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Preface

Goals of the Book

This book aims to provide concise and pragmatic guidelines to clinicians man-
aging patients with uncommon diseases at the bedside. After a brief introduction,
the book is divided into nine chapters including several questions. Each chapter is
related to either a specific organ (heart and vessels, lungs, nervous system, skin,
kidneys, liver) or a type of affection (infections, internal medicine diseases). The
authors received specific guidelines: short introduction focusing on epidemiology
and pathophysiology, detailed description of the diagnostic approach, and practical
management recommendations. Illustrations and algorithms are requested in order
to facilitate the understanding of the disease. A minimal number of references are
needed, including an exhaustive review published in a major journal, if available.

In the chapter related to the cardiovascular system, the readers will find articles
related to the Tako-Tsubo cardiomyopathy, Brugada syndrome, calcium channel
disorders, pulmonary hypertension, and pheochromocytoma. The chapter related
to infectious diseases includes descriptions of the Lemierre’s syndrome, rickett-
siosis, Strongyloides hyperinfection syndrome, dengue virus infection, and
Chikungunya virus infection. The chapters ‘‘respiratory diseases,’’ ‘‘renal dis-
ease,’’ and ‘‘liver system’’ detail the pulmonary fibrosis, Gitelman and Bartter
syndromes, and uncommon liver diseases. In the chapter on the nervous system,
the reader will find responses on myasthenia, amyotrophic lateral sclerosis, and
Parkinson disease. Immunological diseases, metabolic disease, and mitochondrial
affection are presented in a chapter entitled ‘‘internal medicine diseases.’’ In a
chapter related to the hematological system, the reader will find details about the
hemolytic anemia, retinoic acid syndrome, and thrombotic thrombocytopenic
purpura. The ‘‘skin diseases’’ chapter includes descriptions of the hereditary
angioedema and toxic epidermal necrolysis.
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Summary for Readers

Although uncommon diseases have a low prevalence in the general population,
they can affect a large number of patients admitted to intensive care units. An
uncommon disease can be diagnosed in the intensive care unit. Often, a compli-
cation of the disease by itself leads to the patient’s admission to intensive care unit.

This book does not aim to provide an exhaustive description of those diseases.
The goals were to focus on the major diseases that the intensivists can meet in their
clinical practice. The most relevant features for the management in intensive care
unit are reported.

The authors have promoted the practical characteristics of uncommon disease.
After a brief introduction on the epidemiology and pathophysiology of each dis-
ease, the authors emphasize the aspects related to diagnosis and treatment. In this
book, the residents and intensivists facing patients with uncommon diseases would
appreciate to find concise and pragmatic responses.
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Genetic Aspects of Uncommon Diseases

Julien Textoris and Marc Leone

Key Points

• Hereditary diseases represent 80 % of the rare diseases
• Hereditary diseases are the consequence of the pathological modification

of one or a few genes
• The diagnosis, which may be done before birth, is confirmed by the

identification of one or more mutations
• The knowledgebase ‘‘Orphanet’’ (http://www.orpha.net/) is the reference

website for updated informations on genetic and rare diseases.

Genetic diseases are those that are caused by the alteration of a gene. They
represent 80 % of so-called ‘‘rare diseases’’ (whose prevalence is less than one
case for 2,000 persons), or approximately 6,000 pathologies. Interestingly, the
prevalence of adult respiratory distress syndrome is estimated at 30/100,000. It
shows that the notion of disease rarity is relative when it comes to intensive care
medicine! Genetic diseases affect 1–2 % of births in the world, or approximately
10 million people in Europe. People suffering from genetic diseases are therefore
alone and isolated but, at the same time, they represent a large population. That
explains why these diseases are a real public health priority. Fortunately, not all
genetic diseases lead to intensive care unit. Aggressive medical management in the
intensive care unit is not always the only available solution and should in most
cases be considered in light of a multidisciplinary team and ethical approach.

Rare or orphan diseases have been acknowledged since the beginning of the
1980s. The United States provided a first definition in the Orphan Drug Act that
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passed in 1983: ‘‘Any disease affecting less than 200,000 people’’, which at the
time was equivalent to a prevalence of 7.5/10,000 in the United States. The
prevalence threshold is 4/10,000 in Japan. In France, it is 5/10,000. Various plans
to provide medical care for rare diseases have emerged in France. In 1992, a fast-
tracked procedure was implemented to allow orphan diseases drugs to be granted
marketing authorisation. In 1995, a commission for orphan drugs was established
and in 1997, Orphanet, a portal on rare diseases and orphan drugs, was set-up.
More recently, the National Plan on Rare Diseases (2005–2008) was launched to
‘‘ensure equity in the access to diagnosis, treatment and provision of care’’. The
plan led to the creation of centres of reference on rare diseases. To give a few
examples, in France, about 15,000 people suffer from sickle cell disease, 8,000
from amyotrophic lateral sclerosis, 6,000 from cystic fibrosis, 5,000 from Duch-
enne muscular dystrophy, 500 from leukodystrophy, while only a few cases of
progeria are reported. 65 % of rare diseases in France are serious and debilitating;
they have an early onset (appearing before the age of 2 in two cases out of five);
they cause chronic pain in one patient out of five; they lead to the occurrence of a
motor, sensory or intellectual deficit in half of the cases, and to a disability or loss
of autonomy in one case out of three. Overall, rare diseases are life-threatening in
half of the cases.

Physiopathology of Genetic Diseases

Genetic diseases result from a pathological change in one or several gene(s).
Among these are distinguished:

• Hereditary genetic diseases, transmitted to the offspring via the reproductive
cells, namely gametes.

• Multifactorial diseases, the majority of which are caused by multiple factors:
environment, lifestyle and type of food consumption, biological and genetic
factors. This is the case for cancers, for some types of cardiovascular diseases,
for neurodegenerative diseases, and for infectious diseases. The respective roles
played by the various factors in these diseases is highly variable. And so is the
degree of incidence of the mutated genes.

Among genetic diseases, a distinction can be made between those caused by the
mutation of a single gene and those resulting from the ‘‘accumulation’’ of multiple
genetic abnormalities. The first ones are called ‘‘monogenic’’ or ‘‘Mendelian’’
since their transmission pattern follows the laws discovered by Mendel. The
genetic diseases whose transmission is not Mendelian involve several genes, as
well as non-genetic factors. This is the case of mitochondrial diseases (mito-
chondria are elements present in the cells, intended to generate the necessary
energy for the cells), where the mutation affects the mitochondrial genome. Their
transmission is particular as only women can pass them on and because the

4 J. Textoris and M. Leone



mutated-gene expression is often mosaic. It is also the case of chromosomal
diseases linked to the absence of a chromosome or to its presence in excess (such
as Trisomy 21), or to abnormalities of the chromosome structure itself. Genetic
diseases are also classified according to the organs and physiological functions
they affect.

Finally, the penetrance of the disease is extremely variable, even within a
family, which often complicates diagnosis and prenatal counselling.

Diagnosis and Treatments

Today, a gene mutation associated with a multifactorial disease can be identified
through genetic testing.

However, given the many genes involved in these diseases, these tests do not so
much provide information to foresee the evolution of these pathologies, as they
provide information on the existence of a risk factor in a family’s genetic makeup.
However, the main benefit of genetic testing is to help formulate a diagnosis for
patients showing clinical signs. Erroneous clinical diagnoses can therefore be
definitely ruled out and those at risk can be screened.

Prenatal diagnosis is a genetic test performed on a fetus. It is a rare procedure,
only intended for parents who may transmit a severe, incurable hereditary disease
to their child. A prenatal diagnosis is proposed to families at risk following a
specialized consultation. In addition to providing information and assessing the
risk of a genetic disease, this consultation also allows the parents to benefit from a
suitable psychological support.

The acknowledgement of rare diseases being recent, the development of spe-
cific treatments has only been prioritised by public authorities in the last 20 years.
For the majority of the diseases, there is still no hope for a cure. Gene therapy is a
very promising perspective.

The principle of gene therapy is simple: the genome of a cell is corrected by
replacing a defaulting gene with its functional copy into the cell. Through this
technique, it is therefore possible to correct a defective function or to compensate
for a missing function in the target cell. The first significant success of this method
was obtained in 2000 by the team of Dr. Marina Cavazzana-Calvo and Pr Alain
Fischer, who succeeded in curing young children suffering from rare severe
combined immunodeficiency (SCID), through the introduction of a gene-drug in
their bone marrow cells.

Cell therapies use specific cells, administered to prevent, cure or mitigate a
disease. Some of them have already proven their worth: transfusion of red blood
cells and platelets to treat some types of blood diseases; skin graft for victims of
severe burns; transplantation of stem cells that can produce massive populations
of different cells and regenerate a damaged tissue; transplantation of insulin-
producing cells (the islets of Langherans) to treat insulin-dependent diabetes;
transfer of dendritic cells which induce and regulate an immune response when the

Genetic Aspects of Uncommon Diseases 5
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immune system no longer recognizes, and therefore no longer rejects, foreign
tumor cells; transfer of a certain type of liver cells, hepatocytes, which present a
selective advantage to repopulate and rebuild a damaged liver.

Protein replacement therapy consists in replacing a defective protein by a
recombinant protein. For example, in the case of Gaucher’s disease, characterized
by a deficiency in glucocerebrosidase, an enzyme whose recombinant form has
been developed and used to replace the missing enzyme.

Finally, one should also mention the classic approach based on drug adminis-
tration, which for example has been explored in the treatment of hereditary
tyrosinemia, a liver disease occurring in children under the age of one, which
results from the accumulation of metabolites causing oxidative damages to the
cell. The treatment of this disease is nowadays improved by the administration of
an inhibitor of the tyrosine metabolism.

Genetic Disease and Intensive Care

Given the large number of genetic disorders which can lead to intensive care
admission, we have opted to present in a table the Mendelian genetic diseases
whose prevalence range from 5 to 50/100,000 (in comparison, the prevalence of
pulmonary fibrosis is 7/100,000, that of familial forms of Parkinson’s disease is
15/100,000 and that of lupus is 50/100,000). All the information presented in the
table is drawn from the Orphanet website (http://www.orpha.net/), a world ref-
erence in the field of rare diseases. It has a good search engine, and for each
pathology it provides links to additional articles in French or English. Because the
diseases mentioned in this work are very rare, the information presented here is
likely to be obsolete by the time you read it. Therefore, it is advised to check the
Orphanet website, which is regularly updated. One can also find on that website a
document listing the centres of reference that are approved to provide medical care
for a specific rare disease or a group of rare diseases. (http://www.orpha.net/
orphacom/cahiers/docs/FR/Liste_des_centres_de_reference_labellises.pdf) This
information is essential in order to obtain expert advice and whenever possible, to
transfer the patients to these centres of reference (Table 1).
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Part II
Cardiovascular System



Takotsubo Syndrome

Aude Charvet

Key Points
Acute stress cardiomyopathy and differential diagnosis of acute coronary
syndrome, Takotsubo syndrome is rare.
Nevertheless, this pathology may necessitate cardiovascular resuscitation.

Introduction

Takotsubo syndrome, also known as transient apical ballooning syndrome of the
left ventricle, is a stress cardiomyopathy initially witnessed in Japan and increas-
ingly frequent amongst the Caucasian population [1]. It affects predominantly
female elderly patients and mirrors an acute coronary syndrome, most often stress
induced. Clinically, it presents itself as an acute haemodynamic failure associated
to thoracic pain, electrocardiogram anomalies, and a moderate increase of cardiac
enzymes, without significant lesions of coronary arteries. Diagnosis is supported by
the echocardiogram showing an apical systolic dilation of the left ventricle. The
development of this pathology has spontaneously favourable outcomes, although
resuscitation can be necessary. The pathophysiology of Takotsubo syndrome is still
open for debate.
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History

This pathology was first observed in Japan in 1990 by Sato et al. The name
‘‘Takotsubo cardiomyopathy’’ was given to this syndrome due to the ultrasound
appearance of the left ventricle during the systolic phase: with a dilated back-
ground and a narrow neck, it resembles a ceramic amphora-shaped pot called a
Takotsubo, used for octopus fishing in Japan. The majority of publications that
followed were principally Japanese, so that it was initially thought of as a phe-
nomenon limited to Asia up to the years 2000. Then, numerous incidences were
reported throughout the world, especially in Europe, the United States and Aus-
tralia. In 2006, Takotsubo syndrome is included within the acquired cardiomy-
opathies classification by the American Heart Foundation [2].

Epidemiology

The exact occurrence of Takotsubo syndrome is unknown, due to the novelty of this
pathology, the varying of its symptomatology and its changing diagnostical criteria.
Nonetheless, most studies find a similar incidence, around one to two percent of
patients admitted for acute coronary syndrome [1]. Contributing factors are equally
found in a unanimous fashion: this syndrome usually affects post-menopausal
women and is the result of a stressor. Indeed, about 90 % of all reported cases are
linked to the female gender, within an age range from 58 to 75 years [3]. It is
unknown as to why there exists a strong predominance of female cases. Several
hypotheses have been put forward, such as the pathophysiological role of estrogens,
or the fact that the atheromatous illness being frequent among males could conceal
this syndrome amongst them. Those female patients do not usually have any
noteworthy antecedent or any coronary disease risk factor, except for an ongoing
smoking habit found in around 50 % of them. At last, approximately two-thirds of
female patients have previously suffered a significant stressor, whether it be
physical (surgery, trauma, meningeal hemorrhage, sepsis, severe pain, local or
general anesthesia, weaning from opiates, cocaine poisoning, endocrinopathies,
electro convulsive treatment, chemotherapy, etc.…) and/or psychological (death or
severe illness of a loved one, divorce, road traffic accident, etc.…) [3].

Clinical

The clinical presentation of Takotsubo syndrome is usually close to acute coronary
syndrome, of which it constitutes the main differential diagnosis. Over half of
female patients describe a brutal and sudden onset of an angina type chest pain.
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Other possible manifestations can be dyspnea and much more rarely fainting,
pulmonary œdema or cardiac arrest [3]. A haemodynamic failure is frequent,
although cardiogenic shock has only been reported as a rare complication.

Paraclinical

The E.C.G. also suggests acute coronary syndrome, frequently accompanied by a
convex elevation of the ST segment (from 34 to 100 % depending on studies),
most of the time in the antero-septo-apical area (V1–V4), sometimes in the inferior
or lateral areas. Other anomalies indicating myocardial ischemia, such as T-wave
negativity in precordials, dielectric constant and AVL, along with occurrence of Q-
wave in V3 and V4, are all frequent. Widespread micro-voltage, left branch
blocking or QT-interval prolongation have been observed less frequently [4, 5].
The E.C.G can be normal. In each case, analyzing E.C.G. anomalies does not
allow to differentiate Takotsubo syndrome from acute coronary syndrome [4], and
does imply a link to the seriousness of ventricular dysfunction, or to its devel-
opment [5].

Cardiac enzymes levels most of the time show a moderate increase, particularly
troponin T peaking within 24 h. However, the increase in these markers is lower
than during a genuine acute myocardial infarct, and especially disproportionate to
the widespread reach as observed in imaging.

The coronarography is normal amongst most patients [3, 4], but assumes the
appearance proper to the ventriculography in late systole: hypokinesia or antero-
apical akinesia of the left ventricle, responsible for a ballooning, associated to a
reverse basal hypercontractility. The coronarography can sometimes show non-
significant coronary lesions, as well as vasospasms, which will fade following
local administering of nitrated derivatives. In fact, diagnosing Takotsubo syn-
drome is most of the time possible during a left ventriculography done on female
patients with suspected acute coronary syndrome.

Transthoracic echocardiography is a key examination enabling the diagnosis of
Takotsubo syndrome. It mimics anomalies specific to apical or septal segmental
kinetics, responsible for a distortion of the left ventricular functioning (left ven-
tricular function of emission of 15–40 % in the acute phase) [6] and for a distal
ballooning. Usually there are no right-hearted anomalies, nor a pericardial out-
pouring. However, an associated right ventricular dysfunction is possible (Fig. 1).

A cardiac M.R.I. can also confirm left ventricular kinetics anomalies, without
ischemic attack or necrosis, shown by an absence of contrast after a gadolinium
injection. Equally, it allows forecasting the reversibility of noted disorders [6].
When undertaken early, kine-M.R.I. recognizes kinetics-associated disorders,
characteristic to this pathology (Fig. 2).
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Treatment

The optimal treatment for Takotsubo syndrome has not been defined. Most of the
time, patients are already being treated for acute coronary syndrome at the time of
diagnosis by the use of antiplatelets, nitrated derivatives, heparin and beta-
blockers. Once the illness has been diagnosed and in the absence of ventricular
dysfunction, the initial medical treatment may consist of administering renin-
angiotensin system inhibitors, beta-blockers and antiplatelets. In the event of
coronary spasms observed during the coronarography, calcic inhibitors may be
considered. Given the main pathophysiological hypothesis considered in this
pathology (an excess of catecholamines), it seems preferable to avoid using amines
and beta-agonists. In the event of hemodynamic failure or cardiogenic shock,
dobutamine must be used cautiously, and a hemodynamic mechanical support

Fig. 1 Left ventriculogram during Takotsubo syndrome, a diastole; b systole; apical dyskinesia
(ballooning) and basal hyperkinesia

Fig. 2 Echographic image of Takotsubo syndrome, a dilation of the left ventricle in acute phase;
b spontaneous recovery at day 6
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(extra corporal membranous oxygenation) must be considered rapidly in case of
serious dysfunction. The treatment of Takotsubo syndrome complications is
symptomatic: diuretics, heparin, anti-arrhythmics, etc.… In the acute phase,
patients must benefit from a continuous monitoring in intensive care unit or in
resuscitation, along with the help of echocardiographic supervision.

Evolution

Takotsubo syndrome myocardial kinetics anomalies are transient, with a return to
a normal primary state within a few days or weeks (3–6). Only the E.C.G. can
retain a trace of this event through non-specific signs (repolarization or conduction
troubles, lengthening of QT interval). However, short-term prognosis can be
clouded by serious, indeed fatal, complications, such as a cardiogenic shock, a left
ventricle thrombus, a trouble of ventricular rhythm or of conduction, a mechanical
complication.

The death rate is very low (around 1–2 %), even if the clinical picture is wor-
rying by requiring heavy duty resuscitation [4]. The risk of relapse is equally low.

Pathophysiology

Takotsubo syndrome pathophysiology remains little known. A recent stressful event
or an important emotional burden appear to be trigger factors for this pathology. The
presence of catecholamines at peak level following that stress could well be
responsible for a systemic inflammatory reaction and left ventricle fraction [7]. The
link between the discharge of catecholamines and ventricular dysfunction is already
observed in the meningeal hemorrhage and in pheochromocytoma. The hypothesis
of catecholamines released during stress having a toxic and direct influence onto
cardiomyocytes is thus plausible [7]. Models based on the use of animals have
permitted to copy electrocardiographic modifications and left ventricle kinetics
troubles in a rat subjected to a physical stress (forced immobilization). Nevertheless,
the concentration of catecholamines released in patients with Takotsubo syndrome
is not always high. A microvascular spasm or an intraventricular blocking are other
hypotheses put forward, and a multi-factor origin cannot be excluded.

Conclusion

Takotsubo syndrome is a rare and recent concept, most often affecting elderly
female patients who have suffered an intense stress. In its acute form, it presents as
a particular cardiogenic failure, mimicking a preliminary myocardial infarctus.
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Emergency department physicians and anesthetists should familiarize themselves
with it, so as to define a quick diagnosis and adapt the required therapies. The
evolution is often positive but impredictible, and sometimes strewn with com-
plications. Treatment is empirical and pathophysiological mechanisms are still to
be established.
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Brugada Syndrome

D. Lena, A. Mihoubi, H. Quintard and C. Ichai

Key Points

• Brugada syndrome is responsible for 20 % of sudden cardiac death in
apparently normal hearts.

• This syndrome is an autosomal dominant gene abnormality disease.
• This syndrome associates an ST segment elevation in the right precordial

leads and a history of ventricular arrhythmogenic events, syncope or a
familial history of sudden cardiac death.

• If uncertain, this syndrome may be confirmed by testing the efficiency of a
type I antiarrhythmic drug or by inducing a ventricular tachycardia/
fibrillation during electrophysiological assessment.

• The treatment consists to equip the patient with an automatic defibrillator.

Introduction

Brugada syndrome was first described in 1992 by Josep et Pedro Brugada [1]. This
syndrome is characterized by electrocardiographic abnomalities which are at risk
of sudden death due to ventricular fibrillation in apparently normal heart.
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Mrs G, 41 year-old, with a history of several syncopes, is hospitalized in the
intensive care unit for a cardiorespiratory arrest related to a ventricular fibrillation.
The questions to the family revealed cocaine acute intoxication. After restoration
of a spontaneous cardiocirculatory activity, an ST segment elevation on V1 and V2
precordial leads associated with a right bundle branch block was present on the
electrocardiogram (ECG) (Fig. 1). The coronarography showed no abnormalities
of coronary arteries and left ventricular function was normal. Accordingly, we
made the hypothetic diagnosis of a Brugada syndrome. The genetic assessment
allowed us to identify a mutation in the MOG1 gene which was probably
responsible for the Brugada syndrome. A familial survey was further performed.

Epidemiology

The prevalence of Brugada syndrome is about 1 à 5/10,000 habitants [2]. This
syndrome is responsible for 4 % of all sudden death and for 20 % of sudden death
in apparently normal hearts. This frequency is highly variable according to the
geographic situation: in south-east Asia, Brugada syndrome also named ‘‘unex-
plained sudden death syndrome’’ is considered to be endemic because it represents
the first cause of mortality in males under 50 years. Rhythm abnormalities are
more frequent in male than in female and the diagnosis is made at mean age of
42 ± 22 years.

Fig. 1 Electrocardiogram after cardiocirculatory restoration: ST elevation in V1–V2
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Physiopathology

Genetic Aspects

The Brugada syndrome is an autosomal dominant inheritance illness showing a
variable expression. In 1998, the SCN5A gene mutation, the gene encoding the a-
subunit of the cardiac sodium channel, was identified to be responsible for the
Brugada syndrome. These sodium channels are strongly implicated for initiating
cardiomycytes depolarization. More than 80 other mutations of this gene were
further identified, but they are really implicated in only 20–25 % of cases. The role
of a new gene which is localized on the chromosome 3 has been, recently questioned.

Pathophysiological Notions

Mutations induce an inactivation of sodium channel leading to a decrease in
sodium trafficking observed at the early phase of the action potential [3]. Conse-
quently, the inverse potassium trafficking Ito increases during phase 1 of the action
potential. This current Ito is responsible for a transmural gradient (between the
epicardium and the endocardium) during ventricular activation, which is expressed
by an elevated J point on the ECG. The epicardic cells of the right ventricule loss
the phase 2 (dome part) of the action potential reflected by an ST segment ele-
vation which is more pronounced in the right precordial leads. Electrophysiolog-
ically, this abnormality leads to an heterogenous repolarization of the epicardic
surface which is responsible of the arrhythmogenicity observed in this syndrome:
ventricular fibrillation are triggered by a phase 2 reentry phenomenon.

Diagnosis

Diagnosis Criteria

The ECG abnomalities which can be observed in the Brugada syndrome are
presented in Fig. 2:

• A convexe ST elevation above 0.2 mV (2 mm) with a progressive slope, present
at least on one right precordial lead (V1–V3), with a ‘‘dome’’ aspect of the QRS
and negative T waves: this is the type 1 ECG.

• Type 2 ECG is characterized by a persistent top-concave ST segment elevation
above 2 mm giving the typical aspect of a ‘‘horse saddle’’ and which is followed
by a positive biphasic T wave.

• Type 3 ECG is characterized by a top-concave ST segment elevation with the
terminal part lower than 1 mm, always in the right precordial leads.
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The European Consensus Conference which has been elaborated by the Euro-
pean Rhythm Society has defined the Brugada syndrome in 2005 [2] as follow:

• The association of a type 1 ECG (in the absence of any previous cardiopathy)
and at least one of these criteria:

– A history of documented ventricular fibrillation or a polymorphic ventricular
tachycardia,

– A familial history of sudden death before 45 year-old,
– syncope,
– malaise in the night with a stertorous breathing (these symptoms appear more

frequently at rest).
• Or a type 2 or 3 ECG which becomes a type 1 following the administration of a

antiarrhythmic drug of class I which blocks the sodium channels (ajmaline,
flécaïnide, procainamide, pilsicainide) (Table 1). This pharmacological test is
completed by an electrophysiological assessment aiming to stimulate ventricules
in order to evaluate the myocardium excitability. This test can increase ar-
rhythmogenicity and so must be performed during a short hospitalization with
an ECG monitoring.

Precipitating Factors

Some factors can favor arrhythmogenicity of patients with a Brugada syndrome
such as hyperthermia, hyperkalemia, hypokalemia, hypercalcemia, alcohol and
cocaine absorption.

Some drugs induce Brugada-like ST segment elevation and should be avoid in
this pathology. There is no published definitive list of contra-indicated drugs, but
some of them have been listed by the European Consensus Conference in 2005 [2]
(Table 1).

Fig. 2 Possible abnormal aspects of ECG in the Brugada syndrome
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Differential Diagnoses

An ST segment elevation on ECG can be observed in many pathologies but must
be differentiate from the Brugada syndrome: myocardial infarctus, acute pericar-
ditis, myocarditis; hemopericardium, pulmonary embolism, aortic dissection,
Duchenne myopathy, Friedreich ataxia, left ventricular hypertrophy, arrhythmo-
genic right ventricular cardiomyopathy, pectus excavatum, early repolarization
syndrome of athletes, severe hypothermia, autonomic or central nervous system
abnormalities (especially in case of subarachnoid hemorrhages).

Genetic Tests

Diagnosis Test

The SCN5A gene mutation [4] is responsible for 20–25 % of the Brugada syn-
dromes. Accordingly, there is no interest to detect systematically this abnormality
in a general population. On the other hand, it can be useful in patients presenting
only partial diagnosis criteria or during familial surveys. These tests are performed
only in rare specialized laboratories for research protocols. A test for SCN5A gene
has a real diagnosis value only if positive. Other gene mutations are still actively
researched, especially concerning the gene encoding the MOG1 protein.

Table 1 Drugs possibly responsible for a Brugada-like ST elevation [2]

1. Antiarrhythmics
a. Sodium channels blockers
• classe Ic: flecaïnide, pilsicaïnide, propafenone
• classe Ia: ajmaline, procaïnamide, disopyramide, cibenzoline
b. Calcium inhibitors: verapamil
c. b blockers
2. Drugs against cardiac angor
a. Calcium inhibitors: nifedipine, diltiazem
b. Nitrate derivates: dinitrate d’isosorbide, nitroglycerin
c. Potassium opening channels: nicorandil
3. Psychotropes
a. Tricyclic antidepressors: amytriptylin, nortriptylin, desipramin, clomipramin
b. Tetracyclic antidepressors: maprotylin
c. Phenothiazin: perphenazin, cyamemazin
d. Serotonin reuptake inhibitors: fluoxetin
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Prenative Test

Considering the non negligible consequences of this syndrome in term of severity
and of the recommended preventive treatment (implantable automatic defibrilla-
tor) for children, a prenative test can be discussed. However, possible late mani-
festations, relative good performance of prognosis tests and efficient preventive
treatment do not favor this position. Finally, the indication of a prenative test must
be discussed for each case with a pluridisciplinar team.

Genetic Advices

A familial survey must be proposed for closers of patients presenting a Brugada
syndrome [2]. This includes an ECG, a blood sample for a genetic survey, a
pharmacological test in case of normal ECG and a scheduled ventricular stimu-
lation in case of electrical abnormalities.

Treatment

The treatment options depend on the risk of sudden death. In patients having
previously presented an episode of sudden death, the risk to develop a new episode
is between 17 and 62 %, according studies. This risk reach 19 % in the following

Spontaneous type 1 ECG

positive

Asymptomatic

Scheduled ventricular 
stimulation

negative

Close observation

Symptomatic

Living after 
sudden death

Syncopes, 
night malaises

Search for a non 
non cardiac 

cause

Implantatble automatic 
defibrillator

positivenegative

Fig. 3 Indications of
automatic defibrillator
implantation according to
ECG abnormalities
(spontaneous and class I
antiarrhythmic drugs-induced
type 1 ECG)
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3 years, in patients having syncope and a type 1 ECG. Data are less precise in
asymptomatic patients, but several poor risk factors may help to orientate the
treatment such as a spontaneous type 1 ECG, a male sex, the development of
ventricular arrhythmogenicity after a scheduled electrical stimulation.

Presently, the sole efficient treatment is the implantation of an automatic
defibrillator which permits to prevent ventricular arrhythmias-related deaths [2].
Indications of such a treatment are summarized in the Fig. 3 guidelines.

Among pharmacological drugs, it has been reported that quinidine could pre-
vent sudden death by blocking the Ito current and thus normalizing the ST segment
abnormalities and preventing the phase 2 reentry phenomenons. However, data
showing a real efficiency of this drug in clinical trial are still not sufficient.

Conclusion

The Brugada syndrome is an autosomal genetic illness which is responsible of
cardiac sudden death in young patients with apparently healthy hearts. The
diagnosis is based on the ECG potential abnormalities as well as previous episodes
of sudden death or syncope in the patient or in the familial history. The treatment
is essentially preventive based on the implantation of an automatic defibrillator.
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Cardiovascular Disease: Calcium Channel
Anomalies

Christopher Hurt, David Montaigne, Pierre-Vladimir Ennezat,
Stéphane Hatem and Benoît Vallet

Key Points
A better comprehension of cardiac physiology and more specifically car-
diomyocyte calcium movements and concentration variations has led to
increased understanding of calcium channel anomalies and their role in
various congenital or acquired cardio-vascular diseases.
Ever increasing understanding in this area should lead to the development of
treatments targeting specific malfunctions leading to or playing a role in the
evolution of heart failure or atrial fibrillation, which affect a vast number of
patients.
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Introduction

Calcium ions (Ca++) are major actors in cardiomyocyte electric and contractile
functions as well as in adapting energy supply to metabolic demand. Calcium
metabolism is often impeded in acquired or congenital cardiomyopathies. This is
especially true in genetic calcium channel abnormalities, which can cause severe
arrhythmias and sudden death syndrome.

Cardiomyocyte Calcium Homeostasia

L type calcium channels allow inward calcium movement during the cardiomyocyte
membrane action potential (Fig. 1). This entering calcium flux is the main con-
tributor to sustaining the action potential ‘‘plateau’’ phase (phase 2). In the adult
heart, the resulting calcium cytosolic concentration is insufficient to activate sar-
comeric activation but sparks the excitation contraction coupling. Calcium entering
through the voltage-dependant calcium channels is detected by ryanodine receptors
(RyRs) situated on the membrane of the sarcoplasmic reticulum. These RyRs open,
releasing massive quantities of Ca2+ stored in the sarcoplasmic reticulum in a
positive feedback physiological response, thereby producing a major increase in
cytosolic calcium concentration, from a few nM to 1 lM during systole. This cal-
cium increase facilitates calcium dependent actine-myosine cross-bridging and
sarcomere shortening. This mechanism was first described by Françoise et Alex-
andre Fabiato in the 1980s and has since then been known as ‘‘calcium-induced
calcium release’’. Other sources of cytosolic calcium increase have a negligible
impact in this setting. Contraction is transient and is followed by a relaxation phase
due to the cytosolic calcium decrease brought on by three mechanisms:

Sarcoplasmic reticulum calcium uptake by its Ca++-ATPase (SERCA),
responsible for approximately 60 % of the calcium outflow

(1) calcium outward movement through the cellular membrane Na/Ca++ ex-
changer (NCX). This is a ion cotransporter depending not on ATP but on
transmembrane sodium and calcium gradients and membrane potential. Re-
sponsable for 30 % of calcium outflow, this cotransporter is electrogenic and
plays its main role during the depolarization phase.

(2) the remaining 10 % are extracted by slower systems such as membrane Ca++-
ATPase and the calcium mitochondrial uniporter (mCU).

In a stable setting, all calcium transmembrane uptake is subsequently expelled.
When transmembrane calcium inward movement increases, so do sarcoplasmic
reticulum calcium concentrations (e.g. rapid pacing, catecholaminergic stimula-
tion), mainly through enhanced activation of the sarcoplasmic reticulum calcium
pump (SERCA). Strength of contraction primarily depends on the quantity of
calcium freed by the sarcoplasmic reticulum.
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Calcium intake through the calcium mitochondrial uniporter (mCU) plays a
small role in the total reabsorption of cytosolic calcium and mainly serves to adapt
mitochondrial energy production according to the increased metabolic cellular
demand, expressed in the form of a heightened calcium transient. This modulation
is obtained through activation of enzymes implicated in the Krebs cycle by cal-
cium ions.

Calcium kinetics and its cellular consequences in the cardiomyocyte environ-
ment are regulated by kinase-dependent signalization pathways:

• adrenergic stimulation leads to protein kinase A activation, which in turn
phosphorylates L-calcium channel opening thereby prolonging its opening and
calcium spark intensity

• SERCA activity is modulated by an adjacent regulating protein named phos-
pholomban. This regulation is depends on calmoduline kinase and protein
kinase A mediated phospholomban phosphorylation.

AP: action potential; ICal: L type calcium channel current; RyR: Ryanodine
receptor; SERCA: sarcoendoplasmic reticulum (SR) calcium transport ATPase;
PLN: phospholamban; MCU: mitochondrial calcium uniporter; NAK: sodium/
potassium ATPase; NCX: sodium/calcium exchanger.

Fig. 1 Schematic illustrating cardiomyocyte calcium in and outflows and the excitation–
contraction coupling
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Acquired Cardiac Disease and Calcium Remodeling

Heart Failure

Heart failure related calcium homeostasis alteration explains cardiomyocyte
contractile dysfunction, ventricular remodeling and the generation of ventricular
arrhythmias.

SERCA activity is reduced due to:

• diminished myocardial content of this protein linked to the absence of SERCA
gene induction during hypertrophy

• reduced phospholomban phosphorylation, consequence of increased phospha-
tase activity, which thereby inhibits SERCA function

The loss of SERCA activity is in part compensated by an increase in the NCX
membrane exchanger but this compensation is obtained at the cost of lengthened
relaxation and therefore altered adaptation to heart rate modifications through loss
of the frequency-dependant acceleration of relaxation. NCX upregulation also
results in lengthened action potential duration, and increased risk of arrhythmia.

Another consequence of heart failure is ‘‘porous’’ RyR with non calcium-
induced sarcoplasmic reticulum calcium leaks. Phosphodiestérase and phosphatase
regulation anomalies bring about an increased activation of Protein kinase A, which
in turn excessively phosphorylates calstabine (FKBP12.6) dissociating it from RyR,
leading to it’s tendency to leak calcium. The resulting cytosolic calcium overload
leads to overactivity of NCX, which exchanges one cytosolic calcium ion for three
extra-cellular sodium cations thereby generating arrhythmogenic inward early
diastolic sodium currents known as late after-depolarizations (LAD). These LADs
may trigger severe ventricular arrhythmias such as ventricular tachycardia (VT) or
fibrillation (VF).

NO synthase expression alterations also modify calcium movement. NOS 1 is
relocalized from the sarcoplasmic reticulum to sarcolemma caveolin-3 near L-type
calcium channels. Reduced NOS 1 near SR results in reduced RyR2 NO-mediated
regulation and altered excitation–contraction coupling whereas NOS 1-induced
NO concentration increase near ICal inhibits calcium inward movement and
therefore genesis of the cardiac cycle.

Myocardial Infarction

Added to the calcium homeostasis modifications associated with heart failure,
specific alterations can be observed in cardiomyocytes bordering infarct zones.
Inward calcium movement impairment result in reduced ICal current, SERAC
expression is lessened and calcium micro domains coupling Ryr2 to L-type
calcium channels are disorganized. These modifications lead to the reduced

32 C. Hurt et al.



amplitude and slower reversal of the calcium transient. RyR2 related calcium leaks
may also increase causing potential arrhythmogenic situations.

Atrial Fibrillation

Atrial fibrillation (AF) is associated with action potential duration shortening due
to a reduction of over 70 % of the ICal current for which the explanation is twofold:

• lessened L-type channel phosphorylation due to increased GMPc and phos-
phatase activity

• lessened L-type channel protein expression due to chronic activation of the
signalization ‘‘calcium/calmodulin, calcineurin’’ cascade.

This reduced ICal current also leads to atrial tissue contractile dysfunction more
easily observed after arrhythmia reversal. Alterations of calcium homeostasis
thereby facilitate arrhythmia recurrence or persistence.

Congenital Calcium Channel Disease

Some calcium channel genetic anomalies lead to clinical syndromes associating
severe cardio vascular symptoms such as syncope and sudden death syndrome
linked to ventricular arrhythmias to resting or effort EKG anomalies. These con-
genital diseases are often found in infants and young adults.

Long QT Syndrome

The Timothy Syndrome or long QT syndrome type 8, is a rare form of congenital
lo,g QT syndrome mainly affecting children, and described as a prolonged QTc
longer than 440 ms and T wave electric variation, associated with syncopes and
sudden death caused by ‘‘torsades de pointe’’ or ventricular fibrillation. Arrhyth-
mia related mortality has been reported as high as 60 % before the age of 2 years
and a half. Other possible but inconstant anomalies have been described such as
severe atrio-ventricular blocks, immune deficiency, autism and abnormal cerebral
development. Genotyping studies revealed voltage-dependent L-type calcium
channel gene mutations, causing abnormally slow channel inactivation resulting in
a persistent inward calcium current and therefore prolonged cardiomyocyte action
potential phases 2 and 3 and EKG QT duration.

Type 4 long QT syndrome (LQT4) is related to the mutation of a gene coding
the ankyrin B protein which serves to deploy ion channels and exchangers that
play a role in the excitation–contraction coupling. Ankyrin B may therefore be
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indirectly implicated in the pathophysiology of the QT segment and ventricular
arrhythmias. Of note, LQT4 mutated gene carriers often present with sinus dys-
function and atrial fibrillation.

Short QT Syndrome: Brugada Syndrome

A congenital loss of function of l-type calcium channels has recently been
described in a syndrome associating syncopes and sudden death caused by ven-
tricular arrhythmias and a baseline EKG presenting with repolarization anomalies
found in the Brugada and the short QT syndromes (respectively V1 to V3 ST
segment elevation and a QTc shorter than 360 ms). Ventricular tachycardias in this
setting are caused by heterogeneous distribution of repolarizing currents and
especially the phase 1 potassium channel related Ito current within the myocardial
muscle. This heterogeneous distribution creates an epicardial-endocardial repo-
larization gradient amplified by failures in the inward depolarizing currents
especially ICal.

Polymorphic Ventricular Tachycardia

Catecholaminergic polymorphic ventricular tachycardia (CPVT) presents as stress-
related syncopes or sudden death in children and young adults, often during
physical exercise. The VT are often polymorphic as the name lets on. Bidirectional
tachycardias alternating two alternating ventricular morphologies are more often
linked to a mechanism mimicking that of digoxin intoxication meaning cytosolic
calcium overload responsible for the onset of late after-depolarizations (LADs).
The heart of patients suffering from CPVT does not present with morphological or
baseline EKG abnormalities but stress testing whether physical or through the
administration of catecholaminergic drugs, EKG monitoring shows the onset of
polymorphic ventricular extrasystoles followed by short non-sustained runs of
ventricular tachycardia eventually leading to full out ventricular fibrillation. These
arrhythmias are successfully treated using beta-blockers.

CPVT is linked to functional abnormalities of the RyR protein complex:
mutations of the RyR channel itself, of its stabilizing protein FKBP12.6 or of intra-
sarcoplasmic calsequestrin lead to calcium leaking out of the sarcoplasmic retic-
ulum, especially when the RyR complex is phosphorylated by Protein kinase A
following adrenergic stimulation. Increased cytosolic calcium concentrations up-
regulates NCX function responsible for rest ing membrane potential oscillations
facilitating the triggering of LADs.
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Congenital Atrio-ventricular Block (AVB)

Congenital AVB is an auto-immune disease that affects fetuses or newborns of
lupus-affected mothers: Anti-Ro/La antibodies present in the blood of these
mothers directly interact with the L-type calcium channel a1C and a1D proteins
and with the T-type calcium channel leading to reduced ICal and ICaT (inward
calcium based current found in cardiomyocytes capable of automatic activity).

