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Foreword I

For humankind, sudden death is considered an unexpected event as well as a trag-
edy. For thousands of years, people have been pursuing the skill of bringing back 
the dead to life. From ancient fables to modern resuscitation techniques, all of them 
place great hopes on life. With the development of modern recovery science and 
technology, more and more medical or public welfare personnel are engaged in the 
research and promotion of saving lives and preventing sudden death.

Sudden death usually refers to the sudden and unexpected nonviolent death of a 
seemingly healthy person due to an underlying disease or body dysfunction, espe-
cially sudden cardiac death, which usually occurs within an hour from the onset of 
clinical symptoms. According to statistics, there are about three million sudden 
deaths in the world every year, about 450,000  in the United States, 400,000  in 
Europe, and 540,000  in China, while the survival rate is less than 5%. With the 
development of urbanization and industrialization, the number of patients suffering 
from cardiovascular and cerebrovascular diseases increases year by year in China. 
The occurrence of sudden death also shows a gradually increasing trend, and what’s 
more, sudden cardiac death takes the first place. According to domestic reports, men 
from 55 to 60 years of age and women from 65 to 70 years of age are at high risk of 
sudden death, and the incidence of out-of-hospital sudden death is up to 75–80%. 
Therefore, the prevention and treatment of sudden death caused by heart diseases 
are early identification of the signs of sudden death and timely and effective treat-
ment, which is vital to medical professionals as well as the public.

For nearly more than half a century, scholars have been committed to research 
about the physiological and pathological mechanism of sudden death and effective 
cardiopulmonary cerebral resuscitation technology. However, the core problem is 
still about how to improve the success rate of patient recovery after sudden death, 
related problems after recovery of organ dysfunction, the survival rate, and the 
recovery degree of neurological function. With the use of advanced technology, 
people had further understood the pathogenesis of sudden death, accumulated basic 
theory and clinical experience, and formed updated academic consensus and appli-
cation, such as high-quality heart compressions standard, suitable pressure ventila-
tion, early application of electric defibrillation method, and low temperature method 
after the recovery, which had played a promoting role in cardiac arrest treatment. 
Still, the basic cure for sudden death remains elusive and the key to resuscitation is 
the beginning time of rescue. It is difficult to control the process from recognizing 
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symptoms to cardiac arrest. To use a Chinese idiom—prepare for the rainy day; it is 
important to shift the focus of dealing with sudden death from rescue to prevention.

This book discusses the etiology of sudden cardiac death from the perspective of 
pathological physiology and elaborates the mechanism of brain injury and death, 
research on the injury of important organs caused by ischemia-reperfusion, and the 
progress in the diagnosis of sudden death. It also explains problems such as chronic 
fatigue and stress that lead to sudden cardiac death and pays particular attention to 
sudden death of female patients, young adults, and infants. In the progress of treat-
ment technology and methods of sudden death, something remains to be resolved, 
that is how to prevent the occurrence of sudden death, early warning of many factors 
which would induce sudden death, and the genomic differences leading to popula-
tion prone to sudden death.

This is a great book written mainly by Chinese scholars exploring sudden death. 
Haiyan Zhu, editor in chief and professor, has been engaged in the clinical diagnosis 
and treatment of cardiovascular diseases and related basic research for more than 20 
years. She accumulated relatively rich experience and knowledge. She has devoted 
herself to this area for a long time because of her strong sense of identity with tradi-
tional Chinese culture. More than 1800 years ago, in the Eastern Han Dynasty of 
China, the great physician Zhongjing Zhang expatiated the procedure of CPR in his 
book named Synopsis of the Golden Chamber, the same as today’s steps A, B, 
C. Coincidently, the place of cardiac compression recommended by modern resus-
citation guide, the midpoint of the connection between two nipples, happens to be 
on the “shan zhong point” described in Lingshu Meridian, treating chest pain, pal-
pitation, and other diseases mainly. In our existing experimental studies of the use 
of electrical stimulation of “shan zhong point” alone after 4 min of cardiac arrest in 
rats, the success rate of resuscitation is higher than 24%, compared with the control 
group without any resuscitation of rats. The combined CPR technique is twice as 
successful as CPR alone. Although the study is preliminary, the extent of its effect 
is obvious.

Another problem in cardiac arrest is about epinephrine application which is con-
troversial in academic circle. Epinephrine can effectively increase the pressure in 
the aorta and improve the recovery of autonomic circulation. It is difficult to achieve 
a satisfactory success rate of resuscitation. One of the reasons is that epinephrine 
destroys the microcirculation of myocardial tissue when arterial pressure is raised, 
resulting in eventual ischemic damage. According to an experiment in the 1960s, 
they used high dose of anisodamine extracted from an endemic plant to China and 
extensive clinical experience in the treatment of septic shock with vasopressors. We 
also organized and carried out a series of experimental studies on the recovery of 
epinephrine combined with anisodamine, which significantly improved the success 
rate of recovery, and discussed the mechanism of its effect at the level of patho-
physiology and molecular biology, further verifying its effectiveness in human clin-
ical trials.

All in all, breakthroughs in the treatment of sudden death needs to pay attention 
to the possible occurrence of sudden death’s early prevention or warning. There are 
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many ways to prevent sudden death. The artificial intelligence used in wearables 
could help gain health data of a person to mine beneficial and potential risk informa-
tion of sudden death. Take timely and necessary preventive measures at an ear-
lier stage.

 Hong Shen, MD, MM
The General Hospital of People’s Liberation Army

28 fuxing road, Haidian district
Beijing, China 
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Foreword II

It is a great pleasure to recommend the book host edited by Professor Haiyan Zhu. 
Sudden Death: Advances in Diagnosis and Treatment is a book full of awe for life 
and death. In recent years, there is a lot of news about the sudden death of doctors, 
nurses, academic masters, and corporate executives. Do we still feel that sudden 
death is far away from us? Modern medicine has gradually changed from “medical 
treatment as the center” to “prevention as the center,” from “Cure before you get 
sick” to “prevent before you get sick.” The core of our health maintenance is to 
prevent before you get sick, rather than just do what needs to mend. Therefore, to 
master the characteristics of etiology, pathogenesis, and clinical expression of sud-
den death is of particular importance. I believe that Sudden Death: Advances in 
Diagnosis and Treatment should be rooted in everyone’s mind as a kind of con-
sciousness of health management. It is a fantastic book suitable for emergency doc-
tors, general practitioners, cardiologists, and practitioners in related disciplines as 
well as medical students.

 Yucheng Guo
Chinese Health Association

General Hospital of Chinese People’s Liberation Army
Beijing, China 
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Preface

 

Ladies and gentlemen:
I am a Chinese clinician who has been engaged in cardiovascular medicine, 

emergency medicine, and critical medicine for about 20 years. In my career, I have 
seen a lot of sickness and death. What I regret most is sudden death. I have seen the 
youngest patient with myocardial infarction who was 18 years old, the youngest 
patient with aortic dissection who was 28 years old, and the youngest patient with 
explosive myocarditis who was only 1 year old. These patients all suffered suddenly 
and deteriorated quickly, with sudden cardiac arrest or respiratory arrest within a 
short period. Besides, my colleagues died of sudden asphyxiation due to hemoptysis 
at 34, the 48-year-old academic leader died of sudden myocardial infarction, and the 
56-year-old academician candidate died of sudden myocardial infarction. The sud-
den departure of one life after another shocked me, which made me have a very 
intuitive understanding of sudden death and accumulate a lot of treatment experi-
ence in clinical work. Prevention is the most effective way to avoid sudden death. 
As an old Chinese saying goes, “if we know ourselves and the enemy, we can fight 
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a hundred battles without danger.” Nowadays, the success rate for resuscitation in 
China is less than 1%.

Therefore, I would like to dedicate this book to all those involved in the preven-
tion and treatment of patients such as cardiopulmonary doctors, peers, and research-
ers, including high-risk patients. I hope everyone through this book can understand 
sudden death and its epidemiology, pathologic physiology, clinical manifestation, 
diagnosis, treatment, and prevention. The editors of this book have not only finished 
a great deal of literature reading but also put their own experience of clinical work 
into the text and spent a great deal of effort. I, as chief editor of the book, chair of 
the emergency branch of China Medical Women’s Association, would like to rec-
ommend this book to everyone. The chapters covering chronic fatigue stress and 
sudden death, sudden death in women, sudden death in the young, extracorporeal 
membrane oxygenation therapy, as well as the hot spots of diagnosis and treatment 
of sudden death largely resonate with readers.

I would like to thank all those who have helped me in constructing and editing 
the book including the director of my department, the teachers, students, colleagues, 
editors, as well as my family. The book was written during the China’s tough period 
battling the new virus causing “COVID-19” outbreak. Many writers were devoted 
to the treatment of the epidemic. Your courage, professionalism, and wisdom cure 
the patients with “COVID-19,” defend the takeoff of China, and embody the spirit 
of the book and the core essence—salvage as much as possible as we can.

Knowledge is limitless; I will continue to update the content of this book and 
continue to work hard!

Beijing, China Haiyan Zhu  
Sanya, Hainan, China
March 16, 2020
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1Introduction of Sudden Death

Haiyan Zhu and Guoxin Han

Abstract

Sudden death is unpredictable; it is the most serious disease of human beings. 
With the development of economy and society, people’s pace of work and life 
is accelerating, which results in long-term physical fatigue, excessive mental 
burden, and the accompanying bad emotions, such as depression and irritabil-
ity. Due to the bad influence, the number of sudden deaths is increasing, which 
has brought huge disaster to the whole society and family. This chapter intro-
duces the connotation, epidemiology, and classification of sudden death 
in detail.
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1.1  Introduction

1.1.1  Evolution of the Concept of Sudden Death

1.1.1.1  Death
It is generally known that all lives will die. From ancient to modern times, many 
philosophers, writers, medical scientists, and other scholars have profoundly stud-
ied the facts of death from different angles. When people live in the world, they will 
eventually face death, which is judged by nature. No one can get rid of the control 
of fate. The deaths in life are happening at any time and in just different ways such 
as death, natural death, or accidental death. Death is the last link that constitutes the 
complete life process of people. Hegel believes that the moment of the birth of life 
has already buried the seeds of death, and in the process of human growth, all activi-
ties are cultivating this seed and continue to advance the process of death. The 
meaning and value of death is based on the existence of life, and it ensures the 
integrity of life. Whether the life of a person lacks life or does not achieve death, the 
meaning and value as well as the integrity and finiteness of life cannot be judged.

Death is originally interpreted in myth. Primitive religion is the main form of 
primitive culture. It often needs to be expressed by means of mythology, rituals, 
etc., all of which are trying to interpret death. Humans have studied the original 
myths of death around the world and found that the most primitive tribes refuse to 
recognize the fact that “death is inevitable.” With the further development of scien-
tific practice and modern medicine, traditional death standards no longer pose a 
threat to death because of the wide application of heart transplants and respirators. 
In addition, effective techniques such as cardiac pacing, intracardiac injection, and 
cardiopulmonary resuscitation help some people recover their heartbeat and breath-
ing, thus gaining new life. Medical experts have therefore explored new standards 
of death. The standard of modern medical death is brain death, also known as whole 
brain death, including irreversible death of the brain, midbrain, cerebellum, and 
brainstem. The concept of brain death was first proposed by French medical practi-
tioners in 1959, and they first used the term “excessive coma.” Because the proba-
bility of a patient waking up in this state tends to zero, it can be expressed as “brain 
death.” The criteria for brain death in 1968 were formally proposed, that is, “the 
irreversibility loss of brain function.” This criterion has been recognized by many 
medical scientists all over the world. Today, more than 80 countries worldwide use 
brain death as criteria for determining death, and based on this, many European 
countries and the United States have established special laws and regulations for 
brain death criteria.

1.1.1.2  Sudden Death
Sudden death (SD), as a special type of death, is the most serious disease of human 
beings. It was known to people thousand years ago. In the ancient Egypt, about 
more than 4000 years ago, the ancient Abbots medical book stated that the patient 
may die if there is pain in chest, shoulder, and back. Different literatures have dif-
ferent definitions of sudden death. It is scientifically defined by World Health 
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Organization (WHO) as an unexpected death which occurs within minutes from 
disease for those who are healthy and seemingly healthy people.

At present, there is no uniform standard to decide how long exactly can be con-
sidered as sudden death from onset to death. For example, the World Health 
Organization (WHO) in 1970 and the International Heart Association in 1979 
defined the sudden death as the immediate accidental death or 24  h after acute 
symptoms occur. The time from onset to death was within 1 h, 6 h, 12 h, and 24 h, 
and it was considered to include deaths within 48 h. Most of the deaths within 1 h 
were sudden cardiac death.

1.1.1.3  The Elements of Sudden Death
The definition “sudden death due to illness” refines the three elements of them sud-
den death:

• Element 1: The patient has died. If the patient is not dead, he cannot be consid-
ered as sudden death. Sudden death is a final diagnosis and a conclusion. 
Therefore, sudden death is a disease that can only be prevented and cannot be 
treated. Any situation that can be treated or even cured or successfully recovered 
cannot be called sudden death.

• Element 2: The patient belongs to natural death, that is, death due to his own 
disease, and death is caused by internal factors of the patient’s body instead of 
the external factors or unnatural causes such as drowning, electric shock, self- 
destruction, poisoning, low temperature, high temperature, violence, blood loss, 
trauma, anesthesia, and surgery.

• Element 3: Sudden death occurs suddenly. The time of its occurrence is unpre-
dictable. The patient does not have signs of imminent death. No one thinks that 
the patient will die, but death has occurred. Therefore, all expected deaths are not 
sudden death. The most common clinical patients are end-stage diseases, such as 
advanced cancer and late stage of various diseases, the patient’s life is gradually 
coming to an end, and the clinical manifestations are obvious to all. Once the 
patient leaves, this death is not sudden death.

1.1.2  Epidemiology of Sudden Death

1.1.2.1  Cardiac Sudden Death

Incidence Rate
About two thirds of the sudden deaths result from diseases of circulatory system. 
The sudden death caused by the heart is also called “Cardiac Sudden Death” [1]. 
Death often occurs within 1 h after the symptoms appear. If the main cause of sud-
den death outside the hospital is sudden cardiac death, the incidence of sudden 
cardiac death in the United States is between 300,000 and 450,000, but this may 
overestimate the incidence of sudden cardiac death [2]. If cardiac death is strictly 
defined as death within 1  h of symptom onset, the case of no witnesses is not 
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included, thus underestimating the incidence of cardiac death. So to get a true rate 
of sudden cardiac death, you need to collect information from multiple sources.

Two prospective studies using multiple sources of information found that the 
incidence of sudden cardiac death was lower than previously reported, and a data- 
based study from first responders showed an incidence of sudden cardiac death is 
40–90 per 100,000 people. The incidence of sudden death from the center of resi-
dents aged 20–75 years in Maastricht, the Netherlands, is 100 per 100,000 people. 
Research in Ireland shows that the annual rate of sudden death in the country is 
between 40 and 50 per 100,000 people [3]. The Framingham Heart Study showed 
that the incidence of sudden cardiac death was 6.8% of the 5000 people included in 
the study after more than 50 years of follow-up. A prospective study in Paris showed 
that the incidence of sudden cardiac death in 7000 people enrolled in the study over 
a 23-year period was 4.4% [4]. If we conclude from these data, the incidence of 
sudden death in the United States should be between 180,000 and 250,000 per year. 
With the advancement of primary prevention and secondary prevention of coronary 
heart disease in recent decades, deaths from coronary heart disease have decreased 
significantly. The incidence of corresponding sudden cardiac death is also decreas-
ing. In China, through a 1-year monitoring of rural and urban residents selected in 
Beijing, Guangzhou and Xinjiang, according to the incidence and population of 
1.3  billion, the number of sudden cardiac deaths in China is 550,000/year [5]. 
However, when China’s 1.3 billion population is further calculated, the total number 
of sudden cardiac deaths in China is 544,000, ranking first in the world. The total 
number of people killed in the United States is 300,000 per year, that is, one person 
per minute will have sudden cardiac death, and the total number of sudden deaths in 
China is twice that of the United States, which means that two people will have sud-
den cardiac death every minute. The data also suggest that with the further aging of 
the Chinese population, and the increase in the incidence of coronary heart disease 
as well as the cardiovascular disease the total number of sudden cardiac deaths in 
China will further increase.

Whether there are differences in epidemiology among different ethnic groups is 
not yet fully understood. The available data show that the proportion of sudden 
deaths among the black Americans is higher than that of the white Americans [6], 
and the rate of discharge after cardiac arrest and survival after cardiopulmonary 
resuscitation are lower than the white people. At present, the sudden death and risk 
factors of various people’s heart are still unknown.

Age and Gender Distribution
In the reported epidemiological studies, the incidence of adolescents and young 
people (<35 years old) ranged from 0.5 to 8/100,000 per year, and the incidence of 
those who are under 35 years old was lower. The average is 4.5/ten million and 1.4/
ten million in London of the United Kingdom and the Veneto area of Italy, respec-
tively. The risk of sudden death of adults increases with age and coronary heart 
disease. Middle-aged men are four times more likely to have sudden cardiac death 
than women of the same age. However, this gap decreases with age and may be 
associated with postmenopausal women who are also susceptible to coronary heart 
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disease. A Chinese study showed that the incidence of sudden cardiac death in 
middle- aged men was significantly increased, and most cases occurred in people 
aged 65 years or older. The annual incidence of SCD in 80-year-old males is about 
7 times that of 40-year-old males; the distribution of sudden cardiac death in women 
is more extreme with age: the incidence in those who are over 70-year-old women 
is more than 40 times that in women aged 45 years or younger. Foreign studies have 
shown that the incidence of male SCD is 2–3 times that of women; Chinese Hua and 
other studies have shown that the incidence of males in rural areas is twice that of 
urban males, about three times that of females. The overall incidence rates of male 
and female in China were 44.6/100,000 and 39.0/100,000, respectively, and the dif-
ference was not statistically significant. In the young population, SCD is predomi-
nantly male, with a gender ratio of 1.5 to 3.6:1; the risk of SCD in middle-aged men 
is four times that of women of the same age, but the difference decreases with age, 
which may be due to women. The prevalence of postmenopausal CHD is gradually 
increasing, while CHD is the primary risk factor for SCD.

1.1.3  Classification of Sudden Death

1.1.3.1  Cardiac Death
Sudden death due to heart disease is the most common cause.

 1. Acute coronary syndrome (ACS). Acute coronary syndrome (ACS) includes 
plaque rupture, vascular endothelial damage, various inflammatory factors plate-
let aggregation, and thrombosis after coronary atherosclerosis, causing coronary 
artery stenosis or even obstruction [7]. With the occurrence of clinical syndrome 
of insufficient blood supply, subsequent myocardial hypoxic necrosis, the most 
dangerous type of CHD may occur. In recent years, its morbidity, lethality, and 
disability rate have been increasing year by year, and it is often accompanied by 
risks such as malignant arrhythmia, heart failure, sudden cardiac death, and sud-
den cardiac arrest. In clinical work, it is the most common reason for death. ACS 
mainly includes ST segment elevation myocardial infarction (STEMI), non-ST 
segment elevation myocardial infarction (NSTEMI), and unstable angina pecto-
ris (UAP). The first two are collectively called acute myocardial infarction (AMI) 
[8]. ACS, a serious acute cardiovascular disease, has the characteristics of rapid 
onset, rapid change of condition, and high mortality. It threatens human health 
and survival. The Global Acute Coronary Artery Events Registry (GRACE) 
shows that the mortality rate of ACS patients is about 15% after 1 year and that 
the cumulative mortality rate is about 20% after 5 years. Bougouin and his team 
reported the 5-year follow-up results of 3670 patients with acute myocardial 
infarction. The hospital mortality rate was 5.6%, and the all-cause mortality rate 
of surviving patients within 5 years was 25.6% [9]. Since 2004, cardiovascular 
disease (CVD) deaths have been the leading cause of death for urban and rural 
residents in China and are higher than tumors and other diseases, accounting for 
more than 40% of deaths from residents. According to the “2017 Chinese 
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Cardiovascular Disease Report,” the number of AMI patients in China is about 
2.5 million, and the mortality rate of AMI generally shows an upward trend. The 
Taiwan ACS full-spectrum registration form shows that among the 183 ACS 
patients registered, STEMI, NSTEMI, and UAP mortality rates after 1 year were 
6.1%, 10.1%, and 6.2%, respectively. Such a high fatality rate not only causes a 
heavy financial burden on patients, families, and society, but also significantly 
reduces the quality of life of patients, which shows the urgency and importance 
of prevention and treatment of ACS.

 2. Stress and sudden death. Patients can induce myocardial ischemia under mental 
and psychological stress, which is different from myocardial ischemia caused by 
exercise and drug load as inducing factors. This is called mental stress–induced 
myocardial ischemia (MSIM) [10]. It is closely related to characters and weight. 
People in a more obvious state of anger and personality traits are more likely to 
have myocardial ischemia. A rise in weight index leads to increased risk of 
MSIMI in patients with coronary heart disease, which can be used as an indepen-
dent risk factor for myocardial ischemia under mental stress. This may have 
nothing to do with coronary artery stenosis and coronary artery calcification, and 
may be related to patients’ depression and anxiety [11]. Mental stress is different 
from exercise/drug stress–induced myocardial ischemia. Mental stress mainly 
increases diastolic blood pressure, the symptoms are concealed, and there are 
fewer changes in electrocardiogram; while exercise/drug stress increases sys-
tolic blood pressure and heart rate. ECG changes. However, this is not conclu-
sive. A study included 34 patients with coronary heart disease and heart failure. 
The stress test and the drug adenosine test were used to evaluate the myocardial 
ischemia of the patients by PET examination. The results showed that the stress 
test and adenosine have the same effect on myocardial ischemia [12].

Most research results on gender and MSIMI show that MSIMI has gender 
differences. The incidence of MSIMI in young women after myocardial infarc-
tion is twice that of men. There is no clear relationship between the gender 
 differences of MSIMI and psychosocial factors and clinical risk factors. 
Peripheral arterial tension (PAT) index and reactive hyperemia index cannot 
explain this difference, but can be used as a predictor of MSIMI in women. 
Female patients with angina symptoms have a higher incidence of MSIMI, and 
young women are more likely to develop MSIMI than men and older women. 
For every 10 years of decline in female age, the total reversibility severity score 
under mental stress increased by 9.6 points, and the incidence of MSIMI in 
women was 82.6% higher than that in men [13]. However, York et al. included 
154 patients with coronary heart disease, including 61 women and 93 men. 
Myocardial ischemia was used to diagnose myocardial ischemia. There was no 
gender difference in the incidence of MSIMI, and there was no difference in 
hemodynamics and myocardial perfusion.

A meta-analysis included five clinical studies, a total of 555 patients with 
coronary heart disease (85% of the patients were male), a follow-up period of 
35 days to 8.8 years and a total of 117 events [14]. A comprehensive analysis 
showed that MSIMI makes the end point (event or total mortality), and the risk 
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of occurrence increases by a factor of 2. Indicators that reflect cardiac function, 
such as ventricular wall motor function, LVEF, mitral annulus movement, and 
hemodynamic indicators, can help predict the relationship between MSIMI and 
cardiac adverse events. The REMIT study has different results for the study of 
LVEF. The study shows that the continuous variables of mental stress–induced 
LVEF changes are significantly related to the end events. For every 5% decrease 
in LVEF caused by mental stress, patients have significant adverse cardiovascu-
lar during the average follow-up period. The probability of occurrence increased 
by 5%, and after 6 years of follow-up, a significant adverse cardiovascular event 
increased by 20%. Babyak et  al. found that changes in LVEF during mental 
stress were related to clinical events through 5.9 years of follow-up [15]. For 
every 4% decrease in LVEF during the stress test compared to resting, the risk of 
clinical events increased by 1.7 times.

Changes in myocardial valve ring motion caused by mental stress are inde-
pendent predictors of the prognosis of adverse cardiovascular events in patients 
with stable coronary heart disease. Changes in myocardial valve ring motion 
caused by mental stress in early diastole and systole are important predictors of 
major adverse cardiovascular events, while late diastolic changes are marginal. 
Cardiac annulus motion measurement relationship model shows that early dia-
stolic and/or systolic phases are significantly reduced, and major adverse cardio-
vascular events are more likely to occur. Late diastolic changes and marginal 
adverse cardiovascular events are marginal, but have the same trend.

Mental stress increases myocardial oxygen consumption requirements. 
Physiological responses to mental stress include increased heart rate, peripheral 
vasoconstrictor response, and increased left ventricular afterload. Mental pres-
sure has an effect on cardiac output and is related to a decrease in LVEF. There 
is a clear relationship between the changes of neurohormones and the mecha-
nism of MSIMI when coping with mental stress. The heart has its own endocrine 
function, which affects microcirculation and endothelial signal changes. At the 
same time, it activates the hypothalamic–pituitary–adrenal axis, promotes the 
release of cortisol and corticotropin-releasing hormone, and has a systemic effect 
on inflammation, cardiac function, microcirculation, platelet function, and 
hemodynamics.

 3. Cardiomyopathy (dilated, hypertrophic) is another important disease contribut-
ing to ventricular arrhythmia and sudden death. Sustained or induced sustained 
ventricular tachycardia, mean signal electrocardiogram positive, and right heart 
involvement are risky patients of sudden death [16–18]. Right ventricular cardio-
myopathy can contribute to right ventricular tachycardia and sudden death [19–
21]. Myocarditis intrigued by virus leads to the sudden death in children and 
young people.

 4. Congenital heart disease. In patients with Faure’s quadruple syndrome, the inci-
dence of sudden death after repair was 6%. Two flap prolapses with complicated 
ventricular tachyarrhythmia, high-risk patients with sudden death, family history 
of sudden death, syncope history, and prolonged Q-T interval. Aortic stenosis, 
regurgitation, and pulmonary stenosis can also occur sudden death [22–24].
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 5. Arrhythmia. Long Q-T interval prolongation syndrome includes congenital and 
acquired two major categories. Congenital Q-T interval prolongation syndrome, 
corrected Q-T interval over 500 ms, and the risk of sudden death in families with 
sudden death [25, 26]. Pre-excitation syndrome combined with short-term 
refractory forward conduction has a rapid ventricular rate of atrial fibrillation, 
which has a certain risk of sudden death. Brugada syndrome refers to “idio-
pathic” ventricular fibrillation (IVF) in the absence of structural heart disease 
[27, 28], electrocardiogram with right bundle branch block, V1 to V3 lead ST 
segment elevation, and sudden death with a group of symptoms [29].

 6. Atrial myxoma [30–33]. A benign tumor originating from the endocardial primi-
tive interstitial cells grows to a certain extent. Under the influence of blood flow, 
it can block the position of the mitral valve. In severe cases, it may cause sudden 
death. It should be detected early and operated as soon as possible.

 7. Viral myocarditis [34, 35]. Many viruses can cause myocarditis, leading to myo-
cardial interstitial hyperplasia, edema, and congestion. The clinical manifesta-
tions vary greatly in severity and can be completely symptom-free or sudden death.

 8. Heart shock sudden death syndrome [36]. Refers to the heart area in front of a 
healthy chest, suddenly hit by some reason and drowned.

1.1.3.2  Non-cardiac Sudden Death

Arrhythmia Drugs and Cardiotoxic Drugs
It can cause severe arrhythmia and sudden cardiac death. Certain drugs and serum 
preparations may cause cardiac arrest due to severe allergic reactions.

Drowning
Drowning refers to the fact that people are drowning in the water, often due to acci-
dents when they fall into the water or swim. Because the respiratory tract is blocked 
by water, sludge, algae, etc. (90% of wet sudden death) or by the reflex spasm of the 
head of the throat and trachea (dry drowning accounts for 10%), it causes suffoca-
tion and hypoxia and even causes the stop of breathing and heartbeat, even death. 
The drowning process is very fast, which can cause death if the rescue does not take 
place in 4–6 min. The study pointed out that the drowning person’s 6–9 min mortal-
ity rate reached 65%. It can cause serious sequelae and even death if the rescue does 
not take place in 25 min. However, if the rescue is obtained within 1–2 min, the 
success rate of salvage can reach 100%. Therefore, weak water first aid must be 
obtained in time. The early death in drowning is mainly caused by water, sludge, 
algae, etc. entering the mouth, nose, trachea, and lungs which obstructs the respira-
tory tract. The death can also be caused by obstruction of throat, trachea, and bron-
chospasm due to inhaling water, panic, cold, etc. Dilution of blood in fresh water, 
hemolysis, and ventricular fibrillation can cause elevated blood potassium and car-
diac arrest. Electrolyte imbalance of seawater sputum and acute pulmonary edema 
lead to heart failure and death. When diving, head impact or wood piles can cause 
craniocerebral trauma, coma, and death in the water. The basic pathological changes 
of sputum are brain and heart function damage caused by asphyxia and hypoxia, 
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myocardial hypoxia, degeneration and necrosis, and circulatory failure. Pulmonary 
dysfunction caused by hydronephrosis in the lungs and hypoxia in the body can lead 
to metabolic acidosis. The environment and duration of drowning determine the 
severity of the illness after asphyxia. Generally, respiratory arrest occurs first, fol-
lowed by cardiac arrest.

Electric Shock
Electric shock refers to the local and systemic injury or dysfunction caused by a 
certain amount of current passing through the human body. In severe cases, cardiac 
arrest and respiratory arrest can occur. Whether it is current or static current, it can 
cause electric shock. It is mostly due to a lack of attention to the safety regulations 
of the electric industry, especially in rural areas. People are lacking in knowledge of 
safe electricity use and install wire without permit or rescue electric shockers 
directly by hand. When people work in high-temperature, high-humidity work-
places or corrosive chemical workshops, especially in the rainy season, their electri-
cal insulation performance is reduced, and the body’s resistance to skin contact 
points is significantly reduced due to sweating and skin moisture, causing injury 
through the human body. At low voltage (220–380 V) electric shock, current through 
the heart can cause ion disturbance in the myocardial cells and cause fatal ventricu-
lar fibrillation, which is life-threatening. At high voltage >1 kV electric shock, the 
most common is severe electrical burns, or respiratory numbness caused by high- 
voltage electric injury in the respiratory center, respiratory muscle tonic contraction 
caused by apnea and asphyxia, secondary cardiac arrest, or ventricular fibrillation. 
Muscles contract strongly during an electric shock, causing limb fractures or joint 
dislocation. Especially falling from high altitude can cause serious combined inju-
ries, such as craniocerebral trauma, chest and abdominal visceral rupture, and so on.

Obstetric Death
Obstetric death accounts for about 5% of diagnosed deaths [37–39]. Sudden death 
during pregnancy is mainly caused by sudden deterioration of the original disease, 
more common heart disease combined with pregnancy, or sudden changes in preg-
nancy complications, such as eclampsia died of asphyxia, cerebrovascular accident, 
HELLP syndrome, and DIC. During childbirth, sudden accidents are common, such 
as amniotic fluid embolism and postpartum hemorrhage. During the puerperium 
period, the original disease is aggravated during the puerperium, such as pulmonary 
embolism, dielectric disorder, and puerperal infection.

Sudden Death of the Respiratory System
 1. Acute laryngeal embolism. Acute tonsillitis (occlusion of airway, acute asphyxia, 

septic shock); posterior pharyngeal abscess (compression obstruction of the 
throat, pus into the airway, acute asphyxia); acute laryngitis with glottic edema 
(laryngeal obstruction, suffocation death); glottic fistula, edema (inflammation, 
allergies, infectious diseases, etc.); throat tumors (polyps, papilloma, fibroids, 
cancer, obstructive asphyxia, etc.); inhalation injury (hot air, liquid, toxic or irri-
tant gas inhalation).
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 2. Bronchial asthma [40]. Pulmonary allergic disease, characterized by broncho-
spasm, is considered a special type of chronic obstructive bronchitis. Bronchial 
asthma causes asphyxia (occlusion, spasm, spontaneous pneumothorax, respira-
tory failure) and right heart failure (severe ventilatory disorders, myocardial 
hypoxia, increased resistance to pulmonary circulation) causing sudden death.

 3. Pneumonia [41]. Pneumonia is a frequently occurring disease of the respiratory 
system. Most people do not die, and some types of pneumonia or those who are 
infirm can die suddenly.

 4. Pulmonary embolism [42]. Pulmonary embolism is a pathological process in 
which a loose thrombus or other substance blocks the pulmonary artery or its 
branches. It is often a complication. A patient with pulmonary tissue necrosis 
after vascular occlusion is called a pulmonary infarction. Clinical symptoms 
include dyspnea, severe chest pain, hemoptysis, and fever. Acute pulmonary 
embolism is a clinical and pathophysiological syndrome caused by endogenous 
or exogenous emboli to block pulmonary circulatory trunk or branch. Its morbid-
ity is second only to coronary heart disease and hypertension. Pulmonary artery 
trunk or large branch embolization can cause pulmonary artery resistance to sud-
denly increase, pressure rise, leading to acute right heart failure and sudden 
death, while pulmonary embolism can cause pulmonary artery, coronary artery, 
and bronchial artery spasm through lung-heart vagus nerve reflex, or 5-serotonin 
is released in large amounts, causing pulmonary vasospasm to cause acute heart 
failure and sudden death.

Sudden Death Due to Digestive System Disease
 1. Acute gastrointestinal bleeding [43–45]. Stomach and duodenal ulcer compli-

cated by massive hemorrhage, cirrhosis complicated with esophageal varices 
bleeding, acute gastric mucosal hemorrhagic erosion and ulcer, hemorrhage of 
longitudinal mucosal laceration in the lower esophagus or gastric cardia. 
Mechanism—hemorrhagic shock.

 2. Acute diffuse peritonitis [46]. Appendicitis, gastroduodenal ulcer, enteric 
typhoid, ulcerative colitis, intestinal tuberculosis, intestinal amebiasis and other 
perforations, liver abscess, and pancreatic abscess rupture. Sudden death mecha-
nism—ulcer perforation (toxic shock, neurological shock).

 3. Acute necrotizing pancreatitis [47–49]. Acute hemorrhagic necrotic pancreatitis 
is a type of acute pancreatitis that is caused by the continued development of 
acute edematous pancreatitis, which include pancreatic acinar, fat, large blood 
vessels necrosis, pancreatic tissue edema, volume increase, extensive hemor-
rhage, and necrosis. A large amount of bloody exudate in the retroperitoneal 
space. The omentum and mesangial tissue are digested by the exuded trypsin. 
This type of pancreatitis is a serious condition with many complications, and 
high mortality. Pancreatic juice stimulates peritoneal plexus-induced neurogenic 
shock; massive exudation of sputum, decreased body fluid caused by vomiting, 
hypovolemia caused by insufficient circulating blood volume; pancreatic tissue 
necrosis, increased absorption of inflammation and protein breakdown products, 
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toxic shock; pancreatic juice stimulation, abdominal plexus, nerve reflex caused 
by sudden cardiac arrest and sudden death.

Brain Hernia
When there is a space-occupying lesion in a certain cavity in the skull, the pressure 
of the sub-chamber is greater than the pressure of the adjacent sub-chamber, and the 
brain tissue is displaced from the high-pressure area to the low-pressure area, result-
ing in a series of serious clinical signs and symptoms when sometimes squeezed 
into the interdural space or in the diverticulum, which is called brain hernia. Various 
intracranial hematoma is caused by common cause damage, such as acute epidural 
hematoma, subdural hematoma, and intracerebral hematoma; various intracranial 
tumors, especially tumors located in one side of the cerebral hemisphere and poste-
rior fossa tumor; intracranial abscess; intracranial parasitic diseases and various 
other chronic granulomas; congenital factors such as cerebellar tonsil malforma-
tion. In addition, if the intracranial pressure is increased, lumbar puncture releases 
too much cerebrospinal fluid, which leads to an increase in the pressure difference 
between the intracranial segments, which can promote the formation of cerebral 
palsy. It can be divided into cerebellar incision, occipital foramen, and cerebral 
palsy. Among them, the cerebellum incision is the most serious manifestation of 
changes in blood pressure, pulse, respiration, and body temperature. In severe cases, 
the blood pressure is high and low, the breathing is fast and slow, sometimes the face 
is flushed, sweating, sometimes turning pale, and sweaty, the body temperature can 
be as high as 41 °C or higher, but can be as low as 35 °C or less, and finally breath 
and blood pressure drop, causing heart arrest and death.

Other Causes of Sudden Death
 1. Cardiac catheterization and treatment, bronchoscopy, anesthesia, etc. lead to 

autonomic nervous instability and arrhythmia caused by cardiac arrest.
 2. Sudden death from sports [50–52]: Athletes and those who do physical exercise 

with or without symptoms accidentally die within or after 24 h of exercise. It is 
mainly due to sudden loss of consciousness, the disappearance of aorta beat, and 
the breathing stops after 20–30 s of sigh-like breathing. Chest pain and shortness 
of breath may occur before sudden death, and they may occur suddenly without 
any warning. The ratio of male to female sports death is 7.2:1, which may be due 
to the low incidence of ischemic heart disease in women with low exercise load, 
and difficulty in tolerating fatigue or other excessive overload. The study reported 
that the average age of sudden death in sports was 30.8 ± 17.9 years old. The data 
suggest that sudden death may also be affected by the time, but it is not clear. 
There are a wide range of people involved in sports death, including athletes, 
coaches, physical education teachers, teachers, cadres, workers, and middle 
school students aged from 9 to 67 years. Studies have shown that sudden death 
in sports occurs in projects with high intensity or competition, but some projects 
with smaller intensity also account for a considerable proportion. Common 
causes of sudden death in sports are coronary heart disease (SCD is the most 
common, accounting for 73%–95%, the most common cause of people aged 
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over 40  years), Marfan syndrome (the most common cause of people under 
40  years), hypertrophic cardiomyopathy, coronary artery malformation, idio-
pathic left ventricular hypertrophy, myocarditis, pre-excitation syndrome, QT 
syndrome, concussion, and Brugada syndrome.
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2Etiology of Sudden Death
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Abstract

Sudden death is defined as unexpected, nontraumatic death occurring within 1 h 
of the onset of new or worsening symptoms (witnessed arrest) or, if unwitnessed, 
within 24  h of last being seen alive (Zipes et  al., J Am Coll Cardiol 
27(17):2099–2140, 2006). It is a main cause of mortality among the general 
population. Consequently, sudden death is an important public health problem, 
which constitutes a clinical challenge. There are many sorts of sudden death 
arranged from cardiac sudden death to noncardiac-derived sudden death. The 
most common pre-manifestations of sudden cardiac death include palpitation, 
chest tightness, chest pain, dyspnea, and syncope. The purpose of this chapter is 
to summarize and elaborate different types of sudden death and its risk factors, 
describe the pathophysiological mechanism of sudden death caused by different 
diseases, which could guide us to acquire a better understanding to deal with the 
patients suffered from sudden death.

Keywords

Sudden death · Risk factors · Cardiac sudden death · Noncardiac-derived sudden 
death · Risk prediction

2.1  Introduction

Sudden death is an extremely important cause of death in both China and abroad, 
that make a big challenge to the global public health system [1–5]. It includes car-
diac sudden death and noncardiac sudden death, during which sudden cardiac death 
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accounts for a major proportion. With the rapid development of China’s economy 
and the improvement of people’s life, the disease spectrum of China’s population 
has gradually changed, leading to the subsequent change of cause of death. At pres-
ent, cardiovascular and cerebrovascular diseases are the main causes of sudden 
death in China. The purpose of this chapter is to elaborate the cause of death in dif-
ferent aspects such as risk factors, etiology classification, and risk stratification.

2.2  Risk Factors

Many patients do not suffer from serious heart disease or significantly reduced ejec-
tion fraction before sudden death, or even diagnosis of heart disease [2]. Therefore, 
it is very important to identify the common risk factors of sudden death, especially 
sudden cardiac death. Age and gender are the first concerned risk factors of sudden 
death. It is well known that the occurrence of sudden death is higher in elder people 
than that in young which shows that the incidence of sudden death increases with 
age. In addition, the morbidity and severity of cardiovascular and cerebrovascular 
diseases are quite different between men and women during the same age group. 
For example, the morbidity of cardiovascular and cerebrovascular diseases in pre-
menopausal women is lower than that in men.

The risk factors also include genetic, regional, and ethnic factors. The incidence 
of sudden death varies from different regions and ethnic groups. For example, the 
risk of sudden cardiac death in African Americans is higher than that in whites and 
Hispanics [6]. Furthermore, most of the sudden cardiac death in young is related to 
genetic defects, with a certain tendency of family aggregation.

Other risk factors include smoking, obesity, hyperlipidemia, hypertension, coro-
nary heart disease, diabetes, and so on [7]. Continuous high-intensity exercise 
increases the risk of sudden death, while regular physical exercise can reduce the 
incidence of sudden death [8, 9]. Long-term heavy drinking also increased the risk 
of sudden cardiac death [10]. Other studies have shown that the level of plasma 
polyunsaturated fatty acids and C-reactive protein are also related to the occurrence 
of sudden death [11, 12].

2.3  Etiology and Classification

Broad categories of cardiac sudden death range from vast cardiac disease to noncar-
diac disease. Cardiac sudden death accounts for the main reason of sudden death. 
Generally, ischemic heart disease is the most common contributor to cardiac sudden 
death, such as acute myocardial infarction in coronary heart disease. Other cardiac 
diseases range from structural heart disease, valve membranous heart disease, and 
congenital heart disease to hereditary ion channel disease [5]. Besides, there are 
many cardiogenic disease such as cerebral hemorrhage, epilepsy, aortic dissection, 
pulmonary embolism, chronic lung disease, malignant tumor, electrolyte disorder, 
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metabolic disorder, acid–base balance disorder, etc. The most common direct cause 
of sudden death is malignant arrhythmia during both cardiogenic and noncardio-
genic disease, especially the occurrence of ventricular fibrillation.

2.3.1  Cardiac Disease and Sudden Death

2.3.1.1  Ischemic Heart Disease
Coronary heart disease is the main cause of sudden cardiac death in ischemic heart 
disease. Acute coronary occlusion can lead to myocardial hypoxia, myocardial 
necrosis, myocardium dysfunction, adjacent cell edema, and subsequent electro-
physiological disorder, which eventually lead to ventricular fibrillation or cardiac 
arrest. Meanwhile, excessive catecholamine substances increase the risk of malig-
nant arrhythmia and sudden cardiac death due to the increase of adrenergic and 
cholinergic activities and autonomic nervous regulation disorder after myocardial 
infarction [13].

Owing to the changes of ion channels and action potentials in the process of 
myocardial remodeling after myocardial infarction, the remolded myocardium is 
more sensitive to hypokalemia and more likely to develop malignant arrhythmias 
than normal people [14]. Studies have shown that magnesium and spironolactone 
can reduce the incidence of sudden cardiac death by countering the effects of low 
potassium ion in patients during the period of myocardial remodeling after myocar-
dial infarction [15, 16]. Another research indicates that mutation of ion channel 
caused by genetic factors also increases the risk of sudden cardiac death in patients 
with ischemic cardiomyopathy [17].

2.3.1.2  Structure Heart Disease

Valvular Heart Disease and Cardiac Sudden Death
Various valvular heart diseases lead to the change of heart structure, ventricular 
dilation, cardiac myasthenia, and electrical activity disorder, which is easy to cause 
cardiac sudden death. The management depending on the current clinical guidelines 
is still confronting great challenge [18]. In addition, many patients with valvular 
heart diseases also have suffered from ischemic heart disease, which aggravates the 
occurrence of malignant arrhythmia.

Studies have shown that aortic valve stenosis carries one of the highest risk of 
cardiac sudden death. As the left ventricle contracts, the blood in the left ventricle 
enters the aorta through the aortic valve and supplies oxygen to organs and tissues 
of the whole body. Severe stenosis of the aortic valve can cause significant reduce 
of blood flow from ventricle to aorta, thus leading to severely reduced myocardial 
blood supply, which can eventually induce malignant arrhythmia and cardiac sud-
den death.

Severe mitral stenosis is another considerable disease related to cardiac sudden 
death. Owing to seriously narrowed mitral valve, the filling of the left ventricle was 
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obviously restricted, leading to the sharp reduction of blood filling during the next 
cardiac cycle. In some special cases, the reduction of blood supply can be further 
aggravated, which increase the risk of sudden cardiac attack. Other valvular heart 
diseases include myxomatous mitral valve prolapse and Ebstein’s anomaly, etc. 
Ebstein’s anomaly is known as tricuspid valve downward movement deformity. 
This kind of patients may be suffered from multiple bypass involved preexcitation 
syndrome, which may cause the occurrence of malignant arrhythmias, leading to 
cardiac sudden death [19, 20].

Congenital Heart Disease and Cardiac Sudden Death
Congenital heart disease (CHD) is a sort of relatively common cardiovascular dis-
ease, ranging from tetralogy of Fallot to patent ductus arteriosus (PDA). The patient 
suffered from congenital heart disease is often manifested as chest pain, wheezing, 
cyanosis, crouching after activity, clubbing fingers, pulmonary hypertension, eryth-
rocytosis, heart failure, etc. The risk of sudden death in such patients is significantly 
increased because of its congenital anatomical abnormalities, hemodynamic abnor-
malities, and electrical activity disorders. Patients with severe congenital heart dis-
ease often die during childhood, while others with mild condition can survive to 
adulthood, but still with a high risk of sudden death. With the improvement of diag-
nosis and surgical operation method, the survival time and quality of life of patients 
with congenital heart disease are significantly improved. However, many patients 
with congenital heart disease cannot be completely cured; therefore, there is still a 
potential risk of sudden death even if the operation is carried out. At the present 
research, ventricular fibrillation or hemodynamic unstable ventricular tachycardia 
are still a significant cause of sudden death in patients of congenital heart disease. 
For example, after the repair of tetralogy of Fallot, the incidence rate of ventricular 
fibrillation or ventricular tachycardia is 3%–14%, and the occurrence of sudden 
cardiac death is 2%–5% every 10 years [21, 22].

At present, the main method to improve the survival rate and reduce the risk of 
sudden death of patients with congenital heart disease is surgical treatment, includ-
ing pulmonary arterioplasty, percutaneous balloon aortic valvuloplasty, occlusion of 
atrial/ventricular septum defect, occlusion of patent ductus arteriosus, etc. Study 
shows that the incidence of sudden death is higher in patients with abnormal origin 
of coronary artery, especially in patients with left coronary artery originating from 
right coronary artery cusp, and surgical treatment should be considered in priority 
[23, 24]. Patients with tetralogy of Fallot, prolonged QRS duration, palliative shunt, 
or ventricular dysfunction who have a tendency to develop ventricular fibrillation 
are recommended to take implantable cardioverter defibrillator (ICD) which has 
been proved to be effective in preventing sudden cardiac death. Catheter ablation is 
considered as the main treatment for patients with single, stable, slow ventricular 
tachycardia [21]. As congenital heart disease is a constant challenge to human 
health, more research is needed to improve the diagnose and treatment in order to 
decrease its high risk of sudden death.
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Cardiomyopathy and Cardiac Sudden Death

Hypertrophic Cardiomyopathy
Dilated cardiomyopathy (DCM) is a kind of primary cardiomyopathy with unknown 
reason. It is characterized by enlargement of the left or right ventricles or both, with 
decreased systolic function of the ventricles and congestive heart failure. The main 
clinical manifestation in the later stage include wheezing after activity and paroxys-
mal dyspnea at night. Patients suffered from DCM may present with various malig-
nant arrhythmias, which can cause syncope and A-S syndrome, leading to sudden 
cardiac death [25–27]. As one of the most common cardiomyopathy, DCM accounts 
for 1/400 of incidence in the United States and has a high mortality rate at any 
period of the disease [28]. It is well-known that gene mutation, virus infection, and 
cellular immune response are the main important causes of this kind of disease.

The pathological changes include nonspecific hypertrophy, degenerative change, 
and interstitial fibrosis. Studies have shown that there are both alternative fibrosis 
and interstitial fibrosis in myocardial tissue. The swelling of mitochondria, rupture 
or disappearance of cristae, and disappearance of myofibrils can also be observed 
from electron microscopy, besides hypertrophy, degeneration, apoptosis, and fibro-
sis of cardiomyocytes [29, 30]. It is reported that myocardial fibrosis is closely 
related to delayed conduction and conduction block, which is the basic reason of 
malignant arrhythmia [31, 32].

In the cases of DCM, the cardiac contractility wakened with expanding cardiac 
cavity, leading to decreased output of stroke volume. In the early stage, the decrease 
of output can be compensated by the acceleration of heart rate. With increase of end 
diastolic pressure of left ventricle, it gradually lead to congestive left heart failure. 
In the later period, the pressure of left atrium and pulmonary artery increased and 
finally right heart failure occurred. In addition, due to the increased tension of the 
ventricular wall and heart rate, myocardial oxygen consumption increased simulta-
neously, resulting in the aggravation of myocardial ischemia and cardiomyocyte 
apoptosis. Moreover, myocardial lesions have influence on all parts of myocardial 
tissue including sinoatrial node and conduction system that can cause various 
arrhythmias such as ventricular tachycardia, ventricular fibrillation, and high atrio-
ventricular block. As most of sudden cardiac death in patients with dilated cardio-
myopathy is difficult to anticipate, it is consequently quite harmful to the suffered 
individuals. Therefore, ICD implantation is the main means to prevent sudden car-
diac death which can quickly identify and treat ventricular arrhythmias [33–37].

Restrictive Cardiomyopathy
Restricted cardiomyopathy (RCM) is a kind of relatively rare cardiomyopathy char-
acterized by restrictive filling disorder. The typical pathological changes are pro-
gressive fibrosis of the endocardium and subendocardium of the ventricle, which 
lead to decreased compliance of the ventricular wall and ventricular volume. The 
limitation occurs in either the left ventricle or both, while ventricular systolic 
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function and wall thickness are in nearly normal condition. Restrictive cardiomy-
opathy is rare among the unexplained cardiomyopathy with regional differences 
[38]. The main clinical manifestations of RCM are fatigue and decreased exercise 
endurance. In severe cases, patients of RCM may present with orthopnea, oliguria, 
and systemic congestion.

RCM can be idiopathic, hereditary, or secondary changes of various systemic 
diseases. It can be divided into two categories: cardiomyopathy and endocardial 
cardiomyopathy. There are mainly three types of cardiomyopathy depicted as fol-
lows: (1) non-infiltrative cardiomyopathy (idiopathic and familial cardiomyopathy, 
etc.), (2) infiltrative cardiomyopathy (amyloidosis, sarcoidosis [39, 40], etc.), (3) 
storage cardiomyopathy (hemochromatosis [41], Fabry’s disease, etc.).

Myocardial fibrosis, myocardial infiltration, and endocardial scarring are the 
main causes of restrictive filling disorder. According to the different stages of endo-
cardial cardiomyopathy, there are three pathological changes including necrosis, 
thrombosis, and fibrosis, during which the ventricular compliance and end-diastolic 
volume decreased gradually, finally leading to the decreased cardiac output and 
returned blood volume. Meanwhile, because of the inflammatory reaction of cardio-
myocyte, the damage of the capillary in the myocardium and the formation of scars, 
the cardiac nervous system is damaged, leading to various arrhythmias or sudden 
cardiac death. Clinically, the usual appropriate use of diuretics and anticoagulants 
can relieve the symptoms and reduce the occurrence of complications. Surgical 
removal of fibrotic and thickened endocardium can significantly improve cardiac 
function and reduce the incidence of sudden death.

Arrhythmogenic RV Cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is other kind of rela-
tively rare cardiomyopathy characterized by degenerative myocardium of right ven-
tricle replaced by fat or fibrofatty tissue. Without certain cause, the degenerative 
changes of ARVC mainly involve the right ventricle, occasionally involving the left 
ventricle in a few cases [42]. It is known as a type of autosomal dominant genetic 
disease. The mutant gene produces defective cell adhesion protein, which leads to 
dysfunction of desmosomes, loss of electrical coupling between cardiomyocytes, 
and subsequent degenerative change of right ventricle.

The pathological changes mainly occurred in the infundibulum of the right ven-
tricular anterior wall, the apex and the posterior inferior wall which gradually result-
ing in thinning of the ventricular wall and global ventricular dilatation, even may be 
accompanied by the formation of ventricular aneurysm in some cases. The suffered 
intrinsic nerve system and conduction system of the heart then act as the original 
pathological reason for the occurrence of various arrhythmias in such kind of 
patients [43].

Clinically, recurrent arrhythmia of persistent or non-persistent ventricular tachy-
cardia is the typical electrocardiogram of this kind of patients. Ventricular fibrilla-
tion may occur in severe cases. Patients always present with palpitation, chest 
distress, chest pain, and syncope [44]. Usually, the inducing factors of ventricular 
tachycardia include excessive emotional excitement or fatigue and may lead to sud-
den cardiac death in severe cases especially in young.
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For clinicians, antiarrhythmic drugs are the first considered measures selected to 
control arrhythmia. Studies show that β receptor blocker can reduce the risk of sud-
den death and improve its prognosis. Surgical treatment of radiofrequency catheter 
ablation and ICD implantation can reliably prevent the occurrence of fatal arrhyth-
mias [45]. Heart transplantation should be considered for patients with refractory 
ventricular tachycardia and heart failure.

2.3.1.3  Electrical Abnormalities and Cardiac Sudden Death

Primary Electrical Abnormalities and Cardiac Sudden Death

Tachycardias
Wolff–Parkinson–White syndrome (W-P-W syndrome), also known as preexcita-
tion syndrome, is a kind of ventricular preexcitation caused by the atrioventricular 
conduction pathway in the heart, which leads to the earlier arrival of excitation at 
the ventricle. Therefore, the ORS wave in ECG of WPW is actually a kind of ven-
tricular fusion wave. The typical ECG manifestations are: (1) P-R interval shortened 
to less than 0.12 s; (2) QRS duration prolonged to more than 0.11 s, and δ wave at 
the beginning of QRS wave [46].

The congenital atrioventricular bypass outside normal atrioventricular conduc-
tion system is the main cause of preexcitation. Some organic heart diseases such as 
hypertrophic obstructive cardiomyopathy can also lead to W-P-W syndrome. The 
arrhythmias related to preexcitation syndrome mainly include atrioventricular reen-
trant tachycardia, atrial flutter, and atrial fibrillation. Supraventricular tachycardia is 
often accompanied by palpitation, which is similar to the common supraventricular 
tachycardia. In patients of W-P-W syndrome with atrial flutter or atrial fibrillation, 
the ventricular rate rises as fast as 200 times/min, which may cause hemodynamic 
abnormalities, even serious conditions such as hypotension and heart failure. 
Although with rare occurrence, ventricular fibrillation may be induced by the stimu-
lation of excessive rapid heart rhythm when the minimum interval of δ wave is less 
than 250 ms, which may be the mechanism of sudden cardiac death. Considering 
that cardiac sudden death often occurs in young, clinicians should pay more atten-
tion to it, although the risk is quite small [47].

Usually the preexcitation does not need any special treatment. Propafenone and 
amiodarone are often used to slow down the conduction of the bypass and restore 
sinus rhythm when patients suffer from supraventricular tachycardia, atrial flutter, 
or fibrillation. While the ventricular rate is excessive rapid, the hemodynamics of 
circulation become unstable, and synchronous cardioversion should be used as soon 
as possible. If drugs are ineffective, the patients should receive surgical method such 
as catheter ablation.

Long-QT Syndrome
Long-QT syndrome (LQTS) is characterized by the prolongation of ventricular 
repolarization, which is prone to cause torsade de pointe and ventricular fibrillation, 
resulting in sudden cardiac death. LQTS can be caused by congenital channel dis-
ease and can also be a secondary disease. Congenital LQTS is prone to cause 
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sudden cardiac death during childhood [48, 49]. Acquired LQTS is often caused by 
improper use of antiarrhythmic drugs, electrolytes, or metabolic disorders, such as 
hypokalemia, hypomagnesemia, hypothyroidism, and hypothermia, and is more 
likely to occur on the basis of organic heart disease. The electrocardiographic char-
acteristics of LQTS are described as follows: Q-T interval prolongation (female 
QTc > 480 ms; male QTc > 470 ms); interval is likely to cause torsade de pointe, 
ventricular fibrillation, or cardiac arrest accompanied by clinical manifestations 
syncope and sudden death.

Drug therapy for LQTS includes (1) congenital types: β-blocker, potassium and 
magnesium supplement, and prevention of risk factors and (2) acquired types: mag-
nesium sulfate, isoprenaline, lidocaine, atropine, etc.

Non-drug therapy included ICD implantation, permanent dual chamber pace-
maker and left cervical thoracic sympathectomy.

Brugada Syndrome
Brugada syndrome is a type of autosomal dominant disease with ion channel disor-
der in the heart. The electrocardiogram expressions include ST segment elevation in 
the right precordial lead (V1–V3) in the form of covered type or saddleback type 
[50], sometimes accompanied by right bundle branch block. In most cases, patients’ 
heart structure is normal, but repeatedly suffer from polymorphous ventricular 
tachycardia or ventricular fibrillation [51]. The occurrence of Brugada syndrome is 
usually at night or during rest while rarely related to exercise. Most of the victims 
are male and often suffer from unexplained syncope or sudden cardiac death.

It has been shown that the abnormalities of gene loci encoding for sodium chan-
nel current (INa), transient outward current (ITO), ATP-sensitive potassium current 
(IKATP), or Na/Ca exchange current channel may be related to the incidence of the 
kind of disease [52]. Depending on the present research, the relationship of SCN5A 
mutation and Brugada syndrome has been conformed. The abnormality of this gene 
shortens the duration of action potential in cardiomyocytes, leading to further het-
erogeneity of action potential durations both across layers and within the ventricular 
epicardium, which increases the susceptibility to malignant arrhythmias [53].

Quinidine is known as a sort of effective drug been proved to inhibit Ito current, 
prolonging action potential and decreasing electrical heterogeneity [51]. Besides, 
ICD implantation has been described to be the most effective surgical measure at 
present. Other studies have shown that radiofrequency ablation and pacemaker ther-
apy also have certain therapeutic effects, but these treatments lack further affirma-
tion in large-scale clinical trials, which efficacy needs to be further assessed.

Short-QT Syndrome
Short QT interval syndrome (SQTS) includes idiopathic SQTS and secondary 
SQTS. Idiopathic SQTS is an autosomal dominant disease, which belongs to a kind 
of rare ion channel disease [54]. It is characterized by persistent shortened QT inter-
val with unknown reason from normal test. Most of the patients with this kind of 
disease tend to recurrent syncope or sudden cardiac death during childhood. 
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Secondary SQTS is transient and reversible, usually caused by high fever, hypox-
emia, hyperkalemia, hypercalcemia, sympathetic excitation, etc. [55]. From the 
detailed clinical examination, we may find no organic heart disease but abnormal 
ECG: QT interval was significantly shortened (generally ≤300 ms); Tall, symmetri-
cally peaked T wave in precordial lead; T wave is always upright and the T peak-T 
end interval was not prolonged; Coexistence of multiple arrhythmias including par-
oxysmal atrial fibrillation, ventricular tachycardia, or ventricular fibrillation.

Three types of coding genes have been proved related to short QT syndrome up 
to now. The mutation of gene loci encoding the corresponding ion channel disturbs 
its normal operation, decreases the inflow of Na + and Ca2+ and increases the out-
flow of K+, resulting in accelerated cell repolarization and shortened QT interval, 
which make patients prone to malignant arrhythmia.

Clinically, mild patients only have occasional palpitations, dizziness, or no 
symptoms; severe patients have recurrent syncope or sudden death. The demon-
strated effective prevention of sudden death is ICD implantation. Drug therapy 
refers to sodium channel blockers such as flecainide and quinidine.

Catecholaminergic Polymorphic VT
Catecholamine-sensitive polymorphic ventricular tachycardia (CPVT) is a malig-
nant familial cardiac arrhythmia with a very low incidence rate (1:10,000), that 
usually occurs during childhood. Patients with CPVT may have no clinical mani-
festation in general state. Thus, it is difficult to be identified from routine examina-
tion, although the mortality rate is high. CPVT is characterized by the induced 
polymorphic ventricular tachycardia or ventricular fibrillation by exercise or emo-
tional stress.

The pathogenesis of CPVT is not completely clear so far. Studies have shown 
that the pathogenesis of CPVT is related to gene mutations of RyR2 (autosomal 
dominant inheritance) and CASQ2 (autosomal recessive inheritance) [56]. Patients 
of CPVT usually have normal cardiac structure and mechanical contraction, and 
their electrocardiogram shows normal QTc interval, atrioventricular conduction and 
intraventricular conduction while at rest. With the increase of exercise intensity, 
premature ventricular beat will be induced as the heart rate accelerating to 
120–130 bpm. Biphasic or polymorphic ventricular tachycardia may occur when 
the heart rate continues to increase [57–59]. The arrhythmias can sometimes be 
terminated automatically, but also prone to malignant arrhythmia that leads to sud-
den death.

It is suggested that patients with CPVT should not take part in strenuous sports 
or competitive competitions. At present, β-blocker is the first choice of drug treat-
ment described to inhibit the occurrence of polymorphous ventricular tachycardia. 
Other studies have shown that the application of verapamil or fluconanil may be 
beneficial [59, 60]. Immediate electric cardioversion is necessary if the patients suf-
fer from ventricular tachycardia with hemodynamic instability or ventricular fibril-
lation. ICD implantation is the main surgical measure to prevent sudden cardiac 
death and should be combined with β-blocker application.
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Early Repolarization Syndrome and Idiopathic VF
Early repolarization (ER) is also a kind of hereditary ion channel disease character-
ized by a type of common benign ECG variation. When patients with early repolar-
ization ECG experienced malignant arrhythmia or sudden death, it is called early 
repolarization syndrome (ERS). ER is more common in young and men than elderly 
or women with a relatively high incidence (2%–9%) and low mortality [61].

The typical ECG manifestations of early repolarization are: (1) ST segment 
oblique uplift, usually in leads v2–v5 and leads II, III and AVF without correspond-
ing lead ST segment depression; T wave is generally vertical and asymmetry; usu-
ally shortened a QT interval and QRS interval. (2) J-wave can be observed at 
junction of QRS wave and ST segment, which would be more obvious as the vagus 
nerve tension increases. (3) Sinus bradycardia. (4) ST segment elevation can last for 
several years, with dynamic changes, and may decrease gradually along with aging. 
The exact ion channel disorder (mainly involving Na+, Ca2+, and K+ channels) 
related to mutation of corresponding gene locus is still unclear [62–64].

Patients of ER usually have no obvious clinical symptoms, while a few have feel-
ings of atypical palpitation, dizziness, and fatigue. Some patients present with chest 
tightness and chest pain, similar to variant angina, myocardial infarction or acute 
pericarditis, which need to be identified carefully. Malignant arrhythmia related to 
ERS usually occurs during rest or sleep. ER is a type of benign ECG variation, 
which does not need special treatment [51]. Intravenous injection of isoproterenol 
is recommended while patients suffer from an ERS attack [65, 66]. ICD implanta-
tion and quinidine taken simultaneously are also effective methods recommended 
from guidelines to prevent recurrence of malignant arrhythmia.

Commotio Cordis
Commotio cordis refers to the malignant arrhythmia and sudden death caused by 
the rapid impact of blunt objects. This disease often occurs in young athletes, whose 
chest have been severely impacted during the process of exercise leading to sudden 
cardiac death. The mortality of commotio cordis is high owing to its pathogenesis 
[67, 68]. Report of commotio cordis increased year by year in pace with the gradu-
ally recognition of this type disease.

