, social and health care, 
social), able to monitor

 – The appropriateness, quality, and timing of 
delivery of services

 – The needs of citizens and inconsistent 
responses to needs (to identify and combat 
areas of inadequacy)

 – The quality of the relationship with citizens 
and/or patients

 – The quality of the paths and processes of 
health promotion and prevention, community 
co-planning, integrated participation with the 
external interlocutors of associations and the 
third sector, integrated work with the social 
and socio-health network, health promotion, 
and community building

 – To attribute to the Districts the competences 
regarding the definition and implementation 
of integrated assistance paths for taking care 
of people with chronic diseases and frailties
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 – To make the role of the Districts really 
effective

 – A new definition of the Company Staff to 
move toward organizing the activities more in 
support of the Districts.

In health services there is a need to evaluate 
and develop tools and health and social interven-
tions to support the care pathways of subjects 
with multimorbidity and fragility. A critical 
moment in the management of health services is 
the transition between the hospital and the terri-
tory, which must be supervised in a bidirectional 
sense. On the one hand, favoring the return home 
after an acute episode, and on the other, also by 
guaranteeing easy access to emergency care for 
people, with a well-defined management plan. 
Therefore, it is essential to define the organiza-
tional infrastructure, establish roles and responsi-
bilities of services and professionals, share 
criteria and methods for managing cases and 
implement the model by focusing on the training 
of professionals and on the evaluation of pro-
cesses and outcomes.

In this context, the development of inter- 
company models, the enhancement of the 
Integration Department, the definition of the 
areas of competence and responsibility with 
respect to the Primary Care Department and 
the strengthening of collaboration with the 
Mental Health and Social Services of the 
Municipality represent aspects relevant to be 
supervised.

The introduction of these innovations repre-
sents an opportunity to develop research projects 
to assess the impact of the interventions intro-
duced on the processes and outcomes for 
patients.

On the basis of this priority, some essential 
actions are identified to be implemented
• Redesign the collaboration between the 

Companies of the Regional Health Service, 
General Medicine, the Accredited Private and 
the territorial Social Services for the manage-
ment of more complex cases

 – Define a transverse organization to ensure lin-
ear care pathways between the various compa-
nies in the region

 – Identify/review the roles and professional 
skills to be involved in hospital-territory tran-
sition models, in particular by defining the 
role and relationships between the different 
Departments (hospital, primary care, 
Integration, Mental Health, etc.)

 – Identify useful tools to ensure patient care at 
all stages of the care path (acute, chronic, end 
of life); build facilitated pathways that provide 
a rapid response to the needs of care in the 
worsening phase of the patients’ clinical con-
ditions (e.g., direct referrals by the care pro-
vider to specialists/multidisciplinary teams/
technical beds to avoid hospitalization)

17.2  Disability Assessment

The need to share with parents a clinical- assistance 
path that, in compliance with the regulatory provi-
sions, can be experienced in the less traumatic 
possible way. In this perspective, the specialist 
who is in charge of a minor with disabilities, in 
addition to agreeing to a therapeutic path with 
family members, must also inform the family in 
detail about the therapeutic possibility. In Italy, 
disability assessment  by law is crucial (Law 
104/92 and subsequent amendments), in order to 
be able to exercise the rights contemplated as a 
consequence of this situation of need and vulner-
ability. It is not easy for parents to take this step, 
because it means certifying—quite possibly—the 
unamendability  of disease conditions and func-
tional deficits, together with the fear that certified 
disability means increasing stigma and marginal-
ization. The process for the accreditation of dis-
ability is very difficult and stressful for both 
children and their family. In order to simplify and 
humanize this path, sessions dedicated only to 
minors would be indispensable. Commissions 
integrated by the reference specialists for the 
prevalent pathology, competent to contribute to 
the expression of a judgment formulated also in 
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the light of all the existing health documentation 
and of the aspects of social inclusion in the child’s 
life spheres (school, family, etc.), considering all 
the useful elements to be evaluated. In the case of 
pathologies that can be modified over time, the 
Commission may deem it necessary to revise it 
and establish a date in which to carry out a new 
forensic examination and the process is repeated. 
In the initial phase of assessing the disability, the 
main aim is the development of the network of 
social and health services, including both hospital 
and local services. Today these objectives must be 
combined with the need to guarantee at the same 
time an ever-increasing qualification of operators 
and their technical-professional specialization for 
a correct care of people with disabilities and their 
families. For several years, the WHO itself has 
proposed through the ICF (international classifi-
cation system) a biopsychosocial model that over-
comes the contradictions between traditional 
models of an exclusively “medical” or “social” 
nature.

For many years now, the medico-legal activity, 
aimed at protecting the so-called “Weak groups”, 
was carried out in a way that is no longer ade-
quate to the real needs of people.

The “Consolidated Law”, which has been 
hoped for for a very long time, should bring order 
to the mass of laws, legislative decrees, ministe-
rial and circular decrees that make, in daily prac-
tice, almost unmanageable and complicated a 
matter which, to be applied, constitutes a real 
obstacle for people with disabilities and their 
families.

The application of the legislation still cur-
rently represents a very hard process and often 
the laws are inadequate to answer to the real 
needs of families. The first definition of civil 
invalidity (legge 30 marzo 1971, n. 118) was 
based on the only assumption of the “loss of 
working capacity” (for individuals aged 18–65; 
from 15 years for minors for whom a placement 
aimed at work is assumed) and “persistent diffi-
culties in perform the acts and functions proper to 
age”. Over the years, new laws have been intro-
duced and actually an economic support is guar-

anteed for those who have been certified as 
invalid. In this framework, the primary task is to 
develop integrated pathways and concerted poli-
cies between institutions (ASL, Municipalities, 
Metropolitan Cities, and Provinces), families, 
and associative representatives, to promote syn-
ergies that are crucial for people with disabilities. 
First of all, the true state of implementation of 
Law 104/92 should be verified. Often the assess-
ment of the handicap ends up being a duplication 
of the assessment of the state of civil invalidity, 
not so much because the assessment is carried out 
in a single session (in some Regions for years 
already; in others, hopefully in implementation 
of L. 80/2006), as well as because the social 
worker cannot fully carry out his function (the 
preliminary social investigation is missing, 
mainly due to a lack of resources). On this topic, 
many Associations have also been showing  the 
need to introduce a truly multidisciplinary assess-
ment (with the active participation of all the 
members of the Commission and a social investi-
gation), and therefore allow a global takeover for 
all the social, health, and socioeducational inter-
ventions really necessary.

Different strategies have been proposed to 
simplify the process of recognition of invalidity. 
First of all, since many people who belong to the 
Assessment Commissions have already under-
taken treatment paths, it would be enough to net-
work and be able to share the health documentation 
already available. In fact, it is sufficient to think, 
for example, of minors followed by Child 
Neuropsychiatry Services or with rare diseases: 
for all of them the specialists have already per-
formed visits and/or instrumental and/or labora-
tory tests, etc. Further investigations, carried out 
for the sole medical-legal purpose, must be con-
sidered inappropriate and sometimes vitiated ab 
initio: a specialist and/or instrumental examina-
tion performed for clinical purposes is much 
more reliable than that carried out for the 
 medico- legal evaluation, because the degree of 
collaboration of the user who can do it is cer-
tainly much higher if the purpose is that of treat-
ment and the execution setting is a clinical one.
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The use and networking of existing documen-
tation in an “institutionalized” manner (always 
delivering at least a copy to the interested party in 
order to safeguard privacy) create computer links 
between the various services that contribute to 
the evaluation activities and between the various 
bodies involved (for example, between the 
Services/Operating Units of Forensic Medicine 
of the ASL and branches of INPS), allow to 
reduce waiting times, inconvenience for citizens, 
and duplication of investigations.

In order to carry out adequate assessments to the 
needs of the individual concrete case, a high degree 
of integration between health and social services 
must be developed. A synergic collaboration 
between social and health assistance is essential to 
achieve the best possible result. The assessment to 
which the Commissions for assessing the state of 
civil invalidity are obliged by the legislation cur-
rently in force, contemplates the assessment of the 
health requirement only. An integrated assessment, 
always conducted with a view to health, but also 
from a social point of view, is undoubtedly able to 
quantify the services and benefits to the real needs 
of the person. A new evaluation methodology aims 
to evaluate the potential and resources for each per-
son based on the ICF.