Arterial Hypertension in Renal Polycyctosis

Ciliary polycystin-2 is a endothelial cell mechanosensitive calcium channel
capable of reacting to vascular shear stress. Anomalously localized or expressed
polycyction-2 calcium channels in renal polycyctosis affected patients might
explain the development of arterial hypertension due to lessened sensitivity to
shear stress and reduced endothelial NO synthesis.
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Pulmonary Arterial Hypertension
in Intensive Care Unit

Laurent Muller, Christian Bengler, Claire Roger, Robert Cohendy
and Jean Yves Lefrant

Key Points

• In critically ill patients, the diagnosis of pulmonary arterial hypertension
(PAH) is difficult as it can easily be confounded with other forms of
pulmonary hypertension (PH).

• PAH is a form of PH. On the opposite, PH does not automatically imply
PAH.

• The main cause of PH in ICU is left cardiac failure, followed by chronic
pulmonary disease and chronic thromboembolic disease.

• Idiopathic is the most frequent cause of PAH, but PAH can also be
associated with scleroderma, HIV infection, anorexigen toxicity, thyroid
disease, cirrhosis.

• Pulmonary vasodilators allow a significant improvement of the prognosis
in outpatient. In ICU, pulmonary vasodilators should be only a part of a
general management including: treatment of triggering factors, optimi-
zation of fluid balance, decrease of RV afterload by using pulmonary
vasodilators while maintaining cardiac output and mean arterial pressure.

• The early contact of PH referral center or specialized physician is of
particular importance.

Introduction

Pulmonary arterial hypertension (PAH) is a rare, severe and complex disease. When
the diagnosis is suspected, a multidisciplinary approach involving at least a PAH-
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specialized physician is recommended as highly specific treatment (in particular
pulmonary vasodilators) can be indicated. In the absence of specific treatment,
death occurs in the 3 years following diagnosis [1]. For the intensive care unit
(ICU) physician, the diagnosis of pulmonary arterial hypertension (PAH) is difficult
as it can easily be confounded with other forms of pulmonary hypertension (PH).
The key issue is that PAH is a form of PH. On the opposite, PH does not auto-
matically imply PAH. Pulmonary arterial hypertension must be differentiated from
other causes of PH that are frequently seen in ICU. It was recently emphasized that
pulmonary veno-occlusive disease (PVOD) must be differentiated from PH and
PAH.

In critically ill patients, acute PH is frequently observed, especially in case of
severe hypoxia due to acute respiratory distress syndrome or severe pulmonary
embolism (PE) [2, 3]. In this case, acute PH is due to reflex and reversible hypoxic
pulmonary vasoconstriction. The second cause of acute PH in ICU patient is acute
left ventricle failure that increases left atrial pressure and, as a consequence,
pulmonary artery pressure (‘‘post capillary’’ PH). Acute PH is a reversible phe-
nomenon when hypoxia and/or left atrial pressure are rapidly controlled. This
should be differentiated from chronic PH that can be due to various chronic
diseases. In ICU patients, chronic PH is also frequently seen in the evolution of
chronic obstructive pulmonary disease (COPD), thromboembolic disease or
chronic left heart failure. Beyond these three mains causes of chronic PH, the
intensivist have to keep in mind that PH can be associated to rare chronic diseases
that should not be under diagnosed because they imply a specific treatment. The
more frequent of these rare diseases is PAH. The accurate diagnosis of PAH is of
crucial importance since it implies a specific treatment by selective pulmonary
vasodilators.

The diagnosis of PAH in ICU is a triple challenge. First, acute pulmonary
hypertension must be distinguished from chronic pulmonary hypertension. Second,
when chronic PH is diagnosed, a systematic screening of all potential causes of PH
must be performed in order to exclude or diagnose PAH because PAH implies a
specific treatment with pulmonary vasodilators. Third, when PAH is suspected, the
last challenge is to test the clinical response to pulmonary vasodilators and to
choose the best pharmacological class. In case of respiratory symptoms worsening
after administration of pulmonary vasodilators, a PVOD should be suspected.

In the present text, we will only discuss clinical and therapeutic features of PAH
and PVOD in ICU patients that correspond to the Class 1 and 10 of the actual PH
classification [4].

Definition and Classification

Pulmonary hypertension is the main sign of PAH. Pulmonary hypertension is a
wide syndrome defined as a non-specific elevation of the pulmonary artery
pressure at rest, whatever the etiology [5]. Pulmonary hypertension is defined as
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a mean PAP (mPAP) [25 mm Hg as assessed by right heart catheterization
(RHC). Echocardiography is very useful to screen patients with suspected PH but
it cannot replace RHC. The criterion based on systolic pulmonary pressure
(sPAP) [35 mm Hg should be abandoned. The criterion based on exercise PAP
values (mPAP [30 mm Hg on exercise) should no longer be used, as they are
not supported by strong published data. Moreover, on exercise, healthy indi-
viduals can reach much higher of mPAP values [5].

The first classification of PH published in 1973 by the World Health Organi-
zation (WHO) [6] stated that PH should be divided in two categories: secondary or
primary PH. This pragmatic approach is apparently well adapted to critically ill
patients but it nowadays appears as too simple. As evoked in introduction section,
in ICU patients, ‘‘secondary’’ chronic PH is frequently observed as a final conse-
quence of chronic diseases as left ventricle failure (post capillary chronic PH),
chronic thromboembolic pulmonary disease or severe chronic obstructive pul-
monary disease (COPD). In 1973, primary PH referred to PH with no obvious
cardiovascular or pulmonary cause. It was further demonstrated that ‘‘primary’’ PH
was a complex and non-homogeneous group of diseases that could be primary
(idiopathic), but also associated with various diseases ranging from connective
tissue disease or cirrhosis to drug toxicity or human immunodeficiency virus (HIV)
infection. Therefore, the risk of the original classification was to under-diagnose
rare causes of PH that needs a specific treatment. Then, a more complex classifi-
cation was proposed in 1998 (Evian classification [7]) and updated in 2003 (Venice
classification [8]) and 2008 (Dana point classification, published in 2009 [5]). The
actual classification (Dana point) is shown in Table 1. The three main evolutions of
the new classification were (1) to stop the use of primary/secondary HP classifi-
cation, (2) to separate PH from pulmonary arterial hypertension (PAH), (3) to
separate PAH from veno-occlusive pulmonary disease and/or hemagiomatosis
[4, 5, 9]. The evolution of clinical classification of PH during the 3 past decades is
summarized in Table 1. Pulmonary arterial hypertension (PAH = Class 1) refers to
a heterogeneous group of non-cardiac, non-pulmonary diseases characterized by a
chronic PH. The main causes of PAH are: idiopathic, heritable, drug-induced,
associated (HIV infection, connective tissue disease, portal hypertension, con-
genital heart disease, schistosomiasis, chronic hemolytic anemia) and persistent PH
of the newborn. In this classification, pulmonary hypertension refers to a PH due to
an obvious pulmonary or cardiac cause. The three mains causes of PH are cardiac
(severe congestive left heart failure, Class 2), pulmonary (COPD, Class 3) and
thromboembolic (Class 4) (Table 1). A fourth cause of PH is proliferative diseases
as hematologic diseases, storage diseases or anatomical obstruction of pulmonary
vessels by fibrosis or tumor (Class 5). These four PH classes represent the ‘‘sec-
ondary’’ PH of the original classification. Finally, an intermediate class (Class 10) is
a direct pulmonary vessels disease called pulmonary veno-occlusive disease
(PVOD) and/or capillary hemangiomatosis. The diagnosis of PVOD may be diffi-
cult because since it can mimics left ventricle failure.
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Table 1 Updated clinical classification of pulmonary hypertension (Dana Point 2008) [5]

1 Pulmonary arterial hypertension (PAH)
This class refers to ‘‘primary’’ PH of the initial classification (1973)
1.1 Idiopathic (IPAH)
1.2 Heritable (formerely familial—2003)
1.2.1 BMPR2
1.2.2 ALK1, endoglin (with or without hereditary hemorrhagic telangiectasia)
1.2.3 Unknown
1.3 Drugs and toxins induced: fenfluramine derivatives, aminorex, rapeseed oil
1.4 Associated with (APAH)
1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease: Eisenmenger’s syndromea, Pulmonary arterial hypertension

associated with systemic-to-pulmonary shuntsb, adult pulmonary arterial hypertension with
small defectc, Pulmonary arterial hypertension after corrective cardiacsurgeryd

1.4.5 Schistosomiasis
1.4.6 Chronic hemolytic anemia
1.5 Persistent pulmonary hypertension of the newborn
10 Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis.
This class refers to ‘‘primary’’ PH of the initial classification (1973)
This class was separated from class 1 as compared to the 2003 classification
2 Pulmonary hypertension (PH) due to left heart disease
This class refers to ‘‘secondary’’ PH of the initial classification (1973)
2.1 Systolic dysfunction
2.2 Diastolic dysfunction
2.3 Valvular disease
3 PH due to lung diseases and/or hypoxia
This class refers to ‘‘secondary’’ PH of the initial classification (1973)
3.1 Chronic obstructive pulmonary disease
3.2 Interstitial lung disease
3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern
3.4 Sleep-disordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental abnormalities
4 Chronic thromboembolic pulmonary hypertension (PH)
This class refers to ‘‘secondary’’ PH of the initial classification (1973)
5 PH with unclear and/or multifactorial mechanisms
This class refers to ‘‘secondary’’ PH of the initial classification (1973)
5.1 Haematological disorders: myeloproliferative disorders, splenectomy
5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans cell histiocytosis,

lymphangioleiomyomatosis, neurofibromatosis, vasculitis

(continued)
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Epidemiology

Pulmonary artery hypertension is characterized by a progressive increase of pul-
monary artery resistances and chronic right ventricle failure. Chronic right heart
failure is the main prognostic factor of PAH. The prevalence is probably under-
estimated because of the poor specificity of clinical signs. In a population of
patients evaluated by echocardiography for dyspnea, the prevalence of PH was
about 10 %. On the population of patients with PH echocardiographic signs, about
80 % had left heart failure, 10 % had chronic pulmonary disease and hypoxia, 4 %
had PAH, 0.6 % had thromboembolic disease [10]. The prevalence of PAH ranges
from 15 to 50/million adult population [11]. Idiopathic PAH (IPAH) is the most
common cause of PAH. In a population of patient with documented PAH, 39.2 %
of patients has IPAH and 3.9 % had family history of PAH. In the subgroup of
associated PAH, 15.3 % had connective tissue disease, 11.3 % had congenital
heart disease, 10.4 % had portal hypertension, 9.5 % had anorexigen-associated
PAH and 6.2 % had HIV infection [12]. Pulmonary artery hypertension is a severe
and insidious disease. The non-specific signs of PAH are associated with a delayed
diagnosis that worsens prognosis. Before 2000, there were few specific treatment
and few specialized teams for PAH care. At that time, the mean survival time was
low (2.8 years following diagnosis) with survival rates of 68, 48, and 34 % at 1, 3,
and 5 years, respectively [1]. Since the introduction of specific vasodilators (in
particular epoprostenol) and specialized teams, the prognosis significantly
improved as the reported survival at 1, 3, and 5 years was 87.8, 76.3, and 62.8 %
in USA registry and 87, 76 and 67 % in the French registry, respectively [1, 13]. If
these results are encouraging, the prognosis remains severe, especially when ICU

Table 1 (continued)

5.3 Metabolic disorders: glycogen storage disease, Gaucher disease, thyroid disorders
5.4 Others: tumoural obstruction, fibrosing mediastinitis, chronic renal failure on dialysis

ALK-1 activin receptor-like kinase 1, APAH associated pulmonary arterial hypertension, BMPR2
bone morphogenetic protein receptor, type 2, HIV human immunodeficiency virus, PH pul-
monary hypertension
Italics: comparison with previous classifications (1973 and 2003)
a Eisenmenger’s syndrome includes all systemic-to-pulmonary shunts due to large defects
leading to a severe increase in PVR and resulting in a reversed (pulmonary-to-systemic) or
bidirectional shunt. Cyanosis, erythrocytosis, and multiple organ involvement are present
b Pulmonary arterial hypertension associated with systemic-to-pulmonary shunts. In these
patients with moderate to large defects, the increase in PVR is mild to moderate, systemic-to-
pulmonary shunt is still largely present, and no cyanosis is present at rest
c Adult pulmonary arterial hypertension with small defects : in cases with small defects (usually
ventricular septal defects, 1 cm and atrial septal defects, 2 cm of effective diameter assessed by
echocardiography) the clinical picture is very similar to idiopathic PAH
d Pulmonary arterial hypertension after corrective cardiac surgery. In these cases, congenital
heart disease has been corrected but PAH is either still present immediately after surgery or has
recurred several months or years after surgery in the absence of significant post-operative residual
congenital lesions or defects that originate as a sequela to previous surgery

Pulmonary Arterial Hypertension in Intensive Care Unit 41



admission is required. In ICU, the prognostic of PH or PAH is considered as poor
but few data are available. Therefore, no strong recommendation for PH or PAH
treatment in ICU patients can be done [14, 15]. In a population of 82 septic ICU
patients with history of PH mainly due to pulmonary disease, the mortality was
related to the severity of PH. In mild, moderate or severe PH, the mortality was 28,
67 and 80 %, respectively [16]. Therefore, in patients with end-stage PH in whom
all available treatment options have been exhausted, limitations on advanced
treatment and/or ICU admission should be discussed [15].

Physiopathology Insights

Pulmonary arterial hypertension is characterized by the progressive increase in
pulmonary arterioles (500 microns diameter) resistance. This induces right ven-
tricle failure that is strongly associated to death. Right ventricle tolerance to PH is
highly variables among subjects. As numerous chronic severe diseases, PAH
mechanisms are multiple, complex and not well identified [5]. Genetic factors
have been identified in PAH. Heritable PAH represents less than 10 % of cases.
Heritable PAH is an autosomal dominant disease with incomplete penetrance.
Mutations of transforming growth factor beta (TGF-b) receptors genes were
identified as responsible of heritable but also sporadic cases. In particular, muta-
tions of bone morphogenetic protein recepetor-2 (BMPR2) or activin-like receptor
1 (ALK-1) were shown to be associated with PAH and hereditary hemorrhagic
telangiectasia, respectively (Class 1, 2, Table 1). The three mains pathophysio-
logic findings reported in autopsy studies are (1) abnormal vascular cell prolif-
eration (low apoptosis/proliferation ratio) inducing arteriolar remodeling, (2)
excessive vasoconstriction and (3) partial thrombotic phenomenon. Pregnancy
should be discouraged since it can worsen PAH.

Diagnosis

Clinical Diagnosis of PAH [4, 5, 8, 12]

The first step of diagnosis approach is to eliminate clinical signs of COPD (or other
chronic pulmonary parenchymal disease), of congestive left heart failure and of
thromboembolic disease. If such signs are present, the diagnosis of PAH is unli-
kely and Class 2, 3 and 4 PH should be suspected and explored. The presence of
signs of hematologic, malignant, vasculitis or storage disease is unlikely in PAH.
In this case, a class-5 PH (Table 2) must be suspected and explored.

If no signs of class 2, 3, 4 and 5 PH are present, PAH can be suspected. The
onset of disease is insidious, with low specific functional signs. The most common
symptom is breathlessness, particularly on exercise (60 %), followed by fatigue
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(19 %), syncope (8 %), angina (7 %), lipothymia (5 %), leg edema (3 %) [17].
Data obtained from the French national registry published in 2006 shows the
following characteristics [12]. The female/male sex ratio is 1.9. The mean age is
50 ± 15 years. Body mass index (BMI) is usually normal. A BMI above 30 is
observed in 15 % of the cases, similar to the adult French population. The delay
between onset of symptoms and diagnosis is 27 months. A majority (75 %) of
patients had severe symptoms at presentation, with a New York Heart Association
(NYHA) functional class III or IV (class I = 1 %, class II: 24 %). Exercise
capacity is tested through a 6-minute walk test, which was abnormal
(329 ± 109 m) in most patients. The six-minute walk distance is correlated with
NYHA functional class.

In PAH Symptoms at rest are seen only in advanced cases. The physical
examination shows left parasternal lift, accentuated pulmonary component of
second heart sound, systolic murmur of tricuspid regurgitation, diastolic murmur
of pulmonary insufficiency and right ventricle third sound. In the more advanced
states, functional symptoms are present at rest and physical examination shows
jugular vein distension, hepatomegaly, peripheral edema, ascites, and cool
extremities. Lung sounds are usually normal in PAH. The presence of basal
crackles may point towards interstitial lung disease or left cardiac failure. Nev-
ertheless, physicians have to keep in mind that basal crackles can be seen in
PVOD. A cyanosis can be seen in 20 % of IPAH cases and suggests right-to-left
shunting and severe reduction of cardiac output. Digital clubbing is not frequent in
IPAH but when present, a congenital heart disease or a PVOD should be sus-
pected. Telangiectasia, digital ulceration, and sclerodactily are seen in sclero-
derma. Finally, clinical examination tries to identify or exclude stigmata of chronic
liver disease.

The diagnosis of POVD should be suspected in case of symptoms worsening
after administration of selective pulmonary vasodilator. The presence of pulmonary
edema signs associated with RV failure without evidence of LV failure is also
highly suggestive of POVD. In the evolution of PAH, low cardiac output can be
associated with bacteremia due to gut bacteria translocation that can lead to death.

Electrocardiography

Electrocardiography is classically normal at the early stage of IPAH. Electrocar-
diograpm has low sensibility (55 %) and specificity (70 %) and cannot be used
alone as a screening tool for the diagnosis of PH or PAH. The association of right
axis deviation, pulmonary P wave, R/S wave ratio [1 in V1 lead and R
wave [0.5 mV has a 90 % specificity for RV failure. This is of poor prognosis
during PAH. Ventricular arrhythmias are rare. Supraventricular arrhythmias may
be present in advanced stages (in particular atrial flutter and atrial fibrillation) and
always leads to further clinical deterioration.
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Biology

There is no specific biomarker of PAH. The brain natriuretic peptide (BNP) is
elevated due to right atrial and/or ventricle dilation. The BNP value is correlated to
prognosis. Liver tests may be abnormal either in case of RV failure or in case of
PAH associated with cirrhosis. Differentiating one from the other cause may be
difficult. In this case, clinical evaluation and morphologic hepatic evaluation are of
paramount importance. Serologic tests for HIV infection and hepatitis are man-
datory. Thyroid tests are also useful (Class5 PH). When a connective tissue disease
(CTD) is suspected, auto immunity tests should be performed. Antinuclear anti-
bodies are not specific of CTD-APAH. About 40 % of patients with IPAH have
elevated anti-nuclear antibodies, usually in low titre (1:80). Scleroderma is the
CTD with the highest prevalence of PAH. Anti-centromere antibodies are typically
positive in limited scleroderma as are other anti-nuclear antibodies including
dsDNA, anti-Ro, U3-RNP, B23, Th/To, and U1-RNP. In the diffuse variety of
scleroderma, U3-RNP is typically positive. In case of systemic lupus erythema-
tosus, anti-cardiolipin antibodies may be found. Thrombophilia screening (anti-
phospholipid antibodies, lupus anticoagulant, and anti-cardiolipin antibodies)
should be performed when chronic thromboembolic PH is suspected [5].

Chest X Ray

The main interest is to eliminate obvious sign of PH associated with chronic
pulmonary (COPD, emphysema or interstitial disease) or left cardiac failure
(infiltrates associated with congestive heart failure). However, Chest X ray is

Table 2 World Health Organization (WHO) functional classification of pulmonary hypertension
modified after the New York Heart Association (NYHA) functional classification

Class I
Patients with pulmonary hypertension but without resulting limitation of physical activity.

Ordinary physical activity does not cause undue dyspnea or fatigue, chest pain, or near
syncope

Class II
Patients with pulmonary hypertension resulting in slight limitation of physical activity. They are

comfortable at rest. Ordinary physical activity causes undue dyspnea or fatigue, chest pain, or
near syncope

Class III
Patients with pulmonary hypertension resulting in marked limitation of physical activity. They

are comfortable at rest. Less than ordinary activity causes undue dyspnea or fatigue, chest
pain, or near syncope

Class IV
Patients with pulmonary hypertension with inability to carry out any physical activity without

symptoms. These patients manifest signs of right heart failure. Dyspnea and/or fatigue may
even be present at rest. Discomfort is increased by any physical activity

44 L. Muller et al.



usually abnormal at the time of PAH diagnosis. The typical findings are central
pulmonary artery dilation which contras with peripheral vascular loss. The
enlargement of right atria and ventricle are seen in advanced cases.

Echocardiography

Echocardiography is the best tool for PAH screening when suspected. Transthoracic
echocardiography (TTE) is usually sufficient to diagnose PH and assess RV function
that remains the main prognostic factor in PAH. Echocardiography does not exclude
the need for RHC, which remains mandatory in all suspected cases of PAH.
Echocardiography is nowadays widely available in ICU [18] and plays a funda-
mental role in cardiac and hemodynamic assessment in critically ill patients [19, 20],
especially in case of RV failure or PH [21]. Figure 1 shows an example of severe
IPAH in a patient admitted to ICU for a septic shock due to invasive diarrhea.

First Step: Echocardiography Diagnosis of PH, Estimation of Systolic
PAP Value

Because patients with PAH admitted in ICU are usually at advanced stage of the
disease, echocardiography findings are usually easy to diagnose. The first difficulty
is to separate acute from chronic PH. In case of acute PH, sPAP value is rarely
more than 40 mm Hg. Above such value, RV cannot compensate acute afterload
increase and right cardiac output (CO) decreases. The subsequent low CO limits
the sPAP increase, which rarely reaches more than 40–45 mm Hg. The conse-
quence of acute RV failure is a rapid (few hours) dilation of RV. As pericardium is
not distensible in a short period of time, the biventricular volume is constant.
Therefore, the hemodynamic consequence of acute RV dilation is LV compres-
sion, which limits LV filling and subsequently worsens low cardiac output. For
those reasons, when a sPAP value is more than 40 mm Hg, a chronic PH is likely.
In chronic PH, the simplest way to assess sPAP is to record tricuspid regurgitation
(TR) flow on a four-chamber apical view (Table 3). The maximal velocity of TR is
correlated to the pressure gradient between pulmonary artery and RV (Table 3).
This approach can also be applied to pulmonary regurgitation that require a trained
operator. Pulmonary regurgitation flow allows evaluation of mean and diastolic
pulmonary artery pressure (Table 3). The sum of right atrial pressure or central
venous pressure (RAP, CVP) value and right ventriculo-arterial gradient represent
sPAP (Table 3). Evaluation of RAP value by TTE is summarized in Table 4. A
semiquantitative approach of sPAP can be done on the basis of gradient only
(Table 3). The acceleration time of pulmonary ejection flow allows a semi-
quantitative assessment of sPAP for trained operators when TR is not recordable.
(Table 3)
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Second Step: Eliminating Left Systolic and/or Diastolic Failure,
Advanced Valvular Disease and Screening for Eisenmeger’s Syndrome

As mentioned in epidemiology section, left heart failure is the main cause of PH.
One of the main roles of TTE is to exclude systolic or diastolic LV dysfunction.
The quantification of systolic function is usually simple, visually or by LV ejection
fraction measurement. Assessing diastolic function can be more difficult. Clinical
and echocardiography criteria for suspecting PH secondary to LV failure (espe-
cially diastolic) are summarized in Table 5. The intensivist can perform them. It
includes LV ejection fraction, Mitral inflow Doppler pattern, tissue Doppler pattern
at the lateral and medial mitral annulus, pulmonary venous flow. The intensivist can
also perform the diagnosis of advanced valvular disease. However, diagnosis of

(a) (b)

(c) (d)

IVC$

RV$
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$

LA$

LV$ RV$

LV$
RA LV

Fig. 1 Echocardiography diagnosis of pulmonary hypertension. Idiopathic pulmonary arterial
hypertension with chronic right ventricle failure in a 68 years-old patient admitted in ICU for
septic shock in intensive care unit. a Four chambers apical view showing a major right atrial and
ventricle (RV) dilation. The RV free wall is thickened (white triangle) due to a chronic adaptation
to chronic pulmonary hypertension. b Parasternal short axis view. Paradoxical septum (white
triangle) with typical left ventricle of ‘‘D sign’’. In physiological condition, LV shape is circular
(‘‘O sign’’). c Tricuspid regurgitation recoeder by continuous Doppler. Maximal velocity
(Vmax) = 3.75 which correspond to a RV/PA gradient equal to 56 mm Hg (DP = 4 V2).
d Recording of inferior vena cava (IVC) by M mode in a subcostal view. The IVC diameter is
38 mm and no respiratory variation is observed. The RAP value is over than 20 mm Hg (See
Table 3). In this case, systolic pulmonary artery pressure is 56 ? 20 = 76 mm Hg. This was
consistent with the value measured by pulmonary artery catheter (80 mm Hg)
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Eisenmenger’s syndrome is difficult and must be done by a cardiologist specialized
in such diseases.

Third Step: Assessment of Right Ventricle Function

The main sign of RV failure is dilation. The RV dilation can be visually assessed
[22] or by calculation of RV/LV end diastolic area (Fig. 2). In chronic RV failure,

Table 3 Echocardiography assessment of pulmonary artery pressure by echocardiography

Evaluation of sPAP by tricuspid regurgitation velocity in apical four chamber view (simple
technique)

Pressure gradient between RV and PA: DP = 4. (RT Vmax)2

sPAP = DP ? RAP
Semiquantitative assessement of sPAP by tricuspid regurgitation velocity in apical four-

chamber view assuming a RAP value of 5 mm Hg (the simplest technique)
Echocardiographic diagnosis: PH unlikely
Tricuspid regurgitation velocity = 2.8 m/s, PA systolic pressure = 36 mm Hg
No additional echocardiographic variables suggestive of PH
Echocardiographic diagnosis: PH possible
Tricuspid regurgitation velocity = 2.8 m/s, PA systolic pressure = 36 mm Hg
Presence of additional echocardiographic variables suggestive of PH
Tricuspid regurgitation velocity = 2.9–3.4 m/s, PA systolic pressure = 37–50 mm Hg
With/without additional echocardiographic variables suggestive of PH
Echocardiographic diagnosis: PH likely
Tricuspid regurgitation velocity = 3.4 m/s, PA systolic pressure = 50 mm Hg
With/without additional echocardiographic variables suggestive of PH
Exercise Doppler echocardiography is not recommended for screening of PH
Evaluation of sPAP by pulmonary ejection flow acceleration time in short axis view (for

trained operators, when TR is not recordable)
Tacc \100 ms = PH, Tacc \60 ms = severe PH
Evaluation of sPAP by pulmonary regurgitation flow (for trained operators, when TR is not

recordable)
Pulmonary regurgitation flow have a maximum velocity that evaluates mPAP

(mPAP = 4.Vmax2 ? RAP) and a minimum velocity which correspond to dPAP. The sPAP
is obtained by the following formula: sPAP = 3 mPAP–2 dPAP

Vmax maximal velocity, PAP pulmonary artery pressure, sPAP systolic PAP, mPAP mean PAP,
dPAP diastolic PAP, RAP right atrial pressure, Tacc pulmonary ejection acceleration time, PH
pulmonary hypertension, DP pressure gradient between right ventricle and pulmonary artery

Table 4 Echocardiographic
assessment of right atrial
pressure (RAP) by analysis of
inferior vena cava (IVC)
diameter and its respiratory
variations (collapsibility of
IVC: cIVC)

IVC diameter cIVC (%) RAP (mm Hg)

Low: \15 mm [50 0–5
Normal: 15–25 mm [50 6–10

\50 11–15
High: [25 mm \50 16–20

None [20
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the RV free wall is thickened (normal value\6 mm). The RV systolic function can
be evaluated by the tricuspid annulus plane systolic excursion (TAPSE) in M-mode.
The normal value of TAPSE is 16–25 mm. A TAPSE value inferior to 15 mm is of
poor prognosis [5]. This index represents the maximal anterior systolic displace-
ment of tricuspid annulus. This simple and reproducible index is correlated with RV
ejection fraction (RVEF). An analogous method could be applied to tissue Doppler
at the lateral tricuspid annulus. The maximal velocity of S (systolic) wave recorded
by tissue Doppler at the lateral tricuspid annulus is correlated to RVEF. A S
velocity value inferior to 11 cm/s correlates with altered RVEF whereas a value
inferior to 9 cm/s is correlated with sever alteration of RV systolic function. The
existence of pericardial effusion is associated with bad prognosis [5].

Thoracic CT Scan

Performing CT scan is of mandatory for the diagnosis of PAH, especially in order
to exclude pulmonary, cardiac or thromboembolic cause of PH. Contrast CT
angiography of the pulmonary artery show the typical angiographic findings in

Table 5 Clinical and echocardiography criteria for the diagnosis of PH related to of left ven-
tricular systolic or diastolic dysfunction. Adapted from [5]

Clinical features
Age [65
Elevated systolic blood pressure
Elevated pulse pressure
Obesity, metabolic syndrome
Hypertension
Coronary artery disease
Diabetes mellitus
Atrial fibrillation
Echocardiography
LVEF\40 %, visually or by Simpson approach. The S wave velocity at the lateral mitral annulus

can also be used (Normal [8 cm/s, equivalent to LVEF [50 %) in the absence of regional
severe wall motion anomaly.

Left atrial enlargement
Concentric remodelling of the LV
LV hypertrophy
Presence of echocardiographic indicators of elevated LV filling pressure: E/A ratio [2, E wave

velocity [90 cm/s, E/E0 ratio [15, S/D ratio of pulmonary venous flow \1.
Evaluation over time
Symptomatic response to diuretics
Exaggerated increase in systolic blood pressure with exercise
Concomitant decrease of sPAP and LV filling pressure after diuretics
Re-evaluation of chest radiograph consistent with heart failure

LVEF left ventricle ejection fraction, LV left ventricle, sPAP systolic pulmonary artery pressure
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chronic thromboembolic PH (Class 4) such as complete obstruction, bands and
webs, and intimal irregularities as accurately and reliably as conventional angi-
ography. High-resolution CT scan gives important informations on lung paren-
chyma. It can easily identify interstitial lung disease, advanced COPD and
emphysema. It can also be helpful in case of clinical suspicion of PVOD. The
presence of interstitial edema with diffuse central ground-glass opacification and
thickening of interlobular septa suggest PVOD. In this disease, CT scan may also
show lymphadenopathy and pleural effusion. A diffuse bilateral thickening of
interlobular septa associated with small centrilobular poorly circumscribed nodular
opacities can help to diagnose pulmonary capillary hemangiomatosis.

Right Heart Catheterization

Outside the ICU

A right heart catheterization is obligatory to confirm the diagnosis of PAH. It
allows to exclude other causes of PH, in particular post capillary PH. It is the sole
way to test the vasoreactivity of pulmonary vessels to selective pulmonary vaso-
dilators in order to evaluate the usefulness of subsequent chronic treatment. In
outpatients, the complication rate of RHC is low in experienced centers [23]. In a
study evaluating 7218 RHC procedures, the complication rate was 1.1 % (IC
0.8–1.3), related to difficult vascular access, arrhythmias or hypotension. Four
death were reported but only one was directly attributable to RHC. RHC must
record staged measurement of SaO2, RAP, RV pressure, PAP (systolic, diastolic
and mean), PA wedge pressure (that reflects left atrial pressure), cardiac output,
cardiac index and pulmonary vascular resistances. The RHC criteria for PAH are
summarized in Table 6. At the time of diagnosis, mPAP value is 50 ± 17 mm Hg
NYHA class I–II patients and 56 ± 15 mm Hg NYHA III–IV class patients [12].

RV LV

RA LA

Normal Moderate RV dilation         Severe RV dilation                

   RVEDA/LVEDA < 0,6          0,6 < RVEDA/LVEDA < 1          RVEDA/LVEDA   > 1   

Fig. 2 Echocardiography visual assessment of right ventricle dilation. The main sign of right
ventricle failure is dilation. RVEDA right ventricle end diastolic area, LVEDA left ventricle end
diastolic area
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The RHC can be useful for the diagnosis of PVOD. When the catheter extremity
is in wedge position, a saline flush leads to a marked pressure increase followed by a
very slow pressure decrease. This phenomenon is due to a trapping of saline
between the catheter and the occluded veins. If a wedge pressure can be recorded
(this may be difficult), a low value is classical whereas capillary pressure is high.
This can be indirectly assessed by the difference between dPAP and PAwP.

The vasoreactivity test must be performed in every cases of suspected PAH.
This test aims to identify patients that can benefit from selective or non selective
pulmonary vasodilators. A positive response to vasoreactivity test is more frequent
in IPAH than in other categories of PAH. The test is performed during the RHC
procedure. It can use IV epoprostenol IV at a dose ranging from 2 to 10 ng/Kg/min
(incremental dose of 2 ng/Kg/min every 15 min), or IV adenosine at a dose
ranging from 50 to 250 mcg/Kg/min (incremental dose of 50 mcg/Kg/min every
2 min), or inhaled nitric oxide (NO) at a dose ranging from 10 to 80 ppm (fixed
dose, no incremental administration needed). Inhaled NO is the best pharmaco-
logical agent because of a strong selectivity for pulmonary vessels. In clinical
practice, inhaled NO is administered at a dose of 24 to 40 ppm over 5 min. At that
time, new RHC measurements are performed, with ongoing NO administration. A
positive response is defined as a 10 mm Hg mPAP decrease associated with an
absolute value below 40 mm Hg with no concomitant cardiac output decrease. For
non IPAH, the probability of positive response is low. This test can be harmful in
case of elevated left filling pressure.

In the Context of ICU

The RHC can be dangerous in decompensated patients. Moreover, decompensated
patients may have transient elevated PA pressure. Therefore, pressure criteria must
be difficult to interpret. In such case, the positivity of vasoreactivity test is more
important than absolute PAP value. In ICU, right heart catheterization can be
difficult in case of severe PAH [24]. Despite these restrictions, RHC is mandatory
for IPAH diagnosis in ICU patients when diagnosis is suspected.

Table 6 Right heart catheterization criteria for PAH diagnosis

mPAP at rest [25 mm Hg
Pulmonary artery wedge pressure (PAwP) \15 mm Hg
Pulmonary vascular resistances ([mPAP-PAwP]/CO) [3 Wood units
A PawP [15 mm Hg associated with a dPAP—PawP gradient[10 mm Hg is seen in PAH from

arterial and venous origin

mPAP mean pulmonary arterial pressure, dPAP diastolic pulmonary artery pressure
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Prognosis (Table 7)

The prognosis depends on the severity of RV failure and the etiology. The worse
prognosis is seen in PAH associated with scleroderma. Whatever the cause,
treatment by a selective pulmonary vasodilator (when indicated) has a favorable
impact on outcome [25].

Traitement (Fig. 3)

Outside the ICU

General measures: oxygen therapy, diuretics in case of edema and/or RV failure,
anticoagulants and digoxin in case of arryhtmias. Pregnancy, altitude travel,
important exercise are classically contra-indicated.

Specific treatments (Table 8): calcium blockers, selective endothelin inhibitors
(ERA), prostacyclin analogous, phosphodiesterase type 5 inhibitors (IPDE). Rio-
ciguat, a soluble guanylate cyclase stimulator, has been show in a phase III study
(PATENT-1 trial) to significantly improved exercise capacity by week 12. This
molecule improved the 6-minute walk distance both in patients who were
receiving no other treatment for the disease and in those who were receiving
endothelin-receptor antagonists or prostanoids. There were significant improve-
ments in pulmonary vascular resistance, NT-proBNP levels, WHO functional
class, time to clinical worsening, and dyspnea score [26]. Encouraging results were
also recently reported with riociguat in case of thromboembolic PH [27]. In the
past, most studies involving the therapies listed in Table 8 were short-term trial
with exercise capacity as a primary end point. Macitentan is a new oral dual (ETA
and ETB) Endothelin Receptor Antagonist (ERA). Recently, the phase III SER-
APHIN trial enrolled a total of 742 patients comparing placebo to Macitentan
3 mg and Macitentan 10 mg in a long-term trial. It is the largest PAH prospective

Table 7 Determinants of poor prognosis in PAH

Clinical evidence if right ventricle failure
Rapid rate of progression of symptoms
Syncope
NYHA functional class = III–IV
Six minutes walk test \300 m
Peak O2 consumption \12 mL/min/Kg
High elevated BNP or NT-proBNP plasma levels
Echocardiography findings: TAPSE \15 mm and/or pericardial effusion
Right heart catheterization findings : RAP [15 mm Hg or CI \2 L/min/m2

NYHA New York Heart Association, BNP brain natriuretic peptide, TAPSE tricuspid annulus
plane systolic excursion, RAP right atrial pressure
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study to date. In this study, Macitentan significantly reduced morbidity and
mortality among patients with pulmonary arterial hypertension [28].

In the Context of ICU (Fig. 3)

The main objective is to prevent and to treat RV failure. The principles are
reduction of PVR by vasodilators, limitation of pulmonary hypoxic vasocon-
striction by oxygen, preservation of coronary output by control of systemic arterial
pressure, use of inotropes, arrhythmia control. No algorithm was validated in ICU
patients. Each therapeutic option must be individually tested. Anemia should be
treated ([10 g/dL).

Mechanical ventilation may be deleterious since it can increase PVR. High
levels of PEP (positive expiratory pressure) also increase PVR, RV afterload and
PAP. On the opposite, hypercapnia may induce a 50 % increase of PVR. If the
patient is intubated, mechanical ventilation adjustments are crucial but difficult.
The principles are that low levels of tidal volume and PEP (3–8 cm H2O) are
necessary whereas hyperpania should not be tolerated

Hypovolemia should not be tolerated but volemia assessment is difficult in this
context. Evaluation of fluid responsiveness by fluid challenge with low fluid
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Q"z{igp"hqt"UrQ4"@";2'"
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Fig. 3 General approach of decompensated PAH in ICU patients. Adapted from [15]. CVP
central venous pressure, VT tidal volume, IV intravenous, PEP positive expiratory pressure, MAP
mean arterial pressure, DAP diastolic arterial pressure
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volume is logical but not demonstrated. Dynamic indices cannot be used in case of
PH [29]. The optimal value for central venous pressure is 10–14 mm Hg [30].

In order to maintain cardiac output, the concomitant use of vasopressors and
inotropes are frequently necessary. Dobutamine is the most inotrope studied in PH.
Low doses (5 mcg/Kg/min) decrease PVR and PAP and moderately increase
cardiac output. Higher doses are not recommended as they induce tachycardia
without decreasing RVP. Systemic vasodilation is frequently observed in
decompensated PH, due to systemic inflammatory response syndrome. This phe-
nomenon can be worsened by sepsis. Systemic vasodilation is characterized by low
diastolic pressure, which is the main determinant of coronary pressure. Therefore,
a low diastolic pressure ([40–50 mm Hg) [31] may induce functional myocardial
ischemia that may worsen RV function. In this case, Norepinephrine is the agent of
choice since it induces systemic vasoconstriction without alteration of coronary

Table 8 Recommendations for efficacy of specific drug therapy, balloon atrial septostomy, and
lung transplantation for pulmonary arterial hypertension (class 1) according to WHO functional
class. Adapted from [5]

Measure/treatment Classes of recommendation–level of
evidence

WHO-FC II WHO-FC III WHO-FC IV

Calcium channel blockers I–Ca I–Ca –
Endothelin receptor antagonists (ERA)
Ambrisentan I–A I–A IIa–C
Bosentan I–A I–A IIa–C
Sitaxentanb IIa–C I–A IIa–C
Macitentan—promising results in PAH and

thromboembolic PH
No actual recommendation

Phosphodiesterase type-5 inhibitors
Sildenafil I–A I–A IIa–C
Tadalafil I–B I–B IIa–C
Prostanoids
Beraprost – IIb–B –
Epoprostenol (intravenous) – I–A I–A
Iloprost (inhaled) – I–A IIa–C
Iloprost (intravenous) – IIa–C IIa–C
Treprostinil (subcutaneous) – I–B IIa–C
Treprostinil (intravenous) – IIa–C IIa–C
Treprostinil (inhaled) – I–B IIa–C
Soluble guanylate cyclase stimulator
Riociguat—promising results in PAH No actual recommendation
Initial drugs combination therapy – – IIa–C
Sequential drugs combination therapy IIa–C IIa–B IIa–B
Balloon atrial septostomy – I–C I–C
Lung transplantation – I–C I–C
a Only for positive vasoreacivity test
b Sitaxentan was withdrawn on 2010 due to severe unpredictable side effects (hepatic toxicity)
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blood flow. The objective of MAP is classical, 65–75 mm Hg [32]. Levosimendan
can be used but may be individually tested as there is a risk of systemic hypo-
tension. Intravenous milrinone has limited indications because of hypotension.