It can be found from the autopsy that the suffered victims died of commotio 
cordis did not have a structural damage on the chest, which suggested that there may 
exist deeper factors for the occurrence of death. Further research shows that there is 
a special short period of the electrocardiographic activity during which ventricular 
fibrillation is induced after chest been impacted. The specific pathophysiological 
mechanism is described below: When the stimulation of impact occurs, left ven-
tricular pressure increases instantaneously, leading to the sharp ascending of tension 
in cardiomyocyte, which activates the corresponding ion channels (such as K+ ATP 
channels) in the myocardial tissue. During this period, the inward current abnor-
mally occurs leading to the heterogeneous activation and repolarization, and finally 
induces ventricular fibrillation [69, 70]. In addition, the study also shows that impact 
area, speed, and strength of blunt impact are also related to the induction of ven-
tricular fibrillation.
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In recent years, the significantly improved survival of commotio cordis is consid-
ered to be related to the further understanding of its mechanisms, the upgrade of 
emergency equipment and popularization of first-aid skills from general public to 
medical staff [71, 72]. In view of the high risk of mortality caused by this disease, it 
is necessary to further strengthen the protective measures of athletes, reinforce their 
awareness of self-protection and regularly training of medical staff and gen-
eral public.

Bradycardias
Bradycardia, a common type of arrhythmia, refers to the low hear rate (<60/min) 
caused by sinus node dysfunction or atrioventricular conduction system block due 
to various reasons, which has a low risk of mortality. Usually patients of bradycar-
dia are present with mild fatigue, palpitation, or no symptoms. While the heart rate 
drops to less than 40 times per minute, patients may have symptoms of chest tight-
ness, amaurosis, or syncope. Once bradycardia occurs, ventricular rate slows down, 
and/or ventricular ejection function decreases, which can reduces the cardiac out-
put, resulting in the involved symptoms above. In rare cases, patients may suffer 
from sudden cardiac death.

Bradyarrhythmia includes sinus bradycardia, sinoatrial block, sinus arrest, atrio-
ventricular block, etc. [73] Studies have shown that when atrioventricular block 
occurs, if the inferior ectopic excitation worked effectively, patients will be less 
prone to encounter serious adverse cardiac events. However, sudden cardiac death 
may occur in patients with high degree conduction block near the His-bundle or 
below [74]. Three branch block and alternating bundle branch block should be 
regarded as the high-risk group of sudden death. In addition, bradycardia related to 
sudden cardiac death, often accompanied by organic heart disease, or combined 
with drug overdose (digoxin), poisoning (organic phosphorus), or electrolyte abnor-
mality (high potassium), etc. Sometimes, patients may suffer from rapid arrhythmia 
on the basis of original bradycardia or sick sinus syndrome. For example, patients 
with bradycardia and long QT interval are prone to develop into torsade de pointes, 
which is harmful to patients.

Cardiac pacemaker implantation is an effective treatment for bradycardia which 
can relieve the patient’s condition and improve their qualities of life [75]. ICD 
implantation should be considered for patients with severe left ventricular 
dysfunction.

Secondary Abnormalities and Cardiac Sudden Death
Many drugs can cause arrhythmias, including antiarrhythmic drugs, diuretics, anti-
biotics, narcotic drugs (cocaine), and so on, which affect the ion channels of cardio-
myocyte directly or indirectly, causing the disorder of cardiac electrical activity. 
Drug-induced sudden cardiac death is mainly related to tachyarrhythmias especially 
torsade de pointes. It usually happens on the basis of electrolyte abnormalities, 
structural heart disease, ion channel disease, acute myocardial infarction, hypother-
mia, and so on.
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Cocaine is known to have sympathomimetic effects, such as producing positive 
inotropic effect, increasing heart rate and blood pressure. High dose of cocaine can 
cause ventricular tachycardia/fibrillation, acute myocardial infarction or cerebral 
hemorrhage leading to sudden death [76]. Moreover, the application of antiarrhyth-
mia drugs in patients also has the risk of proarrhythmic effect. Class III antiarrhyth-
mic drugs (amiodarone) are potassium channel blockers, which can prolong QT 
interval and increase the risk of torsade de pointes. Single or combined use of class 
I (sodium channel blocker), class II (β- blocker), and class IV (calcium channel 
blocker) antiarrhythmic drugs is also related to the occurrence of malignant arrhyth-
mia [77]. Therefore, clinicians should closely detect the level of electrolyte (espe-
cially the level of blood potassium and magnesium), change of electrocardiogram 
and renal function in order to reduce the occurrence of adverse events [78].

Other causes of cardiac sudden death include acute pericardial tamponade, myo-
carditis, rupture of ventricular aneurysm, and so on.

2.3.2  Noncardiac-Derived Sudden Death

2.3.2.1  Neurologic Disorders
A large number of researches about brain-derived sudden death were published in 
recent years. There are complex interactions between brain and cardiovascular sys-
tem depending on the research. Many kinds of brain diseases, such as epilepsy, [79] 
ischemia, hemorrhage, trauma, [80] infection, and even psychological stress, can 
cause sympathetic or parasympathetic dysfunction. The abnormal changes subse-
quently have effects on the heart with arrhythmia, hemodynamic disorder, neuro-
genic myocardial stunning, heart failure, and even sudden death. The 
pathophysiological mechanism of brain-derived sudden death has not been fully 
understood, and may include the descriptions as follows: (1) The damage of high- 
level nerve centers such as prefrontal cortex and limbic system can cause disconnec-
tion and dysfunction of sympathetic and parasympathetic nerve system, which 
brings the abnormal release of neurotransmitters from nerve endings disrupting the 
cardiac nervous system and myocardial contraction. (2) Cerebral disease also has an 
impact on neuroendocrine pathway regulation. The over activation of adrenal 
medulla and massive release of catecholamine into circulatory system lead to hyper-
activity of cardiac nervous system characterized by myocardial over contraction and 
coronary ischemia. (3) Over activation of central and peripheral immune systems 
after brain injury results in inflammatory cascade and further tissues damage includ-
ing the heart. All these factors above are prone to cause various malignant arrhyth-
mias, myocardial stunning, and even sudden death.

2.3.2.2  Acute Aortic Syndromes
Acute aortic syndrome (AAS) is a group of cardiovascular disease syndrome based 
on the pathological characteristics of the aorta described as follows:

Aortic dissection (AD): The pathological change of AD is the degeneration of 
the collagen and elastic fiber in the middle layer of aorta. When the intima of aorta 
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is damaged, blood flow penetrates into the middle layer continuously, inducing 
occurrence of aortic dissection. The dissection develops continuously under the 
impact of blood flow with high pressure and sometimes developed into dissecting 
aneurysm, which could result in aneurysm rupture and sudden death. When the dis-
sected pseudolumen is formed, the true lumen of aorta is compressed and narrowed, 
resulting in corresponding organ ischemia.

Intramural aortic hematoma (IMH): The pathological mechanism of IMH is that 
the rupture of nutrient vessels leads to the internal hematoma of the adventitia of 
aorta without the tear of the intima.

Penetrating atherosclerotic aortic ulcer (PAU): PAU refers to the ulcer of the 
aortic intima that penetrates into the internal elastic layer and forms a hematoma in 
the middle layer of aorta. The hematoma formed from ulcer is generally limited 
based on the atherosclerosis of aorta, which occasionally may develop to IMH or AD.

The cause factors of AAS include age, hypertension, atherosclerosis, and genetic 
factors (Marfan syndrome, Ehlers-Danlos syndrome, Turner syndrome, congenital 
aortic valve malformation, and coarctation of aorta). In addition, some special dis-
eases such as syphilis can also cause inflammation of aortic wall and induce AAS.

The most common clinical manifestations are persistent severe pain in the chest 
and back. AAS may cause hypotension, and syncope the pericardium is involved. 
When the hematoma compression happens in superior vena cava, patients may pres-
ent with superior vena cava syndrome, while happens in recurrent laryngeal nerve, 
patients may present with hoarseness. Angina and myocardial infarction may occur 
if the dissection involves coronary artery. Patients may also present with hemiple-
gia, coma, abdominal pain, anuria, and hematochezia if the dissection involves dif-
ferent arterial branches such as brachiocephalic trunk, common carotid artery, or 
branches of abdominal aorta.

Treatment: β-receptor blocker and vasodilator are recommended to control blood 
pressure and decrease the risk of sudden death. Generally, patients with type A 
should be treated with surgery method immediately, while the type B could be 
treated conservatively, if progresses, be treated surgically at once [81].

2.3.2.3  Electrolyte, Metabolic, Endocrine Disorder, and Other Causes
Cardiomyocyte have the abilities of excitation, automaticity, conduction, and con-
traction, which is based on the bioelectric activity of cardiomyocyte membrane. 
Therefore, these abilities are closely related to the concentration of various ions 
inside and outside the cardiomyocyte. Any electrolyte abnormalities, especially the 
level of blood potassium, magnesium and calcium, can cause dysregulation of ion 
channels on the cardiomyocyte membrane, thus affecting the resting potential, 
action potential threshold, depolarization, and repolarization. For example, electro-
lyte disturbance with hyperkalemia, hypermagnesemia, and hypercalcemia can 
decrease the automaticity, excitability and conductivity of cardiomyocytes, causing 
high-degree atrioventricular block and prolonged QT interval. Conversely, hypoka-
lemia, hypocalcemia, and hypocalcemia can increase the automaticity, excitability, 
and conductivity of cardiomyocytes, causing tachyarrhythmia such as ventricular 
tachycardia and ventricular fibrillation. Severe hypokalemia and hypomagnesemia 
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are known to be associated with torsade de pointes. In addition, hypermagnesemia 
can inhibit the release of acetylcholine from neuromuscular junction and sympa-
thetic preganglionic fibers, which can cause respiratory failure and dropped blood 
pressure, which increase the risk of sudden death.

Severe acidosis (diabetic ketoacidosis, renal failure, poisoning) can cause signifi-
cant changes in the concentration of hydrogen ions inside and outside the cardio-
myocytes, thus further affecting the status of cardiomyocytes in different periods of 
action potential, leading to malignant arrhythmias, especially ventricular fibrilla-
tion [82].

Serious endocrine system disorder is also related to the occurrence of sudden 
death. Pituitary crisis is a type of acute neuroendocrine disease caused by sudden 
hemorrhage, infarction, and necrosis of pituitary tumor, mainly manifested as 
hyperthermia/hypothermia, hypoglycemia, circulatory failure, and water poisoning. 
Thyroid crisis is related to the sharp increase of thyroxine levels in the circulation, 
manifested as hyperthermia, sweating, tachycardia, heart failure, shock, and coma. 
Other types of serious endocrine disorders such as adrenal crisis and severe hypo-
thyroidism can also disrupt the intracellular environment of myocardium from in 
many ways. If not handled properly, these diseases can also develop into ventricular 
tachycardia, ventricular fibrillation, and even sudden death.

Treatment: It is important to closely monitor the different clinical indicators of 
patients, manage underlying disorders. Try to prevent the occurrence of electrolyte 
disorder, metabolic disorder, and endocrine disorder. Once it happens effective 
treatment should be taken in time.

Other causes of noncardiac-derived sudden death include pulmonary embolism, 
tension pneumothorax, massive hemorrhage of digestive tract, rupture of ectopic 
pregnancy, etc., which are relatively rare.

2.4  Risk Prediction for Sudden Death

Sudden cardiac death has a rapid onset with serious consequences, and the suffered 
numbers are increasing in recent years. Therefore, the prediction for sudden death 
is very important. For example, a significant reduction in left ventricular ejection 
fraction (<35%) is a definite risk predictor of sudden cardiac death [83]. The prog-
nosis of this group of patients can be greatly improved by ICD implanting to prevent 
sudden cardiac death. The risk of sudden death in patients with cardiomyopathy and 
coronary heart disease (especially myocardial infarction) is significantly higher. 
Studies have shown that if patients with cardiomyopathy have ECG manifestations 
of QT interval prolongation, high degree atrioventricular block, ventricular tachy-
cardia, and ventricular fibrillation, it reveals high predictive ability for the occur-
rence of sudden cardiac death. Patients with broken QRS waves and significantly 
reduced ejection fraction after myocardial infarction, also revealed a good predic-
tive value for sudden cardiac death [84–86]. It is reported that cMRI can reveal the 
functional state of myocardium in patients with cardiomyopathy, and also has a 
certain prediction ability. Other indicators include high resting heart rate, heart rate 
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variability, and T wave alternation, etc. [84, 87]. At present, many related studies are 
still in the early stage, and more evidence is needed to improve the predictive power 
of sudden death.
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Abstract

Along with the population aging of social structure and prolongation of life 
expectancy, there are more patients suffer from various acute brain diseases. 
Subsequently, the number of sudden death caused by brain disorders is increas-
ing by year, which prompt a large number of researchers pay attention to the 
study of sudden brain-derived death. It is reported that all kinds of acute brain 
disorders such as ischemic stroke, intracranial bleeding, epilepsy, traumatic 
injury, and stress can cause heart dysfunction and at times sudden death. And its 
etiology mechanism has become a hot topic of research. According to the latest 
research, the reason for brain-derived sudden death mainly includes the follow-
ing aspects: (1) Dysregulation of sympathetic and/or parasympathetic nerve 
after cerebral diseases results in the disorder of cardiac neural network and the 
abnormality of myocardial contraction. (2) Sympathetic–adrenomedullary axis 
hyperactivity and excessive catecholamine release into peripheral blood lead to 
exorbitant heart rate, blood pressure, and intense myocardial contraction. (3) 
The transient activation of inflammatory factors under stress increases the sen-
sitivity of cardiomyocytes to catecholamine and other substances and the direct 
damage of myocardium. These etiology mechanisms alone or in combination 
increase the risk of heart disease in patients with cerebral disease, leading to 
sudden death.
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3.1  Introduction

As the main cause of natural death, sudden cardiac death (SCD) has an increasing 
numbers of incidence during recent years. There are different categories of SCD 
ranged from cardiogenic disease to brain-derived disease. Central nervous system 
(CNS) disorders can in many ways result in sudden death including epilepsy, isch-
emic stroke, intracranial bleeding, traumatic head injury, and stress-induced cardio-
myopathy [1, 2]. After central nervous system injury, the involved sympathetic and 
parasympathetic nervous system plays in a disorder way which finally results in 
autonomic imbalance and severe cardiac events. It is reported that the subsequent 
arrhythmias (severe bradycardia or VT/VFs) originated from the brain–heart inter-
action after CNS injury may cause sudden death. Furthermore, the sympatho–adre-
nomedullary axes reaction and inflammatory waterfall after CNS injury also play an 
important role in the pathological process of brain–heart interaction that makes 
patients more predisposed to SCD.

In this chapter, we will explore the mechanism of different kinds of brain disor-
ders such as ischemic stroke, intracranial bleeding, trauma, epilepsy, Takotsubo car-
diomyopathy, neurogenic stunned myocardium, Cushing’s reflex, and inflammation 
that lead to cardiovascular changes and sudden death.

3.2  The Brain–Heart Axis

In recent studies, it was well known that the cardiovascular system is regulated by 
both cortical and subcortical modulation. With the development of positron emis-
sion tomography and functional magnetic resonance imaging (fMRI) service, 
researchers built a whole network of the central autonomic nervous system consist-
ing of prefrontal cortex, limbic system, hypothalamus, and the brainstem, which is 
responsible for the modulation of the central autonomic nervous system.

Catecholamine can be released from the sympathetic nervous system after 
stimulation- specific areas of the CNS.  These special areas were defined as the 
“brain–cardiac axis” with a complex groups of neural pathways consisting of the 
prefrontal cortex, amygdala, insular cortex, the anterior cingulate cortex hypothala-
mus, and the brainstem which are related to the autonomic nervous system modula-
tion [3, 4]. The acute pathologic change of any part of the axis may cause acute rise 
in intracranial pressure, neurogenic pulmonary edema, malignant arrhythmia, car-
diac stun, and sudden death.

3.2.1  Cardiac Attack with Prefrontal Cortex

The prefrontal cortex has extensive neural projection connections with other cere-
bral cortex and subcortical structures. For example, the prefrontal cortex has an 
interactive fiber connection with the striate anterior visual area, temporal lobe, and 
parietal lobe; it has a direct or indirect fiber connection with the basal forebrain, 
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cingulate gyrus, and hippocampus; it projects fibers to the basal ganglia; it is the 
only neocortex with direct projections to the hypothalamus.

Resting high-frequency HRV (HF-HRV), which can manifest vagal blocking of 
sympathetic activity, is an important kind of method to assess the interaction of 
cardiovascular changes with the nervous system. The prefrontal cortex region is a 
special area connective to HF-HRV, which can be proved by the impaired auto-
nomic cardiac control that occurs following injury to the prefrontal cortex. A patho-
logical change arrived from injury or ischemia in the prefrontal cortex can lead to 
parasympathetic features such as bradycardia, hypotension, and HF HRV in the 
ECG [5, 6].

3.2.2  Cardiac Attack with Limbic System Lesion

The limbic system is an important part of central autonomic network, which includes 
the insular cortex, hippocampal, parahippocampal gyrus and entorhinal area, den-
tate gyrus, cingulate gyrus, papillary body, and amygdala, is an crucial component 
of an internal regulation system through which the brain controls the visceromotor, 
neuroendocrine, heart rhythm, and blood pressure [7]. Within the central autonomic 
network, the insular cortex is proved to play a prominent role in limbic–autonomic 
integration [8]. Furthermore, the network consisting of the insular cortex, amyg-
dala, and anterior cingulate gyrus has been involved in higher order processing of 
emotional information with autonomic nervous system response.

3.2.2.1  Cardiac Attack with the Insular Cortex
The insular cortex, as a part of the cortex, is located at the bottom of the lateral sul-
cus, which is separated from the frontal, temporal, and parietal lobes with the circu-
lar sulcus around it [9, 10]. It is embedded in the deep part with the rapid development 
of the surrounding cortex. The insular cortex plays a vital role in controlling the 
sympathetic and the parasympathetic system. The insular artery from the M2 seg-
ment of the middle cerebral artery (MCA) is the main supply artery of the insular 
lobe. Therefore, the insular lobe tends to be exposed to a higher risk of cerebrovas-
cular disease. In clinical studies, the insular cortex damage has been associated with 
arrhythmia, diurnal blood pressure (BP) variation disruption, myocardial injury, and 
sleep-disordered breathing, as well as higher plasma levels of brain natriuretic pep-
tide, catecholamine, and glucose. These patients are at an elevated risk of sudden 
cardiovascular death. Specially, there is also lateralization of cardiac control by the 
insula: the right insular regions predominantly regulate the sympathetic tone, and 
the left insula regulates parasympathetic cardiac manifestations [11, 12]. Therefore, 
the left insular damage was associated with bradycardia, hypotension, and impair-
ment of cardiac wall motion [13], while the right with more complex arrhythmias 
such as atrial fibrillation, atrioventricular block, premature contractions, T-wave 
inversion (or elevation), QT interval prolongation [14], and neurogenic stunned 
myocardium (NSM), which increase the risk of sudden death [15–19]. Stroke with 
the insular cortex involvement has also been shown to be associated with elevation 
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of serum N-terminal B-type natriuretic peptide and troponin T levels, suggesting a 
relationship between the insular cortex damage and cardiac dysfunction or cardio-
myopathy [20, 21].

3.2.2.2  Cardiac Attack with Hippocampus Lesion
Hippocampus is located between the thalamus and the medial temporal lobe, and it 
is part of the limbic system. It is a component of the “brain–cardiac axis,” and any 
pathology damage involving the hippocampus such as bleeding, infraction, or 
tumors could result in autonomic dysregulation such as hypertension, atrial fibrilla-
tion, myocardial infarction, and cardiac failure [22]. Hippocampal infarcts have a 
poor outcome as evidenced by some research, revealing an association of hippo-
campal damage with heart failure, severe sympathetic dysfunction, and unexpected 
sudden death [23].

3.2.3  Cardiac Attack with Hypothalamus

The hypothalamus is an integrative center for vital functions that lies above the 
superior, anterior aspect of the third ventricle, and below the thalamus. It sits in 
close apposition to central vasculature, with the mammillary bodies and infundibu-
lum “descending through” the center of the circle of Willis [24]. It is a small but 
complex regulatory center of the brain with important roles in the homeostasis of 
energy balance, circadian rhythms, and stress responses, as well as growth and 
reproductive behaviors [25]. The hypothalamus is highly interconnected with other 
brain regions and acts as an excellent role for the automatic nerve system regulation, 
whose damage could contribute to the pathogenesis of sudden death.

Nervous system stimulation produces cardiac lesions that are histologically 
indistinguishable from those described for stress and catecholamine-induced car-
diac damage. It has been known for a long time that stimulation of the hypothala-
mus can lead to autonomic cardiovascular disturbances [26, 27]. The damage of the 
lateral hypothalamus could produce hypertension and/or electrocardiographic 
changes ascribed to sympathetic dysregulation, and the anterior hypothalamus dam-
age leads to bradycardia. Unilateral hypothalamic damage does not result in histo-
logical evidence of myocardial damage by light microscopy, but bilateral disruption 
could produce myofibrillar degeneration indistinguishable from that produced by 
catecholamine injections and stress [28].

3.2.4  Cardiac Attack with Brainstem

Brainstem is located under the brain and between the spinal cord and diencephalon. 
It is a small but quite essential part of the central nervous system, with irregular 
columnar shape. The sympathetic tone is set by a network of discrete groups of 
neurons located in different regions of the brainstem. These areas act as an essential 
regulator of cardiovascular responses to the interactive or exteroceptive 
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environment, as well as vagal and sympathetic nerve activity [29]. It is well known 
that the regions including the rostral ventrolateral medulla (RVLM) and the nucleus 
of solitary tract (NTS) in the medulla play a vital role in the regulation of cardiac 
function [30, 31]. The NST receives afferents from baroreceptors and the cranial 
nerves, including the vagus which communicates the visceral sensorial information. 
The RVLM is mainly constituted by excitatory neurons, which are responsible for 
the initiation of the sympathetic response. Furthermore, the RVLM, along with the 
external lateral parabrachial nucleus of the pons, is involved in the CNS processing 
of excitatory cardiovascular reflexes resulting in cardiac sympathetic stimulation 
[32, 33]. Further advance of the ischemic front into the lower medulla oblongata can 
also lead to an abrupt change from bradycardia to tachycardia. Patients having 
brainstem lesions can present with autonomic dysfunction, ventricular arrhythmias, 
T-wave inversion, bradyarrhythmias, myocardial infarction (MI), and sudden car-
diac death [34].

3.3  The Sympatho–Adrenomedullary Axes

The sympatho–adrenomedullary axis is the main biological system activated during 
the stress response [35, 36] that results in neuroendocrine changes, including an 
increase in epinephrine and norepinephrine levels.

It has been proved that the reason for cardiac attack after cerebral lesion is not 
only an immediate enhancement of activity in sympathetic nerve terminals with 
catecholamine release into the cardiac tissue [35–37] but also an indirect effect on 
the heart through the activation of the sympathetic–adrenomedullary axis. The adre-
nal medulla is located in the center of the adrenal gland. From embryological view, 
the medulla and sympathetic nerves, originated from the same tissue, are dominated 
by the preganglionic fibers of the great splanchnic nerve (belonging to sympathetic 
nerve), composing the sympatho–adrenomedullary axis. Adrenal medulla acts as a 
kind of neuroendocrine converter that transforms neural information into hormone 
information. Under the control of sympathetic nerve, adrenomedullin chromaffin 
cells can secrete catecholamine hormones such as adrenaline and noradrenaline to 
ensure the body complete a proper response to the outside stress. However, if suf-
fered from serious brain diseases, such as brain trauma, acute large-area cerebral 
infarction, acute cerebral hemorrhage, subarachnoid hemorrhage, epilepsy, the 
sympatho–adrenomedullary axis will be excessively activated and will release 
excessive catecholamine into the blood, resulting in myocardial over contraction, 
malignant arrhythmia, and subsequent sudden death.

3.3.1  Catecholamine Storm

3.3.1.1  Takotsubo Cardiomyopathy (TC)
As the well-known clinical life-threatening manifestation of brain heart interaction, 
Takotsubo cardiomyopathy has gradually been recognized in the acute phase of 
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severe cerebral injury. Therefore, the occurrence of TC is mainly due to an emo-
tional or physical stress, during this period the sympatho–adrenomedullary axis is 
activated resulting in a catecholamine over release. This kind of stress-related car-
diomyopathy syndrome has a typical presentation with apical and mid-ventricular 
dysfunction which may be the causation in the pathogenesis of refractory seizures, 
sudden unexplained deaths in adults and sudden infant death.

3.3.1.2  Neurogenic Stunned Myocardium
“Neurogenic stunned myocardium” (NSM) is another kind of stress-related car-
diomyopathy, the pathophysiology of its myocardial dysfunction is attributed to 
the catecholamine storm which triggered by an acute neurological injury. The 
related areas include the caudal ventrolateral medulla, tractus solitarius, dorsal 
motor vagal nucleus, and posterior hypothalamus. The ischemia, bleeding, 
trauma, and inflammatory of these structures can result in a centrally mediated 
profound sympathetic release of noradrenaline which lead to a loss of vasomotor 
regulation, intense pulmonary vasoconstriction, and increased cardiac rate and 
contraction [38]. A special type of tissue lesion named as “myocardial contrac-
tion band necrosis” has been described in patients suffered from severe catechol-
amine storm. It is characterized by the hypercontraction of the sarcomeric 
myofibrils, interstitial mononuclear infiltration, and presence of eosinophilic 
transverse bands which results in increased extracellular matrix proteins, inflam-
matory cell infiltration, fibrotic changes contraction band necrosis, and cardiac 
attack [39, 40].

3.3.2  Cushing’s Reflex

The sympathetic–adrenomedullar axis is also involved in the Cushing reaction 
which include mainly two stages. In the first stage, increased intracranial pressure 
(ICP) derived from severe cerebral injury consequently increases the CSF pres-
sure accessing to the point of mean arterial pressure (MAP), which initiates the 
complex mechanism of the Cushing’s reflex. While the ICP access to the MAP, 
there is diminished blood supply to the brain, resulting in cerebral ischemia. This 
“cerebral ischemia” can be perceived by the hypothalamus which triggers a “CNS 
ischemic response.” The hypothalamic activation causes a sympathetic overdrive 
and sympatho–adrenomedullary axis hyperactivity. A large amount of catechol-
amine release into blood results in increased arterial blood pressure. The second 
stage is initiated when the resultant increased arterial blood pressure stimulates 
the baroreceptors in the carotid bodies resulting in decreasing of pulse and increas-
ing of pulse pressure. In some severe case, the patient then suffers from tidal res-
piration, blood pressure drop, weak pulse and breathing, or finally dies of cardiac 
arrest [41].
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3.4  The Brain Immune System

Inflammatory reaction also plays an important part in the pathophysiology process 
of brain-derived cardiac death. Stimulation of various CNS disorders can result in 
an inflammatory mediator-related increase in vascular permeability and tissue dam-
age [42, 43]. It has been wildly recognized that the influence of inflammation and 
inflammatory cytokines contribute to the myocardial injury.

For one thing, a variety of immune cells that directly derived from spleen and 
lymph nodes are activated soon after cerebral disorder. As an important peripheral 
immune organ, the spleen was recognized as a contributor to inflammatory damage 
after ischemic or hemorrhagic brain injury in many studies [44–46]. The spleen can 
accomplish a long-distance connection with the brain through mobilizing its inside 
immune response when encountered a cerebral disorder. After severe central lesion, 
the spleen contracts, releasing pro-inflammatory immune cells and cytokines into 
the blood circulation [44–47]. As a result, there is a sudden increased release of 
immune cells such as lymphocytes, monocytes, neutrophils, and NK cells from the 
spleen into the peripheral circulation that then migrate into the brain and myocar-
dium and other tissues, which promotes excessive inflammatory response and 
aggravate tissue damage [48]. Furthermore, the later reduction of immune cells of T 
lymphocytes and B lymphocytes in the spleen evokes a persistent immunosuppres-
sion and increases their susceptibility to stress and infection [49].

For another, the spleen cells activate inflammatory cytokines and chemokines, 
including tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), monocyte che-
moattractant protein-1 (MCP-1), interferon-γ (IFN-γ), many of which has been 
shown to aggravate systemic myocardium damage and increase the heart’s suscep-
tibility to serious events of sympathetic disorders [50–52].

3.5  Conclusion

 1. Sudden death derived from brain is becoming increasingly important, and the 
underlying etiology mechanisms become better understood in the recent years. 
Many research studies explore the interplay of the brain and cardiovascular sys-
tems [53, 54]. As the lesion stimulation of some areas of the brain, a sympathetic 
or parasympathetic response is presented as a result of a neuroendocrine release 
attributing to cardiac rhythm disturbances, hemodynamic perturbations, ventricu-
lar tachyarrhythmias, and in worse scenarios as neurogenic stunned myocardium, 
heart failure, and death [55, 56]. The reason for sudden death ranged from isch-
emia, hemorrhage, and trauma to psychological stress. In general, the etiology 
mechanism includes both direct and indirect dysregulation of sympathetic/para-
sympathetic nervous systems and ruins of inflammatory cytokines as the following:
 (a) The high-level nerve center dominating the heart activity is located in the 

prefrontal cortex, limbic system of the brain, including the insular lobe, 
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hypothalamus, and brain stem. After acute lesions, the neural network among 
these nucleus was disrupt, which lead to disconnection and maladjustment 
of sympathetic nerve and parasympathetic system, subsequently increase or 
decrease its excitability. Then the abnormal neurotransmitter release from 
the sympathetic nerve or parasympathetic nerve terminals disrupts the neu-
ral network of the myocardium which eventually leads to various malignant 
arrhythmias, overcontraction of cardiomyocytes, myocardial stunning, and 
finally sudden death [57].

 (b) The sympatho–adrenomedullary axes are the other biological systems acti-
vated after acute brain injury that result in neuroendocrine changes, includ-
ing excessive release of catecholamines from adrenal medulla into the blood. 
The excessive increase of peripheral blood epinephrine and norepinephrine 
level thus overactivate the cardiac nervous system network resulting in obvi-
ously increased blood pressure and heart rhythm, malignant arrhythmia, 
myocardial overcontraction, and even myocardial stunning and sudden death.

 (c) The neuron cells, glial cells, and vascular endothelial cells were damaged 
after brain injury, which attribute to the central and peripheral immune sys-
tems overactivated as a stress response. The levels of inflammatory factors 
such as endothelin, thromboxane A2 and prostacyclin (TNF-α), interleukin-
 6 (IL-6), monocyte chemoattractant protein-1 (MCP-1), and interferon γ 
(IFNγ) in the blood are significantly increased, which cause inflammation 
and over immune response, affecting myocardial metabolism, and having 
direct toxic effect on the myocardium [58, 59].

 2. Problems and Prospects:
At present, there is still lack of further insight into the etiology mechanism of 

sudden death caused by different cerebral disorders at molecular level and gene 
level, such as the exact incidence of these interactions, the multifactorial patho-
genesis, and individual susceptibility. The affective management and elaborate 
precautions are also needed to be further explored including new drug research 
and its application, further development of cryotherapy, effective application of 
stem cell transplantation, treatment of organ transplantation, and gene regulation.
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Abstract

Global cerebral ischemia-reperfusion injury after cardiopulmonary arrest is the 
majority reason for poor neurological prognosis. The pathophysiological mecha-
nism includes endoplasmic reticulum stress (ERS), mitochondrial dysfunction, 
calcium overload, excessive neuro-inflammatory, platelet activation, microcircu-
latory thrombosis formation, delayed neurological damage, etc. All mechanisms 
work together to determine patients’ outcomes.
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4.1  Introduction

In adults, global cerebral ischemic-reperfusion (I/R) insults typically result from 
cardiac arrest (CA) [1, 2]. The basic structural and functional unit of the nervous 
system is the neurovascular unit, which consists of neurons and their axons, astro-
cytes and other supporting cells, and micro-vessels [1, 3]. The neurovascular units 
constitute the blood–brain barrier (BBB) and have various injury mechanisms dur-
ing cerebral I/R process [1, 2].

The main pathophysiology of global cerebral I/R can be separated into two 
dynamic stages [1, 2]: First, ischemic stage, which is a transient ischemic phase of 
the whole brain during cardiac arrest. There exists the supply–demand disequilib-
rium between metabolism and oxygen, which rapidly leads to neuronal necrosis and 
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vascular damage; and second, reperfusion stage. This includes the hypoperfusion 
stage during CRP and the hyperperfusion stage after recovery of spontaneous circu-
lation (ROSC) [4, 5]. Both hypo- or hyperperfusions accelerate the activation of 
inflammatory waterfall-cascade responses which result in large release of cytokines, 
inflammatory mediators, and reactive oxygen species (ROS); promote the dysfunc-
tion of endothelium; facilitate the permeability of BBB; and expedite the migration 
and regeneration of inflammatory cell (as neutrophils), etc.

Physiopathologic mechanisms of hypo- or/and hyper- perfusion stages cotribute 
to delayed neuron damage, such as apoptosis or autophagy. In addition, micro-
thrombosis, which is caused by blood stasis company with platelet activation in the 
microcirculation and impedes the recovery of cerebral circulation after resuscitation 
[4]. Early massive activation of neutrophils and ischemic injury of vascular endo-
thelial cells also aggravate further damage to the cerebral microvascular system [4]. 
All of these hinder reperfusion, forming the phenomenon of “no reflow” [4] that 
increases CNS lesions.

After ROSC, these were regional impaired disparities because of vasoplegia [6], 
microcirculation collapse, immunosuppression, hypercoagulability, cells’ self- 
tolerance, etc. [6–8]. Neurons in the CA1 region of the hippocampus, Purkinje neu-
rons in the cerebellum, and projection neurons deep in the cerebral cortex have been 
observed as selective vulnerability [9, 10]. White matter, subcortical regions, and 
support cells are relatively resistant to short-term hypoxia-ischemia [10]. Disorders 
of consciousness due to progressive damage of cortical and thalamus neurons is 
very common among survivors of cardiopulmonary resuscitation [11]. Memory 
impairment due to the selective vulnerability of the hippocampus is also common in 
survivors with cognitive deficits [11]. Imaging examination is less sensitive to early 
cerebral injury after cardiopulmonary resuscitation [12, 13]; however, chronic pro-
gressive cerebral atrophy is often observed during the survivors’ follow-up [14]. 
Selective cerebral atrophy, such as the decreased gray matter in precuneus, insular 
cortex, posterior hippocampus, dorsomedial thalamus, and cingulate cortex, is 
related to cognitive dysfunction, memory deficits, and consciousness [12, 13, 15].

The precise underlying mechanism of neuronal damage induced by I/R injury 
include mitochondrial dysfunction, endoplasmic reticulum stress (ERS), oxidative 
injury, glutamate excitotoxicity, dysregulated calcium homeostasis, and exagger-
ated neuroinflammation autoregulation depletion of brain circulation, etc.

The exact mechanisms are as follows:

4.2  Mitochondrial Dysfunction

Mitochondria is one type of intracellular double-membrane organelles. The main 
functions of mitochondria are to regulate cellular energy metabolism and synthesize 
ATP [16]. Neuronal cells are rich in mitochondria because of their high energy 
requirements [17]. In addition, mitochondria are involved in many other physiologi-
cal processes, including regulating proliferation and metabolism of cells and 
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participating in the transduction of the calcium pathway [18]. Under the condition 
of ischemia and hypoxia, mitochondria are prone to cell stress, which leads to 
imbalanced production of pro- and/or anti-apoptotic protein and overproduction of 
reactive oxygen species (ROS), and then eventually leads to cell death [19]. Keeping 
the dynamic balance in a certain number of mitochondrial with stable function is 
essential in maintaining cell homeostasis and survival.

Sophisticated quality control system, which formed by the biogenesis, clearance, 
dynamics, and complex interplay of mitochondria, helps to resist the pathological 
stress and maintain mitochondrial function [16, 20–22]. Protein folding and degra-
dation, DNA repair, and antioxidants early help maintain cellular structure and 
function after mitochondrial damage. Mitochondrial biogenesis, fusion, division, 
and autophagy are then performed to eliminate damaged mitochondria after defense 
failure of first line. Mitochondrial phagocytosis may be the last guarantee for remov-
ing injured mitochondria and maintaining cellular viability before necrosis or-/and- 
apoptosis [23].

Mitophagy is one type of autophagy. Through isolating organelles, protein aggre-
gates, or large cytoplasmic proteins by degradation system sequestering and dis-
solving by lysosomes, mitophagy eliminates injured mitochondria and maintains 
the structural and functional integrity of mitochondria and promote cell survival 
[20, 21]. Mitophagy is the targeted phagocytosis and destruction, which is the main 
mechanism of mitochondrial quality control.

Multiple mechanisms are involved in the regulation of mitophagy.

 1. PINK1/Parkin pathway. After cerebral I/R injury, PINK1 clusters on mitochon-
drial outer membrane (OMM), which promotes the recruitment of parkin. 
Perkin ubiquitinates several OMM components. The polyubiquitin chain is then 
phosphorylated by PINK1 as an “eat me” signal for the autophagy. Adaptor 
proteins (P62, OPTN, NDP52) recognize phosphorylated polyubiquitin chains 
on mitochondrial proteins, and initiate the formation of autophagosome by 
binding to LC3. TBK1 phosphorylates OPTN, enhancing its binding affinity to 
the ubiquitin chain. The OPTN-TBK1 complex establishes a feedforward 
mechanism to promote mitochondrial clearance. Gp78, SMURF1, MUL1, 
SIAH1, and ARIH1 represent E3 ubiquitin ligase targeting OMM proteins prior 
to nucleation and phagocytosis. The pink1-parkin pathway regulates mitochon-
drial kinetics and locomotion through proteasomal degradation targeting MFN 
and Miro [24, 25].

 2. The receptor-mediated pathway. The mitotic phagocytic receptors of BNIP3, 
NIX, and FUNDC1 were localized in OMM and directly interacted with LC3 to 
mediate mitochondrial clearance. After mitochondrial injury, PHB2 and cardio-
lipin were externalized to OMM and interacted with LC3. Different receptors 
guarantee the specificity of different tissues and different stimuli. NIX and 
BNIP3 phosphorylation enhanced their association with LC3. CK2, Sc kinase, 
and PGAM5 phosphatase all affect the phosphorylation state of FUNDC1 and 
regulate mitochondrial dynamics during hypoxia [16, 26].
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The receptors-mediated pathway and PNK1/Parkin-mediated pathway share 
complex crosstalk mechanism. For example, PGAM5 is a well-known regulator 
of FUNDC1, and it was also associated with increased DRP1 translocation and 
PINK1/Parkin-mediated mitophagy [16, 26].

Mitophagy is also inconsistent between ischemia and reperfusion phase, for 
example, ALDH2 (mitochondrial isoform of aldehyde dehydrogenase) promotes 
autophagy through AMPK-mTOR signaling during ischemia, whereas it inhibits 
autophagy by Akt-mTOR signaling during reperfusion [27]. Therefore, adaptive 
mitophagy is protective since it helps to remove abnormal mitochondria and 
keep cellar homeostasis [28]; however, maladaptive autophagy is accompanied 
by excessive mitochondrial fragmentation and compromise mitochondrial integ-
rity and function, especially during reperfusion, resulting in a severe reduction in 
ATP synthesis and a significant increase in ROS, which will seriously threaten 
the survival of cells [29, 30].

There are many other elements referring to mitochondrial dysfunction after I/R 
injury. Acute cerebral ischemia accompanies the acute decrease in the supply of 
oxygen and glucose, which disrupts mitochondrial function along with insuffi-
cient adenosine triphosphate (ATP) synthesis and immoderate Ca2+ buffering 
impaired [28, 31, 32] and mitochondrial permeability increased with persistent 
patency of the mitochondrial permeability transition pore (mPTP) [33, 34]. In 
certain situations, overstimulation of N-methyl-d-aspartate (NMDA) receptor 
leads to mitochondrial calcium overload, which in turn activates protease calpain, 
promotes cleavage of mitofusin 2 (MFN2), leads to mitochondrial fragmentation, 
and results in further neuronal damage because of progressive ATP depletion [35]. 
In addition, the increase of intracellular Ca2+ combined with the secondary 
increase of mitochondrial Ca2+ leads to the increase of mitochondrial metabolic 
rate and the formation of free radicals [35–38]. Free radicals lead to excess super-
oxide production and apoptotic activation by inhibition of electron transport, and 
furthermore trigger the mitochondrial vicious cycle [35, 38]. For example, ROS 
induces activation of Bax/Bak, which penetrates into the mitochondrial mem-
brane through the formed large pores and induces apoptosis [16]. ROS are also 
closely linked to ionic imbalance, energy loss, and excitatory toxicity [39].

Mitochondrial membrane permeabilization is another critical factor in neuro-
nal survival. (1) The initial permeabilization antagonizes the effects of high intra-
cellular Ca2+ levels on mitochondrial homeostasis [39]. (2) Permeabilization of 
OMM facilitates displacing of pro-apoptotic substances from the intermembrane 
space to the cytoplasm (including inorganic ions, cytochrome c, and so on), lead-
ing to apoptosis [40]. (3) OMM permeabilization decreases mitochondrial ATP 
synthesis and further increases mPTP opening because of imbalance between 
agonists and inhibitors, specifically the increase of mPTP activators (such as 
Ca2+, ROS, inorganic phosphate from ATP application), and the decrease of 
mPTP inhibitors (such as: ATP/ADP). Long-lasting mPTP opening, which dis-
turbs the mitochondrial membrane potential (MMP) and uncouples the respira-
tory process from ATP synthase, is a point-of-no return in apoptosis [41].

All in all, dysfunctional mitochondria plays a pivotal role in the pathogenesis 
of I/R injury [42].
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4.3  Endoplasmic Reticulum Stress

Endoplasmic reticulum (ER) is the main intracellular organelles for synthesis, pro-
cessing and storage of protein. It participates in signal transduction because it is also 
the huge Ca2+ repository. After I/R injury, intracellular accumulation of misfolded 
and unfolded proteins and dysregulation of calcium homeostasis induce endoplas-
mic reticulum stress (ERS) which is characterized by the downregulation of transla-
tion rates in specific protein, upregulation of endoplasmic reticulum chaperone 
expression, and degradation of misfolded proteins. The intensity and duration of 
ischemia determine the extent of ERS [16, 43].

ESR proceeds through the following three crosswise pathways simultaneously: 
(1) unfolded protein response (UPR), it is a highly conserved response. At an early 
stage, UPR enhances the ability to fold and process peptides by the upregulation of 
endoplasmic reticulum chaperone molecules and some other secreted components, 
helping the cells adapt to changes in the environment and restore ER function. 
However, when the UPR is activated for an extended time, apoptosis will be induced 
via post-translational modification of phosphorylation of protein kinase RNA-like 
endoplasmic reticulum kinase (PERK), which enhances the transcription of CCAAT- 
enhancer- binding protein homologous protein (CHOP) [43]. CHOP is an executive 
apoptotic protein, it accelerates apoptosis by reducing Bcl-2 expression and induc-
ing successively cleavage of caspase 12 and caspase 3 [44, 45]. (2) ER-associated 
degradation (ERAD), it can remove excess proteins from ER. (3) Regulate the pro-
tein translation rate to reduce the load of cell. For example, posttranscriptional mod-
ification of small ubiquitin-related trim accessories (SUMO) conjugational protein 
influences protein stability and apoptosis [39, 46]. SUMOylation is the primary 
target of SUMO conjugation, inhibiting transcription of target genes [16, 39]. 
SUMOylation is the active form of X-box-binding protein 1 (XBP1), which upregu-
lates reverse transport of misfolded protein transporters and UPR-related proteins, 
and is a key transcription factor for protein clearance [44]. Moreover, SUMO con-
jugation increases in response to stress-inducing stimuli, such as heat shock and 
high ROS production [45, 47] and coincides with neuronal apoptosis [39, 46].

ERS helps to restore homeostasis, which is an important defense mechanism in 
early stage, whereas prolonged or intense ESR further induces programmed 
cell death.

4.4  Cerebral Edema

There is a period of hyper-perfusion following hypoperfusion after cerebral isch-
emia [48, 49]. Both hyper- and hypo-perfusion exacerbate cerebral edema and 
obstacle cerebral recovery.

At the beginning of interruption of blood flow, ischemia-induced hypoxia in the 
surrounding tissue, and inorganic ions, water, proteins, or/and blood enter into the 
edematous extracellular space, leading to the increase in tissue pressure [50]. 
Cerebral tissue pressure blocks capillary inflow by over-exceeding capillary osmotic 
pressure and aggravates cerebral ischemia and edema. Anaerobic metabolism in the 
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early stages of hypoxia promotes the accumulation of inorganic phosphate and lac-
tic acid, resulting in a significant osmotic imbalance (the osmolarity increases by 
50–80 mOsm) [51, 52]. Through ion channels, cation influx (such as Na+) contrib-
utes to the disequilibrium [53]. Following changes of osmotic gradient in ion flow, 
water further passes through BBB, resulting in cytotoxic edema and cellular excito-
toxicity. Subsequently, with the recovery of blood flow and subsequently enhanced 
osmotic gradients between brain tissue and blood, cytotoxic edema progresses 
gradually into vasogenic edema, which further facilitates vascular permeability and 
promotes fluid extravasation [54]. Edema increases intracranial pressure that com-
presses the cerebral vessels and eventually attenuates the cerebral perfusion and 
exacerbates the initial injury [55, 56].

Aquaporin (AQPs) is a water channel protein, playing an important role in both 
cytotoxic and vasogenic edema [54, 57]. It is located in the astrocytic end-feet fac-
ing BBB vessels and accounts for 35% of the total membrane area [58]. Osmotic 
driving force that originates from ion channels, or/and cotransporters or/and accu-
mulation of metabolites in hypoxic tissue drives water finally through AQP4 and 
breaks water homeostasis [57, 59]. On the contrary, AQP4-null mice (the mice that 
lack AQP4 by gene knockout) showed highly tolerance to cerebral edema with 
improved neurological prognosis in ischemic stroke model [59].

Matrix metalloproteinases (MMPs) are a large family, which are so named 
because they need metal ions (such as Ca2+ and Zn2+) as cofactors. Matrix metallo-
proteinase- 9 (MMP-9) is an important member of MMPs. The main function of 
MMP-9 is to degrade and remodel the dynamic equilibrium of extracellular matrix. 
Under the condition of ischemia-reperfusion injury, MMP-9 plays a crucial role in 
modulating the permeability of the BBB [60, 61]. After stroke, significantly acti-
vated MMP-9 brought the poor prognosis by breaking the integrity of BBB and 
prompting the cerebral edema [62].

Finally, cerebral edema in global cerebral I/R induces high cranial pressure and 
low cerebral blood flow, which in turn leads to neuron death [54]. Cerebral edema 
has regional differences. Gray matter is more vulnerable and more sensitive to excit-
atory toxicity due to higher metabolic rate than white matter (GWR), and also the 
degree of cerebral edema in gray matter was more severe; however, GWR in basal 
ganglia and cerebrum changes independently [54].

4.5  Glutamate Excitotoxicity

Neuronal excitotoxity is another important mechanism of neuronal injury after 
ischemia- reperfusion. It mainly includes two aspects: numerous release of excit-
atory neurotransmitters suddenly and prolonged activation of excitatory recep-
tors [1].

Glutamate excitotoxity is widely researched.
After I/R injury, insufficient ATP production and inadequate cellular energy 

reserves from dysfunctional mitochondria lead to an increase in glutamate release 
and a decrease in reabsorption, which leads to neurotoxicity and neural death [63]. 
By means of overstimulation or/and prolonged stimulation of excitatory receptors 
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(such as N-methyl-d-aspartate (NMDA) receptor and AMPA/kinase receptors), 
excessive glutamate also leads to lethal ionic derangements, such as excessive 
inflow of sodium ions and calcium ions [64]. Moreover, glutamate promotes activa-
tion of catabolic enzymes. Over-activation of endonuclease leads to the breakdown 
of DNA and the functional failure of mitochondria. In addition, excessive-activation 
of phospholipase leads to rupture of cell membrane and over-synthesis release of 
arachidonic acid and/or oxygen free radicals [65].

Of course, there are also antagonistic factors against glutamate. Glutamine 
synthase (GS) is synthesized and expressed in glial cells. Under normal condi-
tions, its main function is to reduce the excitatory toxicity of glutamate [66]. 
Besides, synaptic NMDA receptors composed of GluN2A subunits can prevent 
glutamate excitotoxicity, whereas non-synaptic NMDA receptors composed of 
GluN2B subunits show opposing effect with excitotoxicity [67, 68]. Therefore, 
selective agonists acting on synaptic NMDA receptors may be the effective neu-
roprotective agents.

In other words, selectively vulnerable excitotoxic injury of distinct neurons 
depend on the intensity of the excitatory signal input, the density of acting recep-
tors, and the internal defense mechanisms.

4.6  Inflammatory Response

4.6.1  Neuroinflammatory Response

Although early inflammation is neuroprotective, persistent and excessive inflamma-
tory responses further aggravate neuronal damage [69].

The resultant action of cells, cytokines, signal transduction pathways, and other 
factors ultimately determine neuronal prognosis as survival, necrosis, apoptosis, or 
autophagy [39, 70]. For example, proinflammatory cytokines (interleukin-6, 8, 1β) 
and inflammatory cells with chemotactic activity (such as neutrophils and mono-
cytes) synergistically modulate the progression of neuronal damage in injured area 
[70]; Astroglia and microglia induce regional apoptosis through mitochondrial 
apoptosis pathway [70]; tumor necrosis factor-α (TNF-α) acting on tumor necrosis 
factor receptor 1 (TNF-R1) induces apoptosis by accelerating the release of pro- 
apoptotic cytochrome C and reducing the action potential of mitochondria [71]. In 
addition, damage-associated molecular patterns (DAMPs) released during systemic 
inflammation directly destroy the BBB and increase its permeability, which pro-
vokes neuronal necrosis [72], and also, circulating DAMPs acting on brain Toll-like 
receptors (TLRs) (specifically TLR2 and TLR4) further activate intracellular path-
ways and participate in pathogen identification and innate immunity [73]. Activated 
intracellular pathways induce the transcription of cytokines and chemokines and 
further accelerate apoptosis (details are given below).

On the contrary, anti-inflammatory cytokines (such as IL-4, 9, 10) act as a nega-
tive feedback system to antagonize the inflammatory response [39].

Therefore, reducing neuroinflammatory responses and improving the tolerance 
of inflammation are other targets for neuroprotection [39].
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4.6.2  Oxidative Stress

Oxidative stress (OS) leads to excessive free radicals in short periods, especially in 
early phase of reperfusion [74]. Free radicals mainly include two categories: (1) 
reactive oxygen species (ROS) comprising superoxide anion free radical (.O2-), 
hydroxyl radical (.OH), hydrogen peroxide (.H2O2), and so on. (2) Reactive nitrogen 
species (RNS) comprising nitric oxide (.NO), nitrogen dioxide (.NO2), nitrite per-
oxide (.ONOO-), etc. [81.82]. Experiments demonstrate that free radicals centered 
oxygen and centered carbon peak within 5 min of reperfusion [75] and hydroxyl 
radical peaks within 15 min [76].

Overproduction of free radicals without enough scavenging is the most impor-
tant characteristic of OS [77]. OS primarily destroys lipid components and protein 
constituents in membrane structures [1, 78] and further interferes with DNA synthe-
sis and cells function [79] and modulates neuro-inflammation [80] and leads to 
necrosis and apoptosis [81–86].

Nicotinamide adenine dinucleotide phosphate oxidase, especially in neutrophils, 
is another main source of ROS [87–89].

There are also regional differences in cerebral OS. Compared with the striatum, 
OS is more prominent in the cortex due to higher energy requirements [1, 78, 86].

4.6.3  Nitric Oxide (NO) and Nitric Oxide Synthase (NOS)

Nitric oxide (NO) is one type of extracellular gas signaling molecule, which belongs 
to the first messenger responsible for information transmission between cells. NO is 
derived from de-guanidine of l-arginine via nitric oxide synthase (NOS) catalysis 
and is produced in endothelial cells, macrophages, nerve cells, and leukocyte [90, 
91]. NO plays a variety of roles in the brain, including regulating CBF, conducting 
nerve signaling, and modulating neuroinflammation [90, 91].

Because of instability, NO study is more difficult than NOS. In reality, the func-
tions of NO are often deduced through the studies of NOS.

Current studies have identified at least three different NOS subtypes: neural 
nitric oxide synthase (nNOS or NOS1), and inducible nitric oxide synthase (iNOS 
or NOS2) and endothelial nitric oxide synthase (eNOS or NOS3). nNOS and eNOS 
(also called as constructive NOS) are encoded on chromosome 12 and 7; iNOS (also 
called as free radical NOS) is encoded on chromosome 17 [92, 93].

nNOS are selectively distributed in the cerebral cortex, hippocampus, and brain-
stem [91] and play a dual role in ischemic neuropathology. On the one hand, it 
assists in cell signal transduction. On the other hand, it is cytotoxic. Mechanisms are 
as follows: (1) NO inhibits important enzyme systems (such as complexes I and II 
of the mitochondrial transport chain) and decreases ATP production; (2) NO com-
bines with superoxide anion to form oxidant peroxynitrite, which is an important 
triggering factor of cytotoxicity, producing free radicals and promoting membrane 
destruction; (3) NO acts on energy-dependent activation of the DNA repair enzyme 
poly(ADP-ribose) polymerase, leading to consumption of ATP [94]. iNOS is 
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activated after cell stress, which assists macrophages in the clearance of pathogens 
and induces delayed nerve damage, and eNOS promotes vasodilation and inhibits 
platelet aggregation and increases cerebral blood flow, through phosphatidylinosi-
tol-3 kinase/Akt (PI3K/Akt) pathway [1, 90–92]. The combination of these mecha-
nisms determines the destiny of cell [1].

4.7  Neuronal Apoptosis

Neuronal apoptosis is one of the delayed programmed deaths associated with gene 
regulation. It is characterized by cell shrinkage with integrated membrane, chroma-
tin aggregation and DNA fragmentation without injured inflammation, and forma-
tion of apoptotic bodies without surrounding tissue injured [1, 95]. It causes delayed 
neurological sequelae, such as: coma, delirium, neurocognitive impairment, sei-
zures, and stroke after cerebral I/R [96].

The exact pathways of apoptosis are not yet known. The current hypothesis clas-
sifies them as mitochondrial-dependent intrinsic pathway and receptor-mediated 
extrinsic pathway [97, 98].

In intrinsic pathway, permeability transition pores are formed in mitochondrial 
inner membrane, which leads to the rupture of mitochondrial outer membrane and 
the release of proapoptotic substances (including endonucleases, caspases, cyto-
chrome c, and other proteases related to interleukin-1b-converting enzyme) [97–
99]. These factors ultimately lead to DNA breakage. Nuclear transcription factor, 
nuclear factor-b (NF-B), regulates neuronal apoptosis through mitochondrial- 
dependent intrinsic pathways [1, 100].

The extrinsic pathways (also called mitochondrial-independent pathways) 
involve several receptor families, such as Bcl-2 families and Fas families. Promoting 
the member actions of Bcl-2 family (such as Bcl-2, Bcl-XL, Bcl-W, Mcl-1, CED9), 
which control proteolytic systems, help to inhibit apoptosis, whereas other family 
members of bcl-2 family (such as Bax, Bcl-XL, Mcl-1) augment apoptosis by 
increasing translocation [1, 97–99, 101].

Protein lyase caspases are also significantly expressed in cerebral ischemia. 
Activated caspase-3 can instigate DNA fragmentation, whereas caspase inhibitors 
protect against ischemia. In addition, release of cytochrome c into the cytosol leads 
to the formation of apoptotic bodies [1, 101].

Mitogen-activated protein kinase (MAPK) signaling pathways are involved in 
the regulation of inflammation and apoptosis after cerebral ischemia-reperfusion 
[1]. p38 mitogen-activated protein kinase (p38MAPK), c-Jun N-terminal kinase 
(JNK), extracellular signal-regulated kinase (ERK 1/2), and ERK 5 are the four 
main elements of MAPKs [102]. The MAPK pathway plays a variety of cellular 
functions by regulating its downstream molecules; reversely, the downstream tar-
gets (such as: ATF2) increase the complexity of MAPKs’ regulation in apoptosis, 
necrosis, and survival. The activation of ERK 1/2 and JNK pathways plays roles in 
promoting injury formation, while inhibition of them can reduce brain edema, pro-
tect cerebral function, and decrease apoptosis. Whereas, the activation of p38 
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MAPK pathway plays the opposite effect with a neuroprotective role. ERK 5 is an 
indispensable signaling protein in cell proliferation and differentiation. 
Phosphorylation of ERK 5 promotes the survival of nerve cells by facilitating the 
expression of insulin in neurons [1, 103]. Moreover, the activation of ERK 1/2 path-
way is promoted by the JNK pathway and inhibited by the p38 MAPK pathway, 
indicating that there is mutual regulation between MAPK pathways.

4.8  Other Mechanisms

Brain-derived neurotrophic factor (BDNF) belongs to neurotrophin-family. After 
binding to tyrosine kinase B (TrkB), BDNF enhances the autophosphorylation of 
TrkB, stepwise activates the RAS-MAPK pathway, and finally activates transcrip-
tion factor, cAMP response element-binding protein (CREB), to promote the neural 
survival and increase synaptic plasticity and neurogenesis [104]. BDNF participates 
in neuronal development and differentiation, as well as the improvement of neuro-
logical function after brain injury [105, 106]. BDNF can also active extracellular 
signal-regulated kinases 1/2 (ERK1/2) and induce the angiogenesis of endothelial 
cell [107].

Sirtuin 1 (SIRT 1) is a member of the sirtuin enzyme family [108]. It is consid-
ered to be a new target for neuroprotection after brain I/R injury [109, 110]. By 
deacetylating histones, SIRT 1 interacts with DNA and takes part in DNA repair, 
gene silencing, and metabolism [111]. The neuroprotective effects of iPoCo might 
be due to the activation of the SIRT 1 [112].

Micro-RNAs are often considered as regulatory factors participating in various 
physiological or/and pathophysiological processes, and recent studies have found 
that they are also involved in the regulation of mitophagy [113]. For example, the 
significantly upregulated micro RNA-410  in mice IR model interacts with high- 
mobility group box 1 protein (HMGB1), leading to the deterioration of mitochon-
drial function and the increase of mitophagy [16]. The overexpression of micro 
RNA-410 in cultured human adult cardiac myocytes (HACMs) can diminish cell 
viability by increasing mitophagy and decreasing energy production and also can 
promote cell death by promoting the release of cytochrome c and enhancing cas-
pase- 3 activity [114]; however, recent studies have found that bicarbonate may 
aggravate IR injury by inhibiting mitophagy [115].

Hypoxia-inducible factor 1 (HIF-1), which is a major transcriptional regulator 
under hypoxic conditions [116, 117], consists of constitutive-subunit and oxygen- 
regulated- subunit [118] and participates in apoptosis, angiogenesis, glucose metab-
olism, and cell survival during hypoxia [116, 117].

Acid-sensing ion channels (ASICs) are a specific type of ligand-gated channel 
that mediates Ca2+ influx during activation. It protects neuron proteins and nucleic 
acids by eliminating toxic cell substances with low extracellular pH [119]. ASIC2a 
has a potential neuroprotective effect through inhibiting apoptosis and promoting 
regeneration [120].

J. He and J. Wang



59

Generally speaking, the mechanisms of cerebral IR injury include endoplasmic 
reticulum stress (ERS), mitochondrial dysfunction, calcium overload, oxidative 
stress, neuroinflammatory, platelet activation, and microcirculatory thrombosis 
formation. Targeted temperature management (TTM), cerebral ischemic postcon-
ditioning (CPOC), chinese traditional medicines, bundling therapies and etc. which 
were introduced below, might be beneficial.
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5Neuro-Prognostication After 
Cardiopulmonary Resuscitation

Jingyu He and Jing Wang

Abstract

Accurate conscious assessment for patients after cardiopulmonary resuscitation 
(CPR) is of great importance for avoiding futile treatment or avoiding premature 
withdrawal of life-sustaining treatment (WLST), especially in early ICU phase; 
however, common confounders (such as sedatives, muscle relaxants, and hypo-
thermia) bring big challenges and interferences for clinical judgment and deci-
sion by clinicians and relatives of the patients. And how and when to evaluate is 
also a persistent problem.

Clinical neuro-prognostications start with physical examination and integrate 
with multimodal approaches subsequently, including electrophysiology, blood 
biomarkers, and neuroimaging, which are recommended to minimize the false- 
positive rate (FPR) in prediction. And also, treatment strategies with or without 
targeted temperature management (TTM) should be taken into deliberation dur-
ing operational process.

Keywords

Cardiopulmonary resuscitation · Neuro-prognostication · Electroencephalography 
(EEG) · Somatosensory evoked potentials (SSEP) · Multimodal · Neuron-specific 
enolase (NSE) · Global cerebral ischemia reperfusion injury

5.1  Introduction

Delayed awakening (defined as coma for 72 h from targeted temperature manage-
ment (TTM) and sedation withdrawal) is frequent among cardiac arrest patients [1]. 
Paul (2016) in a large single-center Parisian study found 30% of patients have 
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delayed awakening [2] and Mulder (2014) found up to 23% are persistently coma-
tose at 1 week [3].

Prognosis evaluation to distinguish prolonged coma and irreversible cerebral 
damage for coma patients after cardiac arrest (CA), especially in early intensive 
care unit (ICU) stage, are essential for neurologists to inform family members about 
the chances of recovery. It is of great reference value to avoid futile treatment for the 
irreversible brain damage which prolonged suffering for patients and relatives and 
also to avoid premature withdrawal of life-sustaining treatment (WLST) following 
prognostication of a poor neurological outcome. However, when and how to accu-
rately assess is the challenge for neurologists, because recovery process after resus-
citation is dynamic and may continue for months following the arrest [4].

Neurologic assessment after cardiopulmonary resuscitation CPR should begin 
with a daily clinical neurological examination [5], which is the foundation for prog-
nostication. A multimodal approach that combines clinical examination with elec-
trophysiology (such as electroencephalography (EEG) and somatosensory evoked 
potentials (SSEP)), blood biomarkers (such as neuron-specific enolase (NSE), 
SB-100), and neuroimaging (magnetic resonance imaging (MRI) or computerized 
tomography (CT)) is recommended subsequently.

Optimal times for the assessment of neurological outcome after cardiac arrest are 
yet to be established. The general principle is that neuro-prognostication should be 
performed after the phase of TTM, and the patient is in normothermic state without 
interference of residual sedation, muscle relaxant, and other confounders. Current 
guidelines recommend performing prognostication no earlier than 72  h after the 
return of spontaneous circulation (ROSC) in all comatose patients with an absent or 
extensor motor response to pain, after having excluded confounders such as residual 
sedation that may interfere with clinical examination [6].