It is necessary to build a network that improves 
human and material resources, avoiding multipli-
cation in the assessments.

It would be innovative to envisage a multi- 
disciplinary Commission, composed of a special-
ist in forensic medicine, a specialist, in the 
prevalent pathology from which the person is 
affected, and a social operator, which could be a 
professional educator for minors, simplifying the 
complex and cumbersome national legislation 
that determines the Commissions operating at the 
Health Authorities (with verification of the oper-
ated by INPS) for the Commissions for assessing 
the state of invalidity with a legislative act that 
reforms and simplifies the composition of the 
collegial bodies. Equally, by making the Regions 
responsible for the necessary quality control, it 
could be envisaged a sample control only by 
INPS (although significant) and not systematic, 
but with re-evaluation of the cases (not simple 
practices) and with the appropriate rigor. With 

the law of March 3, 2009, n. 18, bearing the 
“Ratification and execution of the United Nations 
Convention on the Rights of Persons with 
Disabilities, with optional protocol, made in 
New York on 13 December 2006 and establish-
ment of the National Observatory on the condi-
tion of people with disabilities”, Italy had made a 
commitment to the international community.

In fact, with the ratification of the UN 
Convention on the Rights of Persons with 
Disabilities (Law 18/2009), the definitive transi-
tion from a vision of people with disabilities “as 
sick and handicapped” to a vision of the condi-
tion of disability based on respect of human 
rights, aimed at enhancing human diversity—
gender, sexual orientation, culture, language, 
psycho-physical conditions, etc.—and to con-
sider the condition of disability not as deriving 
from subjective qualities of people but from the 
interaction between people and the environment, 
that is, between individual characteristics and the 
ways in which society as a whole provides access 
and enjoyment of the rights of persons with dis-
abilities, goods, and services.

As required by the law, the National 
Observatory on the Condition of Persons with 
Disabilities was established, inspired by the 
same principles
 (a) Respect for intrinsic dignity, individual 

autonomy with the freedom to make one’s 
own choices and independence

 (b) Non-discrimination
 (c) Full and effective participation and social 

inclusion
 (d) Respect for difference and acceptance of per-

sons with disabilities as part of diversity and 
humanity

 (e) Equal opportunities
 (f) Accessibility
 (g) Respect for the development of the capaci-

ties of minors with disabilities and their right 
to preserve their identity

The mandatory call for the equality of people 
with disabilities with the rest of the population, 
affirmed by the UN Convention, requires limiting 
all forms of inequality.
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17.3  Disability Certification

The need of a broad and structural reform of 
the current system of certification of the condi-
tion of disability has been current for many 
years. The system is obsolete, complex, and 
cause of potential inequalities of treatment and 
far from the spirit and letter of the UN 
Convention.

The matter needs a global reform, which goes 
beyond the rules on civil disability that have 
repeatedly been repeated in fragments in the 
years and on the condition of disability and 
instead lays the foundations for a synergy 
between the national level—which would main-
tain the responsibility for recognizing disabil-
ity—and the regional one, to which the specific 
evaluative action would remain.

The regions and their operational divisions 
should be entrusted, with greater clarity and inci-
siveness, the role of accompanying people with 
disabilities in the development and implementa-
tion of a “personalized project” of intervention 
with the joining of all the supports necessary for 
social inclusion and to exercise rights, obviously 
also through the ASLs, Municipalities, and 
Metropolitan Cities.

17.3.1  Policies, Services, 
and Organizational Models 
for Independent Living 
and Inclusion in Society

The main aim of a new approach to the condition 
of disability is the reorientation of services 
toward social inclusion and the contrast to the 
institutionalization and segregation of the person 
with disabilities. This could be reached by pro-
moting independent life and support for self- 
determination, through innovation and training 
of operators, proposing new quality and accredi-
tation criteria for services, adoption of guide-
lines to encourage independent living processes, 
and a review of the service and performance 
nomenclatures. This last point aims to accom-
modate a new generation of interventions for the 

promotion participation and equality of people 
with disabilities.

17.3.2  Health, Right to Life, 
and Rehabilitation

The protection of the health of people with dis-
abilities is crucial, consistent with a biopsycho-
social vision of disability. However, the National 
Health Service is not yet able to guarantee full 
access to care, quality of interventions, respect 
for fragile people.

Specific actions need to be implemented to 
enrich and consolidate the Essential Levels of 
Assistance and social and health integration.

Other critical issues of the current scenario 
are configured in
 (a) The overlap of two systems of assessment 

“handicap” and “disability, deafness and 
blindness”.

 (b) The “tabular” methods of assessing civil dis-
abilities, which are based on generic work 
incapacity. This is inadequate to design a 
proper management plan to support for the 
full and effective social participation of peo-
ple with disabilities.

 (c) The adoption by the Regions of differentiated 
criteria that often include further multidisci-
plinary and multidimensional assessments 
for access to regional and local services.

 (d) The lack of separation and specialization of 
assessment paths for minors.

 (e) The lack of an adequate information feed-
back system on the results of clinical results 
and on the sharing of data deriving from 
investigations.

 (f) The absence of criteria of access to the system 
of services and benefits, for  multidimensional 
assessment to define a customized project.

 (g) The lack of introduction of the International 
Classification of the Functioning of Health 
and Disability (ICF) and the International 
Statistical Classification of Diseases and 
Related Health Problems—tenth revision 
(ICD10).
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17.3.3  The Best Interests of the Child 
and Parental Responsibility: 
A Delicate Balance

One more critical aspect is the will of the minor 
person who turns to the NHS, linked to their 
decision- making competence and the legal valid-
ity of the decisions to be taken.

As is known, until reaching the age of major-
ity, the minor’s capacity to act is limited, as it is 
acquired—pursuant to the civil code—upon 
reaching the age of majority; from a strictly legal 
point of view, there is no doubt that the approval 
of the parents or, failing that, of the guardian is 
always required.

With respect to the choices related to health 
treatments, this ability is understood as the ability 
to self-determine and fully understand the conse-
quences of one’s choices and decisions. 
Therefore, even if the minor must always be 
involved in information activities and involved in 
the decision-making process, based on his age 
and degree of maturity, legally the parents are the 
holders and exercisers of parental responsibility, 
in the name and in the exclusive interest of the 
minor (even if sometimes the interests of the par-
ents and the minor do not coincide).

Based on Article 337 of the Italian Civil Code 
“Parental responsibility is exercised by both par-
ents. The decisions of greatest interest to children 
relating to education, upbringing, health and the 
choice of the child’s habitual residence are taken 
by mutual agreement taking into account the 
abilities, natural inclination and aspirations of the 
children”.

The law expressly recognizes (art 315-bis, 
336-bis of the civil code) the right of the minor to 
be heard in all matters concerning them, at the 
age of 12, or even at a younger age if they are 
capable of discernment: the hearing is conducted 
by the judge who, in advance, informs the minor 
of the nature of the procedure and the effects of 
the hearing.

Many years ago, the National Committee for 
Bioethics, invited to take into account the partici-
pation in the decision-making process of the 
child over the age of seven and the need to seek 

his consent and yet “to consider the consent or 
dissent of the adolescent starting from the age of 
14 as mandatory and priority [...] (because) it is 
certain that children and adolescents are subjects 
of knowledge, more or less evolved and with infi-
nite nuances in the continuity of his evolve, and 
always require deep respect”.

The Code of Medical Ethics also suggests the 
professional to guarantee “useful elements for 
the minor to understand his health condition and 
the programmed diagnostic-therapeutic interven-
tions, in order to involve him in the decision- 
making process”.

Our legal system does not yet contemplate 
specific provisions governing the matter relating 
to the right of the minor to autonomously take 
decisions with respect to his or her moral person-
ality, body and health, but includes general rules 
contained in the civil code on parental responsi-
bility, on representation and various sector laws.