The use of selective pulmonary vasodilators in order to decrease RV afterload is
logical in decompensated PAH [14]. The agents that can be used, their dose,
duration of action and side effects are summarized in Table 9.

Endothelin receptor antagonist has not been tested in the context of ICU.
Intravenous administration can induce severe hypotension that limits their use in
unstable patients.

Inhaled NO decreases PAP and increases RV performance at a dose ranging
from 5 to 40 ppm. It has some limitations: rebound effect, methemoglobinemia,
and price. Moreover, the beneficial effect is not sustained by 72 h in ARDS
patients [33]. This diminution in the beneficial effect of NOi may be due to the fact
that NO also has proinflammatory activityand prolonged exposure can result in
oxidative injury and the nitrosylation of proteins. To date, at our knowledge, no
long term evaluation of NOi was performed for PAH patient.

Inhaled epoprostenol (Flolan�) induces significant pulmonary vasodilation
without systemic effect. Continuous infusion of epoprostenol via an automatic
syringe in a nebulization device at a dose of 12.5–50 ng/Kg/min in the inspiratory
circuit or mask is feasible. Intravenous epoprostenol is started at the dose of 1 ng/

Table 9 Pulmonary vasodilators that may reduce PVR in ICU setting. Adapted from [14]

Drug Dose Duration of
action

Side effects

Intravenous
Prostacyclin

(Epoprostenol,
Flolan�)

Start at 1 ng/kg/min 2-ng/
kg/min increments
according to effect

3–5 min Systemic hypotension,
worsening oxygenation,
antiplatelet effect,
headache, flushing,
nausea, diarrhea

Iloprost 1–5 ng/kg/min 30 min Idem Flolan
Inhaled
Prostacyclin

(Epoprostenol,
Flolan�)

0.2–0.3 ml/min of
10–20 lg/ml nebulized
into inspiratory limb of
ventilator circuit
(30–40 ng/kg/min)

3–5 min Less hypotension, better
oxygenation

Iloprost 2.5–5 lg 6–9 times/day,
1 mg/ml into the
ventilator circuit or via
face mask at
0.2–0.3 ml/min for
10–20 min

30 min As above, plus
bronchospasm

NO 5–80 ppm, continuously 15–30 s Methemoglobinemia
Oral
Sidenafil 0.25–0.75 mg/kg/4 h 3–4 h Few hypotension

Few paradoxical hypoxia
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kg/min and titrated upward in 2 ng/kg/min increments according to clinical effect.
The use of intravenous forms of prostanoids is limited in ICU since they have
severe systemic effects: hypotension, paradoxical worsening oxygenation, nausea,
headache, flush, diarrhea, antiplatelet effects.

Intravenous ilomedin (Iloprost�) has been used in post-operative ICU patient at
a dose of 2 lg.kg-1 over 20 min. Its efficacy and side effects are comparable to
epoprostenol. One study suggest short duration of hemodynamic effects (20 min)
limiting its use [34], whereas one other found sustained effect other 2 h but in
ARDS patients [35]. A recent study in eight patients with PAH functional class IV
with right heart failure, four of them candidates for lung transplantation, suggest
the association inhaled Iloprost plus oral Sildenafil as an alternative to Epo-
prostenol [36].

The use of sildenafil was reported as efficacious in ICU patients in several case
reports at a dose of 25–50 mg followed by 25 mg/8 h. The effects are seen after
15 min of oral intake and the peak efficacy is observed between 30 and 60 min.
Intravenous Sildenafil administered at infusion rate of 2 and 9 mg/h for 20 min
each to achieve plasma levels of 100 and 300 ng/l respectively (equivalent to peak
plasma levels of 25 and 50 mg of oral sildenafil therapy) led to significant
reductions in mPAP (-7.4 mm Hg or—16.9 % (9.2) p \0,001) and PVR (-
188.8 dyn/s/cm5 or—25.1 % (11.4) p \0,001) [37].

The treatment of the cause of acute exacerbation is fundamental, especially
sepsis. In case of failure of medical treatment, septostomy, extra corporeal life
support and transplantation should be discussed with referral center only in a
highly selected population since the mortality is very high in this context.

Conclusion

The prognosis of PAH was consistently improved in the ten past years by intro-
duction of selective pulmonary vasodilators and management by highly special-
ized medical teams. In ICU patients, PAH remains a severe disease with a high
mortality rate. When PAH is suspected, a systematic diagnosis approach is of
particular importance in order to rapidly eliminate left cardiac, thromboembolic
and pulmonary causes of PH. Left cardiac disease is the most common cause of
PH. Early recognition of PAH allows a rapid introduction of selective pulmonary
vasodilators that can improve outcome. Idiopathic PAH is the most frequent cause
but it can also be associated with scleroderma, HIV infection, anorexigen toxicity,
thyroid disease, cirrhosis. Pulmonary vasodilators should be only a part of a
general management including treatment of triggering factors, optimization of
fluid balance, decrease of RV afterload by using pulmonary vasodilators while
maintaining cardiac output and mean arterial pressure. The early contact of PH
referral center or specialized physician is of particular importance.
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Part III
Infectious Diseases



Strongyloidiasis in Intensive Care

Laurent Zieleskiewicz, Laurent Chiche, Stéphane Donati
and Renaud Piarroux

Key Points

• Strongyloidiasis is a pandemic disease with a probably underestimated
prevalence due to is asymptomatic character.

• Disseminated ‘‘malignant’’ strongyloidiasis is associated with up to 80 %
mortality rate.

• This particular form can be related to all immune deficiencies but mostly
to corticotherapy because of it direct effect on the Nematode biology.

• Initiation of corticotherapy is probably risky in a patient who is possibly
asymptomatically infected with Strongyloides, even at low doses and after
anti-parasitic treatment.

• Ivermectin is the treatment of choice for decontamination and for
disseminated strongyloidiasis.
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Introduction

Strongyloidiasis is a parasitic disease caused by Strongyloides stercoralis, a human
intestinal nematode infecting several million individuals worldwide. Although, in
the majority of cases, the infection is asymptomatic, it may transform to a ful-
minant form in certain clinical situations. For the intensivist, it is necessary to
know how to recognise this ‘‘malignant’’ form, which frequently causes death,
despite treatment. Above all, intensivists should prevent its occurrence in patients
hospitalised in intensive care (IC) when they are chronic carriers of the parasite.
Due to the fact that there is a direct parasitic cycle without obligatory passage
through an external vector, a contaminated patient can remain an asymptomatic
carrier for the whole of their life and a single trip to a tropical area is sufficient for
infestation. Taking into account the increasing mobility of individuals, the increase
in migratory flow and the large number of circumstances that can lead to a low-
ering of immunity, it is important that the intensivist takes into account the risks
linked to this parasite in his/her therapeutic decisions.

Epidemiology and Parasitic Cycle

Classically limited to equatorial zones, foci of strongyloidiasis have also been
described in temperate zones such as the Spanish Mediterranean coast. Humans
are usually infected via the transcutaneous route, by walking barefooted on soil
contaminated with human faeces and harbouring larvae of S. stercoralis. Ingestion
or bathing in contaminated water has also been incriminated in the mechanisms of
infection. S. stercoralis uses several pathways to complete its life cycle (Fig. 1). In
effect, the life cycle of this parasite may include a free phase in the external
environment, where a sexual phase of multiplication can even take place, but in
contrast, the cycle may take place entirely in humans where the larvae released in
the intestine may directly cross the intestinal mucosa and skin around the anus to
pass into the circulation. The existence of this short cycle is manifest as repeated
reinfestations and explains the possibility of chronic carriage of the parasite in
patients who left the endemic area decades previously. A patient can therefore
remain infected and pauci-symptomatic all their life until an eventual lowering of
their immunity and the triggering of a disseminated infection.

Definitions and Clinical Forms

During a primo-infection, the most common signs are cutaneous (around the site of
entry), digestive and respiratory. The chronic form is most often asymptomatic but
digestive, respiratory (pseudo-asthma), cutaneous (larva migrans) and biological
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(hypereosinophilia) signs may be observed. Disseminated (‘‘malignant’’) stron-
gyloidiasis occurs in different circumstances when corticotherapy is prescribed or
there is a lowering of cellular immunity principally, but sometimes humoral, as all

Fig. 1 The different steps in the life cycle of Strongyloides. 1. Strongyloides larvae (filariform)
penetrate the skin and then enter the circulation. 2. Strongyloides larvae (filariform) arrive in the
right side of the heart. 3. Strongyloides larvae (filariform) pass into the aveoli and are expelled by
coughing. 4. Strongyloides larvae (filariform) arrive at the aerodigestive junction and are
swallowed. 5. Strongyloides larvae (filariform) transform into parthenogenetic females after
having crossed the pylorus. 6. The parthenogenetic females lay their eggs in the intestine. 7.
These eggs evolve into ‘‘first generation’’ rhabditoid larvae. 8. The ‘‘first generation’’ rhabditoid
larvae are released into the external environment (in the faeces), or 8b: the ‘‘first generation’’
rhabditoid larvae transform into filariform larvae in the intestine and these then cross the
intestinal wall and enter the circulation. 9. The ‘‘first generation’’ rhabditoid larvae transform into
sexual adults (male and female). 10. The pregnant females lay their eggs in the external
environment. 11. These eggs evolve into ‘‘second generation’’ rhabditoid larvae. 12. The ‘‘second
generation’’ rhabditoid larvae transform into filariform larvae. The different cycles of
strongyloidiasis. External sexual cycle of strongyloidiasis (heterogonic).
Sexual multiplication in the external environment: the Strongyloides larvae can transform into
sexual adults without passage through a human. External asexual cycle: the ‘‘first
generation’’ rhabditoid larvae released in the faeces can transform directly into filariform larvae,
which are infective to humans if the external environment is unfavourable, or develop into sexual
adults. Cycle of endogenous asexual auto-reinfestation: the ‘‘first generation’’
rhabditoid larvae can transform directly into filariform larvae in the intestine and pass into the
circulation. This cycle explains the persistence of the disease
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types of immunity are involved in the fight against the parasite. This is the most
severe form of the disease with nearly 80 % mortality, characterised by larval
invasion of organs that do not usually participate in the parasitic cycle. There are
many clinical manifestations depending on the organs affected. In terms of the
abdomen, in addition to the classic functional signs digestive haemorrhages, ulcers
of the small intestine or colon, occlusive syndromes and malabsorption have been
described. From a respiratory perspective, the symptoms corresponding the phase
of tissue migration of Strongyloides larvae can extend to severe acute respiratory
distress syndrome (ARDS) with intra-alveloar haemorrhages. Cutaneous
involvement is seen as periumbilical purpura, which is a pathognomic clinical sign
of disseminated strongyloidiasis (Fig. 2).

Cases of meningitis or meningoencephalitis, aseptic or bacterial, have been
described. Many other organs such as the liver, bladder, pancreas and kidneys can
be infected by the parasite. Bacteriaemia is often associated with disseminated
strongyloidiasis as translocation of bacteria accompanies translocation of the
parasites.

Risk Factors for Disseminated Strongyloidiasis

Both humoral and cellular immunity are involved in controlling infection by the
parasite, but cellular immunity mediated by T-lymphocytes and type 2 T-helper cells
plays a predominant role. The role played by glucocorticoids is only partially linked
to their immunosuppressive effect because they also act directly on the metabolism of
the parasite by inducing the production of infectious Strongyloides larvae (filariform)
in the intestine of patients (direct activation of the parasite and transformation
of rhabditoid larvae by the action of steroid receptors present on the parasite).

Fig. 2 Periumbilical purpura, a sign of disseminated strongyloidiasis
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Glucocorticoids are therefore the most frequent triggering factor. These may be
endogenous or exogenous corticoids. The duration of treatment and the doses vary,
but cases have been described for durations of treatment less than 10 days and very
low doses. In addition to their direct effect on the parasite, glucocorticoids can act on
the defences of the host by inhibiting the production of polynuclear eosinophils,
reducing lymphocyte activation and inducing apoptosis of T-helper cells. Thus, the
use of corticoids may be considered as a specific risk factor depending on the
background of the patient. The use of hydrocortisone at a substitutive dose in septic
shock presents a large potential theoretical risk and it should be used with some
precautions: screening, decontamination with ivermectin. Many immunosuppres-
sive chemotherapies have been incriminated in the genesis of disseminated stron-
gyloidiasis (vinca-alkaloids, cyclophosphamide, methotrexate). However, in most
cases they were associated with corticotherapy. Cyclosporine does not appear to be
associated with an increase in the incidence of disseminated forms of the disease.
Some authors even attribute anti-parasite properties to cyclosporine.

Infection with HTLV-1 is frequently associated with strongyloidiasis, with
disseminated forms and with treatment failures. This is probably due to an alter-
ation of type 2 T-helper cells. In contrast, with only about 40 cases of co-infection
reported in the medical literature, it is difficult to confirm that HIV predisposes to
disseminated strongyloidiasis. These two diseases have the same endemic areas
and their association should be more frequent. Furthermore, many patients with
HIV are treated with corticotherapy for pneumocystosis without developing
disseminated strongyloidiasis. Finally, some cases of disseminated strongyloidiasis
have been described in the absence of severe immunosuppression. These may be
favoured by diabetes or malnutrition.

Screening of Carriers of the Disease Before Exposing them
to an At-Risk Situation

In IC, the risk consists mainly of corticotherapy, irrespective of the dose. Given the
urgency of the initiation of these treatments in IC, the clinician does not usually
have time to wait for the results of biological examinations. The decision should
therefore take into account the benefit/risk ratio of treatment and the probability of
contamination of the patient bearing in mind his/her ethnic origin, travel, way of life
and digestive symptomatology. For example, in an at-risk patient, the expected
benefit of substitutive opotherapy with hydrocortisone in the case of septic shock
does not appear to be favourable given the risk of inducing disseminated stron-
gyloidiasis. Serology, blood counts for the detection of eosinophilia and parasito-
logical examination of stools are among the examinations classically used to
diagnose chronic infection. Hypereosinophilia in a high risk patient has a sensitivity
and specificity of 93 % and the speed of diagnosis makes this a useful examination
for the intensivist. Specific techniques should be used for the parasitological
examination of stools or the diagnosis may be missed. It is therefore very important
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to indicate ‘detection of Strongyloides’ at the start of the examination so that the
laboratory uses adequate methods such as the detection of larvae in stools using the
Baermann technique. Serology can be carried out by ELISA or GPIA (gelatin
particle indirect agglutination) with sensitivities ranging from 70–98 % and a
specificity close to 100 %, including immunosuppressed patients.

Diagnosis of Disseminated Strongyloidiasis

Disseminated strongyloidiasis should be suspected in a patient at risk of chronic
carriage (stay in an endemic area, even a long time ago) presenting with risk
factors for disseminated disease (essentially corticotherapy) who presents with an
evocative clinical picture of exceptional severity. To make the diagnosis of
disseminated strongyloidiasis, it is necessary to document the presence of parasites
outside of organs normally colonised during the parasitic cycle (i.e. lungs, intes-
tine). Multiple specimens should be taken and examined for larvae: bronchoal-
veolar lavage, urine, gastric fluid, stools and biopsies of cutaneous lesions.
Hypereosinophilia is not constant but appears to be associated with a better
prognosis. Intestinal biopsies and fibroscopy specimens are rarely carried out in
current practice.

Treatment

It is necessary to completely eradicate the parasite to prevent the development of
disseminated disease. Persistence of a single larva could lead to the development
of disseminated strongyloidiasis in some circumstances (Fig. 3).

Drugs Available

The azoles, notably thiabendazole, are the first drugs to have been used. Prescribed
at a dose of 25 mg/kg twice a day for 3 days, it is effective in approximately 70 %
of cases. It is necessary to repeat treatment after 2 weeks to obtain complete
eradication of the parasite. Thiabendazole is sometime effective in disseminated
strongyloidiasis, particularly when administered via the intrarectal (IR) route.
Side-effects such as nausea, malaise, hallucinations and neuropsychiatric problems
are common ([95 % of cases). Albendazole at a dose of 400 mg/day for 3 days
has a comparable efficacy and tolerance.

Ivermectin appears to be at least as effective as thiabendazole with better clinical
tolerance and a shorter duration of treatment (2 days) in the case of chronic disease.
The usual dose is 200 lg/kg as one single dose. This treatment has also been used
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successfully in disseminated forms. However, in the case of paralytic ileus (common
in disseminated disease), intestinal absorption is minimal or even nil.

There is no parenteral antihelminthic form. Its use via the IR route [2] has
sometimes given good results. Recently, some authors [1] have used veterinary
forms of ivermectin via the parenteral route (subcutaneous) in patients with dis-
seminated strongyloidiasis. While this type of treatment is judicious, notably in
cases of paralytic ileus, treatment failures have already been described and the
pharmacokinetics of this route of administration are unknown. The creation of a
galenic parenteral form therefore appears urgent.

Therapeutic Strategies

Patient Infected or Possibly Infected Before Undergoing
Corticotherapy

Many parameters should be taken into account, particularly the expected benefit of
corticotherapy and its level of urgency. Complete eradication of the parasite
sometimes requires several courses of antihelminthics and verification of the
efficacy of treatment by blood counts to reveal a decrease in number of eosinophils

Patients admitted to intensive care “at risk” of strongyloidiasis

Clinical picture suggestive of strongyloidiasis ?

NO YES

Investigations for eosinophilia ?
Examination of stools

Observation for the appearance 
of clinico-biological signs

Invermectin PO 2 x 2 days 
Serological surveillance 

No corticotherapy

Suspicion of disseminated strongyloidiasis ?

YESNO

Multiple specimens Aetiological 
treatment

Isolation 
Stop corticoids 
Treatment of 
organ failures

ILEUS ?

NO YES

Invermectin PO +/- 
azoles

Invermectin SC and/or IR 
adapted to blood levels 

+/- azoles

+

+

Fig. 3 Strongyloidiasis in intensive care, algorithm and management
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and by parasitological examination of stools repeated at least three times. The
whole of the process of decontamination may therefore take several weeks.
Starting anti-parasitic treatment just before corticotherapy gives the false
impression of security because cases of disseminated forms have been described
after treatment. If corticotherapy is not essential in a patient at risk, the wisest
option is to prescribe an anti-parasitic treatment, to monitor its efficacy and to
defer or abandon corticotherapy. Persistence of a single larva could lead to the
development of disseminated strongyloidiasis in a patient treated with
corticotherapy.

Patient with Disseminated Strongyloidiasis

There are no formal recommendations or randomised studies on the subject. Our
proposals are therefore based on published clinical cases and physiopathology.
Initial treatment depends on repeated and prolonged doses of ivermectin. The
cycle of auto-infection lasts 2 weeks and some authors recommend continuing
treatment until clinical improvement and negativity of specimens over 15 days.

In the case of malabsorption, ileus or curarisation (e.g. in ARDS), the IR or
subcutaneous route has been used. The subcutaneous route appears to be the most
effective. However, there is a risk of neurotoxicity [3] and the patient should be
monitored for signs of this (mydriasis, ataxia, shaking, coma). It is important to
monitor blood concentrations of ivermectin. Ivermectin may be associated with an
azole in the case of treatment failure. Probabilistic antibiotherapy active against
Enterobacter and adapted secondarily to specimens should be initiated. Meningitis
should be investigated and treated if present. Corticotherapy should be interrupted.
The patient should be isolated (healthcare personnel to wear gloves and masks for
protection). The patient’s family should be tracked down and receive decontam-
ination. The other associated organ failures are not specific and the patient should
receive standard symptomatic treatments. The interest of activated protein C has
not been clearly established due the side-effects described.
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Dengue in the Intensive Care Unit
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Key Points

• Dengue is a tropical viral disease which has seen a worldwide resurgence
in the past 25 years.

• Severe forms of the disease include haemorrhagic dengue and dengue
shock syndrome, which presents as fever, haemorrhaging with thrombo-
penia, and a state of shock due to capillary leak.

• There is no effective aetiological treatment for this disease.
• Treatment consists essentially of the management of shock and correction

of haemorrhagic problems.

Introduction

Dengue is a tropical viral disease which has seen a worldwide resurgence over the
past 25 years. Geographic spread of the mosquito vector and the virus has led to an
exponential increase in number of cases of the disease since the first cases iden-
tified in the 1950s in Bangkok and Manila.
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Although this disease usually presents as a benign fever, two more severe forms
of the disease may also occur, namely haemorrhagic dengue and dengue shock
syndrome, which are associated with a high mortality rate, particularly in children,
and justify hospitalisation in an intensive care unit (ICU). In emergency depart-
ments or ICUs, a diagnosis of dengue should be evoked in a patient who has stayed
in an endemic area and presents with a combination of fever and thrombopenia [2].

Over the past decade, dengue has become one of the major international public
health problems. Moreover, it is considered to be a ‘‘neglected tropical disease’’
justifying a specific plan of action by the World Health Organisation (WHO). In
2002, the annual number of cases of dengue was estimated as more than
100 million worldwide, with 250,000 cases of haemorrhagic dengue and 25,000
deaths. Furthermore, the number of reported cases has continued to increase
exponentially over the past few years. Mortality is higher in children.

The areas of geographic predilection for dengue are linked to its vector, the
Aedes mosquito, which develops in urban, peri-urban and rural areas in tropical
and subtropical regions. This corresponds to a zone including more than 100
countries. Dengue therefore represents a danger to public health for more than
2.5 million individuals worldwide. Furthermore, more than half of the world’s
population live in these endemic areas and the risk of infection is 30-times higher
in individuals\50-years of age (Figs. 1 and 2). Global warming has led to fears of
an expansion of the habitat of this mosquito. Likewise, globalisation and an
increase in population migration will increase the risks of spread of the virus.

Dengue affects both adults and children with a predominance in the latter. The
overall rate of mortality is estimated to be approximately 1 %, but is higher for severe
forms of the disease like dengue shock syndrome where it ranges from 0.1 to 10 %.

Fig. 1 Annual number of
cases of dengue worldwide
reported to WHO

Fig. 2 Number of countries
reporting cases of dengue to
WHO
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Physiopathology

Transmission of the Virus

Dengue is caused by an arbovirus and is transmitted by an arthropod vector, a
mosquito of the genus Aedes (A. aegypti, A. albopictus). Humans are the main
reservoir of the virus although some primates can also be infected. The virus
belongs to the family of Flaviviridae and has four different serotypes (DEN1,
DEN2, DEN3 and DEN4).

Immunity

Infection confers long-lasting immunity, but only to the serotype concerned. There is
no long-lasting cross-immunity between the four different serotypes. Furthermore,
successive infections with different serotypes increase the risk of severe forms of the
disease. The greater severity of ‘‘secondary’’ forms of dengue has been suggested to
be due to the presence of facilitating antibodies acquired during the first infection. In
endemic areas, the majority of the adult population is immunised and the risk of
dengue is highest in children. Conversely, in non-endemic areas, dengue affects both
adults and children. Both humoral immunity (secretion of IgM and IgG) and cellular
immunity (via the production of cytokines, which have a major role in capillary
permeability) play a role. The long-term hope for the management of this disease lies
in the development of a recombinant vaccine, which is currently undergoing clinical
trials in humans.

Dissemination of the Virus

Like all arboviruses, the dengue virus has a tropism for the small vessels and
central nervous system. When the virus is inoculated into the blood via a mosquito
bite it multiplies in the reticular endothelial system and then disseminates
throughout the body. The most significant physiopathological manifestations are
thrombopenia, on the one hand, linked to depression of platelet synthesis or the
secretion of anti-platelet antibodies, and an increase in endothelial permeability,
on the other, which is immunological in origin.

Leakage of plasma due to increased capillary permeability is caused by over-
production of a secreted metalloproteinase enzyme following inflammation by
target dendritic cells infected with the virus.
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Clinical Presentation

Clinical Symptoms

Most of the time, dengue (dengue fever) is a benign disease characterised by an
acute painful fever with a favourable spontaneous evolution. It can sometimes
even be asymptomatic (Fig. 3). The incubation period of dengue can range from 3
to 14 days, but in general is between 4 and 7 days. Acute symptoms then appear in
the form of an influenza-type syndrome: intense fever (C39–40 �C), asthenia,
prostration, severe headaches, occasionally meningeal syndrome, shivering,
myalgia and arthralgia, diffuse adenopathies, macular erythematous rash,
hepatomegaly.

However, a number of forms can present more severely and can even be fatal.
These severe forms consist of haemorrhagic dengue (dengue haemorrhagic fever)
and dengue shock syndrome. These two clinical forms of dengue generally appear
after a period of remission, of variable duration. Clinical signs reveal problems
with coagulation or haemostasis (bleeding in the nose or gums, purpura, hae-
matemesis or melena).

The WHO recommends that these problems are evaluated using the tourniquet
test (Table 1). However, there are also signs of circulatory failure (hypotension
with narrow pulse pressure, tachycardia, mottling of the skin, etc.) or plasma
leakage (pleural effusion, ascites). Rarer complications such as myocarditis,
pericarditis, hepatitis, severe neurological problems (encephalopathy, neuropathy)
and rhabdomyolysis can also occur.

Dengue

Asymptomatic Symptomatic

Classic dengueUndifferentiated fever Haemorrhagic dengue

No haemorrhage No shock

Haemorrhage
Dengue shock 

syndrome

Fig. 3 Clinical presentation of the different forms of dengue

72 F. Potié et al.



Biological Anomalies

Although biological parameters may be normal in asymptomatic or moderate
forms of the disease, the biological anomalies typically found comprise: throm-
bopenia, leukopenia with neutropenia or lymphopenia, a moderate increase in liver
enzymes and LDH, hyponatraemia, etc.

Classification

The association of clinical and biological signs has enabled the WHO to establish a
classification of different forms of dengue according to their severity (Table 1).
This simple classification has been designed to be applicable in care structures
with modest equipment which are predominant in endemic areas. However, some
authors have recently pleaded for a new, more appropriate classification, modi-
fying the thresholds for thrombopenia.

Evolution of the Disease

Typically, dengue progresses through a phase of high fever lasting around 4 days,
followed by a rapid drop in body temperature (defervescence) where complica-
tions can occur (Fig. 4).

Table 1 WHO classification of different forms of dengue

Clinical forms Stage Symptoms Biology

Simple dengue Fever associated with two or more
of the following signs:
headaches, myalgia, arthralgia,
retro orbitar pain

Leukopenia—occasional
Thrombopenia—possible
No evidence of plasma leakage

Haemorrhagic
dengue

I Previous signs plus positive
tourniquet test

Thrombopenia \100,000
Increased Ht C20 %

Haemorrhagic
dengue

II Previous signs plus spontaneous
bleeding

Thrombopenia \100,000
Increased Ht C20 %

Dengue shock
syndrome

III Previous signs plus circulatory
failure (rapid weak pulse,
narrowing of pulse pressure
\20 mmHg, neurological
signs)

Thrombopenia \100,000
Increased Ht C20 %

Dengue shock
syndrome

IV Major shock with undetectable
blood pressure

Thrombopenia \100,000
Increased Ht C20 %

Tourniquet test this test is carried out by applying a blood pressure cuff to the arm and inflating it
to a pressure intermediate between systolic and diastolic pressure for 5 min. The test is con-
sidered positive if C10 petechiae/2.5 cm2 appear on the forearm
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Diagnosis

The diagnosis of dengue is confirmed by culture of the virus, PCR or serological
tests. The first two tests are not generally used in clinical practice. The diagnosis is
therefore based on serology. Serological tests detect IgM and IgG by ELISA, as
well as the more recent detection of NS1 antigenaemia. Detection of IgM by
ELISA is most often used, but requires certain precautions. This test is negative in
the initial phase of the disease and should only be carried out after the 4th or 5th
day following the onset of symptoms. It should be repeated in the case of an
unclear clinical picture. Primary infections are characterised by an increase in IgM
on the 4th or 5th day whereas IgG do not increase until after 7–10 days. In
secondary dengue, the rate of increase in IgM is slower but IgG increase more
rapidly than in primary infections. False positives have been described in cases of
associated rheumatoid factor or infection by flavivirus.

Incubation Dengue Critical phase 
Haemorrhagic dengue 

Dengue shock syndrome

Convalescence

Classic chronological evolution of dengue

Fever: day 0 – day 4 Shock: day 3 – day 5

2nd febrile phase: 
day 4 – day 7

Fig. 4 Chronology of the different phases of dengue
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NS1 Antigen

The NS1 gene encodes a glycoprotein produced by all flaviviruses and involved in
viral replication. This protein is produced by infected mammalian cells, but not by
those of insects. It appears in the first days after the appearance of fever and then
decreases to become undetectable by the 5th or 6th day. Measurement of NS1
antigenaemia by ELISA is therefore recommended for the early diagnosis of
dengue (Fig. 5).

Treatment

Overall, the management of dengue consists of three main actions: (i) eradication
of the mosquito (Aedes); (ii) vaccination and (iii) specific medical treatment. The
first two subjects are not discussed here as they are beyond the scope of the current
article, but they are nevertheless important areas studied by international bodies or
the subject of pharmaceutical research, particularly vaccine development. Con-
cerning the third subject, there is currently no effective specific antiviral medical
treatment against dengue. No antiviral drugs or treatments such as corticoids or
carbazochrome (potentially active on capillary permeability) have been proven to
be effective to date. Symptomatic treatment is therefore the basis of management.

1         2         3         4         5         6         7         8         9         14 days        3 months       years 

Isolation of virus

NS1 antigenaemia

Detection of IgG

Detection of IgM

Fig. 5 Chronology of the serological diagnosis of dengue
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Simple Forms of Dengue

Antipyretic treatment based on paracetamol and avoiding aspirin and non-steroidal
anti-inflammatory drugs, rehydration and rest are the main approaches to treatment
of dengue types I and II.

Rehydration should preferentially be carried out via the oral route or intrave-
nously if oral rehydration is not possible or is insufficient. Vital signs (pulse, blood
pressure, differential blood pressure, urine output) as well as the capillary haema-
tocrit have been proposed by WHO for clinical monitoring of treatment. Cristalloids
are recommended at a rate of 6 ml/kg/h during the first 3 h and can then be reduced
to 3 ml/kg/h over the following 6–12 h in the case of improvement or conversely
increased to 10 ml/kg/h for 1 h in the case of deterioration [4–6].

Complicated Forms of Dengue

Haemorrhagic dengue and dengue shock syndrome, that is to say dengue stages II,
III and IV (Table 1), require hospitalisation in an ICU. Due to the severity of the
disease and the development of haemodynamic and haematological complications,
usually at the time of defervescence, it is important not to relax surveillance of
these patients at this time.

Haemodynamic Management

The WHO has put forward a number of recommendations concerning volaemic
expansion (Fig. 6). These have the advantage of feasibility and reproducibility,
even if some authors have criticised them as being based on empiricism rather than
any real scientific evidence. They are aimed at harmonising the haemodynamic
management of patients in geographic regions where great differences in means
and levels of hospital structure may exist from one area to another. The scheme
proposed by WHO recommends the use of cristalloids initially and proposes
dextrans in patients where there is no improvement in shock.

A study comparing three types of solutes (Ringer lactate�, dextran 70� and
amidon) in dengue shock syndrome [3] has shown that Ringer� is most beneficial
in the initial phase of hypovolaemic shock, but that if colloids are required amidon
is slightly superior and has fewer side-effects than dextran. The other approaches
to the treatment of shock do not differ from usual measures (monitoring, use of
vasopressor amines or isotropics, etc.).
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Ventilation

The management of respiratory decompensation, whether due to real acute
respiratory distress syndrome or to excess filling, does not differ from other causes
of respiratory distress. Non-invasive ventilation has been tested effectively in
children compared to oxygenation with a simple mask.

Mechanical ventilation, when necessary, will follow the protocols used in each
service.

Haematological Management

Platelet transfusions are indicated according to the usual transfusion criteria, that is
to say, according to the appearance of clinical signs of bleeding rather than on
isolated values. The plan not to transfuse platelets unless there is thrombopenia
\30 G/L in the case of bleeding and\10 G/L in the absence of bleeding may be

UNSTABLE VITAL SIGNS 

(decrease in urine output, 
signs of shock)

Volaemic expansion:  
10-20 ml/kg/h of  

cristalloids IV in 1 h

Improvement No improvement

Continued improvement Increase in haematocrit Decrease in haematocrit

Improvement

Reduction of cristalloids from 20 
to 10, from 10 to 6, then from 6 to 

3 ml/kg/h

Stop IV treatment  

after 24-48 h

Oxygen

Reduction of cristalloids from 
10 to 6, then from 6 to 3 

ml/kg/h. Stop after 24-48 h

IV colloid (dextran 40) or 
plasma 10 ml/kg/h  
(repeat if needed) 

Blood transfusion (10 
ml/kg/h) if Ht always >35%

Fig. 6 Scheme for volaemic expansion proposed by WHO for patients with haemorrhagic
dengue stages III and IV
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used as the basis for discussion. Similarly, the use of packed red blood cells,
plasma and other blood products should be adapted to the state of each patient. It
has been reported that anti-D immunoglobulins have been used successfully in
severe forms of haemorrhagic dengue. It is not recommended to use corticoids to
limit thrombopenia even though some authors have reported their efficacy in
children with thrombopenia [1]. Likewise, agents which may have a favourable
action on coagulation or haemostasis such as activated recombinant factor VII,
desmopressin or tranexamic acid are not recommended.

Other Measures

Dengue shock syndrome be associated with a number of clinical complications
such as myocarditis, encephalitis, liver failure, renal failure, disseminated intra-
vascular coagulation or multiorgan failure, and the treatment of these complica-
tions in the ICU should be adapted on a case by case basis.

Although transmission of the virus between humans requires, in theory, a
mosquito vector, cases of interhuman transmission through wounds or exposure to
blood from an infected subject have been described. The usual measures for the
protection of health personnel should therefore be taken.
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Chikungunya in the Intensive Care Unit

Olivier Riou, Marlène Knezynski and Frédéric Potie

Key Points

• Chikungunya is an infectious tropical disease caused by an arbovirus. The
zone of distribution may also extend to the southern Europe and the
United State

• Mortality from the disease is estimated at 1/1,000
• Severe forms of the disease include meningo-encephalitis, Guillain-Barré

syndrome, hepatitis and myocarditis.
• The treatment is purely symptomatic.
• A vaccine for the prevention of this disease is currently under development.

Introduction

Chikungunya is an infectious tropical disease caused by an arbovirus of the genus
Alphavirus, from the family Togaviridae. It is transmitted by mosquitoes of the
genus Aedes. The name of the disease comes from the Makonde language and
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means ‘‘disease that bends the bones’’ or ‘‘bent man disease’’ because Chikungunya
gives infected patients a characteristic bent appearance.

Epidemiology

Chikungunya virus was first identified during an epidemic in Tanzania in 1952.
The classic endemic area for Chikungunya includes Africa, India and South–East
Asia. In 2005–2006, all of the islands in the Indian Ocean were affected by the
intense dissemination of this virus. In 2006, an epidemic developed in India which
affected more than 1.4 million individuals. For the first time in 2007, an epidemic
developed in a non-tropical zone, in Italy, from an index case originating from
India and involving Aedes albopictus, which can be found in the south of France
and in some areas of America, suggesting a possible expansion of the zone of
infestation [2].

Transmission

Vector Transmission

Several species of mosquito can transmit Chikungunya, but to date only Aedes
aegypti and Aedes albopictus have been identified as vectors of epidemics as a
result of their adaptation to areas of human habitation. The female Aedes mosquito
becomes infected by biting an infected human or animal during the phase of
viraemia (which starts 5 days before and lasts until 7 days after clinical diagnosis).
The mosquito is a diurnal vector with a peak of activity at the beginning and the
end of the day.

Nosocomial Transmission

Nosocomial transmission is possible via blood transfusions or transplants. A
hospital case has been described after accidental exposure to blood.

Materno-Foetal Transmission

This has been observed during epidemics on La Reunion Island [3] and in India.
The risk is particularly high if the birth takes place during the phase of viraemia.
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Physiopathology

The virus replicates in macrophages, but can be isolated from many organs:
bronchial lining, glial cells, cardiac myocytes, Kupffer cells, biliary canal, kidneys.
The virus also infects ‘‘adherent’’ cells such as endothelial cells, epithelial cells,
fibroblasts, etc.

Chikungunya virus can mutate, facilitating its development in the vector cycle
or favouring the attack of specific organs (neurovirulence, hepatitis, etc.).

Clinical

Asymptomatic forms of the disease may occur, estimated at 13 % of cases in
seroprevalence studies carried out on La Reunion Island and in Mayotte in 2006,
and at 35 % in Thai studies.

Classic Clinical Picture

Typically, after an incubation period of 2–10 days, a high fever develops, some-
times above 40 �C, which lasts for 3–5 days. Polyarthralgia develops 2–5 days
after the start of fever and affects many joints ([10). This attack of the joints is
symmetrical in 70 % of cases and preferentially involves the peripheral joints:
wrists, ankles (50 %) and hands (60 %). Headaches, severe myalgia (80 %) and a
maculopapular rash on the trunk and limbs (55 %), which is sometimes prurigi-
nous (35 %), are also frequently found. Benign haemorrhages such as gingi-
vorrhagia, epistaxis or purpura may also be observed, particularly in children
(20 % of cases) [4].

More rare symptoms, which demonstrate the ubiquitous localisation of the virus
in the body, include: digestive manifestations such as abdominal pain, vomiting,
diarrhoea and hepatitis; neurosensory manifestations such as hypoacusis, epilepsy,
meningitis, encephalomyeloradiculitis and neuromyopathy; ocular attacks such as
chorioretinitis, conjunctivitis, iridocyclitis; interstitial nephritis; or episodes of
transient hypoxemia of unknown mechanism [4].

The most frequent laboratory anomalies are lymphopenia, thrombopenia, ele-
vation of hepatic enzymes (2–3-fold increase in transaminases) and creatine
phosphokinase.

The acute phase of infection by Chikungunya virus lasts on average 5–10 days.
The spontaneous evolution is usually favourable but can, in some cases, lead to
prolonged asthenia and chronic relapsing joint pain ([50 % of patients at
6 months to 12 % at 5 years).
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Complicated Forms

The epidemic in La Reunion was associated with a disease related mortality of
1/1,000 infected cases [3]. Two-hundred and forty-six patients were admitted to
intensive care, with a mortality of 50 %. In Ahmedabad in India, overmortality
was observed during the 4 months of the peak of the epidemic in 2006. These
severe complications particularly involve frail patients (three-quarters of cases
aged C70-years), patients with polygenetic defects and neonates. Several cases of
sudden death have been described in patients without any previous history.
However, the connection with Chikungunya is often unclear, even if there is proof
of infection, and the aetiology of the death remains hypothetical: acute coronary
syndrome, arrhythmia, shock, etc.

In the intensive care unit (ICU) the following clinical presentations may be
observed: serious neurological forms, essentially progressive meningo-encephalitis
with serious sequellae in half of cases with loss of autonomy, chronic coma and
Guillain-Barré type polyradiculoneuritis [5] requiring respiratory assistance; nec-
rotising hepatitis, specifically in chronic alcoholic patients, leading to discussions
about a liver transplant; myocarditis and pericarditis responsible for cardiac
decompensation.