False-positive rate (FPR) is usually used to describe the reliability of test tools. 
(For example, FPR = 0.1, that means, in 10% of the patients with a good outcome, 
the test results predicted a poor outcome.) FPR is also defined as 1 minus specificity 
[7]. In an ideal state, FPR should be zero, or their specificity should be 100% [8, 9] 
while in real life, minimizing the risk of a falsely pessimistic prediction should be 
sustained attention; FPR has to be as low as possible, with a small 95% confidence 
interval (CI).

The aims of this part are to summarize practical recommendations on how to 
perform an accurate neuro-prognostication in patients suffering from CPR.

5.2  Cerebral Performance Categories Scale

The commonly used measure for reporting neurological outcome after CPR is rep-
resented by cerebral performance categories (CPCs) with 5 grading. CPC 1 corre-
sponds to the best possible outcome with no or minor disabilities, CPC 2 represents 
moderate neurological disability, CPC 3 is defined as severe impairment, CPC 4 
means vegetative status or comatose, and CPC 5 means dead [1, 6–9]. Investigators 
usually dichotomize neurological outcome as good or poor. However, there is no 
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definite consensus in prognostication studies on what represents a poor neurological 
outcome. The latest version of the utstein guidelines on outcome reporting after 
OHCA defined that poor outcomes were as CPC 3-5; Scilicet poor neurological 
outcomes were as death, persistent vegetative state and severe neurological 
 disability [6].

Limitations: CPC was debated to pay more attention to mental function and less 
information about body funcitons, activity and participation. This may explain the 
poor match between CPC and subjective quality of life [6, 7]. For clinical practice, 
pre-arrest health-related quality of life (HRQOL) is the ultimate goal of resuscita-
tion. Inclusion of HRQOL among measured outcomes in future neuro-prognostica-
tion studies is desirable [6, 10].

5.2.1  Physical Clinical Examination

Physical clinical examination is the cornerstone of prognostic evaluation, which 
directly evaluates brain function, including brainstem reflexes (especially corneal 
and pupillary reflexes) and Glasgow Coma Scale motor response (GCS-M).

The reliability of clinical examination is low in the first days after resuscitation 
(false prediction for poor outcome is about 30%) [11], while the ability increases 
and reaches a maximum at 3 days from ROSC advent of TTM [12, 13]. However, it 
is postponed at about 72  h after ROSC or later in TH-treated or sedation-usage 
patients [14]; therefore, repeated assessments are often necessary.

5.2.1.1  Pupillary Light Reflex (PLR)
Pupillary light reflex (PLR), defined as constriction of pupils to light, is a key com-
ponent for clinical prognostication. It is not influenced by muscle relaxants, since is 
achieved via the parasympathetic action to the sphincter pupillae [15].

A bilaterally absent PLR is considered as a robust predictor for poor neurological 
outcome on day 3 after CA [12, 14, 16], in both TH-treated and non-TH-treated 
patients. (FPR 0.5%, 95%CI (0–2) vs. 0.5% (0–8)) [17–22]. However, the presence 
of pupillary reflexes at 72 h is not a strong indicator of good prognosis (predictive 
value was 61%, 95%CI (50–71)) [19]. A 2013 meta-analysis found that the true- 
positive rate of PLR with a favorable prognosis was as low as 20% [16].

Standard pupillary response is relatively inaccurate because of non-blinded 
measurements [23]. It was influenced by proficiency of the manipulator and was 
susceptible to self-fulfilling prophecy from clinicians, patient care, and WLST 
decision [24].

Quantitative PLR (expressed as the percentage of pupillary response to a cali-
brated light stimulus) by automated infrared pupillometry [25–27] provide an excel-
lent accuracy than standard clinical evaluation [28–30] for coma prognostication in 
early phase. A European prospective international multicenter study (10 centers, 
477 patients) testing the predictive value of automated infrared pupillometry 
(ClinicalTrials.gov Identifier NCT02607878) [31] found quantitative pupillometry 
[using the Neurological Pupil index (NPi)] had excellent ability to predict an 
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unfavorable outcome from day 1 after CA, with no false positives and significantly 
higher specificity than standard manual pupillary examination. NPi ≤ 2 (n = 456 
patients) had a 51% (95%CI 49–53) negative-predictive value and a 100% positive- 
predictive value [PPV; 0% (0–2) false-positive rate], with a 100% (98–100) speci-
ficity and 32% (27–38) sensitivity for the prediction of unfavorable outcome). The 
addition of NPi to SSEP increased sensitivity of outcome prediction, while main-
taining 100% specificity.

5.2.1.2  Ocular Reflexes
Ocular reflexes as another prognosticators in coma after cardiac arrest is low, in fact 
only 20–30% of patients destined to a poor outcome show these signs. An absent 
corneal reflex is also usually associated with a poor outcome, but is slightly less 
specific than the pupillary reflex (FPR up to 5%) [26–28]. Similarly to pupillary 
reflexes, the main limitation of all neurological reflexes is their limited sensitivity in 
predicting a good recovery, true-positive rate of the present corneal reflexes which 
eventually showed a favorable prognosis was just 40% [32].

5.2.1.3  Glasgow Coma Scale Motor Response (GCS-M)
The motor component of the Glasgow Coma Scale (GCS) score is useful and accu-
rate for predicting the outcomes of comatose patients after CPR.  A 2006 meta- 
analysis (10 studies, 1303 patients) showed that there were no false predictions of 
poor outcome for a GCS motor score ≤2 (i.e., extensor or absent motor responses) 
72 h after CPR (FPR = 0, 95%CI (0.00–0.06) [18].

In a 2013, systematic review and meta-analysis of several prognostication stud-
ies performed in individual centers across Europe and the United States showed that 
GCS-M less than 2 at 72 h after CA had a reduced accuracy in predicting poor 
prognosis [defined as severe disability, vegetative state and death; average FPR 
about 20%] [32].

GCS-M ≤ 2 at ≥72 h is sensitive but non-specific sign of poor outcome (FPR 
10–40%) [17, 19, 20]. Like the corneal reflex, the motor response can be suppressed 
by the effects of sedatives opiates or neuromuscular blocking drugs [33]. It can also 
be postponed by reduced metabolic clearance (e.g., hypothermia or renal or liver 
dysfunction), or both [34].

5.2.1.4  Myoclonus
Myoclonus is a CNS damage phenomenon consisting of sudden, brief, involuntary 
jerks caused by muscular contractions or inhibitions, which is related or not with 
epileptiform electrical activity [6]. Occasional myoclonus has limited value of poor 
prognosis and 9% patients finally showed a good prognosis during follow-up. 
Myoclonic status epilepticus defined as a continuous, repetitive, unrelenting, and 
generalized status, which involves face, limbs, and axial musculature; the presence 
of myoclonic status epilepticus often persistent for ≥30 min. Early-onset (≤48 h 
after CA) of myoclonus is almost invariably associated and highly correlated with 
poor outcome. Myoclonus has less predictor than PLR or cornel reflex, and its use 
is recommended only in combination with other indices [9].

J. He and J. Wang



69

Limitations: First, as clinical examination is susceptible to interference from 
temperature and from residual effects of sedatives and/or neuromuscular blocking 
drugs, these confounders should be carefully ruled out before starting the prognos-
tication process. Second, clinical examination lacks quantitative assessment, and 
timing and proficiency of the examination can greatly affect the elicited response.

Recommended Chinese Expert Consensus in 2016
Myoclonic status epilepticus 24 h after CPR (evidence from a 2013 meta-analysis, 
6 studies, 764 patients, FPR = 0, 95%CI 0.00 ~ 0.03) [12, 14], absent pupillary light 
reflexes 72  h after CPR (evidence from a 2013 meta-analysis, 13 studies, 1188 
patients, FPR = 0, 95%CI 0.00–0.08) [12, 14], and a GCS motor ≤2 score 72 h after 
CPR (evidence from a 2006-meta analysis, 10 studies, 1303 patients, FPR  =  0, 
95%CI 0.00–0.006) [18] were the appropriate predictors of poor prognosis. Absent 
oculovestibular reflexes 24 h after CPR (evidence from a 2013 meta-analysis, 13 
studies, 1188 patients, FPR = 0, 95%CI 0.00–0.35) and absent corneal reflexes 48 h 
after CPR (evidence from a 2013 meta-analysis, 13 studies, 1188 patients, FPR = 0, 
95%CI 0.00–0.22) can also be used to predict [12, 14]. Repeat assessments for clini-
cal examinations must be performed whenever there is any doubt [35, 36].

5.2.2  Electroencephalogram (EEG)

Electroencephalographical signal is generated by cortical post-synaptic potentials 
[37]. Routine EEG is a common assessment for electrophysiological activity and 
neuronal function in coma patients after CA, and also a real-time tool for severity 
evaluation with easily acquired and repeated measurements, even bedsides [38, 39].

5.2.2.1  Background Activity
Background activity that is a representative of global cerebral functioning is the first 
assessed EEG variable in clinical practice. EEG undergoing ischemia-reperfusion 
progress after CA showed decreased amplitude and slowing of background activity. 
Any of the following background activity may indicate a poor prognosis: such as 
low-voltage (<20 μV) or isoelectric (suppressed) background at 24 h after CA (FPR 
0%, 95%CI 0–17) [40, 41], burst suppression at any time (FPR 0%, 95%CI 0–11) 
[40], burst suppression with identical bursts (FPR 0%, 95%CI 0–17) [42], and spon-
taneously discontinuous background during TTM (FPR 7%, 95%CI 0–24) [43]. 
These “Malignant” EEG patterns are appropriate for both TH-treated [44, 45] and 
non-TH-treated patients [40, 46]. Conversely, an early recovery of continuous back-
ground activity is an excellent early predictor of good neurological outcome [47], 
especially if combined with preserved EEG reactivity [37, 48]. For example, con-
tinuous background activity as soon as 12 h after CA [44] and a normal voltage 
background at 24 h are similarly associated with good outcomes [40]. The positive- 
predictive values (PPV) are 92% (80–98) and 72% (53–86), respectively. However, 
α -coma, which refers to an anterior prominent rhythm without reactivity was an 
exception and is associated with poor prognosis in up to 100% of patients [49].
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The body temperature ranging from 32 to 36 °C has limited influence on EEG 
patterns, but the influence of sedation cannot be neglected and must to be taken into 
account [1].

5.2.2.2  Background Reactivity
EEG reactivity is another assessment variable, which is defined as any reproducible 
change in amplitude or frequency by auditory or noxious stimuli; the character of 
EEG reactivity is either a transient attenuation or increase in electrical activity [37]. 
Absent reactivity showed correlation with poor prognostication, and the predictive 
value evolves dynamically over time. FPR was 7% (95%CI 1–15) after TTM [50, 
51] and was 2% (95%CI 0–9) during TTM [45, 52]. Reproducible reactivity is asso-
ciated with subsequent awakening when recorded during TTM (PPV 86% (77–92)) 
[52] and thereafter (78% (64–88)) [50]. Fifteen percent of patients after stimulation 
showed rhythmic, periodic, or ictal discharges and had poor prognosis (FPR 2%, 
95%CI 0–11), particular during TTM or sedation [53]. EEG reactivity was found to 
have a better predictive value for neurological outcome than EEG patterns or evoked 
potentials [54].

Limitations: EEG reactivity with heavily subjective as stimuli administration and 
recording assessment; Standardized stimulation protocol might improve the predic-
tive utility [37].

5.2.2.3  Epileptiform Features
Epileptiform features such as sharp waves, spikes, poly-spikes, and waves after 
TTM are associated with poor outcome (FPR 9%, 95%CI 2–21) [50]. Thirty percent 
of patients undergoing electrographic seizures [55] after CA often but not always 
with poor prognosis [56] especially appearing after TTM and sedation weaning, 
with preserved brainstem reflexes, background reactivity, and somatosensory 
evoked potentials, might have reasonable functional recovery [57].

Continuous monitoring (cEEG) up to 48 h has been recommended by guidelines 
for accurate judgment, while intermittent EEG recordings is most commonly used 
in practice [1, 6]. Alvarez (2013) reported that two standard EEG recordings of 
20–30 min duration within 48 h after CA are as informative as continuous EEG [58].

Recommended Chinese Expert Consensus in 2016
Generalized suppression or burst suppression on EEG, within 72 h after CPR, was 
an index of poor outcomes in comatose patients (evidence from a meta-analysis, 12 
studies, 778 patients) (FPR = 0, 95%CI 0.00–0.24) [5]. The presence of an alpha 
coma pattern 24 h after CPR (PPV was 100% (95%CI 37–100) [5], EEG status 
epilepticus 72 h after CPR, the absence of EEG reactivity within 1–7 days after 
CPR, and an increased BSR within 1–7 days after CPR can also predict poor prog-
nosis. The presence of generalized epileptiform activity or generalized periodic epi-
leptiform complexes 24–48  h after CPR may be predictors of poor outcomes in 
comatose patients. EEG can be affected easily by drugs, greater attention should be 
focused to exclude false-positive reports by drugs [12, 14, 35].
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5.2.3  Somatosensory Evoked Potentials (SSEPs)

The somatosensory evoked potentials (SSEP) is a small electrical signal which 
recorded noninvasively from skull after a series of electrical stimuli to peripheral 
nerves (median nerve is the most common used). It is the most commonly used and 
a nearly perfect predictors for poor neuro-prognostication after CPR. It had been 
used as a criterion to influence physicians’ and families’ decision for withdrawal of 
life-sustaining treatment (WLST). No matter in non-MTT-treated or MTT-treated or 
rewarming-treated patients, a bilateral absence of the N20 SSEP wave consistently 
predicts poor outcome [37]. A 2010 meta-analysis (25 studies, 2395 patients) 
showed the area under the receiver operating characteristic curve of SLSEP-N20 for 
poor outcomes was 0.891 within the first 24 h after CPR, and it was 0.912 at 48–72 h 
after CPR [59]. While, in a 2013 meta-analysis (12 studies, 1058 patients), during 
or after rewarming from hypothermia, the FPR of SLSEP-N20 was respectively 0 
(95%CI 0.00–0.02) and 0 (95%CI 0.00–0.04) for poor outcomes [14]. However, a 
2018 meta-analysis (35 studies, 2333 patients) [60] displayed that the survival in 
subjects with absent SSEP, though low, may be substantially higher than generally 
believed of 594 patients with absent SSEP, 14 had good functional outcomes. The 
rate of WLST for subjects with absent SSEP could be estimated in 14 of the 35 stud-
ies (mean 80%, median 100%); FPR in predicting poor neuro-prognosis is 7.7% 
(95%Cl 4–13%), rather than 0.7% [18]. The predictive sensitivity of absence SSEP 
is among 25–50% in heterogeneous studies. That means, many patients destined to 
a poor neurological outcome with bilaterally present N20 wave [6, 7, 15, 37]. In 
other words, presence of SSEP does not equate to a good prognosis, while absence 
of SSEP equates with a few chances for recovery.

SSEPs are less affected by hypothermia and sedation, but they may be impacted 
by electrical equipment and noise in ICU environment. Stimulus intensity and 
waveform are not uniform in different studies which might induce bias in clinical 
usage. Current guidelines recommend recording SSEP only after rewarming for 
TTM patients.

5.2.3.1  Recommended Chinese Expert Consensus in 2016
Within 24 ~ 72 h after CPR, the bilateral absence of SLSEP-N20 can be used as an 
indicator of poor prognosis in patients, while presence of bilateral N20 is not equiv-
alent to with a good prognosis (evidences from a 2010 meta-analysis, 25 studies, 
2395 patients) [59, 61, 62] 7 days after CPR, bilateral N60 (or N70) exists or MMN 
can be used as indicators of regain consciousness.

5.2.4  Blood Biomarkers

The biomarkers used for neuro-prognostication after CA are from a presume that 
higher levels of biomarkers are associated with higher extents of CNS damage and 
with consequently lower chances of recovery [6].
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Neuron-specific enolase (NSE) and SB100 are the most widely available and 
best documented biomarker of cerebral injury after CA, which were released by 
neurons and glial cells, respectively, and represent the corresponding damage of 
CNS. These markers showed advantages as: unlikely impacted by sedatives, easy to 
assess blindly, and suitable for patients with TTM treatment; continuous measure-
ment or single point measurement showed good predictive value. In a large study on 
comatose survivors of CA (686 TTM-treated patients, 1823 samples assessed blind) 
[63]. NSE values corresponding to FPR <5% with the upper boundary of the 95%CI 
within 5% were 61, 46, and 35 ng/mL at 24, 48, and 72 h from ROSC, respectively. 
Their corresponding sensitivities were 24, 59, and 63%, and AUC were 0.75, 0.85, 
and 0.86, respectively. A single NSE measurement at 48  h (685 TTM-treated 
patients) also showed an accuracy of prediction (AUC 0.83, P < 0.001) [64].

Limitations: There was no uniform cut-off value for the prediction of poor out-
come with 0% FPR in resuscitated comatose patients, because these continuous 
variables showed largely varying thresholds which can change with timing of mea-
surement and heterogeneous detection techniques. For example, NSE threshold was 
25–112.4 μg/L at 48 hours and 57.2–78.9 μg/L at 72 hours after ROSC in TTM 
treatment patients; while threshold ranged from 15 to 90 μg/L at 72 hours after 
ROSC in non-TTM patients [15]. SB-100 threshold was from 25 to 112.4ug/L in 
TTM patients [15]; In addition, NSE and S-100 have extracerebral sources (such as: 
erythrolysis, neuroendocrine tumors, and small cell carcinoma can release NSE  
[6, 37]; and muscle and adipose tissue can release S-100B after chest compressions 
[65]). These pitfalls might affect clinical judgment.

For ideally identifying a prognostic threshold for poor outcomes of CA, several 
considerations should be taken: First, sampling at multiple time points (especially 
at the first 72 h after ROSC) and combined with other indicators appears at present 
as the most prudent strategy to reduce the risk of a false-positive result and to assess 
reproducibility; Second, every clinical laboratory should validate its own biomarker 
thresholds for prediction; Third, serum biomarkers estimate cell injury irrespective 
of cell function which will be more relevant to prognostication [8, 15].

5.2.4.1  Recommended Chinese Expert Consensus in 2016
Increased serum levels of NSE and S-100B protein predicts poor outcomes in coma-
tose patients after CPR [35]. Without TTM treatment, 24 h NSE >33 μg/L (FPR = 0, 
95%CI 0.00–0.08), 48 h NSE >65 μg/L (FPR = 0, 95%CI 0.00–0.03), and 72 h NSE 
>80 μg/L (FPR = 0, 95%CI 0.00–0.03), and 72 h S-100B protein >0.7 μg/L (FPR = 0, 
95%CI 0.00–0.08) predict poor outcomes (evidence from a 2013 meta-analysis (10 
studies, 935 patients)) [12]. While after TTM treatment, 48  h NSE ≥81.8 μg/L 
(FPR = 0, 95%CI 0.00–0.02), 72 h NSE ≥78.9 μg/L (FPR = 0, 95%CI 0.00–0.06), 
or 48 h S-100B ≥0.3 μg/L (FPR = 0, 95%CI 0.00–0.07) have shown good prediction 
(evidence from a meta-analysis, 12 studies, 976 patients) [14].
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5.2.5  Neuroimaging

Neuroimaging studies after CPR is performed initially to rule out cerebral causes of 
coma (such as subarachnoid hemorrhage and massive cerebral stroke) and exclude 
contraindications of thrombolysis or/and anticoagulation. Recently, neuroimaging 
displays its prognostic value in brain ischemia-reperfusion injury.

5.2.5.1  Computed Tomography (CT)
After CPR, diffuse cerebral edema appears through computed tomography (CT) as 
an attenuation of the gray matter (GM)/white matter (WM) interface, which has 
been measured as GWR (a density ratio between gray matter and white matter). By 
sampling GWR from basal ganglia, centrum semiovale, and high convexity, we can 
presume the brain injury [6, 7, 15, 37]. A GWR ranging between 1.16 and 1.22 
predicted a poor neurological outcome (CPC 3–5) with 0% FPR and sensitivities 
ranging from 28 to 76% [66–73]. However, in a single-center study including 240 
patients with brain CT performed within 24 h from ROSC [73], a GWR <1.22 pre-
dicted hospital mortality with 98% specificity but was unable to further distinguish 
survivors between poor vs. good outcomes. A cohort study (2017) [74] based on the 
TTM trial showed that GWR measurement predicted poor neurological outcome 
(CPC 3–5) with 97.6% specificity and 14.4% sensitivity within 24  h from 
ROSC. During 24 h to 7 days after ROSC, similar findings with the specificity and 
sensitivity increased to 100 (87.9–100.0)% and 56.5 (47.3–65.3)%, respectively.

Various studies performed heterogeneity of GWI in prediction with heteroge-
neous thresholds in different specificity and lower sensitivities. Combination of CT 
and other index improved sensitivity and specificity.

5.2.5.2  Magnatic Resonance Imaging (MRI)
Diffusion-weighted imaging (DWI), one type of nuclear magnetic resonance 
sequence, optimally detected neuronal cytotoxic edema as hyperintense resulting 
from a reduction of energy-dependent water–protons transportation after CPR. These 
changes can be further quantified by apparent diffusion coefficient (ADC). Normal 
ADC values range between 700 and 800 × 10−6 mm2/s [75]. Mean ADC value of 
whole brain [66, 76], proportion of brain volume with decreased ADC [77, 78], and 
the lowest ADC value in specific brain areas (such as: occipital cortex, deep gray 
nuclei, hippocampus, and cerebellum) can be used to predict poor neurological out-
comes [79]; however, there is no uniform threshold that predicts 0% FPR poor prog-
nosis in prognostication studies.

Neuro-imaging studies are not affected by sedation and provide a topographic 
description for ischemia reperfusion injury. However, caution should be taken in 
using them for prognostication: First, results on imaging prediction introduced a 
selection bias because unstable patients were not enrolled in for their long inspec-
tion time and not a bedside tool; Second, report interpretation may be significantly 
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affected by interobserver variability; Third, until today, evidences of neuroimaging 
for neuro-prognostication are lack of standardization and without consistency of 
quantitative control, imaging studies for prognostication should be in combination 
with other predictors and in centers where specific experience is available [75–79].

Recommended Chinese Expert Consensus in 2016 [35]: GWI sampled from 
basal ganglia on brain CT <1.22 (FPR = 0.05, 95%CI 0.00–0.25) (evidence from a 
meta-analysis, 3 studies, 113 patients) [12, 14] and ADC <650 × 10−6 mm2/s in more 
than 10% of the brain volume on brain DWI 2–5 days after CPR could quantify dif-
fuse brain swelling and predict poor outcomes (evidence from a cohort study: FPR 
was 0.00, 95%CI 0.00–0.78) [12, 14, 77].

For TTM Patients, Recommended Chinese Expert Consensus in 2016 [35]: 
During hypothermia (32–34  °C) treatment, bilateral absence SLSEP-N20, 
BIS  =  0, and higher biomarker threshold (NSE: 24  h  ≥  52.4  μg/L or 
S-100B:24 h ≥ 0.18–0.21 μg/L) predict poor outcome.

After rewarming from hypothermia, clinical examination (absence of pupillary 
light reflexes, absence of corneal reflexes, or presence of myoclonic status epilepti-
cus, a GCS motor score ≤2), EEG (generalized suppression, burst suppression, sta-
tus epilepticus), or the absence of EEG reactivity, and neurological biomarkers 
(48 h NSE ≥81.8 μg/L, 72 h NSE ≥78.9 μg/L, or 48 h S-100B ≥0.3 μg/L) predicts 
poor outcomes.

5.3  Conclusion

Early prognostication of neurological outcomes was an essential element in post- 
cardiac arrest evaluations and medical decision-making. Integrating clinical exami-
nation with electrophysiology, blood biomarkers, and neuroimaging, that means 
using multimodal prognostication, is the mainstream way to increase the accuracy 
of prediction. However, depending on the availability of expertise electrophysiolog-
ical techniques and laboratory facilities, the multimodal approach used will vary 
among centers [7]. Making uniform evaluation algorithms and exploring quantita-
tive methods are helpful to improve the accuracy and specificity of prediction.
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Abstract

Sudden cardiac arrest (SCA) is a common cause of death in emergency depart-
ments, although SCA treatment has been improved with the improvement of 
medical and health care, the improvement of cardiopulmonary resuscitation 
technology, and the use of drugs and other therapeutic measures. However, the 
survival and discharge rate is still not optimistic. Post-cardiac arrest syndrome 
(PCAS) is a complex combination of pathophysiological processes, consisting of 
post-cardiac arrest brain injury, post-cardiac arrest myocardial dysfunction, sys-
temic ischemia-reperfusion response, and persistent precipitating pathology. 
This part will focus on the latest progress of post-resuscitation myocardial dys-
function, mainly focusing on the mechanism of ischemia-reperfusion injury, to 
provide basis for clinical treatment.
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6.1  Introduction

Successful cardiopulmonary resuscitation (CPR) attempts and subsequent return of 
spontaneous circulation (ROSC) are the first important steps to achieve the goal of 
complete recovery from SCA. The term post-cardiac arrest syndrome (PCAS) is 
caused by the pathophysiologic process after the whole-body intense ischemia dur-
ing prolonged SCA and the subsequent reperfusion injuries after successful resusci-
tation. Despite continuous efforts are made to minimize the damages caused by 
CPR, the prognosis of patients with SCA is still frustrating, and the pathophysiolog-
ical mechanisms of CPR are not fully understood. Myocardial dysfunction, with 
myocardial stunning and cardiogenic hemodynamic instability being major causes 
of mortality after resuscitation, occurs usually within the first few hours after 
ROSC. Till now, ischemia-reperfusion injury is the main mechanism of myocardial 
dysfunction post-cardiopulmonary resuscitation. This section will review the 
research progress of pathophysiological mechanisms of myocardial ischemia- 
reperfusion injury after CPR in recent years.

6.2  Intracellular Ion Homeostasis Abnormalities

6.2.1  Intracellular Ca2+ Overload

Ca2+ overload is an important mechanism of ischemia-reperfusion injury post- 
cardiorespiratory resuscitation. The high oxygen demand of the fibrillating heart, 
combined with the interrupted coronary artery flow, produces an extremely severe 
imbalance of oxygen in the myocardium. The decrease in oxygen supply results in a 
rise of intracellular Ca2+ followed by left ventricular diastolic and systolic dysfunc-
tion. Increased Ca2+ sparks during ischemia serve as the subcellular events underlying 
Ca2+ overload and are converted to Ca2+ waves to mediate elevated Ca2+ during early 
diastole of reperfusion [1]. The dysfunction of Ca2+ relevant proteins, such as Na+/
Ca2+ exchange protein, Na+/H+ exchange protein, L-type voltage- dependent Ca2+ 
channel (L-VDCC), and sarco−/endoplasmic reticulum ATPase 2a (SERCA2a)/phos-
pholamban (PLB) contributes to intracellular Ca2+ overload [2]. During myocardial 
ischemia reperfusion, calcium/calmodulin-dependent II (CaMK II), an intracellular 
Ca2+ sensor, is activated. Especially, CaMKII activation promotes L-VDCC opening 
by phosphorylation of its α-subunit, which in turn controls cardiac myocyte apoptosis 
[3]. The consequences of Ca2+ overload include mitochondrial dysfunction, phospho-
lipase activation, transient inward ion current through Na+/Ca2+ exchange protein, free 
radical production, myofibril contracture and rupture, mechanical damage of biofilm, 
destruction of cytoskeleton, and so on [4].
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Na+/Ca2+ exchange protein is the main channel of Ca2+ entering cardiomyocytes, 
which is responsible for Ca2+ overload during ischemia-reperfusion injury [5]. The 
activity of Na+/Ca2+ exchange protein is mainly regulated by the concentration of 
transmembrane Na+, and it is also affected by the concentration of Ca2+, ATP, Mg2+, 
and H+ [6]. When cardiac arrest occurs, cessation of blood flow rapidly causes 
intense myocardial ischemia, activation of the sarcolemmal Na+/H+ exchanger iso-
form- 1 (NHE1) [7], and decrease of intracellular ATP content, which can drive Na+ 
into the cells in exchange for H+ with the exchange rate intensified during reperfu-
sion. The accumulation of Na+ in the cytosol drives Ca2+ entry through the Na+/Ca2+ 
exchange protein, leading to cytosolic and mitochondrial Ca2+ overload and myo-
cardial injury by compromising mitochondrial bioenergetic functions [8].

6.2.2  Drop in pH with Rapid Normalization Upon Reperfusion

During ischemia or hypoxia, due to the enhancement of anaerobic metabolism, H+ 
production increases acutely, and pH value in both of tissue fluid and intracellular 
fluid decreases significantly. However, after reperfusion, the concentration of H+ in 
tissue fluid decreases rapidly, but intracellular H+ concentration is still high, which 
forms a gradient of transmembrane H+ concentration. The difference of H+ concen-
tration on both sides of cell membrane can activate myocardial Na+/H+ exchange 
protein, promoting intracellular H+ excretion and extracellular Na+ influx [9]. 
Moreover, regional acidosis can locally inhibit but remotely stimulate Ca2+ waves in 
ventricular myocytes [10].

In addition to energy deficiency, ischemia can also bring out the accumulation of 
CO2 and H+, resulting in serious acidosis in the myocardium. However, acidosis is 
considered to exert a protective effect. Recent studies have shown that in an animal 
model of reperfusion after cardiac arrest in pigs, hypocalcemia and mild acidosis 
can alleviate myocardial edema at the beginning of reperfusion [9]. Intracellular 
acidosis at the time of reperfusion appears to prevent mitochondrial permeability 
transition pores(mPTP) opening.

6.3  Mitochondrial Injuries

Mitochondria play a crucial role in regulating normal metabolism of cells and in the 
susceptibility to ischemia-reperfusion injury. The inner membrane of mitochondria 
is highly impermeable to water and folds inward into the mitochondrial matrix 
forming multiple cristae on which proteins that are responsible for oxidative phos-
phorylation reside. The outer membrane of mitochondria is rich in channel forming 
proteins, such as voltage-dependent anion channels (VDAC), so it is more perme-
able. Destruction of the inner membrane permeability leads to the collapse of the H+ 
gradient, damaging the proton forces required for ATP synthesis, and causes a large 
amount of mitochondrial swelling, but this swelling may be reduced to some extent 
after post-resuscitation reperfusion. These changes lead to ultrastructural abnor-
malities in mitochondria, with the accumulation of intramyocellular droplets and 
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glycogen deposits which may be a sign that mitochondria are unable to utilize 
energy substrates [11, 12]. There are higher serum levels of mitochondrial injury 
markers, such as cytochrome c and mitochondrial DNA, in patients with cardiac 
arrest versus healthy controls and higher levels in non-survivors versus survivors 
after cardiac arrest [13].

6.3.1  The Opening of mPTP

Under physiological conditions, the inner mitochondrial membrane is impermeable 
to most ions and metabolites, and the mPTP are closed. Following the ischemia-
reperfusion, the restoration of blood flow after a period of ischemia promotes Ca2+ 
overload, excessive production of reactive oxygen species (ROS), depletion of ade-
nine nucleotide, and correction of intracellular pH, all of which increase the suscep-
tibility of mPTP opening [14–16]. The opening of mPTP leads to rapid dissipation 
of mitochondrial membrane potential, uncoupling of the respiratory chain with pos-
sible fatal decline in ATP levels, and the release of mitochondrial ROS and pro-
apoptotic factors, leading to cardiomyocyte death [14, 16, 17]. Water also enters via 
the opening pores, leading to mitochondrial swelling and lysis and even cell death. 
In addition, mPTP activation can also lead to Ca2+ pump dysfunction caused by ATP 
hydrolysis, resulting in Ca2+ overload in the cytoplasm, and Ca2+ can pass through 
mitochondrial calcium uniporter (MCU) and mitochondrial inorganic polyphos-
phate mediated mPTP opening.

6.4  Free Radical Formation and ROS

Reperfusion after resuscitation from cardiac arrest can increase the production of 
ROS and lead to oxidative stress. The alterations that occurred during cardiac arrest 
brought about a great deal of free radical during the first minutes of post-arrest 
phase. There are high plasma biomarkers of oxidative damage, such as isoprostanes 
(IsoP), a marker of lipid peroxidation, and 8-hydroxyguanosine (8-OHG), a marker 
of DNA oxidative damage. The mechanisms include increased production of xan-
thine oxidase (XO), respiratory burst of neutrophils, impaired mitochondrial func-
tion, “ROS induced by ROS,” and so on [18, 19].

6.4.1  XO

When myocardial tissue is hypoxic, due to the decrease in ATP production and the 
dysfunction of membrane pumps, Ca2+ enters the cells and activates Ca2+-dependent 
proteases, thus triggering the conversion of xanthine dehydrogenase (XD) into 
XO.  At the same time, ATP is in turn decomposed into ADP, AMP, adenosine, 
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inosine, and hypoxanthine. As a result, hypoxanthine can’t be metabolized into xan-
thine under hypoxic condition, leading to excessive hypoxanthine accumulation. 
During reperfusion, the ischemic tissue regains oxygen, and the hypoxanthine accu-
mulated during ischemia is converted into xanthine under the action of XO, which 
is then catalyzed into uric acid [20]. These reactions lead to a large amount of O2

− 
and H2O2 production.

6.4.2  Neutrophils

Under normal physiological conditions, neutrophils are not in contact with vascular 
endothelial cells. Myocardial reperfusion can produce a series of pro-inflammatory 
factors, such as tumor necrosis factor-α (TNF-α), interleukin (IL)-1β, IL-6, and 
IL-21, and a large number of chemokines, such as IL-8 and macrophage inflamma-
tory proteins (MIPs), which can induce neutrophils adhering to vascular endothelial 
cells and thus causing respiratory bursts [21–24]. In addition, tissue ischemia can 
activate complement system or produce a variety of molecules with chemotactic 
activity through cell membrane decomposition, such as C3 fragments, leukotrienes, 
to attract and activate neutrophils. Activated neutrophils consume more oxygen dur-
ing reperfusion, producing plenty of oxygen free radicals, which is called respira-
tory bursts or oxygen bursts [25]. The activated neutrophils can release a large 
number of enzymes through degranulation reaction explosively, leading to impaired 
endothelial cell structure and function.

6.4.3  Mitochondria

Mitochondria are the most important source of free radicals, and tricarboxylic acid 
cycle enzymes and oxidative phosphorylation are sensitive to ROS damage. mPTP 
opening can induce the production of ROS, and excessive ROS can in turn cause 
the opening of more mPTPs. This leads to a positive feedback loop of mitochon-
drial extra free radical release, “ROS-induced ROS release,” which aggravates 
myocardial damage [26, 27]. A great deal of mitochondrial ROS directly lead to 
myocardial apoptosis and necrosis, while moderate mitochondrial ROS levels 
cause a slight opening of mPTP and give rise to ischemic preconditioning and 
other effects [28].

6.4.4  Ca2+

Besides, during ischemia and hypoxia, Ca2+ entry into mitochondria reduces man-
ganese superoxide dismutase, thus reducing its ability to scavenge free radicals and 
further increasing the production of oxygen free radicals [29].
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6.5  Cell Death

Recently, research has shed new light on the mechanisms of cell injury and death 
during cardiorespiratory ischemia-reperfusion injury. The largest fraction of cardio-
myocyte death associated with reperfusion occurs during the initial minutes of re- 
flow, with the mechanisms originating in cardiomyocytes rather than vascular or 
blood-derived cells, and can be prevented by interventions applied at the time of 
reperfusion [30]. Ischemia-reperfusion leads to the activation of cell death program, 
mainly including necrosis, apoptosis, and autophagy-related cell death [31].

Necrosis is characterized by swelling of cells and organelles, followed by rupture 
of membranes, leading to leakage of proteins and lysosomes [32]. Necrotic media-
tors, such as ROS, Ca2+, poly-ADP-ribose polymerase (PARP), Ca2+-activated non- 
lysosomal proteases (calpains), and cathepsins, mediate necrosis [33]. Necrotic 
cells can further cause the infiltration of inflammatory cells and production of cyto-
kines [32].

Apoptosis is regulated by multiple signaling pathways, such as Fas/FasL signal-
ing pathway [34]. Oxygen-free radicals, Ca2+ overload, and mPTP opening can lead 
to mitochondrial swelling and rupture, releasing apoptotic-related proteins such as 
apoptotic inducible factors and cytochrome c and further initiating the caspase cas-
cade to induce apoptosis [31]. In addition, studies have shown that ATP released 
from apoptotic cells through the pannexin channel is a “self-discovery” signal that 
attracts phagocytes [35].

Autophagy is a physiological response of the body during ischemia-reperfusion 
injury. Ischemia can induce autophagy through AMPK-mTOR and PI3K-Akt sig-
naling pathways, and inhibiting apoptosis may play a protective role against isch-
emia [36]. Excessive autophagy in the reperfusion phase is not conducive to cell 
survival and can aggravate cell damage and even lead to cell death [37]. The mecha-
nism is mainly related to the interaction between Beclin1 and Beclin2 [38].

In addition, several other types of cell death have recently been found to be asso-
ciated with ischemia-reperfusion injury, such as oncosis, pyroptosis, ferroptosis, 
and parthanatos [39]. The process of oncosis ultimately causes depletion of cellular 
energy stores and failure of the ionic pumps in the plasma membrane. Changed 
intracellular Ca2+ levels may regulate oncotic cell death. Increased cytoplasmic Ca2+ 
concentrations can activate cysteine proteases of the calpain family that mediate 
plasma membrane breakdown through the proteolysis of cytoskeletal and plasma 
membrane proteins. Intracellular ATP levels can also affect the way of cell death. If 
the energy supply is insufficient, the program of apoptosis is unable to be accom-
plished, and the cells can turn to oncosis. The more serious the I/R injury was, the 
greater the mPTP opening was, and the lower the intracellular ATP content was, the 
more likely the cells were to oncosis [40]. Pyroptosis and ferroptosis may also be 
important during ischemia and reperfusion; however, it is not clear whether these 
entities act as an independent death procedure or as an amplification mechanism for 
necrotic cell death. Pyroptosis is pro-inflammatory programmed cell death that is 
caspase-1-dependent [41]. Ferroptosis is a cell death that depends on iron and ROS, 
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and its cytological changes include decreased or vanished mitochondria cristae, rup-
tured outer mitochondrial membrane, and condensed mitochondrial membrane. 
These abnormalities are due to the loss of selective permeability of plasma mem-
branes caused by strong membrane lipid peroxidation and oxidative stress [42]. 
Parthanatos (PARP-1-dependent cell death) is a new form of programmed cell death 
and ROS can induce parthanatos. ROS overproduction will lead to endoplasmic 
reticulum (ER) calcium release, causing mitochondria depolarization with the loss 
of mitochondrial membrane potential. Mitochondria depolarization lead mitochon-
dria to release more ROS, which, in turn, contributes to parthanatos [43].

6.6  Endothelial Dysfunction

Endothelial dysfunction occurred in the early stages of post-resuscitation, with mul-
tiple mechanisms including cytotoxicity caused by pH change [44], production of 
ROS, inhibition of eNOS-NO, etc [45]. Recent studies have provided new insights 
into the molecular mechanisms of endothelial dysfunction caused by reperfusion, 
such as the regulation of ion channels and gap junction proteins [46].

During ischemia-reperfusion, cardiomyocytes, endothelial cells, and inflam-
matory cells can produce a large amount of ROS. Activation of endothelial cells 
by oxidative stress can promote micro-thrombosis, blood flow reduction, and 
inflammatory cell activation. The expression of E-selectin, P-selectin, and inter-
cellular adhesion molecules (ICAMs) on the surface of activated endothelial cells 
can promote the recruitment of neutrophils, which are the main effector cells of 
inflammation during ischemia-reperfusion [47]. In addition, there is an increase in 
endothelial microparticles (EMPs) in endothelial dysfunction. Nuclear factor 
kappa-B (NF-κB) plays a key role in the activation of endothelial cells induced by 
ischemia-reperfusion injury. Tyrosine phosphorylation of IκB induced by oxida-
tive stress leads to the dissociation of the inhibitor from NF-κB, thus resulting in 
NF-κB nuclear translocation and transcription of pro-inflammatory and procoagu-
lant factors and initiating ischemia-reperfusion injury. Oxidative stress can also 
activate MAPKs to phosphorylate the subunit of NF-κB and regulate the trans-
activation activity of NF-κB [48]. In addition to being the target of ROS, endothe-
lial cells are also an important source of ROS. ROS produced by endothelial cells 
via XO, NADH/NADPH oxidase, and uncoupled endothelial nitric oxide synthase 
(eNOS) can significantly contribute to vascular dysfunction after ischemia-reper-
fusion [49, 50].

Besides, endothelial permeability obviously increases after myocardial 
ischemia- reperfusion. The loss of endothelial cell barrier function can be 
 attributed to ROS released by activated leukocytes, which can cause  
the changes in endothelial cell skeleton structure and promote the formation of 
intercellular space. Endothelial barrier dysfunction promotes the migration of 
neutrophils and other inflammatory cells to damage myocardium and further 
aggravates ischemia-reperfusion injury [51].
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6.7  Dysregulated NO Metabolism

Nitric oxide (NO), an important vasodilator, is mainly catalyzed by NO synthase 
(NOS). NO synthase includes endothelial cell type, neuron type, and inducible type 
(eNOS, nNOS, and iNOS). NO itself is a highly reactive free radical, which can be 
oxidized into nitrate or nitrite and can further combine with peroxide groups to form 
nitrite oxide, which has a strong cytotoxic effect. Therefore, the role of NO during 
ischemia-reperfusion remains controversial [52].

In response to myocardial ischemia, the level of cardiac nNOS is upregulated, 
which in turn inhibits xanthine oxidoreductase, leading to the suppression of super-
oxide generation. Additionally, L-VDCC is downregulated by nNOS overexpres-
sion, attenuating Ca2+ overload due to ischemia, thus protecting the heart against 
ischemia-reperfusion injury.

The induction of iNOS produces excessive NO, accompanied by increased produc-
tion of ROS, including superoxide and peroxynitrite (OONO−), which are harmful to 
the heart [53]. The expression of iNOS is also correlated positively with the expres-
sion of pro-inflammatory cytokines and severity of cardiac dysfunction. In response to 
myocardial ischemia, the upregulated iNOS-derived NO enhances the levels of intra-
cellular cGMP, leading to the decrease of Ca2+ influx, thus depressing the sensitivity 
of myofilament to Ca2+ and subsequently attenuating cardiac contractile function [54]. 
During the late stage of ischemia-reperfusion injury, high-output inducible iNOS/NO 
pathway is activated and further aggravates left ventricular dysfunction and increases 
myocardial infarct size [55]. Moreover, enhanced amount of NO induced by upregu-
lated iNOS contributes to the formation of OONO− in the circulation system and the 
heart, subsequently leading to severe myocardial apoptosis [56].

Low levels of eNOS-derived NO physiologically regulate normal vascular tone 
within the sinusoids, prevent the adhesion of leukocyte, and reduce the production 
of ROS, thus playing a beneficial role in ischemia-reperfusion injury. The level of 
eNOS is upregulated within minutes during ischemia, which is reduced with the 
prolonged cardiac ischemia [57].

6.8  Platelet Aggregation and Microembolism

Ca2+ overload can promote platelet adhesion and aggregation, thus promoting the 
formation of thrombus. Superoxide and hydrogen peroxide produced by XO can 
activate phospholipase to induce the production of platelet-activating factor (PAF), 
which can rapidly trigger or exacerbate inflammation in venules [58].

Tissue ischemia-reperfusion can activate complement system and produce mul-
tiple chemotactic substances, such as C3 fragment and leukotriene. This attracts and 
activates neutrophils to aggregate in the blood vessels of ischemic area and enter the 
tissues, triggering inflammation and causing slow blood flow or no reflux [59]. 
Activated neutrophils release TNF-α, IL-1, and IL-6 and cause the exposure of 
adhesion molecules on vascular endothelial cells and leukocytes. With the prolon-
gation of reperfusion time, the release of inflammatory factors and leukocyte acti-
vating factors, such as IL-8, thromboxane A2, and PAF, increases, further promoting 
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the adhesion and activation of neutrophils. The adherent neutrophils and vascular 
endothelial cells further activate, synthesize, and release more chemotactic inflam-
matory mediators, forming a vicious cycle, leading to microvascular mechanical 
blockage. The components of microembolism include aggregated platelets, fibrin, 
lipid fragments (including cholesterol crystals), matrix components, etc [60].

Tissue ischemia-reperfusion can also lead to microcirculation disorders, which 
are mainly related to leukocyte infiltration, migration, vasodilation dysfunction, 
increased vascular permeability, thrombosis, and neovascularization [61]. The 
microcirculation disturbance will lead to no reflow in ischemic area after reperfu-
sion. No-reflow phenomenon refers to the phenomenon that blood perfusion does 
not occur in some or all ischemic tissues during ischemia-reperfusion. Myocardial 
no-reflow phenomenon may be related to the following factors. Firstly, cardiomyo-
cyte swelling. Because ischemia causes the dysfunction of Na+-K+ pump in cell 
membrane, Na+ and water are retained in cells, and myocardial cells in ischemic 
area swell and compress microvessels during reperfusion. Secondly, vascular endo-
thelial cell swelling. Endothelial cell swelling also occurs during ischemia- 
reperfusion. Endothelial cells protrude into the lumen, resulting in lumen stenosis 
and obstruction of blood perfusion. The swelling of endothelial cells is caused by 
the increase of oxygen free radicals [62]. Oxygen free radicals can damage the 
endothelial cell membrane. Na+ enters the endothelial cells and causes cell edema. 
Thirdly, cardiomyocyte contraction oppresses microvessels, preventing some parts 
of ischemic area from being reperfused with blood. Swelling and contraction of 
cardiomyocytes can coexist. Finally, platelets, thrombus, and neutrophils clog 
microvessels. Capillary embolism caused by neutrophils may be the main cause of 
no reflow [63].

Intravascular hemolysis releases acellular hemoglobin (Hb) into plasma. 
Oxygenated Hb (Oxy-Hb) consumes vascular NO via dioxidation to form methe-
moglobin and nitrate, an inert NO metabolite. Plasma Oxy-Hb depletion of vascular 
NO promotes vasoconstriction, thrombosis, and inflammation, thus damaging tissue 
perfusion [64].

6.9  Immune Response and Inflammatory Cytokines

6.9.1  Immune Responses

Cardiorespiratory ischemia-reperfusion usually occurs in a sterile environment, 
which activates immune system rapidly and thus triggers myocardial inflammation 
and injury [23]. This sterile immune response involves signaling pathways through 
pattern recognition molecules, which include Toll-like receptors (TLRs), and 
recruitment and activation of immune cells of the innate and adaptive immune sys-
tem [59].

TLRs play an important role in innate immune system and have been demon-
strated to be involved in the pathogenesis of cardiorespiratory ischemia-reperfu-
sion injury. Once ligands bind to TLRs, they can activate downstream signaling 
pathways, such as NF-κB, MAPK, and type I interferon pathways, thereby 
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inducing the production of pro-inflammatory cytokines and chemokines [65]. 
TLR2 is a membrane surface receptor activated by bacterial peptidoglycan, which 
is expressed in inflammatory cells, such as monocytes/macrophages, dendritic 
cells, B lymphocytes, and T lymphocytes. Generally, TLR2 signaling pathway 
leads to the production of TNF-α and NF-κB. It was shown that a humanized anti-
TLR2 antibody could decrease myocardial ischemia-reperfusion injury in pigs, 
and deficiency of TLR2 could improve survival and neurological function in mice 
after circulatory arrest [66, 67]. TLR3 also plays an important role in cardiorespi-
ratory injury induced by ischemia-reperfusion, involving the activation of apop-
totic signaling and increased NF-κB activity [68]. TLR3 deficiency could attenuate 
lung ischemia- reperfusion injury and improve pulmonary function, and deletion 
of TLR3 could reduce cytokine expression both in serum and lung tissues and 
inhibit pulmonary apoptosis following ischemia-reperfusion [69]. TLR4, one of 
the most widely studied pattern recognition receptors, mediates inflammatory 
response of Gram-negative bacteria through lipopolysaccharide activation. 
Oxidative stress can enhance the activation of TLR4 and redistribute TLR4 to 
lipid rafts in plasma membrane. In the TLR4 signaling pathway, loss of myeloid 
differentiation protein 1 (MD1) enhances the activation of TLR-4/NF-κB path-
way, thus increasing inflammatory response and apoptosis and aggravating reper-
fusion injury [70].

Neutrophils are recruited by chemotactic mediators which are released from 
ischemic myocardium to reperfusion myocardium. The chemotactic mediators, 
such as TNF-α, IL-18, IL-6, PAF, complement, and leukotriene, can activate the 
adhesion of neutrophils and endothelium. In the early stage of reperfusion, the 
aggregation of neutrophils is closely related to the development of reperfusion 
injury. The mechanisms of rapid recruitment of neutrophils include the production 
of oxygen free radicals and the release of degranulation products, arachidonic acid 
metabolites, and PAFs. Neutrophils can produce large quantities of superoxide 
anions, hydrogen peroxide, and hydroxyl radicals. These oxygen free radicals pro-
mote endothelial cells to release inflammatory mediators, express adhesion mole-
cules, and increase endothelial permeability [71].

At the later stage of reperfusion, monocytes and macrophages exudate to the 
myocardial tissue, aggravating the injury and affecting the tissue repair process.

In addition, ischemia-reperfusion can cause a strong adaptive immune response 
[59]. Several studies show that T cells and regulatory T cells (Tregs) are also 
involved in immune disorders after ROSC.  Human leukocyte antigen-DR 
(HLA-DR) is a valuable marker of cardiac arrest. Recent studies have shown that 
after ROSC, the expression of HLA-DR on monocytes and B and T lymphocytes 
are decreased [72]. Studies of mouse lines deficient in specific populations of 
lymphocytes showed that both CD4+ and CD8+ T cells have an adverse effect in 
myocardial ischemia- reperfusion. During the early period of successful cardio-
pulmonary resuscitation, Th1/Th2/Th17 subsets and Th1/Th2 cell ratio are 
imbalance.
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6.9.2  Inflammatory Cytokines

Some cytokines are elevated post-resuscitation, inhibiting adrenal cortisol synthesis 
and increasing the risk of early refractory shock [73, 74]. It is worth to point out that 
the levels of TNF-ɑ and IL-8 are upregulated obviously. TNF-α disruptes Ca2+ 
homeostasis and induced b-adrenergic signaling defects, resulting in catecholamine 
refractoriness, whereas IL-8 aggravates myocardial injury through inducing neutro-
phil infiltration. Besides, IL-6 can trigger endothelial activation and damage and 
glycocalyx damage, which leads to capillary leakage and increased vascular perme-
ability, contributing to hemodynamic instability [75–77]. In addition, matrix metal-
loproteinases (MMPs) also play an important role in the ischemia-reperfusion 
injury. MMP-2 and MMP-9 can disrupt type IV collagen, gelatin, and elastin, allow 
inflammatory cells to infiltrate tissues, and contribute to the loss of vasculature 
integrity [78].
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Abstract

Ischemia-reperfusion injury is one of the most common and complicated phe-
nomena in clinical process, which causes different kinds of injury in different 
organs, especially in cardiovascular events. We analyze and summarize new 
progress and researches in this chapter.
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7.1  Introduction

Ischemia-reperfusion (I/R) can cause irreversible injury to different tissues and 
organ, which is characterized by insufficient oxygen supply and subsequent restora-
tion of blood flow. The word ischemia comes from the Greek “iskhein,” which 
means the absence of blood supplies in different organs, because of blood vessel 
obstruction or organ transplantation. Some clinical conditions, acute coronary syn-
drome, organ transplantation, limb damage, and so on, may cause tissue hypoperfu-
sion. Reperfusion of the tissue or organs is the return of the blood flow and the 
reoxygenation of the tissue or organs. However, clinical prognosis after restoration 
of blood supply to ischemic tissue or organs is not optimal. Some studies have 
revealed that reperfusion has the potential impairments to induce subsequent injury 
in ischemic tissue or organs, and this is named ischemia/reperfusion (I/R) injury.

Different factors could damage the organs in I/R processes, for instance, reduced 
ATP levels, loss of nutrients, inflammation, and oxidative stress. The I/R injury is a 
major reason for the prognosis. For example, the reperfusion of the kidneys increases 
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the recruitment of neutrophils into the kidney, which will exacerbate the inflamma-
tory reaction [1].

Mechanisms underlying I/R injury are complex and multifactorial. Some clinical 
conditions can induce ischemia and cause hypoxia and hypoperfusion, just like ath-
erosclerosis and acute myocardial infarction.

Ischemic injury may cause hypoxia and hyponutrition. Once cell is damaged 
owing to prolonged I/R injury, apoptosis, autophagy, and necroptosis will appear as 
bad outcomes. In addition, moderate I/R injury may lead to cell dysfunction by 
autophagy, as well as activate recovery systems for survival.

A research reveals necrosis occurs when cells are subjected to excessive external 
stress [2]. In fact, necrosis is a form of cell death with early plasma membrane per-
meation and organelle swelling. Necrosis is a common and usual pathological con-
dition in human, such as ischemic cerebrovascular disease, but the mechanism of 
necrosis regulation in I/R injury is not clear. According to necroptosis in mouse 
models of inflammation and I/R injury, the role of necrosis has been confirmed. 
Obstruction of blood flow can induce local ischemia into associated tissue, with less 
supply of oxygen and nutrients, which may disturb energy metabolism and cause 
cell death. The reperfusion rises the supply of oxygen and the production of reactive 
oxygen species (ROS), which induces cell death.

7.2  Mechanisms of Ischemia/Reperfusion Injury

Many animal experiments have been established to evaluate the pathogenesis and 
mechanisms of intestinal I/R injury. Increases in cellular calcium and ROS are 
proved to be the significant mediators of reperfusion injury. What is more, mito-
chondrial dysfunction also plays an important role in its process. Addition, polyu-
biquitination of the proteins require some specific proteins, E1 (ubiquitin-activating), 
E2 (ubiquitin-conjugating), and E3 (ubiquitin-ligating) enzymes [3, 4] and so on, in 
the conjugation ubiquitin to the targeted protein. Except that, the level of 26S pro-
teasome is lower during the ischemia period, which actually plays antioxidative 
effect. Endoplasmic reticulum and peroxisomes associates with production of ROS, 
which can be harmful to cell metabolism once cellular levels are higher.

In reperfusion period, the production of ROS and the formation of oxidized pro-
teins rise because of the oxygen supply, which uncovers that proteasome activation 
could decrease the toxic concentration of oxidized proteins during the reperfusion 
period. When the ROS level slightly increases in the cells, the activity of the 26S 
proteasome increases to remove oxidized proteins, by a ubiquitin-dependent degra-
dation pathway [5].

The higher ROS can cause liver cell death by enhancing the inflammatory 
response with activating IL-4. It was surprising that the expression of superoxide 
dismutase (SOD) and glutathione peroxidase continued to decrease after the reoxy-
genation of the heart, when it was expected that the oxygen should reverse the isch-
emia effect on their expression [6]. Inflammatory cascades and oxidative stress may 
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subsequently lead to a cytokine storm, which damages cellular structures and pro-
motes cell death eventually. The reperfusion period is changed and may last for 
several days.

7.3  Character of Different Organs

Many studies have investigated I/R injury in cardiac, cerebral, and kidney diseases, 
as well as intestinal injury and transplantation.

7.3.1  Brain

In all of the body organs, the brain shows the highest sensitivity to ischemia, 
because it has the highest metabolic activity per unit weight of any organ. What is 
more, the brain needs consistent supply of glucose as a sufficient resource to meet 
its metabolic demands. Neuronal glutamate and dopamine are excessive release in 
the cerebral I/R injury, which cause neuronal calcium overload and subsequent 
cytotoxicity because of ischemia-induced injury of downstream signaling. As a 
consequence of I/R injury in the brain, microvascular permeability could change, 
which can cause edema formation and increased interstitial fluid pressure. Not 
only edema formation enlarges the diffusion distance for oxygen and nutrients, but 
also the up in tissue pressure contributes to no reflow by physically compressing 
microvessels.

7.3.2  Myocardium

Like the brain, the myocardium is also exquisitely sensitive to ischemia. In all of the 
cardiovascular events, myocardial I/R injury is a critical issue also for forensic 
pathologists since sudden death may occur despite timely reperfusion following 
acute myocardial infarction, which is one of the most frequently litigated areas of 
cardiology practice [7].

But, the time window before the beginning of irreversible injury is slightly lon-
ger and starts to show the damage after about 20 min of ischemia in both humans 
and animal models. As in the brain or any other organ, the sooner the impaired coro-
nary arteries are reopened, the better for survival of viable cardiomyocytes. In fact, 
reperfusion itself may promote additional myocardial injury, except generated by 
ischemia alone. In the heart, fibrosis occurs after I/R injury by processes invoked by 
fibroblasts and mast cells and modulated by T cell subsets. Depending on their 
polarization into Th1 versus Th2 cells, CD4+ T lymphocytes modulate the activity 
of fibroblasts to influence fibrosis and scar formation [8]. In contrast, fibrosis is 
absence in postischemic brain. In fact, apoptosis of myocardial cells is an important 
mechanism of I/R injury.
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7.3.3  Kidney

The kidneys are the third most susceptible organ system to ischemia, with lasting 
damage if the duration of ischemia is more than 30 min in humans. Renal cortical 
cells are susceptible to ischemia, because renal oxygen levels are highest in this 
region. Just like the brain, microvascular permeability changes could appear as a 
result of I/R injury in the kidneys. The available data does not confirm the efficacy 
of remote ischemic preconditioning in reducing renal I/R injury in patients undergo-
ing major cardiac and vascular surgery [9].

7.3.3.1  Introduction About I/R Injury in Kidneys
Kidney I/R injury emerges in various clinical settings as a great problem complicat-
ing the course and outcome.

I/R injury is a leading cause of acute kidney injury (AKI), which is not only 
associated with high morbidity and mortality but also increased costs of treatment. 
The incidence of AKI in hospitalized patients has been reported to be between 2 and 
7% and even greater than 10% in intensive care unit (ICU) patients contributing to 
increased mortality rate [10]. Comprehensive influence about pathophysiological 
processes with inflammation, abnormal repair, and fibrosis makes AKI an essential 
risk factor for development of chronic kidney disease.

I/R injury is an important risk factor for developing chronic kidney disease 
(CKD), which is defined as abnormalities of kidney structure or function, at least 
3 months, and interruption of the renal blood flow followed by the subsequent res-
toration of perfusion, just like sudden heart arrest with resuscitation, vascular and 
cardiac operation, and so on.

7.3.3.2  Mechanisms and Potential Therapy
Initial hypoxic injury with subsequent production of ROS, due to reoxygenation, 
initiates events in I/R injury, leading to apoptosis, necrosis, and a profound inflam-
matory response [11]. Besides ROS, reactive nitrogen species (RNS), such as nitric 
oxide, are produced in kidney I/R injury via the activity of inducible NO synthase 
(iNOS), which is considered as one of the inflammatory mediators [12]. iNOS and 
a lot of proinflammatory cytokines are mainly induced by the action of NF-κB.

The detrimental role of Th17 cells in pathogenesis of kidney IR injury has 
recently been confirmed [13, 14], because noncanonical NF-κB activation directs 
the development of Th17 cell immune response, so it may be inhibited by the IKK2- 
mediated canonical NF-κB pathway.

It has been shown that NF-κB activation in renal tubular epithelial cells aggra-
vated tubular injury and exacerbated inflammation in a mouse model of kidney I/R 
injury [15]. This promotes researchers to explore NF-κB-based treatments of 
I/R injury.

In the future, mitochondria-targeted antioxidants may be one therapeutic 
method for treatment of kidney I/R injury, which represents a new way and strat-
egy, especially in clinical practice in whose kidney I/R injury could be prevented 
or improved.
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Kidney resident cells and recruited inflammatory cells can produce proinflam-
matory and anti-inflammatory mediators, which determine renal injury, tissue 
repair, and progression to CKD. In animal experiments, it has been shown that mice 
subjected to kidney I/R injury and treated with TJ-M2010–2, which restrained 
MyD88 homodimerization, had higher survival rate than non-treated animals. 
Additionally, treatment with TJ-M2010–2 markedly attenuated inflammatory 
response and ameliorated tubular interstitial fibrosis in mice subjected to kidney I/R 
injury [16].

In clinical practice, we also can use ECT (emission computed tomography) to 
evaluate the function of kidney (Fig. 7.1).

Some details are still unknown, for instance, what on earth are the different 
inflammatory cell roles in I/R injury and how they work in progression of AKI to 
CKD and why researches in animals targeting some inflammatory pathways have 
proved helpful, but clinical studies intervening the same pathways have not suc-
ceeded. Except, berberine showed better renoprotective function in renal I/R injury. 
Berberine nanoparticles (BBR-NP) can be used in therapy to reduce oxidative stress 
and subsequent apoptosis in renal I/R injury. Administration of BBR-NP resulted in 
protection both morphologically and functionally and is superior to BBR alone [17].

7.3.3.3  Biomarkers of AKI
AKI diagnostic criteria are a sudden decrease in renal function (<48 h), with an 
increase in absolute serum creatinine ≥0.3 mg/dL (26.4 μmol/L), an increase of 
>50% (1.5 times the baseline value), and urine volume < 0.5 mL/kg/h > for more 
than 6 h. AKI is classified into one, two, and three phases.

Serum creatinine and urine volume are still the broadest markers of 
AKI. Creatinine (Cr) is a protein metabolite that is almost completely cleared by the 
kidneys. However, its sensitivity and specificity are low.

With the discovery and research of new biomarkers, the diagnosis of AKI is no 
longer limited to changes in SCr and urine volume. It brings new hopes for the early 
diagnosis and treatment of AKI.  These new biomarkers include low molecular 
weight proteins, for instance, retinol binding protein (RBP), β2-microglobulin 
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(β2- MG), N-acetyl-β-D-glucosaminidase (NAG), and cysteine protease inhibitor 
cystatin C (CysC). In recent years, studies have shown that serum RBP is a sensitive 
indicator reflecting the development and outcome of liver and kidney diseases, and 
its degree of change can reflect the degree of liver function and damage of proximal 
tubular function. Increased RBP in urine has an early diagnostic value for renal 
diseases, especially tubular damage. The increase in urinary β2-MG concentration 
is mostly due to renal tubular reabsorption due to proximal convoluted tubule injury. 
Roos et al. [18] showed that changes in β2-MG were associated with endogenous 
creatinine clearance (Ccr) and were a mature indicator for evaluating glomerular 
filtration (GFR).

And other cytokines are suitable as an early indicator of the diagnosis of AKI, 
such as interleukin-18 (IL-18), keratinocyte-derived chemokine (KC), and 
keratinocyte- derived chemokine isoform (Gro-α). In recent years, studies have 
found that IL-18 is an important indicator for predicting the occurrence and devel-
opment of AKI. Washburn et al. [19] found that urine IL-18 concentration testing 
not only facilitates the early effective diagnosis of AKI patients in the ICU but also 
predicts the mortality rate. Molls et al. [20] determined the concentration of 18 cell 
cytokines in I/R injury mice at 3, 24, and 72 h after ischemia and found that KC was 
the earliest and elevated cytokine.