Instead, an international and constitutional 
system of principles has been gradually cre-
ated to protect human rights expressed mainly 
within various regulatory texts
 – The Italian Constitution in art. 32 qualifies 

health as a fundamental right of the individual 
and establishes—Article 13—the freedom of 
self-determination of the person as basically 
inviolable.

 – The Charter of Fundamental Rights of the 
European Union makes any medical or bio-
logical intervention subject to the free and 
informed consent of the interested party 
(Article 3).

 – Article 12 of the UN Convention on the Rights 
of the Child establishes the right of the child to 
be heard in any proceedings concerning him, 
to express his opinion and to be informed of 
the consequences that may derive from the 
implementation of his opinion and the deci-
sions that concern him.

 – The Oviedo Convention (European Convention 
on Human Rights and Biomedicine, 4 April 
1997), despite not being formally in force, 
although ratified by the Italian State with Law 
no. 145, is often referred to and the principles 
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expressed on informed consent (Articles 5–9) 
are considered to be immanent in the interna-
tional and constitutional system of protection 
of human rights.

Today, with reference to the decision-making 
possibility of minors, during the pandemic 
emergency and in the midst of the vaccination 
campaign, the Grand Chamber of the European 
Court of Human Rights ruled on the vaccination 
obligation, examining the issue in the particular 
prospective context of parental refusal to submit 
their minor children to the vaccinations required 
by law. This decision turns out to be very inter-
esting both with regard to the question of the 
correct determination of the best interest of the 
child, and with regard to the possible contrast 
between compulsory vaccinations and religious 
freedom, dealt with in the Vavřička and Others 
v. the Czech Republic, of April 8, 2021, in which 
the Court has assessed the alleged violation of 
Articles 8 and 9 of the European Convention by 
state laws that impose an obligation to vaccinate 
minors, when the parents of the children are 
against vaccines for reasons of conscience. In 
the appeal, the Strasbourg judges were asked to 
consider the claims for exemption from the vac-
cination obligation as an expression of a form of 
secular conscientious objection, a request that 
makes it necessary to establish whether personal 
opinions contrary to vaccines can be included in 
the context of the exercise of the right to free-
dom of conscience and religion. After reviewing 
the different legal events (six) gathered in the 
examination before the Grand Chamber, and 
reporting the conclusions reached by the Czech 
constitutional jurisprudence, the Vavřička judg-
ment examined the decisions of other European 
constitutional courts, which show unanimous 
recognition of the lawfulness of the vaccination 
obligation, including the Italian one. Our legal 
system has repeatedly addressed the question of 
the legitimacy of compulsory vaccinations, 
establishing the need for the law to provide for 
compensation for those who may suffer damage 
following the administration of a vaccine. The 
Consult pointed out that the opposition to vac-

cinations is based on theories not supported by 
scientific evidence: science agrees in supporting 
the need for vaccines to protect individuals and 
society as a whole, from the spread of serious 
diseases.

Therefore, the problems emerging in facing 
difficult choices are increasing, especially with 
regard to the will of the minor to consent or not to 
the treatment, given his/her right to be involved 
in the formation of the consent that authorizes the 
intervention, especially when risky and invasive.

Recently, it has been accepted that “the opin-
ion of the minor is taken into consideration as an 
increasingly determining factor, depending on his 
age and his degree of maturity” (art. 6 of the 
Oviedo Convention) and similar principles are 
contained in the Code of Medical Ethics and in 
the Code of Ethics for Nurses (2019), in mind of 
which “The nurse, taking into account the age 
and of the degree of maturity found, endeavors to 
ensure that the minor’s opinion is duly taken into 
consideration with respect to curative, welfare 
and experimental choices, in order to allow him to 
express his will. The nurse, when the minor con-
sciously opposes the choice of care, takes steps to 
overcome the conflict.” (Article 23, Will of the 
minor). The need to involve the minor capable of 
discernment in the process that leads to the mani-
festation of consent by the representative is a fact 
by now acquired in living law, not only in Italy.

However, the legal texts lack a general rule 
that establishes the level of self-determination 
due to minors with particular regard to the free-
dom to manage their own bodies.

As long as the minor is considered a subject 
devoid of discernment, his opinion is irrelevant, 
while starting from the moment he is capable, he 
must first of all be listened to to understand his 
psychological conditions and provide him with 
the necessary information.

The capacity for discernment is not linked to a 
specific age, but differs from person to person: it 
is described as the capacity of one who is able to 
understand the meaning of his actions.

Health treatment cannot be imposed on a per-
son with the capacity of discernment who con-
sciously opposes it, thus recognizing in the minor 
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a real power of veto, a right not to undergo any 
form of coercive execution on his body.

The decisions of the parents must be made 
with regard to the interests of the minor: they are 
therefore decisions that have a prognostic nature, 
inherent to issues of fundamental importance.

However, in Italy, many laws still entrust the 
choices exclusively to parents: just think of the 
legislation on organ and tissue removal and trans-
plants, in which the legislator has chosen to sub-
stitute the will of the parents for that of the minor. 
In the delicate choice regarding the removal of 
organs after death, even if more recent laws show 
small openings (for example, the Law 219/2005 
allows the child giving birth to arrange the dona-
tion of hematopoietic stem cells, placenta, and 
umbilical cord blood).

The discipline of informed consent and 
advance treatment provisions is finally clear, 
according to which “The informed consent to the 
health treatment of the minor is expressed or 
refused by the exercisers of parental responsibil-
ity or by the guardian, taking into account the will 
of the minor person, in relation to his age and 
degree of maturity, and having as its purpose the 
protection of the psycho-physical health and life 
of the minor in full respect of his or her dignity”.

A different issue is that of adequate informa-
tion, necessary for the minor to build up his own 
opinion, even in the case of the minor not yet capa-
ble of discernment. The duty to provide informa-
tion rests on parents, in the correct exercise of their 
responsibility, and on doctors as an ethical duty. 
We reiterate that the minor’s decision- making 
competence, correlated to his ability to discern, 
does not depend exclusively on the mere personal 
data, but on the degree of psychological maturity, 
understood as the ability to adequately understand 
the consequential effects of the choices made on 
the future life, with a sufficient sense of reality.

Health professionals are required to acquire 
specific skills and competences, given that as a 
patient, the child is not a “small adult”, but repre-
sents an “other world”, equally their training 
must also include skills related to his involve-
ment in the care, the relational aspects and the 
ability to put him at the center of the relationship, 
together with the parents.

17.3.4  The Clinical Ethics Committees

Professionals should be supported by committees 
“for ethics of care” or “for ethics in the clinic”, 
multidisciplinary and that in particularly com-
plex situations could support them in the difficult 
choices they are called to make.

It is true that the Decree of 8 February 2013 
states: “if not already attributed to specific bod-
ies, the ethics committees can carry out a consul-
tative function in relation to ethical issues 
connected with scientific welfare activities in 
order to protect and promote the values of the 
person; the ethics committees can also propose 
training initiatives for health professionals in 
relation to bioethical issues”, but it is true that 
they carry out almost exclusively evaluations for 
clinical pharmacological trials. Instead, clinical 
practice poses increasingly complex problems to 
healthcare professionals in the light of new tech-
nologies that open up new scenarios with the 
consequent questions; moreover, the increased 
awareness of citizens (patients and legal repre-
sentatives) with respect to the right to self- 
determination, to autonomy of choice, they may 
require different skills than those generally pro-
vided for in the ethics committees. Evaluations 
on pharmacological trials privilege the proce-
dural aspects and methodological rigor of the 
study designed by the researchers, while clinical 
ethics, on the other hand, focuses on the 
 individual and existential conditions of patients 
and on the care relationship. The ethics commit-
tees in the clinic must not overlap, replace, or 
interfere in the relationship between doctor, 
health team, and patient, but strengthen this rela-
tionship when, in the opinion of the doctor or at 
the request of the patient, it seems necessary to 
acquire further elements of evaluation and to 
broaden the horizons of dialogue. In such cases, 
the Clinical Ethics Committee can provide a 
non-binding opinion without taking away from 
the professionals the autonomy and decision-
making responsibility.