However, in most patients admitted to the ICU, infection with Chikungunya
virus is itself a comorbidity or decompensation factor favouring: opportunistic
infections and septic shock through viral immunosuppression; acute renal failure
by frequent dehydration secondary to digestive problems, fever, problems with
consciousness, a state of shock and/or the use of non-steroidal anti-inflammatory
drugs; decompensation of preexisting diseases: coronaropathy, heart failure, kid-
ney failure, liver failure, diabetes, etc.

The disease in neonates infected by late materno-foetal transmission has a
particularly severe symptomatology in one-half of cases. Three to seven days after
the birth, encephalopathy is observed with cerebral oedema, haemodynamic
problems secondary to severe sepsis, thrombocytopenia in 90 % of cases, occa-
sional haemorrhagic complications (disseminated intravascular coagulations),
extensive bullous dermatosis and problems with feeding [3].

Differential Diagnosis

Except for polyarthralgia, the symptoms are non-specific and many other arbovirus
infections have similar symptoms: fever, jaundice, Rift valley fever, dengue, other
Togaviruses, as do bacterial and parasitic infections such as malaria, rickettsiosis,
leptospirosis, bacterial meningitis, typhoid fever, etc.
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Diagnostic Tools

The viral genome can be demonstrated in the body by RT-PCR during the
viraemic phase: 5 days before until 7 days after the clinical diagnosis. Immuno-
globulin M antibodies (IgM) appear towards the 5th day of the illness and persist
for several months. IgG then appear from the 15th day, which persist for several
years, or even decades, and protect from a new Chikungunya infection.

Treatment and Prevention

There is no virucidal treatment available. There is no proof of efficacy of chlo-
roquine in vivo. In vitro, ribavirin and alpha-interferon appear to have activity
against viral replication [1]. Treatment is therefore exclusively symptomatic.
Typical medical management consists of antipyretic and analgesic treatment.
Corticotherapy may be necessary in patients with chronic painful joints. There is
no specific management in the ICU setting and treatment consists of adapted organ
support.

Prevention of this infection is both collective, depending on vector control, and
individual (insect repellents, mosquito nets, etc.). Patients should be isolated in
order to limit the spread of the disease. Infected humans are the main reservoirs of
the disease. An experimental vaccine was developed by the US Army Institute of
Research in 1980 and is in the process of being requalified in France under the
aegis of INSERM.
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Snakebite Envenoming

Jean-Pierre Bellefleur and Jean-Philippe Chippaux

Keypoints

• Ophidian envenoming represents a public health problem in tropical
countries.

• Faced to a snakebite, the practitioner has to confirm the envenoming in
order to use immunotherapy.

• The new generation of purified immunoglobulins are actually effective
and safe.

• The reference centres where are located banks of antivenoms should be
known.

Introduction

In tropical countries, especially in Africa and Asia, envenoming remains a critical
public health problem due to high incidence (up to 5 million bites resulting in
more than 125,000 deaths annually) and poor management [1]. In contrast, in
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developed countries, particularly in Europe, the incidence is low (about 300 bites
in France a year), as well as the case fatality rate due to lower toxicity of the
venom and better management. Regarding epidemiology, accidental bites due to
autochthonous vipers, are opposed to ‘‘illegitimate’’ bites occurring during animal
manipulation, which increase with the new fashion of exotic pet. If the manage-
ment of the first ones is now well codified, clinicians are generally unprepared for
the diversity and severity of the latters, resulting in inflammation, necrosis and
often uncontrollable coagulopathy, the evolution of which leads to multiple
complications or sudden paralysis and respiratory paralysis.

Venom Composition

The snake venoms are composed primarily of proteins belonging to two functional
groups whose characteristics are quite distinct regarding pharmacological, clinical
and therapeutic characteristics, namely toxins and enzymes. Toxins generally have
low molecular weight. They bind to cellular receptors inducing the inhibition or
disruption of their working. The specific toxicity is directly proportional to the
number of receptors affected, and consequently to the amount of inoculated toxin.
Toxins rapidly diffuse in the organism, involving deep tissues explaining quick
toxicity. Toxins generally have good immunogenicity despite their small size. On
the other hand, the enzymes convert a substrate as long as it remains. As a con-
sequence, the toxicity of enzymes is less directly related to their quantity than their
persistence in the organism. They are highly immunogenic. However, the anti-
bodies bind to the enzyme without necessarily interrupting its activity. In addition,
the product obtained after enzyme digestion could be not neutralised by the
antibodies.

Elapid Venoms

Elapid venom contains neurotropic low molecular weight toxins. Among them, the
a-neurotoxins present in the venom of cobras and mambas, bind selectively to
cholinergic receptors of the postsynaptic membrane. They quickly reach their target
to block nerve impulses, causing paralysis. In mamba venoms, the dendrotoxin
increases the release of acetylcholine and the fasciculin inhibits cholinesterase;
both potentiate pharmacological action of acetylcholine. Finally, muscarinic toxins,
also present in mamba venom, bind specifically to muscarinic receptors in the
neuromuscular junction, leading to muscarinic syndrome very early during the
envenoming. Phospholipases A2, also called b-neurotoxins although they are high
molecular weight enzymes, are found in the venoms of kraits (Bungarus), Aus-
tralian elapids and some American rattlesnakes or Old World vipers. They block the
release of acetylcholine at the presynaptic plate level, which also produce paralysis.
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However, their enzymatic activity can cause paralysis, particularly myolysis.
Cytotoxins, which are found in large amount in the venom of spitting cobras, induce
cell destruction resulting in focal necrosis.

Viper Venoms

Viper venoms lead to pathophysiological changes due to the production of pro-
inflammatory cytokines, similar to those found in cases of severe trauma [2].
Venoms of vipers are inflammatory, haemorrhagic and necrotising. The processes
involved in the bleeding disorders are complex, due to frequent and conflicting
interactions. Two phenomena are distinct. In a first step, haemorragins cause
damage to blood vessel walls resulting in localised or diffuse bleedings. Then,
other venom factors disrupt the coagulation. Echis and some Australian elapid
venoms contain a prothrombin activator. Most of other Viper venoms have
thrombin-like enzymes that act like natural thrombin to hydrolyse fibrinogen,
various substances active on platelets and enzymes activating fibrinolysis.
According to the venom, thrombin-like enzymes induce specific compound dis-
tinct from natural fibrin resulting in a clot variable in size and stability [3]. The
susceptibility of the newly formed clot to fibrinolytic enzymes, particularly to
plasmin, will also be different, as well as the neutralising capacity of heparin or
hirudin. Hypercoagulable phase duration varies in length according to the venom.
It results in a syndrome of diffuse vascular thrombosis which may favour certain
visceral complications. Strongly marked after the bite from few American vipers
(e.g. Bothrops lanceolatus), this phenomenon has never been described after Asian
or African viper bites. Following Echis bite, the clinical manifestations of
haemorrhagic syndrome are delayed with respect to biological signs, which appear
usually very early. In viper envenoming, necrosis is mainly due to the presence of
proteolytic enzymes that destroy tissue organisation

Venom Toxicokinetics

Toxicokinetics of Vipera aspis venom has been studied in rabbits after intravenous
or intramuscular injection [4]. Intravenously, the half-life is approximately 12 h.
Three days after administration, it remains less than 3.5 % of the venom initial
dose. The volume of distribution is greater than the plasma volume, indicating that
the venom is also present in the cellular compartment. After intramuscular
injection of venom, the venom absorption process lasts over 72 h maintaining high
plasma concentrations of venom over a long period. Similarly, Elapid venoms
spread into the deeper tissues where they are in concentration two to three times
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higher than in blood. In the deeper tissues, the venom peak is reached within 1–2 h
depending of the venoms. This explains the rapid onset of clinical disorders
between 15 min and 1 h. Then, a phenomenon of redistribution of venom is
observed from deep tissue toward the blood compartment, explaining recurrent
venom antigenaemia and coagulopathy.

Clinical Symptoms

It is conventional to oppose elapid envenoming, primarily neurotoxic, and viper
envenoming, dominated by necrosis and haemorrhagic syndrome. In practice, the
distinction should be qualified.

Elapid Envenoming

Invasion of elapid envenoming is fast. It is immediately dominated by neurological
symptoms. Venom inoculation is usually painless, although mamba and some
cobra bites are deemed painful. From the first minutes, paraesthesia are described
by the victim, like stinging or tingling around the bite site, linked to local
anaesthesia, which quickly radiate along the limb. Anxiety clearly dominates the
clinical picture associated with epigastric pain, thirst and dryness of mucous
membranes, nausea, tinnitus, phosphenes, dysphonia and dysgeusia; the latter can
last for several weeks. In 15–30 min, highly evocative physical signs occur.
Hypotension can evolve into shock. Vomiting and drowsiness suggest the
involvement of the central nervous system by the venom. Lacrimation, photo-
phobia, salivation, sweating and diarrhoea are present in most elapid envenoming
but are particularly intense after a mamba bite, which muscarinic effects are very
evocative. Muscle tremors can be joined to cramps or spasms. Bilateral palpebral
ptosis and gape (paralysis of the mandible in semi-open mouth position) are
pathognomonic of elapid envenoming; these latter signs confirm the involvement
of the central nervous system and require artificial ventilation. Muscular paralysis,
without loss of consciousness precedes the death by asphyxia. The progression to
death can take 2–10 h depending on the amount of injected venom and the size of
the victim.

Local symptomatology is often mild. However, the pain is intense in Dend-
roaspis bites. Necrosis, usually dry and somewhat extensive, occurs in some Naja
bites, especially N. nigricollis, N. mossambica and N. naja. The necrotic area
involves superficial tissues, and heals slowly.

Envenoming by the elapids does not cause neurologic sequel. Besides the local
necrosis, complications are iatrogenic or nosocomial.
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Viper Envenoming

Venom injection is deep because of the configuration of the fangs of the viper, and
very painful resulting from the penetration of the venom in the body. Most often,
the pain increases, radiating to the whole limb. However, a few envenomings by
Echis ocellatus have been reported similar to the prick of a thorn, which may
mislead the diagnosis. Inflammatory syndrome is generally associated. Oedema
appears within a few minutes, gradually invading the surrounding areas. It may
extend to the entire half of the body within a few hours. Necrosis, often wet,
oozing, rapidly extends in surface and sometimes in depth.

Haemorrhagic syndrome appears gradually. In general, due to haemorragins,
local bleedings at the wound site last during several days. Epistaxis, haematuria,
massive purpura, sometimes haemoptysis or gastrointestinal bleeding occurs sec-
ondarily. After a bite by Echis, the haemorrhagic syndrome will manifest late
(sometimes after 2–3 days), by hypovolemic shock or subarachnoid haemorrhages,
which frequently cause death. However, biological signs appear earlier, namely a
rapid fibrinogen decrease, associated with a gradual lowering of clotting factors.

Sequels are common. They are related to necrosis which can eventually require
amputation, while a thrombotic syndrome may cause visceral infarction away from
the site of the bite, particularly after Bothrops lanceolatus bite (Martinique). Renal
lesions are the most numerous. They occur between 12 h and 2 weeks after the
bite, even though the clinical evolution seems favourable. The renal ischemia may
be the cause of early tubular or cortical necrosis. Extracapillary proliferative
glomerulonephritis, which pathogenesis is more complex, occur later.

Severity–Progression–Prognosis

Most of snake bites are not followed by severe envenoming. First, the severity of
the envenoming has to be confirmed and evaluated. Numerous factors influence
the severity of envenoming. The species responsible for the bite is probably the
most important, but the size of the snake, amount of inoculated venom, the site of
the bite and the health condition of the victim (chronic disease, such as diabetes),
age or circumstances (pregnancy) will also have a significant role in the pro-
gression of the envenoming. The severity of envenoming is determined by clinical
and biological criteria which allow classifying the bite into four grades (Table 1).
Envenomings in Europe are mainly from European vipers (Vipera aspis and V.
berus) which severity is usually grade 1 or 2 [5].

The time between the bite and the onset of symptoms vary from a few seconds
to 3 h. Actually, 1 h after the patient’s arrival, it is usually possible to determine
whether the envenoming is obvious [1]. However, it is preferable to extend this
period to 6 h for additional security.
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Following a bite from Elapidae, a fatal outcome can occur quickly (3–8 h on
average). Following viper bite, including Echis, evolution is slower. It is common
to observe life-threatening complications by 3–6 days after the bite.

Management

Management begins before reaching the hospital by telephone advice: keep quiet,
reassuring surroundings, disinfect the wound, tight bandage with crepe strip (but
preserving the bloodstream), immobilise the limb in a functional position, begin
analgesic treatment at levels 1 and 2, but avoiding salicylates and non-steroidal
anti-inflammatory drugs. It must be stressed at this stage the importance of not
harming: avoid cauterisation, amputation, debridement, suction and tight tourni-
quet. It is important to identify the snake by its Latin name, especially when exotic
species are involved.

Initial Management

At presentation in hospital, snakebite management takes place in an emergency
ward where clear protocols are available. Note the time of onset of symptoms and
the delay for treatment which both impact the evolution of the envenoming and the
occurrence of complications. Laboratory tests, in particular a complete haemo-
stasis, are carried out in emergency. The plasma level of venom is not yet routinely
performed.

Symptomatic treatment is urgently administered upon arrival: installing an
intravenous access, filling hypertonic macromolecules, compressing the site (if
accessible) in case of active bleeding, and oxygen in case of respiratory distress.
The wound is cleaned; tetanus vaccination is checked and updated if necessary.
Anxiolytic treatment is administered; analgesia is adapted to the pain by the use of
analgesics at level 3. Anaesthesia by nerve block may be considered in the absence
of major disturbance of haemostasis.

A decision algorithm is applied according to the clinical and biological grades
of the envenoming (Fig. 1). Envenoming can be eliminated in bitten patient
showing no symptoms and normal coagulation 6 h after the bite. The patients can
be discharged from the hospital with advice to return if they develop alarming
symptoms. Alternatively in case of doubt, they can be offered a 24-h hospitali-
sation. All symptomatic patients are hospitalised in intensive care unit to begin
immunotherapy.
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Symptomatic Treatment

In Intensive care unit, the patient is clinically reassessed and continuous moni-
toring is implemented in particular hemodynamic, in the best with direct blood
pressure measurements. An ECG is recorded in search of arrhythmias or depo-
larisation. The management of organ failure is not specific. In case of respiratory
distress, oxygen therapy should begin by face mask or mechanical ventilation,
afteroro-tracheal intubation and sedation. An antagonism by atropine and Pros-
tigmin� is suggested by some authors in case of neuromuscular symptoms [6]. Its
actual efficacy is controversial and probably depends on the venom characteristics.
Regarding the hemodynamic management, it should be emphasized on respect of
dosages of starches, the excess of which can induce renal failure or coagulation
disorders. Erythrocyte transfusion is guided by the assessment of haemorrhage,
clinical tolerance of anaemia and laboratory findings. The use of vasopressors is
necessary in case of persistent hemodynamic failure. The treatment of coagulation
disorders is primarily based on haemorrhage aetiology. Transfusion of coagulation
factors, platelet concentrate and/or fibrinogen is indicated as a rescue measure in
case of active or potential bleedings (e.g. invasive therapeutic procedure) associ-
ated with major disorders of haemostasis. However, the effectiveness of these
transfusions is conditioned by a prior immunotherapy in order to avoid a relapse of
the consumption process of coagulation factors. There is no instruction for PPSB
or heparin. The treatment of renal failure is primarily the restoration of good renal
perfusion. Recourse to haemodialysis is sometimes necessary.

Abnormal:
Hospitalization in ICU, monitoring

Symptomatic and treatments
Normal: 
Grade 0

No antivenom, 
symptomatic and 
local treatments

Grade 1 :
Antivenom :   1 vial 
slow IV

Garde 2, 3: 
antivenom: 2 vials slow IV

Surveillance > 6 h
Discharge if 
biological tests and 
clinical examination 
are normal

Clinical examination
+

Biological tests H0

H3, H6, H12 then every 24 h :

Clinical and biological reassessment:
Persistent bleeding: antivenom: 2 vials slow IV

Fig. 1 Decision algorithm to snakebite management
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Immunotherapy

Immunotherapy is the only aetiological treatment, using highly purified F(ab’)2

fragments of immunoglobulins (IgAV) (Table 2). They are efficient and very well
tolerated. New generation IgAV show few adverse reactions, in only 2–11 % of
patients. Severe anaphylactic schoks, the treatment of which remains the adrena-
line, seem to be exceptional [7]. Premedication with antihistamines and/or corti-
costeroids is no longer necessary. The IgAV should be administered as early as
possible but seem beneficial even after 24 h [8]. Its indications are broad: Grades
2–3 of envenoming (Fig. 1). The prescription, dosage and feedback are empirical
and guided by the severity and progression of the envenoming. The clinical and
biological evolution should be reassessed at H3, H6, H12 and H24. In case of
persistent or recurrent bleedings, new administrations are performed (Fig. 1). At
biological level, the aim of immunotherapy is not to normalise at all costs the
coagulation disorders but obtain clinical significant improvement [9]. It does not
seem necessary to perform more than three injections using two vials each [7]. In
case of viper envenoming, immunotherapy stops bleedings in less than 2 h in 60 %
of patients and 24 h in 80 % (Fig. 2). The clinical efficacy IgAV is related to a
sharp drop in the plasmatic concentration of venom (venomaemia) after admin-
istration of IgAV. The venomaemia drops sharply in less than 2 h after injection of
IgAV, often completely and durably [7]. In case of elapid envenoming, immu-
notherapy reduced the time of mechanical ventilation to 48 h while it extends up to
2 months without treatment [10]. Immunotherapy reduces the duration of ICU and
hospital stays.

Local Treatment

The treatments are carried out with strict compliance to asepsis: clean the wound
and bandage daily at the beginning, then every 2 days, immobilise the limb in a
functional position.

The effectiveness of systematic antibiotics remains unproven; they induce an
additional cost and the development of bacterial resistance [11]. Locally, enven-
oming may be complicated by compartment syndrome causing extensive tissue
anoxia and a high risk of gangrene. The creatine-phosphokinase rates should be
measured regularly. The measurement of the intracompartmental pressure is used
to evaluate the risk of tissue anoxia and cost benefit of surgical treatment. Surgical
debridement should be avoided as it increases the risk of superinfection and
induces unacceptable disabling sequels. It remains indisputable that at gangrene
stage, amputation should be performed as a rescue. In case of superinfection of the
wound, antibiotic of choice is amoxicillin-clavulanic acid.
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Antivenom Accessibility

The quality, availability and cost of IgAV remain a major problem for the man-
agement of envenoming. Indeed, the purification process of IgAV is very costly
and can lead to industrial choices which performance is likely to be low, resulting
in a significant reduction of safety. Protocols for patient management should

Table 2 Main available antivenoms

Manufacturer Name Areas Species Registration
in France

Sanofi pasteur
(France)

Viperfav � Europe Viperaaspis, viperaberus AMM
Fav-afrique � Afria Bitis, echis, naja,

dendroaspis
ATU

Bothrofav � Martinique Bothropslanceolatus ATU
(Martinique)

Bioclon (Mexico) Antivipmyn � America Crotalus, bothrops ATU
Antivipmyn-tri � Crotalus, bothrops,

lachesis
ATU

Coralmyn � Micrurus ATU
Inosan (Mexico) Inoserp �

Pan-african
Africa Bitis, echis, naja,

dendroaspis
ATU

AMM autorisation de mise sur le marché; ATU autorisation temporaire d’utilisation

10

100

1000

0 20 40 60 80 100 120 hours 

Venom (mg/l)

Control 

Antivenom 
administration 

Antivenom treatment 

F(ab’)2

Fig. 2 Normalisation of clinical (•) and biological (x) haemorrhagic syndromes after admin-
istration of an average of 3.8 vials of IgAV in 289 patients showing Viper syndrome, according to
Rivière et al. [4]

94 J.-P. Bellefleur and J.-P. Chippaux



contain contact data with poison control centers (CAP) in order to determine and
locate suitable antivenoms. Routinely and for the best, hospitals keep in stock only
Viperfav � (and Bothrofav � in Martinique). For other antivenoms, the CAPs are
in relation to banks of antivenoms (BSA). IgAV are stored in limited quantities
and transported to the final destination using the civil and military means. We can
mention several BSA: CAPs of Angers and Marseilles, in France (www.centre-
Poison@chu-angers.fr), BSA in Basel, Switzerland (www.toxi.ch) and Munich,
Germany (Mavin: www.toxinfo.org/antivenoms). It should be noted that in France
there is no registration of Asian and Australian IgAV, which are not available.

Conclusion

Faced to snakebite, the practitioner should confirm the severity of the envenoming
and evaluate the necessity of immunotherapy. This remarkably effective treatment
is no longer a safety issue with new generation of purified fragments of immu-
noglobulins. However, their availability remains problematic and should be
resolved by the use of reference centres where are established banks of
antivenoms.
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Diffuse Interstitial Lung Disease
and Pulmonary Fibrosis

Jean-Marie Forel, Carine Gomez, Sami Hraiech and Laurent Chiche

Key points

Diffuse interstitial lung disease (DILD):

• Eliminate pulmonary infection (intracellular pathogens, Pneumocystis,
viruses) and cardiogenic involvement by history, clinic, thoracic TDM,
peripheral microbiological specimens, echocardiography and bronchoal-
veolar lavage (cytology and microbiology) when possible.

• Eliminate drug- or environment-associated toxicity, carcinomatous lym-
phangitis, connective tissue disease and granulomatosis by the analysis of
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history, extrapulmonary signs, HD-thoracic TDM, BAL cytology, and
immunological investigations before concluding an idiopathic cause.
Multidisciplinary discussion is necessary before lung biopsy.

• Non-invasive ventilation is rarely effective, but can help in carrying out
BAL. Invasive ventilation must be protective.

• Antibiotic treatment (consider anti-intracellular pathogens, Pneumocystis)
is usually prescribed before microbiological results.

• Corticotherapy has poor efficacy outside connective tissue diseases,
granulomatosis, eosinophilic pneumonia, histiocytosis and cryptogenic
organising pneumonia.

• The prognosis is extremely poor in patients with established pulmonary
fibrosis.

Introduction

Diffuse interstitial lung disease (DILD) is a heterogeneous group of lung disorders
characterised histologically by diffuse inflammation and fibrosis affecting pre-
dominantly, but not exclusively, the pulmonary interstitium. Pulmonary fibrosis is
a progressive feature of many lung disorders and more than 200 diseases can
present in the form of DILD [1]. Several types can be distinguished: (i) idiopathic
DILD [2]; (ii) DILD of known cause; and (iii) DILD associated with connective
tissue disease or granulomatosis [1]. Figure 1 summarises the main types of DILD.
Faced with a clinico-radiological picture of DILD compatible with pulmonary
fibrosis, the main problem is to identify the aetiologies accessible to curative
treatment. The therapeutic (e.g. anti-infective agents vs. corticotherapy) and
prognostic (e.g. high probability of recovery from an infectious cause vs. terminal
progression of idiopathic pulmonary fibrosis (IPF)) implications require rigorous
diagnostic and therapeutic approaches which are usually invasive (bronchoalveolar
lavage, lung biopsy).

Diagnostic Strategy

Principal Diffuse Interstitial Lung Diseases of Interest
to the Intensivist

The most frequently encountered DILDs in intensive care, except for cardiogenic
oedema, are: infectious DILD (pneumocystosis, intracellular bacteria, viruses,
tuberculosis), IPF, non-specific interstitial lung disease (NSILD, which should lead
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to investigations for connective tissue disease), neoplastic DILD, DILD associated
with connective tissue disease or granulomatosis, drug-associated and toxic DILD,
and acute interstitial lung disease. Tables 1 and 2 show the main characteristics of
idiopathic DILD and DILD associated with connective tissue disease. Lung dis-
ease with intra-alveolar haemorrhage is not discussed in this chapter (Goodpasture,
Churg-Strauss syndrome, Wegener, microscopic polyangiitis). For the intensivist,
acute respiratory failure (ARF) in relation to DILD may present as one of two
clinical scenarios: (i) previously known DILD. The patient is admitted with ARF,
sometimes in the context of chronic restrictive respiratory failure. An aggravating
factor should be investigated (heart disease, pulmonary embolus, pneumothorax,
infection, drug toxicity) before concluding that it is an exacerbation of the known
lung disease. This is a diagnosis of exclusion; (ii) previously unknown DILD. The
diagnostic process is focused on identifying the aetiology of DILD.

Previously Known Diffuse Interstitial Lung Disease

Figure 2 outlines the diagnostic procedure when a DILD has been identified pre-
viously. The aim of the diagnostic approach is to demonstrate a curable acute

Idiopathic DILD

Diffuse Interstitial Lung Disease (‘aspect of pulmonary fibrosis’)

DILD with a known cause

Infectious interstitial lung disease
(BK, Pneumocystis, intracellular pathogens, viruses) 

Neoplastic lung disease
(carcinomatous lymphangitis, lymphoma, haemopathy)

Drug-associated interstitial lung diseases, poisons 
Pneumoconiosis (asbestosis, silicosis, berylliosis)

Idiopathic chronic eosinophilic pneumonia
(Carrington disease)

Idiopathic acute eosinophilic pneumonia
Lymphangioleiomyomatosis

Alveolar lipoproteinosis
Sequelae of ARDS, of radiotherapy

Graft versus host disease (bone marrow transplant)
Cardiogenic or lesional pulmonary oedema 

(ARDS, smoking, drugs)

Idiopathic pulmonary fibrosis
Non-specific interstitial pneumonia
Cryptogenic organising pneumonia

Desquamative interstitial pneumonia
Respiratory bronchiolitis with DILD
Lymphocytic interstitial pneumonia

Acute interstitial pneumonia
(Hamman-Rich syndrome)

DILD in connective tissue disease

Scleroderma
Idiopathic inflammatory myopathies 
(dermatomyositis and polymyositis)

Rheumatoid arthritis 
Disseminated lupus erythematosus and induced lupus 

Goujerot-Sjögren syndrome

DILD with granulomatosis and other

Sarcoidosis
Histiocytosis X 

(Granulomatosis with Langerhans cells)
Hypersensitivity pneumonitis

(Farmer’s lung, Bird fancier’s disease)
Wegener

Microscopic polyangiitis
Churg-Strauss

Goodpasture syndrome

Fig. 1 Classification of diffuse interstitial lung disease (DILD) (according to the American
Thoracic Society—European Respiratory Society)
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disease complicating the DILD. The initial approach consists of looking for a
cardiac aetiology by measuring Brain Natriuretic Peptide (BNP), troponin Ic,
carrying out electrocardiography (ECG), cardiac echography, and even right-sided
catheterisation to determine left and/or right haemodynamic participation. Angio-
TDM may reveal a pneumothorax or pulmonary embolus (particularly if pulmonary
arterial hypertension (PAH), vasculitis or anti-phospholipid antibodies (Ab) are
present). Bronchopulmonary infection should also be eliminated (clinical, hyper-
leukocytosis, inflammatory syndrome, raised C-reactive protein, procalcitonin),

Diffuse interstitial lung disease known previously

Eliminate left-sided heart failure

Eliminate a pulmonary embolus, 
pneumothorax

Eliminate a pulmonary infection
(Consider opportunistic infections if 
immunosuppressive or corticoid treatment)

Assessment negative

Eliminate drug-associated toxicity 
(amiodarone, carbamazepine, bleomycin 
nitrofurantoin, phenytoin, sulphamides, 
cytotoxics, gold salts, NSAIDs, antibiotics)

Multi-disciplinary evaluation  
(Pneumologist, intern, intensivist, treating clinician, radiologist, anatomopathologist)

of prognosis and admission to the intensive care unit (ICU)

No admission to ICUAdmission to ICU

BAL (cytology, microbiology), other 
microbiological specimens (serology, PCR, 
antigens)

Clinical, comorbidity, ECG, cardiac enzymes, 
BNP

Thoracic angio-TDM, thoracic radiography

Clinical, analysis of imputability, 
www.pneumotox.fr, blood eosinophilia, HD-
thoracic TDM, BAL (cytology = lymphocytes, 
eosinophils)

Revisit the known diagnosis
Discuss a lung biopsy

Acute exacerbation of the previously known 
lung disease 

Eliminate cancer (carcinomatous lymphangitis),
lymphoma, haemopathy)

Context, thoracic angio-TDM, BAL
(cytology), myelogram, BOM

Palliative care

Fig. 2 Management of acute respiratory failure when diffuse interstitial lung disease (DILD) has
been identified previously
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particularly as the immunosuppressive and corticoid treatment received by these
patients increases the risk of infection. Bronchial specimens, BAL and protected
distal sampling should be used to look for community, nosocomial, usual and
opportunistic pathogens. Special staining techniques and culture, serology, antigen
detection, PCR and immunofluorescence are carried out to look for Legionella,
atypical intracellular bacteria (Mycoplasma, Rickettsia, Chlamydia), viruses
(adeno-, rhino-, herpes-, influenza-, cytomegalovirus), Pneumocystis, Aspergillus,
Mycobacterium tuberculosis or atypical mycobacteria. The treatments received by
the patient should also be reviewed systematically, particularly as some treatments
administered during DILD may cause pulmonary toxicity (methotrexate, cyclo-
phosphamide, antibiotics, etc.). Sometimes it is not possible to identify the cause of
respiratory decompensation.

The possible causes of respiratory decompensation should be investigated
thoroughly before concluding that it due to an exacerbation of DILD that could
correspond to terminal progression of pulmonary fibrosis. In a patient receiving
spontaneous ventilation, pulmonary specimens should be obtained by an experi-
enced team weighing up the benefit/risk ratio. Non-invasive ventilation (NIV) may
be useful to support bronchial fibroscopy with BAL. Finally, when investigations
are negative, a lung biopsy should be discussed with an experienced centre and the
previous pneumological diagnosis questioned. A lung biopsy will modify the
therapeutic management in more than one-half of cases.

Previously Unknown Diffuse Interstitial Lung Disease

The patient is admitted with ARF without any previously identified lung disease.
As explained above, investigations should be performed to look for a decom-
pensating factor (heart failure, pulmonary embolus, pneumothorax). The diag-
nostic strategy is focused on looking for the aetiology of the ‘‘de novo’’ lung
disease (Fig. 3).

Anamnesis (importance of questioning the proxies) should clarify how the
disease became established, possible prodromes, medical history (in particular
cardiac, renal, pulmonary, endocrine, neurological, osteo-articular, dermatologi-
cal), previous lung infection, acute respiratory distress syndrome (ARDS) and
more generally, invasive ventilation, cancer, recent and previous treatments
(radiotherapy, methotrexate, amiodarone, cytotoxics, gold salts, carbamazepine,
phenytoin, nitrofurantoin, antibiotics, NSAIDs), environmental and professional
risk factors (carbon, silica, beryllium, asbestos, tobacco, cocaine, wood industry,
pesticides, agricultural environment, contact with birds). Data from previous
thoracic imaging are valuable. An analysis of clinical signs system by system
permits the investigation of pulmonary symptoms (pleurisy, adenopathy, crepita-
tions, squeaking) and extra-pulmonary signs (adenopathy, articular, cutaneous,
renal, neurological and gastrointestinal attacks) that are evocative of connective
tissue disease, vasculitis or granulomatosis.
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Biological investigations are orientated by these anamnestic and clinical data. It
is useful to measure: creatinine clearance, proteinuria, haematuria, full blood count
(eosinophils), CPK, aldolases, serum precipitins, rheumatoid factor, anti-nuclear
antibodies (Ab), anti-native DNA Ab, anti-neutrophil cytoplasmic Ab, cryoglob-
ulinaemia, thyroid assessment, angiotensin-converting enzyme. Other auto-anti-
bodies may be requested depending on the disease suspected (cf. Table 2, Fig. 3).

Thoracic TDM is useful because may reveal features that are evocative of
certain diseases (IPF, histiocytosis, lymphangioleiomyomatosis) and may some-
times be enough to make the diagnosis (Table 1). It can also be used to determine
the best site for BAL (and lung biopsy if necessary).

Bronchial fibroscopy with BAL is essential when looking for an infectious
cause. Special staining and culture techniques, serology, antigen detection, PCR
and immunofluorescence are used to look for Legionella, intracellular bacteria
(Mycoplasma, Rickettsia, Chlamydia), viruses (adeno-, rhino-, herpes-, influenza-,
cytomegalovirus), Pneumocystis, Aspergillus, Mycobacterium tuberculosis or
atypical mycobacteria. BAL cytology can contribute to the diagnosis (presence of
neoplastic cells for carcinomatous lymphangitis, siderophages for associated in-
traalveolar haemorrhage, eosinophils for eosinophilic pneumonia, Churg-Strauss
syndrome, CD4 lymphocytosis for sarcoidosis, Langerhans cells for histiocytosis,
alveolar lipoproteinosis). Sometimes clinical data (adenopathy, mucocutaneous
lesions, dry syndrome, muscular or gastrointestinal attack) will direct the histo-
logical diagnosis via biopsy of lymph nodes, skin, muscles, digestive tissue or
salivary glands (cf. chapter ‘‘Systemic diseases’’). Lung cancer or carcinomatous
lymphangitis are more rarely the cause of respiratory decompensation. A positive

Previously unknown diffuse interstitial lung disease 

Anamnesis Extra-pulmonary clinical signs HD-thoracic TDM BALImmunology-Biology

Glomerulonephritis
Scleroderma, Lupus, Wegener, Goodpasture, 

Microscopic polyangiitis, Churg-Strauss
Myocarditis, pericarditis, endocarditis

Lupus, Scleroderma, Sarcoidosis,RA
Convulsions, Neurological signs
Lupus, APLS, Goujerot-Sjögren, 

Sarcoidosis, Churg-Strauss
Dry syndrome 

Goujerot-Sjögren, Lupus
Deforming arthritis
RA,Goujerot-Sjögren

Non deformingarthritis 
Polymyositis, Sarcoidosis, Lupus,
Microscopic polyangiitis, Wegener

Raynaud, purpura
Scleroderma, Polymyositis, LED,Vasculitis

Purple rashon eyelids
Dermatomyositis

Cutaneous vasculitis
RA, Polyangiitis, Wegener, Lupus

Adenopathies
Sarcoidosis, Lymphoma, Cancer,

Lymphocytic pneumonia

Anti-Jo1Ab
Anti-synthetase syndrome

Anti-phospholipidAb
Lupus,APLS 

Anti SSA, SSB Ab
Goujerot-Sjögren
Anti-SCL70 Ab, 

Anti-centromere Ab
Scleroderma

RF, Anti-CCP Ab
Rheumatoid arthritis

Anti-DNAAb,Anti-SmAb
Lupus

Anti-histone Ab
Inducedlupus  

c-ANCA
Wegener, Churg  Strauss-

p-ANCA
Microscopic polyangiitis
RaisedCPK, aldolases

Polymyositis
Raisedangiotensin 1 
convertingenzyme

Sarcoidosis

Honeycomb
IPF, connective tissue disease 

IP
Well limited nodules

Sarcoidosis, Cancer,BK, 
Pneumoconiosis, Histiocytosis,

Hypersensitivity IP
Mediastinal adenopathies 

BK, Sarcoidosis, Lymphoma,
Cancer,Infection

Sub-pleural attack
Acute eosinophilic IP, 

Carrington, IPF, 
Connective tissue disease IP

Eosinophils
Acute eosinophilic IP

Carrington, Churg-Strauss
Drug-associated IP

Parasitic IP
Neutrophils

Nonspecific (IPF,RA, 
asbestosis)

Infections ++
Lymphocytes

Lymphocytic IP
Viral IP, BK

Drug-associated IP
Connective tissue IP
CD4 lymphocytes 

Sarcoidosis
Siderophages

Wegener, Lupus
Goodpasture, Infection, 

Microscopic polyangiitis, 
Acute idiopathic IP
Langerhanscells

Histiocytosis
Brown-pigmented

macrophages 
Desquamative IP
Lipoproteinosis

Alveolar lipoproteinosis
Microbiology +++

Infectious IP

Smoking
Histiocytosis,

Desquamative IP 
Age >40 years

IPF, pneumoconiosis
Age <40 years
IP inconnective
tissue disease
Sarcoidosis

Histiocytosis
Medications

Drug-associated IP
Environment

HypersensitivityIP
Pneumoconiosis

Legionella IP
Contact with birds

Chlamydia IP
Hypersensitivity IP

Acute
Acute IP

Infectious pneumonia
Chronic

IFP
Connective tissue 

disease IP
Cancer

Carcinomatous 
lymphangitis 

Anamnestic multi  disciplinary assessementcal, biological,-    
radiologicaland BAL  inconclusive 

No lung biopsy
(Risks > benefits)

Eosinophilia
Acute eosinophilic IP

Carrington, 
Drug-associated IP, Vasculitis, 

Sarcoidosis
Haemolyticanaemia 

Lupus, Drug-associated IP
Thrombopenia

Connective tissue disease, 
Sarcoidosis

Drug-associated IP

Lung biopsy
(Risks< benefits)

Fig. 3 Main diagnostic orientations as a function of clinical, radiological, biological and BAL
results in a patient with previously unknown diffuse interstitial lung disease (DILD)
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diagnosis is often obtained by bronchial fibroscopy, BAL cytology, high definition
(HD)-angio-TDM and, sometimes, lung biopsy). If these investigations are neg-
ative, in particular BAL, a lung biopsy should be discussed with a multidisci-
plinary team and an experienced centre. In 15–25 % of cases, transbronchial
biopsies are associated with pneumothorax and haemorrhagic complications in
mechanically ventilated patients. They contribute to the diagnosis in only 50 % of
cases, but remain useful for the detection of granulomatosis, sarcoidosis, eosino-
philic pneumonia or neoplasia. Surgical lung biopsy (open thorax or thoracoscopy)
contributes to the diagnosis in 65–100 % of cases and leads to a modification of
treatment in 65–85 % of cases. Pneumothorax and pleuropulmonary fistula are the
most frequent complications (10–40 % of cases). Lung biopsy may be guided by
data from HD-thoracic TDM.

Therapeutic Management

Ethical Problems

Two types of case should be distinguished on admission to the ICU: (i) the DILD
is inaugural without any previously identified lung disease (e.g. DILD in con-
nective tissue disease, infectious DILD, drug-associated, idiopathic acute eosino-
philic pneumonia, acute interstitial lung disease); or (ii) the DILD has been
identified previously, but without severe chronic respiratory failure (CRF) and
with a relatively favourable prognosis (e.g. DILD in connective tissue disease,
granulomatosis, PINS, respiratory bronchiolitis with DILD), or the DILD has been
identified previously with severe CRF with a poor short- or medium-term prog-
nosis (all cases of terminal stage pulmonary fibrosis). In the case of CRF with IPF,
median survival from IPF is 3 years after diagnosis and 10-year mortality is
approximately 100 % [4, 5].

In the first case, admission to the ICU does not pose an ethical problem. In the
second case, multidisciplinary discussions (pneumologist, treating clinician, intern,
intensivist) on the possibilities of recovery should take place because there are no
specific treatments that can significantly increase survival and mortality in the ICU
is [85 % [5]. The precise therapeutic objectives (admission to ICU, intubation,
tracheotomy, catecholamines, extrarenal dialysis) should be clearly discussed with
the patient or his/her next of kin. These decisions are recorded in the medical file. If
it is decided not to admit the patient to the ICU, palliative care should be proposed.
In the context of an emergency admission due to vital distress, if these ethical
problems cannot be approach ‘‘cold’’, the prognostic factors and wishes of the
patient should be discussed quickly (confident, family) so that active treatments can
be limited and/or discontinued [4, 5]. However, in the case of ARF with a reversible
cause during postoperative follow-up in a patient with pulmonary fibrosis, the
prognosis is generally more favourable (40–95 % short-term survival) [4].
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Mechanical Ventilation

NIV is associated with a high rate of failure ([80 %). It may be proposed but its
efficacy should be assessed within a few hours (clinical, blood gases). More than
85 % of patients require invasive ventilation. A strategy of protective ventilation
comparable to that in ARDS with acceptable tolerance of hypercapnia is recom-
mended (plateau pressure B 30 cm H2O, running volume of 6 mL/kg predicted
weight). The mortality of mechanically ventilated patients with IPF is around
90 % [4–7].