In addition, neutrophil gelatinase-associated lipocalin (NGAL), kidney injury 
molecule-1 (KIM-1), sodium-hydrogen exchanger 3 (NHE-3), homocysteine 
(Cyr61), and atrial natriuretic peptide (ANP) are also used for the diagnosis of 
AKI. Devarajan [21] found that NGAL was detected in urine samples 3 h after renal 
injury by studying the model of kidney damage caused by nephrotoxicity, which 
was significantly earlier than that of SCr. Studies have found that in the injury of 
renal tubules, the elevated level of NHE-3 is consistent with SCr. ATN patients are 
significantly higher than patients with pre-renal azotemia, while patients with renal 
solid ARF are not significantly elevated. And in recent years, studies have found that 
the expression of Cyr61 is significantly upregulated in kidney ischemia animal 
model. Cyr61 can be detected in urine samples after 3–6 h of renal ischemia, until 
the expression reaches its peak after 6–9 h of ischemia, and it can still be detected 
continuously within 24 h [22].

7.3.4  Intestinal

Intestinal I/R injury destroys tight junctions between epithelial cells of the mucosal 
layer and impaired intestinal mucosal barrier, which may cause transport of bacteria 
or enterotoxins from the lumen to the interstitial space of the affected bowel. If 
ischemia is severe or the volume of ischemic mesenteric tissue is large, sepsis and 
multiple organ failure will occur.

Acute mesenteric ischemia (AMI) is a typical intestinal I/R injury-related dis-
ease that is caused by rapid interruption of blood flow in the mesenteric vessel. 
Nonocclusive mesenteric ischemia (NOMI) is a common type. Usually, patients 
with NOMI are critically ill with severe heart failure, hemodialysis, aortic 
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insufficiency, septic shock, or myocardial infarction, and the mortality rate exceeds 
50% [23]. Guidelines of the European Journal of Trauma and Emergency Surgery 
recommend that broad-spectrum antibiotics should be administered because bacte-
rial translocation is an early event in the progress of AMI [24]. Mucosal barrier 
function is destroyed and vascular permeability is increased during the formation of 
the I/R injury.

The increased vascular permeability allows the activation and adhesion of inflam-
matory cells. These inflammatory cells release ROS, proinflammatory chemokines, 
and protein kinases. A large number of bacteria exist in the human gastrointestinal 
tract, especially in the colon. Many diseases, like diabetes, IBD, and nonsteroidal 
anti-inflammatory drug (NSAID)-induced small intestinal damage, were associated 
with abnormalities of the gut microbiome, called dysbiosis.

A representative TLR4 ligand [25] decreased intestinal I/R injury by preventing 
an increase in intestinal permeability through TNF-α signaling. Moreover, the TLR4 
signaling pathway is the aggravating factor against intestinal I/R injury.

7.3.5  Skin and Skeletal

The skin and skeletal muscle can bear much longer ischemic time than other organs. 
Compared with the heart, brain, and kidneys, skeletal muscles contain satellite cells, 
which can regenerate muscle tissue even after widespread injury.

Except that we mentioned before, injury of other organs often occurs on reperfu-
sion process after localized tissue ischemia, which is called remote organ injury 
(ROI). The ROI can progress to acute respiratory distress syndrome (ARDS) and 
systemic inflammatory response syndrome (SIRS), which are critical stages to mul-
tiple organ dysfunction syndrome (MODS), especially when the volume of tissue 
impaired is severe. For instance, cardiac I/R injury may lead to MODS, if pump 
function is reduced to a so low degree that cannot supply sufficient perfusion to 
other organs. In the future, lncRNAs in I/R injury may provide new therapy for 
patients.

7.4  Conclusion

For young people, sudden unexpected death is most often suspected to sudden car-
diac death (SCD). SCD can be described as a natural death induced by sudden 
malignant arrhythmia often happening without previous warning or symptoms.

In many of these cases, structural abnormalities of the heart, cardiomyopathies, 
such as hypertrophic cardiomyopathy, are revealed owing to autopsy. What is more, 
in which no structural cardiovascular or other anatomical abnormalities are also 
observed or are equivocal at autopsy, a fatal arrhythmogenic disorder should be 
suspected according to clinical, historical, family, or other detailed information. 
Heritable genetic variants have been suggested as the cause of up to a third of SCD 
cases [26].
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I/R affects many regulatory systems at the cellular level. Underlying factors of 
I/R involve dysfunction of energy metabolism, cellular changes of the mitochondria 
and cellular membranes, initiation of different forms of cell death-like apoptosis, 
and so on. Chemokines and cytokines together with other factors promote the 
inflammatory response leading to activation of the innate immune system as well as 
the adaptive immune system. And it is a relevant factor in determining high morbid-
ity and mortality in several diseases among which are myocardial infarction, isch-
emic stroke, AKI, and trauma [27].
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Abstract

Sudden death (SD) is often the first clinical manifestation of an underlying dis-
ease in previously asymptomatic, apparently “healthy” subjects. Various criteria 
have been used to define sudden cardiac arrest and sudden cardiac death in the 
medical literature. The 2006 American College of Cardiology/American Heart 
Association/Heart Rhythm Society (ACC/AHA/HRS Writing Committee to 
establish data standards for electrophysiology) included definitions to guide doc-
umentation in research and clinical practice. “[Sudden] cardiac arrest is the sud-
den cessation of cardiac activity so that the victim becomes unresponsive, with 
no normal breathing and no signs of circulation. If corrective measures are not 
taken rapidly, this condition progresses to sudden death. Cardiac arrest should be 
used to signify an event as described above, that is reversed, usually by CPR and/
or defibrillation or cardioversion, or cardiac pacing. Sudden cardiac death should 
not be used to describe events that are not fatal.” Correct identification of future 
SCD victims is especially important as there is an effective treatment, namely, 
defibrillation via an external or internal (implanted) defibrillator. Currently, the 
commonly used SCD risk score based on left ventricular ejection fraction can 
only predict some cardiac arrest events. There is an urgent need for more effec-
tive and reliable SCD risk early warning methods. The rapid development of 
ECG signals, genetic markers, and a combination of multiple index risk scoring 
models, including the foregoing two, have opened new paths for SCD early 
warning diagnosis.
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Sudden cardiac death (SCD) refers to sudden accidental death within 1 or 24 h after 
the onset of symptoms and to exclude death caused by arrhythmia or hemodynamic 
reasons [1]. Epidemiological investigations have shown that SCD is still a serious 
public health issue, although significant progress has been made in high-risk patients 
with implantable cardioverter-defibrillator (ICD) implantation and coronary heart 
disease prevention. Cardiac arrest and its main outcome, SCD, account for 50% of 
cardiovascular deaths, causing serious health threats and huge social burdens world-
wide [2]. Survival analysis shows that the survival rate of patients with cardiac 
arrest outside the hospital is less than 10%, and even if the cardiac arrest occurs in 
the hospital, the incidence of survival to hospital rescue is less than 25% [3]. 
Therefore, the early diagnosis of SCD is particularly important, and a reliable and 
effective early diagnosis method of SCD is urgently needed to improve the severe 
social health status of SCD diagnosis and treatment.

Left ventricular ejection fraction (LVEF) is an important indicator for clinical 
evaluation of left ventricular systolic function and has been widely used as an indi-
cation criterion for ICD treatment. The latest US SCD prevention management 
guidelines released in September 2018 have once again emphasized the importance 
of LVEF as an early warning indicator of SCD and an indicator of whether or not to 
implant CD [1]. However, there is evidence that more than 50% of patients with 
high-risk SCD after myocardial infarction often do not show a decrease in LVEF or 
show only a slight decrease in LVEF [4]. In addition, even in high-risk SCD popula-
tions with significantly reduced LVEF, only 10–30% of patients can benefit from 
ICD treatment [5]. Therefore, the results of more and more large clinical studies 
show that the effectiveness of LVEF as an indicator of SCD risk stratification faces 
major challenges. The direct cause of SCD is mainly malignant arrhythmia events, 
which are mostly manifested as ventricular tachycardia, ventricular fibrillation, car-
diac arrest, etc., and the cardiac function index LVEF is not sufficient to sensitively 
reflect changes in the patient’s ECG activity. Because SCD mainly comes from 
malignant arrhythmias, the SCD warning value of ECG signals has great potential.

At present, the field of ECG detection technology continues to develop, and a 
variety of ECG characteristics have played an important role in predicting sudden 
cardiac death in the clinic.

8.1  Heart Rate

 1. Resting heart rate is a simple indicator commonly used in clinical practice. High- 
level resting heart rate has been reported by many studies to be related to the risk 
of sudden cardiac death. A prospective study in Paris showed that those with a 
high level of resting heart rate (75 beats/min) had a risk of sudden cardiac death 
approximately four times as high as those with low resting heart rate (<65 beats/
min) [6].

 2. Heart rate turbulence: Heart rate turbulence describes a short-term change in 
heart rate caused by ventricular premature beats (VVTs). It usually manifests as 
a significant acceleration of the heart rate (T0) followed by a gradual heart rate 
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deceleration (TS). Abnormal heart rate turbulence has been reported to be sig-
nificantly associated with all-cause death and sudden cardiac death, especially in 
patients with heart failure after myocardial infarction [7]. Similarly, some studies 
have shown that heart rate turbulence is significantly related to cardiovascular 
death and can effectively predict the occurrence of sudden cardiac death in 
patients after acute myocardial infarction, and its prediction efficiency has sig-
nificantly improved after combining with other ECG characteristics [8].

 3. Heart rate variability: Heart rate variability refers to the frequency variation 
between heart beats, which reflects the state of cardiac autonomic nerve func-
tion, and can predict the occurrence of sudden cardiac death in patients with 
chronic heart failure [9].

8.2  12-Lead ECG

8.2.1  Deep Negative of P Wave in Lead V1

Deep terminaI negativity of P wave in V1 (DTNPVl) is a marker of atrial abnormal-
ity, defined as biphasic P wave detected by resting 12-lead ECG, and negative P 
wave amplitude>1 mm. DTNPV1 is closely related to all-cause death, cardiovascu-
lar disease death, and ischemic heart disease death in the adult population. It is a 
simple but effective prognostic indicator [10, 11].

8.2.2  QT Interval

Corrected QT interval (QTc) is a classic indicator for the diagnosis of cardiac ion 
channel diseases (such as long QT syndrome and short QT syndrome, etc.), but its 
clinical value is not limited to the diagnosis of cardiac ion channel disease. It can be 
extended to the risk diagnosis of heart failure, diabetes, and other diseases [12]. The 
prolongation of the QT interval reflects the prolongation of the action potential of 
cells, which in turn leads to the activation of L-type calcium ion channels, which 
eventually leads to cardiovascular events [13].

8.2.3  QRS Wave

 1. In a follow-up study in Finland, the risk of sudden cardiac death in patients with 
QRS duration (QRSd) ≥110 ms was 2.5 times higher than in patients with QRSd 
<96 ms [14]. QRSd is an independent risk factor for cardiovascular death, and an 
increase in QRSd every 10 ms results in an 18% increase in the risk of cardiovas-
cular death [15].

 2. QRS dispersion (QRS dispersion) refers to the maximum QRSd and minimum 
QRSd in a 12-lead ECG. Difference. QRSd has been reported as an independent 
predictor of sudden cardiac death in arrhythmic right ventricular cardiomyopa-
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thy populations [16]. In patients with heart failure, QRSd is significantly associ-
ated with left ventricular systolic dysfunction and can effectively predict sudden 
cardiac death [17].

 3. Fragmented QRS (fQRS) refers to a multiphase QRS wave that appears in two 
or more adjacent leads of a 12-lead ECG and complete or incomplete bundle 
branch block and complete right bundle branch block. Studies have reported that 
fQRS can be used as a predictor of myocardial scars and also predict arrhythmic 
events in non-ischemic cardiomyopathy [18].

 4. QRS.  The QRS-T angle refers to the angle between the QRS wave and the 
T-wave electrical axis and can be divided into a space angle and a frontal angle. 
A case-control study showed that the positive QRS-T angle was significantly 
associated with sudden cardiac death and that its predictive value was indepen-
dent of the left ventricular ejection fraction [19–21].

 5. QRS points are scores composed of the Q, R, and S wave amplitude, time his-
tory, and notch of each lead. In ischemic cardiomyopathy, QRS scores are still 
highly reliable in the evaluation of myocardial scars compared to the myocardial 
nuclear magnetic resonance that is currently prevalent [22]. Increased QRS 
scores have been shown to be closely related to ventricular arrhythmias, the 
occurrence of ICD discharges, and decreased left ventricular inverse remodel-
ing [23].

8.2.4  T Wave

T wave alternans (TWA) refers to the phenomenon in which the shape, amplitude, 
and polarity of T waves alternately change step by step in an electrocardiogram. 
TWA is mainly produced by the alternating repolarization of a single myocardial 
cell. Other possible mechanisms include calcium imbalance, myocardial memory, 
and mechanical-electrical feedback [24]. TWA can be observed in various disease 
states, such as myocardial infarction, heart failure, long QT syndrome, and Brugada 
syndrome. TWA is highly consistent with intracardiac electrophysiology in predict-
ing sudden cardiac death and can be used as a predictor of sudden cardiac death [25].

8.2.5  Others

(1) Index of cardiac electrophysiological balance (iCEB) is calculated from the ratio 
of QT interval to QRSd (iCEB = QT/QRSd), which can effectively predict arrhyth-
mia events caused by multiple drugs [26]. (2) Ventricular ectopic QRS interval 
(VEQSI) refers to the maximum interval between ventricular ectopic fluctuations. A 
health-based study in Italy found that VEQSI is significantly associated with struc-
tural heart disease and can help predict all-cause mortality [27]. (3) Waveform het-
erogeneity is the rapid development of computer image recognition technology, 
which makes the digitization of ECG and more complicated calculation indicators 
possible. Some studies have used the residual algorithm to evaluate the 
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heterogeneity of R waves and T waves on each lead and provided a better predictive 
model for the risk of arrhythmia than conventional ECG [28]. There are also studies 
that used the second-order central moment analysis method to process the electronic 
12-lead ECG of 5618 adults, and the results show that the increase in R wave, J 
wave, and T wave heterogeneity is significantly related to the occurrence of sudden 
cardiac death, and even after adjusting for conventional risk factors, the heterogene-
ity of J wave and T wave is still significantly associated with sudden cardiac death, 
suggesting that waveform heterogeneity can provide more ECG information and 
help assess the risk of sudden cardiac death [29].

In recent decades, with the rapid development of high-throughput sequencing 
technology, more and more whole-genome association studies (GWAS) have been 
implemented, and the genetic markers of SCD have gained more recognition. For 
example, in hypertrophic cardiomyopathy, mutations in the myocardial sarcomere 
gene can explain about 60% of the etiology of hypertrophic cardiomyopathy, with 
MYBPC3 and MYH7 being the most common. Studies have confirmed that patients 
with hypertrophic cardiomyopathy who carry multiple mutations in disease-causing 
genes will face a higher risk of SCD and a worse disease prognosis [30]. Long QT 
syndrome often shows autosomal dominant inheritance, and the exact pathogenic 
genes can be detected in more than 85% of patients. More than 15 gene mutations 
are closely related to the disease. In familial long QT syndrome, even carriers of 
genetic mutations who are asymptomatic and have normal ECG examinations have 
a risk of developing cardiac events about ten times higher than those of non-mutated 
carriers [31]. Therefore, this increasing evidence suggests that genetic testing can 
play an extremely important role in SCD risk warning [32].

In addition to the above cardiac function indicators, ECG signals, and genetic 
markers, there are still many other factors that may be related to SCD risk, such as 
age, gender, ethnicity, and disease history. Combining multiple predictive factors 
into a scoring system can more improve the prediction of SCD risk. For example, 
the CHA2DS2-VASc score that has been used clinically to assess the risk of stroke 
in patients with atrial fibrillation (AF) has been reported to be significantly associ-
ated with SCD events in patients with AF [33]. Based on the well-known ARIC 
cohort study, some researchers have proposed a SCD risk scoring system that 
includes a variety of traditional risk factors. The scoring system includes age, gen-
der, total cholesterol, lipid-lowering drugs, hypertension drugs, systolic blood pres-
sure, and diastolic blood pressure. Ten risk factors including smoking status, 
smoking status, diabetes, and body mass index build an index function prediction 
model, which predicts the risk of SCD in the community population and the actual 
observed risk is very close: And this study also used the Framingham cohort to 
verify the scoring system, suggesting the scoring system can effectively predict 
community SCD high-risk populations [34].

Obviously, in the routine diagnosis and treatment work, high-risk patients need 
to get an arrhythmia risk assessment quickly. At the same time, in view of the cur-
rent SCD risk assessment’s complete reliance on LVEF and the high medical costs 
of ICD treatment, other clinical-based, predictive indicators that are independent of 
LVEF are urgently needed. Electrocardiogram as a routine examination has the 
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advantages of being simple, fast, effective, and inexpensive, and it is also very suit-
able for capturing the electrophysiological abnormalities of patients with high-risk 
SCD. We have reason to believe that with the rapid development of computer sci-
ence, next-generation sequencing technology, and big data science, various new 
types of ECG characteristics, genetic markers, and a scoring system composed of 
multiple risk factors are likely to provide SCD warnings. More valuable informa-
tion. In addition, the rapid popularization of wireless signal transmission technol-
ogy and wearable devices has made it possible to extract and analyze remote ECG 
features, which will greatly expand the individualization, real time, and effective-
ness of SCD risk prevention and control based on ECG monitoring. It is expected 
that SCD early warning for the general population will be truly realized in the 
near future.

8.3  The Evolution of Diagnostic Criteria of Sudden 
Cardiac Death

Sudden death (SD) is usually the first clinical manifestation of an underlying dis-
ease in previously asymptomatic, apparently “healthy” subjects [35]. Sudden death 
is a major problem that has significant impact on public health. Many conditions 
can predispose to sudden cardiac death (SCD) and sudden cardiac arrest (SCA) [36, 
37]. Various criteria have been used to define sudden cardiac arrest and sudden car-
diac death in the medical literature [38]. Difficulties in deriving a specific definition 
include the following:

• Events are witnessed in only two-thirds of cases, which makes the diagnosis dif-
ficult to establish in many instances.

• It is too hard to restrict the definition of SCA to documented cases of VF since 
the cardiac rhythm at clinical presentation is unknown in so many cases.

• The duration of symptoms prior to SCA generally defines the suddenness of 
death. However, the duration of symptoms is unknown in approximately one- 
third of cases.

Therefore operational criteria for SCA and SCD have been proposed that do not 
rely on the cardiac rhythm at the right time of the event. The criteria focus on the 
out-of-hospital occurrence of a presumed sudden pulseless condition and the 
absence of evidence of a noncardiac condition (e.g., central airway obstruction, 
intracranial hemorrhage, pulmonary embolism) as the cause of cardiac arrest.

An international multidisciplinary conference held at the Utstein Abbey near 
Stavanger in June 1990. The purpose of this meeting was to develop uniform terms 
and definitions for out-of-hospital resuscitation. The term “Utstein style” is synony-
mous with consensus reporting guidelines for resuscitation from then on [38, 39]. 
The original Utstein recommendations focused on patients with non-emergency 
medical services—witnessed cardiac arrest of presumed cardiac cause, with ven-
tricular fibrillation at the point of first rhythm analysis. At that time, cardiac arrest 
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was defined as the cessation of cardiac mechanical activity, which confirmed by 
pulseless, by unresponsiveness, and by apnea (or agonal, gasping respirations). For 
the purposes of the Utstein style, no comment on time or “suddenness” was recom-
mended [40].

The Utstein definitions were revised in 2004 with the purposes of reducing com-
plexity and updating data elements based on advances in resuscitation science [41]. 
The Utstein 2004 revision broadened this focus on including all EMS-treated car-
diac arrests no matter what the first monitored rhythm is and whether or not the 
arrests were witnessed. Other changes in 2004 related to the definition of cardiac 
arrest (transition from carotid pulse to signs of circulation), including defibrillation 
attempts by bystanders, and extension of the template to include reporting of in- 
hospital cardiac arrest (IHCA) in adults and children in the same template [41, 42]. 
The 2004 Utstein resuscitation registry template for out-of-hospital cardiac arrest 
was updated in 2015, which balances the necessity of uniform collection of evi-
dence-based factors associated with outcome and the challenges of real-life data 
collection and validation. Because substantial between in-hospital and out-of- 
hospital epidemiology, process of care, and treatments are different, a decision was 
made again to use separate reporting templates [43]. And a 2019 update was focused 
on in-hospital cardiac arrest [44].

The Utstein elements of the latest out-of-hospital cardiac arrest were grouped 
into five domains. Each domain contained both core and supplemental elements. 
Some important subgroups are identified which allow an estimate of the specific 
contribution of rhythm and bystander actions that are the key determinants of out-
come [43].

The 2006 American College of Cardiology/American Heart Association/Heart 
Rhythm Society (ACC/AHA/HRS Writing Committee to establish data standards 
for electrophysiology) included definitions to guide documentation in research and 
clinical practice [45].

The following definitions of SCA and SCD were presented:

“[Sudden] cardiac arrest is the sudden cessation of cardiac activity so that the victim 
becomes unresponsive, with no normal breathing and no signs of circulation. If corrective 
measures are not taken rapidly, this condition progresses to sudden death. Cardiac arrest 
should be used to signify an event as described above, that is reversed, usually by CPR and/
or defibrillation or cardioversion, or cardiac pacing. Sudden cardiac death should not be 
used to describe events that are not fatal.”

Sudden cardiac death is unexpected death within 1 h of symptoms [46]. It is a 
devastating and tragic outcome of numbers of underlying cardiovascular diseases. 
While coronary artery disease and acute myocardial infarction are the most proba-
ble causes of SCD in older populations, genetic cardiac disorders comprise a sub-
stantial proportion of SCD cases aged ≤40. It includes primary arrhythmogenic 
disorders such as long QT syndromes and inherited cardiomyopathies. In 30% of 
young SCD, no cause of death is identified at postmortem, which is called autopsy- 
negative or sudden arrhythmic death syndrome (SADS). Since these disorders 
rarely cause structural change to the heart, postmortem is often “negative.” That 

8 Improvement in Diagnosis of Sudden Cardiac Death



112

means no cause of death is identified at postmortem, including normal histopathol-
ogy and normal toxicology analysis [47].

Worldwide, less than 1% of those who experience sudden cardiac arrest can 
finally survive [48]. Widespread accessibility of automated external defibrillators 
and effective utilization of public defibrillation programs can improve management 
of out-of-hospital cardiac arrest [49]. The investigation of sudden death involves 
five steps:

 1. Clinical features, including the history and circumstances of death.
 2. Autopsy examination and histology.
 3. Further laboratory tests including toxicology.
 4. Formulation of a diagnosis.
 5. Recommendation for family screening by specialized cardiologists [46].

SCD pressingly requires primary prevention since the first clinical event is 
always fatal, especially in patients with ventricular tachyarrhythmias. Patients with 
acute bradyarrhythmias usually retain a basal circulation. Accordingly, the appro-
priate treatment (such as pacemaker) can be deployed in time to prevent irreversible 
MODS when a sudden bradyarrhythmia occurs. However, VF often results in a 
rapid and complete loss of blood circulation. This condition will result in irrevers-
ible organ (especially the brain) damage after a few minutes if untreated timely. 
Only a very small proportion of patients suffering from VF can leave the hospital 
alive even in the regions with highly developed emergency medical care systems. 
Despite recent efforts to improve the treatment in the community setting by using 
semiautomatic external defibrillators, primary prevention of SCD is such a diagnos-
tic challenge that it requires identification of future sudden death victims prior to the 
first arrhythmia episode. Correct identification of future SCD victims is important, 
cause there is an effective treatment, which is called defibrillation via an external or 
internal (implanted) defibrillator [50].
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9Chronic Fatigue Stress and Sudden 
Death

Haiyan Zhu and Guoxin Han

Abstract

With the development of today’s society, the pace of people’s work and life is 
accelerating. This common negative stress that people currently suffer is caused 
by long-term physical fatigue and excessive mental load, as well as the depres-
sion and irritability. The sudden death led by chronic fatigue has not only brought 
huge disasters to their families but also had serious negative effects on social 
production. This chapter mainly describes chronic fatigue stress and sud-
den death.
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9.1  Definition of Stress

The word stress is heard every day and is a polysemous word used to express mul-
tiple meanings. Since the middle of the twentieth century, stress scientist H. Selye 
has expounded on the diversity and non-specificity of the definition and explanation 
of stress. Stress is caused by the stabs, certain events, and certain conditions caused 
by the increase of physical and mental load. The external stimuli that cause stress 
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are called stress. Stress is categorized into too much stress and too little stress and 
qualitatively divided into beneficial stress and harmful stress. There are many kinds 
of stress such as physical, chemical, physical, psychological, and social environ-
mental. Regardless of the type of stress, stress is a non-specific response of the body 
and is a systemic adaptation syndrome mediated by the hypothalamus-pituitary- 
adrenal cortex system. Later, in the body response caused by stress, it is related to 
endocrine, autonomic nervous system, and neuro-immunity [1].

Modern medicine believes that stress is an emotional state caused by dangerous 
or unexpected changes in external conditions and is a psychological factor that may 
arise in decision-making psychological activities [2]. Stress-causing stimuli can be 
physical, psychological, and sociocultural. However, these stimuli usually do not 
directly cause stress, and there are many intermediary factors between stimulus and 
stress, such as human health, personality characteristics, life experience, coping 
ability, cognitive evaluation, beliefs, and the quality of social support received, 
which can play an important regulatory role. During stress, a series of changes 
occur in the internal organs. After the central brain receives external stimuli, the 
information is transmitted to the hypothalamus, secretes corticotropin-releasing fac-
tor (CRF), and then stimulates the pituitary gland to secrete corticotropin, so that the 
body is fully mobilized. Significant changes in muscle tension, metabolic levels, 
etc. increase the strength of the body’s activity to cope with emergencies.

9.1.1  Stress Structure

A stressor is a stimulus that causes stress or tension; stress itself is a special state of 
physical and mental tension; stress response is a physical and psychological 
response to a stressor, also known as physiological and psychological stress [3].

9.1.2  Performance of Stressors

There are mainly two performances of stress. One is activity suppression or com-
plete disorder, or even errors in sensory memory, showing an unadaptive response, 
such as stunned, confused, and distressed; the other is the mobilization of various 
forces to deal with emergencies, such as to act quickly and get out of trouble. Under 
stress, the biochemical system undergoes drastic changes, the secretion of adrena-
line and glands increases, and the body’s vitality increases, so that the entire body is 
fully mobilized to cope with unexpected changes. Being in a state of stress for a 
long time is harmful to human health and may even be dangerous.

In 1974, a study by Canadian physiologist G. Selye showed that the continuous 
state of stress can defeat a person’s biochemical protection mechanism, reduce the 
person’s resistance, and easily cause psychosomatic diseases. He referred to the 
stress response as systemic adaptation syndrome and divided it into three phases: 
(1) The alarm phase is manifested by increased adrenaline secretion; increased heart 
rate; decreased body temperature and muscle elasticity, anemia, and blood glucose 
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levels; and a temporary increase in gastric acidity which may lead to shock. (2) The 
impedance phase shows the disappearance of symptoms in the panic phase. The 
body mobilizes many protective systems to resist the causes of the crisis. At this 
time, the level of systemic metabolism increases and the liver releases a large 
amount of blood sugar. If the time is too long, a large amount of sugar can be con-
sumed in the body, and excessive activities of the hypothalamus, pituitary, and adre-
nal system will cause physical damage to the internal organs and symptoms such as 
gastric ulcer and thymus degeneration. (3) The exhaustion stage is manifested by 
the almost exhaustion of various storages in the body, and the body is in a crisis 
state, which can lead to serious illness or death. Therefore, it is necessary to mini-
mize and avoid unnecessary stress states and learn to treat stress states 
scientifically.

9.2  Chronic Fatigue Stress

Fatigue is a very common phenomenon and is associated with a considerable degree 
of physical and mental illness. Fatigue is a common complaint in primary and spe-
cialty medicine. Fatigue is the main symptom of chronic fatigue syndrome (CFS), 
which is related to many acute and chronic diseases such as rheumatoid arthritis, 
cancer, and multiple sclerosis [4]. It is also commonly found in certain medical 
treatments, such as radiotherapy or chemotherapy. In many of these cases, fatigue is 
often one of the most important causes of disability, and patients with severe health 
conditions often treat it as one of the most serious symptoms. Fatigue can be a nor-
mal response to activity or stress, but it can also be a sign of certain illnesses. In this 
sense, fatigue can be considered physiological or pathological. For healthy indi-
viduals, fatigue is a physiological response to strenuous and prolonged activity; it is 
predictable and short-lived and can be relieved after a break without affecting daily 
activities. Jason defined pathological fatigue as a fatigue that lasts more than 
3  months and is more intense than the fatigue experienced previously, affecting 
daily activities and quality of life. Due to the lack of accurate definitions of fatigue 
and differences in measurement techniques, there are significant differences in 
reported prevalence. The prevalence of fatigue in primary care is between 7% and 
45%. An epidemiological study in the United States found that 24% of people suffer 
from fatigue. Addington’s analysis of epidemiological follow-up samples found that 
the unexplained lifetime prevalence of fatigue is 20% and the duration is 2 weeks or 
more. Some community epidemiological studies have reported high fatigue rates in 
the general population. For example, Norwegian prevalence is 22%, Dutch preva-
lence is 25%, UK prevalence is 18%, and US prevalence is 20%, and data on fatigue 
rates in China are currently lacking [5–7].

Chronic fatigue stress refers to the stress state of the human body under long- 
term exposure to fatigue, which is a kind of physiological fatigue. Also known as 
fatigue subhealth, chronic fatigue stress is common in countries and regions with 
developed economies and fierce social competition. The number of people has been 
increasing year by year, and it has become one of the hot topics in the international 
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medical community. The proposition of the concept of chronic fatigue stress is not 
accidental. It is the embodiment of the new health concept that modern people pay 
attention to preventing the disease from happening or developing. Although sub-
health manifests problems in the medical field in terms of symptoms, as a whole, it 
is inseparable from the social environment; economic, cultural, and psychological 
factors; and physical quality. Chronic fatigue stress can also be called the third state 
of the human body, including no clinical symptoms or mild feelings, but there is 
already underlying pathological information [6]. It has a wide range of connota-
tions. It is people’s emotional experience about health or subhealth. The chronic 
fatigue stress state is constantly changing and developing, and it can be transformed 
into a healthy state or a disease state, which depends on the self-care measures and 
the immunity to the disease. And the transition to a healthy state requires measures 
such as precautions, self-care awareness, and properly adjusting the dietary struc-
ture. Chronic fatigue stress has a large space-time span. Research on it is still in its 
infancy, and several issues remain to be explored. Due to differences in people’s 
age, adaptability, immunity, sociocultural level, etc., the symptoms of chronic 
fatigue stress are intricate and complex. The more common are reduced vitality 
response ability, adaptive ability and immunity, physical fatigue, cold, tiredness 
after a short movement, sweating, loss of appetite, headache, insomnia, anxiety, 
uncoordinated interpersonal relationships, family harmony, sexual dysfunction, etc. 
The symptoms of chronic fatigue stress include chronic fatigue syndrome, excess 
information syndrome, neurasthenia, and obesity.

9.2.1  Epidemiology of Chronic Fatigue Stress

The population in a state of subhealth disease is increasing in many countries and 
regions. According to statistics, six million people in the United States are sus-
pected of being sub-healthy every year, and they are between 20 and 45 years old 
[8]. China has more than 700 million people in a sub-health state, accounting for 
60% to 70% of the country’s total population. Middle-aged people in China are a 
sub-healthy population. As early as the 1970s and 1980s, fatigue became a serious 
health problem in developed countries [9]. A survey in the United States found that 
14% of adult men and 20% of women show significant fatigue, and one in eight 
develops chronic fatigue syndrome [10]. Surveys in the United Kingdom show that 
approximately 20% of men and 25% of women always experience fatigue, of which 
approximately a quarter may be chronic fatigue syndrome. At present, the number 
of people with chronic fatigue syndrome is increasing year by year. The number of 
people in the United States is mostly among young whites with a higher socioeco-
nomic status. Medical staff, especially nurses, have a higher incidence than the gen-
eral population. Japanese medical experts listed 27 kinds of symptoms and factors 
of excessive fatigue [11]. Among them, more than seven of them are those who are 
at risk for excessive fatigue, and those with more than ten items may suffer from 
overwork at any time. The word “overwork” first appeared in Japan during the eco-
nomic boom of the 1970s and 1980s. It is not a clinical medical name but belongs 
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to the category of social medicine [12]. In Japan, it is defined as exacerbating under-
lying diseases such as hypertension due to excessive workload and then causing 
acute circulatory organ disorders such as cerebrovascular or cardiovascular dis-
eases, which puts patients into a state of death. The cause of death from overwork is 
the accelerated work rhythm, increased mental stress, and long-term overload work, 
which exceeds the limits of human physical and mental capacity and leads to over-
work [13]. Surveys in China show that the incidence of chronic fatigue syndrome in 
urban emerging industry populations ranges from 10% to 20% and up to 50% in 
certain industries, such as technology, news, public servants, entertainers, and taxi 
drivers. Japan’s special survey on fatigue shows that as high as 60% of people are 
feeling “very tired.” Among them, 44% were due to heavy workload, heavy house-
work, and mental stress, and many people could not explain why. Another survey of 
130,000 employees confirmed that the fatigue of “workers” seems to be stronger. 
Seventy-two percent of people claim to feel very tired at work, and 75% often feel 
listless or have headaches and dizziness [14]. The reasons are often “interpersonal 
tension,” “promotion too slow,” or “too much to learn.” Between 1987 and 1989, 
there were only 180 cases of overwork deaths reported in Japan. Within 1 year in 
1995, the general managers of 12 major companies including Kawasaki Steel Co., 
Ltd., a well-known Japanese company, Seiko, and Japan Airlines all died suddenly, 
mostly between the ages of 40 and 50. Medical scientists consider their premature 
death to be caused by overwork. Sociologists believe that a nation’s excessive 
fatigue can affect its national strength, and they emphasize that Japan’s suicide rate, 
divorce rate, and violent crime rate remain high. It is related to the general and per-
sistent fatigue of the people.

9.2.2  Diagnosis of Chronic Fatigue Stress

9.2.2.1  Standard Diagnosis of Symptoms
The United States and Japan, which paid close attention to chronic fatigue stress 
and sub-health problems, have developed diagnostic standards for the most com-
mon chronic fatigue syndrome in sub-health states. The US standards consider it 
necessary to introduce some criteria. People who meet two major fatigue criteria 
and six or more symptom criteria plus two or more physical symptoms criteria, or a 
simple symptom criteria of more than 8 criteria, can be diagnosed as chronic fatigue 
syndrome. On the basis of revising and supplementing the US diagnostic criteria, 
Japan has determined the criteria for the diagnosis of chronic fatigue syndrome. It 
should be pointed out that the diagnosis of chronic fatigue syndrome is an exclusion 
diagnosis. It should be performed on the basis of the belief that other diseases are 
excluded, and the specific diagnosis cannot be based on medical history or labora-
tory examination.

9.2.2.2  Quantitative Diagnostics
Chronic fatigue is mostly based on personal feelings. Physical examinations have 
no positive signs, and various laboratory tests are negative, which makes diagnosis 
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difficult. Therefore, comprehensive quantitative analysis is needed. Inspections are 
divided into primary inspections and secondary inspections. The first-level exami-
nation is a general physical examination. If the symptoms are obvious and the pri-
mary examination cannot detect the cause, perform secondary examinations, such 
as exercise experiments, electroencephalograms, 24 h ambulatory blood pressure 
monitoring, and psychological status tests on standard scales. Microscopic methods 
can also be used for individualized physical examination. For example, the body’s 
immune cell function test, blood ultrahigh magnification morphological examina-
tion, and disease-related DNA and gene PCR examinations can all find small physi-
ological changes in the human body.

9.2.2.3  MDI Health Assessment
Many scholars use the world’s popular MDI health assessment method to carry out 
quantitative research on chronic fatigue status. It was originally used by WHO to 
measure the indicators suggested by the diseases that are most harmful to human 
death and evaluated according to the actual detection status of the subject’s scoring 
(take a 100-point scale, with a perfect score of 100 points), corresponding to 
WHO’s definition of health. The criteria are 85 or higher for health, 70 or lower for 
disease, and 70–85 for sub-health (third status). MDI-based assessment includes 
cardiovascular and cerebrovascular disease monitoring and stroke prediction, 
malignant tumor signs, organ lesions, blood and allergic diseases, blood pollution, 
endocrine system examination, limb damage detection, and medication effect. 
Physical indicators, such as detection, and psychological and social disorders 
increased in recent years. Cai Ronglin’s team has two criteria for determining 
fatigue sub-health. Its contents are the same as what was included in “Clinical 
Guidelines for Sub-Health Chinese Medicine,” including persistent discomfort, or 
a marked decline in adaptability, which lasts more than 3 months, but can maintain 
normal work, no major organic diseases and mental and psychiatric diseases, and 
failure to meet the clinical diagnosis although laboratory test results deviate. The 
different contents are as follows: using the fatigue scale (FS-14) to evaluate, the 
total fatigue score is ≥3 points; using the fatigue self-assessment scale (FSAS) to 
evaluate, the score is ≥3 points.

9.3  Chronic Fatigue Stress and Sudden Death

With the continuous development of today’s society, the pace of people’s work and 
life is accelerating, and the physical and mental pressure on young people who are 
the main productive groups of society is increasing. Long-term physical fatigue and 
excessive mental load, as well as the consequent depression, irritability, and other 
bad psychological emotions, together constitute the current state of adverse stress 
that young people generally suffer. Sudden deaths of young people caused by 
chronic fatigue stress are common, especially in first-tier cities such as Beijing, 
Shanghai, Guangzhou, and Shenzhen. The premature death of these lives has not 
only brought huge disasters to their families but also caused serious negative effects 
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on social production and has created a huge medical and social burden. This article 
summarizes the content of chronic fatigue stress and sudden cardiac death in 
young people.

9.3.1  Epidemiology of Sudden Cardiac Death in Young People

Surveys show that about 80% of white-collar workers in China are in an overworked 
state. Among people aged 30 to 50 who died prematurely, 95.7% died of fatal dis-
eases caused by excessive fatigue, of which 80% were sudden cardiac death. Sudden 
cardiac death (SCD) refers to sudden death due to cardiovascular causes, with or 
without structural heart disease. SCD is generally considered to be death within 1 h 
of sudden onset or within 24 h from the last known stable state. The most common 
causes are acute coronary syndrome, dilated cardiomyopathy, genetic-related 
rhythm disorders (such as long QT syndrome, Brugada syndrome, and catecholamine- 
related polymorphic ventricular tachycardia), various types of cardiomyopathy 
(such as stress cardiomyopathy), and so on [15]. According to statistics, the total 
number of sudden cardiac deaths in the United States is 300,000 per year, with an 
annual incidence rate of 0.1%–0.2%. The incidence in Europe is similar to that in 
the United States. The epidemiological survey of sudden death in the Chinese popu-
lation shows that the incidence of sudden death in China is 41.84 cases per 100,000 
people per year, and the incidence rate is about 0.04% of the general population, 
which is lower than that of European and American countries. However, based on 
the country’s 1.3 billion people, it is estimated that nearly 544,000 people die sud-
denly each year in China, with an average of about 1500 people per day. Subject to 
China’s prehospital rescue level and emergency transfer system, the out-of-hospital 
rescue rate for sudden death in China is less than 1%. Therefore, in-depth study of 
the relationship between the adverse stress caused by long-term fatigue and sudden 
death of young people helps to clarify the mechanism of sudden death of young 
people, and taking effective preventive measures is of great significance to the indi-
vidual, family, and society [16].

9.3.2  Bridge Role of Stress in Sudden Cardiac Death

Stress refers to the physical and psychological tension and response caused by the 
imbalance between actual or cognitive requirements and the ability to adapt and 
cope with the body’s adaptation to various adverse factors in the living environment 
[17]. With the advancement of modern medicine, humans have become increasingly 
aware that the health depends on the biological effects of the interaction between the 
environment and the body [18]. Environmental factors are one of the important fac-
tors in the occurrence of diseases. According to statistics, about 70%–90% of the 
risk can be attributed to the effects of environmental exposure, while stress is an 
important interface for the interaction between the environment and the body. 
Sudden death, as the most serious result of stress diseases, especially the sudden 
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death of young people caused by stress, has been a hot spot in the research of stress 
diseases at home and abroad in recent years. Similar problems exist in animals. 
Animals often die quickly when they cannot escape, when they are placed in a place 
where it is expected that there will be too many strong stimuli, and when the spouse 
dies. It has been reported that when a camel was shot dead, his spouse died within 
minutes. The prelude to sudden cardiac death is often arrhythmia, leading to cardiac 
arrest. Lown puts forward four related hypotheses about the mechanism of stress- 
induced sudden cardiac death: the direct cause of sudden death is ventricular fibril-
lation; electrical instability exists long before sudden death; the index reflecting 
electrical instability is some kind of premature ventricular contractions; and stress 
can cause electrical instability and increase susceptibility to ventricular fibrillation 
[19–21]. In addition, long-term intense stimulation of chronic fatigue stress on sym-
pathetic nerves can reduce the pre-contraction stimulation threshold of experimen-
tal animals and the threshold of electrical stimulation that causes ventricular 
fibrillation. Therefore, the sympathetic nerves also play an important role in sudden 
cardiac death.

9.3.3  Chronic Fatigue Stress and Coronary Heart Disease 
in Young People

Coronary heart disease accounts for 65–80% of sudden cardiac death [22]. As the 
most important cause of sudden cardiac death, chronic fatigue stress often causes 
sudden cardiac death in young patients with coronary heart disease. Chronic fatigue 
stress is not only the cause of early coronary heart disease in young people but also 
the cause of sudden cardiac death in young patients with coronary heart disease. 
According to a large number of studies, the occurrence and development of coro-
nary heart disease are related to many biological, psychological, and social factors, 
including genetics, hypertension, hyperlipidemia, smoking, alcoholism, obesity, 
type A behavioral patterns, social relationship inconsistency, depression, etc. [23] 
Disorders of lipid metabolism, hemodynamic changes, and changes in the arterial 
wall itself are the direct factors of coronary heart disease. Psychological and social 
factors can affect the above three processes through neuroendocrine mediating 
mechanisms, thereby affecting the occurrence and development of coronary heart 
disease. Studies have shown that under chronic fatigue stress conditions such as 
long working hours, heavy burdens, and performing more than two different jobs, it 
may increase the incidence and mortality of coronary heart disease. Young patients 
with coronary heart disease have been chronically fatigued for a long time, causing 
the accumulation of inflammatory factors and leukocytes to destroy the vascular 
endothelial structure of the coronary arteries and prompting inflammatory cells in 
the body to release interleukin and tumor necrosis factor and degrade the extracel-
lular matrix of coronary atheroma. The stability of the plaque is reduced, which 
leads to acute myocardial infarction due to coronary reocclusion; in addition, the 
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large coronary artery is rich in the distribution of α-adrenergic receptors, and chronic 
fatigue stress states continue to activate the brain region of the plaque nucleus, 
which is rich in noradrenergic neurons. Sympathetic nerve tension continues to 
increase, catecholamine secretion increases, and coronary alpha receptors are 
excited, causing coronary spasm and prompting recurrence of myocardial infarction 
in young patients with coronary heart disease, increasing the risk of sudden car-
diac death.

9.3.4  Chronic Fatigue Stress and Stress Cardiomyopathy 
in Young People

Stress-induced cardiomyopathy (SCM), also known as Takotsubo cardiomyopathy, 
is a type of mental or physical stress that is related to temporary abnormalities in 
the movement of the left ventricle (and possibly the right ventricle). ECG and clini-
cal manifestations of heart disease are very similar to those of acute coronary syn-
drome. A meta-study found that about 1%–2% of patients admitted to the hospital 
for diagnosis of acute coronary syndrome, heart failure, and arrhythmia are stress 
cardiomyopathy, which is currently misdiagnosed due to insufficient clinician 
knowledge and missed diagnosis [24]. Stress cardiomyopathy is also one of the 
main causes of sudden cardiac death. Physical stress and mental stress are consid-
ered to be the main causes of stress cardiomyopathy. With the increasing pressure 
of work and life in modern society, young people, as the main force of social pro-
ductivity, have been in chronic fatigue stress for a long time, leading to the increas-
ing incidence of stress cardiomyopathy. Stress cardiomyopathy, as one of the 
causes of sudden cardiac death, has gradually attracted the attention of experts and 
scholars. In a systematic review of young stress cardiomyopathy, Wang Yueyue 
et  al. [25] found that physical stress is the main predisposing factor for young 
patients with stress cardiomyopathy; the incidence of young women is higher than 
that of young men, which may be related to the heart of women. It is more sensitive 
to sympathetic nerves and more prone to systolic dysfunction, and women have 
more fragile and sensitive traits than men. The mechanism of chronic fatigue stress 
in the pathophysiological process of stress cardiomyopathy in young people is not 
clear. The possible pathogenesis is that chronic fatigue stress may cause changes in 
the brain structure. The human body affects the hypothalamus-pituitary-adrenal 
cortex. The response sensitivity of the axis is reduced, and the secretion of adreno-
corticotropic hormone and glucocorticoid is increased to improve the body’s meta-
bolic function activities to cope with the external damaging stress. At the same 
time, the adrenocorticotropic hormone enhances the release of adrenal medulla 
adrenaline and norepinephrine leading to the body. Catecholamines remain at high 
levels for a long time, and the toxic effects of superphysiological amounts of cat-
echolamines on the heart promote the occurrence of stress cardiomyopathy in 
young people [26–28].
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9.3.5  Pathogenesis of Arrhythmia Caused by Chronic 
Fatigue Stress

When the human body is in a state of fatigue stress for a long time, mitochondria 
produce excessively active molecules such as reactive oxygen species (ROS), and 
the degree of oxidation exceeds the ability of scavenging oxides, leading to a series 
of changes in myocardial ion channels leading to ventricularity [29]. Arrhythmia 
occurs. ROS has been shown to affect Na ion channel function through multiple 
pathways. At the transcription level, ROS reduces the expression of Nav1.5 sodium 
channel genes by reducing mRNA expression. At the protein level, ROS directly 
makes methionine in Nav1.5 sodium channel proteins. Oxidative inactivation leads 
to a decrease in the peak value of Na ion channel current. ROS can also increase the 
probability of Na ion channel opening, leading to changes in cardiac rhythm caused 
by increased sodium current in the later period, including action potential, pro-
longed depolarization in the early stage, and calcium ion overload [29]. ROS can 
also affect sodium channel phosphorylation by indirectly changing the membrane 
lipid environment or by activating signaling molecules such as protein kinase C and 
calmodulin-dependent protein kinase II to reduce sodium current peaks, leading to 
arrhythmia. Activation of calmodulin-dependent protein kinase II can also phos-
phorylate subunits of the Cav1.2 calcium channel, opening up L-type calcium ion 
channels, increasing calcium influx, and increasing myocardial cell reactivity to 
isoproterenol, leading to delayed depolarization and systolic dysfunction [30–32]. 
In addition, excessive ROS in the cell can reduce the current repolarization of potas-
sium ions and prolong the duration of the action potential and the early period of 
post-depolarization, increasing the electrical heterogeneity of myocardial cells and 
the susceptibility to arrhythmia. Finally, ROS-induced mitochondrial dysfunction 
can also cause mitochondrial membrane potential depolarization, leading to the 
opening of the sarcKATP channel, which in turn forms a sink current that propa-
gates depolarized waves, increasing the possibility of conduction block and arrhyth-
mia [33, 34]. In summary, chronic fatigue stress may cause ventricular arrhythmias 
by increasing the production of ROS, leading to changes in myocardial ion chan-
nels, which may cause sudden cardiac death.

9.3.6  Mitochondrial Gene Mutation and Sudden Death 
in Young People

Mitochondrion is the cell’s energy factory. It consumes 98% of oxygen in the body 
to provide energy for human life activities [35]. It is the core organelle of the cell’s 
redox. Its main function is realized by the electron transfer system of the respira-
tory chain. The electron transfer chain is composed of four kinds of complexes, 
including complexes I, II, III, and IV (i.e., NADH dehydrogenase, succinate dehy-
drogenase, cytochrome C reductase, and cytochrome C oxidase) [36]. During 
human development, mitochondrial gene mutations are random in human tissues, 
but as defective mitochondria are destroyed by free radicals for a long time, the 
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average value of mitochondrial mutation ratios in organs or tissues gradually 
increases. Mutations in the mitochondrial genome follow this pattern. Heterogeneity 
is a feature, most of which are family clusters, and its related diseases usually 
occur in tissues and organs that consume large amounts of oxygen, such as the 
heart, skeletal muscle, pancreas, and nerve tissue. To date, more than 100 diseases 
such as cardiovascular disease, deafness, and mitochondrial myopathy are related 
to mitochondrial gene mutations [36–38]. The relationship between mt-DNA point 
mutation and cardiovascular disease has become a hot spot in the field of genetics. 
Meta- research has found that nearly 20 kinds of mitochondrial gene single nucleo-
tide mutations are related to the occurrence and development of coronary heart 
disease.

Through a comparative analysis of mitochondrial gene scanning in young 
patients with coronary heart disease, Han et al. found that mitochondrial mutations 
C8414T, A8508G, and A8701G are related to the development of coronary heart 
disease in young people. Both C8414T and A8508G are located in the ATP8 gene 
[39–41]. The ATP8 gene corresponds to the 8386–8572 base pair of the mitochon-
drial genome and encodes the A6L subunit located in the neck of the complex 
V. Meta-research found that mutations in the ATP8 gene mainly cause dysfunction 
of the complex V and cause mitochondrial dysfunction, mainly affecting the heart, 
kidney, nervous system, and other organs or tissues with high energy metabolism 
[42]. Jonckheere reported that a mitochondrial mutation in a patient with G8529A 
caused hypertrophic cardiomyopathy, speech, dyskinesia, and reduced tendon 
reflexes. Ware et al. reported that four unrelated T8258C mutations were associated 
with hypertrophic cardiomyopathy and congestive heart failure [43]. Under normal 
human conditions, complex V produces ATP by phosphorylating ADP in the mito-
chondrial matrix, and most of the ATP powers the body through the mitochondrial 
inner membrane through ANP [44]. Similarly, ANT transports ADP back to the 
mitochondrial matrix for phosphorylation. Mitochondrial C8414T and G8584A 
mutations may lead to deficiency of complex V energy supply, insufficient phos-
phorylation level of complex V, and ATP production obstacles. At the same time, the 
increase of mitochondrial membrane potential is accompanied by an increase in 
active oxygen content produced by the mitochondrial respiratory chain, insufficient 
energy supply, and oxidative stress [38, 45]. The surge has contributed to the devel-
opment of coronary heart disease. Yu et al. established a mouse model of the mouse 
ATP8 gene G7778A gene mutation and performed functional studies to indicate 
changes in mitochondrial structure, increased H2O2 synthesis, enhanced CD4 + T 
cell activity, and increased adaptability of CD4 + T cells to mitochondrial oxidative 
phosphorylation damage [46]. Experiments have confirmed that CD4 + T cells play 
an important role in the formation and expansion of atherosclerotic plaques. 
CD4 + T cells express CD40 ligand (CD40L). CD40L induces endothelial cells, 
vascular smooth muscle cells, and macrophages to express procoagulant factors [47, 
48]. The CD40L system plays a decisive role in cardiovascular inflammation. It is 
speculated that mitochondrial C8414T and A8508G mutations may also promote 
the occurrence of coronary atherosclerosis by increasing the activity of CD4 + T 
cells [43].
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In the mitochondrial gene A8701G mutation, the 59th amino acid at ATPase6 (F0 
subunit of complex V) was replaced by threonine and alanine. Studies have con-
firmed that changes in the base AG are often associated with increased reactive 
oxygen species [44]. Kazuno et al. found the A8701G mutation changes the pH of 
the mitochondrial matrix, causing calcium overload and increased reactive oxygen 
species production, and calcium plays an important role in the development of coro-
nary heart disease [49]. Active oxygen can open mPTP channels to induce cardio-
myocyte apoptosis. A large number of reactive oxygen species open mPTP channels 
to induce myocardial cell apoptosis. Opening mPTP channels induces myocardial 
cell apoptosis; activated calcium-dependent potassium channels act on vascular 
endothelial cells to participate in the process of atherosclerosis by coupling PKG-1α 
signaling in smooth muscle cells [43]. Using voltage-dependent potassium channels 
and thiol redox signaling inhibits the formation of coronary collateral circulation. 
Increased calcium ions promote ROS generation [50]. Excessive ROS can further 
increase calcium and ROS levels by triggering mitochondrial calcium ion signals 
and regulating calcium regulatory proteins. Finally, positive feedback of calcium 
ions and ROS is formed. Calcium ions are triggered by activating the mPTP path-
way. In addition to mitochondrial dysfunction, Ca/calmodulin-dependent protein 
kinase II (CaMII) can be activated and elevated through the Ca2+/CaM-dependent 
activation pathway [51]. CaMII can prolong the duration of action potentials by 
inducing action and cause early rhythm after depolarization. The abnormality causes 
cardiomyocytes to apoptosis, which in turn causes continuous damage to the cardio-
myocytes and electrophysiological disorders (see Fig. 9.1).

Chronic fatigue has become a “modern disease” common in high-speed modern 
society, and it is an important cause of sudden cardiac death in young people under 
high stress. It is urgent to do the in-depth research on the relationship between 

Ca2+

A8701G

Calcium overload

mPTP openning

CD40L

ADP
ATPase

ATP↓

ATP↓myocardium cell apoptosis

Cardiomyocyte death

coronary artery atherosclerosis

thromboplastic factor

Endothelial cell
Vascular smooth muscle cell
Macrophage

↑ROS production ↑CD4+cellsC8414T
A8508G

Fig. 9.1 Mitochondrial gene mutation and sudden death in young people

H. Zhu and G. Han



129

chronic fatigue stress and sudden cardiac death in young people and study early 
warning mechanism of sudden fatigue caused by chronic fatigue stress, so as to 
screen high-risk groups of young people under chronic fatigue stress and take early 
prevention measures to provide insurance for young people who are the backbone 
of society and make some contributions to protecting their health.

9.4  Sudden Female Death

9.4.1  Difference between Sudden Female Death and Male Death

Sudden death of women is 30% of that of men, and sudden death of women is 
10–20 years later than men [52]. Coronary heart disease is considered to be the main 
cause of sudden death, but the proportion of women with sudden death, coronary 
heart disease, structural heart disease, and left heart failure is lower than that of 
men. Only 37% of women with sudden death have a history of coronary heart dis-
ease. The proportion of coronary heart disease in men with sudden death is 56% 
[53]. At the same time, women with coronary heart disease have a lower risk of sud-
den death than men. The Framingham study showed that half of men with coronary 
heart disease died of sudden death, compared with only one quarter of women. With 
the improvement of primary and secondary prevention measures of coronary heart 
disease in recent years, the mortality of coronary heart disease has gradually 
decreased, and the incidence of sudden death of men has also decreased by 2.8%. 
However, the incidence of sudden death among young women of the same age 
increased by 21%.

9.4.2  Risk Factors Related to Sudden Death in Women

Smoking is an important cause of death from cardiovascular disease. Nurses’ Health 
Study follow-up data for 101,018 women through 2011 show that amount and 
length of smoking are linearly related to sudden death. The risk of sudden death in 
women without coronary heart disease is 1.84 times that of nonsmokers. The risk of 
sudden death in heavy smokers is 3.3 times that of nonsmokers. This is equivalent 
to the risk of sudden death in patients with myocardial infarction. The risk of sudden 
death increases by 8% for each additional 5 years, and the risk of sudden death 
decreases significantly after stopping smoking. Women with coronary heart disease 
are at higher risk of sudden death from smoking, and even after quitting, they have 
a higher risk of sudden death. Smoking is an independent risk factor for women 
with sudden death. The effects of smoking on sudden death include, in addition to 
coronary atherosclerosis, the direct arrhythmic effects of nicotine. Nicotine can 
increase the release of catecholamines, change the potassium ion channel, and 
enhance transient platelet adhesion, thereby reducing the ventricular fibrillation 
threshold. Therefore, actively quitting smoking is important for preventing sudden 
death in women.
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9.4.3  Sports

It is well known that exercise has many benefits, but there are also many records of 
sudden death caused by exercise. The Nurses’ Health Study followed 69,693 women 
without cardiovascular disease for 18 years, and the results showed that the risk of 
sudden death from moderate- to high-intensity exercise was very low, about 1  in 
every 36.5 million hours of exercise [54, 55]. Compared with non-exercise and light 
exercise, moderate- to high-intensity exercise will cause a transient increase in the 
risk of sudden death, but long-term adherence to medium- to high-intensity exercise 
will reduce this transient risk [56]. When you exercise for 2 h or more per week, this 
risk will disappear. Medium- to high-intensity exercise will reduce the risk of sud-
den death in the long run, and the reduction in risk of sudden death is more signifi-
cant in women who exercised regularly for more than 4 h per week. The Physicians’ 
Health Study study showed that the relative risk of sudden death from strenuous 
exercise in men was 19 times that of women in the study. This is in line with the 
conclusions of a smaller retrospective study in the United States and Finland, which 
showed that men are nine to 14 times more likely to suffer sudden death from stren-
uous exercise than women. Therefore, it is suggested that women insist on long- 
term regular exercise instead of short-term vigorous exercise to reduce the 
occurrence of sudden death.

9.4.4  Drinking

Moderate drinking can reduce the incidence of hypertension, coronary heart dis-
ease, stroke, and death in women. In the Nurses’ Health Study, 85, 067 women were 
followed for 26 years. The results showed that there was a U-shaped relationship 
between ethanol intake and sudden death. The incidence of sudden death was lower 
in mild to moderate drinkers. The risk of sudden death was lowest when drinking 
5.0 to 14.9 g daily, and the risk of sudden death was similar for both non-drinkers 
and heavy drinkers [57]. There was no significant relationship between the type of 
simultaneous drinking and sudden death.

9.4.5  Depression and Anxiety

Depression and anxiety are the most common mental illnesses that affect cardiovas-
cular disease. Studies have found that the incidence of sudden death also increases 
sharply when major events such as earthquakes and wars occur [58]. Depression is 
a risk factor for poor prognosis and decreased survival in patients with myocardial 
infarction, which is mainly related to the arrhythmia caused by depression. A pro-
spective study by William et al. showed that as the depression scale score decreases 
(heavier depression), the risk of sudden death gradually increases. The relative haz-
ard ratio of sudden death for severely depressed patients compared with those with-
out depression is 2.33:1, and depression is an independent risk factor for sudden 
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death. A study of patients with ICD showed that depressive symptoms were closely 
related to the number of ventricular arrhythmias recorded and the occurrence of 
sudden death [59]. This may be related to sympathetic hyperexcitation, increased 
resting heart rate, increased QT interval dispersion, and decreased heart rate vari-
ability in depressed patients. At the same time, antidepressants taken by depressed 
patients may also cause sudden death increase. For example, fluoxetine may pro-
long QT interval and induce apical torsional ventricular tachycardia. Tricyclic anti-
depressants may also prolong QT interval to induce ventricular arrhythmias.

9.4.6  Saturation and Types of Fatty Acids

The relationship between fatty acids and arrhythmias varies depending on the length 
of the fatty chain and its saturation. Saturated fatty acids have arrhythmogenic 
effects, while N-3 and N-6 polyunsaturated fatty acids have antiarrhythmic effects. 
In the Nurses’ Health Study, 91,981 women were included. After 30 years of fol-
low- up, it was found that the relative risk ratio of sudden death was 1.44 compared 
with women with more saturated fatty acids and less intake. The relative hazard 
ratio of sudden death in the group was 0.57, and N-3 and N-6 polyunsaturated fatty 
acids were closely related to the reduction in sudden death. Trans-fatty acids have 
arrhythmogenic effects. The Nurses’ Health Study found that trans-18:2, but not 
trans-18:1, fatty acids were positively correlated with sudden death in women dur-
ing a 26-year follow-up of 86,762 women. Coronary heart disease subgroup analy-
sis showed that women with coronary heart disease consumed the most total 
trans-fatty acids. The relative hazard ratio of sudden death in the group and the least 
group was 3.24, which suggests that trans-fatty acids significantly increase the risk 
of sudden death in women with coronary heart disease. Studies have suggested that 
polyunsaturated fatty acids can affect atherosclerosis by affecting blood lipids, 
blood pressure, endothelial cell function, inflammatory response, thrombosis, and 
myocardial cells’ use of oxygen and thus indirectly affect the occurrence of sudden 
death. At the same time, polyunsaturated fatty acids in the cell membrane can 
directly affect the occurrence of sudden death by affecting the stability of myocar-
dial cells’ electrical activity and changing their susceptibility to ventricular arrhyth-
mias [60]. This suggests that improving the quality of fatty acids in the diet, such as 
replacing saturated fatty acids with N-3 and N-6 polyunsaturated fatty acids, and 
reducing the content of trans-fatty acids may be beneficial in reducing sudden death.

9.4.7  Diet and Serum Magnesium Content

Magnesium has an antiarrhythmic effect, and chronic magnesium deficiency can 
cause arrhythmias. Epidemiological and etiology studies of drinking water hardness 
and sudden death have shown that there is a negative correlation between magne-
sium ion concentration and the occurrence of fatal ventricular arrhythmias, and 
autopsy studies have also shown that magnesium ion concentrations in cardiac 
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muscle cells of patients with sudden death have decreased. The 26-year follow-up 
of 88,375 women in the Nurses’ Health Study showed that women with high levels 
of magnesium and low levels of diet and serum had a significantly lower risk of sud-
den death compared with women and that serum magnesium concentrations were 
inversely proportional to sudden death. For every 0.10 mmol/L increase in serum 
magnesium ion, the risk of sudden death is reduced by 41%. Magnesium ion is an 
ATPase activator of cardiomyocyte sodium ion channel and plays a very important 
role in maintaining electrophysiological activities such as resting membrane poten-
tial, cell membrane stability, and excitability of cardiomyocytes [61]. Magnesium 
ion can inhibit the depolarization of myocardial cells and reduce the repolarization 
dispersion. It plays an important role in the treatment of polymorphic ventricular 
tachycardia and apical torsional ventricular tachycardia. At the same time, magne-
sium ions can also indirectly affect the occurrence of sudden death by improving 
vascular tension, fat metabolism, endothelial cell function, and inflammatory 
response and inhibiting platelet function [62].

Our current traditional methods for predicting sudden death may not be suitable 
for women, and it is necessary to find risk stratification methods that can more accu-
rately predict sudden death for these people. At present, there are few researches in 
this area in China. More epidemiological investigations and clinical studies are 
needed to explore the risk stratification methods of female sudden death, so as to 
better prevent the sudden death of female high-risk groups.
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Abstract

The sudden unexpected infant death (SUID) usually occurs in a healthy infant 
and children, and the cause of death remains unclear. Sudden infant and children 
death syndrome (SICDS) cannot be completely prevented, but it is thought that 
risk can be decreased by sleeping safely. SICDS is associated with a variety of 
risk factors, including maternal, infant, and environmental factors. The sudden 
infant death rates were significantly declined from the late 1980s to early 1990s, 
after prevention campaigns were introduced across many countries. These cam-
paigns appear to affect some part of our population and resulted in behavioral 
change; this is not totally successful. The principles and evidence for public 
health approaches to prevention are based on different strategies. The interven-
tions must focus on a limited number of simple feasible interventions and deliver 
through programs. The programs should be resourced appropriately, based on the 
long term and taken on long-term leadership which could make the target com-
munities engagement and authorization. These programs must have been per-
formed in robust monitoring and evaluation.
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10.1  Epidemiology of Sudden Death in Infant and Children

The sudden unexpected infant death (SUID) usually occurs in a formerly healthy 
infant and children, and the cause of death remains hard to fully explain despite a 
thorough case analysis, including autopsy, death investigation, and evaluation of the 
clinical history.