The painful pandemic experience highlighted 
that the Clinical Ethics Committees could have 
supported professionals at times when there were 
many people to be treated—especially in high- 
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intensity care settings—and the availability was 
not adequate, because they would have avoided 
exacerbating loneliness, of health workers in the 
face of dramatic decisions, which must not be 
based on abstract criteria considered objectively 
valid, but contextualized and individualized with 
respect to concrete cases, at the “sick bed”.

The ethical dilemma that arises when decid-
ing whether to “cure” or “take care” of a patient 
is faced almost daily in some clinical contexts 
and, in particular, in intensive care units, where, 
under normal conditions, we proceed on the 
basis of consolidated experience and accredited 
guidelines, in compliance with the provisions of 
the law 219/2017 on informed consent, advance 
treatment provisions, and shared care planning. 
Unfortunately, in a period in which a disease that 
is in some ways still unknown, sometimes serious 
and fatal, which simultaneously involves many 
people, has spread ubiquitously, professionals are 
forced to make decisions in a short time without 
the possibility of sharing choices. And they are 
answers to crucial questions: who to transfer to 
an intensive care unit to start intubation? Who 
should you suspend assisted ventilation for? How 
to distribute limited health resources equally? 
That similar problems could arise was an aware-
ness even previously: in our Polyclinic, years ago 
there was the birth of two Siamese twins, whose 
separation would have meant the certain death 
of one of the two, if not both. In order to decide 
which treatment path to take (invasive surgical or 
accompanying palliative), several interdisciplin-
ary consultations were carried out, the opinion of 
the University Bioethics Committee was sought 
and the Cardinal was involved. Instead of provid-
ing extemporaneously, it is believed, at present, 
to have to provide for a stable body, which can be 
used in case of need.

17.4  Conclusions

Recently, the National Agency for Regional 
Health Services, indicated how to organize vari-
ous services, especially territorial, stressing the 
importance of interaction and integration between 
hospital and territory.

There are very important services for the 
developmental age, just think of those for mental 
health, for pathological addictions, in particular 
for child neuropsychiatry and adolescence that 
are part of the integrated network for mental 
health present in all Local Health Authorities. 
This area is one of the most complex because its 
pursuit requires a close integration of the health 
system with social services, the relational net-
work of the person concerned and society, as well 
as extensive coordination between the network of 
related health services to the integrated network 
for mental health, having to value various dimen-
sions at the same time: general, personal, proxi-
mal, and primary in the basic levels, the specialist 
and departmental dimensions in the higher levels. 
Equally for the services dedicated to the health of 
women and children, with counseling activities 
and in-hospital and inter-service care paths. The 
declinations formulated repeatedly in the last 18 
months, also in the light of the lessons learned 
from the COVID-19 pandemic, lead to the con-
clusion that there is still a long way to go, but that 
by innovating and dedicating resources to 
research, even organizational, it is possible to 
maintain and enhance an effective health care, 
still sustainable, equitable, and provided by a 
public National Health Service—capable of com-
municating with the private sector—and 
universalistic.

17.5  Frail Children—Specific 
Considerations

Any kind of hospital admission involves risk to 
this vulnerable population once it is a break 
from home routine medication and medical 
care, exposure to the hospital environment, 
rotating providers not familiarized with the 
patient and generation of stress and anxiety [2, 
3]. Frail children are at higher risk for prolonged 
length of stay compared to the general popula-
tion, as they have more postoperative complica-
tions such as slow return of bowel function, 
hemodynamic instability, and respiratory insuf-
ficiency. Also they have higher rates of readmis-
sions, medical errors, as well as in-hospital 
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mortality [2, 3]. Heterogeneity among this pop-
ulation, specific medication requirements, dif-
ferent anatomy or physiology, uncertainty about 
the best treatment protocol for the underlying 
conditions, and developmental needs can make 
perioperative management challenging. 
Anatomic abnormalities such as micrognathia, 
muscular contractures, excessive adipose tissue 
can make common procedures difficult (airway 
management, vascular access, positioning of the 
patient, etc). Previous surgery history is associ-
ated with postoperative adhesions which can 
hamper surgical approach. Malnutrition can 
delay wound healing. Past hospital admissions 
and infectious disease history increases the risk 
for antimicrobial resistance raising concerns on 
deciding prophylactic antibiotics and dealing 
with possible postoperative infection. Baseline 
organ dysfunction can require modifications in 
treatment algorithms as the threshold for start-
ing treatment may be lower. Developmental or 
behavioral disabilities can make communicating 
pain and other symptoms difficult [2]. Familiar 
socioeconomical insufficiencies may hamper 
the best clinical contacts and treatment adher-
ence. There will be frail children that, due to 
their physical or clinical condition, do not 
arouse compassion. Eventually we come across 
the ethical question that some of these patients 
require a lot more of us than we could possibly 
give in return, either emotionally, materialisti-
cally, and professionally.

17.6  Operational Improvement

The spectrum of frailty in children extends 
through all ages, originating from congenital and 
acquired conditions, with a range of static, poten-
tially resolving, and progressive declining trajec-
tories. Such heterogeneity presents challenges 
for categorization, prediction modeling, research, 
bedside care, and support of families. 
Nonetheless, we intend to establish some strate-
gies in pre-operative evaluation, coordination of 
care, post-operative planning, and expectation to 
respond to these special needs children.

17.6.1  Referencing 
and Multidisciplinary Team

First of all, frail children should receive surgical 
care at institutions that offer multidisciplinary, 
pediatric-centered care, involving Pediatric 
Surgery, Pediatrics, Pediatric Anesthesiology, 
Physiatry, Psychology and Social Service, mak-
ing an extensive preoperative planning possible. 
The team should be trained for complex special 
health care, meaning they should have experi-
enced specialists, continuing education of health-
care providers, and guidelines for the management 
of these children [4]. It is essential that effective 
communication exists between all involved spe-
cialists of the team in order to have an organized, 
high-quality plan that fulfills the child’s needs. It 
is useful to have a central practitioner coordinat-
ing care, which is usually the child’s general 
pediatrician or family physician. The role would 
be to make the bond between every specialist and 
also the family, providing organized and updated 
data [5]. When there is a planned surgery, the 
involved in-hospital specialists should stay 
informed of each other’s plans.

Families or primary care providers always 
play an important role as they can provide invalu-
able patient-specific details, including health 
summaries, interpretation of the symptoms, rare 
disease-specific expertise. Specialists and gener-
alists must always involve families in decision- 
making, preoperative planning, and postoperative 
management, and should be educated on success-
ful means of interaction and communication.

17.6.2  Surgical Indication 
and Conservatism

The principles upon which medical decisions are 
made for frail children are the same as for any 
other child: autonomy, beneficence justice, non- 
maleficence, veracity, and fidelity [6]. Toward a 
potentially surgical problem, the decision mak-
ing is not always easy and should be part of a 
multidisciplinary consensus. Discussions can be 
improved by engaging the family and the primary 
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care team as shared decision-making promotes 
co-operation, with ultimate goals of improved 
health and satisfaction [7]. When cognitively 
competent, children should also be involved in 
decisions about their care, on the basis of devel-
opmental age. This can help them understand the 
condition and treatments, reduce fear, enhance 
self-confidence and acceptance, and improve col-
laboration with treatment decisions [6].

Nevertheless, a surgical procedure is a physi-
cal aggression, and it is well known that frail 
children have increased risk of prolonged length 
of stay due to pre-procedural optimization, over-
night respiratory optimization, general uncer-
tainty of response to procedural stress, and 
possible postoperative complications. There is 
also a higher rate of medical errors and even in- 
hospital death. The anxiety around the surgery 
and the disruption it causes to the family dynam-
ics is also important to take into account. Surgical 
indication should be a decision made after care-
ful consideration of risks and benefits, keeping in 
mind that good outcomes likely reflect a conser-
vative approach [1]. The surgeon must consider 
the natural history, the risks of surgery for mor-
tality and morbidity, namely, postoperative com-
plications, and decide if there is an absolute need 
to perform surgery or if the child would be able to 
have an acceptable quality of life with conserva-
tive treatment.