Haemodynamics and Pulmonary Arterial Hypertension

Evaluation of the cardiogenic component is essential during ARF in DILD.
Investigations for PAH are carried out by right-sided catheterisation or by ECG.
Inhaled nitric oxide and other pulmonary vasodilatory treatments can then be
discussed (epoprostenol, bosentan, sildenafil). However, in the case of ARF in
pulmonary fibrosis, no study has confirmed the benefit of these treatments [3, 5, 6].
Anticoagulant treatment (or its continuation) is indicated particularly in the
presence of PAH, pro-coagulant connective tissue disease and, for some medical
teams, in all fibroses [3, 6]. However, the value of starting anticoagulant treatment
should be discussed in line with the benefit/risk to the patient.

Anti-Infective Treatments

Faced with the possibility of infectious pneumonia complicating pulmonary
fibrosis or responsible for DILD, broad-spectrum antibiotics covering intracellular
and opportunistic pathogens are often started after taking microbiological speci-
mens (BAL). Investigations for Pneumocystis should be carried out systematically
and the disease treated. Treatment should be reassessed systematically as soon as
the microbiological results are available and as a function of the evolution of the
patient after 48–72 h.

Corticoid and Immunosuppressive Treatment

When DILD has been diagnosed previously (e.g. IPF, fibrosis associated with
connective tissue disease, granulomatosis), the patient is often already receiving
treatment with corticoids. After elimination of a infectious cause, boluses of
corticoids (poorly codified in the literature, 1–15 mg/kg for 1–3 days) are fre-
quently prescribed, particularly because withdrawal of corticotherapy is sometimes
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associated with exacerbation. Some teams also add cyclophosphamide. However,
these treatments have not yet been validated when the patient is hospitalised in the
ICU. In the case of IPF, a recent ‘‘international evidence-based guideline’’ was
published not recommending corticotherapy, colchicine, cyclosporine A and cor-
ticoid ? immunomodulator combinations: interferon-c, bosentan and etanercept
[6]. For some patients with IPF, the combination acetylcysteine ? azathio-
prine ? prednisone, acetylcysteine alone and prifenidone are recommended [6].
The prognostic impact in the ICU is often modest and a significant benefit in terms
of survival has not been demonstrated when fibrosis is established [3, 4, 6]. DILD
associated with pneumocystosis is treated with corticotherapy (1 mg/kg) in asso-
ciation with anti-Pneumocystis treatment. Eosinophilic pneumonia, cryptogenic
organising pneumonia, DILD in connective tissue disease and systemic granulo-
matosis, and histiocytosis usually respond favourably to corticotherapy.

Lung Transplantation and Extracorporeal Respiratory
Assistance

Lung transplantation concerns patients with previously diagnosed lung disease and
placed on a waiting list. A multidisciplinary discussion (pneumologist, intern,
intensivist, thoracic surgeon, anaesthetist) is necessary in order to rule out lung
transplantation, which usually takes place in the context of a national priority
termed ‘‘a lung super emergency’’ whose prognosis is poor. Sometimes, lung
transplantation may be discussed after ARF when withdrawal of mechanical
ventilation is impossible. Extracorporeal respiratory assistance is an exceptional
therapeutic option which should only be used in patients waiting for a lung
transplant (‘‘bridge to lung transplantation’’) or in those with curable fibrosing
DILD while waiting for the effects of specific treatment (e.g. infectious DILD with
severe ARDS, idiopathic acute eosinophilic pneumonia).
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Part V
Nervous System



Amyotrophic Lateral Sclerosis

Stéphane Yannis Donati, Didier Demory and Jean-Michel Arnal

Key Points

• Patient with ALS are at risk of ICU admission mainly because of respi-
ratory failure

• Diagnosis is mainly clinical together with electromyographic study
• A comprehensive management combine ventilation support, secretion

management and nutritional support.

Introduction

Amyotrophic Lateral Sclerosis (ALS), also known as motor neurone disease or
Lou Gehrig’s disease, is a progressive degeneration of voluntary motor neurons of
the cortex, brain stem and spinal cord. ALS is the most common motor neuron
disease. The French neurologist Jean-Martin Charcot (1825–1893) first described
the disease in 1865. In France, the prevalence is currently 5 to 7/100,000 people and
the incidence is 1 to 2/100,000 people/year. There has been a 50 % increase in the
incidence worldwide in the last 50 years. In France there is a multidisciplinary,
coordinated and standardized approach to care for ALS patients and 18 regional
ALS expert centers have been created since 2004. The average age of patients is
55 years, and the disease affects men more often than women (1.5 men for 1
woman), however this trend appears to decrease progressively, especially for
patients over 70 years old. Five to ten percent of cases are hereditary, with auto-
somal dominant transmission and the disease appears about 10 years earlier in
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familial cases as opposed to non-familial cases. Recent data on the physiopathology
of ALS have highlighted the mutation of a gene that codes for superoxide dismutase
copper/zinc or SOD1, a key enzyme in oxidative metabolism. The mutated SOD1 is
responsible for the appearance of abnormal physiopathological activity that is toxic
to peripheral and central motor neurons.

Multiple hypotheses, such problems metabolizing calcium or apoptosis, have
been proposed to explain the mechanisms that affect the motor neurons. Multiple
risk factors have been highlighted, however indisputable proof has not been
established for each of the following risk factors: living in a rural environment,
intense daily activity, frequent trauma, chronic exposure to lead or other heavy
metals, work in the plastic industry, chronic tobacco use, chronic alcoholism,
frequent electric shocks, and close contact with domestic animals (especially
dogs). It was found that some chemical weapons similar to pesticides have been
cited as risk factors for United-States veterans returning from the first golf war in
the 1990s. In general, a high prevalence has been observed amongst US army
veterans regardless of the operating environment, possibly because of the risk
factors previously listed. Environmental and genetic risk factors have been evoked
since the description of a particularly high incidence of ALS in two regions in the
world (the Kii peninsula in Japan and the American island of Guam in the Pacific).
In these regions the ALS is most often associated with patients suffering from
other degenerative diseases (Parkinson’s disease, Alzheimer’s disease).

Initial Signs and Symptoms in Intensive Care

Patients with ALS can be admitted to intensive care units (ICU) for different
reasons: reasons independent of a known ALS, complications from a known ALS
(especially respiratory complications), acute respiratory distress or difficult wean-
ing from ventilation which leads to an ALS diagnosis. If the patient must be
admitted into ICU for a reason independent of ALS, the evolutionary stage must be
taken into consideration for ethical reasons and in order to help decide on the level
of therapeutic engagement. If invasive ventilation is required, it must be known that
there is a risk that weaning from ventilation may be difficult or impossible without
use of a non-invasive ventilation after wards or a tracheotomy may be necessary.

In some cases an acute respiratory distress often complicates the evolution of an
ALS and can lead to admission into ICU. This risk is unfortunately often unknown
by the patient and the patient’s friends and family. Causes of acute respiratory
distress are; food inhalation because of swallowing disorder, the silent progression
of inhalation pneumonia caused by repeated inhalations of salivary secretions, an
acute decompensation provoked by a determined etiological factor or the terminal
evolution of a respiratory failure that has become chronic. Some rare forms of ALS
that initially affect respiratory muscles or bulbar forms could be the origin of an
acute respiratory distress that requires admission into ICU.
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If the disease has been unknown or neglected beforehand it may be detected and
diagnosed because of emergency hospitalization. The medical history collected
primarily from questioning the close friends and family and the patient’s general
practitioner can sometimes evoke the diagnosis of a neuromuscular pathology
(physical asthenia, weakness when walking, frequent cramps, signs of a bulbar
onset) and sometimes of a chronic alveolar hypoventilation (progressive aggra-
vation of dyspnea, trouble sleeping, daytime sleepiness, morning headaches…).
The clinical neurological exam, which is difficult to conduct on a patient in ICU,
may lead to this diagnosis. In other cases the diagnosis is made when there are
difficulties during the weaning from mechanical ventilation.

Clinical Signs

The onset is often insidious and progressive with misleading symptoms that can
lead to diagnostic errors [1]. The average delay between the first appearance of
signs and diagnosis is 12 months. However some signs found through questioning
the patient (or of friends and family if the patient is in the ICU) can immediately
evoke the diagnosis: motor deficit of one or multiple limbs, muscular fasciculation
(twitching), difficulties walking, stiffness, cramps, repeated sprains. In most cases,
ALS first affects upper limbs asymmetrically and begins distally and progresses
proximally. Onset beginning with inferior limbs is less frequent. Bulbar onset
generally occurs later but early onset can occur (and even start the disease in 20 to
35 % of cases) in some forms that particularly affect women over 55 years old. In
these cases there are problems with phonation then deglutition (swallowing).

The clinical exam will try to detect affected peripheral motor neurons at the
spinal stage that will be observed through weakness and a motor deficiency in limbs,
an amyotrophy (early signs that can precede motor deficiency), fasciculation (for
amyotrophic muscles but also for muscles that appear to be healthy) and hypertonia.
During the bulbar stage, when the lower motor neurons are affected there can be
problems with deglutition, dysphonia, dysarthria, lingual amyotrophy with fascic-
ulations, paralysis of the soft palate, and salivary stasis. The examination demon-
strates the relationship between the signs and the affected upper motor neuron,
which are unique to this disease. There is presence of tendon reflexes that are
maintained or exaggerated in an amyotrophic area, spastic hypertonia and pseu-
dobulbar signs (spastic laughing or crying, exaggeration of nausea and masseter
reflexes, frequent yawning, chin clonus, automatic-voluntary dissociation of the soft
palate). When the upper motor neuron is affected in the case of ALS there are unique
characteristics, for example in half of all cases Babinski’s sign and Hoffmann’s sign
are not present and abdominal cutaneous reflexes are often maintained. The absence
of sensitivity disorders, oculomotor damage, sphincter disorders, dysautonomia and
cognitive problems are signs that can lead to an ALS diagnosis. In ICUs other
clinical signs can evoke a neuromuscular pathology: limitation of coughing,
problems with deglutition during the deflation of the balloon on the intubation tube
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during a ventilation weaning test or when first trying oral feeding, difficulties or
impossibility to wean from mechanic ventilation, a short expiratory time constant
(respiratory system compliance multiplied by the airway resistance, which is
measured by certain ventilators). All of these signs should cause the caregiver to
consider non-invasive ventilation (NIV) as transition from invasive ventilation or a
tracheotomy, which is often permanent.

Para-clinical Exams

Electrodiagnostic Studies

While ALS is primarily a clinical diagnosis, electromyography and nerve con-
duction studies are a standard component in the evaluation of the disease. Elect-
rodiagnostic studies are most helpful when clinical evidence supporting the
diagnosis of ALS is limited. Electrodiagnostic studies should be performed by an
experienced neurologist because they are technically difficult to perform, complex
to interpret and uncomfortable for an ICU patient.

Electromyography measures muscle activity at rest and during contraction by
direct insertion of an electrode in the muscle. It combines features of acute
denervation (fibrillation and positive sharp waves), chronic denervation and
reinnervation (large amplitude, long duration, complex motor unit action poten-
tials). The electromyographic abnormalities noted in muscles of patients with ALS
are not pathognomonic for the disease but may be a sign of ALSwhen similar
abnormalities are observed in many muscles of proximal and distal limbs.

Sensory and motor nerve conduction studies are most often normal though
compound motor action potential amplitudes may be reduced in severely atrophic
and denervated muscles. Motor conduction block should be absent which would
rule out the diagnosis of multifocal motor neuropathy. Repetitive nerve stimulation
is usually normal which rules out the differential diagnosis of myasthenia gravis
and Lambert-Eaton myasthenic syndrome but it may be abnormal in cases of
ongoing denervation and reinnervation, leading to diagnostic confusion.

Single fiber electromyography is used to evaluate neuromuscular junction
function and fiber density. Transcranial magnetic stimulation remains an experi-
mental technique that assesses the integrity of the upper motor pathway. It can be
helpful to rule out the diagnosis of cervical radiculomyelopathy.

Neuroimaging

Magnetic resonance imaging (MRI) should be performed in all segments rostral to
the clinical findings, including the brain, cervical spine, and thoracic spine (when
legs are affected) in order to rule out differential diagnoses. Conventional MRI is
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usually normal in ALS, although increased signal in the corticospinal tracts on T2-
weighted and FLAIR images and hypointensity of the motor cortex on T2-
weighted images has been reported.

Laboratory Testing

Cerebrospinal fluid examination is normal in ALS. However, it should be per-
formed if there is a clinical suspicion for Lyme disease, HIV infection, chronic
inflammatory demyelinating polyneuropathy, or systemic malignancy.

A moderate increase in creatinine kinase may be observed as a result of
denervation.

Muscle biopsy is not a routine part of the diagnostic evaluation but may be
performed if myopathy is suspected.

Genetic testing is not a routine part of the diagnosis, unless a familial ALS is
suspected.

Neuromuscular ultrasound may detect fasciculation, although its true utility in
the diagnosis of ALS is questioned.

Differential Diagnosis

Cerebral Damage

Focalized neurological deficits, alteration of consciousness and cranial nerve
damage are arguments in favor of a cerebral pathology diagnosis. The diagnosis
can be made with help of cerebral imagery (CT scan or MRI), which can identify
ischemic lesions, cerebral hemorrhages or central pontine myelinolysis.

Spinal Cord Damage

When faced with a generalized hypotonia, it is difficult to differentiate between
spinal cord damage and ALS. The presence of a level of sensitivity, of Babinski’s
sign, of loss of anal reflex and control of sphincters, or of a hypotonia that is more
prominent in the upper limbs rather than lower limbs, can help orient the diagnosis
towards spinal cord damage [2]. An MRI of the spinal cord can be used for
confirmation.
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Neuromuscular Diseases

Damage to the cells of the anterior horn, the neuromuscular junction and muscles
leads to motor deficiencies only whereas peripheral nervous system damage
associates motor and sensitivity deficiencies. Fasciculation should evoke an ALS
or a poliomyelitis due to West Nile virus. Paresthesia, sensitivity deficiencies and
symmetric distal motor deficiencies should evoke peripheral nervous system
damage, specifically critical illness polyneuropathy. A dysautonomia evokes
Guillian-Barre syndrome. Ptosis and difficulty to close eyes suggests myasthenia
or a prolonged curarisation. Definitive diagnosis should be done with electro-
neuromyography (ENMG) (electrodiagnostic testing) with nerve conduction study
and muscular biopsy is sometimes necessary.

The two clinical entities most often found in ICU patients are critical illness
polyneuropathy and myopathy. Critical illness polyneuropathy arises after sepsis, a
burn, or a trauma complicated with a multivisceral failure and leads to a gen-
eralized sensorimotor deficiency that prolongs the length of time for ventilation
weaning. Motor deficiencies can be partial or complete with a reduction or
complete loss of reflexes. Cranial nerves are generally preserved. Sensitivity
deficiencies are inconstant. Positive diagnosis is done with ENMG.

Critical illness myopathy is associated with the use of large doses of corticoids
and neuromuscular blockers. Patients present a diffuse and symmetric weakness
with reduction of reflexes and without sensitivity deficiencies. Facial muscles are
often affected. The positive diagnosis is done with ENMG and muscular biopsy,
which should only be proposed if other forms of myopathies are suspected [3].

Treatment of Severe Forms

The goal of the therapies and follow up is to accompany the patient and the
patient’s family during the evolution of the disease in order to bring comfort and
optimal support. Because of the nature of this disease, a multidisciplinary col-
laboration is needed and in France this is coordinated by ALS regional reference
centers [4]. Care should be handled with an individualized and holistic approach.
The different caregivers must be coordinated and must share information.

Medicinal Therapy

Riluzole, which blocks voltage-dependent sodium and thus reduces the presynaptic
liberation of glutamate, is the only drug that is registredspecifically for the treat-
ment of ALS [5]. If administered early, it prolongs the median survival to two or
three months in the absence of tracheotomy [5]. Rizuolehas not been shown to be
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effective in the treatment ofmotor functions, respiratory functions, fasciculation,
muscular force or motor symptoms. It has not been shown to be beneficial in
advanced stages of ALS. The use of alpha-tocopherol (vitamin E) associated with
riluzole has been shown, with a weak significance, to slow the transition from
initial to advanced stages of ALS. Despite the weak level of proof, the associated
use is recommended [5].

In the last 15 years, over 70 drugs have been tested on animals, only 30 have
resulted in more elaborate studies and all results have been negative. Currently
there are two promising axes to be explored: stem cells and therapies that act on
oxidative stress and that target non-neuronal cells adjacent to motor neurons
(astrocytes and microglia) or skeletal muscle [5].

Non-medicinal Therapy

Because of the rapidly progressive evolution of ALS towards a reduction then loss
of autonomy and because of the limited effectiveness of medicinal therapy, care
relies on symptomatic treatments and should take into account the will of the
patient and the patient’s family. Treatment therefore is regularly evaluated and
adapted. Treatment includes physical therapy, adapting the patient’s environment,
help with communication and psychological care. Multidisciplinary treatment is
now highly codified and adopted in ALS reference centers. Intensivists may
intervene in order to address respiratory and nutritional needs.

Respiratory Needs

ALS affects all muscular groups involved in breathing: upper respiratory tract
muscles (affected deglutition and cough), expiratory muscles (ineffective cough),
and inspiratory muscles (restrictive respiratory insufficiency). All patients have a
high risk of respiratory complications, which is a common cause of death in this
population [4].

Problems with deglutition and cough:
Problems with deglutition and cough are closely linked to the malfunctioning

muscles in the upper respiratory tract, to bulbar forms and in cases with ineffective
coughs. Physical therapy for deglutition, tracheotomy and gastrostomy should be
considered early in the care process. Coughing, which is dependent on expiratory
muscles, is necessary in order to avoid the accumulation of bronchial secretions. It
is best to start a bronchial drainage ifcough peak expiratory flow (PEF) is below
270 l/mn. This consists of a cough that is manually assisted (possibly preceded by
a mechanic insufflation) by abdominal or thoracic maneuvers during a cough
effort. Insufflation-exsufflation methods are generally effective and reserved for
severe cases [4, 6]. For bulbar forms and in the case of ineffective cough tra-
cheotomy should be rapidly considered.
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Ventilation failure:
The progressive damage to inspiratory muscles will result inevitably in the

appearance of a hypercapnia. It is medically and ethically important to anticipate
and plan for this respiratory failure. NIV then invasive ventilation should be put in
place via a tracheotomy. Nocturnal alveolar hypoventilation often appears before
diurnal symptoms (drowsiness, fatigue, morning headaches, unexplained cognitive
deterioration) and includes a well-codified symptomatology (fragmented sleep,
snoring, sleep apnea, waking suddenly with a sensation of suffocation). Oxymetry
or better yet polygraphy or polysomnography can be conducted in order to get a
better understanding of the situation [6]. The existence of signs of diurnal alveolar
hypoventilation, a PaCO2 above 45 mm Hg, a vital capacity below 50 % of
predicted value and a maximal inspiratory pressure under 60 % of the predicted
value are indication to start mechanical ventilation [6]. NIV must be used first
except in cases of severe bulbar forms. NIV improves survival [6], sleep and
comfort for the patient despite the progression of the physical handicap, which
cannot be modified with ventilation [4, 6]. Bronchial drainage can and should be
performed. It should be put in place by an experienced team. Its early use and
effectiveness on symptoms should not mask the issue of the future of the patient
and future choices: a discussion about the possibility of a tracheotomy should not
be put off. If there is a failure of or intolerance to NIV or if bronchial blocking is
resistant to drainage techniques (more frequent in bulbar forms), tracheotomy
should be proposed and discussed [6]. Tracheotomy is an invasive procedure that
can cause associated problems and it immediately limits verbal expression. It
allows for endotracheal aspiration, protection of the upper respiratory tract and
provides ventilation for the patient. This can increase the median survival but does
not slow the evolution of the disease [4, 6].

Nutrition Supply

There are many malnutrition etiologies during ALS: dysphagia, weakness in
extremities, difficulties with mastication, and hypermetabolism caused by an
increase in energy spent during rest [4, 7]. Malnutrition and weight loss are factors
that lead to abnormally high death rates [7]. There are no specific indications for
parenteral nutrition by peripheral or central veins. Therapeutic approach rapidly
requires enteral nutrition. Enteral nutrition can be administered via nasogastric
tube or gastrostomy and it should be kept in mind that gastrostomy is more adapted
for prolonged nutrition. There are no objective criteria to decide the best time to
start, however under nutrition is a factor in a poor prognosis and therefore enteral
nutrition should be anticipated. Clinical elements should be taken into consider-
ation: insufficiency of input, difficulty eating, prolonging the time for a meal,
repeated choking and weight loss [4, 7].
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Ethical Questions

The median survival after diagnosis is about three to 5 years [4]. In this context,
information provided by a multidisciplinary team allows the family to establish
important decisions about various therapeutic techniques (NIV, tracheotomy,
gastrostomy). This decision making process should be applied during different
stages of the disease as decisions may be revised as the disease evolves. These
elements must be recorded in a medical file that must be available to the different
caregivers and those involved in decision-making. In case of an emergency, the
situation must be clear and anticipated. In this case the patient’s wishes must be
respected regarding the continuation, initiation or decision not to use mechanical
ventilation. However the situation may be very confusing and some decisions may
require time. It is a medical responsibility to make the decision and assume the
consequences and to organize the application of the decisions. For example it is
possible to start an NIV associated with bronchial clearing in order to gain
valuable time to deliberate with colleagues. Intubation can be a solution, especially
in the case of acute intercurrent complications that are potentially reversible. The
discontinuation of the use of mechanical ventilation must eventually beconsidered
in line with the local guidelines of the law [4].
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Parkinson’s Disease in Intensive Care Unit

Lionel Velly, Delphine Boumaza and Nicolas Bruder

Key Points

Parkinson’s disease is the second most frequent neurodegenerative disease. It
is due to the degeneration of pigmented cells in the dopaminergic system of the
substantia nigra. Parkinson’s disease is one of the rare neurodegenerative
disease for which there exists a treatment. Levodopa stays the cornerstone of
the medication. An interruption in levodopa or administration of dopamine
antagonists can be responsible for a neuroleptic malignant syndrome-like.
Dysautonomia is frequent, especially orthostatic hypotension. Aspiration
pneumonia is one of the most frequent causes of death in these patients. Drugs
interactions with Parkinson’s medications are numerous and need to be known
by physicians. Severe akinesia can benefit from a treatment with apomorphine.
Opioids agents should be used with caution for patients with Parkinson’s
disease due to the risk of muscular rigidity and its complications.

Introduction

Idiopathic Parkinson’s disease is after Alzheimer’s disease the second most fre-
quent neurodegenerative disease. Its prevalence in Europe is estimated at 1.6 % of
the population over 65 years old in Europe. Frequency reaches 3.5 % of the
population over 80 years [1]. This ‘‘shaking palsy’’ has been first described by
James Parkinson in 1817. The cardinal symptoms are bradykinesia, extrapyramidal
rigidity, rest tremor mainly asymmetrical and postural and gait disorders. Par-
kinson’s disease is associated with the progressive emergence of a handicap, an
impaired quality of life and an increased mortality.
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Physiopathology

Physiopathology of Parkinson’s disease is complex, even though considerable
progress has been done after discovering numerous genes involved in rare forms of
the disease [2]. The correlation between clinical symptoms and the degeneration of
pigmented cells in the substantia nigra dopaminergic system was not recognized
until 1983. Briefly, dopaminergic insufficiency in the basal ganglia is responsible
for a hyperactivity of the cholinergic neurons of the substantia nigra explaining the
rigidity and a hypoactivity of the pallidum explaining the akinesia and the tremor
(Fig. 1). Many cerebral structures are affected during the course of the disease.
Olfactory process and locus coeruleus are affected early, leading to the initial
occurrence of olfactory troubles and sleeping disorders (night agitation and
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Normal Motor Circuit Parkinson’s Diease
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GPi

SNr
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SNr

SNc SNc

STN

CORTEX

Inibitory Excitatory

STN

Fig. 1 Schematic representation of the classic model of the basal ganglia, illustrating the direct
and indirect pathways connecting the striatum and the globus pallidus, and the modulatory effects
of dopaminergic neurons on each of these systems. Excitatory fibres are shown in black and
inhibitory fibres in white. The model predicts that neuronal firing in the STN and GPi are
increased in the parkinsonian state, leading to excessive inhibition of brainstem and
thalamocortical neurons with the development of parkinsonian motor features. In contrast, the
model proposes that dyskinesia is related to decreased firing in the STN and GPi, with reduced
inhibition of thalamic and cortical motor regions. SNc substantia nigra pars compacta; GPe
external globus pallidus; STN subthalamic nucleus; VL ventralis lateralis; Gpi internal globus
pallidus; SNr substantia nigra pars reticularis; PPN pedunculopontine nucleus; DA dopamine.
Adapted from Obeso et al.
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nightmares). Later on, structures involved in motor regulation such as the sub-
stantia nigra, located in the upper part of the brainstem, are involved and lead to
motor disorders, characteristic of Parkinson’s disease. Lastly, after many decades
of evolution, cortical structures can be affected.

Parkinsonism, it is a generic name which includes clinical situations similar to
Parkinson’s disease (Fig. 2), which can have multiples causes such as arterial

Parkinsonism

Parkinson’s
disease

1° Degenerative
Parkinsonism

PSP MSA

Strionigral
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(MSA-P)

Shy Drager 
Syndrome (PAF)

OPCA (MSA-C)
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Secondary
Parkinsonism

Stroke

Repeated head 
injuries

Wilson’s disease

Normal-pressure 
hydrocephalus

Carbon 
monoxide

Heavy metals

MPTP or 
pesticides

Fig. 2 Differential diagnosis of Parkinson’s disease. MSA-P Multiple System Atrophy-Parkin-
sonian; MSA-C Multiple System Atrophy-Parkinsonian cerebellar; PSP Progressive Supranuclear
Palsy; CGBD Cortical Basal Ganglionic Degeneration; PAF Pure Autonomic Failure; OPCA
Olivopontocerebellar Atrophy
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sclerosis (strokes affecting the basal ganglia), repeated head injuries, enzymatic
deficiency like Wilson’s disease (differential diagnosis to evoke in young patients
with familial history), normal-pressure hydrocephalus or following an intoxication
with carbon monoxide, heavy metals, MPTP or pesticides,… [3]. It can also occur
in the course of diffuse degenerative disease of the central nervous system, such as
Lewy-bodies dementia (Parkinsonism appears then in old patients, rapidly asso-
ciated with cognitive disorders, attention troubles, sleeping disorders and visual
hallucinations), progressive supranuclear palsy or Steel Richardson’s disease,
corticobasal ganglionic degeneration or multiple-system atrophy also known as
Shy-Drager syndrome (extrapyramidal signs associated with pyramidal signs,
dysautonomia and cerebellar ataxia). These atypical patients have classically a
poor response to treatment with Levodopa (L-Dopa: 3,4-dihydroxy-l-phenylanine),
in terms of hypertonia and tremor. Furthermore, they suffer from hallucinations
and dementia from the early stage of the disease. When a Parkinsonism or a
Parkinson’s disease is suspected in ICU, the advice of a neurologist is precious.
The neurologist can help the diagnosis of an exacerbation of Parkinson’s disease
and help the prescription of L-Dopa. Parkinsonism can also be induced by
administration of classical neuroleptics (butyrophenones, phenothiazines), atypical
neuroleptics (amisulpride, risperdone, clozapine, quetiapine,…), but also hidden
neuroleptics (metoclopramide) and the use of certain herbs such as kava. In this
case, Parkinsonism is reversible with withdrawal of the treatment. When neuro-
leptics must be maintained, physicians should use preferably atypical neuroleptics
such as clozapine or quetiapine, which are less suppliers of Parkinsonism.

Main Elements in the Treatment of Parkinson’s Disease

Parkinson’s disease is one of the rare neurodegenerative disease for which it exists
a treatment. The aim is to reach a balance in striatum activity by increasing the
cerebral dopaminergic capacities and/or decreasing the cholinergic activity. There
are a lot of research leads regarding Parkinson’s disease therapy but L-Dopa stays
the cornerstone of the treatment [4].

Medical Treatment

L-Dopa and Adjuvant Therapy

L-Dopa stays since 30 years the most effective anti-Parkinson therapy. L-Dopa is
the precursor of dopamine; it crosses the blood–brain barrier and helps to restore
balance of the neurotransmitters between dopamine and acetylcholine (Table 1).
L-Dopa is always combined with peripheral inhibitor of dopa-decarboxylase,
benzerazide (co-beneldopa; Madopar�, Modopar�) or carbidopa (co-careldopa;
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Sinemet� Caramet�), which inhibits the peripheral destruction of L-Dopa without
crossing the blood–brain barrier. This combination decreases the adverse effects
(e.g. nausea, hypotension) and increases cerebral bioavailability of dopamine. The
aim of these inhibitors is to avoid the transformation of L-Dopa in dopamine in the
digestive tract.

Efficacy of L-Dopa is superior to dopamine agonists. By contrast, it is now well
established that L-Dopa has to be introduced later on in the course of the disease,
especially in young patients, in order to delay the occurrence of dyskinesia that
could be impressive and very disabling. These dyskinesias are writhing move-
ments of various voluntary movements (opening and closing eyes, grimace, tongue
movement, head rotation, shoulder lifting, winding of an arm or a leg, etc.).
Mechanisms of occurrence of dyskinesia and motor fluctuations are complex and
imperfectly understood but they are related to pulsatile administration of L-Dopa,
severity of dopaminergic loss, absence of dopamine storage ability and changes of
the glutaminergic system. In advanced PD, in order to maintain stable plasma
levels, a suspension of micronized levodopa (20 mg/ml) and carbidopa (5 mg/ml)
in a methylcellulose gel (Duodopa�) can be infused using a pump via an intestinal
catheter placed inside a percutaneous endoscopic gastrostomy tube.

Tolerance of L-Dopa is far better than other Parkinson’s medications. There are
almost no contraindications, except for myocardial infarction in the acute phase,
due to an increased risk of acute dysrhythmias. Confusion and hallucination can
occur under treatment with L-Dopa, but rarely compare to these same adverse
effects with anticholinergic drugs or dopamine agonists. Administration of L-Dopa
with other enzymatic inhibitors allows improving tolerance. Those are the inhib-
itor of monoamine oxidase B (MAO-B) and inhibitor of catechol-O-methyl-
transferase (COMT). Selegiline is a relatively selective inhibitor of MAO-B with
few effects on MAO-A. COMT is the other main destruction path of L-Dopa in
periphery and less importantly in the synapse. COMT inhibition allows delivering
a larger amount of L-Dopa, 30 % on average. Entacapone (COMTan� or co-
careldopa plus entacapone: Stalevo�) and tolcapone (Tasmar�) are the COMT
inhibitors currently commercialized in Europe. They act only in association with
L-Dopa. Owing to hepatic side effects, tolcapone should only be used in case of
non-response to entacapone.

Dopamine Agonists

The lessening of response and the motor side effects of dopatherapy in the course
of the disease has led to the research of other therapeutics to improve dopami-
nergic transmission by stimulating directly post synaptic dopaminergic receptors
in the striatum. Many dopamine agonists have then been discovered either derivate
from ergot (bromocriptine, lisuride, pergolide) or synthetic drugs (piribedil, ro-
pinirole, rotigotine). Except from apomorphine, all dopamine agonists have a
lower power than L-Dopa, but their half-life and their duration of action are
significantly longer and can reach hours. It allows a long-lasting and more stable
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stimulation of the postsynaptic dopaminergic receptors. Their efficiency as a
monotherapy in the early stage of the disease has clearly been demonstrated in
various studies. These studies have revealed a diminished incidence of motor
complications, particularly the dyskinesia under dopamine agonists compared with
L-Dopa alone. But as the disease evolves, association of dopamine agonists and L-
Dopa seems superior to L-Dopa alone. When motor fluctuations and dyskinesia
occur, the main interest of dopamine agonists is to reduce severity and duration of
the ‘‘off period’’. All Dopamine agonists have more or less the same side effects
such as nausea, abdominal pain, orthostatic hypotension, dizziness or somnolence.
Lower limbs swelling occur with agonists, but more frequently with ergot-deriv-
ative drugs. Pulmonary and retroperitoneal fibrosis, although rare, have also been
described with ergot-derivative drugs and seems related to a class-effect. Recently,
cardiac valvular side effects have been reported with long-term pergolide treat-
ment, probably also due to a class-effect [5]. This problem is thought to be due to
pergolide’s action at the 5-HT2B serotonin receptors of cardiac myocytes, causing
proliferative valve disease by the same mechanism as ergotamine. Switching
treatment among agonists involves an estimation of dose equivalence and is done
by replacing the agonist with the other one day from another (Table 2). A new
transdermal dopamine agonist (rotigotine) is available. However, it seems less
efficient than ropinirole and its indication remains to evaluate.

Other Medical Treatments

Amantadine initially prescribed as an antiviral agent has shown interesting anti-
Parkinson effects and particularly a significant anti-dyskinesia effect.

Anticholinergic agents (trihexyphenidyl, tropatepine, biperiden) have been
historically the first treatments available in Parkinson’s disease. Numerous anti-
cholinergic drugs exist and are mainly efficient on tremor, but out over many
abdominal, ocular, sphincterian or neuropsychological side effects. Their use is
therefore limited and restricted to young patients.

Surgical Treatment

This type of procedure is limited to patients with advanced Parkinson’s disease,
with frequent blockages, tremor, bradykinesia, rigidity and walking disorders or to
patients with severe side-effects of medical treatment. Surgical ablation procedures
such as thalamotomy (indicated in severe tremor) or pallidotomy (indicated in
disabling rigidity) have been proved efficient but are irreversible. They are now-
adays less and less performed. Subcortical stimulation using implanted electrodes
has progressively replaced these ablation procedures [6]. Cerebral stimulation has
been described for the first time in 1987 in the treatment of Parkinson’s disease. Its
aim is to trigger a functional inhibition by high frequency stimulation. At first, the
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intermediary ventral nucleus was the target of the stimulation. Now, the stimu-
lation aims the subthalamic nucleus. Cerebral stimulation reduces efficiently for
2–5 years the motor fluctuations and dyskinesia in idiopathic Parkinson’s disease.
In most centers, after expert assessment by a neurologist seasoned in pharmaco-
logical treatment of Parkinson’s disease, a pluridisciplinary team selects patients
eligible for surgery. The ideal patient in this indication is the one who is severely
impaired during the ‘‘off period’’ and in the meantime totally independent during
‘‘on period’’ without significant cognitive disorders. The most accurate prognostic
test should be the remaining of a response to L-Dopa therapy. Principal compli-
cations related to the surgical technique are seizures (10 %), intra-cerebral hem-
orrhage (8 %; its incidence increases with per-operative high blood pressure) and
temporary post-operative confusion (10 %). This type of procedures generally
requires a post-operative care in ICU.

Management of Parkinson’s Disease Patients in ICU

Fortunately, Parkinson’s disease patients are often admitted to ICU with a pre-
established diagnosis of the disease. ICU is not an appropriate place to diagnose de
novo Parkinson’s disease or distinguish the different etiologies of Parkinsonism.
Many factors can interfere with neurological assessment (sedation, mechanical
ventilation) and make the clinical examination incomplete. The main error that
should not be done in the management of these patients is to stop, even for a few
hours the dopaminergic therapy. An interruption of this treatment can have dra-
matic consequences. Some specificities have also to be known in Parkinson’s
disease patients. Besides the fact that it occurs in an aging population, the major
risks are related to the respiratory impairment, favored by swallowing disorders
and dysautonomia. It is also important to precise by interviewing family the level
of handicap of the patient in daily-living activities.

Specificities Due to the Medical History

Respiratory Failure

The occurrence of respiratory impairment in the course of the Parkinson’s disease
has been observed since the first description of the disease in 1817 and pulmonary
complications, especially aspiration pneumonia are the most frequent cause of
death in those patients [7]. These alterations of the respiratory function are more
frequent when a dysautonomia is associated to the Parkinsonism. Dysphagia
appears from the early stage of the disease [2] and is due to asynchrony between
swallowing and respiration and also to an important diminution of efficiency of the
cough reflex [8]. Finally a hyper-sialorrhea is frequently present in those patients,
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as well as an extended opening on the high esophagus sphincter and a slowing of
the gastro-intestinal transit time favoring regurgitations. In any case, these troubles
should be systematically investigated, particularly by screening severity criteria:
cough during meals or during swallowing, recurrent pneumonias, time for the meal
over 1 h, loss of weight. Warning signs should also be collected: tremor of the
tongue, blockage of the alimentary bolus in the aerodigestive tract, hypersalivation
and salivary incontinence, masseter hypertonia, fractioned swallowing, oral and
nasal refluxes, dysphagia, and heartburn. When the reason for admission in ICU is
related to pneumonia, an ENT endoscopic screening should be performed. When
obvious food aspiration is observed, the indication of tracheotomy should be
discussed with neurologist and ENT specialists.

During the course of Parkinson’s disease, lung function tests are frequently
altered [9]. An obstructive syndrome, responsible for a post-operative respiratory
weakness is present in one-third of the patients. The obstructive syndrome can also
be associated to a restrictive syndrome. This can be easily understood by the
coexistence of rigidity and akinesia of respiratory muscles associated with lar-
yngeal hypertonia, responsible for an inspiratory or expiratory obstruction of the
upper airway. This rigidity of the chest wall is particularly important in ICU
because it can compromise mechanical ventilation and the withdrawal from ven-
tilator support. After extubation thoracic rigidity leads to hypoventilation, an
inefficient cough, atelectasis and an increased risk of aspiration pneumonia. It is
then advisable to limit as much as possible the ‘‘off periods’’. Similarly, after
extubation, laryngeal akinesia can lead to laryngospasm and acute respiratory
failure. L-Dopa or dopamine agonists intake have also a remarkable effect on
airway obstruction. These patients have also an increased frequency of sleep
apnea. Seldom, severe central apneas, dysrhythmic respiration or a Cheyne-Stokes
pattern and central hypoventilation were described during severe Parkinson’s
syndrome with dysautonomia. Prolonged treatment with ergot-derivated drugs
(bromocriptine, lisuride, pergolide) has been associated with pulmonary fibrosis
[10].

Autonomic Disorders

They are frequent in Parkinson’s disease and are related to a neurodegenerative
process which causes a dysfunction of the locus coeruleus norepinephrine system
and of the dorsal nucleus of the vagus nerve [11]. Dysautonomia is responsible for
gastro-intestinal troubles (dyspepsia, hyper-sialorrhea, slowing of the bowel
movement with constipation), urinary retention, tachycardia and cardiac arrhyth-
mias. Dysautonomia is associated in more than 70–80 % of case with circulatory
disorders. The most frequent trouble is orthostatic hypotension, present in more
than 70 % of Parkinson’s disease patients, which can be worsened by dopamine
agonists. In addition to dysautonomia, the patients hold concurrently several risk
factors for hypotension: old age, undernutrition, dehydration, and particular
sensitivity to anesthetic agents. Intravenous administration of dopamine as a
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vasopressor drug is not recommended in order to control Parkinsonism in ICU.
Intravenous dopamine cannot reach the brain and can lead to many cardiovascular
side effects such a tachycardia and arrhythmias. Anesthetics agents used for
sedation should be titrated according to the clinical effectiveness and not according
to defined dosages. These patients can also have thermoregulation troubles with
increased sensitivity to hypothermia.