In the USA, about 4000 infants die per year due to sleep-related deaths, indicated 
as sudden unexpected infant deaths (SUIDs) [1]. These deaths take place suddenly 
and may be explained or unexplained among infants less than 1 year of age, and 
they are usually reported as sudden infant and children death syndrome (SICDS), 
death from unexplained cause, and death from accidental apnea and asphyxia in 
bed. SICDS includes about 50% of all SUIDs and is characterized by the sudden 
death during the sleep of the infants and children. Most SICDS deaths take place 
during the first 6 months of age, especially between ages 2 and 4 months. Since the 
sponsor of the Back to Sleep campaign in 1994 by the American Academy of 
Pediatrics (AAP), the total SICDS rate has declined by more than 50% in the 
USA. The number of death has declined from 130 per 100,000 live births in 1990 to 
40 per 100,000 live births in 2015 [1]. Nonetheless, SICDS still is the second lead-
ing cause of early infant death and the fourth leading cause of infant and children 
mortality in the USA [2]. In recent years, the mortality rate of SICDS has become 
invariant unless major public health efforts were made to improve infant’s sleep 
environment and aimed at focusing on high-risk groups. SICDS affects families of 
all social, economic, culture, and ethnic spheres. However, it is more likely to occur 
in infants born to mothers with few or inadequate antenatal care, mothers smoking 
during pregnancy, male infants, prone and side-lying position during sleep, and pre-
mature and low birth weight infants [3]. SICDS is not completely prevented, but it 
is considered that the risks could be avoided by following the basic “ABC” of safe 
sleep pattern. It means having the infant sleep “alone” and not with the parents or 
other people and not sleep with too soft pillows or unfixed blankets, having the 
infant on his or her “back” and not in prone or side- lying position during sleep, and 
having the infant sleep in his or her own “crib” and not on an adult bed, sofa, or 
other very soft surface.

10.2  Etiology and Risk Factors of Sudden Death in Children 
and Infant

A lot of risk factors are known to cause SICDS.  They can be summarized as 
maternal, infant, and environmental factors (see Table 10.1). Statistically, the pro-
portion of SICDS cases related to at least one risk factor exceeds 95%. And in a 
number of cases, factors leading to SICDS are modificable. Among these factors, 
sleep posture, sleep environment, and parental smoking are more often to be 
altered [4]. We will discuss these risk factors and related protection factors in 
detail in this chapter.
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10.2.1  Maternal Risk Factors

10.2.1.1  Young Maternal Age
Many studies have found that young maternal age is related to the risk of SICDS [5, 
6]. A research conducted by the USA points out that after the neonatal period, 
SICDS occurred in 5.2 out of every 1000 infants born to teenage mothers, while the 
incidence in infants born by the older mothers was 1.0 per 1000 [6]. Another case- 
control study conducted by the Netherlands shows that the younger age of mother is 
an important risk factor for SICDS [7]. Compared with older mothers, very young 
mothers may differ in the way they take care of their children, and perhaps they have 
more things to worry about.

10.2.1.2  Maternal Smoking
Maternal smoking can significantly increase the risk of SICDS and is positively cor-
related with the amount of smoking [8]. Cigarette smoking during pregnancy would 
bring the most distinct impact on babies, and second-hand smoke exposure is 
another independent risk factor for SICDS [9]. A great deal of studies have sug-
gested that the babies were more susceptible to SICDS if their mothers smoke dur-
ing the gestation period, and smoking prevention/intervention program could 
greatly reduce the risk of SICDS [8, 10]. According to a case-control study of KC 
Schoendorf et al., infants who were surviving had less exposure to maternal smok-
ing, compared with those who died of SICDS. They also concluded that the odds 
ratio (OR) for passive exposure among normal birth weight infants of black race and 
white race was 2.4 and 2.2, respectively, but that of combined exposure was 2.9 and 
4.1. By adjusting the demographic risk factors, the ratio for SICDS in these two 
races went consistent. The ratio for passive exposure was approximately 2, and the 
value for passive exposure became 3 [11]. Another prospective follow-up study 
found that there were 0.8 cases of SICDS per 1000 live births (n = 20). Maternal 
cigarette smoke significantly increased the children’s risk of SICDS by more than 
three times (OR = 3.5; 95% CI 1.4–8.7), and the higher the number of cigarettes 
smoked every day, the higher the risk of SICDS (p < 0.05) [12]. Whether in the fetal 
period or after birth, tobacco can hinder the normal development of physiological 
functions and anatomical structures, thereby greatly increasing the risk of SICDS.

Maternal factors Infant and environmental factors
Young age
Cigarette smoke
Alcohol or drug abuse
Pregnancy 
complications

Premature delivery and/or low 
birth weight
Prone sleep posture
Twins
Genetic polymorphisms
Sleeping environment
Sibling of SICDS victim
History of apnea
Overheating

Table 10.1 Risk factors 
of SICDS
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10.2.1.3  Maternal Alcohol Use or Drug Abuse
Alcohol abuse by mothers can significantly increase SICDS risk [13]. A population- 
based case-control study of Northern Plains American Indians showed the signifi-
cant associations between SICDS and pre-pregnancy maternal drinking (adjusted 
OR = 6.2; 95% CI 1.6–23.3), and between SICDS and early pregnancy bibulosity 
(adjusted OR = 8.2; 95% CI 1.9–35.3) [14]. Drug abuse by mothers can also increase 
the risk of SICDS [15]. Infants of mothers abusing methadone, heroin, cocaine, and 
other drugs during pregnancy can reach an incidence of SICDS of 5.89%, which is 
4.19 times higher than infants born to mothers without drug abuse. Different drugs 
have different risks of increasing SICDS. Among them, SICDS risk for babies of 
cocaine-abusing mothers has increased threefold, heroin has increased fivefold, and 
methadone has increased sevenfold.

10.2.1.4  Pregnancy Complications
A variety of complications may occur during pregnancy, including placenta previa, 
placental abruption, premature rupture of membranes, and elevated maternal alpha- 
fetoprotein. The ones listed above are currently regarded as maternal-related risk 
factors of SICDS [15–18]. Premature delivery is another common complication of 
pregnancy, but does not appear to increase the risk of SICDS.

10.2.2  Infant Risk Factors

10.2.2.1  Prematurity
Compared with full-term delivery, premature delivery puts the babies at higher risk 
of SICDS [19, 20]. One study indicated that SICDS occurred three to four times 
more frequently in infants who are born with a low weight or a very low weight than 
that of full-term infants [21]. Donna R. Halloran et al. reported that length of gesta-
tion was closely related to the incidence of SICDS.  Among all groups, infants 
between 28 and 32 weeks of gestation had the highest risk of SICDS (adjusted OR, 
2.9; 95% CI, 2.6–3.2). The adjusted average age of postnatal SICDS death for 
infants born at 22 to 27 weeks was 20.9 (SD = 0.8) weeks, 28 to 32 weeks was 15.3 
(SD = 0.5) weeks (p ≤ 0.002), and 40 to 41 weeks was 14.5 (SD = 0.4) weeks [22]. 
From the above data, it can be seen that the mean death age of babies born at older 
gestational age decreased instead. Compared with term ones, very preterm infants 
died at an age 6 weeks later.

10.2.2.2  Low Birth Weight
SICDS risk is raised in small for gestational age infants [23, 24]. Gestational age, 
maternal cigarette smoke, and hypertension are all related to low birth weight. And 
regardless of whether these factors are adjusted or not, borning at a low weight is 
still weakly but significantly associated with the risk of SICDS.
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10.2.2.3  Twins
Cohort studies indicated that the sudden death risk in twins was about twice as high 
as that in singletons [25–27]. The risk elevates partly because the proportion of 
premature births and low birth weight of twins is higher than that of singletons. 
However, other studies found that the SICDS risk for twins with gestational age of 
37w and birth weight of 3000 g or more was still higher [28].

10.2.2.4  Genetic Polymorphisms
Sudden infant death syndrome has a certain correlation with genes. The existence of 
some unknown gene polymorphisms and gene mutations may lead to a series of 
different responses of individuals to the external environment and the internal body, 
thus increasing the rate of sudden death. Neubauer et al. recently sequenced 161 
SICDS infants in 2017 and found potential pathogenic gene variations in 20% of 
SICDS cases. These diseases are related to ion channel diseases (9%), myocardial 
diseases (7%), and metabolic diseases (1%) [29].

10.2.2.5  Sleep Position
The majority of sudden deaths in infants are sleep-related, but it doesn’t matter 
when they sleep. Sudden infant death syndrome deaths do not occur at a specific 
time within a day [30]. Prone sleep posture, which can cause extra physiological 
pressure on the cardiopulmonary system, leads to SICDS and plays a more impor-
tant role than any other environmental or “external” factors. In fact, an infant’s risk 
of SICDS in this sleeping position may be 14 times that of other sleeping positions 
[31]. The death mechanism attributed to prone sleep is usually asphyxia, but 
asphyxia cannot explain all deaths. Other mechanisms involve the changes of the 
blood flow, body temperature, etc. Firstly, the composition of air inhaled by the 
infants in the prone position changes. The oxygen they inhale decreases and the 
carbon dioxide increases, resulting in hypoxemia and hypercapnia. Secondly, prone 
position is prone to airway obstruction. Thirdly, infants may have less sleep arousal 
response and require more stimulation to wake them up, especially external stimuli. 
Fourthly, their cardiovascular capacity will change and blood flow to the brain will 
decrease. Finally, elevated infant body temperature can cause death, and splinting of 
the diaphragm is another related mechanism [32]. In contrast, supine position can 
reduce the risk of SICDS in premature infants. In the past, some people worried that 
supine position of premature infants might reduce oxygen cooperation, but two 
small research projects didn’t support this theory, at least in babies over 32 weeks 
after menstruation [33, 34]. Even some studies have shown that compared with 
prone sleep posture, brain oxygenation is improved when lying on your back [35]. 
Based on the above evidence, the American Academy of Pediatrics (AAP) suggests 
a supine position for the premature babies. They had better start supine position 
from 32 weeks or earlier after menstruation [36]. In addition, side sleep may also 
lead to increased risk of SICDS, as side sleep can easily be converted to prone posi-
tion sleep.

10 The Children and Infant Sudden Death



142

10.2.2.6  Sibling of SICDS Victim
Siblings of SICDS victims increased the risk of SICDS by five- to sixfold [31, 37]. 
However, there is no need to worry too much, because the incidence rate of SICDS 
is extremely low (0.06%), and the SICDS incidence rate in subsequent siblings for 
most families after the risk increases is less than 1%.

10.2.2.7  History of Apnea
Apnea or other respiratory dysfunction may be the final common pathway of many 
possible mechanisms of SICDS. Although apnea history, obvious life-threatening 
events (ALTE), or other respiratory pattern abnormalities cannot effectively predict 
the risk of SICDS, even the timely detection of apnea by a standard cardiopulmo-
nary monitor cannot achieve a decreased SICDS risk. According to a case-control 
study, the history of apnea or cyanosis did not particularly increase among SICDS 
victims [38]. Another prospective study found no respiratory problems that could 
explain the elevated risk of SICDS [39].

10.2.2.8  Sleep Environment
The environment around a sleeping baby may also be related to SICDS. Pay atten-
tion to the softness of the bed surface when the baby sleeps, the pajamas, the items 
on the bed, the ambient temperature, and whether the baby shares a bed or a room 
with his or her parents. Several studies have shown that the use of soft sleep surfaces 
can significantly increase the risk of SICDS [40, 41]. SICDS risk can also elevate by 
up to five times when infants use loose bedding, especially for older infants. This 
association is unrelated to sleep posture and appears to be caused by soft objects 
covering the head or blocking airflow. In addition, studies have shown that crib 
bumper pads are also associated with infant deaths due to “asphyxia” [42, 43]. 
Therefore, the AAP and Canadian Academy of Pediatrics both advise infants not to 
use crib bumper pads [36, 44]. Several studies have reported that the risk of SICDS 
was related to bed sharing, especially for babies in the first 3 months of life [41, 
45–47]. A meta-analysis used 11 case-control studies on SICDS and bed sharing 
and calculated an odds ratio value of 2.89, with 95% confidence interval, 1.99–4.18 
[47]. Combined with other factors leading to SICDS, such as bottle feeding, paren-
tal tobacco smoke, and alcohol use, the SICDS risk of bed-sharing infants will be 
15-fold higher [48]. AAP suggests infants sleeping in the same room as their par-
ents, but not in the same bed [36]. It is a good choice to put a crib or cradle beside 
the parents’ bed.

10.2.2.9  Overheating
Too high room temperature, or too much wrapped clothing, can cause the baby to 
overheat, thus increasing the SICDS risk. A study by North American Plains Indians 
found a significant correlation between the incidence of SICDS and wearing at least 
two layers of clothing (adjusted odds ratio 6.2, 95% confidence interval 
1.4–26.5) [14].
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10.3  Prevention of Sudden Death in Infant and Children

The sudden infant death rates significantly declined from the late 1980s to early 
1990s, after prevention campaigns were introduced across many countries, which 
has been marked as one of the great public health success stories in the twentieth 
century [49, 50]. SICDS rates in many countries during the time of introduction of 
the prevention programs could be seen with falls of between 42% and 92%. These 
campaigns appear to have effectively changed some segments of our population in 
behavior, this is not universal. We will summarize the principles of public health 
approaches to prevention and the evidence base for different strategies in this chap-
ter. We will consider the evidence for current approaches for reducing the risk 
of SICDS.

10.3.1  Principle of Preventive Strategies

SICDS is a complicated phenomenon caused by multiple, interacting risk fac-
tors. As such, any single preventive approach will hardly achieve universal suc-
cess. Rather, more complex and multifaceted community-based approaches may 
lead to further reductions in SICDS mortality. From public health approaches to 
injury prevention, much can be learned [50–52]. Injury prevention approaches 
include three domains: education, environmental modification, and enforcement 
of legislation or regulations [51]. Now, there can be a fourth aspect, named 
empowerment.

The SICDS prevention approaches can be educational most commonly. If the 
public are clear what are the health-promoting behaviors, they are willing to follow 
them. When there has some effect, they tend to be limited in their impact. It is incon-
sistent between changes in knowledge and actual behavior [51]. This can be demon-
strated in the persistence of unsafe sleeping and parental smoking (both risk factors 
of SICDS), especially in some of the most vulnerable groups [53].

In SICDS prevention, approaches must be based on environmental or product 
modification and on enforcing legislation, which have typically been shown to have 
a greater improvement on outcomes [51]. Many examples exist within the published 
literature of successful interventions which have resulted in reductions in mortality 
and morbidity. As has been seen in the impact of seat belt and motorcycle helmet 
legislation in many countries, environmental measures are most successful when 
combined with legislation.

Compared with educational approaches, environmental modification or legisla-
tion are more passive approaches: once implemented, individuals do not need to 
repeat their behavioral changes [51]. In contrast, educational approaches depend on 
individuals learning the lessons, and they will consistently be implemented when 
they are on every occasion of potential risk.
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10.3.2  Educational Approaches

10.3.2.1  Public Health Campaigns
In the late 1980s and early 1990s, the first mass public health campaigns for 
promoting supine sleeping were conducted after two decades of high sudden 
infant death rates in some countries, a period that has been described as “SICDS 
pandemic” [54]. At that time to avoid aspiration of vomit, prone position sleep 
was recommended for infants. However, observational studies found a growing 
evidence that SICDS was linked to prone sleeping at mid-1980s. By 1991 in the 
UK, Australia, and New Zealand, campaigns were conducted to encourage par-
ents to sleep infants supine, following earlier examples in the Netherlands and 
Norway [49].

10.3.2.2  Sleep Supine
The prevention campaign became known as “Back to Sleep” and was conducted by 
the Department of Health in conjunction with the Foundation for the Study of Infant 
Deaths in the UK (FSID, now known as The Lullaby Trust). In this campaign, pro-
fessionals can receive mass mail-outs of information and public service announce-
ments on the radio and television [55]. This campaign successfully brought a rapid 
and marked decline in rate of SICDS.  The successful reasons are as follows. 
Primarily, the intervention of sleeping infant’s supine is powerful. The SICDS rates 
declined dramatically with more and more parents sleeping their infant prone, 
which suggested the intervention was effective and responsible for the drop of 
SICDS deaths [56]. Second, the key message of campaigns was easy to understand 
and implement: avoid sleeping your infant prone. Third, the media and influential 
spokespeople participated in these campaigns, and public awareness and emotive 
case studies were heightened, which effectively conveyed that no infants are 
“immune” and all are at risk of SICDS [57].

SICDS is now most likely to occur in low-income families, with infants often 
sleeping supine and in bed-sharing situations with hazardous circumstances [54]. 
Recently in one study, 10–21% of infants were found to sleep on a non- recommended 
surface, 14–33% slept non-supine, and 87–93% were placed on loose or soft bed or 
other items nearby [58]. Safer sleep education and guidance are a continuous work. 
Noting the incidence of “sleep-related deaths” and moving away from focusing only 
on SICDS to a safe sleep environment, the risk of all sleep-related infant deaths can 
be reduced, including SICDS [59].

10.3.3  Safer Sleep Week

In 2015 a campaign named “Back to Sleep” was renewed campaigning efforts to 
Safer Sleep Week, which was a weeklong campaign held every March. The aim was 
to promote safer sleep advice for parents, professionals, and any babysitter. 
Activities were held during the Safer Sleep Week, which include press releases 
nationally and locally. Displaying the toolkits for disseminations at health and 
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children’s centers and educational talks were also included in the activities. Safer 
Sleep Week successfully raised awareness of ways to reduce the risk of SICDS.

10.3.3.1  Support for High-Risk Families
There is a debate of universal provision versus targeted services in SICDS preven-
tion. Maternal and child health service provision is significantly different among 
high-income countries, with models ranging from universal services free at the 
point of access to insurance-based provision requiring a financial contribution. The 
identification of populations who need to be labeled “at risk” or “in need” of service 
interventions is controversial. At best, targeted service provision focuses resources 
and supports on the more vulnerable populations to a great extent; at worst these 
populations are labeled and look down upon.

Young and disadvantaged mothers are usually considered a potential high-risk 
group, as they require targeted intervention and monitoring for lacking in parenting 
skills. Mothers in these groups are often supposed to be resistant to changing their 
behavior or infant care practices. Hence professionals have difficulty in understand-
ing and identifying what motivates individuals in different groups, what affects 
behavioral change in different populations, and what kind of interventions are rele-
vant and acceptable to different population groups. As the next section shows, sev-
eral interventions successfully improved outcomes for groups with increasing risk 
for sudden unexpected death in infancy in varying degrees.

10.3.3.2  Parenting Support Interventions
Educational interventions that have been regarded as successful in modifying paren-
tal behavior include the Family-Nurse Partnership (FNP) model that originates from 
the USA [60]. This program is targeted for vulnerable, young, first-time parents and 
can provide intensive home visiting from early pregnancy to 1 year after childbirth. 
In an area of Sydney, Australia, a study that evaluated a parent support program 
through home visits and supported with young disadvantaged parents described the 
experiences of staff and identified important components that contributed to pro-
gram success [61]. This intervention acknowledges that parenting happens within 
the context of other priorities for parents with low income and poor resources. 
Dealing with these issues promotes resilience and supports parents to raise their 
children in a safe and nurturing environment.

10.3.3.3  Support for Families with a Previous Unexpected 
Infant Death

Siblings born subsequently to an infant who died of SICDS in the family carry an 
increased risk of sudden infant death, both from explained and unexplained causes 
[62]. Families who have an infant who died of SICDS are more likely to have sig-
nificant risk factors, including smoking, being a younger mother of higher parity, 
and low income, which likely exist persistently for subsequent children [63]. These 
factors, combined with strong feelings of anxiety at the prospect of a new infant 
[64], mean that families were a vulnerable group of SICDS and needed support and 
could be benefit from targeted preventative interventions.
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A study in 2011 confirmed an overrepresentation of risk factors: the smoke rate 
was twice in the parents and the unemployed rate was five times than the national 
averages and those families had a higher chance to give births [65]. Family support, 
such as intensive home visiting by professionals, has been proved to reduce preva-
lence of sudden infant death in high-risk families [66].

10.3.3.4  Peer Support Programs
At the beginning of the chapter, interventions that are modified for a specific popu-
lations are more likely to be effective and sustainable, if the populations engaged in 
design and implementation. However, very little research focuses on community 
involvement using peer educators in SICDS risk-reduction strategies. One commu-
nity of particular interest is young parents whose ages are under 20. Particularly 
young mothers have been usually associated with an increased risk of SICDS in 
their children [67]. Peer support programs would reduce prevalence of sudden death 
in high-risk infants.

10.3.4  Approaches Based on Engineering, Environmental 
Modification, and Enforcement

All kinds of approaches including engineering and environmental modification have 
been developed to ensure safe sleep environments for infants. Equipment such as 
sleeping bags and safe cribs/bassinettes are provided for infants and tools to support 
parents for early recognition of illness.

10.3.4.1  Safe Sleep Environments

Sleeping Bags
However, there is not any prospective studies until now that have evaluated the value 
of providing or using sleeping bags as a SICDS prevention measure for infant. Just 
like the risks related to prone sleeping and thick or loose bedding, intuitively at 
least, infant sleeping bags are a great potential approach for prevention. Thick bed-
ding and bedding that can cover an infant’s head have been shown to be risk factors 
for SICDS [68]. In a study, the risk of SICDS of infants using a duvet doubled com-
pared to that sleeping with a sleeping bag or light cotton blanket [69]. However, 
evidence for using sleeping bags as a preventive measure for SICDS is limited until 
now. As a study from the Netherlands showed, cotton sleeping sacks have a protec-
tive effect [70]. Another UK study showed that sleeping bags were used more com-
monly in control group than that in SICDS group, but this was not significant on 
multivariate analysis [71].

10.3.4.2  Baby Boxes
Effective interventions can combine culture and tradition which will encourage 
parental behavioral change, such as the distribution of “baby boxes,” an old tradition 
in Finland since 1938 [72]. A cardboard box, modified and repurposed as a bed, 
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contains a mattress and fitted sheet is used for neonates by every woman during her 
first pregnancy. Although these boxes were used before the SICDS “pandemic” of 
the 1970s and 1980s and were not associated with SICDS prevention, the low infant 
mortality rate in Finland [73] has been seen and noted by other countries. In recent 
years programs called copy-cat cardboard baby box schemes have been set up in 
other countries, including the USA, Scotland, and England. Some interventions are 
covered by the healthcare system, as in Finland, such as pilot schemes in two regions 
of Scotland [74], in London [75], and in Alaska [76].

10.3.4.3  Tools for Recognition of Illness
Many infants who die of SICDS, for either explained or unexplained reasons, show 
signs and symptoms of SICDS in the immediate 24 h before death [77]. They are 
most likely to present during doctors’ surgeries or in the weeks after admission to 
hospital [78]. Both parents and professionals can ignore the signs of serious illness 
sometimes, even the symptoms such as fever that can invoke in parents with high 
anxiety [79]. A system for assessing seriousness of illness accurately can support 
parents and help professionals to treat appropriately, which may help to prevent sud-
den infant death.

10.3.4.4  Combined Strategies for Behavioral Change: Smoking 
Cessation in Pregnancy

Following prone sleeping, maternal smoking is wildly acknowledged as the next 
most important modifiable risk factor for SICDS [80]. While smoking rates in the 
common populations of developed countries have decreased steadily over the last 
40 years, Lumley et al. identified what kinds of populations were more likely to 
continue to smoke and the characteristics of these groups which include lower 
socioeconomic status, lower educational achievement, poverty, younger women, 
and psychologically resilient or more marginalized and unsupported [81]. In 
Fleming and Blair’s study, the prevalence of smoking during pregnancy was found 
to decrease in the common population between1984 and 2003 from 30% to 20%, 
but the proportion of smoking during pregnancy in SICDS mothers increased from 
50% to 80% [82]. Thus, reducing maternal smoking among these most vulnerable 
populations should be a priority for SICDS prevention.

10.3.4.5  Telephone and Internet Support
It is unclear whether or not telephone and Internet-based support is successful for 
antenatal smoking cessation. A systematic review found there was no evidence that 
telephone support was more likely to have reduced, or stopped smoking at the end 
of pregnancy, or during the postnatal period. Even telephone support could not 
reduce the probability of smoking relapse [83]. Another systematic review evalu-
ated the supportive effect of telephone helplines for smoking cessation, which found 
that telephone helplines can promote people to stop. However, these helplines only 
increase the likelihood of some persons who are ready and intend to stop smoking 
or want to resist relapse. So, they had more willingness than those who didn’t con-
tact the helplines [84]. This review also revealed a “dose-response” effect in a 
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number of helpline contacts. Compared to a minimal intervention such as providing 
brief advice, standard self-help materials, or NRT, three or more calls increased the 
likelihood of stopping. Telephone counseling and helplines make support accessible 
for those who want to seek help, and therefore such interventions may be useful and 
measurable benefit compared to brief advice and self-help interventions.

10.3.4.6  Real-Time Feedback
Ultrasound monitoring provides visual evidence and measurement of fetal develop-
ment in antenatal care, which presents an opportunity to discuss maternal behavior 
related to the health and development of the fetus. A study with 129 participants 
found that women who received detailed feedback about the growth and develop-
ment of the fetus during their scan appointment were more likely to stop smoking 
and avoid alcohol during pregnancy [85]. However, a systematic review revealed 
that there was insufficient evidence to suggest that both low and high detailed feed-
back could result in behavioral change during the scan appointment [86].

10.3.4.7  Nicotine Replacement Therapy (NRT)
NRT may be a reasonable option to support smoking cessation during pregnancy 
[87]. Nicotine has significant deleterious effects on the developing fetus; it will 
metabolize much more quickly during pregnancy, which may protect the fetus 
through decreased toxic levels of circulating nicotine. Therefore, nicotine replace-
ment products seem to be safer than smoking during pregnancy due to the reduction 
of exposure to the toxic levels of circulating nicotine [88]. The efficacy and safety 
of NRT for smoking cessation was confirmed by a systematic review of five ran-
domized controlled trials (RCTs); there was no sufficient evidence of both efficacy 
and safety of its use in pregnancy with or without behavioral support [89]. However, 
the compliance of treatment was low across all studies, and most participants did 
not complete the recommended course of NRT.  A subsequent meta-analysis by 
Myung et al. found that late pregnant smokers using NRT presented an abstinence 
rate 1.8 times higher than the control group; however, compared to the non-pregnant 
smoking population, pregnant smokers who used NRT had lower cessation rates 
[90]. The conclusion revealed that there was no significant impact on the birth out-
comes of infants between the subject and control groups. There may be clinical 
supportive evidence for using NRT, and NRT was usually safe for use with pregnant 
women in Myung’s conclusion.

10.3.4.8  Electronic Cigarettes
Since 2007, electronic cigarettes (EC) have been available and used by smokers as 
a cessation treatment. EC was also a more socially acceptable habit and substitute 
for cigarettes than cigarette smoking for non-smokers in public places [91]. Early 
studies have found some physiological benefits of using ECs over cigarette smok-
ing, as they contain fewer of the toxic substance and less carbon monoxide than 
normal cigarettes [92]. Pregnant women may be advised by healthcare practitioners 
to move to ECs as a safer and more socially acceptable substitute that can encourage 
them for smoking cessation [93].
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10.4  Conclusion

In this part, we have reviewed the epidemiology, etiology, and risk factors and the 
strategies of prevention of SICDS. In the 1990s, the great successes of the initial 
public health strategies demonstrate what can be achieved through concerted 
national efforts. However, after the initial rapid declines, the SICDS mortality has 
plateaued now. It seems clear that the approaches will now only have little effects, 
especially for the families with highest risk of SICDS. If we focus on those most at 
risk, we should understand behavioral change deeply and ensure that our interven-
tions are more feasible toward empowerment of individuals. High levels of profes-
sional support may be required over prolonged time frames.

As we reduce the risks of SICDS further in our efforts, sound public health prin-
ciples are more important than ever for risk reduction. The successful strategies 
should promote more creative thinking about how we can engage with, and empower, 
those at highest risk. We need a limited number of simple achievable interventions. 
These interventions are composed of combined programs that are appropriately 
resourced and long term in nature. Strong leadership is recruited and engaged and 
empowered the target communities in these programs. Finally, we must confirm that 
these programs are performed under robust monitoring and evaluation.
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Abstract

Sudden death refers to death that occurs unexpectedly within 6 h of the onset of 
symptoms and in a normal state of health before. Mortality from sudden cardiac 
death (SCD) exceed the combined mortality of all major cancers. SCD mostly 
occurs outside the hospital, and most of them are asymptomatic before the onset 
of event. SCD has the characteristics of burstiness and unpredictability. The out- 
of- hospital cardiac arrest survival chain emphasizes timely identification and call 
for help, mainly chest compressions, defibrillation as soon as possible, and wait-
ing for the professional team to transfer to the hospital as soon as possible after 
arriving. The hospital cardiac arrest survival chain emphasizes strengthening 
monitoring, establishing a rapid response system, and multidisciplinary and 
multi-team collaboration. SCD prevention should focus on high-risk popula-
tions. Efforts are made to help patients remove the etiology, take effective mea-
sures to control risk factors, detect changes in the condition of high-risk patients, 
and reduce the incidence of SCD.

Keywords

Sudden cardiac death · Treatment · Prevention

11.1  Definition

Sudden death (SD) refers to a sudden and unexpected death. At present, the defined 
duration from the onset of symptoms to death is still un-uniform. This definition is 
advocated by the World Health Organization (WHO): [1–3]. In 2015, the European 
Society of Cardiology (ESC) defined SD as death occurs unexpectedly within 1 h of 
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the onset of symptoms caused by non-traumatic, accidental fatal events [4, 5]. 
Generally, SD is clinically divided into sudden cardiac death (SCD) and non-SD 
cardiac death (NSCD). SCD accounts for nearly 80% of SD and NSCD accounts for 
approximately 20% of SD [6]. The definition of SCD is also constantly being 
updated. In 2008, ESC, the American Heart Association (AHA), and the American 
College of Cardiology (ACC) jointly revised the definition of SCD as an unexpected 
death due to cardiac causes that occurs within 1 h of the onset of symptoms, her-
alded by abrupt loss of consciousness [7]. In 2015, the ESC updated the definition 
of SCD as: a congenital or acquired, potentially fatal cardiac condition known to be 
present during life, or autopsy has identified a cardiac or vascular abnormality as the 
probable cause of the event or no obvious extra-cardiac causes have been identified 
by post-mortem, and therefore an arrhythmia event is a likely cause of death [4].

11.2  Epidemiology

SCD is the number one killer in United States. The incidence of SCD in the adult 
population is 0.1%–0.2% per year and is estimated to cause 17,0000 to 45,0000 
deaths annually. Mortality from SCD exceed the combined mortality of all major 
cancers (lung, breast, colorectal, and prostate). It is estimated that there are 544,000 
cases of SCD annually in China. The study predicts that the number of cardiovascu-
lar deaths will increase to 7.7 million in China by 2030, and SCD will account for 
more than half of all cardiovascular deaths [5, 8].

Etiologic factors causing SCD vary depending on an individual’s age. There is a 
general increase in SCD risk beginning around age 35 years, which correlates with 
the increased prevalence of CHD over time. The annual incidence rate is 0.01% for 
persons <35 years of age, 1% for the age of 35–40 years, 2% for the age of 60 years, 
and 25% for the elderly. Most of the SCD occurred among people older than 
65-year-old in China [9]. In Italy, investigators in the Veneto region conducted a 
prospective cohort study showing the annual incidence of SD in young athletes is 
higher than that in similar-aged non-athletes (0.23% years vs. 0.09% years), and the 
intensity of the activity is core risk factor [10]. In the Framingham SCD study, life-
time risk of SCD was higher in men than in women. Before 65 years of age, the 
incidence of SCD in men is almost four to seven times that of women. After that, the 
male to female ratio for SCD remained around 2:1, and this difference gradually 
diminished over time [1, 11].

11.3  Etiology and Pathogenesis of SCD

SCD is the result of an unresuscitated cardiac arrest, and its occurrence is closely 
related to cardiovascular disease. Preexisting heart disease is present in nearly 80% 
of patients with SCD. The causes of SCD could be broadly categorized as structural 
heart diseases (aortic disease, coronary artery disease, nonischemic cardiomyopa-
thy, valvular heart disease, congenital heart disease, and conduction system dis-
ease), functional (hemodynamic instability, ischemia and reperfusion, electrolyte 
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abnormalities, autonomic fluctuations, pharmacologic and toxic cardiac effects), 
electrogenic (ion channel disease), and other causes. According to European SCD 
guidelines, anatomical studies have found that coronary atherosclerotic disease is 
the main cause of SCD in the elderly, and about half of sudden death in the young 
is caused by cardiomyopathy. The pathogenesis of SCD is more complicated. It is 
mainly related to the internal environment, cardiac mechanism, ventricular depolar-
ization, and abnormal repolarization [12, 13].

From the perspective of pathophysiology, SCD is divided into arrhythmic SCD 
and circulatory failure SCD. Underlying arrhythmias are thought to be the mecha-
nism of death in SCD. Most cardiac arrests are due to life-threatening arrhythmia, 
such as ventricular tachycardia, fibrillation, or extremely slow arrhythmia. In 
patients undergoing ambulatory electrocardiographic monitoring at the time of 
SCD, ventricular tachycardia (VT) and ventricular fibrillation (VF) made up 
approximately 85% of SCD events, whereas bradyarrhythmias accounted for the 
remaining 15%. Sudden arrhythmic death is further divided into three categories 
according to the cause: (1) arrhythmias caused by organic heart disease, (2) malig-
nant arrhythmias caused by secondary cardiac electrical activity disorder, and (3) 
arrhythmias due to ion channel defects [1, 14].

11.3.1  Coronary Artery Disease

The single most important cause of SCD among adults is coronary artery disease, 
with or without previous myocardial infarction, accounting for more than 75% of 
cases of SCD. In the coronary heart disease population, 50% of SCD events repre-
sent the first clinical manifestation of cardiovascular disease. Coronary artery dis-
ease includes coronary atherosclerosis, coronary arteritis, and congenital coronary 
artery abnormalities. Coronary atherosclerotic heart disease is the most common 
cause of sudden cardiac death, mostly manifested as acute coronary syndromes 
[15]. Coronary heart disease causes SCD involving two different pathophysiology 
mechanisms: acute ischemia and chronic ischemia. Acute myocardial infarction has 
a close relationship with the onset of SCD. Ischemic heart disease causes the change 
of ion channels between ischemic and normal myocardium, forming unstable cur-
rents and causing local electrophysiological disorders and excitement of ectopic 
rhythms, leading to fatal arrhythmias, especially ventricular fibrillation [16]. In 
chronic ishemic heart disease, the interaction of ischemia with the arrhythmias in 
the presence of autonomic nervous system abnormalities, LV dysfunction, and met-
abolic abnormal, genetic, and environmental influences are relevant factors in the 
occurrence of fatal arrhythmia [7].

11.3.2  Cardiomyopathies

Cardiomyopathy includes dilated cardiomyopathy, hypertrophic cardiomyopathy, 
arrhythmogenic right ventricular cardiomyopathy, etc., which are also common 
causes of SCD [17]. Dilated cardiomyopathy is a unilateral or bilateral ventricular 

11 Prevention of Sudden Cardiac Death



160

enlargement, decreased myocardial contractility, and unexplained diseases with or 
without congestive heart failure, and about 70% of patients with dilated cardiomy-
opathy die from SCD. The degree of ventricular dilatation is positively correlated 
with the risk of developing SCD. Dilated cardiomyopathy, ventricular muscle scars, 
fibrosis, and focal necrosis promote ventricular arrhythmia via heterogeneous con-
duction and electrical reentry. Myocardial cells of patients with dilated cardiomy-
opathy have changes in the electrophysiological properties of ion channels and 
abnormal calcium concentrations inside and outside the cardiomyocytes, which 
increase the occurrence of fatal arrhythmias and then SCD. Hypertrophic cardiomy-
opathy is classified into obstructive hypertrophy and nonobstructive hypertrophic 
cardiomyopathy according to the pressure of left ventricular outflow tract. It is char-
acterized by asymmetric LV hypertrophy, restricted left ventricular filling, and dia-
stolic compliance decline. Disorders of myocardial cells in patients with hypertrophic 
cardiomyopathy and unstable electrical activity between hypertrophic myocardium 
cause recurrent arrhythmias. These factors can lead to SCD caused by ventricular 
fibrillation [18]. Arrhythmogenic right ventricular cardiomyopathy is an autosomal 
dominant hereditary disease characterized by progressive fibrofatty replacement of 
right ventricular myocardium. In the progressive fibrofatty replacement, patchy 
myocardial atrophy and repair by fibrofatty replacement may become the basis for 
reentrant ventricular arrhythmia [19].

11.3.3  Valvular Heart Disease

Valvular heart diseases may result from degenerative changes, inflammation, 
trauma, congenital malformations, and ischemic necrosis of the valve, which has 
structural and functional abnormalities of single or multiple valves, leading to ste-
nosis and/or regurgitation. In China, the most common cause of valvular heart dis-
ease is rheumatic carditis. The mitral valve is most commonly affected, followed by 
the aortic valve. In pure mitral stenosis (MS), left atrial (LA) pressure increases to 
maintain cardiac output. The LA gradually enlarges and hypertrophies as a conse-
quence of LA hypertension. When mitral stenosis is severe, transvalvular pressure 
and left atrial pressure increase significantly. Pulmonary venous pressure rises with 
LA pressure increase, which result in pulmonary edema; SCD also occurs [20–22].

11.3.4  Primary Electrical Abnormalities

Underlying arrhythmias are thought to be the mechanism of death in SCD.  In 
patients undergoing ambulatory electrocardiographic monitoring at the time of 
SCD, ventricular tachycardia (VT) and ventricular fibrillation (VF) made up 
approximately 85% of SCD events, whereas bradyarrhythmias accounted for the 
remaining 15%.

In patients without structural heart disease, severe functional abnormalities can 
also lead to fatal arrhythmia, such as sinus node disease and abnormalities in the 
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conduction system (Lenegre disease, WPW syndrome, Brugada syndrome, long 
Q-T interval syndrome, etc.) which can induce SCD. When the heart’s conduction 
system is abnormal, it may induce myocardial impulse and conduction disorders, 
eventually leading to complete atrioventricular block and even SCD resulting from 
ventricular fibrillation. Such problems are generally classified as ion channel dis-
eases, which include potassium and/or sodium ion channel problem, which often 
interferes with the electrical activity of the heart and produces fatal ventricular 
arrhythmias. It is more common in young people, and its clinical manifestations are 
hidden and varied, which is related to genetic mutations [23].

11.3.5  Other Causes

Other causes include heart rupture, massive acute pulmonary embolism, acute peri-
cardial tamponade, intracardiac thrombus or tumor occlusion, aortic dissection, car-
diac pacemaker failure, etc. These diseases cause cardiovascular collapse due to 
acute hemodynamic disorders, which cause SCD.

11.4  Clinical Manifestation

The cardiac arrest itself is characterized by abrupt loss of consciousness owing to 
inadequate cerebral blood flow, due to VF/VT, bradyarrhythmia/asystole, or 
EMD. The cause of SCD is more subtle. Because the human body has a strong abil-
ity to compensate, patients are often asymptomatic or have only mild symptoms 
before onset and can engage in normal daily activities. Most deaths occur at home, 
at rest, or during sleep. Prodromal symptoms such as sudden chest pain, chest tight-
ness, dyspnea, weakness or fatigue, palpitations, dizziness, syncope, and a number 
of unspecific complaints may presage coronary events, particularly myocardial 
infarction and SCD. Thirty-one to forty-six percent of SCD victims consulted the 
medical system weeks to months before SCD, and from one-third to one-fourth of 
them had consulted a physician because of symptoms which appeared to be related 
to the heart.

A history of previous infarction and congestive heart failure complicating the 
infarction is useful to identify patients at increased mortality risk [24, 25].

11.5  Risk Factors

SCDs occur in patients with underlying heart disease, and the risk factors for SCD 
can induce or promote the sudden deterioration of underlying diseases in patients.

 1. Family history and genetic factors: SCD and fatal ventricular arrhythmias are 
family susceptible. Some cardiomyopathy is an autosomal dominant genetic 
disease.
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 2. Dietary structure: Dietary structure is related to the incidence of SCD. Moderate 
intake of deep-sea fish can increase the content of omega-3 fatty acids in the 
body, which adjusts blood lipids to reduce the incidence of myocardial infarc-
tion. Deficiency of magnesium ion can cause coronary artery spasm and arrhyth-
mia. Magnesium ions reduce the risk of SCD through antiarrhythmic effects. 
Increased dietary magnesium intake is associated with a reduced risk of SCD.

 3. Atrial fibrillation, kidney disease, and obstructive sleep apnea syndrome: 
The use of oral anticoagulants has significantly reduced the death caused by 
embolism in patients with atrial fibrillation, but cannot prevent the SCD. Patients 
with chronic kidney disease have a high incidence of SCD.  Triggers such as 
electrolyte disorders, left ventricular hypertrophy, hypertension, high blood 
 volume, anemia, abnormal blood glucose, vitamin deficiency, low albumin, and 
increased sympathetic nerve function may precipitate an event. Obstructive sleep 
apnea syndrome is a recurrent, intermittent, severe, sleep-related respiratory dis-
ease that is characterized by apnea and hypoxemia caused by upper airway col-
lapse and is an independent risk factor of SCD.

 4. Obesity: The obesity is prone to cause hypertension, hyperlipidemia, and hyper-
glycemia, which are independent risk factors for coronary heart disease and can 
predispose to SCD.

 5. Mental factors: There are many reports linking depression, anxiety, and exces-
sive psychological stress to SCD.

 6. Overworked: Overworked and vigorous exercise can lead to sympathetic and 
parasympathetic dysfunction, which can cause electrolyte imbalance and hypo-
glycemia and precipitate SCD.

 7. Bad living habits: Staying up late for a long time leads to sympathetic and para-
sympathetic nerve dysfunction and induces premature heartbeat and other 
arrhythmias, causing SCD. Smoking and drinking are risk factors for coronary 
heart disease and trigger the onset of coronary heart disease. High stress in life 
can cause hypertension, coronary heart disease, and many other diseases, which 
can increase the risk of SCD due to arrhythmia and coronary artery spasm. Long- 
term exposure to severely polluted air is also the risk factor of SCD [9, 26, 27].

11.6  Differential Diagnosis

SCD often needs to be distinguished from sudden deaths caused by other diseases, 
mainly including respiratory diseases, central nervous system diseases, digestive 
system diseases, and tumor diseases.

 1. Respiratory diseases: Respiratory diseases can also cause sudden death, foreign 
body obstruction, laryngospasm, acute exacerbation of chronic obstructive pul-
monary disease, tension pneumothorax, massive acute pulmonary embolism, 
and persistent asthma which can cause asphyxia, hypoxia, and abnormal V/Q, 
which cause SCD.

 2. Central nervous system diseases: Central nervous system diseases can induce 
sudden death; cerebral hemorrhage is most common, followed by cerebral 
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infarction and subarachnoid hemorrhage. Intracerebral hemorrhage can cause 
intracranial hyperpressure, compression of brain tissue, and shift of the midline 
structure, resulting in cerebral hernia. Epilepsy, epidemic cerebrospinal menin-
gitis, and epidemic encephalitis B can also contribute to SCD.

 3. Digestive system diseases: Massive upper gastrointestinal bleeding result in 
hypovolemia shock or asphyxiation caused by vomiting which are the main 
causes of sudden death. Severe acute pancreatitis develops rapidly and the mor-
tality rate is high. Patients can progress to multiple organ dysfunction syndrome 
and die in a short period of time. Hepatic coma, toxic acute bacterial dysentery, 
and other digestive diseases can also induce sudden death.

 4. Tumors: Malignant arrhythmias and massive pulmonary embolism are common 
causes of sudden death in patients with malignant tumors. Cancer cell invasion 
and dissemination by blood and multiple organ damage caused by lymphatic 
metastases can also cause sudden death, and tumor rupture and bleeding can also 
induce sudden death, most commonly lung cancer, followed by gastric cancer, 
esophageal cancer, liver cancer, and colon cancer.

 5. Obstetrics and gynecology diseases: Hemorrhagic shock and amniotic fluid 
embolism caused by ectopic pregnancy rupture and hemorrhage can be the 
cause of SCD.

11.7  SCD Treatment

SCD mostly occurs outside the hospital, and most of them are asymptomatic before 
the onset of event. Timely and effective rescue can protect brain cells to a certain 
extent, even prevent the development of brain death. Timely and effective first aid is 
the final step to prevent SCD.  The “2015 International Cardiopulmonary 
Resuscitation Guide Update” detailed the cardiac arrest survival chain and divided 
it into two parts: in-hospital cardiac arrest survival chain and out-of-hospital cardiac 
arrest survival chain. The purpose is to distinguish between patients with cardiac 
arrest in and out of the hospital and give different treatments according to different 
circumstances to ensure that patients can get the most effective management [28]. 
The out-of-hospital cardiac arrest survival chain emphasizes timely identification 
and call for help, mainly chest compressions, defibrillation as soon as possible, and 
waiting for the professional team to transfer to the hospital as soon as possible after 
arriving. The hospital cardiac arrest survival chain emphasizes strengthening moni-
toring, establishing a rapid response system, and multidisciplinary and multi-team 
collaboration [29].

11.7.1  Out-of-Hospital Cardiac Arrest

Witnesses at the scene to give CPR to patients with cardiac arrest in a timely manner 
are of vital importance. Government departments should improve the emergency 
medical service system, popularize CPR knowledge, train CPR skills to the entire 
public, and raise the awareness of participating in first aid. Call for help and 
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cardiopulmonary resuscitation as soon as the cardiac arrest is diagnosed. In the 
order of C-A-B, C is Circulation, artificial circulation; A is Airway, keeping the 
airway unobstructed; and B is Breathing, artificial respiration. Chest compression 
refers to pressing the left palm with the middle and lower 1/3 of the patient’s chest 
and sternum. The two palms overlap, the fingers are raised, the upper body is lean-
ing forward, the shoulders are directly above the patient’s sternum, and the arms are 
straight. The hip joint is used as a fulcrum, and the upper body is used to press down 
vertically with the force of gravity. The compression frequency is 100 to 120 times 
per minute. The compression depth for adults is 5 to 6 cm, and the compression 
depth for infants is 4 cm. After compression, ensure that the thorax fully rebounds. 
When opening the airway, in order to ensure effective artificial respiration, the 
patient’s head should be tilted to one side, oral secretions and dentures should be 
removed, and the airway should be opened by raising the jaw. Keep the patient’s 
airway unobstructed, pinch the patient’s nose with thumb and forefinger, tightly 
wrap the mouth around the patient’s mouth, slowly blow for 1 s, and observe the 
patient’s thorax lift (the artificial breathing frequency is eight to ten times/min) The 
compression breathing ratio is 30:2. After five cycles of high-efficiency CPR, it is 
necessary to determine whether the resuscitation is effective, observe whether the 
patient has thoracic undulations, and touch the carotid artery for pulsation. The 
emergency rescue chain for out-of-hospital cardiac arrest includes five aspects: (1) 
effective identification and rapid activation of the emergency response system, (2) 
high-quality cardiopulmonary resuscitation, (3) rapid electrical defibrillation, (4) 
basic and advanced emergency medical services, and (5) advanced life support, 
post-arrest treatment [30–33].

11.7.2  In-Hospital Cardiac Arrest First Aid

The survival chain of in-hospital cardiac arrest also includes five aspects: (1) moni-
toring and prevention, (2) identifying and activating an emergency response system, 
(3) instant high-quality cardiopulmonary resuscitation, (4) rapid defibrillation, and 
(5) advanced life support treatment after sudden arrest. After the patient has a car-
diac arrest in the hospital, the monitoring system can identify it immediately, and 
the medical staff quickly activates the in-hospital emergency response system to 
notify the trained professional resuscitation team to perform cardiopulmonary 
resuscitation. The “2015 International Cardiopulmonary Resuscitation Guide 
Update” states that in-hospital emergency-related personnel and organizations 
should pay attention to the formation of resuscitation teams and organize related 
training in the form of teams to ensure that first-aid patients with cardiac arrest can 
be implemented in a timely and efficient manner. Advanced life support mainly 
includes (1) establishment of artificial airways, (2) mechanical ventilation, (3) 
establishment of effective circulation, (4) rational and effective application of drugs, 
(5) electrical defibrillation, (6) evaluation of disease and efficacy, and (7) mainte-
nance of various organ functions after resuscitation. For patients with cardiac arrest 
and pulseless electrical activity, epinephrine 1  mg/time is recommended for 
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intravenous injection every 3 to 5 min. For both ventricular fibrillation and pulseless 
ventricular tachycardia, single-phase wave 360 J or bi-phase wave 200 J is recom-
mended for one electric defibrillation, chest compressions immediately after defi-
brillation, and five cycles of cardiopulmonary resuscitation (approximately 2 min) 
to check for appearance. Autonomous cycle recovery. When preparing the defibril-
lator, chest compressions should be performed immediately to minimize interrup-
tion of chest compressions, and the defibrillator should be defibrillated as soon as 
possible after the defibrillator is ready. For patients with defibrillation-unresponsive 
ventricular fibrillation or pulseless ventricular tachycardia, cardiac amiodarone or 
lidocaine is recommended. Routine use of magnesium is not recommended. For 
torsional ventricular tachycardia, magnesium can be considered [30, 34, 35].

11.7.3  Treatment after Cardiac Arrest

After cardiac arrest, the blood supply to various organs in the body is interrupted, 
and organ function is severely damaged. Therefore, treatment after cardiac arrest 
and resuscitation is critical to patient survival and prognosis. Post-cardiac arrest 
treatment is a comprehensive treatment that includes multiple disciplines. These 
include the following:

 1. Target temperature management. Mild hypothermia has a protective effect on the 
recovery of nerve function in patients with spontaneous circulation after cardiac 
arrest. For patients with in-hospital cardiac arrest and out-of-hospital cardiac 
arrest caused by cardioplegia or pulseless electrical activity, patients with uncon-
scious recovery from cardiopulmonary resuscitation after cardiopulmonary 
resuscitation can still control their body temperature at 32–36 °C for at least 24 h.

 2. Hemodynamics and ventilation optimization. Through rehydration, vasoactive 
drugs, and positive inotropic drugs, the mean arterial pressure is ≥65 mmHg, and 
proper cardiac output and systemic perfusion are maintained. By adjusting the 
ventilation rate and oxygen concentration to maintain arterial oxygen satura-
tion ≥94%, end-expiratory carbon dioxide reached 35–40 mmHg, and arterial 
blood carbon dioxide reached 40–45 mmHg.

 3. Immediate coronary reperfusion through percutaneous coronary intervention. 
All ST-segment elevation or non-ST-segment elevation with hemodynamic or 
ECG instability should be transferred to a medical center with percutaneous 
coronary intervention for emergency surgery.

 4. Blood sugar control. The patient’s blood glucose can be controlled at 
8–10 mmol/L. The ultimate goals of cardiac arrest system treatment include (1) 
maximizing the recovery of patient’s neurological function, controlling the 
patient’s body temperature, and improving the survival rate; (2) identifying and 
treating ACS; (3) choosing the appropriate mechanical ventilation method to 
reduce lung injury; (4) prevention of multiple organ failure syndrome; (5) assess-
ment of prognosis for resuscitation; and (6) provision of systematic rehabilita-
tion for surviving SCD patients [30, 36].
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11.8  SCD Prevention

SCD has the characteristics of burstiness and unpredictability. SCD prevention 
should focus on high-risk populations suffering from coronary artery disease, car-
diomyopathy, valvular heart disease, and cardiac electrophysiological abnormality. 
Efforts are made to help patients remove the etiology, take effective measures to 
control risk factors, detect changes in the condition of high-risk patients, and reduce 
the incidence of SCD.

11.8.1  Prediction of SCD

11.8.1.1  The Early Identification of High-Risk Patients with SCD
(1) People with the family history of SCD; (2) chest distress, palpitations, and diz-
ziness during rest or activity; (3) people with the family history of hypertension, 
hyperlipidemia, diabetes, obesity, and premature cardiovascular disease; and (4) 
people with heart disease [37].

11.8.1.2  The Early Warning Indicators of SCD
 1. ECG, Holter, and ECG exercise test: ECG and Holter can determine the likeli-

hood of SCD by detecting the slow or rapid arrhythmias and myocardial isch-
emia. For the patients with angina pectoris during activity and normal ECG in 
resting state, the ECG exercise test can confirm whether angina pectoris is caused 
by myocardial ischemia during activity.

 2. Ultrasonic testing bedside ultrasound plays an important role in the rapid assess-
ment and treatment of patients with acute critical illness. It has the advantages of 
simplicity, rapidity, effectiveness, noninvasiveness, and repeatability and has 
been described as the visible stethoscope of clinicians [38]. Echocardiography 
can accurately measure the size of cardiac structure and quantitatively evaluate 
cardiac function in real time and judge the severity of cardiac function and struc-
tural abnormality. Echocardiography can confirm the diagnosis of underlying 
structural heart disease (cardiomyopathy, cardiac valvular disease, congenital 
heart disease) and identify the cause of SCD. Simpson method, m-type method, 
and two-dimensional echocardiography were used to measure left ventricular 
ejection fraction (LVEF), which reflects the left ventricular pumping function 
and is the most commonly used indicator of left ventricular systolic function. 
SCD accounts for about 30–50% of deaths in patients with heart failure. SCD 
occurs in about 25% of patients within 2.5 years of diagnosis of symptomatic 
heart failure. LVEF is less than 30% in the approximately 45% of cardiac arrest 
patients. In the patients with ischemic or nonischemic cardiomyopathy, LVEF 
less than or equal to 35% has an increased risk of SCD and needs further evalu-
ation for ICD therapy. These patients are at increased risk for SCD and need to 
be further evaluated for ICD therapy. Patients with LVEF ranging from 36% to 
40%, previous myocardial infarction, and non-persistent VT should also be fur-

Y. Chai et al.



167

ther evaluated for ICD therapy [2]. LVEF is the only effective predictor of SCD 
and the main criterion for applying appropriate measures to prevent SCD [39].

Bedside ultrasound can quickly assist the diagnosis of severe hypovolemic, 
tension pneumothorax, pericardial tamponade, pulmonary embolism, and myo-
cardial infarction. Subxiphoid or parasternal long axis sections of the right and 
left ventricles showing flat collapse heights indicate insufficient blood volume 
[40]. Pneumothorax can be excluded when the ultrasonic probe is placed in the 
forechest for quick scanning and the lung sliding sign appears. If the unilateral 
sliding sign of the lung disappears with the disappearance of line B, the height 
indicates the possibility of pneumothorax. The echogenic zone between the epi-
cardium and parietal pericardium and diastolic right ventricular or right atrial 
collapse seen by the sonography under the xiphoid process can diagnose pericar-
dial tamponade. Ultrasound can accurately and quickly locate the pericardial 
puncture point and improve the success rate of puncture [41]. Pulmonary embo-
lism can be diagnosed by detecting a large embolus in the pulmonary trunk and 
left and right branches. Sonographic signs of pulmonary embolism include rela-
tive enlargement of the right ventricle, flat collapse of the left ventricle, d-shaped 
heart, right ventricle/left ventricular >1, inferior vena cava dilation with loss of 
respiratory variability, and subpleural nodules. Pulmonary embolism cannot be 
diagnosed by right ventricular enlargement alone and should be comprehen-
sively determined by combining medical history, physical signs, and other labo-
ratory tests [42]. The ultrasonic signs of myocardial infarction include 
dyssynchrony of ventricular wall motion, decrease of motion amplitude, para-
doxical motion, and enhancement of normal segment ventricular wall motion.

 3. Brain natriuretic peptide: The increase of brain natriuretic peptide is associated 
with SCD, which is a predictor of CD risk. Brain natriuretic peptides have pre-
dictive value for SCD not only in patients with coronary heart disease and heart 
failure but also in healthy people at potential risk [43].

 4. Stiffness of the aorta and limb blood pressure examination: It can check the elas-
ticity of the aorta, limb synchronous blood pressure, and limb synchronous blood 
flow state and is an effective method for early screening of atherosclerosis.

 5. Coronary CT and coronary angiography: It can be used to clearly diagnose isch-
emic heart disease and guide whether to conduct myocardial revascularization. 
Ischemic heart disease is a serious threat to human health. The myocardial scar 
and cardiac dysfunction caused by ischemic heart disease can give rise to elec-
trophysiological disorder and induce malignant arrhythmia, which is the main 
cause of SCD. Active detection of ischemic heart disease is the key to preventing 
SCD [44].

 6. Ventricular late potential (VLP): It is located at the end of QRS wave at high 
frequency and low-amplitude fragmentation potential, which is the expression of 
electrical activity of non-synchronous depolarization and delayed conduction in 
ventricular myocardium. VLP has high sensitivity and specificity in predicting 
myocardial infarction with malignant arrhythmia. LVEF combined with VLP 
increases the predictive value of arrhythmia events and is an independent predic-
tor of ventricular arrhythmia in patients with heart disease.
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11.8.2  Preventive Measures of SCD

11.8.2.1  Surgery Prevention
Implantable cardioverter-defibrillator (ICD) is considered to be the best and most 
effective way to treat and prevent SCD. It can quickly identify patients with ven-
tricular arrhythmias in a few seconds and can automatically defibrillate to save 
patient’s lives. Compared with antiarrhythmic drugs, ICD can reduce the incidence 
of malignant ventricular arrhythmias and significantly reduce the incidence of 
SCD.  For patients with persistent ventricular tachycardia, ICD can prevent the 
occurrence of SCD, significantly improve the prognosis, and improve the survival 
rate of patients [45]. Due to China’s economic level and the reasons that medical 
insurance policies cannot fully cover the cost of patients, there is still a certain gap 
between the application of ICD and developed countries in Europe and the United 
States. The public’s awareness of ICD and the necessity of ICD for SCD should be 
universally popularized to increase the possibility of patients using ICD. Patients 
with significant left heart failure should be implanted with ICD to prevent SCD. ICD 
is the treatment of choice for patients with dilated cardiomyopathy and hypertrophic 
cardiomyopathy of SCD who have previously experienced ventricular fibrillation 
and ventricular tachycardia, which can effectively prevent the occurrence of SCD 
[46]. In patients with previous cardiac arrest and syncope, the effect of drug treat-
ment is not clear, and ICD is the first choice. Implantation of ICD with arrhythmo-
genic right ventricular cardiomyopathy with persistent ventricular tachycardia and 
syncope in the past can prevent the occurrence of SCD. Patients with grade IV car-
diac function often die from malignant ventricular arrhythmias due to decompen-
sated heart failure. ICD can also prevent SCD and reduce mortality.

Automatic external defibrillator China’s public places have gradually been 
equipped with automatic external defibrillator (AED), but insufficient public educa-
tion on the use of SCD and AED, resulting in the limited use of AED, not only 
caused a waste of resources but, more importantly, sudden death on those who did 
not receive timely and effective treatment. Patients with cardiac arrest due to ven-
tricular fibrillation after 48 h of acute myocardial infarction are at high risk of reoc-
currence of cardiac arrest after successful resuscitation. Vascular recanalization 
should be performed first. Coronary heart disease, especially patients with acute 
myocardial infarction, should undergo percutaneous coronary intervention as soon 
as possible to open the coronary vessels to restore myocardial blood supply and 
prevent SCD from recurring to improve the prognosis. However, the 2017 AHA/
ACC/HRS Guidelines for the Management of Patients with Ventricular Arrhythmias 
and Prevention of Sudden Cardiac Death states that for patients with ischemic heart 
disease and persistent monomorphic ventricular tachycardia, coronary revascular-
izatio is not effective in preventing SCD. For patients with severe heart failure with-
out malignant arrhythmias, cardiac resynchronization therapy may be preferred to 
improve cardiac function and reduce SCD. Catheter ablation is recommended to 
prevent SCD in patients with persistent ventricular tachycardia after myocardial 
infarction or patients with ventricular tachycardia or ventricular fibrillation storms 
who cannot tolerate amiodarone or other antiarrhythmic drugs [29].
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11.8.2.2  Drug
Although ICD is the preferred method for preventing and treating SCD, it is difficult 
to achieve the popularity of ICD in the short term according to China’s national 
conditions. Drug prevention of SCD is still indispensable. Drug therapy plays an 
important role in stopping SCD caused by malignant arrhythmia.

 1. Beta-blockers: It can reduce mortality and reduce the incidence of cardiovascu-
lar events in patients after myocardial infarction. For patients with coronary 
heart disease, β-receptor blockers can reduce myocardial oxygen consumption 
by slowing heart rate and controlling blood pressure and extend diastole, improve 
coronary perfusion, increase myocardial oxygen supply, and reduce fatal heart 
rhythm disorders to reduce the incidence of SCD. For patients with heart failure, 
β-receptor blockers can delay or reverse myocardial remodeling and reduce SCD 
by antagonizing the sympathetic nervous system, renin-angiotensin aldosterone 
system, and over-activated neurohumoral factors. Beta-blockers have become a 
safe first-line treatment for the prevention of malignant ventricular arrhyth-
mia [47].

 2. Amiodarone: It is a class III antiarrhythmic drug. Amiodarone plays an anticar-
diac rhythm aberrant effect by extending the effective refractory period of myo-
cardial cells to eliminate reentry stimuli, inhibiting the influx of fast sodium ions 
in myocardial conductive fibers, slowing the conduction speed, and reducing the 
sinoatrial node autonomy. Amiodarone is the drug of choice for the treatment of 
malignant arrhythmias and the prevention of SCD. Amiodarone is the first choice 
for the treatment of malignant arrhythmia and the prevention of SCD. Amiodarone 
can also be used to prevent SCD in patients with coronary heart disease, atrial 
fibrillation with heart failure, and symptomatic, nonpersistent ventricular tachy-
cardia [48, 49].

 3. Angiotensin-converting enzyme inhibitors It can counteract left ventricular 
remodeling, increase vagal tone, and reduce the concentration of angiotensin II, 
which is involved in adrenergic transmission. Angiotensin-converting enzyme 
inhibitors can reduce the occurrence of SCD in diabetic patients with left ven-
tricular dysfunction after myocardial infarction and improve the prognosis [50].

 4. Aldosterone receptor antagonist: Aldosterone is involved in myocardial intersti-
tial fibrosis and myocardial cell hypertrophy. Blocking aldosterone receptor can 
prevent myocardial remodeling and improve heart rate variability. Spironolactone 
significantly reduced SCD in patients with LVEF <40% [50].