For hopelessly ill children, or who have a pro-
gressive degenerative neurologic disease, it is 
important to understand what are the parents’ 
expectations and determine precociously if par-
ents want care to be limited. Patients in palliative 
care may obviously benefit from surgical proce-
dures as long as it is to provide relief and/or pre-
vention of pain and discomfort. If parents request 
do not resuscitate (DNR) status for their child, it 
should be documented in the medical record for 
clarity and legal protection of the team. This does 
not mean they are not eligible for surgical proce-
dures. Some patients with DNR status may have 
significant benefit with a surgical intervention, 
even though the procedure may not change the 
natural history of the underlying disease. The sur-
geon plays an important role to discern if the pro-

cedure is important or a futility for the purpose of 
prolonging life. If there is a disagreement 
between parents and physicians’ decision, a sec-
ond opinion from another specialist is recom-
mended [8].

17.6.3  Day-Case Surgery and Early 
Discharge

The longer the length of hospital stay, the higher 
the risk of nosocomial infections, medical errors, 
stress, and anxiety. There should always be an 
attempt to keep the admission as soon as possi-
ble. Therefore whenever it is feasible, the proce-
dure should be on a day-case basis. This will only 
be possible if the underlying condition is stabi-
lized, time of surgery is not very long (<120 min), 
postoperative pain can presumably be controlled 
(regional anesthesia, use of minimally invasive 
techniques), and there is no high risk of post- 
operative bleeding or alimentary intolerance [9].

When the procedure is not suitable for a day- 
case surgery, efforts should be made to reduce the 
length of stay as much as possible. Enhanced 
recovery after surgery (ERAS) has been a hot 
theme for adult surgeons lately, as it have been 
found to decrease hospital length of stay and 
complications in diverse adult surgical popula-
tions. These interventions theoretically maintain 
physiological homeostasis and minimize surgical 
stress, thus facilitating a quicker return to 
 baseline. There is a paucity of literature assessing 
enhanced recovery protocols in the pediatric pop-
ulation, let alone in frail children, although there 
have been numerous pediatric studies demon-
strating improved outcomes with isolated ele-
ments of ERAS (perioperative counseling, 
limited perioperative fasting, non-routine bowel 
preparation, antibiotic prophylaxis, use of short- 
acting anesthetics, epidural anesthesia/analgesia, 
limited use of narcotics, nausea and vomiting 
prophylaxis, early enteral intake and mobiliza-
tion, and nonroutine use of surgical drains and 
tubes) [10]. Some of them have included frail 
children as oncologic patients and transplant 
recipients [11]. The creation of ERAS protocols 
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in these populations must be an area of research 
as it seems to have a lot of potential in minimiz-
ing stress, complications, and length of stay. In 
fact, some elements of ERAS will be mentioned 
beneath as strategies for operational improve-
ment, such as perioperative counseling, mini-
mally invasive techniques, avoiding prolonged 
fasting, and postoperative pain management.

17.6.4  Pre-operative Planning

17.6.4.1  Patient and Family 
Preparation

The preoperative evaluation of frail children 
should comprehend common concerns that may 
impact perioperative decision-making. The sur-
geon must anticipate the unique intraoperative 
and postoperative potential challenges.

Preparing the child and family to face the sur-
gery is important on a basis of good communica-
tion methods and promptness to answer doubts 
and questions. Adaptation to the hospital envi-
ronment is a basic condition for a smooth 
uneventful stay. Some non-pharmacological 
adjuvant interventions proved to have a positive 
role on pediatric patients’ outcomes, such as hos-
pital decorations, facilities to play, and participa-
tion in team games, miniature cars for children to 
play with while waiting for surgery and to drive 
them to the operating room (OR). The presence 
of hospital clowns help in reducing stress and 
anxiety in children during medical procedures, 
induction of anesthesia, and as part of routine 
care. It might contribute to improve the psycho-
logical well-being and emotional responses in 
frail children and adolescents [12]. Also, while 
contributing to reduce parents’ stress and anxiety, 
they can contribute for their respite by providing 
some distraction and entertainment for their 
child. Music has also potential in reducing pain, 
anxiety, and distress in children undergoing sur-
gery [13]. If possible, it brings calmness to the 
child to make a preparation visit to the actual OR 
where all the stages of surgery are explained. 
Right before surgery, the presence of parents pro-
vides comfort and assurance.

For hopelessly ill children with a DNR order, 
after a decision to undergo surgery, the team 
should always have a discussion with the family 
on their options. Cardiopulmonary resuscitation 
in the OR carries a much better medical progno-
sis than when performed in other hospital sce-
narios (around 50–80% of patients resuscitated in 
the OR return to their former level of function-
ing). At the OR, the event is always witnessed 
allowing rapid and effective intervention. Also, 
the adjacent cause is usually known, often revers-
ible effects of anesthesia or hemorrhage and not 
usually due to the patient’s underlying disease. 
So the family should decide whether to suspend 
the DNR order during surgery and the periopera-
tive period, keeping the original DNR order, or 
modifying the DNR order [8].

17.6.4.2  Medical Optimization
Whenever possible, frail children should be 
brought to their individual optimum level of 
health before undergoing a surgical procedure. 
Malnourished children (or at risk of malnourish-
ment) should have a nutrition plan prior to sur-
gery, either by optimizing oral intakes or by tube 
feedings. Prolonged fasting should be avoided so 
clear liquids should be emphasized until 1–2  h 
before surgery. Although with some limitations, 
serum albumin is generally considered a useful 
index of nutritional status and the target serum 
level should be 4 g/dL [14]. Dehydration is com-
mon and frequently underdiagnosed in 
 malnourished children who are affected by sev-
eral kinds of disability, so it should be considered 
and treated before surgery [15]. Children with 
chronic disorders or renal disease often have asso-
ciated anemia with usual hemoglobin concentra-
tions of 6–9 g/dL. Target preoperative hemoglobin 
values should be individualized to the type of pro-
cedure planned and pointed after a discussion 
with the anesthesiologist. Coagulopathies and 
electrolyte imbalances must be corrected before 
surgery. Patients receiving corticosteroids for 
extended periods may not be able to support a 
natural stress response because of chronic sup-
pression of the hypothalamic–pituitary–adrenal 
axis, so they should receive perioperative supple-
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mentation. Patients taking antihypertensive drugs 
should not suspend it but must be closely moni-
tored for intraoperative hypotension. Other drugs 
that should be continued in the perioperative 
period include antiepileptics, drugs for asthma, 
and immunosuppressants. Drugs that should be 
discontinued before surgery include anticoagu-
lants, anti-thrombotic, nonsteroidal anti- 
inflammatory drugs, and diuretics. Patients with 
chronic lung disease should be preoperatively 
asymptomatic and for that pharmacologic, envi-
ronmental, or dietary control may be necessary. 
Medications should not be suspended during peri-
operative period. In some difficult cases, such as 
in cystic fibrosis the pneumologist’s cooperation 
is essential to optimize the patient before surgery 
to minimize the surgical risk. In patients with 
chronic kidney disease, renal function and elec-
trolyte monitoring is important in the preoperative 
period, and any acid–base imbalances and elec-
trolyte disturbances must be corrected. Careful 
attention must be paid to the patient’s intake and 
output. The fasting period should not be pro-
longed before surgery because they can become 
dehydrated quickly. In such patients, securing 
peripheral intravenous access is always sensible, 
even before surgery. When prescribing drugs that 
are metabolized and excreted by the kidney, mon-
itoring of serum drug levels is essential. In patients 
with chronic liver disease, edema or ascites should 
be treated preoperatively with diuretics and 
sodium-restricted diet. Liver enzyme levels and 
coagulation should be accessed before surgery. If 
coagulopathy is present, vitamin K and fresh fro-
zen plasma should be ensured in the preoperative 
period as well as during surgery. When prescrib-
ing drugs that are metabolized and excreted by the 
liver, monitoring of serum drug levels is essential. 
Patients with neurological disease and seizure dis-
order are often considered at high risk of seizures 
occurring during or shortly after the procedure. 
There should be an appropriate plan for continued 
use of antiepileptic drugs throughout pre and 
immediate postoperative periods. In patients with 
obesity, measures should be taken to prevent 
deep-vein thrombosis and pulmonary embolism, 
such as postoperative enoxaparin, elastic com-

pression stockings, and/or intermittent compres-
sion devices. Also, additional measures to prevent 
surgical site infection should be considered.