Practical Approach Concerning Anti-Parkinson Therapy
in ICU

The principal aim during the stay in ICU is not to stop the dopaminergic treatment,
particularly L-Dopa. The half-life of L-Dopa is very short (\3 h) and its inter-
ruption, even for a short time period can have important repercussion on muscular
rigidity. It is frequent that an interruption of L-Dopa leads to akinesia, swallowing
disorders, leading respiratory complications or worsening of a pre-existing respi-
ratory condition. Moreover, an interruption of L-Dopa can also be responsible for
an equivalent of malignant neuroleptic syndrome. It combines fever, rigidity,
altered consciousness, rhabdomyolysis, sometimes complicated with acute renal
failure and coagulation disorders [12]. Treatment with L-Dopa will be maintained
at the same dosage than previously, taking care to ensure that the patient did not
take more drugs in self-medication than prescribed. Because L-Dopa is absorbed
in the jejunum, the difficulty is not to maintain dopa-therapy but rather to
administrate it effectively. It is not always easy in those hemodynamically unstable
patients to reach a therapeutic concentration range. Yet, at an advanced stage of
the disease, motor fluctuations are very sensible to minimal changes in the rhythm
of administration or the dose of L-Dopa, even at the protein contain of the food
intake. A large intake in protein should decrease the absorption of Sinemet. Protein
in the meal is broken down in the intestine into amino acids that must travel across
the intestinal wall to get into the blood. Levodopa also must transit the intestine
using exactly the same carrier system as the amino acids. In ICU, an adminis-
tration through a gastric tube, sometimes through a post-pyloric tube in case of
gastroparesia, is often the only option. Many galenical formulations exist: stan-
dard, sustained-release or dispersible for drinkable solution (rapid action). The
standard form of Sinemet�, unlike the sustained form and certain capsule, can be
used without significant modification of its pharmacokinetic pattern by muddling
and administration through gastric tube. The dispersible form of levodopa can be
very useful since it has a much faster and more constant onset of action than the
standard preparation. However it has to be given every 2–4 h due to its short half-
life. In countries where an intravenous form of L-dopa is available, intravenous
administration is convenient and effective for perioperative management. In any
case, neurologist advice is essential to adjust the treatment. Administration of
vitamin B6 (pyridoxine) should be avoided. Vitamin B6 is a coenzyme of
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peripheral L-Dopa decarboxylase, favoring the inactivation of L-Dopa and
decreasing its efficacy. When prolonged fasting is necessary (e.g. gastric surgery),
administration of Parkinson’s medications becomes a real challenge. Subcutaneous
injection of apomorphine or transdermal administration of rotigotine (Neupro�)
may be an option. The dose of apomorphine to treat akinesia is 2 mg intravenously
or subcutaneously every 10–15 min until regression of the symptoms. An
important side effect is nausea and vomiting, even more when the patient has never
been treated with apomorphine. The approach is less consensual for other treat-
ments. It is probably advisable to stop progressively anticholinergic agents because
they increase the risk of delirium. The pursuit of ergot-derivative dopamine
agonists should be cautious in case of prescription of catecholamine and strictly
proscribed when a prescription of macrolides (erythromycin, josamycine) is nee-
ded. There is a potential risk of ‘‘ergotism’’, responsible for necrosis of extremities
by severe vasoconstriction. Substitution by a synthetic dopamine agonist may be
considered after neurologist advice. Monoamine oxydase (MAO) inhibitors type A
have been associated with major hemodynamic changes, especially in association
with sympathomimetic agents. MAO inhibitors used in the treatment of Parkin-
son’s disease (selegiline) have a selective action on cerebral MAO-B with low
affinity on peripheral MAO-A. This explains the possibility to use indirect sym-
pathomimetic agents such as ephedrine, with selegiline. A severe interaction
persists though between selegiline and pethidine. The co-prescription of selegiline
and opioids is restricted. Usually, selegiline may be interrupted with few adverse
effects.

Medication Worsening Parkinsonism

Parkinson’s disease patients and neurodegenerative Parkinsonism are particularly
susceptible to anti-dopamine agents such as neuroleptics (phenothiazine, butyro-
phenone) or certain anti-emetics (metoclopramide, promethiazine). Very low
doses of these drugs can give rise to severe hypertonia, akinesia and a neuroleptic-
like malignant syndrome. If administration of an anti-psychotic agent is necessary,
newer agents should be preferred (clozapine or quetiapine) with systematic and
repeated screening for worsening of a Parkinson’s symptoms or fever. Concerning
anti-emetics, it is preferable to use setrons.

Practical Approach Concerning Anaesthetic Agents

Some specificities have to be known by physicians in sedation agent management
[13, 14]. Concerning hypnotic agents, little evidence is currently available in
literature about Benzodiazepines. It seems that just as the elderly patients,
Parkinson’s disease patients have an increased susceptibility to this class of drugs.
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No complication such as hypertonia or rigidity has been reported with benzodi-
azepines. Concerning Thiopental, several cases have been reported with worsening
of the Parkinson’s syndrome following its use. The evidence of a causal link has
not been established but its administration should be cautious. In animals, thio-
pental diminished the dopaminergic release in the striatum. Propofol can be used
but with reduced dosage due to the higher susceptibility of Parkinson’s disease
patients [15]. However dyskinesia with propofol have been described, particularly
after interruption of L-Dopa therapy. In patients receiving L-Dopa, co-adminis-
tration of ketamine can be responsible for an exacerbated sympathetic response.
Low doses (0.1–0.5 mg kg-1) treatment has been reported without significant
adverse effects. Opioid use should also be cautious in Parkinson’s disease patients.
There are several cases of muscular rigidity reported in literature following the use
of fentanyl. Opioid agents in general induct a muscular rigidity by presynaptic
inhibition of dopamine release. Cases of acute dystonia have also been described
with alfentanil. Titration of narcotics is difficult because the classical signs of pain
(tachycardia, hypertension) can be masked by dysautonomia. Moreover, behav-
ioral pain scales can also be misinterpreted in cases of akinesia. Use of morphine
in Parkinson’s disease allows, at low doses, a diminution of dyskinesia while high
doses can lead to akinesia. There are no reported cases of non-depolarizing neuro-
muscular blocking drugs worsening the symptoms of Parkinson disease.

Other Preventive Measures

Parkinson’s disease patients are more at risk of post-operative complications that
are often, diagnosed late in those patients. The diminution of spontaneous
movements of the body and limbs due to rigidity and akinesia exposes these
patients to an increased risk of deep vein thrombosis, pulmonary embolism,
bedsores and peripheral neuropathy by compression. As for the other cases of
immobility, anticipation and prescription of prophylactic measures are essential. It
is recommended to resort to early mobilization out of bed, intermittent pneumatic
compression of the lower limbs and a prescription of a preventive dose of heparin
(low molecular weight or unfractionated heparin).

References

1. de Rijk MC et al (1997) Prevalence of Parkinsonism and Parkinson’s disease in Europe: the
EUROPARKINSON collaborative study. European community concerted action on the
epidemiology of Parkinson’s disease. J Neurol Neurosurg Psychiatry 62(1):10–15

2. Olanow CW, Stern MB, Sethi K (2009) The scientific and clinical basis for the treatment of
Parkinson disease. Neurology 72(21 Suppl 4):S1–S136

3. Lees AJ, Hardy J, Revesz T (2009) Parkinson’s disease. Lancet 373(9680):2055–2066

Parkinson’s Disease in Intensive Care Unit 137



4. Poewe W (2009) Treatments for Parkinson disease—past achievements and current clinical
needs. Neurology 72(7 Suppl):S65–S73

5. Dupuy D et al (2008) Valvular heart disease in patients with Parkinson’s disease treated with
pergolide. Course following treatment modifications. J Neurol 255(7):1045–1048

6. Benabid AL et al (2009) Deep brain stimulation of the subthalamic nucleus for the treatment
of Parkinson’s disease. Lancet Neurol 8(1):67–81

7. Aboussouan LS (2005) Respiratory disorders in neurologic diseases. Clevel Clin J Med
72(6):511–520

8. Ebihara S et al (2003) Impaired efficacy of cough in patients with Parkinson disease. Chest
124(3):1009–1015

9. Shill H, Stacy M (2002) Respiratory complications of Parkinson’s disease. Semin Respir Crit
care Med 23(3):261–265

10. Tintner R et al (2005) Pleuropulmonary fibrosis after long-term treatment with the dopamine
agonist pergolide for Parkinson disease. Arch Neurol 62(8):1290–1295

11. Micieli G et al (2003) Autonomic dysfunction in Parkinson’s disease. Neurol Sci 24(Suppl
1):S32–S34

12. Takubo H et al (2003) A collaborative study on the malignant syndrome in Parkinson’s
disease and related disorders. Parkinsonism Relat Disord 9(Suppl 1):S31–S41

13. Kalenka A, Schwarz A (2009) Anaesthesia and Parkinson’s disease: How to manage with
new therapies? Curr Opin Anaesthesiol 22(3):419–424

14. Nicholson G, Pereira AC, Hall GM (2002) Parkinson’s disease and anaesthesia. Br J Anaesth
89(6):904–916

15. Fabregas N et al (2002) Modeling of the sedative and airway obstruction effects of propofol
in patients with Parkinson disease undergoing stereotactic surgery. Anesthesiology
97(6):1378–1386

138 L. Velly et al.



Part VI
Internal Medicine Diseases



Management of Autoimmune Systemic
Diseases in the Intensive Care Unit
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Key Points

• Specific clinical (syndromic associations) or biological signs should lead
the intensivist to suspect an autoimmune systemic disease.

• Several biological (i.e., ANCA autoantibodies) investigations can be
rapidly performed in the ICU to help the diagnosis.

• Early detection and management of infections that may occur simulta-
neously with the flare-up of the systemic autoimmune disease is a priority.
An exhaustive workup including, if necessary, invasive investigations
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(i.e., pulmonary biopsy) should be proposed before the introduction of
immunosuppressive therapies.

• Corticosteroids and sometimes IVIG are the preferred initial options,
especially when concomitant infection is suspected or uncontrolled.

• Referent centers should be asked for validation of the therapeutic options,
especially when some drugs are used off-label for these severe patients.

Introduction

The term ‘systemic disease’ (SD) refers to a ‘systemic’ autoimmune disease, in
contrast to autoimmune diseases targeting a specific organ such as diabetes or
thyroiditis. SDs can be mainly separated into two types: connective tissue diseases
and systemic vasculitis [4]. This distinction is supported by different physio-
pathological mechanisms, clinical expression, prognosis and management. Patients
presenting with a SD may be admitted to an intensive care unit (ICU) at different
stages in the evolution of their disease. First, they may present during a severe
inaugural flare-up of the SD where the intensivist should know how to evoke the
diagnosis. More frequently, the patient is seen during a flare of an already diag-
nosed SD; in this case, the challenges are on the one hand to define when the
patient should be transferred to the ICU and, on the other, to adapt specific
treatments to the setting of ICU. At this stage, it is sometimes difficult to distin-
guish an infectious complication from a flare of the SD. Indeed, due to exposure to
immunosuppressive treatments, these patients are at particularly high risk of
developing opportunistic and/or severe infections. Finally, considering that even
the most severe organ dysfunction can be reversed in some of these autoimmune
conditions, the intensivist may need to use maximal supportive treatments. These
different situations will be discussed sequentially while attempting to provide
practical ideas for intensivists who may face these patients.

Diagnosis of a Systemic Disease in the Intensive Care Unit

‘‘To learn how to diagnose a SD, it is necessary to have learnt how to evoke one’’.
These diseases, often called ‘‘orphans’’, are not as rare as many people in the
medical community might think (e.g. the prevalence of systemic lupus erythe-
matosus is 30/100,000). Intensivists may take care of these patients when the SD
has not yet been identified. Indeed, some patients may present with an initial acute
flare-up of the SD, while others may present with an atypical form of the SD,
causing a delay in diagnosis until more severe complications develop.
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How do we evoke a diagnosis of a SD in a patient admitted to IC? As multi-
organ failure is an everyday event in IC patients, only some clinical and biological
signs are relevant to alert the intensivist (Table 1). Some syndromic associations
should also lead to the suspicion of a SD.

Many SD can present with diffuse-alveolar hemorrhage, either isolated or as
part of a pneumo-renal syndrome (Table 2).

Investigations for anti-polynuclear neutrophil cytoplasmic antibodies (ANCA)
and anti-glomerular basement membrane antibodies (GMB) should be requested
urgently and the results obtained within 24 h.

The association of muscle symptoms with a rapidly progressive infiltrative
pneumopathy (in a few weeks) should lead to investigations for a polymyositis or a
dermatomyositis. Autoimmune myositis may be associated with a neoplastic dis-
ease that must be diagnosed as soon as possible, since the staging of the cancer
may limit the use of invasive and prolonged supportive resources needed in the
most severe cases.

The association of severe asthma with extrapulmonary manifestations (poly-
neuritis, cutaneous vascularity, and sinusitis) may suggest Churg-Strauss
syndrome.

Finally, some less specific manifestations are frequently observed during SD:
arthritis, cytopenia (autoimmune or mechanical in the context of a thrombotic
microangiopathy), acute renal failure with or without signs of glomerulopathy
(nephritis or nephritic syndrome), central nervous system (multiple strokes,
meningo-encephalitis) or peripheral nervous system involvement.

Arterial and venous thromboses are found in vasculitis and in anti-phospholipid
syndrome (APS). The intensivist should recognise the fulminant form of APS,
referred to as ‘‘catastrophic’’ APS (or CAPS), which has been identified relatively
recently. This very acute form is responsible for multiple arterial and venous
thromboses occurring over a very short period of time (less than one week),
associated with multiple organ failure. The prognosis of CAPS is extremely poor
and the mortality rate is around 50 % [1]. The triggering factor is often infectious in
nature, but can also be traumatic, neoplastic or linked to the recent withdrawal of
long-term anti-coagulants. Systemic lupus is the autoimmune disease most
frequently associated with APS and CAPS. CAPS is responsible for multi organ
injuries involving the: kidneys (80 %), lungs (65 %), central nervous system
(55 %), heart (50 %) and skin (50 %). The adrenal glands and gastrointestinal tract
can also be the site of thromboses. Biologically, signs of TMA (mechanical hae-
molytic anaemia with schizocytosis) and disseminated intravascular coagulation
are frequently observed during CAPS. Increased levels of lactate dehydrogenase
(LDH) correspond both to the extent of tissue infarction and the intensity of
haemolysis. Thrombopenia, sometimes profound, should not delay the introduction
of curative anticoagulation with unfractionated heparin. Other therapeutics consist
of high dose corticotherapy, plasma exchanges, immunosuppressants and/or
intravenous immunoglobulins (IVIG).

Finally, some elements of anamnesis (often determined by questioning the
patient’s relatives) may orientate or support the diagnosis: history of autoimmunity,
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recent initiation of oestroprogestative contraception or recent pregnancy (lupus),
history of repeated miscarriages or thromboses (APS). Epidemiologically, these
patients are usually young, with a female predominance for autoimmune connective
tissue diseases. The next step is diagnostic confirmation of the SD. This depends on
blood tests and histological documentation.

For connective tissue diseases, the key investigation is the demonstration of
anti-nuclear antibodies (ANA) whose absence makes the diagnosis unlikely. In
contrast, their presence has only low specificity (ANA are frequently positive
under several medications) and requires investigations for anti-DNA antibodies
(lupus) and anti-ECT (or ENA) antibodies: Sm (lupus), SSA and SSB, RNP, Scl70
and centromere (scleroderma), Jo1 and other myositis-specific autoantibodies.

The detection of anti-cardiolipin antibodies and circulating lupus anticoagulant
(the latter being interpreted in the absence of heparin) are necessary biological
criteria to confirm the diagnosis of APS (ideally one of the two on two occasions,
12 weeks apart).

In systemic lupus, the presence of hypocomplementaemia (CH50, C3 and C4) is
additional evidence which can be obtained rapidly. In the case of renal involve-
ment, a kidney biopsy is necessary to confirm the diagnosis of lupus nephritis and
to determine its prognosis. These biopsies are often difficult to obtain because it is
necessary to position the patient in strict ventral decubitus with control of respi-
ration. In the context of ICU patients, kidney biopsies can be guided by echog-
raphy or tomodensitometry or in the case haemostasis/coagulation abnormalities,
transjugular biopsy is an alternative, although the quantity of renal material
obtained is often smaller. Morbidity of this procedure in the ICU context seems to
be acceptable with high diagnostic and therapeutic contributions.

In myositis, magnetic resonance imaging (MRI) can guide a muscle biopsy,
carried out in the quadriceps or the deltoid.

For vasculitis, positivity of anti-polynuclear neutrophil cytoplasmic antibodies
(ANCA) facilitates the diagnosis. Immunofluorescence (IF) reveals either peri-
nuclear (p-ANCA) or cytoplasmic (c-ANCA) fluorescence. The antigenic target is
then specified by ELISA: proteinase 3 (PR3) for c-ANCA and myeloperoxidase

Table 2 Aetiologies of diffuse-alveolar hemorrhage and/or pneumo-renal syndrome

Systemic lupus erythematosus
Micropolyangitis
Churg-Strauss syndrome (eosinophilic granulomatosis with polyangeitis)
Wegener syndrome (granulomatosis with polyangeitis)
Goodpasture syndrome
APS
Cryoglobulinemia
Rheumatoid purpura
Thrombotic microangiopathy
Sarcoidosis
SD with renal failure causing cardiogenic pulmonary oedema
Pulmonary infections complicating SD responsible for acute renal failure
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(MPO) for p-ANCA. The absence of ANCA does not eliminate the diagnosis of
vasculitis, especially for micropolyangitis (MPA) or Churg-Strauss (CS) syndrome
where p-ANCA are present in approximately 70 and 40 % of cases, respectively.
Positivity for c-ANCA is quite specific for granulomatosis with polyangeitis
(formerly Wegener’s disease) and may allow postponement of a risky biopsy (e.g.
renal). Conversely, it is not unusual to observe false-positive ANCA (often
discordant IF and ELISA) in an infectious or toxic context (endocarditis, cocaine).
Biopsy of the temporal artery is a minimally invasive procedure, usually per-
formed to confirm the diagnosis of giant cell arteritis, but which sometimes
enables the diagnosis of necrosing vasculitis. An electromyogram can confirm
peripheral neurological involvement and/or guide a possible neuro-muscular
biopsy. These two examinations rule out the differential diagnosis of a critical
illness polyneuropathy. Finally, the detection of cryoglobulinaemia is a lengthy
process ([1 week) and presents many technical difficulties which lead to the
repetition of this test if there is a strong suspicion (3 consecutive days). Low levels
of C4 (with normal levels of C3) and positivity for rheumatoid factor are indirect
clues in favour of a cryoglobulinemic vasculitis (CV) and are easier to obtain.
Finally, the aetiological assessment of CV should include the search for certain
viruses (HIV, HBV, HCV, parvovirus B19) because the treatment can be radically
different.

Overall, the clinical picture of a SD usually includes the involvement of several
organs (Fig. 1) for which the usual aetiological investigations are negative. In
addition to investigations for rarer infectious agents or neoplasia, it is necessary,
faced with this clinical picture, to know how to evoke and diagnose an autoim-
mune SD. First-line biological assessment rapidly strengthens the suspicion. The
SD is then confirmed histologically.

Management of a Severe Flare of a Systemic Disease
in the Intensive Care Unit

The intensivist who has to manage a patient with an already diagnosed and treated
SD, irrespective of the organs involved, should ask only one question: ‘‘Is it a
flare-up of the SD or a concurrent complication (infectious, iatrogenic)’’? Diag-
nosis is complicated by the frequent presence during a SD of a fever, a biological
inflammatory syndrome with a clear increase in CRP (except in the case of lupus
where an elevation in serum CRP is only observed in cases of seritis or infectious
complications) and unavoidable delays in obtaining the results of blood cultures
and immunological investigations. Assessment of the procalcitonin level (PCT)
may seem useful to differentiate some infections (particularly bacterial) from SD
flares (where PCT is normally negative). However, this PCT-based approach is
limited both by false-negatives (‘‘localized’’ bacterial infections with negative
plasma PCT) and false-positives (increase in PCT in hemophagocytic
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lymphohistiocytosis syndrome and/or Still’s disease) [2]. Furthermore, it is not
uncommon to observe the simultaneous occurrence of a SD flare and a concurrent
infection. Indeed, one of the possible factors triggering the flare of an autoimmune
disease can be an infection. Conversely, a flare-up of the disease could transiently
lead toward increased immunosuppression and favour the occurrence of an
opportunistic infection. The infections encountered are extremely varied and
depend on the disease, the intensity and the nature of the immunosuppressive
treatments used. The risk of developing opportunistic infections is not well cor-
related with the extent of lymphopenia, and pneumocystis prophylaxis is often
proposed in patients who receive treatment with cyclophosphamide, irrespective of
the results of their TCD4+ lymphocyte count. In the case of respiratory mani-
festations, the differential diagnosis depends on obtaining broncho-alveolar lavage
(BAL) with cytological analysis of alveolar fluid (investigations for intra-alveolar
haemorrhage with Perls staining; polynucleosis points to an infectious process or a
predominance of lymphocytes may indicate a flare-up of the disease). The
microbiological analysis of BAL should be extensive (BK culture and PCR,
Pneumocystis jirovecii PCR, CMV PCR, HSV culture and PCR, galactomannan
Aspergillus level, panbacterial 16S PCR, etc.) and associated with serological
investigations (aspergillus galactomannan, pp65 antigenaemia and quantitative
CMV PCR, serology for atypical germs).

In the case of an unfavourable respiratory evolution, BAL performed for
sucsipion of an opportunistic infection should be repeated ideally after stopping all
anti-infective treatments for 48–72 h. When several repeated BAL remain negative,
or when the respiratory parameters deteriorate (decrease in lung compliance may
suggest a process of fibrotic scarring), or when no diagnosis is established, an open
lung biopsy should be performed rapidly by a surgeon at the patient’s bedside. The
risk of complications is low (\5 %) and the benefits in terms of diagnostic and
therapeutic impact are important [5]. It may give information that is not obtained
from other specimens, often of a nature to radically change the therapeutic man-
agement such as the addition of antiviral treatment when cells exhibiting the
characteristic cytopathogen effect of herpes viruses are observed. Corticotherapy

Fig. 1 Systemic disease visualised by thoracic radiography (left) and a thoracic scan (right)
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should be started when interstitial or endo-alveolar fibrosis is observed. The recent
aspect of fibrosis can also predict the response to corticotherapy. Finally, histologic
studies can, in some cases, confirm the diagnosis of a SD. When lung biopsy is
contra-indicated, suspicion of post-aggressive lung fibrosis may be approached in
the future by high levels of procollagen 3 either in blood or in BAL samples.

The ‘‘best timing’’ for deciding when to transfer a patient to the ICU is difficult
to codify. These patients are usually heavily immunosuppressed by the disease
itself and particularly by the treatments for the SD. A rapid unfavourable evolution
is often observed, leading to transfer to an ICU when organ failure is already
present. In that situation, there is no place for sequential treatments and the
mechanically-ventilated patient receives both broad-spectrum anti-infective
treatment and salvage corticotherapy. In some cases, it may therefore appear more
judicious to admit the patient to the ICU before respiratory deterioration and to
carry out an early BAL without waiting for failure of first or second-line anti-
infective treatments. Fiberoptic bronchoscopy under noninvasive ventilation with
mild sedation can be safely performed in the ICU even in severe hypoxemic
patients.

Conventional ventilation (with orotracheal intubation) is responsible for over-
mortality due to infections and barotrauma, notably in Wegener’s disease where
spontaneous pneumothorax has been reported.

Once the diagnosis of a flare-up of SD has been established, the question of the
prognosis and treatment arises. The prognosis in IC is not evaluated using specific
scores (e.g. Five Factor Score for vasculitis), but relies on the scores developed by
intensivists (e.g. SAPS II, SOFA scores). Nevertheless, it is important to determine
the severity of the flare-up using paraclinical and histological tools. It is not
unusual that, for technical reasons (mechanical ventilation, haemostasis, etc.),
some biopsies are delayed or even cancelled as the benefit-risk ratio of these
investigations is unfavourable. The most manageable treatment remains intrave-
nous corticotherapy (methylprednisolone) usually administered in the form of a
bolus (500–1000 mg), for 1–3 consecutive days, and followed by corticotherapy at
1–2 mg/kg in more severe cases. Corticotherapy is often well tolerated (when
infusions are not shorter than 30 min). However, rapid initiation of immunosup-
pressive treatment is required in more severe forms of SD (notably, lupus and
vasculitis). The treatment of choice is cyclophosphamide (endoxan) used at a dose
of 0.5–0.7 mg/m2 according to protocols dependant on the SD as well as age and/
or renal function. Endoxan is readministered every 2–4 weeks with monitoring of
blood counts and prevention of organ toxicity by hyperhydration and/or Mesna
(Uromitexan�). Due to the high frequency of anaphylactic reactions reported with
Mesna in autoimmune conditions and its non-superiority compared to hyperhy-
dration alone, it appears prudent to reserve this drug for patients in whom
hyperhydration is problematic due to a high risk of fluid overload. In the case of
suspected or proven infection concomitant to the flare-up, there are few alterna-
tives. The use of monthly IGIV in the case of systemic vasculitis appears to be a
good transient solution before resuming, as soon as possible, classical immuno-
suppressive therapy [3]. Rituximab (a monoclonal anti-CD20 inducing the
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selective depletion of B-lymphocytes) may be another alternative in these ‘‘high
risk’’ infectious situations. Recent data for the induction of SD remission (espe-
cially during ANCA vasculitis) are encouraging, but the infectious risk of this
biotherapy may be underestimated. It is important to discuss the initiation of such
treatments with centres of expertise and/or reference for these SD. Finally, ‘‘older’’
therapies merit the attention of the intensivist. Enzyme-conversion inhibitors are
the drugs of choice to manage sclerodermic renal crises, which affect the prognosis
of patients. Of note, corticotherapy greater than 15 mg/day is not advised in
sclerodermic patients because this treatment could favour the development of renal
crises. Plasma exchanges used in cases of thrombotic microangiopathy (lupus and/
or APS) also appear to be interesting for the treatment of Goodpasture syndrome
(notably intra-alveolar hemorrhages) and improve the renal prognosis of vasculitis
with severe renal failure ([500 lmol/L). It should be noted that if, for infectious
reasons, the usual corticoid treatment of the patient is interrupted on admission, the
intensivist should prevent the development of acute adrenal failure by adminis-
tering 100–200 mg of hydrocortisone/day until the resumption of corticosteroids.

It should also be noted that the detection of pregnancy by measuring bHCG
levels is essential in SD like lupus (triggering factor) and for which detection will
affect the choice of treatment (only corticoids, azathioprine, cyclosporine, anti-
malarials and IVIG are theoretically allowed during pregnancy).

Institution of Supportive Treatments in Intensive Care

Except for scleroderma and forms of autoimmune myositis associated with
aggressive pulmonary fibrosis (and/or underlying neoplasia), SD are diseases in
which the damage to the organs is usually reversible. From an organ perspective,
early initiation of immunosuppressive treatment is crucial to avoid long-term
sequelae and loss of function following repeated flare-ups. Patients affected by SD
are usually ‘‘young’’ and the fact that most inflammatory lesions are reversible in
these patients justifies maximum investment in terms of supportive treatments
initiated by the intensivist while waiting for remission. Even in scleroderma or
other SD with irreversible pulmonary fibrosis, lung transplantation remains an
option because the one-year survival rates are comparable to those of transplanted
non-sclerodermic patients There may be a long delay after registration on a non-
priority transplantation list and it may be peppered with episodes of nosocomial
infection in ventilated patients (bacterial and/or viral).

Acute respiratory failure is the most frequent type of organ failure. Diffuse
alveolar hemorrhage (DAH) is responsible for hypoxaemia via a shunt effect. The
presence of hypercapnia is the sign of respiratory muscles exhaustion or the
existence of a dead-space effect related to micro-thrombi within the pulmonary
circulation. Hypoxaemia and/or hypercapnia should lead to a first trial of NIV.
Apart a hemostatic effect of positive pressure by NIV, an improvement of
oxygenation is expected in DAH whereas it is very inconstant in pulmonary
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fibrosis or interstitial infectious disease. It is therefore the evolution of the patient
after 1–2 h of NIV that determines continuation of respiratory assistance. If NIV is
not well tolerated the use of high flow humidified oxygen therapy way be an
alternative. If polypnoea or hypoxaemia persist, the decision to use invasive
mechanical ventilation should be made without delay. This will enable BAL to be
obtained under good conditions and will reduce oxygen consumption linked to
respiratory muscle work. Finally, injuries of the pulmonary parenchyma often lead
to worsening or de novo pulmonary hypertension.

Aggravation of preexisting pulmonary arterial hypertension (PAH) may lead to
refractory hypoxaemia or right ventricular failure, which is particularly prejudicial
in this context. The development of acute dilation of the right ventricle leads to acute
renal failure and worsens the prognosis of the patient (related mortality of 50 %).
Monitoring of pulmonary arterial pressure (PAP) and right ventricular (RV) func-
tion is therefore essential in this situation. The pulmonary arterial catheter (PAC) is
still the reference tool. However a non invasive and prompt evaluations of PAP and
RV function can be easily performed by Trans Thoracic Echocardiography or better
in case of mechanical ventilation by Trans Oesophageal Echocardiography. From a
therapeutic perspective, the existence of threatening PAH justifies the use of
vasodilator treatments. The effect of these drugs is recommended under PAC
monitoring. Inhaled nitric oxide (NO) leads to stimulation of GMPc in the smooth
muscle cells of the pulmonary capillaries and ensures selective vasodilation in the
ventilated areas. If a decrease is observed, the dose of NO should be reduced
progressively in order to obtain the minimum dose necessary. If NO is stopped
suddenly, there could be a rebound effect. Other classes of drugs are available but
only in a galenic oral form. Sildenafil (Revatio�) is a selective inhibitor of phos-
phodiesterase V. It causes pulmonary vasodilation but also peripheral vasodilation
responsible for hypotension 15–30 min after administration. It can be administered
via a gastric probe in the ICU at a dose of 20 mg, three times a day. This can be
considered as a treatment for the acute phase of PAH but it is not recommended for
ARDS. In contrast, Bosentan (Tracleer�), whose mode of action is selective
antagonism of the receptors for endothelin-1, is considered more as long-term
treatment (delay in action of 4–6 weeks). Stopping this latter drug may be associated
with pulmonary hypertensive rebound. It is logical therefore to continue Tracleer�

via a gastric probe at the full dose (125 mg twice/day). The administration of
prostacyclin (Iloprost�) intravenously or as an aerosol is expensive but offers an
alternative solution. Intravenous form of some of the oral drugs mentioned above
might be soon available.

Finally, in the case of right ventricular failure that is refractory to vasodilators
and to inotropes (dobutamine) and/or refractory hypoxaemia, Extracorporeal Cor-
poreal Membrane Oxygenation (ECMO) may be justified. For a predominantly
pulmonary attack (hypoxaemia-hypercapnia), veno-venous ECMO with a centrif-
ugal pump is indicated. Venous-arterial ECMO is indicated when left ventricular
failure is associated. RV failure alone secondary to hypoxemia-hypercapnia is not a
contra-indication for VV ECMO since after correction of hypoxemia-hypercapnia,
pulmonary arterial pressure should drastically decrease. In this situation, ECMO is
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only a temporary replacement technique while waiting for either remission from the
flare-up after a bolus of an immunosuppressive drug or a bridge to lung or heart–
lung transplant. Control of anticoagulation will be particularly difficult due to the
quasi-constant thrombopenia and frequent thrombopathy. For this reason, veno-
venous assistance is preferable because it does not require anticoagulation at a
curative dose. In all cases, the decision to initiate ECMO should be discussed
collectively taking into account a number of factors such as the patient’s age,
number of failing organs, level of platelets and the therapeutic perspectives. When
the patient is already on a transplant waiting list, the situation may be revised and the
status of the patient changed to a ‘‘super-emergency’’, always in consultation with a
specialised multi-disciplinary team. Of course, the early transfer of these patients to
a reference centre capable of carrying out an emergency lung transplant is desirable.
Furthermore, ECMO can be performed before out of hospital transfer with a
specialized mobile team.

Conclusion

In conclusion, dialogue should be encouraged between specialists in autoimmune
SD (internists, nephrologists, etc.) and the intensivists who manage SD patients
during the most dangerous periods in their disease. The intensivist should know
how to evoke a diagnosis of SD. When the diagnosis is already established, the
role of the intensivist is to ensure the temporary replacement of vital functions
while waiting for the effects of immunomodulatory treatments. The intensivist
should be particularly vigilant in the detection and management of infections that
are often atypical, severe and may occur simultaneously with the flare-up of the
SD. Finally, the intensivist is the central spokesperson among the different spe-
cialists in these diseases. In this context, discussions with referent centres should
take place daily. An integrative diagnostic and therapeutic approach is proposed to
guide the intensivist in this management (Fig. 2).

Three successive steps can be distinguished (which can be performed at the
same time) with diagnostic (positive and differential) and therapeutic (specific and
symptomatic) goals. The first step is principally diagnostic: investigations for auto-
antibodies should be requested urgently (telephone call to the immunologist) and
after 24–48 h, particularly if auto-antibodies are negative, an extrapulmonary
biopsy should be discussed. At this step, procalcitonin (PCT) and bronchoalveolar
lavage (BAL) cytology may help. At 48–72 h, the microbiological results of BAL
(bacterial and viral culture, PCR) will allow adaptation of anti-infective treatment
initiated at admission due to the severity of the illness. At the end of this first week,
if the diagnosis of SD is not established, a lung biopsy should be discussed. When
a diagnosis of SD has been made specific immunosuppressive treatment with
cyclophosphamide should be initiated in the absence of an uncontrolled infection.
While waiting for improvement, symptomatic measures (NO) may enable the
patient to get over the hypoxaemic peak. In the case of an unfavourable evolution,
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a final ‘‘salvage’’ step should be undertaken in which treatment will be at best
‘‘guided’’ (BAL and/or lung biospy). While waiting for the results of these
investigations and/or the effect of the new therapies initiated, ECMO may be
justified in the case of expected reversibility and/or a foreseeable lung transplant.
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Fig. 2 Management of a probable systemic disease (SD) with severe respiratory manifestations
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Mitochondrial Diseases

Djillali Annane and Diane Friedman

Key Points

• Abnormalities of DNAmit or DNAncl genes encoding for the respiratory
chain.

• Clinical features include a broad variety of symptoms and involved
multiple organs/tissues—past history of mitochondrial disorders in the
family is frequent.

• Multiple tissues should be sampled and when negative testing should be
repeated.

• No specific treatment is available.

Introduction

Mitochondrial diseases are among the most common metabolic disorders. These
diseases are caused by defect in genes encoding for proteins of the mitochondria
respiratory chain, including transport RNA, ribosomal RNA, or transport proteins.
Epidemiologic data for mitochondrial diseases are scarce. A recent study suggested
mutations in mitochondria DNA occurred in 12.5 per 100,000 in-habitants [1].
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Genetics

Genetic abnormalities that characterised mitochondrial diseases have major
influence on the clinical phenotypes and potential therapeutics.

The mitochondrion is an intracellular element of the cells, and includes in its
inner membrane the respiratory chain that produced ATP the essential energetic
source for life.

Human cells have hundreds of mitochondria. Each mitochondrion has several
copies of mitochondrial DNA (mitDNA). Therefore, a cell can have simultaneously
normal mitDNA and mutants [2]. This phenomenon is known as heteroplasmy.
During cells’ divisions, mutations occurred at random within a single organ,
according to the mitotic segregation. The phenotype is proportional to the number
of mutants in each tissue. Usually, the disease becomes phenotypically obvious
when they are at least 80 % of mutants [2].

Another specific characteristic is that the proteins of the respiratory chain can
be encoded by genes either from the mitDNA (13 different genes) or from the
nuclear DNA—nclDNA (hundreds of different genes). Abnormalities in mitDNA
accounted for by 20 % of mitochondrial diseases. They are of maternal trans-
mission whereas nclDNA abnormalities are of mendelian, autosomic or recessive,
X-linked or not. Finally, the mitDNA is more subjected to mutations than the
nclDNA, and is less able to repair itself [3]. These genetic specificities explain the
huge phenotypic heterogeneity and subsequently diagnostic and therapeutic
problems.

Pathophysiology

The respiratory chain that produces ATP is made of 5 enzymatic complexes and
2 mobile electrons: the co-enzyme Q10 (CoQ10) and the cytochrome c [1].
The mitochondrion also plays a catabolic role [4] by oxidizing free fatty acids
(Beta-oxydation), carboxylic acids (Krebs cycle) and amines acids. ADP is
transformed into ATP via oxidative phosphorylation and oxygen consumption in a
series of enzymatic reactions.

(1) Glycolysis [3]:
In a first step, glucose is being changed into pyruvate and then into acetylCoA by
the pyruvate dehydrogenase (PD). Subsequently, acetylCoA is changed into
NADH, utilized to produce ATP. PD is blocked via negative feedback from
NADH, acetylCoA, ATP and anaerobic conditions. Then, pyruvate is accumulated
and metabolized into lactate and alanine. In case of abnormal glycolysis, a meal
containing to much sugar will cause hyperlactatemia and may worsen the clinical
symptoms of the mitochondrial disease (Fig. 1).
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(2) Oxydation of free fatty acids [3]:
Beta-oxydation of free fatty acids occurs during fasting. Fatty acids combined to
carnitine result in acylcarnitine, which is metabolized into ACoA and FADH2 that
helps producing ATP. In fasting conditions, ACoA is metabolized in
betahydroxybutyrate, main energetic source for the brain. By contrast, with food
intake, ACoA results in NADH.

Beta-oxydation is inhibited by carnitine deficiency and enhanced by a fatty acid
enriched meal or a sustained exercise. Then, during fasting, symptoms may worsen
in people with abnormal catabolism of fatty acids (Fig. 2).

(3) Oxydative phosphorylation [3]:
Oxydative phosphorylation occurs in the 5 complexes of the respiratory chain.
NADH is the substrate for complex I (NADH-CoQreductase), and FADH2 for
complex II (succinate-CoQreductase). Complexe III is ubiquinone-cyt c reductase,
complex IV is cyt c oxydase, and complex V is ATPase. Electrons transfer
from complex I or II to other complexes induces a protons gradient. Complex V
produces ATP by coupling ADP transformation to the protons’ gradient (Fig. 3).

Diagnosis

(1) Cases reports from the general intensive care unit at Raymond Poincaré
Hospital:

Mr. DL, 31 years-old, member of the hospital staff, was admitted to the ICU for
sepsis. He has no past medical history. His sister had motor disability and died
prematurely. His young brother was diagnosed with multiple sclerosis presenting
with optic neuropathy, cerebellar syndrome, pyramidal syndrome and erectil dis-
orders. His twin brother was also diagnosed with optic neuropathy. Upon ICU
admission, urinary tract infection was identified as the source of sepsis. Further
investigations allowed establishing the diagnosis of neurological bladder, hydro-
cephalus, optic neuropathy, altered evoked somesthesic potentials, increased
protein levels in the cerebrospinal fluid, increased levels of pyruvate with normal
lactate levels and normal pH. Spine MRI was normal. Over the next decade, the
patient needed permanent urine drainage by enterocystoplasty, had serial stroke
with major deterioration in cognitive function severe motor disability. He also
developed a hypertrophic cardiomyopathy. Muscle biopsy found severe Cox
mosaic deficit and combined deficit of the respiratory chain.

A 32 years-old man, ingenior in computer science, with no past medical history
was admitted to the ICU. His mother died at the 25 years old from a cardiac origin.
His grand mother was diagnosed with myopathy and liver disease. The patient
presented with progressive fatigue, dyspnea and muscles cramps. Upon admission,
liver transaminases were increased by fivefold from normal values, lactate levels
were 8 mmol/L and bicarbonate levels were 14 mmol/l. Electromyography
recorded muscles abnormalities. Muscle biopsy found normal respiratory chains
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and major lipid vacuolization. Muscle MRI was normal. The chromatography of
urines found normal levels for amines acids and carnitine, increased levels for
alanine, isoleucine, and decreased levels for citrulline. Initial treatment included L
carnitine, bicarbonate and CoQ10. Few weeks later, the patient is re-admitted to the
ICU with tetraparesis and severe lactic acidosis (pH: 6,86, pCO2: 1,96 kPa, PO2:
14 kPa, CO2total: 3 mM, lactates: 20 mM), rhabdomyolysis (CPK: 7 N), renal
insufficiency and myoglobinuria. EKG recorded a right branch block. The patient
presented with acute respiratory failure and was intubated and mechanically
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ventilated. Treatment also included renal replacement therapy. The patient clinical
status improved and was maintained stable with bicarbonate perfusions. Oxydation
of fatty acids was investigated on lymphocytes and was found normal as well as the
ratio betahydroxybutyrate/acetoacetate. Resting energetic expenditure was high.
Muscle MRI remained normal. The analysis of the respiratory chain revealed a
complex IV deficit in muscles, fibroblasts and lymphocytes, and a complex III
deficit in hepatocytes. We finally identified a new mutation in leucine RNAt gene.