 5. Statins: Statins are effective in primary and secondary prevention of coronary 
heart disease and stroke [51]. Statins can reduce the risk of ventricular tachycar-
dia and ventricular fibrillation in patients with coronary heart disease with ven-
tricular arrhythmias, thereby reducing the incidence of SCD. Statins also can 
reduce the risk of arrhythmia and death in patients with nonischemic cardiomy-
opathy who require ICD [52].

 6. The 2017 AHA/ACC/HRS Guidelines for the Management and Prevention of 
Sudden Cardiac Death in Patients with Ventricular Arrhythmias recommends 
that for patients with heart failure (LVEF«40%), β-receptor blockers, aldoste-
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rone receptor antagonists, and angiotensin-converting enzyme inhibitors/angio-
tensin receptor antagonists/angiotensin receptor-enkephalinase inhibitors can 
reduce the incidence of SCD [29].

11.8.2.3  Other Precautions
There are many risk factors for SCD, and effective control of risk factors has a cer-
tain effect on reducing the occurrence of SCD. Improving the diet structure, reduc-
ing the intake of sugars and fats, and increasing the intake of cellulose and deep-sea 
fish; maintaining blood pressure, blood sugar, and blood lipids at optimal level; 
actively controlling weight; avoiding depression, anxiety, excessive psychological 
stress, and excessive emotional fluctuations; avoiding overwork and strenuous exer-
cise; and improving bad habits such as smoking, drinking, and staying up late can 
all reduce the incidence of SCD.
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12Cardiopulmonary Resuscitation
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Abstract

High-quality cardiopulmonary resuscitation (CPR) improves the rate return of 
spontaneous circulation and survival in patients with cardiac arrest. Despite well- 
established recommendations of the guidelines, high-quality CPR remains a 
challenge in the clinical practice. As our understanding of cardiac arrest and 
resuscitation physiology has developed, more and more new techniques and 
devices have emerged, which involved in most parts of CPR: compression, defi-
brillation, and airway management. Development of the Internet and health ser-
vice systems facilitates integration of basic life support measures with prehospital 
care. These advances may improve the prognosis of cardiac arrest and will be 
integrated into new cardiac arrest protocols in the future. Large-scale random-
ized controlled clinical trials are awaited to verify the effectiveness of these new 
resuscitation techniques and strategies. On the other hand, organ protection to 
reduce systemic ischemia-reperfusion injury induced by cardiac arrest and resus-
citation is the focus of CA treatment.
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12.1  Introduction

Cardiac arrest (CA) is defined as the sudden unexpected termination of cardiac 
activity within 24 h. It is a life-threatening emergency and one of the largest causes 
of mortality in the world. In the USA, CA affects 350,000 to 450,000 individuals 
per year [1]. Approximately 395,000 cases occur out of hospital (OHCA) [2] and 
200,000 cases occur in hospital (IHCA) [3] annually. Clinical studies indicate the 
survival rate for OHCA is 12% and for IHCA is 24.8% in the USA. A multicenter 
prospective observational study in China showed the survival of sudden CA in 
emergency department was still poor. The rate of return of spontaneous circulation 
(ROSC) in IHCA patients was higher than that in OHCA patients [37.3% (154/413) 
vs. 27.0% (54/200)]. But there was no statistic difference in 28-day survival rate 
between the two groups ([3.6% (15/413) vs. 2.5% (5/200)] [4].

Coronary artery disease is the most common underlying etiology for the sud-
den cardiac death, as seen in approximately 80% of OHCA in the USA. Non-
cardiac origin CA may occur in suffocation, drowning, pulmonary disease, 
and stroke.

Cardiopulmonary resuscitation (CPR) is a skill that can rescue the life of human 
body when the process of death begins. The American Heart Association and the 
European Resuscitation Council formed the International Liaison Committee on 
Resuscitation (ILCOR) for the development of international guidelines in 1992. In 
2019, the ILCOR has initiated the third annual summary of the International Liaison 
Committee on Resuscitation International Consensus on Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care Science with Treatment 
Recommendations (CoSTR) [5]. The consensus generally includes the following 
topics: Basic life support; Advanced life support (ALS); Pediatric life support; 
Neonatal life support (NLS); Education, Implementation, and Teams (EIT); and 
ALS.  Early and high-quality CPR is closely associated with the survival rate of 
patients with CA 10 min after CA, and the survival rate falls down to 4.5% . If the 
CPR is initiated in 5 min, the survival rate is 37.5%. However, if the CPR is done 
10 min after CA, the survival rate falls down to 4.5% Early electric defibrillation, 
manual chest compression, CA that occurred in hospital or in ambulance, and wit-
ness CPR can improve the ROSC rate of CA patients. Excessive use of adrenaline 
is not beneficial to patients with CA.

In this chapter, we review the history and progress on adult CPR, focusing on 
four skills; chest compressions, defibrillation, airway and ventilation management, 
and drug use.

X. Yin et al.



175

12.2  High-Quality Chest Compressions

High-quality chest compressions are thought as a key element in the cardiac arrest 
chain of survival.

In 1960, Kouwenhoven et  al. [6] at Johns Hopkins Hospital first showed that 
closed-chest cardiac massage of the lower portion of the sternum maintained an 
adequate circulation. They found this technique increases peak blood pressure to 
80 mmHg and gives rise to survival rate to 70% on 20 patients. However, 50 years 
after publication of this landmark article, only a minority of cardiac arrest patients 
survive to hospital discharge.

The primary purpose of chest compression is to artificially establish circulation by 
increasing thoracic pressure and squeezing heart. By providing blood flow to the 
whole body, high-quality CPR might rescue varied energy-depleted organs. In a clin-
ical study, 90  s of chest compression to persons with out-of-hospital ventricular 
fibrillation (VF) prior to defibrillation was associated with increased survival. This 
result suggests improved myocardial reperfusion is necessary to achieve successful 
resuscitation. Coronary perfusion pressure (CPP), which is the difference between 
aortic relaxation (“diastolic”) pressure and right atrial relaxation (“diastolic”) pres-
sure, is a surrogate for myocardial perfusion. During CA, higher CPP consistently 
improved the outcome [7]. Paradis et  al. [8] found that a CPP >15  mmHg was 
required for successful ROSC. In 2011, Zhou [9], from the research group led by 
professor Shen, firstly showed sustained abdominal aorta compression- 
cardiopulmonary resuscitation (SAAC-CPR) can rapidly and reversibly raise the 
CPP as much as epinephrine in swine models can. This maneuver is especially suit-
able for out-of-hospital CPR. To perform high-quality CPR with effective chest com-
pressions, the latest adult CPR guidelines [5] recommend as follows: (a) push chest 
quickly (100–120/min), (b) compress appropriately (5–6 cm), (c) relax chest fully 
(complete chest recoil), (d) avoid interruption of compression, and (e) avoid hyper-
ventilation (30:2 chest compression/ventilation ratio prior to advanced airway; 
10 breaths/min with advanced airway). In 2011, Dai [10] measured the distance from 
inter-nipple line (INL) to anterior mitral valve (AMV) plane of 1002 adult patients 
and the width of hand heel (WHH) in 100 volunteers. The distance from INL to 
AMV plane was within WHH value in about 96% of patients. These data support that 
the center of the chest between the nipples is the appropriate compression position in 
adult CPR. Idris [11] found a curvilinear association between chest compression rate 
and return of spontaneous circulation (ROSC). ROSC peaked at a compression rate 
of 125/min and then declined. Edelson [12] and colleagues reported compression 
depth is linearly related to survival too. Hellevuo [13] indicated when chest compres-
sion depth is >6 cm, risk for CPR-related injury increases significantly.

High-quality manual chest compression is challenged by several factors such as 
fatigue and physical strength of the rescuer. Besides, in special situations such as 
ambulance transportation, primary percutaneous coronary intervention, extracorpo-
real CPR, high-quality manual chest compression cannot be safely delivered. To 
solve those defects, mechanical CPR devices are invented [14]. A number of devices 
are currently available in markets, such as Thumper, AutoPulse, and the LUCAS 
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chest compressors. They can provide stable and long-lasting chest compression in 
an automated way. However, it is still uncertain whether the use of mechanical 
devices improves outcomes in CA patients. In a systematic review analysis, Zhu 
[15] indicated there is no significant difference in terms of the ROSC rate, the rate 
of survival to hospital discharge, and neurological function between mechanical and 
manual chest compression in OHCA patients. They suggested that manual chest 
compression be applied in the early stage of CPR for OHCA patients, while mechan-
ical compression can be used as part of advanced life support in the late stage. 
Further trials are needed to evaluate the use of mechanical CPR devices in IHCA.

In 2019 CoSTR, ILCOR [5] addresses the effect of dispatchers providing CPR 
instruction to callers/bystanders (DA-CPR) on outcomes for patients in OHCA.

12.3  Defibrillation

The major cause of CA is cardiovascular origin. Over 20% of OHCA patients pres-
ent with a shockable rhythm initially (ventricular fibrillation, VF, or pulseless ven-
tricular tachycardia, VT), while the incidence of non-pulsed electrical activity 
(PEA) is 19–23%, and asystole is 50%, respectively. Outcome of OHCA patients 
who have non-shockable initial rhythm is worse than those with shockable rhythm. 
Defibrillation [16] refers to passing an electrical current across myocardium to 
depolarize the muscle, which terminates arrhythmia and results in a sinus rhythm. 
Defibrillation is the definitive treatment for shockable arrhythmia. In 1956, Zoll 
[17] terminates ventricular fibrillation in man through externally applied electric 
counter shock. Now this method has been applied universally for CA patients by 
trained medical staff.

Refractory VF [15] refers to persisting VF despite three shocks. It has been 
shown that significant coronary artery disease (>70% stenosis) was noted in greater 
than 80% of patients with refractory VF OHCA. In 2002, Weisfeldt [18] speculated 
if the circulation is stopped for more than 10 min, defibrillation may fail to termi-
nate VF or VF may change to non-shockable rhythm because of global metabolic 
failure. High-quality chest compression improves the chances of successful defibril-
lation by providing blood flow to the myocardium.

Besides, defibrillation requires stopping CPR for rhythm analysis and shock 
delivery. Coult [19] suggested waveform measures during CPR combined with prior 
return of organized rhythm (ROR) exceeded the predictive capability of CPR-free 
waveform measures alone. Ideally, the shocks can be timed to maximize the likeli-
hood of resuscitation and to limit the interruption of CPR.

Since the 1990s, automated external defibrillators (AEDs) have been increas-
ingly applied for prehospital defibrillation of patients. A meta-analysis showed that 
CPR + AED improve outcome of prehospital CA patients compared with CPR-only 
group. A retrospective analysis indicated the use of on-site AEDs and non- emergency 
medical service (EMS) defibrillation increases survival rate of patients with a shock-
able initial rhythm. Shen and Nguyen [20] reported that machine learning technique 
improves certainly the detection performance of the proposed shock advice algo-
rithm (SAA) applied in the AED.
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12.4  Airway Management

In 1958, Safar [21] described effective pulmonary ventilation by mouth-to-mouth 
breathing without an artificial airway. After cardiac origin CA, chest compressions 
and defibrillation are thought to take priority over airway and ventilation interven-
tions [22]. When asphyxial cardiac arrest occurs, appropriate, earlier airway and 
ventilation interventions to restore adequate oxygenation to the vital organs may be 
preferable.

Basic airway interventions refer to mouth-to-mouth ventilation, mouth-to-mask 
ventilation and bag-mask ventilation (with or without an oropharyngeal airway). 
Advanced airway interventions include supraglottic airways (SGAs) and tracheal 
intubation using direct or video laryngoscopy. Voss [23] reported that which airway 
intervention an OHCA patient may receive is according to the skills of the rescuer 
present and the time point during resuscitation. Nichol [24] reported bag-mask ven-
tilation without pausing compressions did not increase survival rate in OHCA com-
pared with pausing for ventilation after every 30 compressions.

Advanced airway management enables chest compressions to continue uninter-
rupted and protect the lungs from aspiration of gastric contents. SGA insertion is 
easier to learn than tracheal intubation and feasible with fewer and shorter interrup-
tions in chest compression. A meta-analysis showed patients with OHCA who 
receive endotracheal intubation (ETI) by EMS are more likely to obtain ROSC, 
survive to hospital admission, and survive neurologically intact when compared to 
SGA. Compared to classic laryngeal airway mask (cLMA), the second-generation 
SGAs (e.g., i-gel and LMA Supreme (LMAS)) provide patients with more optimal 
pharyngeal seal pressure, esophageal drainage tubes, and integrated bite blocks. 
Large RCTs that compare second-generation SGAs with tracheal intubation during 
OHCA are awaited [25]. Besides, video laryngoscopy (VL) use has potential advan-
tages over conventional laryngoscopy during CPR [26].

Detection of CO2 in exhaled air following intubation is the most specific criterion 
for confirming endotracheal tube placement during CPR. End-tidal carbon dioxide 
(ETCO2) concentration is also a reliable index of effective chest compression during 
CPR [27], which is associated with cardiac output. ETCO2 levels <10 mmHg are 
consistently associated with a poor outcome.

12.5  Drug Therapy

12.5.1  Epinephrine

Epinephrine (adrenaline) increases aortic diastolic pressure through activatingα- 
adrenergic receptors during CPR; thereby it augments coronary blood flow [28]. 
However, β-adrenergic activation causes dysrhythmias and increased myocardial 
oxygen demand. Early administration of epinephrine in patients with a non- 
shockable rhythm is associated with better outcomes. In contrast, for CA patients 
with shockable rhythm, epinephrine leads to worse prognosis. Recently, Perkins 
[29] et al. found that although epinephrine resulted in a significantly higher rate of 
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30-day survival than the use of placebo, more survivors had severe neurologic 
impairment in the epinephrine group. They speculated the neurologic impairment is 
associated with cerebral microcirculation dysfunction induced byα-adrenergic stim-
ulation. Epinephrine has been shown to significantly decrease the sublingual, myo-
cardial, and cerebral cortical microcirculation in pigs [30, 31]. These data support 
that although the use of epinephrine during CPR can increase CPP, the blood supply 
of tissues does not increase because of the reduction of microcirculation blood flow 
caused by epinephrine.

12.5.2  Antiarrhythmic Drugs

The North American Resuscitation Outcomes Consortium (ROC)-Amiodarone, 
Lidocaine, or Placebo Study (ALPS) (ROC-ALPS) [32] is the largest RCT to evalu-
ate the effects of antiarrhythmic drugs on OHCA. For treatment of refractory VF/
pVT, this study reported no difference in survival to hospital discharge or neurologi-
cal outcome. In patients with witnessed arrest, survival was improved with amioda-
rone 300  mg and lidocaine 120  mg compared to placebo (amiodarone 27.7%, 
lidocaine 27.8%, and placebo 22.7%). Antiarrhythmic drugs also decreased the 
number of shocks required to terminate VF/pVT and increased the rate of ROSC by 
hospital arrival. For non-shockable-turned-shockable OHCA, ROC/ALPS study 
showed after adjusted absolute differences, survival with amiodarone vs. placebo 
was 2.3% (−0.3, 4.8), p = 0.08, and for lidocaine vs. placebo 1.2% (−1.1, 3.6), 
p = 0.30. These data support that there does not appear to be any clear survival ben-
efit for amiodarone or lidocaine in OHCA. Recently, a retrospective study via Wang 
indicated for patients with IHCA and shock-refractory VF/pVT that the amiodarone- 
first strategy was associated with a higher probability of terminating VF/pVT within 
three shocks (OR, 11.61; 95% confidence interval 1.34e100.84; p value = 0.03).

12.5.3  Anisodamine

Anisodamine [33–35] is an alkaloid extracted from the root of scopolamine tang-
kula. It is a non-subtype-selective muscarinic and also a nicotinic cholinoceptor 
antagonist. It can relieve the smooth muscle spasm by non-selectively blocking M 
cholinergic receptor. It can also relieve microvasospasm, increase coronary blood 
flow, and improve tissue microcirculation. The mechanisms seem to include inhibit-
ing ACh-induced endothelial cell activation, α1-adrenoceptor blockade, and anti-
thrombotic and fibrinolytic effects. Anisodamine also has been shown to possess an 
antioxidant and anti-inflammatory action. Alpha-7 nicotinic ACh receptors 
(α7nAChRs) may play an important role in the cholinergic anti-inflammatory 
responses. Recently, Xing [36] found anisodamine reduced cardiomyocyte apopto-
sis in a rat model of ischaemia-reperfusion. Since one decade ago, the research team 
led by professor Shen has conducted a series of studies and proved the protective 
effect of anisodamine on various cardiac arrest and cardiopulmonary resuscitation 
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(CA/CPR) animal models. Now, growing evidence supports that anisodamine has 
the beneficial effects on CA/CPR.

In 2008, Sun [37] (see Table 12.1) reported firstly that administration of epineph-
rine plus anisodamine at the beginning of treatment for cardiac arrest could improve 
ROSC rate and 3-h survival rate in rats after ventricular fibrillation (VF) or asystole 
was induced by transesophageal alternating current stimulation. In 2011, Yin [38] 
also showed 24-h survival rate was significantly different between epinephrine plus 
anisodamine group and epinephrine group (see Fig. 12.1).

In 2011, Zhou [39] found that in alternating current-induced VF swines, admin-
istration of anisodamine in combination with epinephrine at the beginning of CA 
could improve CPP (see Fig. 12.2) and success rate of ROSC. Zhou reported that the 
level of PETCO2 in anisodamine + epinephrine group was significantly higher than 
anisodamine group (n = 9, 18.14 ± 1.35 mmHg vs. 13.17 ± 1.35 mmHg) before 

Table 12.1 Comparison of the number of return of spontaneous circulation (ROSC) and 3-h 
survival rate in each group

Group n ROSC 30-min survival 3-h survival
Control 15 1 (6.7) 0 0
Epinephrine 15 7 (46.6) 5 (33.3)* 1*

Epinephrine+anisodamine 15 14 (93.3) 12 (80)*,# 10 (67)*,#

Note: *compared with the control group (p < 0.05), #compared with the epinephrine group
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first- shock defibrillation (after 9 min of untreated prolonged VF with 1 min of chest 
compression).

Further studies found that anisodamine reduced ischemic/reperfusion injury 
induced by CA/CPR in various tissues such as myocardium, lung, intestine, and 
brain [37–44]. Cells were well preserved, and less ultrastructural damage was 
observed in anisodamine plus epinephrine group compared with epinephrine-only 
group, as shown by Yang [40] (Fig.  12.3), Yin [41] (Fig.  12.4), and Dai [42] 
(Fig. 12.5).

This group of researchers also found that anisodamine may exert its protective 
effects on CA and CPR through multiple pathways.

Firstly, anisodamine can improve microcirculation and tissue metabolism. Jia 
[45] found that after ROSC, the proportion of mesenteric recanalization, microvas-
cular diameter, blood flow velocity, and intestinal wall tissue perfusion volume in 
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Fig. 12.2 Mean coronary perfusion pressure (CPP) fluctuation for animals receiving 1 min of 
CPR after intravenous drug administration in time in two groups

a b c

Fig. 12.3 Mitochondria in rat cardiomyocytes 3  h after CPR (×20,000). (a) Sham operation 
group: complete mitochondria with rich and complete cristae. (b) Epinephrine group: mitochon-
dria swelling with partial vacuolization and sparse cristae; (c) Epinephrine + anisodamine group: 
swollen and complete mitochondria with cristae fuzzy
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Fig. 12.4 Sarcoplasmic (SR) in cardiomyocytes after cardiac arrest and ROSC (×60,000). (a) 
Sham operation group: normal structure of SR (↑). (b, d, f) Epinephrine group at 30 min, 6 h, and 
24  h after ROSC: mitochondria and SR edema or disruption gets worse over time. (c, e, g) 
Epinephrine + anisodamine group: swollen and deformation of SR and mitochondria
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anisodamine plus epinephrine group were significantly higher than those of epi-
nephrine and control group (as seen in Fig. 12.6). In rabbits after VF, Zhou [39] 
reported that administration of epinephrine decreased the heart local tissue oxygen 
saturation (rSO2) with relation to decrease of myocardial blood flow. Epinephrine 
combined with anisodamine can increase the heart rSO2 with relation to increase of 
myocardial blood flow. Jia [46] also reported that epinephrine plus anisodamine 
increases the success rate of ROSC in rats after cardiac arrest by improving the 
energy metabolism of myocardium and brain tissue. Yang [40] found the ATP levels 
in rat myocardial mitochondria after CA/CPR were all significantly decreased 
within 24 h. However, the recovery of the ATP levels in group adrenaline + anisoda-
mine was higher at 12 h (1.88 ± 0.26 vs. 1.23 ± 0.16 μmol/L, p < 0.05) and 24 h 
(2.09 ± 0.25 vs. 1.02 ± 0.12 μmol/L, p < 0.05) after CA/CPR than those of group 
adrenaline accordingly (see Fig.  12.7). Besides, anisodamine has been shown to 
protect myocardium conduction structure and function by upregulating the ratio of 
gap junction protein p-Cx43and Cx43 in myocardium [47].

a2 b2

c2

Fig. 12.5 Ultrastructure of cortical neurons in each group under electron microscope (×24,000). 
A2 control group: Neuron nucleus (N) has low and uniform electron density, little heterochroma-
tin, Golgi body (G), rough endoplasmic reticulum (RER), and mitochondria (M) have complete 
and clear morphology, nuclear chromatin particles are relatively uniform, ribosome (Ri). B2 adren-
alin group: Nucleus chromatin concentration, edge set, nuclear membrane folding, Golgi body, and 
RER obvious expansion, vacuolization; mitochondria swollen ridge rupture, ribosome content 
decreased significantly. C2 Epinephrine + anisodamine group
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Secondly, anisodamine has been shown to exert its positive effects through regu-
lating inflammatory response and scavenge oxygen free radical. Liu [47] found the 
blood malondialdehyde (MDA) of both CPR groups was higher than that of control 
group (p < 0.01, but the MDA level of anisodamine + epinephrine group was lower 
than epinephrine group in ROSC 30  min and ROSC 24  h (p  <  0.05) (seen in 
Table 12.2). On the other hand, the blood enzyme activity of superoxide dismutase 
(SOD) of both CPR groups was lower than that of control group (p < 0.05) after 
CA.  But there are no differences between two CPR groups at the same point 
(p > 0.05) (as seen in Table 12.3). The myocardium SOD activity of Ani + CA/R 
group was higher than CA/R group (p < 0.01) (seen in Table 12.4). Yang found 

a b

c d

Fig. 12.6 Blood perfusion volume of rat intestinal wall tissue after cardiac arrest was measured 
by laser Doppler blood flow imager. (a) at cardiac arrest; (b) epinephrine (200 μg/kg) group after 
ROSC; (c) epinephrine + low anisodamine (5 mg/kg) group after ROSC; (d) epinephrine + high 
anisodamine (10 mg/kg). The two-dimensional color-coded image shows tissue perfusion images. 
Red represented areas with high blood flow, green represented areas with decreased blood flow, 
blue represented areas with further decreased blood flow, and dark blue represented areas with near 
zero blood flow
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Fig. 12.7 Changes in ATP levels in myocardial tissues at different time points

Table 12.2 The plasma MDA content in swine (x ± s, μM)

Group n At base CA 8 min ROSC ROSC 30 min ROSC 24 h
Sham 5 14.73 ± 2.59 12.66 ± 2.88 14.08 ± 3.93 15.94 ± 4.38 15.35 ± 3.28
Epi 5 13.38 ± 2.87 52.06 ± 6.43** 56.78 ± 10.91** 55.47 ± 10.97** 55.47 ± 7.85**

Ani + epi 7 13.21 ± 4.22 52.51 ± 6.05** 56.05 ± 11.12** 43.38 ± 8.12**# 43.38 ± 6.04**#

Compared with sham group **P < 0.01; compared with epinephrine group **P < 0.01, #P < 0.05

Table 12.3 The plasma SOD activity in swine (x s± , U)

Group n At base CA 8 min ROSC ROSC 30 min ROSC 24 h
Sham 5 7.40 ± 2.25 7.17 ± 1.96 7.31 ± 2.24 7.55 ± 2.44 7.22 ± 2.26
Epi 5 7.55 ± 1.93 5.07 ± 1.34* 1.45 ± 0.43** 1.29 ± 0.60** 1.88 ± 0.88**

Ani + epi 7 7.36 ± 1.89 4.64 ± 0.93* 1.95 ± 0.84** 2.18 ± 0.93** 2.90 ± 1.36**

Compared with sham group: **P < 0.01, *P < 0.05

Group n ROSC 24 h
Sham 5 0.95 ± 0.34
Epi 5 0.54 ± 0.19
Ani + epi 7 1.35 ± 0.50##

Compared with Epi group: ##P < 0.01

Table 12.4 The myocardial 
SOD activity in swine 
(x s± , U/mg)
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reactive oxygen species (ROS) levels in rat myocardium increased after CPR, but 
the level of ROS in adrenaline + anisodamine group was significantly lower than 
that of adrenaline group (seen in Table 12.5).

These data suggest anisodamine can ameliorate the metabolic disorder of oxygen 
radicals after CA and CPR. In swine VF model, Zhang [43] showed SOD content of 
lung tissue of epinephrine plus anisodamine group (C group) was statistically sig-
nificantly higher than that of epinephrine group (B group), while MDA, MPO, TNF- 
α, water content, and W/D of C group were statistically significantly lower than 
those of B group (p  <  0.05). Light microscope found alveolar wall capillaries 
expanded, alveolar exudate elevated, and infiltration of inflammatory cells of B 
group, while above features of C group were relatively relieved. Zhang suggested 
anisodamine can relieve lung injury after CPR in pigs with CA through inhibiting 
the excessive release of TNF-α and alleviating lipid peroxidation.

Thirdly, they found anisodamine reduced mitochondrial calcium overload 
induced by CA and CPR, thus inactivating the mitochondrial apoptotic pathway. 
Yang [40] found in myocardium in rats after resuscitation, the content of calcium 
ions in the mitochondria increased significantly and the level of mitochondrial 
membrane potential (MMP) decreased in the adrenaline resuscitation group com-
pared with the control group. Administration of anisodamine can significantly 
reduce mitochondrial calcium overload (seen Fig.  12.8) and thus maintain mito-
chondrial membrane potential (see Table 12.6, Fig. 12.9) and decrease mitochon-
drial permeability (see Table 12.7, Fig. 12.10).

Table 12.5 Results of ROS levels in purified myocardial mitochondria at different time points 
(x s± , RFU, n = 8)

Group Immediately 3 h 6 h 12 h 24 h
Control group
Adrenaline group
Adrenaline + anisodamine 
group

65.4 ± 4.9
87.2 ± 5.1*

77.6 ± 6.8*#

68.3 ± 8.9
104.8 ± 8.1*

88.9 ± 6.9*#

63.3 ± 6.1
103.4 ± 7.5*

93.2 ± 9.2*#

63.5 ± 4.9
98.2 ± 6.7*

81.9 ± 5.3*#

64.2 ± 6.1
92.2 ± 4.8*

78.3 ± 7.9*#

Note: *P ≤ 0.05 compared with the control group; #P ≤ 0.05 compared with the adrenaline resus-
citation group

a b c

Fig. 12.8 Calcium ions in mitochondria detected by laser copolymerization focus (a) control; (b), 
epinephrine group; (c), anisodamine plus epinephrine group
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Table 12.6 Changes in the membrane potential of purified myocardial mitochondria at different 
time points (x s± , RF, n = 8)

Group Immediately 3 h 6 h 12 h 24 h
Control group
Adrenaline group
Adrenaline + 
anisodamine group

137.5 ± 26.2
67.1 ± 5.2*

90.6 ± 8.0*#

123.2 ± 18.9
63.9 ± 9.5*

81.2 ± 6.0*#

121.8 ± 16.3
67.8 ± 8.8*

79.5 ± 5.1*#

106.1 ± 10.4
78.4 ± 4.7*

95.7 ± 15.0#

115.4 ± 20.4
91.2 ± 14.6*

123.1 ± 17.3#

Note: *P ≤ 0.05 compared with the control group; #P ≤ 0.05 compared with the adrenaline resus-
citation group
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Fig. 12.9 Changes in the membrane potential of purified myocardial mitochondria at different 
time points

Table 12.7 Membrane permeability levels of purified myocardial mitochondria at different time 
points (x s± , RFU, n = 8)

Group/time Immediately 3 h 6 h 12 h 24 h
Control group 287.8 ± 9. 8 291.0 ± 13.7 283.5 ± 17.0 291.5 ± 9.9 285.7 ± 17.2
Adrenaline group 168.6 ± 45.9* 115.7 ± 39.1* 125.5 ± 48.1* 174.1 ± 31.6* 190.6 ± 34.8*

Adrenaline + 
anisodamine group

200.7 ± 28.9* 174.3 ± 34.6*# 194.1 ± 33.4*# 239.8 ± 37.0*# 258.5 ± 40.2#

Note: *P ≤ 0.05 compared with the control group; #P ≤ 0.05 compared with the adrenaline resus-
citation group
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Liu [47] also found that anisodamine can protect the myocardial ultrastructure 
and restrain the mitochondria-induced cell apoptosis after resuscitation in swines by 
decreasing the protein content of cytochrome C (Cyt C) and reducing the extent of 
damage to myocardial mitochondria.

In a rat resuscitation model, anisodamine markedly decreased the number of 
apoptotic cardiomyoctes. Yin [41] found endoplasmic reticulum chaperones GRP78 
and calreticulin were significantly elevated in the I/R group. In addition, ER stress- 
related apoptotic pathway was activated, which manifested as upregulated 
CHOP. Anisodamine treatment abrogated myocardial injury and the upregulation of 
GRP78, calreticulin, and CHOP.  After that Liu [47] showed that anisodamine 
decreased the expression of endoplasmic reticulum stress-associated proteins 
including JNK, calpain, and caspase 12 (see Fig. 12.11) and thus reduced the ultra-
structural damage and apoptosis (Fig. 12.12) in cardiomyocytes in swine CA model.

In conclusion, anisodamine is a multifunctional bio-alkaloid. In animal models, 
it seems to relieve the side effect of epinephrine on circulation and reduce ischemia/
reperfusion (I/R) injury induced by cardiac arrest and resuscitation. The efficacy of 
anisodamine in the treatment of cardiac arrest in combination with epinephrine 
should be further evaluated, both in the experimental and the clinical settings.
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Fig. 12.10 Membrane permeability levels of purified myocardial mitochondria at different 
time points
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12.6  Conclusions

Immediate and high-quality CPR remains the initial and primary treatment for both 
IHCA and OHCA patients. This article will introduce recent advances in cardiopul-
monary resuscitation by integrating novel technologies and management strategies 
into clinical practice.
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13Defibrillation in Sudden Cardiac Death
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Abstract

Ventricular fibrillation is one of the important causes of sudden cardiac death. 
Defibrillation is the most effective treatment for ventricular fibrillation. At pres-
ent, there is no large-scale research report on the incidence of ventricular fibril-
lation in sudden cardiac death in China. Published studies have shown that the 
incidence of ventricular fibrillation in Chinese sudden cardiac death is not as 
high as in other countries. Patients with ventricular fibrillation often appear as 
unresponsive, with no normal breathing and no signs of circulation. For ventricu-
lar fibrillation, the initiating mechanisms include premature ventricular com-
plexes or non-sustained VT.  Defibrillation can improve prognosis of VT/VF, 
early defibrillation is vital, and rescuers should start pressing immediately after 
defibrillation. For nonmedical individuals, AED is safe, easy, and effective. 
Victims of OHCA should be initially treated with basic life support measures, 
including the immediate delivery of shocks by an AED. To improve the popular-
ization of the knowledge of the first responders and promote the establishment of 
the awareness of the first aid, some expert consensus on cardiopulmonary resus-
citation training in China were published. These consensuses combine with 
Chinese actual national conditions to provide guidance for the first responders 
and training, aiming to promote the development of first aid in China. In addi-
tion, China has also launched the “National Cardiopulmonary Resuscitation 
Popularization into 100 Million Precision Health Projects” – 525+ (I Love My 
Family) Project, aiming to popularize CPR to 200 million people in 5 years. By 
practicing “Healthy China 2030,” Shenzhen launched “Public Defibrillation 
Project” in 2017, aiming to implement in public places with a high density and 
movement of citizens where trained CPR providers can get fast access to defibril-
lation. The most common medicine used in VF is amiodarone, and lidocaine has 
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been suggested as first-line drug too. It requires more evidence to regulate the use 
of antiarrhythmic drugs in the process of adult defibrillation-refractory VF/pVT 
cardiac arrest patients or after ROSC.  Defibrillation requirements for cardiac 
arrest during pregnancy are consistent with adult cardiopulmonary resuscitation 
guidelines. During cardiopulmonary resuscitation, attention should be paid to 
maternal recovery. It is not helpful to assess the condition of the fetus during this 
period. During pre-CA period, individual, family, community, healthcare sys-
tem, and society should be regarded as a whole, and the composition of each 
element will become the key to determine the survival of CA.  For high-risk 
groups with sudden cardiac death, effective measures should be taken to prevent 
ventricular fibrillation or to initiate CPR procedures as soon as possible.

Keywords

Ventricular fibrillation · Defibrillation · Cardiopulmonary resuscitation · 
Automatic external defibrillator · Public access defibrillation

13.1  Introduction of Sudden Cardiac Death 
and Ventricular Fibrillation

Cardiac arrest is defined as a sudden stop in cardiac activity, causing the victim to 
become unresponsive, without normal breathing and no signs of circulation. If 
proper treatment is not taken quickly, the victim may die suddenly. Cardiac arrest 
should be used to indicate the above events, usually reversed by CPR and/or defi-
brillation or cardioversion or cardiac pacing [1]. Sudden cardiac arrest and sudden 
cardiac death (SCD) are frequently used terms interchangeably. SCD was also 
defined as cardiac arrest caused by ventricular fibrillation (VF), a rhythm that can be 
shocked by a defibrillator, including automatic external defibrillator (AED), 
implantable cardioverter-defibrillator (ICD), or wearable cardioverter defibrillator 
(WCD) [2, 3]. Ventricular fibrillation is the most common type of cardiac arrest, 
accounting for 50% to 90% of arrhythmias at the onset of cardiac arrest. Data from 
seven Asian countries show that the incidence of VF/pVT in adults with out-of- 
hospital cardiac arrest (OHCA) is 4.1% to 19.8% [4]. According to statistics, the 
number of sudden cardiac deaths in China is as high as 550,000, and an average of 
about one person per minute dies from sudden cardiac death [5].

At present, the results of multicenter clinical trials of sudden cardiac death in 
China have not been published yet, so the actual incidence of sudden cardiac death 
and the proportion of ventricular fibrillation remain unclear. Previous research 
reported that more than 80% of sudden cardiac deaths are caused by ventricular 
fibrillation, but this data seems to be quite different from the actual situation in 
China. The emergency team of the Affiliated Beijing Chaoyang Hospital of Capital 
Medical University has conducted the first analysis of the prognosis of out-of- 
hospital cardiac arrest (OHCA) in Beijing, and the annual incidence of OHCA in 
Beijing urban area is 81/100,000 [6]. This incidence is similar to that reported by 
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previous European and North American countries (from 87.4 to 96.5/100,000 popu-
lation), but higher than other Asian countries (65.4/100,000 population), lower than 
Australia’s report (108.9/100,000 population). The initial cardiac rhythm of patients 
with OHCA in Beijing urban area was mostly arrest (62.3%), and ventricular fibril-
lation only accounted for 11.1% of cases. A multicenter prospective observational 
study published in 2018 included data from 613 cardiac arrest patients in 13 hospi-
tals from six provinces in China [7], and the results of this study showed that 20.7% 
of patients with cardiac arrest received defibrillation, but this defibrillation data 
included both in-hospital cardiac arrest (IHCA) and out-of-hospital cardiac arrest.

13.2  Clinical Features of Ventricular Fibrillation

Ventricular fibrillation is presented as a complete chaotic activity in the ventricle, 
which causes ineffective cardiac output and results in a cessation of cardiac contrac-
tion and cardiac arrest. The clinical manifestation of ventricular fibrillation usually 
refers to cardiac arrest. The patient had no signs of life, appeared unresponsive, had 
abnormal breathing, and was unable to palpate the carotid artery pulse certainly 
within 10 s. Ventricular fibrillation has no measurable heart rate and should never 
have a pulse, because the rhythm has no coordinated ventricular conduction or con-
traction. The ventricles are quivering with the presence of high frequency, usually 
more than 350 times per minute. Cardiac monitor or ECG displays a wavy baseline, 
but no clear identifiable QRS complexes and absence of P-waves and T-waves. PR 
interval is not measurable. The waves are irregular fibrillating undulations that are 
variable in both amplitude and periodicity. Frequently the VF waves range from 
coarse to fine in amplitude. They reflect the energy or signal of ventricular tissues. 
Coarse VF showing larger baseline undulations indicates a larger signal from a 
more extensive amount of tissue. When the lack of oxygen in heart persists, the 
myocardial cells become dysfunctional and fewer of them are able to depolarize, 
each time with less energy. The decreasing energy of myocardial cells causes 
smaller undulations, which are shown as fine VF.

13.3  Mechanism of Ventricular Fibrillation and Defibrillation

The trigger mechanism of VF includes premature ventricular complexes (PVCs) or 
non-sustained VT. They can originate from ventricular myocardium, Purkinje sys-
tem, and infarcted and fibrotic areas. Early afterdepolarizations, delayed afterdepo-
larizations, or abnormal automaticity may cause PVCs. They may be unifocal or 
multifocal and may show a diurnal pattern. Myocardial ischemic areas may also 
induce rapid triggers. Ischemia lowers the resting threshold of cardiomyocytes, 
increases extracellular potassium, and reduces ATP-dependent potassium current. 
The above changes will lead to “injury current”, which increases the abnormal auto-
maticity, and the resulting rapid activations help to initiate VF. The transition mech-
anism is a dynamic process that occurs during rapid activation by a trigger, which 
can slow down conduction and block wavefront and promote the start of functional 
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reentry through related processes. Then electrical rotors, focal activation, and mul-
tiwavelet reentry contributed in the maintenance of VF [8].

Nowadays, as well known, defibrillation can improve prognosis of VT/VF, and 
early defibrillation is vital. Defibrillation aims to stop arrhythmias in order to give a 
chance to the SA node taking over the rhythm again. Defibrillation refers to the 
depolarization of muscles in the myocardium by an electric current, which converts 
dysrhythmia back to normal sinus rhythm [9]. If an electric shock made enough 
cardiac tissue unexcitable temporarily, the uncoordinated wavefronts that excite 
permanent VF would be cleared, and then normal cardiac excitation and contraction 
would be resumed.

13.4  Precautions of Defibrillation

In the update of resuscitation guidelines, there is increasing emphasis on the impor-
tance of not delaying the first shock. If the ventricular fibrillation can be eliminated 
within 4 min, the survival rate of patients could reach more than 50%. Depending 
on the location of VF onset, defibrillation can either be performed using a manual 
defibrillator or an automated external defibrillator (AED). In recent years, the guide-
lines for resuscitation recommend that rescuers should not check the pulse immedi-
ately after defibrillation, but should start pressing immediately. This is because it 
takes time to check the pulse, and the long-term compression interruption is 
extremely harmful. Most patients only need to defibrillate once to terminate ven-
tricular fibrillation. It is unreasonable to interrupt the compression to confirm ven-
tricular fibrillation that may not exist. There is also no evidence that chest 
compressions after defibrillation can cause recurrence of ventricular fibrillation. 
Within a few minutes after the termination of ventricular fibrillation, the heart is not 
able to effectively pump blood, and immediate chest compressions are necessary 
[10, 11]. In addition, three consecutive defibrillations caused a longer interruption 
of chest compressions. In addition, the guidelines recommend that if there is a defi-
brillator on-site at the OHCA or IHCA, the chest compression should be started 
immediately when the defibrillator is prepared, and the defibrillator should be defi-
brillated as soon as it is ready. Because if the start of defibrillation after ventricular 
fibrillation is delayed by 1 min, the defibrillation success rate is reduced by 7% to 
10% [12, 13]. Myocardial tissue is in a period of electrical activity within 4 min 
after the occurrence of ventricular fibrillation, so defibrillation should be given pri-
ority within 4 min before chest compression. After the ventricular fibrillation occurs 
for more than 4 min, the myocardial tissue is in the circulation phase, and the ampli-
tude of the ventricular fibrillation becomes smaller. A graded inverse correlation 
between defibrillation time and neurological outcome was observed more than 
3 min after cardiac arrest [14]. In hospitals with limited resources, the target time for 
defibrillation should be less than 3 min. Beyond this time, defibrillation is not easy 
to be successful, so chest compression should be performed first.

If the OHCA responder is not a prehospital emergency, the emergency responder 
can begin CPR first, use the AED or check the rhythm with an electrocardiogram, 
and prepare for defibrillation. In the above case, it is possible to consider a 2-min 
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CPR before attempting defibrillation. If two or three rescuers are on-site, CPR should 
be performed and a defibrillator should be taken at the same time. For IHCA, there is 
not sufficient evidence to support or oppose CPR prior to defibrillation. However, for 
patients with ECG monitoring, the time between VF and the shock should not exceed 
3  min, and CPR should be started while waiting for the defibrillator to be ready 
[15–17]. Manual defibrillation is usually used in the hospital, because it requires the 
user to have an understanding of rhythm abnormalities. Medical professionals must 
ensure that the area is clear before charging the defibrillator and shocking the patient. 
If the defibrillators are monophasic, the energy should be set to 360 J for the shock. 
If the defibrillators are biphasic, the energy should usually be selected as 200 J. Always 
remember to apply gel pads if paddles are used.

For nonmedical individuals, AED is safe, easy to use, and effective. Victims of 
OHCA should be initially treated with basic life support measures, including the 
immediate delivery of shocks by an AED, if AED recognizes there is a shockable 
rhythm. AED machine has voice to guide the CPR provider on how to place the 
electrode pads on the patient, assure surrounding is clear, and deliver a shock. It 
analyzes the rhythm automatically. Only when VF is present, the machine will 
charge up and advises the CPR provider to shock (semiautomatic AED) or deliver 
the shock (fully automatic AED). Or it will suggest non-shockable rhythm and con-
tinue the CPR. During CPR, when the AED is available, the CPR provider switches 
on and follows instructions. It is important to expose the victim’s chest bare and dry 
to attach the electrode pads firmly, so the hair may need to be shaved. The operator 
must ensure that no one touches the victim while the AED is analyzing the rhythm. 
If the shock is displayed, the voice prompt will require the operator to press the 
shock button. When a shock is delivered, immediate CPR should be restarted as the 
voice instruction will prompt. Children between 1 and 8 years old should have pedi-
atric pads and attenuating energy.

13.5  Defibrillation Training

13.5.1  Expert Consensus on Cardiopulmonary Resuscitation 
Training in China

A key reason for the large difference in global OHCA discharge survival rates is the 
difference in public awareness, training, and implementation of CPR. CPR training 
involves social progress and human qualities. All participants from the government 
to the public and from the community to the EMSS, emergency department, and 
ICU are required. However, the CPR training rate in the Chinese public is less than 
1%, so CPR training still has a long way to go. In order to promote the training and 
scientific popularization of cardiopulmonary resuscitation technology in China, the 
Cardiopulmonary Resuscitation Specialized Committee of Chinese Research 
Hospital Association and the Science Popularization Branch of the Chinese Medical 
Association jointly wrote “2018 National consensus on cardiopulmonary resuscita-
tion training in China” [18]. The three skills involved in CPR training are standard 
skills, diverse skills, and individual skills.
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It is mentioned in the consensus that for the public, the “professional” skills 
training is to acquire as much science and knowledge as possible, to cope with the 
occurrence of CA, and to start CPR according to the standard process. The basics of 
defibrillation and the use and operation of AEDs are an important part of standard 
skills. Standard skills are the premise and basis for other CPR skills training. 
Therefore, they are also compulsory and mandatory for all types of CPR training 
certification courses. For professionals (medical staff, professional rescue teams, 
etc.), we should gradually master diversified CPR and first-aid skills in order to 
improve the CPR rescue ability of medical teams and institutions. Implantable car-
diac defibrillators (ICDs) have been widely recognized as the most effective preven-
tive measures for high-risk patients in CA [19–21]. Knowledge and skills related to 
ICDs are also one of the diverse skills that require training and education [22, 23]. 
Individual skill means that the rescuer can comprehensively adopt targeted early 
intervention strategies according to the specific characteristics and morbidity of dif-
ferent patients and deal with relevant high-risk factors in CPR to ensure the success 
of CPR [24]. For example, the occurrence of ventricular fibrillation in athletes is 
often associated with genetic factors and sports injuries [25–30]. The timeliness of 
defibrillation is crucial.

To improve the popularization of the knowledge of the first responders and pro-
mote the establishment of the awareness of the first aid, First Aid Professional 
Committee of Chinese Aging Well Association formulated the Expert Consensus 
Group for First Responder on First Aid [31]. This consensus aims at the critical and 
weak link of emergency medical service system (EMSS) in China, providing the 
public with the first responder action guidance and guiding the public how to effec-
tively rescue the “first scene”, “first time” and “first responder” in the event of sud-
den injury or illness. It was mentioned in the consensus that the first-aid skills of the 
“first responder” should include AED. The best place, the best training method, and 
the best communication way to popularize the first aid knowledge and skills were 
also proposed, and the first responder action plan was jointly promoted from various 
social levels such as policy, law, science and technology, culture, and so on. This 
consensus combines with Chinese actual national conditions to provide guidance 
for the first responders’ action and training, aiming to promote the development of 
first aid in China.

13.5.2  Public Access Defibrillation Programs

The trained social personnel are the best candidates for the first responders [32–35]. 
The greater the number of trainers, the higher the proportion of CPRs in the first 
responders [36–38]. In view of the fact that the CPR penetration rate in China is less 
than 1%, the ratio of medical personnel to CPR technology to family members is 
less than 1% [39], and the success rate of CA patients in the out-of-hospital CA is 
less than 1%. The Chinese Medical Association Science Popularization Branch and 
the Cardiopulmonary Resuscitation Specialized Committee of Chinese Research 
Hospital Association launched the “National Cardiopulmonary Resuscitation 
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Popularization into 100 Million Precision Health Projects”  –  525+ (I Love My 
Family) Project [40, 41]. The aim of this project is to popularize CPR to 200 million 
people within 5 years, and each person trains five families. It has truly embarked on 
a path of accurate CPR popularization in line with China’s national conditions, 
thereby enhancing the public awareness and skills of CPR.

The AED automatically recognizes defibrillation rhythms and is suitable for use 
by rescuers of all categories [42, 43]. In recent years, the success rate of OHCA 
patients in countries such as Europe, the United States, and Japan has improved 
rapidly, which is closely related to the wide prevalence of AED in these countries 
[44–46]. A study in Japan showed that in public locations, 29.3% of OHCA patients 
received PAD, which had notably better neurological outcomes when compared 
with patients without PAD [47]. Based on this, the 2016 National Consensus on 
Cardiopulmonary Resuscitation in China strongly recommends that public defibril-
lation should be implemented in public places where CA is highly developed, which 
is the public access defibrillation (PAD) program. The PAD program is to set up an 
AED in a public place that is likely to have eyewitnesses and a relatively high inci-
dence of OHCA, so that the first responder can quickly obtain and implement defi-
brillation [47].

In developed countries such as the United States or in Europe, the application of 
the AED is very common. It is estimated that there are 317 AED per 100,000 people 
in the United States, 555 AEDs per 100,000 people in Japan, 695 AEDs per 100,000 
people in the Netherlands, 544 AEDs per 100,000 people in Austria, 311 AEDs per 
100,000 people in Norway, and 378 AEDs per 100,000 people in Denmark. In 
China, there are only a few regions and public places (airports) have improvised 
explosive devices. However, due to the lack of training and the lag of relevant laws, 
these devices failed to play their due role. By practicing “Healthy China 2030,” 
Shenzhen, a city in south of China, launched “Public Defibrillation Project” in 
2017, aiming to place AEDs in public places like airports, railway stations, bus 
terminals, sport facilities, and shopping malls where trained CPR providers can get 
fast access to defibrillation. Twenty times of using the AED after the project that 
made AEDs available in the public places has been a success, saving eight lives of 
victims of cardiac arrest, including two in airport, four in metro, one in sport sta-
dium, and one in the shopping mall. Placing AEDs in public places has been evalu-
ated for response time, not for survival benefit. We are expecting the survival of 
cardiac arrest will benefit from AED by conducting AEDs in public places.

13.6  Antiarrhythmic Drugs

Defibrillation has now become the first choice for resuscitation in patients with VF/
pVT cardiac arrest. Antiarrhythmic drugs during resuscitation and after ROSC may 
be important factors in improving ROSC success rate and improving short-term 
prognosis [48, 49]. At present, antiarrhythmic drugs are still dominated by tradi-
tional drugs such as amiodarone, lidocaine, magnesium, and β-blockers. However, 
there was a large difference in the drug regimen and the recommended level. The 
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clinical study requires more evidence to regulate the use of antiarrhythmic drugs in 
the process of adult defibrillation-refractory VF/pVT cardiac arrest patients or 
after ROSC.

The most common medicine used in VF is amiodarone. Currently, amiodarone 
may be used for VF which has no response to CPR, defibrillation, and vasopressor, 
as in the algorithm of advanced cardiovascular life support. Amiodarone is sug-
gested to be administered after three shocks and administration of epinephrine. 
Some studies documented that amiodarone was associated with improvement in 
ROSC and survival to hospital admission, but not to discharge. An initial dose of 
300 mg may be followed by a second dose of 150 mg. Lidocaine was considered as 
an alternative to amiodarone. In AHA 2018 guidelines focused updates for the use 
of antiarrhythmic drugs during resuscitation from adult VF, lidocaine has been sug-
gested as first-line drug together with amiodarone. The initial dose is 1–1.5 mg/kg 
IV. If VF persists, second doses of 0.5–0.75 mg/kg IV push may be administered at 
5–10-min intervals, up to a maximum dose of 3 mg/kg.

In clinical practice, there are still some confusions about the use of antiarrhyth-
mic drugs in the defibrillation VF/pVT.  Does the use of antiarrhythmic drugs 
improve the patient’s long-term prognosis and improve the patient’s nervous system 
function? What is the difference between these drugs in the application of VF/pVT 
in OHCA or IHCA? Is the combination of different antiarrhythmic drugs superior 
to single drug applications? What is the difference in efficacy between IV and IO 
administration during cardiopulmonary resuscitation? The timing of antiarrhythmia 
drugs after ROSC and the preventive application of antiarrhythmic drugs can 
improve the prognosis? These problems require clinicians to study and explore in 
practical work [50].

13.7  Defibrillation Treatment for Pregnant Women

Cardiac arrest during pregnancy is a rare, catastrophic event that can have serious 
consequences for maternal death [51]. Defibrillation requirements for cardiac arrest 
during pregnancy are consistent with adult cardiopulmonary resuscitation guide-
lines. As long as the electrical rhythm analysis prompts defibrillation, an automatic 
defibrillator should be provided promptly. When ventricular fibrillation and pulsel-
ess ventricular tachycardia occur in pregnant women, timely defibrillation is the key 
to maximizing survival. It is recommended that the anterior lateral position be the 
position of the defibrillation electrode piece and the lateral electrode piece position 
be under the breast. Adhesive impact pads are used to ensure that the pads are fixed. 
Electrical defibrillation is unlikely to cause an arc in the fetal monitor, and the pres-
ence of a fetal monitor should not prevent the rescuer from performing rapid electri-
cal defibrillation. If the pregnant woman is prompted for electrical defibrillation, the 
physician should not hesitate to defibrillate quickly, and the risk of maternal delayed 
defibrillation will outweigh any potential concerns about defibrillation with a fetal 
monitor [52, 53].

Drug treatment during cardiac arrest in pregnant women is no different from 
nonpregnant women. For refractory ventricular fibrillation and tachycardia, AHA 
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still prefers a rapid infusion of amiodarone 300 mg. If normal rhythm is not restored, 
a 150 mg rapid bolus is given after the shock. In the 2016 National Consensus on 
Cardiopulmonary Resuscitation in China, it is generally recommended that the total 
daily dose of amiodarone should not exceed 2 g [40]. Despite changes in drug dis-
tribution and clearance during pregnancy, there is little data available in the current 
recommendations to guide this change, so drug doses do not have to change due to 
physiological changes during pregnancy. In the case of cardiac arrest, you should 
not stop taking medicine for fear of fetal teratogenicity [54]. Physiological changes 
during pregnancy may affect the pharmacological effects of the drug, and there is no 
scientific basis in the current recommendations to guide these changes. Therefore, 
regular drugs and doses are recommended during advanced life support, and the use 
of other drugs is consistent with adult cardiopulmonary resuscitation.

In a positive cardiopulmonary resuscitation process, the focus should be taken on 
maternal recovery and recovery of the maternal pulse, blood pressure, and oxygen-
ation index. It is not helpful to assess the condition of the fetus during this period, 
and there is only a risk of delaying maternal recovery and monitoring. Only when 
the mother’s voluntary circulation is restored and the situation is stable, fetal heart 
monitoring can be performed at the appropriate time [53]. For pregnant women with 
severe trauma who are unable to recover, the resuscitation measures are obviously 
ineffective and cesarean section should be performed immediately (within 4 min). 
However, the decision-making for clinical emergency cesarean section is often 
complicated and should depend on the patient’s factors (CA reasons, gestational 
age, etc.), the clinical ability of the rescue team, and system resources.

Maternal cardiac arrest is a rare emergency [55]. Due to the physiological 
changes of pregnant women and the need to manage two patients (pregnant women 
and fetuses), the clinical treatment is particularly complicated, and the obstetrician 
is slightly deficient in cardiopulmonary resuscitation. At this time, a professional 
first-aid team is needed to jointly manage the cardiac arrest of the pregnant woman 
[56, 57]. More and more evidence supports the use of simulation-based training in 
cardiopulmonary resuscitation to improve the first-aid technology of medicine staff 
[58, 59]. Medical institutions should establish a standardized training system for 
cardiopulmonary resuscitation in pregnant women and regularly organize multidis-
ciplinary joint training and simulation exercises. Medical institutions should also 
establish a database of cardiac arrest and critical maternal data, including detailed 
records of treatment and prognosis and other resistance. Through continuous dis-
cussions with the emergency team in the hospital, corrective measures are proposed 
to continuously improve the medical safety system.

13.8  Early Prevention of Ventricular Fibrillation

The pre-CA period refers to the period before the patient has no heartbeat or respira-
tory arrest. A narrow sense of understanding of pre-CA refers to the very short 
period of aura symptoms before CA, often only a few minutes to hours. The pre-CA 
defined here should cover the entire time course before the patient actually appears 
CA.  During this period, from individual to family, community, and healthcare 
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system to society as a whole, the composition of each relevant element will become 
the key to determine the survival of CA patients [40, 60]. Pre-aware CA refers to the 
pre-recognition of high-risk patients for possible CA.  If suspicious targets are 
found, timely interventions should be taken to prevent CAs or to initiate CPR pro-
cesses early. High-risk groups of ventricular fibrillation include (1) patients with 
previous cardiac arrest due to ventricular arrhythmia and successful cardiopulmo-
nary resuscitation, (2) patients with heart disease and rapid ventricular arrhythmia, 
(3) patients who have a myocardial infarction or decreased heart function, (4) 
patients who have other heart diseases and lower cardiac function, (5) people with 
special hereditary heart disease, and (6) people with sudden arrest in the family. 
Precautionary measures should be taken actively for these patients, and ICD can 
better prevent sudden cardiac death compared with other methods. The treatment of 
underlying diseases and the use of antiarrhythmic drugs (beta-blockers and amioda-
rone) are also important. In addition, patients with a family history of sudden car-
diac death and previous history of CA should be highly valued and take necessary 
protective measures. As different individuals, the characteristics of the body that 
can predict the occurrence of VF are not the same. The results of familial sudden 
death suggest that genetic testing will become an important means of predicting 
VF. The predictors of hereditary arrhythmia are highly heterogeneous, with differ-
ent types of hereditary arrhythmia predictors.

13.9  Conclusion

There is no large-scale research report on the incidence of sudden cardiac death or 
the proportion of ventricular fibrillation in China. For cardiac arrest caused by ven-
tricular fibrillation, we should give timely defibrillation on the basis of understand-
ing the basic knowledge of ventricular fibrillation and first-aid points. The rate of 
CPR training in the Chinese public is less than 1%, with the even lower prevalence 
of defibrillation. In order to promote the training and scientific popularization of 
cardiopulmonary resuscitation technology in China, the Cardiopulmonary 
Resuscitation Specialized Committee of Chinese Research Hospital Association 
and the Science Popularization Branch of the Chinese Medical Association jointly 
wrote “2018 National consensus on cardiopulmonary resuscitation training in 
China.” The Chinese Medical Association Science Popularization Branch and the 
Cardiopulmonary Resuscitation Specialized Committee of Chinese Research 
Hospital Association launched the “National Cardiopulmonary Resuscitation 
Popularization into 100 Million Precision Health Projects”  –  525+ (I Love My 
Family) Project. The public access defibrillation programs are also beginning to 
make progress in China. These measures have significantly increased the penetra-
tion rate of defibrillation and AED in China.

Defibrillation has now become the first choice for resuscitation in patients with 
VF/pVT cardiac arrest. Antiarrhythmic drugs during resuscitation and after ROSC 
may be important factors in improving ROSC success rate and improving short- 
term prognosis. Amiodarone and lidocaine are both recommended for 
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antiarrhythmic treatment of ventricular fibrillation. Defibrillation for cardiac arrest 
during pregnancy is required to be consistent with adult cardiopulmonary resuscita-
tion guidelines. Automatic defibrillators should be provided as soon as heart rhythm 
analysis indicates defibrillation. A pre-CA period was defined as the entire time 
course before the patient actually appears CA. During this period, individual, fam-
ily, community, healthcare system, and society should connect into a whole, and the 
composition of each relevant element will become the key to determine the survival 
of CA. ICD can better prevent sudden cardiac death compared with other methods.
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14Airway Management of Sudden  
Cardiac Death

Kui Jin, Feng Sun, and Jun Xu

Abstract

Sudden cardiac death is still one of the most common causes of death all over the 
world that is associated with great morbidity and mortality (Shao et al., Resuscitation 
85(11):1411–7, 2014; Girotra et  al., N Engl J Med 367(20):1912–20, 2012; 
Hasselqvist et al., N Engl J Med 372(24):2307–15, 2015). Oxygenation and venti-
lation are believed to be critical for successful resuscitation. A study from the USA 
showed that failure of first intubation attempt was associated with delayed return 
of spontaneous circulation (Kim et al., Resuscitation 85(5):623–7, 2014). However, 
optimal airway management strategy still is uncertain. Current guidelines and evi-
dence are largely from observational studies. In this chapter, the authors try to 
provide a relatively simple practical way to manage airway during resuscitation of 
a patient who suffers sudden cardiac death. Procedures of airway evaluation, air-
way equipment, oxygenation, and ventilation targets are also reviewed.
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14.1  Introduction

The best way to manage airway during sudden cardiac death (SCD) is still unknown. 
Current guidelines recommend that emergency physicians provide cardiopulmo-
nary resuscitation (CPR) with manual breaths and chest compression with a ratio of 
30:2 or uninterrupted chest compressions with no ventilations until a supraglottic 
airway or endotracheal tube (ET tube) is set up (strong recommendation), after 
which time continuous chest compressions and one breath every 5–6 s be performed 
[1]. However, the optimal solutions for airway management remain unclear (basic 
airway vs. advanced airway, bag mask ventilation vs. supraglottic airway devices or 
intubation). The best solutions for airway management among patients with cardiac 
arrest are debatable. Furthermore, characteristics of airway management in SCD in 
the departments of emergency medicine are different from either other circum-
stances or airway managements by anesthesiologists. The main characteristics of 
airway during SCD are time limited and unpredictable. First, under emergency con-
ditions, history taking and physical examination are often inadequate. Second, air-
way management of SCD often is not fully prepared. Third, SCD patients have 
frequently poor oxygen reservation requiring artificial airway to be established in 
seconds to minutes. Therefore, special understanding and training are required for 
emergency physicians during airway management among cardiac arrest patients.

As is well known, the purpose of airway management is to assist with airway 
patency, oxygen delivery, and carbon dioxide excretion. Typically, airway manage-
ment techniques can be classified into two categories: noninvasive airway and inva-
sive airway. Noninvasive airway often refers to airways such as passive oxygenation, 
bag-valve-mask ventilation, supraglottic airways, and noninvasive positive-pressure 
ventilation, whereas invasive airway refers to endotracheal intubation and surgical 
airway (tracheostomy, cricothyroidotomy, and transcutaneous needle jet ventila-
tion). Both invasive airway and noninvasive airway are commonly seen during car-
diopulmonary resuscitation. In the following paragraph, we will review a common 
protocol that is specified in the field of emergency departments for cardiac arrest 
patients. It must be pointed out that this protocol is in part different from protocols 
used by an anesthetist that usually operates artificial airways in the operation room.

14.2  Open the Airway

When SCD occurs, a quick assessment of airway patency is critically important. 
Laboratory testing, history taking, or physical examination should not delay the 
decision to initiate chest compression and airway management strategies. Airway 
obstruction in SCD patients is often functional due to the decrease of muscle tone. 
Abnormal downward of tongue may be the most common cause leading to airway 
obstruction among SCD patients. When the lower jaw is moved forward, the tongue 
will be lift and the airway will be open.

There are two ways that were commonly used by emergency physicians to open 
the airway. Head tilt-chin lift maneuver can be used if a patient has no history of 
head or neck trauma. However, when there is risk of neck injury, head tilt-chin lift 
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maneuver may cause further injury to the cervical cord, and jaw-thrust maneuver is 
chosen for airway opening.

14.2.1  Head Tilt-Chin Lift Maneuver (Fig. 14.1a)

In general, head tilt-chin lift was the most commonly used way to open the victim’s 
airway in emergency departments (EDs). To accomplish this maneuver, a physician 
places one of their hands on the forehead of the patient, and backward pressure is 
applied with the physicians’ palm to tilt the head back. The jaw is moved upward 
using the other hand. It will be easy to lift the jaw if physicians put fingers of the 
other hand under the bony part of the tip of the jaw near the chin. Furthermore, the 
chin will move forward when the jaw is pulled upward, and this maneuver will open 
the airway. Keep in mind that the soft tissue under the chin should not be pressed 
deeply because this might obstruct the airway.

14.2.2  Jaw-Thrust Maneuver (Fig. 14.1b)

If, for example, the victims of SCD are at high risk of neck or head injury, which in 
other words head tilt may not be safe, jaw-thrust maneuver may be appropriate. 
Jaw-thrust maneuver to open the airway should be mastered by all emergency phy-
sicians. The most important part of this useful maneuver is to open the airway with-
out head tilt. The operator’s hands should be placed on each side of the patient’s 
head, with both elbows resting on the surface of resuscitation bed. Fingers are 
placed to grasp each side of the angles of the lower jaw, and then the fingers of both 
hands are lifted. This is an effective way to open the airway without moving the 
neck and head, but it requires education and practices for emergency physicians. It 
must be pointed out that this maneuver usually causes fatigue during clinical prac-
tices if not carried out appropriately.

a b

Fig. 14.1 (a) Head tilt-chin lift maneuver: put one hand on the forehead of the patient and then 
move the forehead backward. Lift the jaw upward with fingers of the other hand. (b) Jaw-thrust 
maneuver: place one hand on each side of the victim’s head and put the elbows on the beds. Catch 
the angles of the lower jaw and lift backward at the same time with both hands
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14.2.3  Judgment of Difficult Emergency Airway Using 
“NNEL” Protocol

Difficult emergency airway is defined as an airway that is managed by well-trained 
emergency physicians who fail to maintain oxygenation with either bag-valve-mask 
(BVM) or intubation. Whether the airway is a difficult emergency airway should be 
determined before any attempt of intubation even in SCD patients. The NNEL prin-
ciple is highly recommended to evaluate difficult airway in emergency departments 
(Fig. 14.2).