17.6.4.3  Anesthesia Plan
Frail children should always have an observation 
by an anesthesiology specialist prior to an elec-
tive surgery. The pediatric surgeon must commu-
nicate to the pediatric anesthesiologist the 
surgical plan so that together they can anticipate 
problems or concerns, especially for complex or 
uncommon procedures. The anesthesia team 
should be aware if the patient has a history of 
complications with anesthetics, malignant hyper-
thermia, coagulation disorders, or if the patient 
has symptoms of an upper respiratory tract ill-
ness that increases the risk of postintubation 
laryngotracheal edema. Preoperatively, the anes-
thesia team must have a plan, according to the 
surgical intervention, for postoperative pain con-
trol as caudal injection, epidural catheter inser-
tion, or peripheral nerve block.

17.6.5  The Surgery

17.6.5.1  Positioning and Surgical 
Approach

Planning a surgical approach anticipatedly is very 
important considering these patients may have 
altered anatomy or surgical implanted devices 
that restrict standard surgical steps. In patients 
with neurological or neuromuscular diseases, the 
body habitus may hamper surgical positioning 
and access. For instance, in a patient with severe 
lower extremity contractures, a laparoscopic 
operation may not be feasible if there is no ade-
quate extracorporeal clearance of laparoscopic 
instrumentation, unless there is an alternative for 
port sites position. Surgical implanted devices 
such as ventriculoperitoneal shunts or venous 
catheters, digestive or urinary stomas, previous 
scars may limit surgical approach like surgical 
incision site. Every detail must be considered 
when deciding what technique to perform, if any 
modification will be required, and what to do in 
case of a difficulty or complication.
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17.6.5.2  Minimally Invasive Surgery 
(MIS)

Minimally invasive surgery revolutionized pedi-
atric surgery since it has been proven to be feasi-
ble in a great proportion of pediatric surgery 
procedures. Advantages of minimally invasive 
surgery are unquestionable and well known 
throughout the fields of abdominal, thoracic, and 
urologic conditions. Of interest in this popula-
tion, MIS is associated with decreased risk of 
infection, decreased recovery time and length of 
stay, greater surgical visualization and precision 
[16]. If surgery is inevitably a physical aggres-
sion, MIS tends to minimize it, as it is possible to 
make smaller incisions and limited mobilization 
of structures when trying to achieve an adequate 
exposure. Greater visualization, magnification, 
and precision might prove to be an advantage in 
children who have altered anatomy. MIS should 
always be considered a first-line approach after 
disclosing any kind of cardiopulmonary 
contra-indication.

17.6.5.3  Preoperative Simulation
Whenever there is a high-complexity surgical 
case, experience and competency are expected of 
the team. In pediatric surgery and specifically in 
frail children, there are some conditions that are 
rare, and the team will not have experienced sig-
nificant case volume. Even if there is consider-
able volume of similar cases, each case might 
have particularities in this population. Frail chil-
dren will be frequently complex cases on their 
altered anatomy and physiology, increased risk of 
complications, and less tolerability to minor 
errors and distractions. That is why preoperative 
simulation can improve safety and effectiveness 
of surgical procedures. Significant advances in 
diagnostic imaging modalities and image pro-
cessing software enable surgeons to obtain 
detailed anatomical information preoperatively 
for each patient and incorporate this data in surgi-
cal simulation. A surgical simulator based on 
radiological images from an individual patient 
using three-dimensional visualization techniques 

may greatly assist surgeons to preoperatively 
rehearse an operation and facilitate sharing of 
information among the operative team [17, 18]. 
Surgeons should have the means to achieve the 
best preparation they possibly may have and we 
must always offer the best of our knowledge and 
competence to treat a child.

17.6.6  Postoperative Management

Together with the anesthesia team, a plan must be 
accomplished to minimize postoperative pain 
and analgesics requirement, which can involve 
epidural anesthesia/analgesia or a peripheral 
nerve block. These can be performed prior or 
immediately after surgery. Nausea and vomits 
prophylaxis should also be considered according 
to each surgical procedure and in high-risk 
patients. Oral/enteral feedings and physical 
mobilization should be started as early as possi-
ble. Tubes and catheters should be avoided or 
removed precociously. Every effort should be 
made so the child can have a safe and early dis-
charge. Family support should be guaranteed 
during the admission and after discharge, 
 reassuring they will have response to all of their 
concerns.

17.7  Conclusion

Optimal treatment for frail children may be chal-
lenging and requires an experienced pediatric- 
centered multidisciplinary team. The surgeon, 
together with the rest of the team and family, 
must bear in mind associated disorders, possible 
altered anatomy and physiology, and potential 
complications that may occur. Whenever there is 
a potentially surgical condition, the surgical indi-
cation must be analyzed considering risks and 
benefits. After the decision has been made, the 
team should carefully plan the procedure and 
implement individual pre-, peri-, and postopera-
tive care for the child’s best interest.
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18Transitional Medicine, 
from Childhood to Adulthood

Andrea Pession

18.1  Definitions of Health Care 
Transition

Several definitions exist to describe Health care 
transition (HCT). In its simplest term, the transi-
tion is defined as “the planned process of chroni-
cally ill adolescents from a child-centred to an 
adult-centred system of care” [1]. In a more 
detailed way, we could also define HCT as “a pur-
poseful, planned process that addresses the medi-
cal, psychosocial, educational, and vocational 
needs of adolescents and young adults with chronic 
medical conditions, as they advance from a paedi-
atric and family-centred to an adult, individually 
focused health care provider” [2], but for us, HCT 
is “the process of moving from a child/family-cen-
tred model of health care to an adult/patient-cen-
tred model of health care, with or without 
transferring to a new clinician.”

Concerning the apparent contradiction of 
being able to carry out the HCT process without 
changing the reference clinic, this fact can be 
explained not so much by the existence of dedi-
cated services capable of taking care of a specific 
pathology in all phases of life, but rather by the 
possibility that some pathological fragility condi-

tions occur after the age of 10, that is, in an ado-
lescent age group that can be taken care of by 
services dedicated to adult medicine. The latter, 
however, should not underestimate the need to 
structure HCT courses for the population thus 
taken care of.

It is clear, that even a healthy child would have 
the right to transition to adult medicine in a grad-
ual and planned way, but this aspect is beyond the 
scope of this volume dedicated to frailty and 
therefore to HCT in the strict sense. However, it 
is essential to emphasize, especially here, that at 
present, transitional medicine still deals almost 
exclusively with the transition to adult medicine 
of a paediatric subject (10–18  years) suffering 
from a chronic disease and/or the long-term side 
effects of the treatment received for that disease.

I therefore feel it is useful to draw the reader’s 
attention, first of all, to the subject of adoles-
cence, since it is the lack of knowledge of the 
peculiarities of this complex age which causes 
the greatest difficulties in planning and realizing 
the transition.

18.2  Adolescence

Adolescence can be defined as the ‘transition 
phase between childhood and adulthood’. This 
definition could be reductive if one considers that 
adolescence is a rather long and important period 
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of life consisting of complex and specific dynam-
ics with important physical and psychological 
changes that can be at the basis of organic and 
behavioural pathologies. It is not necessarily a 
‘difficult’ period of life, but it certainly requires 
special attention, bringing into play elements that 
may affect the future development of the young 
person. It is recognized that many of the biologi-
cal and neuropsychological characteristics of 
adolescents, as well as their main causes of 
 morbidity and mortality, have their specificities, 
which differentiate them from both childhood 
and adult life [3, 4].