The genetic specificities of mitochondria can result in a broad variety of clinical
phenotypes. Physicians should consider mitochondrial disorders in conditions of
multiple organ dysfunction with unclear origin.

(2) Main Clinical findings [3]:

• Eyes: ptosis, ophtalmoplegia, optic nerve atrophy, retinis pigmentosa, cor-
tical blindness, cataract

• Central nervous system: epilepsy, ataxia, stroke more specifically in
occipital and parietal regions, psychosis, dementia, cognitive dysfunction,
peripheral neuropathy, migraine

• Heart: obstructive or non obstructive cardiomyopathy, congestive heart
failure, conduction blocks

• Muscles: weakness, fatigue, intolerance to exercise
• Skin: dry hair, abnormal pigmentation of exposed skin areas, tricothidystrophy
• Kidney: tubular acidosis, myoglobinury, renal failure
• Thorax: dyspnoea, acute or chronic respiratory failure, hypoventilation,

diaphragmatic paralysis, restrictive syndrome, abnormal accessory expira-
tory muscles; difficulties to wean off mechanical ventilation, prolonged
paralysis following curare administration, respiratory failure following
minimal use of benzodiazepines or barbiturates, unexplained lactic acidosis,
central and obstructive sleep apnoeas, altered response to CO2.

• Digestive tract: non-specific digestive disorders, pancreatic insufficiency
• Ears/Nose/throat: dysphagia, dysphonia, dysarthria, hearing loss
• Endocrine system: diabetes, hypothyroidism, hyperparathyroidism

(3) Clinical phenotype in relation with age [5]:

• Neonates: multiple organ failures, hypotonic, coma, myopathy. The disease
is commonly autosomic recessive, affecting nuclear DNA.

– BARTH Syndrome: boys with cardiomyopathy, neutropenia, proximal
deficit, dwarfism

– Toni-Debré-Fanconi Syndrome: proximal tubulopathy
• Young children (1 month—2 years):

– LEIGH Syndrome: necrotizing encephalomyopathy, brain stem lesions,
psychomotor retardation, pyramidal and extra pyramidal syndrome, epi-
lepsy, optic atrophy, respiratory failure

– ALPERS Syndrome: progressive polydystrophy, liver disease
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– PEARSON Syndrome: anaemia, neutropenia, thrombopenia, pancreatic
insufficiency

– WOLFRAM Syndrome: Diabetes, SIADH, optic atrophy, hearing loss
• Teenager and adults:

– KEARNS-SAYRE Syndrome: progressive external ophtalmoplegia,
retinis pigmentosa, ptosis, myopathy, cardiac conduction abnormalities,
cerebellar syndrome, diabetes, hypoparathyroidism

– MNGIE Syndrome: Myoneurogastrointestinal encephalopathy: pseudo-
occlusions, myopathy, ptosis, ophtalmoplegia, peripheral neuropathy,
leuco encephalopathy

– MELAS Syndrome: mitochondrial encephalomyopathy lactic acidosis
and stroke-like episodes: vomiting, migraine, dementia, cardiac conduc-
tion abnormalities.

– LHON Syndrome: Leber hereditary optic neuropathy: brutal blindness,
bilateral optic atrophy, arrhythmia

– NARP Syndrome: neutrogenic ataxia retinis pigmentosa: epilepsy,
mental retardation and dementia

– MERRF Syndrome: myoclony epilepsy with RRF: ataxia
– CoQ10 deficiency: exercise intolerance, axial and proximal weakness,

epilepsy, cerebellar syndrome, ataxia, mental retardation, myoglobinury,
pyramidal syndrome

Symptoms may usually worsen with heat or cold, drugs (e.g. propofol, ciclosporine,
aspirine, cocaïne, catecholamines, theophilline, metformine, valproïc acid, pheno-
barbital), stress, infections, sport, fasting, alcohol, age (by increasing mutations).

Laboratory investigations

(1) Blood samples: increase in lactate levels, in ratio lactate/pyruvate and
betahydroxybutyrate/oxaloacetate, in CPK levels, in ketone acids. The levels
for the following variables should be obtained: pyruvate, alanine, acylcar-
nitine, glucose, free fatty acids.

(2) Cerebrospinal fluid: increase in protein and lactate levels
(3) Urine (collected over 24 h): measurement of lactate, pyruvate, glucose,

phosphate, amines acids
(4) Pulmonary function testing: normal or reduced VEMS, tidal volume, maxi-

mum expiratory and inspiratory pressures.
(5) EMG: normal or muscular abnormalities
(6) At exercise: reduced oxygen comsumption and increased in lactate and

inorganic phosphate (Pi) levels
(7) Muscles and brain MRI Spectroscopy: in vivo studies, before and after

exercise, measurement of phosphocreatine (PCr), ADP and Pi, as a surrogate
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of oxydative phosphorylation. In mitochondrial disorders, the main findings
include decreased PCr at rest and at stress, and delayed normalization
following exercise.

(8) Muscle biopsy: can be normal. Common findings included Ragged Red
fibers, corresponding to abnormal mitochondria at the periphery of muscles
fibers that can be recognized by the trichrome Gomori coloration. One can
also observe lipid vacuolization, negative Cox fibers (non reactive in pres-
ence of c oxydase). Examination by electron microscopy shows abnormal
giant mitochondria with abnormal crystal droplets and para-crystalline
inclusions.

(9) Enzyme activity: needs fresh muscles fragments to measure the oxygen
consumption by each complex. The global activity of complexes can also be
measured from frozen samples of muscles, liver, heart.

(10) Genetic analysis of mitochondrial DNA: conducted on muscles or leucocytes,
uses commonly in situ hybridation technics of part or the whole mitochon-
drial genome. As leucocytes are subjected to fast cell division and mutants
DNA are scarce, genetic analysis can be falsely negative and therefore should
be repeated several times on different samples from different tissues.

Decision Tree

See Fig. 4 [3].

Treatment

There is in most cases no specific treatment.

(1) General advices:
Patients need to avoid fasting, exposure to cold, drinking alcohol, drugs, parenteral
nutrition. Regular aerobic exercise improves the oxidative metabolism and ATP
production. Thus, it may improve tolerance to exercise.

(2) Symptomatic treatments:
May include: (1) serial transfusions in case of severe anemia, (2) cardiac pacemaker
in cases of high degree cardiac conduction abnormalities, (3) heart transplantation,
(4) bicarbonate perfusions in cases of severe lactic acidosis with bicarbonates
levels \15 mmol/l, (5) anti-epileptic drugs except valproic acid in combination
with L carnitine, (6) cochlear implant, (7) renal replacement therapy in case of renal
failure and/or severe acidosis.
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(3) Specific treatments:
May include: (1) carnitine, (2) idebenone, a CoQ10 analog, in case of quinone deficit
such as in Friedreich ataxia, (3) CoQ and riboflavine may improve cereballar syn-
drome, (4) dichloroacetate (DCA) inhibits the PD, and reduces lactate production.

Fig. 4 Decision tree: Symptoms ? risk factors ? familial medical history ? obvious clinical
abnormalities
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(4) Gene therapy:
In vitro technics may allow correction of some DNA mutations.

Antenatal diagnosis

Can be proposed when a familial history of mitochondrial disorders is known. The
tests are performed at 9–11 AW and on amniocytes on culture at 16 AW. As only
50 % of fibroblasts may express the deficiency, a normal result should not rule out
the diagnosis and should prompt repeated analyses.

Lexicon

ACoA: Acetyl coenzyme A. DNAncl: nuclear DNA. DNAmit: mitochondrial DNA.
ADP: adenosine diphosphate. ATP: adenosine triphosphate. DCA: dichloroacetate.
FADH2: flavine adenine dinucleotide. NADH: nicotinamide adenine dinucleotide.
Pi: inorganic phosphate. PCr: phosphocreatine. PD: pyruvate dehydrogenase.
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Hemolytic Anemias Resuscitation
in Adults

Régis Costello and Violaine Bergoin-Costello

Key Points

• The diagnostic of the origin of the hemolytic anemia is of pivotal
importance since treatment greatly varies depending on the etiology.

• Personal and family history are central to the diagnosis of hemolytic
anemia due to the existence of congenital origins in some patients.

• Diagnosis of thrombotic thrombopenic purpura has to be performed
without any delay since its spontaneous prognosis is very poor but is
transformed by plasma exchange.

• Immunotherapy via anti-CD20 monoclonal antibodies is now part of the
treatment of auto-immune hemolytic anemia.

Introduction

Hemolytic anemia is a rare disease, the most common form, i.e., autoimmune
hemolytic anemia, has an annual incidence of 1–3 per 100,000. Hemolytic ane-
mias are classified as constitutional (either by abnormal erythrocyte membrane or
enzyme deficiency) or acquired (either by an immunological mechanism—the
most common—or by a non-immunological cause). This classification is of pivotal
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interest in the therapeutic approach, which is adapted to each type of etiology. The
diagnosis of hemolysis itself obeys the classical criteria; a regenerative anemia,
often accompanied by jaundice due to free bilirubin, increased lactic-
odéhydrogénase (LDH) and decreased haptoglobin level. These simple diagnostic
criteria must still be analyzed accurately; the regenerative nature (increased reti-
culocytes) and the bilirubin need to be observed some time after the onset of
hemolysis. The regenerative nature may disappear in the course of evolution by
folate depletion, which blocks erythropoiesis. The distinction between intra-
tissular hemolysis (increased LDH) and intravascular (decreased haptoglobin) is
too academic in nature because often the two components are involved. Compli-
cations of hemolytic anemia can be distinguished into two components, one related
to anemia and one related to the hemolysis per se. Complications related to
hemolysis by itself are relatively rare; gallstones (in chronic hemolysis), acute
renal failure (acute hemolysis) thromboembolic events (more related to immobi-
lization and/or corticosteroid use. One exception is paroxysmal nocturnal hémo-
globinuria, with very frequent thrombotic complications. Most of the severity of
hemolytic anemia therefore is due to anemia more than to hemolysis.

Hemolytic Anemia with Abnormal Erythrocyte Membrane

The diagnosis of hemolytic anemias is based on a simple and rapid observation of
blood smear looking for morphological abnormalities that are used for the clas-
sification, hereditary spherocytosis (Minkowski-Chauffard disease), elliptocytosis/
poikilocytosis, stomatocytosis/disease permeability to cations [3]. These patholo-
gies result most often chronic hemolysis. However, a sudden worsening the patient
can be seen in two circumstances. The first is the sudden exacerbation of hemo-
lysis, which is due to a triggering event such as infection. The treatment of trig-
gering event, and a possible transfusion (based on very low hemoglobin level and
bad anemia tolerance) will most often the patient back to his basic hematological
status. A complication of chronic hemolysis may complicate the analysis of
anemia and requires specific treatment. Indeed some patient can develop a
transient erythroblastopenia (Owren-Gasser syndrome) related to infection with
parvovirus B19, which may respond favorably to treatment with intravenous
gamma globulins.

Hemolytic Anemia Enzyme Deficiency

The enzyme abnormalities leading to hemolysis are numerous and have a lot in
common features with regard to clinical manifestations [5]. As an example we
discuss the deficit by far the most common, namely glucose-6-phosphate dehydro-
genase (G6PD) deficiency. Regarding diagnosis, examination of personal and family
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history of the patient is essential. Transmission deficit is related to sex: male subjects
are hemizygous and symptomatic while women are often asymptomatic heterozy-
gotes. The interview will seek to determine a precipitating cause; ingestion of beans
in the form called ‘‘favism’’ or other oxidative stress including many drugs such as
quinolones, sulfonamides and antimalarial compounds. Confirmation of the diag-
nosis is based on the determination of the deficient enzyme, which has to be done at a
distance of hemolytic episode because reticulocytes may have normal levels of the
enzyme even in a subject with G63PD deficiency. Hemolysis may be acute after
contact with the offending agent. Therapy is based on the transfusion, which is
indicated in cases of severe anemia and/or in the absence of reticulocytosis, which
prompt to suspect erythroblastopenia or folate deficiency.

The Nocturnal Paroxysmal Hemoglobinuria (NPH)

It is a very special entity that comes from the expansion of a hematopoietic clone
containing a mutation of PIG-A gene, required for the synthesis of a lipid moiety,
the glycosylphosphatidylinositol (GPI) which can be connected with multiple
membrane molecules, some of which (CD55 and CD59) protects red blood cells
from destruction by complement fractions [2]. Red blood cells deficient in CD55
and CD59 are very easily destroyed by complement, although the triggering events
for hemolytic crises are unclear. Intravascular hemolytic crises can be very brutal
and exceed the binding capacity of hemoglobin to haptoglobin, explaining
hemoglobinuria. This free hemoglobin is able to bind nitric oxide which tissue
depletion manifests by fatigue, abdominal pain, and probably promotes the
occurrence of deep vein thrombosis (40 % of cases of NPH) in the two most
common sites, i.e. the central nervous system and hepatic veins (Budd-Chiari
syndrome). The diagnosis of NPH is based currently on flow cytometric analysis of
CD55 and CD59 molecules on cells and cellular elements of the circulating blood.
The therapeutic management has evolved recently with the use of eculizumab, a
monoclonal antibody directed against the C5 complement fraction. The interest of
eculizimab resides in the reduction of the incidence of hemolytic crises and thereby
transfusion requirements. Regarding the haemolytic crisis itself, it seems that short-
term corticosteroid therapy reduces its duration and severities, but should not be
offered for long periods. The addition of androgen (Danazol) also appears to reduce
hemolysis, probably by an inhibitory action on the complement cascade. The use of
androgens is possible for a short duration, since long-term liver toxicity makes their
use undesirable. In NPH, intravascular hemolysis and hemoglobinuria induce a loss
of iron. Iron supplementation is therefore recommended in NPH patients, otherwise
the patient will not be able to compensate for hemolysis by an increase in reticu-
locytes. Although iron intake, whatever the route used (oral or intravenous), can
also exacerbate hemolysis, its use is recommended by ‘‘necessity’’ in association
with corticosteroids and androgens. Finally, based on hemoglobin and clinical
tolerance, transfusion of packed red blood cells is possible in NPH. It has been
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recommended for a long time to transfuse plasma-depleted packed red cells to
avoid complement activation, but this seems in fact not necessary. Finally it is
necessary, during any period of hospitalization, to provide an antithrombotic
prophylaxis since these patients are at high risk.

Extracorpuscular Non-immunologic Hemolytic Anemia

The aggression of red blood cells by external agents leads to its destruction [1]. A
common sign of these diseases is the presence in the blood of shredded red blood
cells, called schizocytes. However, these schizocytes are also found in most
hemolytic anemias and thus represent a sensitive but nonspecific sign. The causes
are many and classified schematically as mechanical (fragmentation), infectious or
toxic. Macro-angiopathic etiologies are associated with hemolysis which is often
insufficient to cause anemia. We can actually observe hemolysis on vascular or
valvular prostheses and more particularly when there is a valvular dysfunction, but
also due to cardiopulmonary bypass and or to repeated shocks (karate, percus-
sionists, marathon runner). More clinically relevant is the hemolysis linked to
microangiopathic syndromes, mainly through a particular entity, thrombotic
thrombocytopenic purpura (TTP) and its child ‘‘variant’’, namely hemolytic ure-
mic syndrome (HUS). This condition is related, at least in part, to a lack of
cleavage of polymers of very high molecular weight of von Willebrand factor
which leads to the formation of fibrin microthrombi on which red blood cells are
fragmented. This lack of cleavage is often due to a deficiency of the metallo-
protease responsible for cleaving these polymers, called ADAMTS13, this defi-
ciency being either congenital or due to neutralizing antibody activity. The
diagnosis of TTP is based on a diagnostic pentad including thrombocytopenia,
fever, renal insufficiency, neurological symptoms and microangiopathic hemolytic
anemia (presence of schizocytes and negative Coombs test, excluding an auto-
immune hemolytic anemia). Currently, dosage of the deficient enzyme and
detection of specific antibodies is part of the diagnostic procedure, but the man-
agement should not await these results. TTP is a serious condition with 90 % of
deaths if the diagnosis is not made early (central neurological complications
leading to coma, myocardial infarction), but rather healed in 90 % of cases with
appropriate treatment, i.e. plasmapheresis. Plasmapheresis can remove anti-
metalloprotease antibodies (the most common mechanism for TTP) and in all
cases provides the missing enzyme. Plasmapheresis should be continued until the
hematological and clinical features are not completely normalized. Recently
infusions of monoclonal antibody directed against CD20 (Mabthera) have been
proposed in particular to prevent TTP recurrences. Although hemolytic anemia is
part of the diagnostic pentad of TTP, the severity of the disease is mainly due to
microvascular occlusions phenomena. Packed cell transfusions may be proposed
depending on hemoglobin level and and clinical tolerance, but platelet transfusions
are avoided as it may exacerbate occlusive phenomena.
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Autoimmune Hemolytic Anemia (AIHA)

Hemolysis is due to autoantibodies fixed to the surface of red blood that may
induce red cell destruction via direct macrophages binding or via complement
components [4]. Sometimes red cell lysis can be directly induced by the activation
of component terminal fraction (Fig. 1). The AIHA are classified according to
intrinsic properties of the antibody bound to the surface of red blood cells, since
both the etiology and the therapeutic management are closely linked to this
characteristic. When AIHA is suspected, the central diagnosis procedure is the
Coombs test. The direct Coombs test reveals the presence of antibodies to the
surface of red blood cells, while the indirect Coombs detects the same antibody,
not completely fixed on the red blood cells, in serum. Finally, elution-fixation tests
are used to determine the specificity of the antibodies to the antigens of blood
groups (Fig. 2). Hot antibodies are active at 37 �C, fix complement and are of
broad antigenic specificity. Idiopathic in half of the cases, they may be secondary
to malignancy, lymphoproliferation, systemic disease or various drugs in the other
half of the cases. The so-called cold agglutinins are active below 30 �C, fix
complement, and elute easily (which explains that Coombs test is frequently
positive only for complement fractions). Cold agglutinin presence can be sug-
gested by the phenomena of spontaneous autoagglutination of red blood cells as
soon as they are deposited on the microscope slide, with reversibility if the slide is
placed in an oven at 37 �C. The specificity of cold agglutinin is often the I antigen
(when secondary to mycoplasma pneumonia infection) or I antigen (after mono-
nucleosis). Finally, the biphasic hemolysin of Donath Landsteiner often follows a
viral infection in children. These antibodies are IgM that binds to red blood cells
below 15 �C but will cause hemolysis only at 37 �C. Apart from the problems of
etiologic diagnosis, these anemias can develop rapidly and can endanger the
patient’s life by the depth of the anemia. First line treatment for hot antibodies
AIHA, in addition to the specific treatment of the underlying disease, is cortico-
steroid: 1–2 mg/kg/day in most cases. Some authors have reported a higher effi-
ciency of méthyprednisolone bolus (500 mg). After about one month of treatment
at full dose, steroids should be reduced gradually over 6 months. If hemolysis do
not respond or requires maintenance with excessive levels of corticosteroids, other
options should be discussed, and various immunosuppressive or immunomodu-
latory agents have been proposed; cyclophosphamide, imurel, cyclosporine,
intravenous immunoglobulin, plasmapheresis, splenectomy. The use of anti-CD20
monoclonal antibodies (Mabthera) seems of great interest in AIHA, but their
action is delayed (several days or weeks). When is it therefore need to quickly
increase hemoglobin level, transfusion of packed red blood cells is possible. It is
recommended to limit transfusions to a minimum, with small volumes (100 cc
twice per day) infused as slowly as possible. The continuous monitoring of blood
pressure is required; the occurrence hypotension, back pain or hematuria could
reflect an exacerbation of hemolysis and require to immediately stop transfusion.
Regarding cold agglutinin disease, corticosteroids are ineffective but MabThera
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Fig. 1 Mechanisms of AHAI

Fig. 2 Antibodies identification in AHAI

170 R. Costello and V. Bergoin-Costello



may be used. If imperative, the transfusion should use packed red blood cells
warmed to 37 �C, the patient should also be kept himself in a warm room, in order
to avoid antibody fixation on transfused red blood cells.

Conclusion

Hemolytic anemia often poses a diagnostic problem which will be decisive for the
medium-and long-term management of the patient. In the short term, profound
anemia can involve the patient’s life. Transfusion of packed red blood cells is
always possible, even in AIHA with certain precautions. Due to the lack of
controlled studies in AIHA, the majority of therapeutic approaches are based on a
series of patients analyzed in retrospective or even on isolated case-patients. This
argues in favor of the establishment of multicentre studies which will allow to
establish evidence-based standard of treatment.
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Bradykinin-Mediated Angioedema

Bernard Floccard, Jullien Crozon, Brigitte Coppere,
Laurence Bouillet and Bernard Allaouchiche

Key Points

• Bradykinin-mediated angioedema are diseases characterised by episodes
of subcutaneous or mucosal oedema (extremities, throat, respiratory and
digestive tracts), referred to as attacks

• Diagnosis of bradykinin-mediated angioedema must be evoked faced with
a patient suffering from transient and recurrent oedema and/or abdominal
pain

• All attacks localised over the shoulders (face, neck, throat, respiratory
tract) and all abdominal attacks with pain rated [5 on the VAS must be
considered severe

• Severe ENT attacks may be life-threatening; in the absence of specific
treatment, the mortality rate reaches 25–30 %

• It is not a mastocyte mediator’s mediated swelling. Antihistamines are not
effective, because bradykinin is the key mediator

• Even in the absence of previous attacks, short-term prophylaxis is nec-
essary as the onset of an attack is unpredictable

• Reference centres should be contacted quickly if they are available.
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Introduction

Bradykinin-mediated angioedema (AE) are diseases characterised by the occurrence
of transient and recurrent episodes of subcutaneous or mucosal oedema, referred to
as attacks. Depending on the location, these attacks can be severe and potentially
life-threatening. Angioedema is a rare genetic or acquired disease, associated with
excessive levels of bradykinin and is not a mastocyte mediator’s reaction.

International consensus conferences have been published and specific mole-
cules to treat AE have been developed in recent years [1–5].

Angioedema can be classified according to the presence or absence of a C1
inhibitor (C1-INH) deficiency (Fig. 1). Hereditary angioedema (HAE) is an
autosomal dominant disease caused by a quantitative (HAE type I) or qualitative
(HAE type II) C1-INH deficiency. It is an orphan disease with an estimated
prevalence of approximately 1 in 50,000–100,000, without differences in gender or
race [6]. Acquired angioedema (AAE) is characterised by an acquired deficiency
in C1-INH, with an estimated prevalence between 1:100000 and 1:500000 [7].
Recently, a hereditary variant of AE with normal C1-INH was described and was
initially called HAE type III. Drugs induced angioedema has been described with
angiotensin converting enzyme (ACE) inhibitors.

A Clinical Syndrome

AE is a clinical syndrome with one mediator and multiples causes.

Clinical Symptoms

The clinical picture is characterised by recurrent episodes of white, soft,
deforming, circumscribed and non-pruritic subcutaneous or submucosal oedema
affecting the extremities, face, throat (tongue, larynx, and lips), trunk, genitalia or
digestive tract that are referred to as attacks [8] (Fig. 2). The oedema develops
slowly over a period of up to 36 h and resolves spontaneously within 2–3 days
without any residual effects. The clinical signs result from the topography of the
oedema, as this can be either isolated or multiple and can affect any part of
the body. Swelling affecting the skin is usually painless. About 75 % of patients
have attacks localised to the neck, face, tongue or respiratory tract that result in
voice alteration, dysphagia or a lump sensation in the throat [9, 10]. About 93 % of
patients have abdominal attacks that are associated with oedema of the intestinal
wall (i.e., abdominal pain, diarrhoea, vomiting, pseudo-obstructive syndrome,
ascites and peritoneal effusion) and can result in unnecessary surgery (14–37 % of
patients) [8, 11–13] (Fig. 3).
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Fig. 1 Pathophysiological classification of bradykinin-mediated angioedema

Fig. 2 Swelling in patient
with hereditary angioedema.
Facial attack and asymmetric
swelling of the hand
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The frequency of attacks is extremely variable among patients and even in the
same individual at different stages of their life. Patients have attacks every
7–14 days on average, with some patients remaining asymptomatic all their life. A
triggering factor can be identified in 50 % of attacks: trauma (even minimal),
dental surgery (scaling, tooth extraction), stress (examinations), hormonal changes
(contraceptive pills, pregnancy, menstruation), drug treatment (ACE inhibitors),
infections (urinary, sinusitis, dental). Tooth extractions without prophylaxis are
followed by facial swelling in 21.5 % of patients [14]. There are no clinical
differences according to the type of AE.

Fig. 3 Contrast-enhanced CT images obtained during the abdominal attack, showing peritoneal
fluid (a thin arrow) and thickening and oedema of the ileum wall (a–e arrowheads). The jejunum
was normal (c, d arrows). At the jejuno-ileal junction, a target-like image corresponding to an
intussusception was visible (d curve arrow). The colon was normal (f large arrow)
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Severe Attacks

The severity of attacks is variable, according to the localisation of the swelling.
Some attacks are life-threatening [8]. In the absence of specific treatment the
mortality rate is 25–30 % for ENT localisation [6, 8]. Therefore, all attacks
localised over the shoulders must be considered severe, because obstruction of the
upper airways is possible (supra-glottic and laryngeal oedema). The mean interval
between onset and maximum development of laryngeal oedema is 8.3 h [9]. There
are three phases between the onset of fatal laryngeal oedema and asphyxiation:
(i) predyspnoea phase (lasting on average 3.7 h); (ii) dyspnoea phase (lasting on
average 41 min) and (iii) loss-of-consciousness phase (lasting on average 8.9 min)
[15]. Thus, even in the absence of signs of respiratory distress, these attacks should
be regarded as severe because their prognosis is unpredictable; death has been
found to occur within 20 min or several hours due to laryngeal oedema and acute
asphyxiation [9, 10].

Abdominal attacks with pain rated [5 on the visual analogue scale (VAS) are
considered severe due to the risk of hypovolaemic shock as a result of plasma
leakage [8, 11].

Paraclinical Findings

No paraclinical findings are specific and anomalies disappear within a few days. In
case of abdominal attack, ultrasound and abdominal computed tomography scans
reveal peritoneal fluid, thickening and oedema of the intestinal wall. Gastroscopy
and laryngoscopy show an oedematous and red mucosa.

Laboratory Diagnosis

Laboratory assays are not available in an emergency. They confirm the clinical
diagnosis and the type of AE. In case of abnormal results, tests should be repeated at
least once to confirm the diagnosis. Testing patients under 1-year of age may not be
reliable and the results should be confirmed after the infant has turned one [1, 3].

Numerous diagnostic algorithms are available [1, 3]. Screening is conducted by
determining C4 in patient without treatment. C4 is normal between attacks in only
2 % of cases. Quantitative and functional measurements of C1-INH rule out or
confirm HAE and its type. C1-INH functional tests should be carried out in
experienced laboratories using a chromogenic method. Antigenic levels of C1q are
low in AAE (70 %). Genetic testing is not usually necessary to confirm the
diagnostic of HAE with C1-INH deficiency. In HAE without C1-INH deficiency,
the F12 gene mutation can be detected in 15 % of patients.
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Bradykinin, The Mediator

Bradykinin is the key mediator of angioedema attacks. It is released following
activation of a cascade of proteases in the kallikrein-kinin pathway, which is acti-
vated by factor XII [6, 8]. Vascular stress activates excessive contact-activated
coagulation and leads to the release of large amounts of bradykinin [16]. Bradykinin
binds to specific B2 vascular receptors, which then open intercellular junctions and
causes an increase in vascular permeability, plasma leakage and oedema [17–19]
(Fig. 4). Bradykinin B1 receptors also seem to be involved [20]. Bradykinin is
degraded by three enzymes, and their activity is referred to as kininase activity:
these consist of ACE, aminopeptidase P and carboxypeptidase. Bradykinin levels
can be increased by increases in kininogenase activity (i.e., proteolytic activities of
factor XII, plasmin and kallikrein) or by a decrease in kininase activity [17].

Several Causes

Bradykinin-mediated angioedema can be classified according to the presence or
absence of a C1-INH deficiency (Fig. 1). C1-INH is the main regulator of the
kallikrein-kinin pathway and regulates the activation of kallikrein, plasmin, factors
Xa and XIIa, proteins involved in fibrinolysis and the contact phase of coagulation
[6, 8, 17, 18].

AE with C1-INH Deficiency

Quantitative (HAE type I) or qualitative (HAE type II) C1-INH deficiency results
in an excess of bradykinin [6]. Acquired forms of the disease have also been
described and these are thought to be due to increased activity of kininogenase in
response to hyper-consumption of C1-INH or a neutralisation of C1-INH by C1
inhibitor antibodies [7]. These forms are often associated with lymphoproliferative
disorders or autoimmune diseases that may appear several years after the initial
episode.

AE Without C1-INH Deficiency

HAE with normal C1-INH was recently described. The disease is associated with
excessive release of bradykinin and can be associated with mutations in the F12
gene, for 15 % of patients [1, 21]. The disease affects mostly women and can be
worsened by contraceptive pills and/or pregnancy.

180 B. Floccard et al.



Drug-induced AE associated with excessive bradykinin release has been
reported. The drugs involved the renin-angiotensin system reduce its catabolism
and thus increase its activity [22, 23]. Therefore, ACE medications expose patients
to a 0.5–1 % risk of angioedema, which can become severe and localise to the face
or larynx [24, 25]. Due to the widespread use of ACE inhibitors, this aetiology has
dramatically increased over the past 20 years. The association of gliptin and/or
mTOR inhibitors with ACE inhibitors increased the risk of AE.

Differential Diagnosis

Histamine-Mediated Angioedema

Clinically, patients present with a rapid onset of swelling, frequently associated
with urticaria and pruritis, and sometimes with an anaphylactic reaction. Unlike
AE, oedema is enhanced by antihistamines and glucocorticoids. Degranulation of
mast cells results in the release of histamine and other proinflammatory mediators.
These act to increase vascular permeability.

Abdominal Surgical Emergencies

Response to specific therapy is a therapeutic test to differentiate attacks and sur-
gical emergencies.

Diagnosis in an Emergency

Two emergency situations are possible depending on whether the diagnosis has
already been established.

Patient Whose Diagnosis has not been Established

This is the most difficult situation, encountered in emergency departments. The
physician must establish a diagnosis and evaluate the severity of AE using a step-
by-step approach [6, 18]:

• ‘‘Is this an angioedema’’? This question must be asked faced with a localised,
transient, non-inflammatory and recurrent oedema.
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• ‘‘Is this histamine-mediated angioedema’’? In a bradykinin-mediated angioe-
dema, there is no associated urticaria or itching and the swelling will last for a
few days. In particular, treatment with corticosteroids and antihistamines is
ineffective.

• ‘‘Is this a bradykinin-mediated angioedema’’? This angioedema is often asso-
ciated with abdominal pain. Family history reports similar episodes of oedema
or medication use (ACE inhibitors, ARBs).

• ‘‘Is it a severe attack’’? All attacks localised over the shoulders and all
abdominal attacks with pain rated [5 on the VAS must be considered severe.

At this stage, the diagnosis is strictly clinical; no laboratory tests are available
for emergency cases.

Patient Whose Diagnosis has Already been Established

The patient should carry a wallet card that explains his/her illness and two doses of
a specific treatment [1].

Management and Prophylaxis

Treatment includes support for acute attacks and short-term prophylaxis. Long-
term prophylaxis aims to reduce the burden of the disease by reducing the fre-
quency, severity and length of acute attacks. Three classes of drugs: attenuated
androgens, antifibrinolytics and CI-INH concentrates are available. Long-term
prophylaxis is not discussed here as it is a specialist subject.

Specific Treatments

Currently, several specific treatments are available, but guidelines for treatment
have not been established. Results of the phase III clinical studies for these specific
treatments cannot be directly compared because different protocols were used.
Above all, no studies have compared the effectiveness of all available treatment
options [1, 2, 26]. Furthermore, the availability of different treatments and patient
access to them differ by country [26]. Updated information is available at: www.
haei.org.

Randomised studies have been designed for patients with type I or type II HAE.
For the other clinical situations (HAE without C1-INH deficiency, acquired and
drug-induced angioedema), only clinical cases have been published documenting
the use of C1-INH concentrate or icatibant outside of the authorised indications.
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C1-INH Concentrate (Berinert�, from CSL Bering)

C1-INH concentrate is obtained by plasma fractionation after several stages of
viral inactivation and pasteurization. Sites of action are presented in Fig. 4.

Various studies have reported the effectiveness of C1-INH concentrate for all
types of angioedema [27, 28]. Two early, randomised, double-blind studies using
fixed doses in patients with HAE demonstrated symptom relief and 95 % of
patients were responsive to treatment within 4 h. A randomised, double-blind,
multicentre study compared two doses of C1-INH concentrate to placebo in
patients with HAE (IMPACT 1) [29]. In this study, only the 20 U/kg dose led to a
more rapid improvement in symptoms. An open follow-up study confirmed these
results and demonstrated good long-term effectiveness (IMPACT 2) [30]. No viral
transmission has been described using this concentrate and the tolerance of this
treatment is good [27, 28]. Rare cases of anaphylaxis have been reported. In AAE,
clinical cases have been reported that have occasionally required increased
dosages [7].

This drug is available in 500-U vial, the standard dose is 20 U/kg, and it is
administered by rapid intravenous injection after reconstitution. The efficacy of
this treatment is manifest within 30 min, and the half-life varies with the con-
sumption of the C1-INH (but can be up to 40 h). In the absence of any
improvement, it is possible to administer a repeated dose of 500–1,000 U after 2 h.
Its shelf life is 30 months at a temperature below 25 �C. Depending on the fre-
quency and severity of the attacks, it may be necessary to provide the patient with
an emergency supply at home [1]. This product has been approved for the treat-
ment of attacks in patients with HAE in Europe, the USA and Australia.

Icatibant (Firazyr�, from Shire HGT)

Icatibant is a synthetic antagonist of the bradykinin B2 receptor and blocks
oedema formation (Fig. 4). An uncontrolled pilot study demonstrated the efficacy
and rapid action of icatibant and found reduced serum concentrations of brady-
kinin following treatment. Three randomised, double-blind, multicentre studies
compared icatibant to either placebo (FAST 1 and FAST 3) or tranexamic acid
(FAST 2) in patients with HAE [31]. Symptoms improved faster after icatibant
treatment and the duration of the attacks was shorter. In 90 % of cases, a single
injection was sufficient. Patient self-administration was also assessed. For HAE
without C1-INH deficiency and AAE, and particularly for the drug-induced types,
clinical cases have reported improvement following icatibant treatment.

This treatment is available as a pre-filled 3-ml syringe containing 30 mg of
icatibant. The dose is 30 mg subcutaneously. The injection can be repeated at 6-h
intervals (up to three injections per day). Its bioavailability is excellent, its efficacy
is evident within 20-30 min, and its half-life is 2 h. The shelf life is 24 months at
room temperature. The side-effects mainly consist of pain at the injection site.
There have been no studies in children or pregnant women. Because of its ease of
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use and good tolerance, it is recommended that patients have this drug available at
home and be trained for self-administrer [1]. This product is approved to treat
attacks in patients with HAE and is approved for self-administration in Europe and
the USA.

Recombinant C1-INH (Rhucin�/RuconestTM, from Pharming)

Recombinant C1-INH is analogous to human C1-INH and is obtained from the
milk of transgenic rabbits. Studies using two different doses have documented the
efficacy and safety of recombinant C1-INH in the treatment of acute HAE attacks
[32]. Due to its unique glycosylation pattern, its half-life is approximately 3 h.

This drug is available in 2100-U vials, and the dose is 50 mg/kg administered
intravenously after reconstitution. Prior to treatment and also either once a year or
after 10 uses, the absence of IgE antibodies directed against rabbit epithelium
should be confirmed. Type I and II hypersensitivity reactions have been described
and the production of neutralising antibodies may occur. This product is not
self-administered by patients, and it can only be used in emergency situations
for patients who have tested negative for IgE rabbit epithelium antibodies.
Recombinant C1-INH is approved to treat attacks in patients with HAE in Europe.

Nanofiltered C1-INH Concentrate (Cinryze�, from ViroPharma,
Cetor�, from Sanquin)

Two randomised studies have evaluated the effectiveness of a fixed dose of
nanofiltered C1-INH concentrate compared to placebo for the treatment of attacks
or as a crossover treatment for prophylaxis [33]. In the first study, the median time
for the onset of efficacy was 2 h versus 4 h for placebo, but 70 % of patients
required a second injection. In the second study, the numbers of attacks and the
level of the severity and duration of the attacks decreased significantly after
treatment. There have been no studies comparing different doses, and rare allergic
reactions have been described.

The dose for this drug is 1000 U, which is administered by slow intravenous
injection after reconstitution for the treatment of attacks or as a prophylaxis.

This product is approved in Europe for the treatment and prophylaxis of HAE in
adults and children and in the USA for the prophylaxis of acute HAE attacks.

Ecallantide (Kalbitor�, from Dyax)

Ecallantide is a specific kallikrein recombinant inhibitor (Fig. 4). Several ran-
domised studies have demonstrated its rapid action, efficacy and safety [34].
Anaphylactic reactions and antibody production have been described. The half-life
of this treatment is approximately 2 h.
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Ecallantide is available in 1-ml vials containing 10 mg of ecallantide and
should be kept cool and in the dark. The dose is 30 mg subcutaneously. It is not
recommended for self infusion at this time because of a small risk of anaphylaxis.
It is approved in the USA but not in Europe.

Treatment of Acute Attack

Corticosteroids and antihistamines are ineffective for the treatment of acute attacks
[1, 6].

Severe attacks must be identified because their prognosis is unpredictable and
laryngeal oedema or hypovolaemic shock can be life-threatening. All patients
experiencing severe attacks should be hospitalised and treated with a specific
treatment [1].

Treatment of Severe Attacks

Specific treatment must be initiated as quickly as possible [1, 4, 5].
Phase III studies have recommended the use of C1-INH concentrate, icatibant,

recombinant C1-INH, nanofiltered C1-INH or ecallantide for the treatment of
severe HAE attacks [1, 4, 5]. No studies concerning the superiority or inferiority of
the effectiveness of these molecules exist and guidelines for the selection of theses
treatment are not available. Phase IV studies and international consensus confer-
ences are needed. In practice, the choice should be based on the local availability
of the treatments and should reflect the national consensus of each country,
depending on local customs [1].

Treatment of Laryngeal Oedema

Laryngeal oedema is the main complication responsible for disease severity.
Specific treatments. The effectiveness of C1-INH concentrate, icatibant, nano-

filtered C1-INH and ecallantide has been examined for laryngeal oedema in open-
phase studies [31, 33–35]. Only recombinant C1-INH was not evaluated for this
condition. Symptoms began to improve within approximately 15–30 min and each
of these treatments resulted in symptom improvement.

Intubation. Intubation can be very difficult due to the distortion and swelling of
the upper airways. This technique should be performed by an experienced physician
[1, 6, 18]. To avoid complications, intubation should be considered during the early
stages of progressive laryngeal oedema [1, 15]. Intubations using a fiberscope may
be affected by the presence of oedema. If this fails, it is necessary to perform a
cricothyroidotomy, which can also be difficult or impossible as a result of the
oedema. Occasionally, surgical tracheotomy is only remaining option for treatment.

Bradykinin-Mediated Angioedema 185



Inhalated epinephrine. Clinical reports have suggested moderate and transient
efficacy for inhalated epinephrine, when provided during the early stages of
oedema. Due to the pathophysiology of angioedema and the questionable effec-
tiveness of this treatment, the use of aerosolised epinephrine should not delay the
initiation of other specific treatments [1, 4].