The first “N” is neck mobility which is critically important for the use of direct 
laryngoscopy. Use of direct laryngoscopy need to place tracheal intubation blade 
into the mouth of patients, and this required that the neck of the patients can be 
moved freely without fixation. Furthermore, as mentioned above, neck injury also 
makes placement of direct laryngoscopy dangerous with increased risk of further 
injury to the spinal cord. Visualization techniques such as video laryngoscopy and 
fibrobronchoscope guide technique may be preferred under these circumstances.

The second “N” is decreased diameter of the bronchus. Several factors may con-
tribute to the narrowed bronchus. Extra-tracheal compression by tumor, local 
abscess, and hematoma is not uncommon; aspiration of foreign body, tracheal dis-
eases, pulmonary radiotherapy, and healing of trachea wound may all cause narrow-
ing of the trachea. This “N” definitely would increase the difficulty of intubation.

The third “E” represents evaluation. Use a “3-3-2” rule to evaluate the interaction 
of the three important landmark axes: the mouth axis, the pharynx axis, and the lar-
ynx axis. Each number of 3-3-2 was measured by the fingers of patients who receive 
intubation; a measurement less than the width of each “3-3-2” indicates a difficult 
airway. The first “3” represents the extent one can open the mouth should be more 
than “3” fingers, the second “3” represents the breadth between the tip of the chin and 
hyoid bone should be more than “3” fingers width, and the last “2” represents the 
distance of thyroid cartilage and hyoid bone should be more than “2” fingers.

SCD patients

Crash airway

BVM

Urgent airway

1. Two person ventilation
2. Call for help
3. Airway management cart preparation

Intubate by experienced
operator

(Apply visualization techniques if available)

Artificial
airway

Difficult intubation
Evaluation
Neck mobility
Narrow airway
Evaluation (3-3-2)
Look externally

Laryngoscopy

Tracheal intubation

Postintubation management

Supraglottic airway

Visualization
technology

Invasive airway technique
Needle/surgical
Cricothyroidotomy
Percutaneous tracheostomy

Difficult
airway

BVM 1-2

BVM 3 - 4
yes

Any +

All -

Fail

Succeed Succeed Succeed

Fail Fail

Crash airway

Hypoxemia

NNEL

Artificial airway

Fig. 14.2 The CHANNEL principle for management of airway
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The fourth “L” represents the outlook of the patients to evaluate whether there 
are signs of risk factors for difficult intubation. For example, extreme obesity, short 
neck, no teeth, long canine teeth, and face deformities caused by trauma may all 
lead to difficult airway management.

14.2.4  Decision-Making Strategies for SCD Patients: Two Steps 
and “CHANNEL” Principle

• Step 1: One must keep in mind that the one priority of airway management for 
SCD patients is keeping the patients from hypoxemia and maintaining CO2 
excretion or in other words ventilation and oxygenation. One should not only 
focus on intubation without keeping an eye on the monitoring of hypoxemia. 
Oxygenation and patients’ safety are always more important than intuba-
tion itself.

• Step 2: Evaluate risk factors for difficult airway and administer an artificial air-
way. An airway management cart is extremely useful and recommended to 
ensure even the smallest piece of instruments necessary for airway management 
is available at any time conveniently. Furthermore, for SCD patients, rapid 
sequence intubation is not necessary, but as SCD patients have crash airway, 
experienced operator is required for airway management and visualization tech-
niques is highly recommended if available. While determined by the physician as 
a difficult airway, one must follow the principle: “the priority is ventilation and 
oxygenation”; excessive unnecessary attempts must be avoided. The bible of air-
way management therefore should follow the “simplest and least injurious 
method of intubation” principle.

14.3  CHANNEL Principle of Airway Management 
for SCD Patients

Crash airway refers to patients who suffer SCD. With loss of consciousness, venti-
lation and oxygenation cannot be maintained, vital signs are not stable, and death 
may occur in a short period. A crash airway should be managed step by step follow-
ing the flowsheet (i.e., bag-valve-mask (BVM) ventilation and rapidly moving to 
laryngoscopy).

14.3.1  Hypoxemia

In patients with SCD, the most important thing of airway management is to main-
tain oxygenation. In SCD patients, BVM ventilation is frequently required. There 
are two important things one must keep in mind when using BVM ventilation: avoid 
airway obstruction and minimize mask leaks when delivering positive pressure ven-
tilation during inspiration. Risk factors associated with difficult BVM are age more 
than 55 years old, obesity with body mass index more than 26 kg/m2, no teeth which 
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make seal of the mask difficult, and beards that prevent the mask to attach firmly to 
the face. History of sleep apnea is often associated with larger tongue which is also 
a risk factor for difficult BVM ventilation. Grade system range from 1 to 4 of BVM 
is used to evaluate the difficulty of maintaining oxygenation with grade 1 having 
adequate ventilation in supine position and grade 4 not able to maintain SpO2 ≥ 90% 
even by two-person ventilation. Good ventilation refers to the following criteria: (1) 
no abnormal thoracoabdominal movement, (2) airway resistance ≤20 cmH2O at 
least three times during BVM ventilation, and (3) regular end-tidal carbon dioxide 
(PetCO2) waveform. Unfit mask and large leakage of airflow must be excluded 
before defining good ventilation. Two-person ventilation method requires two well- 
trained physicians to maintain oxygenation using BVM. One physician opens the 
airway, and the other person presses the bag with enough pressure to ventilate. 
Usually, grades 1 to 2 can be well ventilated by a single person with BVM. Grades 
3–4 often require two persons to ventilate together, with one person opening the 
airway and the other one squeezing the bag deeply to offer enough ventilation.

14.3.2  Artificial Airway

Noninvasive airways include intubation of endotracheal airway, supraglottic tech-
niques, and so on. On the other hand, tracheotomy and needle or surgical cricothy-
roidotomy are often regarded as invasive airways. Intubation is the most often used 
way to set an artificial airway in clinical practices. One study evaluated the outcome 
of out-of-hospital cardiac arrest (OHCA) in patients receiving prehospital tracheal 
intubation vs. a supraglottic technique and indicated that for in-hospital cardiac 
arrest advanced airway techniques improved the quality of CPR as well as the sur-
vival rate. For OHCA, the supraglottic technique was reported to have a higher 
first- pass insertion success rate. Observational studies showed better outcome for 
intubation compared to the supraglottic technique, but those patients who received 
no advanced airway intervention showed the best outcome. One possible explana-
tion for this observational study was that failed intubation attempts delay chest com-
pression which is associated with the return of spontaneous circulation. However, 
there is no randomized trial to compare these airways, and well-designed, prospec-
tive, randomized trials are required to further address these issues.

14.3.3  Airway Management Cart

The most important characteristic of emergency airway management is that stabiliz-
ing the patients before intubation is often difficult. Moreover, physicians often 
failed to predict which patients may require intubation in the next few minutes or 
hours. Therefore, a well-prepared airway cart is essential when managing airway in 
emergency departments when facing SCD patients. A well-prepared airway man-
agement cart should be able to fulfill the requirement of devices to set artificial air-
way at different levels. Airway management cart should be equipped with the 
following: (1) laryngoscope equipped with full sizes of blades; (2) video 
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laryngoscope with full sizes of blades; (3) endotracheal tubes of all sizes; (4) endo-
tracheal catheter guide (common stylet, visualized tube stylet, lighted stylet, etc.); 
(5) supraglottic airway (laryngeal mask airway (LMA), intubating LMA); (6) fiber-
optic device with protection sheath; (7) cricothyrotomy and (possibly) tracheotomy 
kits; (8) PetCO2 monitoring devices; (9) suction equipment; and (10) noninvasive 
airways that can be used orally and nasally.

In general, crash airway, hypoxemia, airway type, neck morbidity, narrowing, 
evaluation, and look compose the principle of “CHANNEL” which are recom-
mended for airway management of SCD. An SCD patient’s airway is a typical 
“crash airway” with hypoxemia. The first goal is to maintain oxygen saturation 
using BVM. BVM grades 3–4 indicate difficulty of maintaining oxygen saturation. 
If possible, use a two-person method to ventilate, call other physicians for help, and 
prepare the airway management cart. Intubation should be performed by an experi-
enced physician with visualization techniques as the first try choice if available. On 
the other hand, if BVM can maintain oxygen saturation, which is BVM grades 1–2, 
evaluation of NNEL will then be performed. Any positive findings indicate a diffi-
cult airway, and the management of difficult airway is the same as that of urgent 
airway. Invasive airway can be chosen if several attempts of intubation failed with 
even visualization techniques (Fig. 14.2).

14.3.4  Use of Impedance Threshold Device (ITD) for SCD Patients

Compression of the thoracic structure and increase of intrathoracic pressure are 
thought to be the mechanisms which make an anterograde blood flow. It has been 
thought that high quality of chest compression makes 30% of normal cardiac out-
put. Venous return, however, is the main issue during standard CPR. Small passive 
pressure between venous system and right atrium is the only gradient for the venous 
return which is also the preload for cardiac ejection of next compression.

Passive vacuum is created mainly during decompression; the influx of gas into 
the thorax will decrease this negative pressure and therefore venous return during 
decompression phase. Recently, use of ITD was thought to block the entry of the 
inspiratory gas during the decompression phase and when combined with active 
compression decompression (ACD) may effectively increase venous return [2, 3]. 
ITD contains pressure sensitive valves and can impede the gas influx through the 
airway during chest wall decompression; theoretically, it will increase venous 
return. However, current evidence about the use of ITD is not clear. Studies failed to 
demonstrate improved outcomes with the use of ITD [4, 5], whereas other studies 
report a significantly improved survival rate when ITD and ACD are used together 
[2]. The main issue here, we believe, is the quality of chest compression. ITD is a 
device that relies on heart-lung interaction to increase blood flow; high quality of 
compression may be critically important for the effects of ITD during cardiopulmo-
nary resuscitation. One new mode of mechanical ventilation has been designed by 
Department of Emergency Medicine, Peking Union Medical College, which com-
bined ITD and mechanical ventilator, named “CPRV,” and its use will be tested in 
the next 2–3 years.
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14.4  Summary

Airway management is fundamental for successful CPR.  It seems still unclear 
which type of airway can save life more than others. High quality of chest compres-
sion from the present evidence still is the priority of CPR, but heart-lung interaction 
and use of new devices such as ITD and ACD may add more information to current 
clinical practices of CPR. Determining rapidly whether the airway of SCD patients 
is difficult should be one of the primary goals of training for emergency physicians. 
Determining the types of airway and the equipment to be used for airway manage-
ment is the key skill that is required for the safe and effective management of airway 
among SCD victims.
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Abstract

Cardiopulmonary resuscitation (CPR), as the main treatment for sudden cardiac 
arrest, includes circulation, airway, breathing, and defibrillation; each of them is 
important for the overall success of CPR. Mechanical ventilation has been widely 
applied in the treatment of patients suffering from sudden cardiac death. However, 
current guidelines do not mention other ventilatory parameters other than respi-
ratory frequency. Therefore, heterogeneity of ventilation practices may occur. 
The optimal mechanical ventilation strategy still remains highly controversial. 
Additionally, clinicians are often wondering how to wean from ventilator. In this 
review, we aimed to offer practical suggestion for clinicians based on the avail-
able published data. In the first half of this review, we discuss how to ventilate 
during CPR and after a return of spontaneous circulation (ROSC). In the second 
half, we discuss the principles of weaning from invasive mechanical ventilation. 
Because strong hemodynamic changes associated with evacuation of ventilation 
can lead to cardiac failure, we also describe the latest progress in diagnosis and 
treatment of weaning-induced cardiac failure and highlight the noninvasive 
mechanical ventilation.

Keywords

Ventilation during cardiopulmonary resuscitation · Ventilation after ROSC · 
Weaning · Cardiac dysfunction · Noninvasive mechanical ventilation

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-7002-5_15&domain=pdf
https://doi.org/10.1007/978-981-15-7002-5_15#DOI


218

15.1  Introduction

Most cardiopulmonary resuscitation (CPR) research focused on optimizing chest 
compression quality over the recent years, but little research has focused on the role 
of ventilation. This may be because of the difficulty of measuring ventilation, espe-
cially during the early phases of CPR. We do not know the best way to ventilate the 
lungs during CPR nor do we know when and how much ventilation is necessary for 
successful resuscitation and good outcomes [1].

Patients suffering from sudden cardiac death often have poor prognosis because 
of postcardiac arrest syndrome (PCAS), which includes four components: (1) brain 
injury, (2) myocardial dysfunction, (3) systemic ischemia and reperfusion injury, 
and (4) persistent precipitating pathology. Previous studies mainly focused on myo-
cardial and brain dysfunctions post-resuscitation; few studies mentioned respiratory 
dysfunction. Respiratory support strategy must take the potential pathophysiology 
causing the arrest, the effect of positive-pressure ventilation on hemodynamics, and 
the impact of oxygenation on the acute injured brain into account. The objective of 
our work is to understand the optimization of ventilation during CPR and post- 
return of spontaneous circulation (ROSC).

15.2  Ventilation During CPR

15.2.1  Chest Compression Only

Passive ventilation was first studied over two decades ago. Firstly, researchers favor-
ing chest compression only believe that there is enough oxygen storage at the initial 
stage of cardiac arrest and extra oxygen is needed about 4 min later. Secondly, with 
an open airway, thorax rise and fall caused by chest compression produce passive 
ventilation for gas exchange and oxygen delivery. Thirdly, once cardiac arrest 
occurs, circulation relies mainly on chest compressions. Stopping compressions for 
any reason will immediately and rapidly reduce cardiac output and blood flow. The 
standard 30:2 strategy of stopping compressions for two ventilations may also lead 
to a significant reduction in blood flow, resulting in poor quality of CPR, especially 
when only one rescuer is present. The reason is that ventilation may increase the 
duration of the interruption of chest compression. Thus, resuscitation guidelines 
emphasize early defibrillation and high-quality chest compressions at early stage. 
Observational data confirm that early lay-bystander compression-only CPR 
improves survival after sudden cardiac arrest [2, 3].

But they did not take the duration of CPR into consideration. In patients suffering 
from cardiac arrest within 5 min, both clinical and animal studies have confirmed 
equivalent prognosis between chest compression-only CPR and standard CPR with 
ventilation [4–6]. And compression-only CPR resulted in poor resuscitation out-
comes for untreated cardiac arrest beyond 6 min [7], which indicated that without 
additional oxygen, passive insufflation of oxygen provided by chest compression 
could not be sufficient in the late stage of cardiac arrest as chest resistance increases 
and lung compliance markedly decreases.
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We have no idea whether chest compressions can generate enough tidal volume 
for gas exchange because the tidal volume may vary over time. Several researches 
[8, 9] revealed that the tidal volume of ventilation caused by compressions is 
between 41.5 ml and 156 ml, which is only enough to ventilate the lungs’ dead 
space. Later study also showed these passive ventilations could not be adequate to 
prevent hypoxia and hypercarbia lasting 12 min or longer [5]. A recent survey in 
China showed that rescuers who advocated chest compression only did so for 
between less than 3 min and 9–12 min [10].

Therefore, chest compression-only CPR is recommended during the early stages 
of cardiac arrest or when an inexperienced bystander is unable to ventilate properly 
or unwilling to ventilate mouth to mouth. Ventilation is considered important when 
CPR is prolonged. At present, the specific range of prolonged untreated cardiac 
arrest remains unknown. The benefit of delaying ventilation for several minutes is 
worth exploring.

15.2.2  Passive Ventilation via CPAP

Passive ventilation such as continuous positive airway pressure (CPAP) with pure 
oxygen via a Boussignac device or CPAP plus pressure support ventilation might 
represent a promising alternative approach. The Boussignac endotracheal tube is a 
specific device capable of continuously and actively delivering oxygen to the lungs 
at a rate of 15 l/min through a multichannel cuffed endotracheal tube.

The advantage of CPAP during CPR is that it reduces peak airway pressure, 
thereby reducing the risk of lung injury and a potential enhancement in hemody-
namics. However, it is rarely applied in clinical practice. An international survey 
from 54 countries on physician practices during CPR showed only 4% (18 of 490 
respondents) applied CPAP via the Boussignac tube [11]. Furthermore, the optimal 
CPAP level to ensure sufficient tidal volumes has not yet been assessed in a patient. 
A recent study evaluated the tidal volumes and peak pressures generated by differ-
ent ventilators, different CPAP levels, and different airway approaches during 
mechanical chest compression in a manikin model. They found that the average 
tidal volume during ventilation at 20  hPa CPAP via a tracheal tube varied from 
125  ml to 309  ml. Passive tidal volume is not enough to provide adequate gas 
exchange [12, 13].

Thus, positive ventilation is still the gold standard during resuscitation in clinical 
practice.

15.2.3  Positive Ventilation

15.2.3.1  Bag Mask
Bag-mask ventilation (BMV) with a self-inflating bag, often supplemented with an 
oropharyngeal or nasopharyngeal airway, is the most common initial approach used 
until advanced airway techniques are undertaken. During CPR, the bag mask is used 
to ventilate twice for every 30 compressions. BMV has advantages of being easier 
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to implement and interfering less with chest compression. Large observational stud-
ies (including >100,000 patients) favor basic airway management (e.g., BMV) over 
tracheal intubation, which found that BMV had a better prognosis (return of spon-
taneous circulation [ROSC], 1-month survival, and neurological outcomes) [14]. 
However, these observational studies may have been prone to biases: patients who 
recover quickly from cardiac arrest may have better outcome without the need of 
advanced airway management. On the contrary, those who need advanced airway 
management are less likely to survive.

Available evidence challenges the view that basic interventions are better than 
advanced interventions during CPR. A large multicenter RCT randomly selected 
2043 out-of-hospital cardiac arrest (OHCA) patients for early endotracheal intuba-
tion or bag-mask ventilation with delayed post-ROSC tracheal intubation. Bag 
mask showed no significant difference in 28-day survival with neurological func-
tion compared with tracheal tube [15]. The authors reported this as an “inconclusive 
result.” Unexpectedly, airway complication (regurgitation of gastric contents) was 
more common in the bag-mask group than in the early tracheal intubation group.

Therefore, use of the BMV may be preferable for rescuers who are not highly 
skilled in tracheal intubation. The probability of regurgitation and aspiration cannot 
be underrated, which limits the application of BMV.  Mechanical ventilation has 
been commonly applied to treat sudden cardiac death patients, especially for pro-
longed CPR.

15.2.3.2  Mechanical Ventilation

Ventilation Approaches
Although positive ventilation is widely used during CPR, the effect of positive- 
pressure ventilation on hemodynamics is still a great challenge: an increased pres-
sure during inspiration may decrease venous blood flow into the right heart during 
the decompression period, sequentially reducing cardiac output during chest com-
pressions. In order to increase blood flow to the heart and brain, new approaches 
during CPR are being explored, including chest compression synchronized ventila-
tion (CCSV), CPR ventilation (CPRV), and ultra-low tidal volume ventilation [16].

Chest Compression Synchronized Ventilation (CCSV)
Chest compression synchronized ventilation was designed to deliver oxygen simul-
taneously with each chest compression. Oxygen is insufflated synchronized with 
the start of chest compressions, and these very short positive-pressure ventilations 
are terminated before the decompression period begins, which allows unhampered 
venous blood flow into the right heart and might increase the cardiopulmonary 
blood flow.

In animal model, CCSV resulted in superior arterial oxygenation and better 
maintenance of hemodynamics compared to intermittent positive-pressure ventila-
tion (IPPV). Nevertheless, CCSV is still far from clinical application. First, 
compression- synchronized ventilation strategies provide sufficient oxygen, but 
inspiratory pressures of 60  mbar, which is required to provide adequate tidal 
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volumes, put lung tissue at high risk of barotrauma during prolonged resuscitation 
[17]. In addition, all studies on CCSV were reported by Kill’s research group; fur-
ther research should be conducted to evaluate the safety and the efficacy of CCSV 
on the outcome of cardiac arrest in humans.

CPR Ventilation (CPRV)
Recently, a new simultaneous positive-pressure ventilation mode CPRV appears 
in China.

Positive-pressure ventilation during resuscitation is combined with an imped-
ance threshold valve (ITV), which stops airflow into the lungs and reduces intratho-
racic pressure during chest compression recoil, thus increasing the amount of blood 
flow returning to the heart and lungs. Further clinical studies are needed to confirm 
the effects of ventilation model on the outcomes of CPR.

Ultra-low Tidal Volume Ventilation (ULTVV)
A recent study is the first to evaluate whether normal minute ventilation values dur-
ing CPR can be met by a novel ULTVV protocol (Respiratory Rate (RR), 50/min; 
Vt, 2–3 ml/kg; FiO2, 1.0; positive end-expiratory pressure (PEEP), 5 mbar) in a 
prospective-randomized porcine CPR model. They found gas exchange equals stan-
dard intermittent positive- pressure ventilation. In addition, ULTVV has better pul-
monary perfusion during CPR in early ROSC and less lung injury and brain 
inflammatory response. This method provides a feasible link between the circula-
tory benefits of passive oxygenation strategies and the need of adequate gas 
exchange provided by mechanical ventilation. Further study is needed to identify 
the innovative approach and its potential clinical application value [16].

In conclusion, devices or ventilator modes enhancing the blood returning to the 
heart might be advantageous, but no approach has been proven to be advantageous 
in survival of cardiac arrest so far. Positive-pressure ventilation remains the gold 
standard for ventilation during CPR.

Ventilator Parameters During CPR
It is difficult to guarantee effective tidal volume using pressure control ventilation 
(PCV) mode because constant chest compression resulted in a great change of air-
way pressure. Thus, application of PCV is limited during CPR. Volume-controlled 
intermittent positive-pressure ventilation (IPPV) mode is recommended, which 
allows the ventilator to adjust the pressure level automatically according to the tar-
geted tidal volume. After ventilator mode is selected, ventilator parameters will be 
set up; six key elements (inspiratory triggering, alarm, FiO2, respiratory frequency, 
tidal volume, PEEP) need to be considered.

 1. Inspiratory Triggering Settings: The IPPV mode in most ventilators works with 
patient-triggering systems to improve synchrony between patient and ventila-
tors. In most common ventilators, pressure and flow-triggering systems cannot 
be turned off. In clinical practice, changes in airway pressure and airflow pro-
duced by chest compressions lead to abnormal inspiratory triggering, resulting in 
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significantly higher ventilation rates. Therefore, researchers suggest that the ven-
tilator flow trigger function should be turned off during CPR, or the pressure 
trigger level should be adjusted to over 20 cmH2O if turned-off triggering is not 
available [18]

During CPR, decelerating wave is more reasonable than square wave because 
it can obviously reduce the peak airway pressure, the occurrence of barotrauma, 
and the probability of triggering high pressure ventilator alarm and improve the 
compliance of ventilator [19].

 2. Airway Pressure Alarm Threshold: When chest compression and inspiration 
occur simultaneously, the peak airway pressure rise sharply. Ventilator will auto-
matically switch to exhale when airway pressure exceed the alarm threshold. In 
this condition, sufficient tidal volume cannot be provided. Therefore, the airway 
pressure alarm threshold is suggested to be adjusted to 50 cmH2O during 
CPR [20].

 3. FiO2 Oxygenation: A lot of randomized controlled trials showed a linear increase 
in survival and good neurological outcome with increasing arterial oxygen ten-
sion (PaO2). Tissue oxygen demand exceeds supply due to poor tissue perfusion, 
even with effective CPR during cardiac arrest. Human and animal researches 
indicated that brain tissue oxygenation remains low even with 100% oxygen; 
that is, CPR does not expose the brain to tissue hyperoxia. Thus, 100% oxygen 
is suggested by current guidelines during CPR [21].

 4. Respiratory Frequency: Once an advanced airway is established, the latest guide-
line recommends ventilation at a frequency of 10 min and an inspiratory time of 
<1 s without interrupting chest compressions [21]. However, it is a very weak 
recommendation lacking high-quality evidence (predominantly on animal stud-
ies). Most previous studies focused on ventilation frequencies during CPR. But 
there is no strong evidence to confirm that a rate of 10/min improves survival or 
neurological outcome more than other frequencies. A systematic review includ-
ing one human observational study with 67 patients and ten animal studies (234 
pigs and 30 dogs) found no significant difference in ROSC between a ventilation 
rate of 10/min and other rate [22]. Recent human study also proved no improve-
ment in survival to hospital discharge or 1-year survival with favorable neuro-
logical outcome [23]. The optimal ventilation frequency with a tracheal tube 
during CPR is still uncertain.

 5. Tidal Volume: Interaction between ventilation and chest compressions to pro-
duce sufficient blood flow and oxygen delivery to vital organs is complicated. 
Excessive tidal volume during CPR, which increases intrathoracic pressure, 
reduces venous return to the heart, diminishes cardiac output and coronary per-
fusion pressure, and is strongly advised to be avoided in the current guidelines. 
The guidelines recommend tidal volumes of 6–7 ml/kg for CO2 exhalation [21].

The duration of untreated cardiac arrest seems to affect respiratory require-
ments during CPR. Nevertheless, few studies revealed the influence of different 
tidal volume during different time on resuscitation outcome. Dingyu Tan et al. 
[24] are the first one to examine this problem in a pig model. Thirty-two pigs 
were divided into a ventricular fibrillation (VF)-4 min group and a VF-8 min 
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group according to the duration of untreated VF (4 min or 8 min). They were 
randomly assigned to two different mechanical ventilation strategies during 
CPR. “Guideline” group’s tidal volume was set at 7 ml/kg, and RR was set at 10/
min, while “baseline” group received intervention ventilation (tidal volume 
10 ml/kg, RR adjusted to maintain pulse oxygen saturation > 95%, an end-tidal 
PCO2 (PETCO2) between 35 and 40 mmHg). They found that in 8 min of VF, a 
higher tidal volume ventilation resulted in better oxygenation saturation, acid–
base balance, aortic pressure, and coronary perfusion pressures after intravenous 
epinephrine and higher ROSC compared to the “guideline” group. However, for 
4 min of VF, the guideline recommended ventilation strategy is appropriate for 
satisfactory outcomes.

This result can be explained by thoracic pump theory. Cardiac pump and tho-
racic pump work together during CPR [25]. In the early stage of CPR, cardiac 
pump plays a dominant role, while as CPR progresses, the thoracic pump may 
gradually become the main force pushing blood flow forward [26], especially 
when cardiac arrest goes untreated for a long time. Chest compression alone is 
not enough to keep thoracic pump working, especially when CPR is prolonged 
(positive and negative intrathoracic pressure variations decrease due to a reduc-
tion of lung volumes and chest wall resilience). Under this circumstance, higher 
tidal volume ventilation limited lung volume decline and leads to an increased 
positive intrathoracic pressures during compressions to amplify intrathoracic 
driving pressure while intrathoracic pressures remain negative during decom-
pression. Greater positive and negative changes in intrathoracic pressures 
enhance the thoracic pump’s ability to generate more forward blood flow through 
the heart and lungs in order to improve circulation.

With volume-controlled ventilation during CPR, approximately 75% of 
patient’s peak airway pressures exceed 40 mbar [19]. Higher tidal volume venti-
lation can result in elevated peak airway pressures, which is deemed to be 
avoided in the previous research. However, in recent years, conflicting views 
challenge the adverse effects of high airway pressures during CPR. Higher mean 
airway pressure with a value of 42.5 mbar was reported to be related to higher 
ROSC in clinical practice [20].

 6. PEEP: With continuous chest compression, a remarkable high intrathoracic 
pressure has an adverse effect on venous return to the heart. Thus, PEEP should 
be set to 0 cmH2O during CPR.

15.2.3.3  A Gap Between Practices and Recommendation
The recommendations of popular guidelines and consensus statements lack detail in 
how to provide ventilations during CPR. Regarding practices, ventilation strategy 
during CPR is heterogeneous and varies widely around the world. And there is a gap 
between practices and recommendation in guidelines. Cordioli et al. [11] investi-
gated physicians from several countries (54 countries) on their practices during 
CPR. They found more than a quarter of respondents adopt compression-only CPR, 
especially in the early stage of resuscitation performed by a single rescuer, high-
lighting chest compression over assisted ventilation. For non-intubated patient, 68% 
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of physicians always apply the 30:2 option to ventilate the patient with a bag-mask 
device when CPR was performed with an automated chest compression device. For 
intubated patient, 87% and 46% of physicians frequently use a bag mask and a ven-
tilator, respectively. Ventilation differs when using an automatic mechanical chest 
compression device in comparison to manual chest compression. Both BMV and 
ventilator were often used when using automatic mechanical chest compression 
devices. Ventilatory problems with automatic chest compression devices seem to 
occur frequently, as most doctors declared experiencing major issues requiring 
adjustment of ventilator settings.

In China, there is also a considerable variation in CPR ventilation strategies. Liu 
[10] conducted a questionnaire-based survey including 438 tertiary hospitals from 
all 31 mainland Chinese provinces in order to assess the current state of ventilation 
strategies during CPR. They found physicians in most tertiary hospitals received 
CPR training based on the Chinese domestic consensus, about a quarter of them 
received AHA CPR training, and very few physicians received ECR CPR training. 
About 41.1% of respondents chose delayed or no ventilation during CPR within 
12 min. In another international survey [11], 83.0% of respondents who provided 
ventilation chose to strictly follow the 30:2 strategy, while 17.0% chose ventilations 
concurrently with uninterrupted compressions. In terms of ventilator settings, the 
majority of respondents chose volume control (VC) mode (75.2%), a tidal volume 
of 6–7  ml/kg (72.1%), a PEEP of 0–5 cmH2O (69.9%), and an FiO2 of 100% 
(66.9%). However, 62.0% of respondents had mistriggers after setting the ventila-
tor, and 51.8% had high pressure alarms.

15.3  Post-resuscitation Neurological 
and Respiratory Dysfunction

15.3.1  Therapeutic Agent in Neurological Damaged Patient

Return of circulation after sudden cardiac death can lead to ischemia–reperfusion 
injury, especially to the brain and myocardium. Brain injury is the leading cause of 
death and disability after cardiac arrest. Therefore, post-resuscitation care focuses 
on how to reduce brain injury.

In animal models, helium has been demonstrated to reduce ischemia–reperfusion 
injury to the brain and myocardium [27–29], and helium can be delivered using 
regular ICU ventilators and can be used to reduce neurological injury in patients 
who experienced OHCA. However, until now, the accurate potential mechanisms of 
helium’s organ protective effects are still unknown. Few studies in this field have 
been done so far. Brevoord et al. [30] were the first to confirm helium ventilation’s 
safety and efficacy in a neurological damaged patient after OHCA. The study was 
an open-label single arm intervention study in a mixed-bed academic intensive care 
unit including 25 patients admitted after circulatory arrest. Helium was adminis-
trated in a 1:1 mix with oxygen for 3 h, and helium ventilation was started 4:59 ± 0:52 
(mean ± SD) h after circulatory arrest; 64% of patients had a favorable neurological 
outcome. No adverse events related to the use of helium ventilation occurred during 
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the 3 h of administration. This novel ventilation might provide new perspectives for 
treatment of brain injury after cardiac arrest.

Other noble gasses such as xenon also play a role of neuroprotective agents. Only 
animal studies have shown results regarding neuroprotective properties of xenon 
[31]. A randomized controlled trial that enrolled 110 patients found less white mat-
ter injury on magnetic resonance imaging (MRI), but no improvement in survival or 
neurological outcome using xenon [32]. The result is similar to another study [33]. 
Given xenon is scarce and requires a purposely designed ventilator and has no 
strong evidence improving neurological outcome, it is rarely applied in clinical care.

15.3.2  Respiratory Dysfunction

Previous studies mainly focused on myocardial and brain dysfunctions after resus-
citation; few research has mentioned respiratory dysfunction. Multiple factors are 
involved in respiratory dysfunction post-CPR. First, the massive production of reac-
tive oxygen species and the massive residual oxygen in the alveoli during post- 
cardiac arrest syndrome lead to oxidative lung damage. Second, both lungs receive 
the total cardiac output, so systemic inflammatory response may cause greater and 
more severe inflammation response in the lungs than in other organs. Third, pulmo-
nary congestion due to chest trauma and cardiopulmonary resuscitation can also 
result in deterioration of lung compliance. Therefore, guidelines since 2010 have 
paid more attention to respiratory management in post-cardiac arrest care. However, 
it is unsatisfactory that there are no specific evidence-based recommendations for 
post-resuscitation respiratory care.

Yang et  al. [34] investigated the changes in respiratory pathophysiology after 
ROSC by recording the ventilation, respiratory pressure, and neural respiratory 
drive (NRD) in a large animal model. First, the pulmonary pathophysiology after 
CPR includes deteriorated gas exchange, elevated NRD, increased inspiratory mus-
cle activity and ventilation demand, and decreased dynamic pulmonary compliance 
and NRD efficiency. This suggests more inspiratory muscle effort is required to 
produce the same level of ventilation after ROSC. Second, abnormalities in respira-
tory mechanics, hypoxemia, and pulmonary edema can last for more than12 h even 
if spontaneous breathing resumes soon after ROSC.  Therefore, respiratory care 
after resuscitation should be extended to a longer period after ROSC, especially for 
patients who have experienced prolonged cardiac arrest. Third, RR increased sig-
nificantly, and tidal volume decreased in early stage after resuscitation, suggesting 
that the increase of ventilation after ROSC may be mainly realized by increasing the 
RR rather than tidal volume.

15.4  Ventilation Management After ROSC

The incidence of pulmonary complications following cardiac arrest is as high as 
50%, including aspiration pneumonia, lung contusion, and cardiogenic pulmonary 
edema. In addition, improper mechanical ventilator parameters can be harmful to 
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the lungs. The most common mechanisms of ventilator-associated lung injury 
(VALI) are as follows: (1) overstretching from high tidal volume (VT) and driving 
pressures, (2) repeated recruitment and de-recruitment of unstable lung units, (3) 
peripheral airway collapse at low end-expiratory lung volume and cyclic opening 
and closing of peripheral airway, and (4) bio-trauma, particularly in the extracellular 
matrix component during fluid-loading status.

15.4.1  Mode

Although different modes can control ventilation more precisely according to 
patients’ pathology and pulmonary dynamics, there is no evidence of improved 
patient outcomes associated with the use of a specific invasive ventilation mode. In 
practical terms, there is no research on the effect of different modes on heart failure 
patients. Modes of ventilation that allow spontaneous respiratory activity have 
hemodynamic advantages over fully controlled modes of ventilation. The former 
generate lower mean airway pressure and intrapleural pressure within a given min-
ute volume than the latter. Modes such as CPAP, SIMV, bilevel airway pressure, and 
pressure support ventilation allow for different degrees of spontaneous breaths, 
which can reduce the harmful effects of positive-pressure ventilation on cardiovas-
cular physiology. On the contrary, in patients with severe cardiogenic shock, myo-
cardial ischemia, or left ventricle dysfunction, full controlled ventilatory support 
may benefit more by eliminating the effect of increased myocardial oxygen con-
sumption due to spontaneous breathing.

15.4.2  Oxygenation

Different from the hypoperfusion and hypoxia in the period of cardiac arrest, reper-
fusion and hyperemia are characteristics of the early period after ROSC.  After 
reperfusion occurs, the reactive oxygen species (ROS) plays a dominant role in the 
aggravation of ischemic injury and worsening of brain injury by neuronal damage, 
mainly occurring 1 h after ROSC. Hyperoxemia can exacerbate ROS production 
and worsen cellular and mitochondrial function. In addition, hyperoxemia leads to 
vasoconstriction and induces myocardial ischemia, which is harmful to cerebral 
perfusion and promotes epileptic seizures.

Growing evidence has shown that hyperoxia may be associated with worse neu-
rologic outcome after cardiac arrest. A recent meta-analysis, including six experi-
mental studies in animals, found that the treatment with 100% oxygen had a poor 
neurological prognosis, namely, neurological deficit score and the presence of neu-
ronal damage on histology as well as the indirect markers of cerebral metabolic 
function, compared with lower oxygen concentration. However, there is insufficient 
data on clinical outcome. A small randomized control trial revealed that there was 
no significant difference in survival between 100% and 30% oxygen administration 
at 1 h after out-of-hospital cardiac arrest (OHCA) with ROSC. In conclusion, it still 
seems feasible using 100% oxygen immediately on ROSC [35]. Once oxygenation 
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can be reliably monitored with pulse oximetry, the inhaled oxygen should be titrated 
to achieve normal oxygen saturations (94–98%) [21].

15.4.3  Tidal Volume (TV)

Acute respiratory distress syndrome (ARDS) occurs in patients after cardiac 
arrest due to a variety of mechanisms: reperfusion injury, oxidative stress, pul-
monary contusion from chest compressions, ventilator-induced lung injury, aspi-
ration, and infection [36]. Higher tidal volume and higher plateau pressure 
(>30  cmH2O) have shown a linear relation with mortality of cardiac arrest 
patients [37]. Lower tidal volume during the first 48 h of admission was associ-
ated with better neurocognitive outcome, earlier liberation from mechanical ven-
tilation, and earlier release from circulatory shock after OHCA [38, 39]. The link 
between low tidal volume and good neurocognitive outcome may be explained 
by the following possible mechanisms: attenuation of lung injury–mediated sys-
temic inflammation, pulmonary mechanotransduction, lung–brain crosstalk, dif-
ferences in blood oxygen or carbon dioxide tension, and hemodynamic effects of 
lower mean airway pressures.

Hence, current guidelines for post-ROSC care recommend lung-protective ven-
tilation with low tidal volumes (6–8 ml/kg of ideal body weight). At the same time, 
guidelines recommend that a constant temperature of comatose adult patients after 
ROSC should be maintained between 32 °C and 36 °C. However, how does tem-
perature affect mechanical ventilation settings is unknown. A retrospective substudy 
of the multicenter, randomized, parallel-group, assessor-blinded target temperatures 
(TTM) trial firstly determined the effect of different target temperatures (TTM 
33 °C versus TTM 36 °C) on ventilation settings. They found that TTM33 results in 
lower end-tidal CO2 levels and a higher alveolar dead space fraction compared to 
TTM36. A possible reason for this result may be that increased vasoconstriction 
leads to decreased pulmonary perfusion at 33 °C. They assume that the demand for 
a minute volume ventilation decreased at 33 °C [37].

15.4.4  CO2

There is an important and complex interaction between PaCO2 and neurologic out-
comes after cardiac arrest. (1) PaCO2 plays a role in cerebral vasculature and cere-
bral blood flow regulation. A reduction of approximately 3% in cerebral blood flow 
for every 1 mmHg decrease in PaCO2 has been reported in traumatic brain injury 
patients. (2) CO2 may also regulate ischemia–reperfusion injury at the cellular level. 
Hypercapnic acidosis may reduce the production of superoxide catalyzed by xan-
thine oxidase, decreasing neuronal oxidative stress. In addition, high level of PaCO2 
may reduce the levels of detrimental amino acids like glutamate, thus reducing the 
excitotoxicity induced by high level of excitatory neurotransmitters. Therefore, 
arterial hypocarbia should be avoided as it is associated with worse neurologic 
prognosis after cardiac arrest.
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In recent years, an experimental strategy of mild permissive hypercarbia after 
cardiac arrest has emerged. And, the relationship between hypercarbia and neuro-
logic prognosis is contradictory, with previous studies revealing worsened [40], 
equivocal, and improved outcomes [41] compared with normocarbia. The reason 
for different conclusions is that the methods, definitions, and blood gas sampling 
intervals applied in each study are not uniform [42]. A recent multicenter RCT eval-
uated the feasibility of targeting low- normal (4.5–4.7  kPa) vs. high-normal 
(5.8–6.0  kPa) PaCO2 during the first 36  h after ROSC in 123 comatose patients 
resuscitated from OHCA. There was no significant difference in the values of neu-
ron-specific enolase (NSE), a biomarker of neurologic injury, at 48 h after ROSC 
[43]. Researchers found that the mild hypercapnia group had better arterial pressure 
and less neuronal degeneration in a porcine post-cardiac arrest model. However, 
there was no statistically significant difference in neurological recovery [44].

Thus, the recent guideline recommended maintaining the PaCO2 within a normal 
physiological range (end-tidal CO2 30–40 mmHg or PaCO2 35–45 mmHg), taking 
into account any temperature correction [21]. Other PaCO2 targets may be tolerated 
for specific patients. For example, mild hypocapnia may be a temporizing option in 
patient with cerebral edema. Permissive hypercapnia may be feasible in patients 
with acute lung injury or airway hypertension.

15.4.4.1 When and How Frequently PaCO2 Should Be Measured 
After ROSC?

The current guidelines recommend titrating minute ventilation (MV) to achieve a 
PaCO2 of 40–45 mmHg in patients resuscitated from cardiac arrest. The recom-
mended approach may result in delay in optimizing PaCO2 (the time for initial 
available arterial blood gas (ABG) analysis and subsequent ventilation adjust-
ments). So far, the initial prescribed relationship between MV and PaCO2 in post- 
cardiac arrest syndrome has been rarely reported.

A prospectively compiled single-center study including 75 patients showed ini-
tial post-resuscitation prescribed MV had no obvious relationship with subsequent 
PaCO2, revealing PaCO2 is also affected by patient’s other factors: etiology of car-
diac arrest, use of neuromuscular blocking agents, lung compliance, intrinsic respi-
ratory drive, lung injury, persistent post-resuscitation circulatory shock, body 
habitus, and dead space. Identifying these factors will facilitate the development of 
a volume-targeted ventilation strategy that focuses on adjusting initial prescribed 
MV by individual patient-related factors [45].

A recent study also showed the correlation between prescribed MV and PaCO2 
was poor at any time point (initial, 6, 12, 18, and 24 h after cardiac arrest), suggest-
ing that setting the ventilator based on experience may lead to unexpected PaCO2 
values. Therefore, to achieve normocapnia during the initial post-ROSC period, 
early and multiple ABG analyses are necessary (considering the little correlation 
between end-tidal CO2 measurements and PaCO2 due to high dead space in the post- 
arrest patient; ABG should be monitored instead of end-tidal CO2 measure-
ments) [46].
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15.4.5  PEEP

Pulmonary contusion, atelectasis, aspiration, and pulmonary edema due to chest 
compressions result in a low respiratory compliance in majority of patients after 
cardiac arrest. Thus, PEEP level should be set above 5 cmH2O and should be titrated 
to the target SaO2 taking into account the hazards of excessive PEEP (such as 
reduced preload, barotrauma). Median PEEP was 7.7 cmH2O [37].

15.5  When and How to Wean from Invasive 
Mechanical Ventilation?

15.5.1  When Does the Weaning Start?

The American Thoracic Society guideline recommends liberation of patient from 
invasive mechanical ventilation after 24 h [47]. However, the specific time and steps 
to evacuate are not proposed.

Due to myocardial dysfunction peaks in the first 24 h following ROSC [48]. 
Some study suggested end-organ support and weaning post 72 h [49]. The wean-
ing criteria include the following: (1) cardiac pathology leading to invasive 
mechanical ventilation(e.g., ischemia, cardiogenic shock, arrhythmia) has been 
improved; (2) hemodynamic stability, defined as systolic blood pressure between 
90 and 160  mmHg and heart rate <140/min without vasopressors or with low 
doses of vasopressors; (3) respiratory stability (oxygen saturation  >  90% with 
fraction of inspired oxygen [FiO2] ≤0.4, RR  <  35/min, spontaneous tidal vol-
ume > 5 ml/kg, ratio of RR to tidal volume < 100/min/l, and maximal inspiratory 
pressure > 15 cmH2O); (4) the patient is conscious; and (5) the patient has lit-
tle sputum.

15.5.2  The Reason of Weaning Failure: Weaning-Induced 
Pulmonary Edema

The withdrawal process can place a significant strain on the cardiovascular system 
particularly in patients with an underlying cardiac disease, aged >65 years, who is 
morbidly obese (body mass index ≥35 kg/m2), resulting in weaning-induced pulmo-
nary edema (WiPO), which is the main risk factor of weaning failure [50–52]. There 
are three triggering mechanisms. First, left ventricular preload and afterload 
increased, and left ventricular compliance decreased after removal of positive- 
pressure ventilation [53]. Second, the increased breathing work can result in the 
huge amounts of oxygen consumed by the respiratory muscles. Third, the emotional 
stress and potential hypercapnia or hypoxia lead to sympathetic excitability, which 
increases systemic arterial pressure and thus the LV afterload, the respiratory fre-
quency, and the work of breathing.
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15.5.3  Weaning Failure of Cardiovascular Origin: How to Suspect 
and Detect

Due to the above effects of removing positive-pressure ventilation on the cardiovas-
cular system, weaning failure of cardiac origin usually occurs at the early stage of 
spontaneous breathing test (SBT) rather than later after extubation. Thus, weaning 
should be carried out in three steps: conducting the SBT, suspecting, and then evi-
dencing weaning-induced cardiac failure.

15.5.3.1  Performing the SBT
Pressure support ventilation (PSV, typically 5–8 cmH2O with or without a positive 
end-expiratory pressure of 5 cmH2O), continuous positive airway pressure (CPAP), 
and the T-piece are often used in SBT. PS techniques provide pressure during inspi-
ration to overcome endotracheal tube resistance. CPAP technique may improve 
respiratory mechanics or cardiac function and may overestimate patients’ ability to 
breathe spontaneously after extubation. In contrast, the T-piece did not provide sup-
port and was thought to increase work of breathing, possibly underestimating 
patients’ ability to breathe autonomously after extubation. Recently, high-flow oxy-
gen therapy is firstly used for SBTs by connecting the device to the endotracheal 
tube during the SBT. It was demonstrated that high-flow nasal cannula (HFNC), like 
PSV, can shorten the time for patients receiving mechanical ventilation to pass the 
2-h SBT [54]. In a previous report, the rate of successful extubation was signifi-
cantly higher than T-piece SBTs [55], and PSV was recommended by the latest 
American Thoracic Society guidelines.

However, for post-cardiac death patient, the optimal SBT technique for diagnos-
ing weaning-induced cardiac failure is still controversial. Physicians are concerned 
that patients who breathe comfortably with low levels of PSV during SBT could 
develop respiratory failure immediately after extubation [56]. Cabello et  al. [57] 
assessed three types of SBTs performed in random order: T-piece trial, pressure 
support ventilation (7 cmH2O) with low PEEP (5 cmH2O), and pressure support 
ventilation (7 cmH2O) without PEEP. All patients failed the T-piece trial, whereas 
57% and 79% of them successfully passed the SBT using pressure support ventila-
tion (7 cmH2O) without PEEP and with low PEEP (5 cmH2O), respectively. Another 
study also revealed that the T-piece trial induced the most significant reduction in 
intrathoracic pressure and the most marked increase in pulmonary artery occlusion 
pressure (PAOP), compared with pressure support with or without positive end- 
expiratory pressure [58]. A recent meta-analysis concluded that breathing through a 
T piece works just as well as breathing after extubation [59].

Taken together, T-piece trial better reflects the physiologic conditions after extu-
bation and elicits the greatest burden on cardiocirculatory and respiratory functions 
during SBT. Because a patient with heart failure requires a higher extubation thresh-
old, a successful T-piece trial seems to be more sensitive to assess patient’s ability 
to tolerate spontaneous breathing [60] and may be more likely to stress the cardio-
respiratory system to diagnose WiPO [61].

A failed SBT has the following signs: diaphoresis, alteration of consciousness, 
respiratory frequency more than 35 breaths/min or increase ≥50%, PaO2 ≤ 50 mmHg 
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or SpO2 ≤ 90% (with FiO2 ≥ 50%), heart rate ≥ 140 beats/min, systolic arterial 
pressure > 180 or < 90 mmHg, and new onset of supraventricular or ventricular 
arrhythmia [62]. A sudden onset of severe hypertension and respiratory distress 
after starting the SBT should be suspected of weaning-induced cardiac failure, but 
there is no documentary evidence to support this [63].

15.5.3.2  Other Diagnostic Methods to Detect WiPO in Patients
If a patient is stable but fails to tolerate an initial SBT, we should be alert of the pos-
sibility of WiPO. The suspicious patients should be scheduled for a second SBT 
within 24 h after the first SBT, including a 2-h T-piece trial. At the same time, some 
approaches can be used to diagnose WiPO.

 1. Pulmonary Artery Catheterization: Traditionally, the gold standard to diagnose 
WiPO relies on the monitoring of increased PAOP(≥18 mmHg) using a pulmo-
nary artery catheter just before and at the end of the second SBT. However, pul-
monary artery catheter is less used today due to its invasiveness and the lack of 
evidence of monitoring-related benefit [64]. Some noninvasive methods have 
been recently developed, such as echocardiography, cardiac biomarkers, biologi-
cal signs of hemoconcentration, and extravascular pulmonary lung water. 
However, studies failed to assess and compare the respective diagnostic value of 
these different methods to identify WiPO.

 2. Echocardiography: Transthoracic echocardiography (TTE) performed by trained 
operators is valuable in the diagnosis of WiPO during a second SBT. The combi-
nation of E/A > 0.95 and E/e′ > 8.5 at the end of the SBT could detect a PAOP of 
at least 18 mmHg associated with LV diastolic dysfunction [65]. Remarkably, 
patients with impaired LV diastolic function, who were at high risk of a subse-
quent SBT failure, can be early detected by a sole TTE prior to SBT [53]. 
However, it is often difficult to perform echocardiography in patients with respi-
ratory distress, so echocardiography is not the optimum technique to diag-
nose WiPO.

 3. Biochemical Indices of Weaning-Induced Cardiovascular Dysfunction: B-type 
natriuretic peptide (BNP) and amino-terminal pro-brain natriuretic peptide (NT- 
proBNP), as biomarkers of the volume status and functional state of the heart, 
are collected before the end of second SBT. Numerous studies have shown that 
elevated basal levels of BNP or NT-proBNP and/or a BNP increase at SBT com-
pletion are helpful in the diagnosis of weaning-induced cardiac failure. Dres 
et al., using a pulmonary artery catheter as the reference method, revealed that an 
increase of BNP concentration more than 12% during SBT could predict WiPO 
with a sensitivity of 76% and a specificity of 78% [66]. Similar results were 
reported for NT-proBNP, but BNP performed better than NT-proBNP [67]. This 
may be attributed to the shorter half-life of BNP (22 min) compared with NT- 
proBNP (120 min).

In summary, it is reasonable to consider that relative changes in BNP levels 
are helpful in the diagnosis of weaning-induced cardiac failure.

 4. Biological Signs of Hemoconcentration: During the development of a hydro-
static pulmonary edema, the transfer of a hypooncotic fluid from the pulmonary 
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capillaries toward the interstitium often concerns an important volume so that it 
may result in a significant blood volume contraction. Anguel et  al. [68] con-
firmed that an elevated plasma protein concentration exceeding 6% during SBT 
could predict WiPO with a sensitivity of 87% and a specificity of 95%. Dres [66] 
also found that an increase in the plasma protein or hemoglobin concentration 
more than 5% during SBT had a good sensitivity and specificity for predicting 
weaning-induced cardiac failure. In summary, biological signs of hemoconcen-
tration collected before and at the end of a failing SBT are worthy, simple, and 
inexpensive to diagnose WiPO.

 5. Extravascular Lung Water: Transpulmonary thermodilution can be particularly 
helpful to estimate pulmonary edema by measuring extravascular lung water 
(EVLW). An increase in EVLW exceeding 14% during an SBT predicted WiPO 
with a sensitivity of 67% and a specificity of 100% [66]. However, given the 
invasiveness and the cost, transpulmonary thermodilution devices are not com-
monly used during a weaning process.

 6. Passive Leg Raising: Passive leg raising (PLR) by 45° is a dynamic test to evalu-
ate cardiac preload status, which has been used to assess the risk of WiPO based 
on the expected increase in cardiac preload during transmission from mechanical 
ventilation to spontaneous breathing. A negative PLR test prior to SBT could 
predict weaning failure due to cardiovascular dysfunction with a sensitivity of 
97% and a specificity of 81% [69].

 7. Critical Care Echocardiography: Critical care echocardiography (CCE) is per-
formed at bedside by a specially trained intensivist to establish diagnoses and 
guide therapeutic strategy, especially in patients with cardiopulmonary dysfunc-
tion. CCE is the only noninvasive approach which helps in identifying WiPO and 
its potential mechanism in real time. Therefore, CCE is well suited to detect 
high-risk patients of weaning failure during and after the SBT and to provide 
individualized treatment for those who failed.

15.5.3.3  Definition of WiPO
Since the noninvasive consensual definition of WiPO has not yet been published, 
three criteria have been proposed in the recent literature: (1) echocardiographic 
signs of increased left atrial pressure at the end of the SBT: E/A ratio > 0.95 and E/e′ 
ratio > 8.5; (2) an increase of protein concentration (relative change >6%) during 
the SBT; and (3) an elevated BNP (absolute change ≥48 ng/l) or NT-proBNP (abso-
lute change ≥21 ng/l) concentration during the SBT.

15.6  How to Prevent and Treat WiPO

In order to wean from mechanical ventilation successfully, the mechanisms which 
led to cardiac dysfunction have to be carefully analyzed to orientate the treatment, 
such as preload optimization guided by BNP, contractility improvement in severe 
systolic dysfunction, administration in excessive afterload and/or myocardial 
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ischemia, as well as other reasonable treatment in specific indications. Among them, 
elective initiation of noninvasive ventilator (NIV) immediately after extubation has 
been demonstrated to reduce the incidence of WiPO.

15.6.1  Use of Noninvasive Ventilation in the Post-extubation 
Period as a Weaning Adjunct

Approximately 10–25% of patients require reintubation after successful SBT and 
extubation, and reintubation is associated with higher mortality rate [70]. The latest 
guidelines give noninvasive respiratory support a “strong recommendation” in high- 
risk patients, especially those with weaning-induced cardiac failure because it can 
increase intrathoracic pressure, reduces right ventricular and left ventricular (LV) 
preload and LV afterload, augments oxygenation, and improves dyspnea. If patients 
suffer from acute cardiogenic pulmonary edema with severe dyspnea 
(RR > 25 breaths/min, SpO2 < 90%), NIV should be used immediately following 
extubation [71].

Noninvasive respiratory support encompasses strategies such as continuous posi-
tive airway pressure (CPAP), noninvasive pressure support ventilation (NIPSV), 
and HFNC.

15.6.1.1  CPAP
CPAP is the simplest and cheapest technique, which includes applying a high flow 
in face mask leading to a continuous positive pressure into the lungs. It can be 
applied without the aid of a ventilator by using a source of air or oxygen and a mask 
equipped with PEEP valve or with the Boussignac system. CPAP has been most 
often used in hypoxemic patients in low-equipped areas. Early interest was sparked 
by observational and small randomized studies showing that CPAP improved oxy-
genation, reduced breathing work, and enhanced cardiac output in patients with 
cardiogenic pulmonary edema [21–23, 49, 50].

15.6.1.2  NIPSV
NIPSV, also called noninvasive intermittent positive-pressure ventilation (NIPPV), 
is programmed with two levels of pressure: expiratory pressure (EPAP) or positive 
end-expiratory pressure (PEEP) and inspiratory pressure (IPAP). It requires a venti-
lator and it is preferred in patients with mild fatigue or significant hypercapnia [72]. 
The RR is not pre-set and is entirely dependent on the patient. Adequate synchrony 
is essential, so it requires some expertise to set the ventilator according to the chang-
ing demand of the patient.

15.6.1.3  High-Flow Nasal Cannula
HFNC therapy, a recently developed oxygen therapy technology that has been 
widely accepted, provides a high flow rate of heated and humidified gas (up to 
60–80 l/min, providing up to 7 cmH2O of PEEP) through a nasal cannula adjusted 
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to the nostrils. It is increasingly used in patients with acute hypoxemic respiratory 
failure, improving comfort and reducing dryness of mouth and airway compared 
with conventional oxygen therapy [73]. A recent research reported HFNC therapy 
can reduce the reintubation rate, which may be attributable to several reasons. First, 
HFNC therapy provides a high flow of gas, leads to low levels of positive end-
expiratory pressure, and increases the functional residual capacity and tidal volume, 
which in turn promotes ventilation. Second, the heating humidifier in the HFNC 
therapy device promotes the discharge of airway secretions and reduces the occur-
rence of respiratory obstruction [54].

Thus, it is considered in patients requiring prolonged ventilation or intolerant to 
other forms of NIPSV. However, HFNO requires closed mouth [74], which may be 
disadvantage for patients with severe dyspnea such as acute cardiogenic pulmonary 
edma (those patients generally breath by mouth).

15.6.2  Which One Is the Best?

Recently, considerable interest has been generated as to which therapy provides the 
most appropriate noninvasive support. But there are no trials or meta-analyses 
showing that one technique has a clear advantage over another one for important 
outcomes [75].

15.6.2.1  NIPSV Versus CPAP
Theoretically NIPSV has an advantage over CPAP because it provides better breath 
inspiratory assistance, reducing work of breathing, increasing tidal volume more 
than CPAP, and therefore improving ventilation in patients with hypercarbia. The 
theory has been confirmed by a physiologic randomized crossover study revealing 
that NIPSV was more effective in terms of unloading respiratory muscles and 
improving cardiac function compared with CPAP. However, NIPSV has a higher 
incidence of myocardial ischemia than CPAP. The applicability of these findings is 
limited by the small size of studies included and wide variations in study popula-
tions and interventions. So far, Gray et al. performed the largest multicenter ran-
domized controlled trial to evaluate the effect of noninvasive on acute cardiogenic 
pulmonary edema. The trial enrolled 1069 patients with acute cardiogenic pulmo-
nary edema and evaluated the superiority of NIPSV over CPAP. There was no sig-
nificant difference between CPAP (11.7%) and NIPSV (11.1% P 5.81) in the 
composite end point of short-term (within 7 days) mortality and intubation.

Recent guidelines from ERS/ATS suggested either NIPSV or CPAP for patients 
with acute cardiogenic pulmonary edema [76].

15.6.2.2  High-Flow Nasal Cannula Versus NIPPV
There is no randomized controlled trial regarding HFNC’s administration after 
extubation in patients at high risk of WiPO [77]. Only one small randomized study 
was published in 2017, which was the first to analyze the effect of HFNC and 
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conventional oxygen therapy on acute cardiogenic pulmonary edema. There were 
no significant differences in the outcomes, but the study found a decrease in RR in 
patients with HFNC during the first 60 min [78].

15.6.3  How to Use NIV When Weaning-Induced Pulmonary 
Edema Occurs

For NIPSV, several different types of interfaces are available, including a total face 
mask (covering nose, mouth, and eyes), nasal mask, oronasal or full-face mask, and 
nasal pillows. Choosing an appropriate mask is important because adverse effects 
are mostly related to mask tolerance. To minimize air leakage, we have to cover 
both the nose and mouth with a mask and make sure the device is tightly sealed to 
the patient’s face. Other interfaces such as nasal pillows, mouthpieces, or laryngeal 
masks are not considered in a patient with acute heart failure. Initial settings recom-
mended are often low levels of pressure (IPAP, 10–12 cmH2O/EPAP, 3–4 cmH2O). 
IPAP is used to control ventilation (PaCO2), and EPAP is generally titrated to oxy-
genation. It is necessary to increase IPAP progressively according to patient’s adap-
tation in order to achieve the target tidal volumes >4–6 ml/kg. Increasing IPAP by 
2–3 cmH2O can improve hypercapnia. High pressure can lead to excessive air leak-
age, asynchrony, and discomfort especially in patients with high RR. Thus, we 
should avoid IPAP >20 cmH2O to prevent aspiration caused by gastric insufflation. 
Initial FiO2 can be set higher and then titrated to a target SaO2 (e.g., 94–98%) while 
avoiding SaO2 > 98%.

When using CPAP, a general starting pressure is 5 cmH2O with titration by 2 
cmH2O and is increased to 7.5 or 10 cmH2O according to the response.

When HFNC was used in critically ill patients, FiO2 was set to 100% at the 
beginning and the maximum tolerated flow up to 50 l/min. Subsequently, FiO2 and 
flow rate were titrated according to SpO2 and patient’s demand. In less severe cases, 
it is usually started with lower flow and FiO2. During the application of NIV, RR 
(patient’s effort), oxygen saturation (minimal required FiO2), and pH/PaCO2 (to 
assess efficacy) should be monitored in addition to standard physiologic parame-
ters. The general recommendation is to reassess after 60 and/or 90–120 min.

The key issue is optimal synchronization with the ventilator. If NIPPV goes 
successfully, the patient’s discomfort will be relieved generally within 1–2  h, 
with reduced RR, improved work of breathing, and improved gas exchange. 
Excessive leakage due to asynchrony can be prevented by adjusting the mask, 
shortening inspiration time, sedating, reducing PS, or changing inspiratory and 
expiratory triggers (when available). In general, leak less than 0.4 l/s (<25 l/min) 
is tolerable.

In nearly 20% of patients who show poor synchrony with NIV, mild sedation is 
required to decrease intolerance after nonpharmacological approaches have failed. 
Opioids (morphine, remifentanil), propofol, midazolam, and more recently dexme-
detomidine have been commonly administrated in this condition. Minimal 
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intermittent doses of a single drug are superior to continuous infusions or different 
drug combinations. NIV can be removed after patients recover satisfactorily (usu-
ally 2–5 h in patient with acute cardiogenic pulmonary edema).

15.7  Conclusion

Many controversies still exist in terms of the optimization of ventilation strategy dur-
ing cardiopulmonary resuscitation and post-ROSC. Most of the current opinion is 
based on observational studies, animal trials, and expert opinion. Due to lack of reli-
able methods to detect and measure ventilation metrics, the relationship between ven-
tilation quality and survival in patients with cardiac arrest is still unknown. Fortunately, 
techniques have been developed in recent years to detect lung inflation during CPR 
through the use of the thoracic impedance signal [79]. This may allow researchers to 
study ventilation metrics more accurately. More specific CPR ventilation recommen-
dations should be made available to improve standardization among physicians.
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16The Use of Extracorporeal Life Support 
(ECLS) in Sudden Cardiac Death

Simon Wai Ching Sin and Pauline Pui Ning Yeung

Abstract

The survival of refractory cardiac arrest is dismal. The use of extracorporeal life sup-
port (ECLS), in particular venoarterial type of ECLS, has gained attention in the last 
decade, which aims at improving the outcome of such disease entity. The implemen-
tation of an ECLS-assisted resuscitation (ECPR) programme is a multidisciplinary 
effort involving extensive collaboration and training. Currently, robust evidence and 
scientific data on ECPR are pending, and generalized use of such technology cannot 
be recommended. However, the ongoing high-quality studies will give us a better 
insight on the impact of ECPR on the outcome of refractory cardiac arrest.