The many physical, sexual, cognitive, social, 
and emotional changes that occur during adoles-
cence determine a profound reshaping of the 
boy’s identity. These changes are rapid and often 
radical: the boy finds himself unconsciously 
passing, most of the time in an inadequate way, 
from a carefree phase, such as the childhood 
period, to a phase of growing uncertainties from 
which worries arise. So, we can say that adoles-
cence is that phase of life during which the indi-
vidual begins to acquire the skills and 
requirements necessary to assume the responsi-
bilities typical of adulthood. In the process of 
transitioning to adulthood under normal health 
conditions, biological, psychological, and social 
factors come into play and interact with each 
other.

Classically, adolescence is the age between 10 
and 18 years, although the American Society of 
Adolescent Medicine identifies the upper limit at 
21  years … and beyond! This extension of the 
upper limit is because today’s youth, due to a 
variety of social changes over time, require more 
time to educate themselves, access the world of 
work, and achieve economic independence later, 
as well as the responsibilities and roles of adult 
social life, such as marriage and parenthood.

Adolescence is generally divided into three 
phases
 – Early adolescence (10–12  years). It is the 

phase characterized by rapid somatic growth 
and the beginning of pubertal development. 
Group life and the search for greater indepen-
dence within the family begin. On a cognitive 

level, the capacity for abstraction and depth of 
thought increase, and on a behavioural level, 
the search for one’s own identity 
predominates.

 – Second adolescence (13–15  years). In this 
phase, somatic and pubertal development is 
completed. Group life is consolidated and risk 
behaviour begins (alcohol, smoking, early 
sex, eating disorders). There are the first sex-
ual relationships, often with unstable partners. 
On a cognitive level, there is a greater defini-
tion of one’s goals, and contrasts with the 
adult world begin.

 – Third adolescence (16–18  years). At this 
stage, concerns about social inclusion and 
economic independence begin. Risk behav-
iours are reduced and couple ties become 
more stable. More mature and responsible 
behaviour is accompanied by a resumption of 
dialogue with the family.

We can consider adolescence as a change that 
can be considered a real rebirth, in which the 
individual is completely renewed in appearance 
and personality, with changes so rapid that it 
often makes it difficult to understand them, espe-
cially for educators distracted by the rhythms of 
life and values that in many societies of industri-
alized countries do not allow sufficiently dedi-
cated parenting.

Physical change begins at a varying age, usu-
ally earlier for females (11–13  years) and later 
for males (12–14  years), and continues until 
reaching adulthood, that is, until about age 21. 
Full brain maturation occurs even later, complet-
ing at the age of 24. From the biological point of 
view, some processes—hormonal, metabolic, 
and neuronal—are typical of this time window 
and cannot be properly associated either with 
childhood or adulthood. The body changes 
quickly and in a disharmonious way, the adoles-
cent sees his stature grow and increase. His phy-
sique matures, with the development of secondary 
sexual characteristics: there is an increase in the 
odour of body secretions, the oiliness of skin and 
hair, and the appearance of acne. It is clear, there-
fore, that this period presents complex dynamics 
and requires multidisciplinary attention. It goes 
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towards a full somatic maturation and completion 
of sexual development. The adolescent is aware 
of this, of the progressive independence imple-
mented primarily with the detachment from 
parental figures, as well as the search for his own 
identity and self-esteem, in relation to new guid-
ing figures. As far as cognitive development is 
concerned, the adolescent reaches the operant- 
formal stage, can systematically organize knowl-
edge and thinks in hypothetical-deductive terms, 
acquiring the ability to formulate abstract 
thought. With a new self-awareness, the adoles-
cent is no longer intent on understanding the 
rules to accept them, but wants to understand, to 
know, to affirm his precise identity in the group 
as well as in society. It is the era of experimenta-
tion with one’s own body: clothing, haircuts, tat-
toos, piercings. A recent survey shows that 
adolescents face their sexual life knowing the 
risks of HIV, but not of other sexually transmitted 
infections; they hardly orient themselves through 
a multitude of information, sometimes erroneous, 
and rarely practice contraception correctly. 
Changes from the physical sphere explode and 
involve the sphere of instincts and emotions, 
which are perceived more intensely, but con-
fusedly. Adolescents are poised between the need 
for independence and the lack of autonomy, they 
are conceited and shy, selfish and generous at the 
same time, they enjoy going against traditions, 
they can’t stand constraints, they demand their 
independence, they defend their ideas, the more 
vigorously they are hindered by parental author-
ity. The adolescent is in an unstable mood, may 
have moments of verbal or physical rebellion and 
then suddenly turn in on himself, to the point of 
isolation. He may take extreme positions with the 
use of smoking, alcohol, and drugs and may man-
ifest mood disorders, aggression towards his 
body, and eating disorders. All this generates 
confusion and bewilderment in those around 
him: the parents, astonished spectators of this 
metamorphosis, do not recognize in this “strange 
and alien” boy, the son who was until that 
moment. Being a parent of an adolescent imposes 
the fundamental task of reassuring, welcoming, 
understanding, transmitting trust and security, 
being ready to listen “on demand”, to “walk 

beside”, and to dialogue when possible. 
Adolescents, in fact, still need more and more to 
be recognized, to enjoy their rightful freedom, 
but also to have precise boundaries within which 
to stay and feel protected. In any case, everyone 
will have his or her personal path, but after a vari-
able period, the unstable attitude of the adoles-
cent will give way to the attainment of a 
maturation stage typical of the adult, in which the 
subject is capable of taking care of himself or 
herself in daily life and assumes an independent 
and responsible role in society. Finally, adoles-
cents cannot be lumped together in terms of diag-
nosis, therapy, and need for psychological 
support with any of the other ages of life and, 
therefore, constitute a specific management dif-
ficulty. It is inferred, moreover, precisely because 
of the completion of pubertal development and, 
therefore, of sexual differentiation, that the 
approach to gender medicine begins in adoles-
cence. Associated with this is the phenomenon, 
already described, of experimentation and identi-
fication with new figures, a phenomenon that can 
complicate the management of a cure where a 
chronic condition is present. All these aspects are 
further complicated by the process of acceptance 
of one’s body image and the exercise of sexuality, 
with possible concerns about future fertility. 
Adolescence, therefore, carries within itself the 
germ of physical and psychological change, with 
the search for new lifestyles in keeping with 
one’s identity. If we consider that lifestyle is the 
cornerstone of future health and impacts on treat-
ments in the presence of pathologies already 
established, we understand how, even in terms of 
prevention, this phase of life is associated with 
important health issues. Although there is the 
idea that the adolescent is a healthy individual, 
some studies have observed that about 20–25% 
of subjects may have medical problems, suggest-
ing that this age of life needs a path and/or dedi-
cated and specific knowledge (Adolescent 
medicine) [5].

Adolescents with a long-term illness generally 
experienced well-being like everyone else. Three 
themes were found to be important for feeling 
well: “a feeling of acceptance of illness/disability 
as a natural part of life,” “a feeling of support,” 
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and “a feeling of personal growth.” Adolescents 
with long-term illnesses or disabilities experi-
ence well-being when they are allowed to prepare 
to live a normal life with respect to their new 
value system that allows for their integration into 
society. In other words, even the normal canons 
of quality of life assessment must be re-evaluated 
specifically for different diseases and age groups. 
Health care providers, however, need to focus on 
the care of the young person rather than the 
illness.

Present-day society has produced changes in 
family living patterns and conditions, and this has 
resulted in new stressors and health problems. 
Most children and adolescents with chronic dis-
eases and disabilities, who were previously cared 
for at hospitals and institutions for long periods, 
are now integrated into society and they are 
expected to live a normal life in the conditions 
that currently prevail.

18.3  Health Care Transition

The issue of HCT is of absolute importance and 
topicality, because of its repercussions on the 
care plan. For this reason, it must be the object of 
careful reflection by paediatricians, who repre-
sent a fundamental component of the transition 
process. Paediatricians must deal with transition 
in a more conscious and effective way because 
some studies have shown that an inadequate tran-
sition process for adolescents affected by chronic 
diseases is associated with a worsening of their 
health status.

The goal of HCT is twofold, namely: (1) to 
ensure an organized process in paediatric and 
adult health care practices to facilitate transition 
preparation, transfer of care, and integration into 
adult-centred health care; and (2) to improve the 
ability of youth and young adults with and with-
out special health care needs to manage their 
health care and effectively use health services.