Other Treatments

Fresh-frozen plasma. The administration of fresh-frozen plasma provides the
patient with the C1-INH from the donor. Some clinical case reports have been the
only studies to demonstrate the effectiveness of fresh-frozen plasma. This treat-
ment has also been shown to aggravate oedema attacks [1, 4, 6]. Indeed, this
product contains contact-activated coagulation proteins, which can produce
additional bradykinin and thus worsen the attack. Additionally, the risk of expo-
sure to transmissible diseases (e.g., non-enveloped viruses and prions) is present,
as it is with any blood component. Currently, the use of fresh-frozen plasma is
strongly discouraged in countries where specific molecular treatment options are
available [1, 4].

Analgesics. Although attacks are not usually painful, patients may experience
significant pain if the swelling affects points of support, especially in abdominal
area, and these conditions may lead to a surgical emergency. Any class of anal-
gesic, antiemetic or antispasmodic may be used for these cases [1, 4, 6].

Fluid therapy. During an abdominal attack, the patient may experience a major
collapse, secondary to fluid sequestration in the gastrointestinal tract and
abdominal cavity. For these situations, crystalloids and colloids can be used, but
dextrans should be excluded [1, 6].

Treatment of Moderate Attacks

Specific treatments. All available treatment options can be used for the treatment
of moderate attacks [1, 6]. However, the high price of these treatments leads to the
question of their real benefit in terms of public health (i.e., lost work days, social
life, quality of life, etc.). For all cases, the aim should be to reduce the morbidity of
the disease and to enable patients to live as normally as possible, with the same
approach as haemophilia [1, 4]. Health education programs should be developed to
empower the patient and patients should be shown how to self-administer C1-INH
concentrate and icatibant.

Tranexamic acid. This is an antifibrinolytic agent that controls the formation of
plasmin and effectively ‘‘saves’’ C1-INH and limits excessive synthesis of bra-
dykinin (Fig. 4). Two early controlled studies confirmed its effectiveness, but this
treatment is more effective when started early. The side effects of this treatment are
nausea, faintness and dizziness. It is available in tablets or injectable ampoules,
and the dose is 1–2 g/6 h for 48 h [1, 4].
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Short-Term Prophylaxis

The aim of prophylaxis is to avoid attacks in patients who undergo surgical or
medical procedures. These procedures include dental surgery, digestive endoscopies
and all surgical interventions that require intubation. Prophylaxis should always be
used because the possibility of developing an attack is unpredictable [1, 4].

No time available before the procedure. In an emergency or delivery, only
C1-INH concentrate and recombinant C1-INH are available. Treatment should be
administered 1 h before the procedure and the effect lasts 2–4 days.

With a delay of some days before the procedure. With prophylaxis, protection is
never complete. Specific treatment for acute attacks must be available in the
operating room [1]. For scheduled procedures, danazol can be administered at a
dose of 600 mg/day, 5–7 days before and up to 2–3 days after the procedure
(Fig. 4). Tranexamic acid can be used at a dose of 1 g four times a day until 2 days
after the procedure.

Fig. 4 Pathophysiological model of bradykinin-mediated angioedema and targets of treatments
[36]. The black solid arrows represent an activation mechanism. The dotted arrows represent a
mechanism of inhibition. Treatments inhibiting of physiological pathways are represented as
white stars. Therapeutic agents acting through activation of a physiological pathway are
represented by a white arrow. C1 inh C1 inhibitor physiological, F XII factor XII, C1 inh C C1
inhibitor concentrate, rhC1 inh recombinant C1 inhibitor concentrate, n C1 inh nanofiltered C1
inhibitor concentrate, TA Tranexamic acid, B2 endothelial vascular receptor
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Conclusion

Angioedema is a disease that any intensive care physician could encounter during
an attack. Bradykinin-mediated angioedema should be evoked in cases of transient
and recurrent oedema. Severe attacks must be identified. All severe attacks should
benefit from early treatment with a specific molecule. Without these treatments,
life-threatening situations may arise. The availability of these treatments varies by
country, and there is currently no consensus as to the correct choice of a specific
treatment.

It is important to encourage the patient to carry two doses of any specific
treatment for emergency treatment. Self-administration of the treatment should be
the goal.

The rarity of this disease and the characteristics of the specific drugs (i.e., their
retention periods, modes of delivery, prices and methods for reimbursement)
should encourage hospitals to make strategic choices regarding the creation of an
emergency supply of drugs or an institute-wide protocol for the rapid transfer of
patients to specialised centres for treatment.
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Toxic Epidermal Necrolysis in Children

Fabrice Michel

Key Points

• The diagnostic of TEN is mainly clinical and must be evoked in case of
eruption of maculae with a blister-like centre and prodromic signs as
asthenia, conjunctival irritation, oropharyngeal pain or respiratory troubles
early after starting a treatment.

• The causative drug should immediately be stopped, and never given again.
• These patients should then be treated as an emergency in a burns or

intensive care unit (ICU). The management of children will be optimised
by hospitalisation in a paediatric unit.

• Ophtalmological and vaginal lesions should be sought and treated early.
• Systemic corticotherapy and intravenous immunoglobulins are the first

treatments to consider but other immunosuppressive treatments could be
useful.

Introduction

Toxic epidermal necrolysis (TEN) or Lyell’s syndrome was first described by
Lyell in 1956. It presents as a painful cutaneous eruption with the formation of
bullous lesions and mucosal involvement. Considered as variants of the same
pathology, TEN and Stevens-Johnson syndrome (SJS) can be differentiated by the
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skin surface area affected: \10 % in SJS compared to [30 % in TEN. When
10–30 % of the skin surface is involved, the disease is considered to be an
intermediate form, SJS/TEN. The incidence of these toxidermias in the general
population is approximately 1.5–2 cases/million/year. While the prognosis of SJS
is generally good, TEN has an associated mortality of 20–25 %, often early in the
course of the disease. In children, mortality is lower due in part to the absence of
comorbidities. However, morbidity is high because[90 % of patients present with
sequellae at 1-year. Diagnosis is often late with a mean delay of 3 days after the
appearance of the first symptoms, which often suggest a banal viral infection. In
the majority of cases, TEN and SJS are caused by an adverse reaction to certain
drugs. More than 200 molecules have been incriminated but some are particularly
associated with this disease as 50 % of cases are caused by only 10 drugs.

Physiopathology

The physiopathology of TEN remains unclear, but recent studies have led to a better
understanding of the different immunological mechanisms involved. In some cases,
genetic susceptibility appears to favour the development of the disease.

TEN corresponds to epidermal and epithelial necrolysis due to brutal and
widespread apoptosis of keratinocytes. Activated CD8+ T-lymphocytes, which are
cytotoxic to keratinocytes, are mainly involved in the development of TEN. They are
found in large numbers in the liquid from blisters and in skin biopsies from patients.
Their cytotoxicity is mediated by the granzyme B/perforin pathway. Furthermore,
keratinocytes carry a membrane receptor Fas, whose ligand FasL is present at the
surface of activated T-lymphocytes and NK cells. Keratinocytes also express FasL
constitutionally but at a low level and in an inactive form due to its intracellular
localisation. During TEN, FasL is overexpressed at the external surface of the
membrane leading to Fas-FasL interactions between different keratinocytes leading
to widespread apoptosis by activation of the caspase pathway. A soluble form of
FasL in the blood also seems to be implicated in the apoptotic phenomenon. Some
polymorphisms of FasL may be associated with the development of SJS or TEN [1].

Finally, TNF-a, interferon-c and many interleukins have been found in cuta-
neous lesions. These mediators favour the overexpression of FasL, intervene in the
expression of membrane adhesion molecules and favour the attraction of lym-
phocytes. Some metalloproteinases have also been recovered from cutaneous
lesions of TEN patients. These calcium-dependent endopeptidases are involved in
the regulation of apoptosis.

Genetic susceptibility to TEN may exist. In certain Asian populations, some
HLA-B antigens are strongly associated with the development of TEN with a
given drug. This has been demonstrated for carbamazepine and allopurinol. The
Food and Drug Administration in the USA recommends carrying out HLA typing,
with investigations for HLA-B*1502 antigen, before starting treatment with car-
bamazepine in Asian patients.
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Diagnosis

The diagnosis of TEN is mainly clinical. Unfortunately it is often made late, after
several days of evolution of the disease, because the initial symptoms are non-
specific and may suggest a banal viral infection. Prodromic signs associating
asthenia, oropharyngeal pain, dysphagia, conjunctival irritation or respiratory
problems appear rapidly after starting the causative drug and are often referred to.
In children, before the eruption of maculae with a blister-like centre, it is easy to
make an initial diagnosis of varicella in a febrile context. Knowledge of varicella
in the patient’s medical history should question this diagnosis. The cutaneous
lesions initially appear on the trunk and the face and then spread to the extremities.
The disease aggravates rapidly with extension of the lesions and epidermal
detachment forming flaccid blisters that are easy to pierce, a positive Nikolsky
sign, bleeding and involvement of the oral or conjunctival mucosa and sometimes
the respiratory and digestive mucosa. This may result in a digestive and/or
respiratory picture such as pseudomembranous colitis or acute respiratory distress
syndrome which significantly aggravates the prognosis. The patient’s general state
is altered; there is intense pain and significant anxiety [2].

The definitive diagnosis is established by the anatomopathology of a skin
biopsy. This also enables other possible diagnoses to be eliminated, in particular in
infants. It confirms necrosis of the full thickness of the epidermis with good
conservation of the dermis. Direct immunofluorescence is negative, eliminating
possible autoimmune bullous diseases.

A severity score (SCORTEN) has been proposed for adults which should be
calculated in the first 24 h after admission. It is based on seven prognostic factors:
age, the existence of a haemopathy or cancer, the skin area affected, heart rate,
blood urea and bicarbonates and glycaemia. It appears to be well correlated with
mortality; however, the score has not been validated in children. The need for
mechanical ventilation and the existence of sepsis are not taken into account in the
establishment of the initial prognostic score although they have been reported as
risk factors for death in adults. Serum lactate dehydrogenase level at the start of
disease evolution may also be a marker of severity.

In children, several diseases should be evoked in this context. Burns can present
with a similar appearance, but anamnesis and the evolution of the lesions will
easily eliminate this diagnosis. Polymorphous erythema may sometimes be bul-
lous, but generally appears in a context that is less dramatic, without a high fever.
Impetigo is responsible for very superficial blisters, often located in a specific
region. Here, the general state is also unchanged.

Acute staphylococcal epidermolysis (also called ‘‘staphylococcal Lyell’s syn-
drome’’) presents like TEN. It is differentiated by a skin biopsy which shows
detachment of the superficial layer of the epidermis in contrast to TEN where the
disease affects the full thickness of the epidermis. Acute acquired or congenital
epidermolysis should also be evoked.
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The drug responsible for TEN should be established rapidly and all treatments
should be stopped immediately. The drugs most frequently responsible for TEN in
children are: sulphonamides (sulphamethoxazole, sulphadiazine, sulphasalazine),
quinine, antiepileptics (phenobarbital, lamotrigine, carbamazepine, phenytoin),
non-steroidal anti-inflammatory drugs and salicylates [3]. Rarely used in children,
allopurinol is strongly implicated in the development of TEN in adults.

In approximately 5 % of cases, no drug is implicated and the aetiology remains
unknown. Infectious causes, in particular Mycoplasma infection, are rare and
represent approximately 1–2 % of cases.

Management

It is important to make the diagnosis quickly and immediately stop administration
of the causative drug. For molecules with a short half-life, early interruption of
treatment can decrease the mortality from 26 to 5 %. These patients should then be
treated as an emergency in a burns or intensive care unit (ICU). The management
of children will be optimised by hospitalisation in a paediatric unit.

The patient should be hospitalised in strict isolation with a high ambient
temperature. Initially, intensive care is based on correction of the hydroelectrolytic
problems. Fluid intake should be increased in relation to the basal needs and
increased proportionally to the body surface affected. Sodium loss is also high and
should be compensated. Although increased, there is less sodium and water than in
burns due to the fact that there is less inflammation and no vascular involvement.
Delay between the appearance of lesions and treatment in the ICU may be
responsible for significant dehydration and this should be taken into account in the
initial provision. Monitoring of volaemia, which is difficult in small children, may
be complicated even more by the cutaneous involvement (catheters impossible to
insert, dressings obstructing transthoracic echography). Surveillance of hourly
diuresis with the goal of 1 ml/kg/h helps to guide fluid replacement.

Nutritionally, dietary intake should be increased as a function of the body
surface area affected. A formula to calculate the calorific requirement in children
has been proposed [4]:

Calorific requirement ¼ Weight before TEN kg½ � x 24:6ð Þ
þ Body surface area damaged %½ � x 4:1ð Þ þ 940 cal

In adults, enteral feeding is preferable to parenteral nutrition. There are no data
in children.

The pain caused by the lesions is often significant. Paracetamol and morphine
should be combined. Administration by auto-controlled perfusion or controlled by
carers is the solution of choice. Infra-anaesthetic doses of ketamine (0.1–0.2 mg/
kg/h) as a continuous perfusion may improve analgesia without provoking a
psychodysleptic effect.
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Treatment of the cutaneous lesions is an essential part of the management of
these patients. However, there is some controversy as to the best approach to take.
Some authors advocate wide debridement and covering of the skin with biological
dressings, while others propose a more conservative approach leaving the epi-
dermis in place and only covering the lesions where the dermis is exposed. Many
types of dressing have been proposed. Dressings containing nanocrystals of silver
designed for burns are used by many clinical teams. These have the advantage of
avoiding the daily replacement of dressings which could be harmful in the context
of extensive bullous detachment. It is important not to use adhesive dressings
(catheter site dressings, electrodes, etc.…). These can be protected using loose
bandages. Epidermal regeneration takes place in approximately 2–3 weeks.

Anti-infection measures should be intense in these patients. Systematic cuta-
neous, respiratory and urinary specimens allow surveillance of the bacterial flora.
The most frequent pathogens found during sepsis in these patients are Staphylo-
coccus aureus first and then Pseudomonas aeruginosa much later. Empirical
broad-spectrum antibiotics should be avoided as far as possible in all cases and
should be adapted as early as possible to the causative microorganism.

The mucous membranes are involved in 90 % of cases of TEN. Ocular lesions
are quasi constant and require a rapid ophthalmological consultation to prevent the
development of severe conjunctival and corneal lesions [5]. Fifty percent of
patients present with ophthalmological sequellae associating dry syndrome, cor-
neal and conjunctival scarring and blindness. Systemic immunosuppressive
treatments (corticotherapy, immunoglobulins) have not been shown to be benefi-
cial to these lesions. Corneal grafts may be considered. The use of amniotic
membranes appears promising to prevent long-term complications. Examination of
the vaginal mucosa should be systematic. Local lubricating and anti-inflammatory
treatments may be considered to prevent severe scarring, which is often difficult to
treat later.

Immunosuppressive treatment with systemic corticotherapy or intravenous
immunoglobulins appeared to be very promising a few years ago but has recently
been questioned and its use is controversial. The largest series published to date on
281 patients in France and Germany showed no difference in the prognosis of
patients whether they received these treatments or not [6]. On the other hand,
corticotherapy appears to be beneficial in SJS. In children, these treatments have
also been reported. They appear to be more effective than in adults; however,
publications have never included more than 15 patients per study. Their benefit
therefore remains uncertain. The complications of these treatments can be serious.
In a retrospective study in children, the use of intravenous immunoglobulins was
associated with prolonged hospital stay compared to children who received cor-
ticoids or no immunosuppressive treatment.

The use of cyclosporine at 3 mg/kg/day has been proposed with satisfactory
results in adults. However, these case series are small. In children there are
insufficient data to recommend this treatment. An anti-TNF agent has been com-
pared with thalidomide in a prospective, controlled, randomised study. The trial
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had to be interrupted due to overmortality in the thalidomide group. The use of
anti-TNF has not been reported in children.

Plasmapheresis has been used in adults and in children with severe TEN that
has not responded to corticoids or intravenous immunoglobulins. The success rate
was 80 %, making plasmapheresis a possible treatment option after failure of more
conventional treatments.

In no case should the drug responsible for TEN, when it has been identified, be
reintroduced. On the other hand, this does not contraindicate the prescription of
molecules of other members of the same family.

TEN and the sometimes disabling sequellae that it engenders may have
important psychological consequences. Psychological or even psychiatric follow-
up as well as long-term monitoring of patients for sequellae is essential.

Conclusion

TEN is a rare but serious disease, affecting the vital prognosis of children.
Treatment should be carried out in paediatric ICU or a paediatric burns centre and
should be multidisciplinary. Rapid interruption of drug treatment, hydroelectro-
lytic replacement, increased dietary intake, analgesia and dressings are the basis of
management. Corticotherapy is controversial. Intravenous immunoglobulins and
plasmapheresis may have a place in treatment. Other molecules remain to be
evaluated. Mucous membrane involvement, in particular in the eyes, should be
treated specifically and early. TEN is responsible for sequellae that are often
severe. It is advisable to predict these as early as possible as they require long-term
monitoring.
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The Gitelman and Classical Bartter
Syndromes

Guillaume Favre, Jean-Christophe Orban and Carole Ichai

Key Points

• This diagnosis must be evoked systematically in case of symptomatic and
profound hypokalemia or hypomagnesemia, associated with an extracel-
lular dehydration.

• The symptomatic treatment is not based on biological findings but on
clinical signs.

• The diagnosis is not made in emergency during the intensive care unit
hospitalization but later in a stable condition.

Introduction

The classical Bartter (type III) and Gitelman syndromes are congenital
tubulopathies that are often diagnosed in adults. Both are autosomal recessive
inheritance illnesses leading to a secondary hyperaldosteronism associated with
renal hypokalemia and metabolic alkalosis. Phenotypic presentation of Gitelman
syndrome is rather a hypomagnesemia and a hypocalciuria, whereas Bartter syn-
drome is rather a normal magnesemia and a hypercalciuria. Gitelman syndrome is
characterized by a mutation that inactivates the gene encoding for the thiazide
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diuretic sensible-cotransporter Na–Cl (SCL 12A3). The classical Bartter syndrome
is due to a mutation that inactivates the gene encoding for the type B chloride
channel (CLCNKB) [1–3]. In this chapter, we will describe the main clinical
diagnosis and therapeutic aspects of these syndromes. Clinical presentation can be
severe as a consequence of an acute exacerbation of hypokalemia or hypomag-
nesemia induced by an extracellular dehydration.

Case Report

A 36 years old man without any notable medical history, was hospitalized in
emergency for tetraparesia. The history begun 3 days ago by a polyuric-polydipsic
syndrome associated with diffuse muscular pain of the four limbs leading to suspect
a Guillain-Barre syndrome. Blood samples found a low serum potassium level at
1.5 mmol/L et a U-wave was present on the electrocardiogram (ECG). He was
transferred in the intensive care unit. At this moment, the clinical examination
confirmed a severe muscle weakness of the lower limbs. Despite an initial intra-
venous substitution in the emergency room, the patient showed severe electrolytes
and acid–base disturbances including a persistent hypokalemia, hypochloremia
(97 mmol/L), normonatremia (142 mmol/L), and an extracellular dehydration
(protidemia 85 g/L). Serum magnesium, phosphate, calcium levels and blood gases
were in normal ranges. However, moderate elevated level of creatinemia and BUN
(respectively 142 lmol/L and 13.5 mmol/L) revealed a moderate acute renal
failure. Both inappropriate high urinary sodium (75 mmol/L) and urinary potas-
sium (23 mmol/L) levels pointed towards a renal cause of this trouble. A contin-
uous infusion of potassium permitted to increase progressively and to normalize
serum potassium level within 24 h. This normalization was concomitantly asso-
ciated with a clinical improvement as tetraparesia disappeared totally. Considering
this profound hypokalemia related to a renal origin, we hypothetize several diag-
noses: hidden absorption of thiazidics, Gitelman or a Bartter syndromes. The renal
potassium losses in our patient did not support a hypokalemic periodic paralysis. A
related-thiazide hypokalemia could not be excluded by a urine measurement that is
known to give numerous false positive values. Additional complementary inves-
tigations were performed later. They found a secondary hyperaldosteronism (high
plasma renin concentration 211 ng/L et high plasma aldosterone concentration
1533 ng/L), hypokalemia with simultaneous potassium renal losses (serum potas-
sium level 2.4 mmol/L, urinary potassium level 172 mmol/day), a metabolic
alkalosis without hypomagnesemia and a calcium/creatininemia ratio of 0.23. All of
these parameters were in favor of a Gitelman or a Bartter syndrome. The sequence
determination of the SCL 12A3 gene revealed a composite heterozygous form with
two mutations on the 7 and 23 exons. This confirmed the diagnosis of a Gitelman
syndrome. A more precise questioning of the patients confirmed that before this
episode, he suffered of excessive sweating when he was working in warm atmo-
spheres. No familial history of hypokalemia was found.
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Epidemiology

Because Gitelman and Bartter syndromes are usually diagnosed by chance, it
remains difficult to assess their real incidence in a general population (about 1/
40000 for the Gitelman syndrome). Consanguinity is not obligatory for the Git-
elman syndrome; composite heterozygous forms are frequent with multiple
mutations in the SCL 12A3 gene, suggesting that numerous heterozygous subjects
exist in a general population [2, 3].

Diagnosis

Severe cases present with tetraparesia or cardiac arrhythmias that result from a
rapid worsening of hypokalemia or hypomagnesemia. These symptoms are clas-
sically triggered by an extracellular dehydration resulting from intestinal abnor-
malities (diarrhoea, constipation) or by an excessive sweating (hyperthermia,
confined atmospheres). The Gitelman syndrome is rather observed in men and
would be due to mutations that inactivate the protein expression [4]. Hemocon-
centration with a functional acute kidney injury is frequent. Extracellular dehy-
dration is easily attributed to renal losses because urinary sodium concentration is
inappropriately elevated (above 20 mmol/L on a urine sample measurement).
Hypokalemia is always associated. Renal potassium losses are defined by an
inappropriately elevated urinary potassium level (above 40 mmol/day). When
intestinal or cutaneous potassium losses are present, urinary potassium excretion
can be low. On the other hand, in case of vomiting, urinary potassium loss is
elevated because of the increased filtered alkaline load promoting this phenome-
non. If metabolic alkalosis is a typical biological disturbance, it may be masked in
case of intestinal bicarbonates losses (diarrhoea), of shock or pre-existent chronic
renal insufficiency. Hypocalciuria and renal hypomagnesemia are classical major
parameters useful to differentiate the Gitelman and the classical Bartter syn-
dromes. A urinary calcium/creatinine ratio \0.04 or a hypomagnesemia with an
inappropriately high urinary magnesium excretion ([1 mmol/day) strongly evoke
the diagnosis of the Gitelman syndrome. However, as shown in our case report,
these criteria are not absolute and there are similar phenotypes for both syndrome.
Parent’s consanguinity is not frequent in the Gitelman syndrome. In the past
history, some symptoms can be in favor of this diagnosis: moderate extracellular
dehydration (dizziness), chronic hypokalemia (cramps, muscle weakness) or
hypomagnesemia-related articular chondrocalcinosis [5]. After a clinical stabili-
sation, the phenotype is confirmed using functional renal tests. These results guide
the molecular diagnosis by a sequence determination.
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Therapeutic Management

The symptomatic treatment must be rapidly started. An infusion of potassium and
magnesium chloride permits to correct cardiac arrhythmias, to restore a normal
muscular strength. But this does not normalize serum potassium and magnesium
concentrations because of persistent urinary losses. Intravenous supplementation is
necessary as long as clinical and electrical signs persist (Fig. 1). An etiologic
treatment of the extracellular dehydration is also required. A chronic oral
administration of potassium and magnesium seems to be indicated. A treatment
with amiloride remains questioned in the Gitelman syndrome.

Hypokalemia and/or hypomagnesemia
+ inappropriate renal response + 

extracellular dehydration (see the text)

Asymptomatic
(chronic biological alterations)

Suspect a congenital 
tubulopathy : ask for a 

nephrologist advice

- Cardiac arrhythmias 
(acute biological alterations)

- Severe neurological or 
muscular abnormalities 

- Intravenous KCl and/or MgCl2
(0.5 - 1 g/hr) (central venous) 

until symptoms disappear

- Isotonic saline (rehydration)

- Etiologic treatment of the 
extracellular dehydration

Persistent hypokalemia and/or 
hypomagnesemia without 

symptoms

Fig. 1 Practical therapeutic management of the Gitelman and Bartter syndromes
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Uncommon Liver Diseases in ICU

Catherine Paugam-Burtz and Emmanuel Weiss

Key Points

• Acute liver failure is a rare but rapidly progressive critical illness with
high mortality.

• Acute liver failure is characterized by the onset of acute coagulopathy and
encephalopathy following a severe insult to a previously normal liver.

• Paracetamol overdose and viral hepatitis are the major causes of acute
liver failure.

• Early recognition of causes requiring an early specific treatment is crucial
at ICU admission.

• Emergency liver transplantation remains frequently the only therapeutic
option for acute liver failure and has transformed its prognosis.
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Introduction

Patients with chronic liver diseases are prone to develop life-threatening compli-
cations that require ICU admission. Most of the time, they present acute decom-
pensation of cirrhosis defined by the onset of one or more major complications
such as portal hypertension-related digestive bleeding, sepsis, hepatic encepha-
lopathy and/or acute renal failure. When associated with organ failure(s) and
systemic inflammatory response syndrome, acute decompensation is named acute
on chronic liver failure and is responsible for a high short-term mortality [1].
Beside these high-prevalence diseases, acute liver diseases, primarily acute liver
failure (ALF), are rare, with an incidence less than five cases per million popu-
lation per year [2]. Acute hepatitis is severe if prothrombin rate is less than 50 %
corresponding to an International Normalized Ratio (INR) C 1.5. Acute liver
failure (ALF, sometimes referred to as fulminant hepatitis) is most commonly
defined as the association of coagulopathy (INR C 1.5) and encephalopathy (any
degree of altered mental status) occurring within 8 weeks of symptom appearance
in a patient without pre-existing liver disease or cirrhosis [3]. Only 10 % of
patients with acute hepatitis, will develop a severe disease and, among those, less
than 1 % an ALF. From a nosological point of view, ALF is nowadays commonly
divided into three groups depending on the interval between the development of
jaundice and the onset of encephalopathy: hyperacute (\7 days), acute
(7–28 days) and subacute (4–12 weeks).

The introduction of emergency liver transplantation (LT) has transformed the
prognosis of ALF. Indeed, survival rate rose from 20–25 % before 1984 to 77 %
between 2005 and 2008 but remains inferior to planned LT for cirrhosis [4, 5].
ALF accounted for 8 % of indications of LT in Europe during 1999–2009 [6].
Series from specialized centers in the US, continental Europe and the UK con-
sistently showed that 45–51 % of patients admitted for ALF underwent LT [7].

Management of ALF relies initially on etiological diagnosis aiming the rec-
ognition of the few causes of ALF that required early specific treatment. Then,
while symptomatic treatment of organ failures is performed, natural disease
prognosis has to be established to identify patients who will require emergency
LT.

Clinical Picture of Acute Liver Failure

Regardless of the etiology, ALF has a common clinical picture that represents the
final stage of acute organ failure, different from cirrhosis but specific to one organ,
the liver. ALF is responsible for numerous systemic manifestations (Table 1) and
sometimes for organ failures that may mimic gram-negative sepsis.
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Etiologies

Laboratory testing should be driven by the need of recognition of the few etiol-
ogies of ALF that can benefit from early cause-specific treatments to limit the
severity of liver injury and potentially prevent progression from isolated hepatic
failure to muti-organ failure. Extensive medical history should be collected from
patient relatives and physical examination should be carefully performed.

ALF etiologies have been recently reviewed [8]. Paracetamol poisoning and
viral hepatitis are the major causes of acute liver failure. It should be noted that
paracetamol poisoning has surpassed viral etiology and has become the leading
cause of ALF in US and UK (46 and 61 % of cases respectively). Toxic and non-
paracetamol drug-induced liver injuries (including idiosyncratic reactions) repre-
sent 13 % of ALF cases in the US. In many cases, the etiology of ALF remains
unclear despite extensive history taking and laboratory assessment and ALF is
indeterminate. Accounting for 14–43 % of cases, these indeterminate forms are
finally the second cause of ALF. The rare causes, which altogether account for
10–25 % of ALF cases, are displayed in Table 2. HSV-related hepatitis, a rare
cause of ALF (1 % of ICU-admitted ALF), usually affects immunocompromised
patients but can also concern immunocompetent individuals such as pregnant
women [9]. Typical picture includes abdominal or dorsal pain, fever and chills,
vesicular skin lesions and an important elevation of aminotransferases. However,
because those signs are often missing, HSV-related hepatitis diagnosis is difficult
and prognosis remains poor. Fever ([38.5 �C) and an important rise of amino-
transferases are the most frequent symptoms; leucopenia and skin lesions are

Table 1 Acute liver failure-
related systemic
manifestations

Organs Manifestations

Lungs Acute lung injury
Acute respiratory distress syndrome

Heat Cardiovascular collapse
Endothelial dysfunction
Frequent subclinical myocardial injury

Digestive tract Ileus
Hepato-biliary system

and pancreas
Portal hypertension
Pancreatitis

Metabolism Adrenal insufficiency
High energy expenditure and

muscle catabolism
Kidney Renal injury and failure
Immune system Systemic inflammatory response

Immunoparesis
Neutrophil dysfunction

Brain Hepatic encephalopathy
Brain edema
Intracranial hypertension
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frequently lacking. Diagnosis is confirmed by real-time PCR and, to a lesser
extent, by viral culture. Serological tests are not useful during the acute phase.

Amanita spp. poisoning is an other rare cause of ALF [10]. The toxicity of
Amanita spp. is related to two distinct toxins, both heat resistant. First phase of the
disease is characterized by profuse diarrhea-related to phallotoxin that causes
alterations of the cellular membrane of enterocytes. During the second phase,
amatoxin inhibits protein synthesis at a transcriptional level within hepatocytes
and proximal tubular cells thereby inducing massive liver cell necrosis, decrease of
coagulation factor and acute kidney injury (frequently aggravated by diarrhea).
Global mortality rate of these intoxications is 25 %. An interval between ingestion
and the onset of the diarrhea shorter than 8 h, female gender, decrease in pro-
thrombin rate below 10 % (INR [ 6) 4 days or more after ingestion and a biphasic
evolution of aminotransferases are associated with a fatal outcome.

Table 2 Etiological laboratory assessment

Etiologies Biological diagnosis

Frequent causes
Paracetamol Serum paracetamol
Virus HBs antigen, HBc IgM, HAV IgM
Rare causes
Virus : Hepatitis E,

HSV 1 and 2, VZV
Parvovirus B19

HVE IgM, HVE PCR
HSV1 and 2 IgM, HSV1 and 2 PCR
VZV IgM, VZV PCR
B19 PCR

Dengue fever Dengue IgM and IgG
Leptospirosis Microagglutination test
Wilson disease Cupremia, cupruria, ceruloplasmin, ex ophtalmologic

examination (Kayser-Fleischer ring)
Autoimmune hepatitis Antinuclear antibodies, smooth muscle antibodies (SMA),

antibodies to liver and kidney microsomes (anti-LKM)
Hypoxic hepatitis Major hepatocellular injury (AST � ALT)
Reye’s syndrome Moderate hepatocellular injury, normal serum bilirubin
Acute fatty liver of pregnancy Moderate hepatocellular injury, normal serum bilirubin
HELLP syndrome Low platelet count, hepatocellular injury, hemolysis,

disseminated intravascular coagulation, renal failure
Neoplastic infiltration Bone marrow infiltration, liver infiltration on biopsy
Heat shock Hepatocellular injury, rhabdomyolysis, multiple organ failure
Mushroom poisoning History taking
Acute Budd-Chiari syndrome Abdominal ultrasound (hepatic vein thrombosis), thrombophilia

210 C. Paugam-Burtz and E. Weiss



Treatments

Disease-Specific Treatments

Specific treatments for ALF are scarce and dedicated to a few causes of ALF. All
these treatments share a common feature: their administration has to be performed as
early as possible in the evolution of the liver injury to provide clinical benefit.
N-acetylcysteine (NAC), a glutathione precursor has been shown to reduce liver
injury and probably to improve prognosis of paracetamol overdose. Thus, NAC has
to be administered as early as possible for all cases of suspected paracetamol-
induced ALF. Interestingly, some data suggests that NAC may attenuate cerebral
complications and improve transplant-free survival of non-paracetamol induced
ALF. Based on these results, NAC treatment is frequently considered for
non-paracetamol induced ALF and tends to be extensively used in ALF whether
paracetamol-induced or not. In severe autoimmune hepatitis, no benefit of systemic
steroids has been shown. There is no specific treatment for acute forms of hepatitis
A, B or E. D-penicillamine treatment is not active on fulminant forms of Wilson-
disease. In case of suspicion of HSV or in cases of feverish ALF of unknown origin,
since results of diagnostic tests might not be readily available, antiviral therapy
(acyclovir) should be pre-emptively administered without waiting virological
confirmation.

Symptomatic Treatments

The place of artificial liver support in ALF treatment remains controversial. This is
particularly true in France where liver grafts from deceased donors can be obtained
rapidly. Artificial liver supports have been shown in several small studies to improve
biochemical parameters (serum bilirubin and ammonia), hemodynamics (increase in
mean arterial pressure and decrease in portal pressure), jaundice and pruritus
(clearance of bile acids). In addition, those systems have been shown to reduce levels
of substances that are believed to play a pathophysiological role in ALF such as
cytokines, vasoactive substances, metabolites of nitric oxid or free radicals [11].
Finally, beneficial effects on hepatic encephalopathy and/or intracranial pressure are
sporadically described. However, whether the above-mentioned benefits will
translate in a better clinical outcome is still a matter of debate. A recent randomized,
controlled trial in France (FULMAR) compared Molecular Adsorbent Recycling
System (MARSTM) plus standard medical treatment (SMT) versus SMT alone in
patients with ALF fulfilling criteria for LT [12]. Fifty-three patients received MARS
treatment and 49 had SMT. Results of this study showed no survival benefit of
MARS in ALF. A non-statistically significant trend for improved 6-month survival
was recorded in the MARS group in paracetamol-induced ALF. However, a major
confounder was the very short listing-to-transplant time in this study (median time of
16.2 h).
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Numerous physiopathological mechanisms are involved in ALF-related
encephalopathy and cerebral edema. Among them, raised concentrations of
circulating neurotoxins, especially ammonia probably play a central role through
changes in neurotransmitter synthesis and release and astrocytic metabolism of
ammonia into glutamine. The overall result is a change in cerebral function and an
astrocytic swelling (related to intracellular glutamine accumulation). Although the
frequency of clinically overt cerebral edema has decreased over the past 20 years,
such hypertension still account for 20–25 % of deaths [13]. Cerebral blood flow
and/or intracranial pressure monitoring in case of ALF-related coma is contro-
versial. Invasive monitoring techniques are associated with both morbidity and
mortality, with a study by the ALF group on 332 patients from 24 centers revealing
the finding of intracranial hemorrhage in 10.3 % of patients with invasive intra-
cranial monitoring [14]. Furthermore, to date, none of the monitoring techniques
showed a benefit in term of survival. The possible role of non invasive techniques
such as transcranial doppler remains to be evaluated. In a study of 16 patients with
ALF, information obtained from transcranial doppler signal of the middle cerebral
artery wave forms were promising [15]. Management of ALF-related intracranial
hypertension is similar to that of severe traumatic brain injury: 30� head-up
position, control of systemic-related secondary brain injuries, use of osmotic
therapy (hypertonic saline or mannitol) in case of cerebral herniation. An ample
body of experimental and human data provides a rationale for the use of thera-
peutic hypothermia (between 32 and 34 �C) to improve the control of intracranial
pressure in case of ALF-related intracranial hypertension. However, multicenter
randomized controlled trials are still needed to confirm that hypothermia secures
the brain and improves survival without causing harm before its incorporation into
standard clinical practice.

Liver Transplantation

LT has to be considered when native liver regeneration within a period of time
consistent with survival is unlikely. It depends, in part, on the etiology of ALF [8].
Indeed, liver injuries related to paracetamol overdose and viral hepatitis A as well
as those following hypoxic hepatitis improve most often spontaneously. Con-
versely, only 20 % of autoimmune, indeterminate or non-paracetamol drug
induced ALF have a spontaneous favorable course. Patients who will not achieve
sufficient regeneration need to be identified early in the course of their disease to
increase the probability of successful emergency transplantation. However, the
ideal means for identification and selection of patients who are likely to benefit
emergency LT remains controversial and transplantation decision-making always
consists in choosing between two strategies:

• An early decision of transplantation aiming to reduce mortality during waiting-list
and perioperative period that might lead to futile LT: a patient who would
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otherwise have survived with medical management and who has incorrectly
received a graft will be subjected to an unnecessary surgical procedure and life-
long immunosuppression both associated with an increased risk of death. Fur-
thermore, a graft that could be used in a more appropriate candidate will be lost.

• A late decision of listing will avoid unnecessary LT but will increase the risk of
potentially preventable death during listing and perioperative periods.

To guide this decision, different selection criteria for emergency transplantation
have been proposed. Clichy criteria take into account the existence of a coma or
confusion associated with factor V concentrations less than 20 % in patients aged
less than 30 years or less than 30 % in patients aged more than 30 years [4]. Those
criteria are based on old data showing a 90 %-mortality rate among patients
meeting these criteria in case of standard medical therapy. According to Kings
college criteria, listing should be considered in case of paracetamol-related ALF if
arterial pH is less than 7.3 following adequate fluid resuscitation, or comination of
encephalopathy grade 3 or more, creatinine 300 lmol/L or more, and INR more
than 6.5 [16]. In case of non-paracetamol-related ALF, listing criteria are any
grade encephalopathy and INR more than 6.5, or any three of: INR more than 3.5,
bilirubin 300 lmol/L or more, age less than ten or more than 40 years, unfavorable
cause (drug-induced liver injury, seronegative disease). Recently, a new prognostic
model combining coma grade, serum bilirubin, INR, phosphorus and M30
(cytokeratin-18 fragment, a marker of hepatocyte apoptosis and necrosis) has been
developed by the Acute Liver Failure Study Group (ALFSG index) [17]. Its ability
for predicting need for liver transplantation or death was better than Kings college
criteria but M30 tests are not available for routine use. In practice, using these
criteria, patients are nationally listed in emergent fashion. A new evaluation of the
patient’s condition is crucial at the time a donor organ becomes available to ensure
that there is no sign of liver function recovery and that the severity of ALF-
associated organ failures has not reached the point of no return. The latter is
particularly difficult to judge because no formal criteria for assuming the futility of
transplantation have been implemented to date.

The European Liver Transplant Registry (ELTR) holds data on 87,963 LT
performed in 79,063 patients in 23 European countries over 43 years, and has been
used to evaluate outcomes and evolution of LT for ALF [6]. It shows that survival
of patients transplanted for ALF between 1988 and 2009 at 1, 3, 5 and 10 years
was 74, 70, 68 and 63 %, respectively. The ELTR data also show a constant and
progressive improvement in survival over time with an increase in 5 year-survival
of 12 % between 1988–1993 and 2004–2009 periods. However, outcomes of
emergency transplantation for ALF are consistently lower than those of elective
transplantation for cirrhosis. Despite substantial improvement of anesthesia and
intensive care, early post transplant mortality of ALF remains high, mainly as a
result of sepsis and ALF associated multi-organ failure and cerebral complications
such as cerebral herniation.

When ALF etiology suggests an ability of the native liver to regenerate to
normal morphology, auxiliary LT is an interesting alternative to conventional
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transplantation. With this approach, the right lobe is usually replaced and the
native left lobe remains in situ. In carefully selected series, the native liver
regenerates within 1–3 years to the degree that immunosuppression can be with-
drawn slowly resulting in atrophy of the graft. Paracetamol-induced liver failure
and the hyperacute syndromes are much more favorable candidates for this
approach than patients with seronegative hepatitis and the subacute syndromes.

Conclusion

Acute liver failure prognosis has been transformed by emergency LT with a
one-year survival exceeding 70 %. Management of patients with ALF has to be
performed in specialized centers with a multi-disciplinary team associating an
hepatologist, an intensivist and a transplant surgeon.
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