It is clear, as explained in the second objec-
tive, that even a healthy child would have the 
right to transition to adult medicine in a gradual 
and planned way, but this aspect is beyond the 

scope of this volume dedicated to frailty and 
therefore to HCT in the strict sense.

The number of young people with long-term 
illnesses/disabilities has increased worldwide 
during the last decades. There is a lack of studies 
relating to the way young people regard their 
daily lives and factors that are important for their 
well-being. Improvements in chronic disease 
management have led to increasing numbers of 
fragile youth transitioning to adult healthcare. 
Poor transition can lead to high risks of morbidity 
and mortality for these citizens. For the child 
with a chronic or rare disease, who needs con-
tinuous care for his frailty, it is particularly deli-
cate, the transition from paediatric care to those 
of the general practitioner and the specialist of 
the hospital centre of reference for adults, in a 
period of life already affected by risk behaviours 
typical of adolescence. Some international stud-
ies document that in this phase is higher the risk 
that children “get lost”, abandon treatments, and 
do not undergo periodic check-ups, with the real 
danger of facing long-term complications and 
increased mortality [6–8]. Hence the growing 
attention of the medical and scientific community 
to the so-called “transition” of adolescents suffer-
ing from chronic diseases from a child-centred 
care system to an adult-oriented one. Transition 
is intended to prevent the loss of these patients to 
follow-up, which is frequently reported during 
this period, as well as ensure the autonomy of 
care. Unfortunately, in the current state of the art, 
the process is usually not well coordinated and is 
still too little widespread and standardized. 
Typically, a formalized transition programme is 
often associated with significantly lower pre- 
transition anxiety and greater post-transition 
satisfaction.

The process of health care transition (HCT) 
includes initial planning, the transfer itself, and 
the support provided during adulthood. The cru-
cial steps to be taken for this type of medical 
practice are shown in Table 18.1. The steps shown 
in Table 18.1 are in part those proposed by The 
American Academy of Pediatrics and American 
Society of Internal Medicine consensus [9] modi-
fied according to the author’s experience and 
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supplemented with specific comments deduced 
from the literature in the field.

To facilitate the implementation of HCT 
Programmes, Got Transition’s Six Core Elements 
of Health Care Transition™ 3.0 is the widely 
adopted approach called for in the 2018 Clinical 
Report on Health Care Transition from the 
American Academy of Pediatrics, the American 
Academy of Family Physicians, and the American 
College of Physicians. The Six Core Elements 
considered define the basic components of a 
structured transition process and include custom-
izable sample tools for each core element. The 
Six Core Elements are tailored to the type of 
practice facilitating the health care transition and 
are presented in three distinct packages [10].

A recent review strengthens the evidence that 
a structured HCT process for youth with special 
health care needs can show improvements in 
adherence to care, disease-specific measures, 
quality of life, self-care skills, satisfaction with 
care, health care utilization, and HCT process of 
care [11].

Currently, most countries have no guidelines 
on health care transition based on systematic evi-
dence research and the process is primarily orga-
nized in  local settings, partly based on 
disease-specific guidelines.

The existing guidelines have important limita-
tions. Most of the actual recommendations for 
the HCT of young people are disease-specific, 
but not evidence-based, and are conducted on 
many chronic diseases, conditions, and intellec-
tual and developmental disabilities, including 
HIV/AIDS [12, 13], type 1 diabetes [14], sickle 
cell disease [15], chronic kidney disease [16], 
autism spectrum disorder [17], and cancer [18], 
among others less relevant.

Only a few high-quality studies, i.e. RCTs, are 
available on HCT [19, 20], so evidence-based 
statements are possible for some, but not all, 
areas. Moreover, only three adult patient repre-
sentatives and no adolescents/young adults them-
selves were involved in the Delphi consensus 
process. This could have strengthened the quality 
of the guidelines, especially in terms of their 
applicability and transferability.

Table 18.1 Steps in the transition from child-oriented to 
adult-oriented healthcare

Step Comment
1. Identify a healthcare 

professional who 
attends to the care 
coordination and future 
healthcare planning

Small group work is 
preferable

2. Identify the 
foundational 
knowledge and skills 
required to provide 
developmentally 
appropriate health 
transition services to 
the chronically ill 
patient with a specific 
disease

Disease-specific 
knowledge acquisition 
in transition curriculum 
does not necessarily 
correlate to task-
completion skills

3. Prepare a medical 
summary that provides 
the common 
knowledge base for 
collaboration among 
health care 
professionals engaged 
on both the paediatric 
and adult fronts

A formalized transition 
programme is often 
associated with 
significantly lower 
pre-transition anxiety 
and higher post- 
transition satisfaction

4. Establish a written 
health transition plan 
by age 14–16 
involving the youth 
and their caregivers 
and family in its 
development

Teams should partner 
with young adults to 
choose the right 
transition time 
considering that age at 
transfer initiation is not 
associated with 
satisfaction or perceived 
readiness to transfer

5. Try as much as possible 
to move along the same 
guidelines adopted by 
the primary and 
preventive care service 
for all adolescents and 
young adults

Evidence-based 
medicine is key to 
optimizing resource 
allocation

6. Plan periodic checks 
on the application of 
the agreed 
programmes, 
intervening on critical 
issues with appropriate 
corrective actions, 
with particular 
attention in the 
peri-transitional period

It is essential not to 
take for granted the 
success of the 
transition at the time of 
handover and 
appropriate to 
periodically monitor 
the cases entrusted to 
the adult specialist with 
whom a periodic 
epicritic evaluation is 
appropriate, especially 
concerning the 
resources dedicated
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Recently a National Institutes of Health 
Workshop titled Navigating Paediatric to Adult 
Health Care Transition has been published. The 
terms, criteria, standards, and actions to be taken 
for the planning of HCT are set in a kind of mile-
stone for the future [21].

Transition is too often treated as an event, 
instead of being viewed as a gradual process of 
empowerment of all parties, including the patient 
and his or her caregivers, involved in the various 
care settings. Regarding this point, it is clear that 
during and also following the transfer, therapeu-
tic education for the parents, as well as the young 
adults, requires reinforcement [22].

Risk and vulnerability encompass many 
dimensions of the transition from adolescence to 
adulthood, and the transition from paediatric, 
parent-supervised health care to more indepen-
dent, patient-centred adult health care is no 
exception. There is evidence for increases in 
emergency hospital visits when young people 
with life-limiting conditions transition to adult 
health care. These changes are not observed for 
comparator groups—young people with diabetes 
and young people with no known long-term con-
ditions, suggesting they are not due to other tran-
sitions happening at similar ages [23]. Special 
attention must therefore be paid to the most frag-
ile cases at risk of life-threatening critical 
episodes.

Recently, HCT has evolved from a focus on 
paediatric care responsibility to a shared respon-
sibility of paediatric and adult clinicians (physi-
cians, nurses, social workers, and other health 
care providers working together to provide 
patient care). The crucial role of adult care clini-
cians in accepting and collaborating with young 
adults is still not only an issue of dedicated 
resources, but rather a challenge of education and 
professional training. Indeed, young adults are 
increasingly recognized as a vulnerable popula-
tion not only in terms of their high rates of behav-
ioural health risks but also their susceptibility to 
the emergence or worsening of chronic health 
conditions and traditionally low health care 
utilization.

In addition, many young adults view health 
care as a low priority compared to other dimen-
sions of their adult transition (education, employ-
ment, housing, relationships, and recreation). 
Coordinated and dedicated HCT efforts are there-
fore needed to increase awareness among youth, 
young adults, and their families that health main-
tenance and continuity of care are central to 
achieving broader adult goals [24].

In conclusion, the transition from paediatric to 
adult health care represents a critical time in an 
adolescent’s developmental trajectory, regardless 
of background. For youth with chronic condi-
tions and/or developmental disabilities, this 
changeover can be even more critical with sig-
nificant and lifelong implications. Future efforts 
to improve available resources and provider pre-
paredness are and will be increasingly essential 
to meeting the unmet needs of frail patients.
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