Keywords

Outcome · Refractory cardiac arrest  · Extracorporeal life support (ECLS)  
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16.1  Introduction

The rates of success with conventional cardiopulmonary resuscitation (CPR) for car-
diac arrest is modest. The use of extracorporeal resuscitation in cardiac arrest was first 
reported in the 1990s [1, 2]. The idea and principle originated from the technique of 
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cardiopulmonary bypass in cardiothoracic surgery. The postulated benefit is in main-
taining better oxygen delivery during and after cardiac arrest in patients failing to 
respond to conventional resuscitation. In the last decade, advancing extracorporeal 
technology has enabled widespread adoption of a modified cardiopulmonary bypass 
system known as extracorporeal life support (ECLS) outside the setting of an operat-
ing theatre, to support refractory respiratory and/or circulatory failure. Taken one step 
further, such systems have been applied to resuscitate patients who do not respond to 
conventional cardiopulmonary resuscitation. There is growing data to guide the use of 
extracorporeal CPR (ECPR) and identify factors associated with its success.

In this chapter, we will begin by describing the current state of ECLS. We will 
then discuss its application in sudden circulatory collapse.

16.2  The ECLS Circuit

ECLS is a temporary measure to support failing cardiopulmonary function of criti-
cally ill patients. It is not a treatment by itself but serves as a bridge to recovery of 
disease or other forms of long-term support. ECLS can be broadly classified into 
venoarterial (V-A) and veno-venous (V-V). The discussion of hybrid modes of 
ECLS, such as veno-arterial-venous (V-AV), is beyond the scope of this chapter.

The basic ECLS circuit consists of drainage cannula, blood pump, membrane oxy-
genator and return cannula. The venous drainage cannula is inserted into central veins 
(internal jugular, femoral or subclavian), and venous blood is drained by the blood 
pump (most commonly a centrifugal pump) into a membrane oxygenator. A gas line 
connected to the oxygenator supplies oxygen and removes carbon dioxide. Oxygenated 
and decarboxylated blood will then be returned to the systemic circulation via the 
return cannula, inserted into either central veins or arteries (aorta, subclavian or femo-
ral artery). After blood flow is established in the ECLS circuit, patients usually receive 
systemic anticoagulation unless contraindicated to prevent thrombosis. Figure 16.1a, b 
illustrates the basic setup and the basic principle of an ECLS circuit.

When the return cannula is inserted into the venous system, the ECLS is known 
as veno-venous (V-V) ECLS and mainly provides respiratory support. The presence 
of an extracorporeal route of gaseous exchange reduces demand on mechanical ven-
tilation and reduces ventilator-induced lung injury to severely diseased lungs.

In the case of venoarterial (V-A) ECLS, the return cannula is inserted into the 
arterial system, and both circulatory and respiratory support is provided. During 
V-A ECLS, cerebral perfusion and systemic oxygen delivery are maintained to 
facilitate definitive interventions (e.g. percutaneous coronary intervention), bridge 
to recovery (e.g. fulminant myocarditis) or bridge to destination therapy (e.g. ven-
tricular assist device, heart transplant).

16.3  General Indications and Contraindications of ECLS

Indications for ECLS cover a broad spectrum of diseases causing cardiorespiratory 
failure. In principle, when considering ECLS, the disease while not responding to 
conventional methods of support, e.g. advanced ventilatory support or high dose 
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Fig. 16.1 (a) Basic setup of an ECLS circuit. (b) The principle of two main modes of ECLS. Left 
panel: Veno-venous ECLS, where deoxygenated blood is drained from the central vein to the oxy-
genator, and oxygenated blood returns to the venous circulation. Right panel: Venoarterial ECLS, 
where deoxygenated blood is drained from the central vein to the oxygenator, and oxygenated 
blood returns to the arterial circulation
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inotropes, should be potentially reversible. The premorbid condition of the patient 
including the physiological age should be factored into determining the chance of 
gaining meaningful recovery. At the same time, there should be a plan for bridging 
the condition to a longer-term support (ventricular assist device) or transplantation. 
The common indications for ECLS are listed in Table 16.1.

Contraindications to ECLS include terminal malignancy, irreversible brain injury, 
end-stage cardiac or pulmonary failure without chance of transplant or ventricular 
assist device (VAD), and aortic dissection and severe aortic regurgitation (for V-A 
ECLS). Nevertheless, with evolving technology and growing experience in the man-
agement of patients on ECLS, successful ECLS runs have been reported in patients 
who were previously considered absolutely contraindicated to ECLS, e.g. patients 
with advanced age, immunocompromised status and active bleeding [3]. In these 
circumstances, the decision should be individualized with consideration of the risk 
and benefit after initiation of support. Moreover, institutional guidelines and agree-
ment have to be developed based on centre experience, resources and infrastructure.

16.4  What Is ECPR?

ECPR refers to the use of extracorporeal technology, specifically V-A ECLS, to sup-
port the circulation of patients with refractory cardiac arrest. It represents an adjunct 
to conventional CPR that may help to sustain adequate oxygen delivery while await-
ing return of spontaneous circulation (ROSC). It has to be distinguished from the 
use of V-A ECLS in patients with cardiogenic shock, in whom the management and 
prognosis are significantly different. For the purposes of this chapter, we will focus 
the discussion on the use of ECLS in out-of-hospital cardiac arrest (OHCA).

16.4.1  Implementation of ECPR

16.4.1.1  Patient Selection
Generally speaking, all patients with cardiac arrest presumed to be cardiac in origin 
who fail to achieve ROSC with conventional CPR are eligible candidates for 

Table 16.1 Common indications of ECLS

Veno-venous ECLS Venoarterial ECLS
Acute respiratory distress syndrome 
due to various causes (infection, 
aspiration, inhalation injury, etc.)

Cardiogenic shock due to various causes (acute 
coronary syndrome, refractory malignant arrhythmia, 
myocarditis, cardiodepressant overdose, etc.)

Pulmonary contusion, lung trauma Chronic cardiomyopathy as a bridge to transplant or 
ventricular assist device

Major airway injury or obstruction Massive pulmonary embolism
Status asthmaticus Post-cardiotomy syndrome
Bridge to lung transplant, e.g. cystic 
fibrosis

Periprocedural support for high-risk percutaneous 
intervention, e.g. complex coronary anatomy

Congenital diaphragmatic hernia 
(neonate)

Extracorporeal cardiopulmonary resuscitation
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ECPR. However, as the overall prognosis for patients with cardiac arrest is poor and 
ECPR is resource intensive, patient selection becomes an important consideration to 
ensure the sustainability and cost-effectiveness of an ECPR programme.

It is important to define “refractoriness” to conventional CPR for both clinical and 
research purposes. Premature initiation of ECPR may put patients at unnecessary risk 
for an invasive procedure. On the contrary, delay in activation of ECPR jeopardizes 
the outcome for patients who may benefit from ECPR. Earlier studies described a 
period ranging from 10 to 30 min of conventional resuscitation prior to initiating the 
ECPR process [4]. However, recent studies showed that 20 min may be a more reason-
able cut-off time for activation of ECPR. Reynold et al. showed that when there is no 
ROSC after 16 min of conventional CPR, the rate of survival with good neurological 
outcome drops significantly to 1% [5]. Kim et al. also reported similar findings that 
the optimal time for transition of conventional CPR to ECPR for good neurological 
outcome is 21  min [6]. Recently, the Extracorporeal Life Support Organization 
(ELSO) Position Paper suggested adopting 20 min as optimal cut-off [7].

Learning from the experience in basic life support, one of the most important 
determinants of favourable outcome would be the “no flow time”, which refers to 
the time from cardiac arrest to start of basic life support (BLS), either by bystander 
or emergency medical service (EMS). As a result, almost all ECPR protocols 
include the presence of bystander CPR or no flow time less than 5 min as an impor-
tant inclusion criterion [4]. Table 16.2 summarizes the favourable prognostic factors 
in patient selection for ECPR [8–10].

Nevertheless, it is necessary to point out that there are no absolute predictors for 
survival after ECPR.  Despite stringent selection criteria in some studies, patient 
mortality remains high [11]. At the same time, there are also case reports of survi-
vors despite poor prognostic factors upon ECPR initiation [12, 13]. This highlights 
the importance of ongoing research in patient selection.

16.4.1.2  The ECPR Team
Once the decision of ECPR initiation is made, all effort should be focused on deliv-
ering ECPR timely and safely. A “low flow time”, defined as the duration from 
commencing CPR to established ECLS, of less than 60 min has been persistently 
reported as a favourable survival factor in ECPR for OHCA [14, 15]. A recent study 
suggested that every 1 min delay in establishing ECLS translates to a 3% decrease 
in survival [16]. Depending on the staffing pattern of the hospital, the ECPR team 

Table 16.2 Favourable 
prognostic factors in ECPR

Presence of bystander CPR or no flow 
time < 5 min
Signs of life, e.g. breathing, gasping, 
pupillary reflex, movement
Shockable rhythm
Intermittent ROSC before ECLS
End-tidal carbon dioxide 
(ETCO2) > 10 mmHg
Lower baseline lactate level
Higher baseline pH value
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may be made up of emergency physicians, intensivists, critical care physicians, vas-
cular or cardiothoracic surgeons, cardiologists, perfusionists and nurse specialists. 
The presence of multiple disciplines working in a highly intense environment 
requires precise role delegation and interdisciplinary communication. Most ECPR 
teams are further subdivided into resuscitation, cannulation and circuit prim-
ing teams.

The primary responsibility of the resuscitation team is to ensure that good quality 
CPR is being conducted. During ECPR and amidst multiple competing priorities, it 
is essential to maintain consistent and high-quality chest compressions. Mechanical 
chest compression devices may be considered to reduce the requirement on man-
power, but it should be noted that current evidence does not suggest the superiority 
of mechanical devices over manual chest compression [17].

Cannulation during CPR is the most challenging part of the ECPR. Most typi-
cally, 21–23 French-sized venous and 15–17 French-sized arterial cannulas are 
inserted via the femoral vein and artery, respectively. Depending on the expertise of 
the cannulation team, surgical cutdown, percutaneous Seldinger and semi-Seldinger 
techniques may be used. Blood vessels are not uncommonly difficult to be localized 
in view of intense vasoconstriction and continuous motion during CPR. To improve 
the rate of success and reduce complications from cannulation, imaging modalities 
including transthoracic/transoesophageal echocardiography or fluoroscopy should 
be used to confirm the site and position of guidewires and cannula. Moreover, the 
resuscitation team has to coordinate closely with the cannulation team to coordinate 
the timing of defibrillation to minimize interruption during cannulation [18]. To the 
author’s knowledge, many ECLS centres withhold defibrillation and adrenaline 
injection once the cardiac arrest is considered refractory. Typically, a well-trained 
cannulation team would complete cannulation in 15 min [19, 20]. Once blood flow 
in the ECLS circuit has been established, chest compressions can be stopped.

The circuit priming team is usually lead by nurses or perfusionists. They are 
responsible for circuit priming and operating the ECLS machine. Many high case 
volume ECLS centres have pre-primed ECLS circuits to reduce manpower tension 
during ECPR. It has been shown that wet-primed ECLS circuits can remain sterile 
for 2 months [21], and current recommendations from the ELSO Infectious Disease 
Task Force state that pre-primed circuits can be maintained for 30 days. Figure 16.2 
describes the organization of the ECPR team and the role of individual members 
(courtesy of Dr. Tomoyuki Endo).

16.4.1.3  Team Training
A rapid response multidisciplinary team is essential for ECPR implementation. 
Team members are often required to perform under stressful and complex clinical 
contexts, and a high level of interprofessional cooperation is needed. As a result, 
simulation training [22], focusing on psychomotor and behavioural skills, has 
gained interest by ECLS educators for its supplementary role to traditional educa-
tion modalities, namely didactic lectures and water drills [23, 24]. Allan et al. has 
shown that simulation training shortened the cannulation time for the paediatric 
ECPR team [25]. Another study showed that by incorporating simulation training 
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into existing training curriculum, time required for cannulation, circuit priming and 
to establish full ECLS support was shortened immediately and 3 months after train-
ing [26]. Many ECLS centres have incorporated simulation training into an essen-
tial part of their ECLS training and credentialing programme [23, 24]. The question 
of whether such improvements in team performance with simulation training trans-
late to better patient outcomes remains to be answered. Table 16.3 lists the common 
scenarios used for ECPR simulation training.

16.4.1.4  Post-resuscitation Care
After restoration of organ perfusion by the ECLS circuit, it is important to identify 
and treat the underlying cause of cardiac arrest. Given that ischaemic heart disease 

Sample of ECPR Code team
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Fig. 16.2 The organization of the ECPR team and the role of individual members

Table 16.3 Common 
scenarios for ECPR 
simulation training

Patient selection
Deployment of mechanical chest compression device and its 
troubleshooting
Cannulation during CPR
Team dynamics during ECPR (ACLS, cannulation and circuit 
priming)
Low blood flow after ECLS initiation
Persistent ventricular arrhythmia after establishing ECLS
ECLS transport for further procedure, e.g. cardiac 
catheterization
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is the most common cause of cardiac arrest, input from interventional cardiologists 
is frequently needed. Kagawa et al. had shown that ECPR patients who received 
primary coronary intervention had a better prognosis [27]. Massive pulmonary 
embolism, after stabilization by ECPR, should be tackled with systemic thrombo-
lytic, catheter-based embolectomy or surgical embolectomy [28, 29]. Despite mor-
tality remaining high and the lack of high-grade evidence on the best treatment 
approach, the role of ECPR for pulmonary embolism has been incorporated into the 
guidelines from the European Society of Cardiology [30].

Targeted temperature management (TTM) is another potentially important inter-
vention after ECPR that may improve the neurological outcome [31, 32]. Clinical 
practice of TTM in post-ECPR patients is extrapolated from cardiac arrest patient 
without ECPR [33]. Currently, robust evidence for TTM in patients who received 
ECPR has yet to be established, and the precise temperature targets await to be 
determined. The benefit of neuroprotection should be balanced against the side 
effects of TTM, especially the increased risk of bleeding [34].

16.4.1.5  Complications
Complications in ECPR may be related to cannulation or the ECLS circuit.

Cannulation during ECPR is difficult and has been associated with devastating 
vascular complications such as vessel perforation, dissection and major bleeding. 
The use of image guidance by echocardiography and/or fluoroscopy may decrease 
these occurrences. Limb ischaemia is another important complication with reported 
incidence up to 10% [35]. After cannulation of the common femoral artery, the 
antegrade blood flow to the ipsilateral distal lower limb is potentially obstructed by 
the cannula occupying the vessel lumen, especially under intense vasoconstriction 
during cardiac arrest. Distal limb circulation should be monitored closely by physi-
cal examination, Doppler ultrasound or near-infrared spectroscopy (NIRS) [36]. A 
distal perfusion cannula may be inserted in the superficial femoral artery in an ante-
grade manner (Fig. 16.3) or in the posterior tibial artery [37] in a retrograde manner 
to perfuse the lower limb. Some institutions routinely insert distal perfusion cannula 
whilst others adopt an initial conservative approach.

Acute mechanical failure and circuit complications can account for 14% of tech-
nical complications during ECLS [38]. Since ECLS patients’ native cardiopulmo-
nary function is severely impaired and most patients are ECLS dependent, any 
mechanical or circuit complications resulting in system malfunction can cause rapid 
clinical deterioration. Amongst all, failure of the mechanical blood pump or oxygen 
supply, massive circuit air embolism and accidental decannulation are particularly 
disastrous. A systematic approach to tackling these emergencies should be estab-
lished and continually reviewed with all ECLS providers.

Bleeding is another major complication. Intracranial bleeding is the most devastat-
ing and results in high patient mortality. Other sites of bleeding include the site of 
cannulation, gastrointestinal bleeding, retroperitoneal bleeding and pulmonary haem-
orrhage. The coagulopathy that may be present after ECPR [34] may augment the 
effect of routine anticoagulation. Hence, some institutions do not routinely heparinize 
patients after ECPR [39]. Table 16.4 summarizes some of the complications of ECLS.
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Venous cannula 

Arterial cannula 

Distal perfusion
cannula 

Fig. 16.3 Femoro-femoral V-A ECLS configuration and distal perfusion cannula (inserted in an 
antegrade manner into superficial femoral artery)

Table 16.4 Complications of ECLS

Cannulation related
Mechanical/circuit 
related General to ECLS

Selection of wrong 
vessels, major vessel 
injury, dissection, 
perforation

Machine/blood pump 
failure

Bleeding complications including 
intracranial, cannulation site, 
gastrointestinal, retroperitoneal and 
pulmonary

Myocardial injury with 
cardiac tamponade

Oxygen supply failure Cannula-related bloodstream infection

Cannula malposition Massive circuit air 
embolism

Cannulation site infection

Limb ischaemia Accidental 
decannulation

Thromboembolism, e.g. deep vein 
thrombosis

Oxygenator thrombosis Heparin-induced thrombocytopenia 
(HIT)

Haemolysis and 
disseminated 
intravascular 
coagulopathy
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16.4.1.6  Current Evidence and Recommendation
Current ECPR protocols remain highly variable among centres, and study designs 
on OHCA ECPR are heterogenous and non-randomized. As a result, the reported 
survival and neurological outcomes in the literature are inconsistent and at high risk 
of bias. For instance, reported survival with good neurological recovery ranges from 
4% to 42% [11]. It is worthy to highlight that a novel approach of enlisting emer-
gency medical service (EMS) to transport patients in ventricular tachycardia or ven-
tricular fibrillation directly to the cardiac catheterization laboratory together with 
early ECPR and immediate coronary angiography with intervention as needed was 
shown to produce good patient outcomes [40]. Table 16.5 lists the key findings of 
recent studies on ECPR for OHCA.

A multicentre, prospective, randomized clinical trial examining a “hyperinva-
sive” approach for the management of OHCA is underway. This approach, compris-
ing of prehospital intra-arrest hypothermia, mechanical chest compression device, 
ECLS and early invasive investigation and treatment (coronary angiography/percu-
taneous coronary intervention, pulmonary angiography/percutaneous embolectomy 
and aortography) in all patients with OHCA of presumed cardiac origin, will be 
compared to standard of care [41].

The recently published 2019 American Heart Association Focused Update on 
Advanced Cardiovascular Life Support suggested that there is insufficient evidence 
to recommend the routine use of ECPR for patients with cardiac arrest, but that 
ECPR may be considered for selected patients as rescue therapy when conventional 
CPR efforts are failing, in settings in which it can be expeditiously implemented and 
supported by skilled providers (Class 2b; Level of Evidence C) [42].

16.5  Future Directions

It is well-established that the time interval between cardiac arrest and restoration of 
adequate blood flow is inversely proportional to patient outcome after ECPR. Hence, 
a lot of efforts have been concentrated on minimizing this duration. Well-trained 
ECPR teams nowadays perform consistently in establishing ECLS after patient 
arrival to hospital, and the room to further shorten this time interval is minimal. 
Therefore, a new concept targeted at shortening the duration of prehospital CPR 
attempts to examine the feasibility and outcomes of performing ECPR in the pre-
hospital stage [8]. Most of the available data on prehospital ECPR are limited to 
case studies and case series [49]. Further research is required to delineate the patient 
selection, logistic and resource implications.

16.6  Conclusion

ECPR is a cumulation of extracorporeal technology and multidisciplinary expertise 
teamwork to support a highly selected patient subset with refractory cardiac arrest. 
Although promising, it is a complex and resource-demanding technology and 
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carries the risk of life-threatening complications. Existing evidence drawn from het-
erogenous studies is still inadequate to provide definitive practice recommenda-
tions. Further large randomized studies are needed to define its role in refractory 
cardiac arrest.
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17Hypothermia Therapy in Sudden Death

Alan Araiza and Joseph Varon

Abstract

Therapeutic hypothermia has been used for millennia, but more recently, tar-
geted temperature management has caught physician’s interest as the main neu-
roprotective strategy for cardiac arrest patients who remain comatose after return 
of spontaneous circulation. Randomized clinical trials have shown benefits in 
neurologic and mortality outcomes when lowering body’s core temperature to 
mild-to-moderate ranges of hypothermia, in conjunction with strict hyperthermia 
prevention measurements. The International Liaison Committee on Resuscitation 
recommends in their current guidelines to use a target temperature between 
32 °C and 36 °C, for at least 24 h, in post-cardiac arrest patients, regardless of 
their initial rhythm (shockable vs. non-shockable). Therapeutic hypothermia 
consists of three well-defined phases: induction, maintenance, and rewarming. 
Each of these phases has very specific physiologic and clinical considerations for 
optimal patient management. The optimal dose, the induction and maintenance 
method, and the temperature monitoring technique remain unclear and are the 
focus of future research. Despite the overwhelmingly positive data regarding the 
benefits of therapeutic hypothermia, this technique remains underused. Clinicians 
should be familiar with this therapeutic intervention.
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17.1  Overview

Cardiac arrest (CA) remains as one of the main causes of death, accounting for over 
500,000 deaths per year just in North America [1]. Overall, CA survival seems to be 
improving due to advances in cardiopulmonary resuscitation and post-cardiac arrest 
care. Targeted temperature management (TTM) or therapeutic hypothermia (TH) 
has demonstrated to improve survival and neurologic outcome when used as a 
postresuscitation technique in patients with postanoxic/hypoxic encephalopathy 
[2–5]. For its utilization in CA, support came from the results of two multicenter 
randomized controlled trials (RCTs) in 2002 and 45 nonrandomized studies. The 
American Heart Association and the European Resuscitation Council recommend 
TTM use since 2003, and despite the overwhelming positive results, the implemen-
tation rate of TTM in many countries remains low [6].

Nielsen and coworkers in 2013 reported results from a large randomized clinical 
trial in 2013, in which they cooled down CA patients to either 33 °C or 36 °C and 
found no survival or neurological outcome difference. This trial remains highly con-
troversial with people accepting Nielsen’s study results and others remaining con-
vinced that 32–34 °C are adequate target temperatures. The TTM Trial by Nielsen 
has been criticized for its possible selection bias, delays in cooling initiation of up 
to 4 h, up to 10 h to reach a target temperature of 33 °C, and excessively fast rewarm-
ing rate, among other issues [7].

Following Nielsen’s findings, a leading center in CA conducted a retrospective 
cohort study after changing their TTM approach from 33 °C to 36  °C, and they 
found their fever rates increased (0% vs 19%), and there was a decrease in alive 
discharges (71% vs 58%) and home discharge with good neurological outcome 
(71% vs 56%) [8].

In this chapter, the authors will review the history of TH, pathophysiology of 
ischemic-reperfusion injury, protective mechanisms of TTM, physiology of cool-
ing, current indications for TH, controversies, and future directions.

17.2  Historical Aspects of Therapeutic Hypothermia

Therapeutic hypothermia dates back millennia. Hippocrates recommended the use 
of snow and ice packing to diminish blood loss in the injured [9]. The modern clini-
cal use has been documented for the last 217  years [10]. In 1803, the “Russian 
method of resuscitation” was described as burying in snow CA patients in an attempt 
to resuscitate them [11]. The surgeon Baron Dominique-Jean Larrey was intrigued 
by how injured soldiers could sustain the pain in cold temperatures and described 
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how injuries exposed to either ice or cold temperatures bled less when compared to 
those in warmer weather. In 1812, Baron Larrey, as Napoleon’s chief surgeon, dur-
ing the Russian campaign, used TH to better preserve wounded limbs and as an 
anesthesia method prior to amputations [12].

Dr. Temple Fay, the head of the Neurosurgery Department at Philadelphia’s 
Temple University Hospital, is attributed as having introduced TH, both localized 
and whole body, to the modern medical setting. Fay conducted a series of experi-
ments in the 1990s to assess the effects of varying temperatures on tissue growth of 
both normal and cancerous cells. He reported that cellular differentiation in chicks 
practically stopped at 32.2 °C. With these findings, he felt confident applying his 
knowledge at the bedside, thus beginning the largest series of hypothermia experi-
ments in humans of its time, which would eventually end up catalyzing hypothermia 
usage in mainstream modern medicine [9, 13, 14].

Fay’s first hypothermia patient was a woman with metastatic breast cancer and 
neoplasm-related pain. He started his therapy by applying cold locally to the breast 
tumor area for weeks. After repeat biopsies, regression was noted, and the local 
infection seemed cured. With this evidence at hand and concerned of the persistent 
generalized pain, he decided to attempt to reach deeper structures. In 1938, Fay 
“cooled” this lady to 32 °C for 24 h, utilizing what he called “generalized refrigera-
tion” (ice packs), and successfully rewarmed her. He reported a reduction in pain 
symptoms in 95.7% of surviving patients with a mortality rate of 10% [14, 15].

Bigelow and McBirnie found a possible use for TH during cardiac surgery in an 
animal model. They reported that during deep hypothermia (<25 °C), the area of 
neurological injury had less bleeding, cerebral edema, and inflammatory response 
[16]. One year later, in 1954, Rosomoff and collaborators demonstrated a direct 
relationship between core body temperature and intracranial pressure. These 
researchers proved that hypothermia decreased the cerebral blood flow and the met-
abolic rate in dogs as they were cooled from 35 °C to 26 °C [17, 18].

Benson, a professor of anesthesia at Johns Hopkins, conducted in 1958 the first 
clinical trial of TH outside the operating room, specifically in comatose post-cardiac 
arrest patients. This therapeutic measure showed 50% survival in the hypothermia 
group (33 °C) vs. 14% in the normothermic group [19].

Although studies in the 1970s showed promising results, between the 1960s and 
1990s, TH research slowed down due to the recognition of clinical complications 
(mainly cold-induced coagulopathies). True resurgence of interest for TH occurred 
until the late 1980s, with advances in management of coagulopathies [14, 20].

It was not until 2002 that the American Heart Association (AHA), followed by the 
European Resuscitation Council in 2003, recommended TH as a post- resuscitative 
measure for out-of-hospital cardiac arrest patients that remained comatose after 
return of spontaneous circulation (ROSC). This recommendation was based on the 
results from two multicenter, prospective, randomized, controlled, clinical trials pub-
lished in 2002 [21, 22]. One of the studies was conducted in Europe, in which 275 
patients with cardiac arrest secondary to ventricular fibrillation were enrolled; 137 
patients were managed at mild hypothermic ranges (32–34 °C) for 24 h, and 138 
were normothermic control patients. The hypothermia group showed improved 
favorable outcomes in 55% of patients vs. 39% in the normothermic group [3].
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The other 2002 study was done by Bernard and colleagues in Australia, in which 
they enrolled 77 patients, all of which had an initial rhythm of ventricular fibrilla-
tion. They were divided into two groups: a hypothermia group (a target temperature 
of 33  °C for 12  h) with 43 patients and a normothermia control group with 34 
patients. Forty-nine percent of patients in the hypothermia group had a favorable 
neurological outcome vs. 26% in the normothermia group [2].

These two randomized, clinical trials once again sparked physician’s interest in 
TH, not only inside the operating room, or in post-cardiac arrest patients, but also in 
many other instances. However, before talking about present-day indications, it is 
imperative to review the pathophysiology of ischemic/reperfusion injury and the 
physiologic rationale behind the beneficial effects that hypothermia confers when 
used promptly in postanoxic/hypoxic patients.

17.3  Pathophysiology of Ischemic Insult 
and Reperfusion Injury

The return of spontaneous circulation after a CA in which the patient was subject to 
prolonged whole-body ischemia will give place to a complex pathophysiological 
state, originally coined postresuscitation disease by Dr. Vladimir Negovsky in 1970 
[23]. Although appropriate for its time, “postresuscitation” implies that resuscita-
tion has been achieved, due to which in 2008 the term was changed to post-cardiac 
arrest syndrome (PCAS) [24].

Even though prolonged whole-body ischemia will cause global tissue and organ 
damage, there will be additional insult during and after ROSC due to reperfusion 
injury. Ischemia/reperfusion response, post-cardiac arrest brain injury, post-cardiac 
arrest myocardial stunning, and persistent damage by the underlying pathology pre-
cipitating the cardiac arrest are the main components of PCAS [24–26]. The clinical 
presentation of PCAS resembles a systemic inflammatory response syndrome 
(SIRS)/sepsis-like state which will vary individually depending on the severity of 
the ischemic injury, the underlying cause of the CA, and the patient’s comorbidities 
[27–29]. Making this even more complex, determining the exact incidence and 
prevalence of this phenomenon is a challenging task, as there is no simple diagnos-
tic test; hypotension, reduced cardiac output, usage of vasopressors, and laboratory 
abnormalities, among others, have been used as screening methods for PCAS but 
have failed to be reliable [28, 30, 31].

A pathophysiological approach to PCAS would be to define the phases according 
to time. The immediate post-arrest phase occurs in the first 20 min after ROSC. Early 
post-arrest phase lasts from 20 min to the first 12 h after ROSC, a period in which 
early therapeutic interventions might be the most beneficial. The intermediate phase 
is between 12 h and 72 h post-ROSC, during which ischemia/reperfusion injuries 
are still ongoing and aggressive treatment can still be initiated. Lastly, the recovery 
phase extends beyond 3 days, when prognostication is easier and outcome is more 
predictable [24, 25]. Understanding the pathophysiology behind the ischemia/reper-
fusion injury that occurs during the CA and afterward during PCAS will be the 
deciding factor for adequate individualized treatment for patients.
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The ischemic injury starts seconds after the arrest even if the patient experienc-
ing the CA is lucky enough to have a bystander who can initiate cardiopulmonary 
resuscitation (CPR) in an early fashion. Under perfect conditions, CPR generates 
1.3 l/min of forward flow (15–25% of normal cardiac output), which can only main-
tain about 30% of the baseline cerebral blood flow (CBF). This flow rate usually is 
not able to generate a coronary flow that keeps up with the demands of a dysfunc-
tional heart [32–34]. Due to this, brain injury and myocardial instability manage-
ment have proved to be the main survival determinants after a CA [35]. In 2005, 
Laver and company identified that two-thirds of post-cardiac arrest patients admit-
ted to the intensive care units died due to neurological injury [36].

The central nervous system (CNS) receives about 30% of total cardiac output 
[37]. During CA, the CBF stops completely, reducing the delivery of oxygen and 
glucose. Consciousness is lost within the first 10 s, and by 20 s, the neurological 
oxygen reserve is depleted, followed by isoelectric electroencephalographic activity 
in the next couple of seconds [20, 34]. As previously mentioned, even with CPR, the 
CBF is only 15–30% of the baseline [37]. The CNS is only suited to tolerate brief 
periods of ischemia as glucose and adenosine triphosphate (ATP) stores are com-
pletely lost by 5 min of circulatory arrest, making this a critical period during which 
tissue can still be salvaged [19, 38, 39]. Energy depletion enhances anaerobic 
metabolism increasing lactate, hydrogen, and phosphate production, promoting tis-
sue acidosis [34, 40]. The pathological mechanisms that ensue after cardiac arrest 
will lead to cell death by both necrosis and apoptosis.

During ischemia, due to the depletion of oxygen and glucose, there will be a 
rapid reduction/depletion of ATP production and ATP reserves. By not having 
enough oxygen available to be used as the final electron acceptor in the mitochon-
dria, there is a REDOX shift toward reduction, causing an increase of electron-rich 
metabolites which cannot follow the regular mitochondrial cytochrome oxidase 
pathway. This begins an electron “leakage” within the mitochondria, thus starting 
the production of reactive oxygen species (ROS), also known as free radicals, dur-
ing the ischemia phase [41–43]. At the same time, ATP deficiency generates a dis-
ruption of ion homeostasis by affecting the transmembrane transport structures like 
Na+/K+-ATPase and Ca2+-ATPase pumps. Inhibition of these pumps leads to an ion 
gradient shift, which causes an increase in interstitial K+ and intracellular Ca2+, giv-
ing rise to an excitotoxic release of extracellular glutamate from presynaptic nerve 
terminals and astrocytes [44–46].

Even in the subacute phase of ischemic/reperfusion insult, after restoration of 
circulation and replenishment of energy reserves, tissue injury will persist. The 
damage will come from nocive pathways that started during the acute ischemia 
phase, plus secondary reperfusion mechanisms, all happening simultaneously [47].

N-Methyl-D-aspartate (NMDA) receptors are activated by the, previously 
described, increase of extracellular glutamate, as well as the increase of body tem-
perature that occurs after ROSC [19, 20]. Activation of NMDA receptors further 
increases intracellular Ca2+ levels via glutamate receptor-gated ion channels [48]. 
By activating NMDA receptors, the postsynaptic cells will have an influx of Na+ and 
Cl−, thus generating an intracellular hyperosmolar state with consequent influx of 
water to the cell. The end result of this influx will be a decrease of the inhibitory 
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effect that Mg2+ has on NMDA receptors, thus making them more sensitive to glu-
tamate levels, which allows more Ca2+ entrance, promoting cellular edema and 
eventual neuronal necrosis [40, 49]. It’s important to understand that this increase in 
intracellular Ca2+ creates a harmful positive feedback loop that dictates glutamate 
release, all of which is completely dependent on the severity of the ischemia [50]. 
Overall, the elevation of intracellular Ca2+ will activate a cascade of calcium- 
dependent enzymatic pathways (proteases, nucleases, and lipases) that contribute to 
cell membrane disintegration and eventual tissue necrosis [37, 48].

In normal conditions, the endoplasmic reticulum and the mitochondria can 
sequester Ca2+ if the intracellular levels increase, but during anoxia and ischemia, 
this regulatory mechanism is impaired [40]. Calcium regulation by the mitochon-
dria is ATP and oxygen dependent, and as explained, within seconds to minutes 
after the CA2+, the ATP and oxygen reserves are completely depleted [19, 20, 34]. 
During ischemia, as Ca2+ influx is first happening, the mitochondria are able to buf-
fer some of it by sequestering some of the Ca2+, which leads to mitochondrial depo-
larization and overall mitochondrial dysfunction [9, 40].

The mitochondrial dysfunction is mainly caused by an increase in the perme-
ability of the inner mitochondrial membrane (IMM) that occurs due to both the 
electron leakage and the opening of permeability transition pores (PTPs) [42, 49]. 
These pores are multiprotein complexes that create nonselective pores in the IMM 
that contribute to the IMM depolarization, which transforms the mitochondria 
from an ATP producer organelle to an ATP consumer by reversing the ATP syn-
thase pump action, in an attempt to maintain the membrane potential [51]. 
Mitochondrial PTPs appear to be sensitive to Ca2+, pH, voltage changes, and 
REDOX reactions. With reperfusion, mitochondria are at high risk of PTP open-
ing due to the increase of intracellular Ca2+ levels, the alkalosis seen as the acido-
sis is washed away, and the increase of ROS that first started with the electron 
leakage and the synthesis of nitric oxide due to glutamate excess [9, 50, 52, 53].

After ROSC, due to the sudden oxidative stress experienced with reperfusion and 
reoxygenation, there will be a secondary rapid increase of ROS, mainly in highly 
metabolically active organs, like the brain and heart [43, 41, 54]. These free radicals 
are a result of different pathways, mainly mitochondrial dysfunction, uncoupled 
nitric oxide synthase, glutamate and consequent activation of NMDA receptors, 
arachidonic acid, and catecholamines [40, 41, 54, 55].

Since 1995, Globus and colleagues demonstrated that ROS production and glu-
tamate release into extracellular space are temperature dependent [40, 56]. This 
becomes clinically relevant when we take into consideration the pyrexia that patients 
experience post-ROSC, as this pyrexia enhances the damaging effects of free radi-
cals, when patient’s temperature increase by >0.5 °C over 37 °C [19, 20]. Free radi-
cals will cause oxidative damage, post-ROSC, by acting in DNA, lipid membranes, 
proteins, and enzymes, eventually leading to cell death [40, 41, 54].

Both ischemia and reperfusion mechanisms play a big role in the cell’s fate. 
Ischemia primes mitochondria for PTP opening, and reperfusion triggers PTP open-
ing. Depending on the severity of PTP opening, the mitochondrial membrane depo-
larization will be either transient or sustained. If the depolarization is severe, 
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cytochrome C, along with other apoptogenic factors (apoptosis-inducing factor, 
Smac/DIABLO, and Apa-1), can leak from the intermembrane space into the cyto-
sol, activating both caspase-dependent and caspase-independent pathways which 
culminate in mitochondrial-mediated apoptosis days to weeks after the ischemia 
episode [40, 51, 52, 54, 57].

The combination of elevation of intracellular Ca2+ and production of ROS due to 
ischemia/reperfusion mechanisms contributes to cell membrane disintegration and 
eventual neuronal death by either necrosis or apoptosis, mainly observed in neuro-
logic and myocardial tissue [19, 20, 43, 58].

Due to the nature of the pathophysiology described in PCAS, the main goals of 
treatment in post-cardiac arrest patients should be identifying and treating the pre-
cipitating cause of the cardiac arrest, minimizing the brain injury, controlling the 
cardiovascular dysfunction, and managing any metabolic issues that arise from the 
ischemic/reperfusion insult [24]. One therapeutic approach that allows healthcare 
providers to address multiple of these potential issues is TH, as it has proven to have 
beneficial effects in multiple of the damaging pathways of the ischemic/reperfu-
sion insult.

17.4  Protective Mechanisms and Effects 
of Therapeutic Hypothermia

Therapeutic hypothermia was first used under the rationale that its protective mech-
anism was completely due to slowing the metabolic rate, specifically the cerebral 
metabolism [59]. Cerebral oxygen consumption, glucose utilization, and lactate 
production are all temperature-dependent processes which benefit from hypother-
mia induction [19]. Cerebral metabolic rate is estimated to decrease 6–7% for each 
1 °C below a body core temperature of 37 °C [60].

During the ischemic episode, CBF has either completely stopped or is signifi-
cantly reduced. As circulation is restored (ROSC), hyperemia occurs in cerebral 
vessels, followed by a steady decline of blood flow over a period of hours. 
Therapeutic hypothermia has shown to blunt the hyperemia episode seen in the 
immediate post-ROSC phase. Avoiding this increase of blood flow allows the brain 
to preserve its energy reserves of ATP and to maintain the pH [50].

As previously explained, ATP is needed to maintain ion gradients, and when 
reserves are depleted, as it happens during ischemia, there is a rapid calcium influx 
which leads to the increased release of glutamate and other excitotoxic amino acids. 
Hypothermia plays a role in preventing this excitotoxic cascade by limiting the cal-
cium influx by multiple mechanisms. Preserving ATP levels minimizes ion pump 
malfunction, reducing intracellular calcium entrance. One study showed that hypo-
thermia decreases the ischemia-induced downregulation of the glutamate receptor 2 
(GluR2) subunit of the AMPA receptor, which is thought to play a role in limiting 
calcium influx [61]. Hypothermia further prevents calcium influx by affecting 
NMDA receptors. N-Methyl-D-aspartate receptors are temperature dependent, so as 
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patients are cooled down, these receptors are inhibited [20, 48]. Also, hypothermia 
reduces brain glycine levels which makes NMDA receptors more responsive to glu-
tamate levels, so by reducing glycine levels, the NMDA-glutamate pathway is 
blunted [40].

The protection TH confers to post-cardiac arrest patients cannot be fully 
explained by the prevention of ATP depletion or blunting of the excitotoxic cascade 
due to a decrease of intracellular calcium influx and glutamate release. Still during 
the acute ischemic phase, TH affects early gene expression. Expression of 70-kDa 
inducible heat shock protein (HSP70) increases during hypothermia, thus enhanc-
ing its neuroprotective properties [50].

During the subacute phase of PCAS (1–7 days post-ischemia), reperfusion path-
ways in conjunction with the ischemic mechanisms can widen the tissue injury [47]. 
Free radical formation is the main pathway by which reperfusion injures organs 
[41]. Therapeutic hypothermia is useful in this subacute phase as ROS production is 
another temperature-dependent process which slows down from cooling the patient 
[19]. Additionally, inflammatory responses activate during this period, which lead 
to cell death by both necrosis and apoptosis. Hypothermia affects these cell death 
pathways in a way that favors cell survival [4].

In an ischemia setting, necrosis is caused because of the intracellular swelling 
due to the ion pump malfunction. By allowing ion pumps to work, hypothermia 
decreases cellular necrosis. The other cell death pathway is apoptosis, which con-
sists of two main pathways. The intrinsic pathway is found at mitochondrial level 
and is initiated in response to “death signals” (DNA damage, hypoxia, and mito-
chondrial membrane instability). This pathway is highly regulated by antiapoptotic 
molecules, such as those of BCL-2 family; apoptotic signals lead to a release of 
cytochrome c from within the mitochondria to the cytosol, where it will activate the 
caspase 9, which in turn activates caspase 3, eventually leading to apoptosis [40, 
50]. Cooling can interfere with the intrinsic pathway by modifying the expression 
of BCL-2 family members, decreasing cytochrome c release by the mitochondria 
and decreasing caspase activation [62].

The extrinsic pathway starts outside the cell, by the activation of death receptors, 
the FAS (apoptosis-inducing receptor) and FASL (ligand) being the most studied 
extrinsic signaling pathway. Activation of death receptors leads to caspase 8 activa-
tion, which, same as in the intrinsic pathway, activates caspase 3, leading to apopto-
sis. Apoptosis has shown to suppress the expression of both FAS and FASL, thus 
decreasing activation of the extrinsic pathway [50].

At the same time, while blunting cell death pathways, hypothermia has shown to 
promote neuronal growth. Brain-derived neurotrophic factor (BDNF), glial cell- 
derived neurotrophic factor (GDNF), and neurotrophin all help preserve neuronal 
integrity, and hypothermia significantly increases its levels[40, 50]. The synergy 
between hypothermia and BDNF has been reported to decrease neuronal damage 
and reduce infarction size up to 40% [63].

In a way, TH decreases the magnitude of the damaging pathways that ensue dur-
ing and after a CA. The protective mechanisms come from preventing or decreasing 
the energy depletion, thus diminishing the overall metabolic malfunction that 
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develops afterward. In addition, TH promotes cell survival while blunting the cell 
death pathways. Each of the three separate phases of injury seen in PCAS can 
potentially benefit from TTM. The therapeutic usefulness will vary accordingly to 
the severity of the ischemia, the cause of the CA, and the baseline comorbidities of 
different patients, but overall, TTM will allow the body’s metabolism to slow down, 
preventing further tissue damage and allowing, to some extent, the injured cells to 
heal and regain function [64].

17.5  Physiology of Cooling and Clinical Considerations

As core body temperature decreases, for each 1 °C below 37 °C, the cerebral metab-
olism decreases 6–7%, along with brain oxygen and glucose consumption [60]. 
Therapeutic hypothermia improves the oxygen delivery to the ischemic areas of the 
brain. Intracranial pressure (ICP) is reduced with TH because of a hypothermia- 
induced vasoconstriction that decreases cerebral blood flow, thus decreasing ICP 
and providing an anticonvulsant effect on the patient (which can be used to treat 
refractory status epilepticus) [40].

The main physiologic responses to mild-to-moderate TH in the cardiovascular 
system are a decrease in heart rate and an increase of the systemic vascular resis-
tance [65]. Recent studies have associated bradycardia during TH with better out-
come [66, 67]. This bradycardia is attributed to a prolonged action potential, as well 
as less spontaneous repolarization of the cardiomyocyte [68]. In 2002, Lewis and 
associates analyzed heart contractility of 10 patients who were under hypothermia, 
at 33 °C, and reported that patients had an impaired contractility when the heart rate 
was “artificially” sustained during hypothermia, thus demonstrating that the heart’s 
contractility is directly related to a low heart rate [69]. Hypothermia will be accom-
panied by a release of catecholamine, which will cause an increase of the stroke 
volume and initially an increase in cardiac output. As core temperature continues to 
decrease, the effect over cardiac output will shift, but the mean arterial pressure will 
be preserved due to the increase of the peripheral vascular resistance [58].

The catecholamine surge will also cause coronary artery vasodilation, improving 
myocardial perfusion and oxygenation. This is clinically important, as TH not only 
diminishes the overall metabolic rate and the oxygen demand but also increases 
oxygen delivery to both brain and heart [50, 70].

When core temperature is 32 °C, the metabolic rate is 50–60% of baseline. The 
oxygen consumption and carbon dioxide production shift in a parallel manner, giv-
ing rise to important respiratory considerations. Mechanical ventilation settings 
need to be adjusted frequently because if left unchanged, patients are at risk of 
hyperventilating [19], which could in turn cause cerebral vasoconstriction and affect 
the oxygen delivery to an already injured brain. To manage ventilator settings 
appropriately, blood gases should be taken frequently, especially during the induc-
tion phase [4].

Therapeutic hypothermia causes increased renal blood flow, which in turn causes 
what is known as “cold diuresis.” This diuresis is especially relevant during 
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induction phase, as the diuresis can cause hypovolemia, manifesting as hypoten-
sion. During this same phase, potassium will shift intracellularly, leading to hypo-
kalemia. Correction of the hypokalemia during induction phase can be harmful later 
on during the maintenance and rewarming phases as the potassium will exit the cell 
and cause rebound hyperkalemia. From an acid-base perspective, for every 1  °C 
below 37 °C, the intracellular pH increases 0.016 points [65].

The ischemic injury in conjunction with hypothermia causes intestinal dysfunc-
tion. Patients will have a delayed gastric emptying due to a decrease of peristalsis 
[71]. Traditionally, enteral feeding has been deferred until rewarming phase, but 
recent studies have shown that enteral nutrition is feasible in patients undergoing 
TH. It is important to keep in mind that predictive equations will most likely over-
estimate the patient’s nutritional needs due to the decrease in metabolic rate. Further 
research is needed to define optimal feeding rates [72, 73].

Some associations between hypothermia and coagulopathies have been reported 
[74]. At temperatures ≤35 °C, there will be mild platelet dysfunction, with some 
inhibition of the coagulation cascade, prolonging both prothrombin and partial 
thromboplastin times [75]. At the same time, with hypothermia, there is an increased 
incidence of neutropenia, being pneumonia a common infection seen during 
TH [47].

17.6  Applications and Indications of Targeted 
Temperature Management

In the past decades, CA research has focused on methods to obtain more easily and 
at a higher rate ROSC [24]. Cardiopulmonary resuscitation continues being the 
treatment of choice to counteract CA, and despite the huge effort put into promoting 
early initiation of CPR, mortality and neurologic morbidity remain high in post- 
cardiac arrest patients with ROSC [46]. So, how do we manage post-cardiac arrest 
patients? Therapeutic hypothermia with TTM is a therapeutic intervention that has 
been implemented in an attempt to minimize the mortality and the neurologic dam-
age experienced in the PCAS. The initial rationale behind the clinical implementa-
tion of TTM was that it decreases the metabolic rate, thus allowing the injured brain 
to heal [64].

In 2002, two multicenter, prospective, controlled RCTs showed a favorable neu-
rological outcome in post-cardiac arrest patients with ROSC who underwent hypo-
thermia vs. those who were managed with a normothermia approach [2, 3]. One 
year after these clinical trials, the Advanced Life Support Task Force of the 
International Liaison Committee on Resuscitation (ILCOR) wrote an advisory 
statement, recommending for the first time that comatose adult patients with ROSC 
after out-of-hospital cardiac arrest (OHCA) should undergo TH with TTM 
(32–34 °C for 12–24 h) when initial rhythm, during the arrest, was ventricular fibril-
lation [21].

Nielsen and colleagues, in 2013, published an RCT that compares TTM at 33 °C 
with TTM at 36  °C in OHCA patients, focusing in survival and neurological 
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outcomes [76]. The results showed no difference in either outcome between both 
target temperature groups, leading to a debate regarding expanding target tempera-
ture to 36 °C instead of 32 °C–34 °C, as the 2010 guidelines recommended. Many 
centers understood Nielsen’s results as TTM no longer being required or that fever 
control would suffice post-cardiac arrest management, which is not at all the case 
[6, 59].

The ILCOR does not take part in the debate regarding ideal target temperature 
that sparked after Nielsen’s TTM Trial. Instead, they continue to recommend TTM 
use and expanded their previous temperature range recommendation of 32–34 °C to 
a constant target temperature between 32 °C and 36 °C [77]. Specific information 
about the ideal duration of TTM is lacking [59], due to which current recommenda-
tion is temperature control for at least 24 h since achievement of selected target 
temperature, as it was done in the two largest randomized clinical trials in 2002 [77].

Traditionally, TTM had been reserved only for patients who remained comatose 
after OHCA with an initial shockable rhythm [21, 64, 78, 79]. In 2015, the Advanced 
Life Support Task Force of the International Liaison Committee on Resuscitation 
and the American Heart Association Emergency Cardiovascular Care Committee 
and the Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation 
published an advisory statement with the most recent and current recommendations 
for TH with TTM in post-cardiac arrest patients [77]. Between 2010 and 2015, 
clinical trials showed a neurological benefit when TTM was used for both OHCA 
with initial non-shockable rhythm and in-hospital cardiac arrest (IHCA) regardless 
of initial rhythm [80–84], which prompted a change to prior guidelines. Current 
guidelines recommend to:

• Initiate TTM for adult patients who remain comatose after ROSC in OHCA 
which initially had a shockable rhythm.

• Initiate TTM for adult patients who remain comatose after ROSC in OHCA 
which initially had a non-shockable rhythm.

• Initiate TTM for adult patients who remain comatose after ROSC in IHCA, 
regardless of initial rhythm.

By making these strong recommendations, the task force group is stating that 
essentially there are no patients in whom temperature control between 32 °C and 
36  °C is contraindicated [85]. After 24 h of temperature control in between that 
range, slow rewarming is recommended (≤0.25 °C/h), followed by strict hyperther-
mia management [6, 77, 85]. This way, the ILCOR supports TTM as a protective 
intervention from a neurologic and cardiovascular standpoint [77, 86].

There is conflicting data on benefit and risk of cooling induction in a prehospital 
setting [87–92]. Current guidelines recommend against usage of large volumes of 
cold fluid in a prehospital setting for induction of TH right after ROSC and make no 
comment on other prehospital cooling techniques [85].

One year after the release of the current guidelines, in 2016, Schenone et  al. 
presented a meta-analysis and systematic review in which they reviewed the mortal-
ity and neurologic outcome when utilizing expanded criteria for targeted 
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temperature in OHCA survivors [93]. Fifty-one percent of the patients included in 
the meta-analysis had initially a shockable rhythm, with arrest times ranging from 
20 to 34.6 min (a mean of 24.6) [93], which compares with the downtimes in the 
TTM trial, which excluded patients with downtimes of more than 20  min [76]. 
Schenone showed that the use of TH correlates with a higher survival rate and a bet-
ter neurological outcome after OHCA, regardless of initial rhythm and with a more 
flexible downtime window. These results seem to help elucidate the questions 
regarding TTM usage, favoring TTM use in all cardiac arrest patients, even when 
patients had a longer downtime or a delay in initiation of therapy [94].

Despite the overwhelming positive evidence of TTM in post-cardiac arrest 
patients, TTM remains underutilized [86, 95–99]. It is our opinion that we should 
initiate TTM in all cardiac arrest patients with ROSC, regardless of their downtime 
and initial rhythm, when feasible.

Success utilizing TH in cardiac arrest’s RCTs, coupled with physiologic knowl-
edge on the hypothermia topic, has motivated physicians on expanding the utiliza-
tion of TH to other pathologies apart from PCAS [64]. There is data of benefit in 
diseases like ischemic stroke [100–102], traumatic brain injury [103], near- drowning 
[104], neonatal hypoxic-ischemic encephalopathy [105], hepatic encephalopathy 
[106–108], and acute respiratory distress syndrome [109], among others. Therapeutic 
hypothermia protocols might differ in target temperature and duration of TTM in 
these other clinical indications.

17.7  Time Window and Timing

The extent of neurologic damage seen in post-cardiac arrest patients is primarily 
related to the duration of ischemia [20]. The first 5 min after the circulatory arrest 
delimits the classic threshold in which brain tissue can still be completely salvaged 
[38, 39]. For this reason, reaching the selected target temperature (32–36 °C) as 
quickly as possible after ROSC is the main goal in post-cardiac arrest care [19]. 
Laboratory analysis has shown that the therapeutic window for hypothermia is ini-
tiation in less than 6 h after ROSC; however, clinical trials do not support this find-
ing, and currently, we remain without a defined therapeutic window [110].

Animal studies have shown neurologic benefit with very early initiation of 
TTM after ROSC [111, 112]. However, human studies have failed to provide 
definitive data regarding prehospital induction of TH [47, 113]. Physicians have 
even looked into initiating hypothermia during the intra-arrest phase, utilizing 
different techniques, with inconclusive results [88, 114]. Nonetheless, clinical 
studies have shown a remarkable therapeutic benefit from TTM even when cool-
ing initiation was delayed for several hours [93, 104]. Taking all this into consid-
eration, the reality is that TTM remains being a neuroprotective intervention, 
which ideally should be started as early as possible, in a hospital environment. 
The traditional time window to achieve target temperature after obtaining ROSC 
is 4 h, but patients with delayed induction of hypothermia can still benefit from 
being cooled down [94].
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The ideal duration of TTM in order to obtain a good neurological outcome 
remains unknown. The ILCOR originally had recommended 12–24 h of TTM at 
32–34 °C [21, 78, 79]. A recent multicenter RCT, in 2017, compared TTM use for 
48 h with TTM use for 24 h and reported no significant differences between both 
groups in neurologic outcome or survival rate at 6-month follow-up [115]. Current 
resuscitation guidelines recommend at least 24 h of TTM between 32 °C and 36 °C 
[85]. However, a clinical trial has yet to prove benefit from TTM for durations lon-
ger than 24 h [115]. Then again, dose-finding RCTs cannot assume there is an opti-
mal fixed duration that can be applied to all the post-cardiac arrest patient 
population [116].

17.8  Cooling Techniques

There are multiple techniques to induce TH [60, 117]. Current recommendations do 
not specify the optimal method for initiating and/or maintaining TH, as the ideal 
cooling device has yet to be developed, and there is insufficient evidence to recom-
mend a specific cooling method [85, 118]. The ideal cooling device would have a 
high cooling rate with short induction times, preferentially would be directed toward 
target organs (brain and heart), would be easy to transport (lightweight, portable, 
and durable), and could be used in a prehospital setting, maybe even during cardio-
pulmonary resuscitation. The main modalities used nowadays are surface and inva-
sive cooling [47, 119].

Surface cooling methods are relatively easy to use but take a longer time to cool 
down patients to the desired target temperature (2–8 h). They include circulating 
cold-water blankets, cold air-forced blankets, self-adhesive hydrogen-coated pads, 
and less sophisticated methods like ice packs and cold-water immersion.

Immersing patients in cold water is an option but should be avoided as it compro-
mises monitoring temperature, and it is troublesome to defibrillate patients, as it 
takes time to dry them off [47]. Ice-pack usage remains a viable cost-effective 
option that can be used in conjunction with more advanced cooling techniques. 
Main disadvantages of ice packs, other than being labor intensive, are that uninten-
tional overcooling past target temperature is common and if applied directly to the 
skin, they can cause skin necrosis [117]. One of the major drawbacks from surface 
techniques is that the shivering response seen during the induction phase is increased 
[20]. Due to this, appropriate prevention and/or treatment of the shivering is needed 
as the increased oxygen consumption could mitigate the protective mechanisms that 
TH confers [4].

Invasive endovascular cooling methods were developed mainly because of the 
major drawbacks of surface cooling [47]. Methods included in this modality are 
infusion of cold intravenous fluid (4  °C), cold carotid infusions, single-carotid 
artery perfusion with extracorporeal cooled blood circulation, ice water nasal 
lavage, cardiopulmonary bypass, cold peritoneal lavage, nasogastric and rectal 
lavage, and esophageal cold-water circulating device [47, 120]. Cold intravenous 
fluid infusion has shown to be easily available and cost-effective in inducing 
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hypothermia, but not in maintaining it. Up to two liters of cold intravenous fluid is 
safe to administer in post-cardiac arrest patients [117].

Overall, endovascular cooling methods have shown to have faster cooling rates 
and, more importantly, more time within target temperature with less temperature 
fluctuations. Tight temperature control, limiting temperature fluctuations, might 
become more important with the newer recommendations to manage patients at 
temperatures up to 36 °C, as a shivering episode could lead to a 1.5 °C increase in 
temperature, placing the patient in the febrile territory [121].

A newer method is through an esophageal device. This device maintains standard 
orogastric tube functions while cooling down patients at a rate of 1.3 °C/h, with 
minimal temperature fluctuations [120].

In many cases, a combination of hypothermia induction methods is used to reach 
target temperature in a faster manner [4]. Maintenance of TH is usually done based 
on the characteristics of the patient, in conjunction with the physician’s expertise 
with different devices, as well as the availability of different methods [120].

17.9  Monitoring Temperature

Therapeutic hypothermia levels are classically divided into four: mild, 34–36 °C; 
moderate, 28–32 °C; deep, 17–27 °C; and profound, 4–16 °C [19]. Induced TH is 
currently recommended in a mild-to-moderate (32–36 °C) fashion, as in between 
this temperature range the protective mechanisms have shown to outweigh the pos-
sible complications [85].

Regardless of the hypothermia induction method and the TTM maintenance 
technique, reliable continuous temperature monitoring is imperative for adequate 
neuroprotection [110]. Even though the brain is the main end-organ target of TTM, 
core temperature is usually the one measured in order to have tight temperature 
control [122]. Despite it being more than 15 years since the release of the first TTM 
recommendations, current guidelines do not recommend a specific site for tempera-
ture measurement [21, 85].

Monitoring can be done with a variety of invasive or noninvasive probes, includ-
ing pulmonary artery catheter, nasopharyngeal, esophageal, tympanic membrane, 
bladder, and rectal [19]. Blood in the pulmonary artery catheter is considered the 
“gold standard” of core temperature measurement, as it has a higher accuracy and 
precision than other monitoring methods [123], but its use in an emergency setting 
can be impractical.

Physicians need to take into consideration that the devices used to measure tem-
perature during a hypothermia regimen were not designed to detect quick shifts in 
temperature. Inevitably, these temperature monitoring devices will be “lagging” 
behind in time when compared to “true” core temperature. This time lag will be 
greater when cooling is being done at fast rates (as seen in newer cooling devices). 
Due to this, during the induction phase, the measured temperature will be constantly 
behind the actual core temperature. It means that the cooling device will keep 
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cooling down the patient even if the target core temperature has been achieved, and 
by the time the measured temperature reflects the target temperature, the patient’s 
core temperature may be significantly below the therapeutic range [71].

Nasopharyngeal and esophageal temperatures have shown to correlate better 
with brain temperature than other body site temperatures further away from the 
brain, during TH [124, 125]. Tympanic membrane temperature is readily available 
in a noninvasive manner and seems to correlate well with brain temperature [75]; 
however, measurement can be impaired when there is an ear canal obstruction (i.e., 
ear wax). If tympanic temperature is the choice, cooling of the head should be 
avoided to reduce the chance of “false” readings [126–128]. Rectal probes are not 
ideal, as fecal impaction can disrupt measurements when compared to intracranial 
temperature [47]. Bladder probe is another option that seems to correlate well with 
pulmonary artery temperatures, making it an easy-to-use option [20].

17.10  Therapeutic Hypothermia Phases

A TH cycle is clinically divided into three phases [60]:

 1. Induction phase, defined as the period since the patient is first being cooled down 
until reaching the selected target temperature. The aim is to get the patient’s core 
temperature to a desired target temperature between 32 °C and 36 °C as quickly 
as possible.

 2. Maintenance phase starts as soon as target temperature has been reached. The 
main goal is to manage core temperature strictly, with minimal or no fluctuation 
in body core temperature (maximum fluctuation of 0.2–0.5 °C).

 3. Rewarming phase occurs after at least 24 h of TH. Rewarming should be done at 
a slow rate, ranging from 0.25 °C to 0.5 °C/h.

Each phase has their own clinical considerations that need to be kept in mind. 
When attempting to cool down a patient, counter-thermoregulatory mechanisms 
will activate [71]. At a core temperature of 36.5 °C, there will be vasoconstriction of 
the skin in an attempt to decrease the body’s heat loss. In this case, the vasoconstric-
tion of skin vessels makes more difficult inducing hypothermia, especially when 
using surface cooling methods. In addition, about 1 °C below skin vessels vasocon-
striction, shivering will kick in attempting to maintain body temperature by increas-
ing heat production [129]. If left untreated, shivering will increase the systemic 
oxygen consumption, decrease the neurologic oxygenation, increase the ICP, and 
will interfere with the cooling rate, prolonging induction’s phase duration [110, 130].

Patient’s shivering while inducing hypothermia can be treated with sedatives, 
anesthetics, opiates, magnesium, neuromuscular blockade, etc. Despite neuromus-
cular paralytic agents being an option, they should probably be avoided, if possible 
[130]. First, when utilizing paralytic agents, there will be muscular blunting, but 
centrally, there won’t be any effect. Second, paralytic agents can mask seizure 
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activity. Third, sedatives in conjunction with anesthetics can usually manage the 
shivering and can help with the cooling rate as they can cause vasodilation. Lastly, 
paralysis may mask insufficient sedation [4].

Short-term paralysis seems appropriate as a first-line option to treat shivering in 
patients in whom hemodynamic stability is a concern (in whom sedatives and/or 
analgesics could cause hypotension) [131]. It appears reasonable that paralysis 
should be used only when appropriate sedation and analgesia failed to manage shiv-
ering. But, even then, shivering response decreases past the 33.5 °C mark. For this 
reason, the sedation strategy should aim for a high bolus dose during the induction 
phase, continued by a relatively low dose during maintenance phase, as there will be 
a decreased drug clearance [71].

The induction phase represents the period during which the patient is at highest 
risk for short-term side effects like hypovolemia, electrolyte imbalances, and hyper-
glycemia [65]. Hypovolemia can develop due to hypothermia-induced “cold- 
diuresis” or a fluid shift toward the extravascular space. Electrolyte disorders occur 
by a combination of an increased renal excretion (by both cold diuresis and tubular 
dysfunction) and an intracellular shift. Magnesium and K+ depletion are especially 
important [4]. The recommendation is to keep K+ at a level between 3.0 and 
3.5 mmol/l during the induction phase (and maintenance phase) to avoid the risk of 
rebound hyperkalemia during rewarming phase (see later) [110]. Magnesium sup-
plementation is important, as several studies have shown a relationship between 
hypomagnesemia and increased mortality in the intensive care unit (ICU) [132, 
133]. Giving Mg2+ to these patients is also useful as Mg2+ happens to be an NMDA 
receptor antagonist that increases the shivering threshold [60]. Hyperglycemia hap-
pens due to the decrease in insulin sensitivity and a reduction of insulin secretion by 
the pancreatic islet cells, caused by the hypothermia [47].

Management during the induction phase is critical for the patient’s outcome, 
with frequent adjustments to ventilator settings, sedation, insulin and vasopressor 
dosage, and fluids and electrolyte management. A way to minimize these side 
effects is by shortening the induction phase duration by reaching the maintenance 
phase as quickly as possible, which can be obtained by combining cooling tech-
niques [4].

The maintenance phase is characterized by patient “stability” when compared to 
the induction phase. The shivering response diminishes past the 33.5 °C mark [71]. 
The risk for hypovolemia or electrolyte imbalance is less of a concern during this 
phase. Attention should be given to the prevention of infections, pressure ulcers, and 
deep venous thrombosis prophylaxis [71].

After completing at least 24 h of TH, the best approach for rewarming and con-
tinuing temperature management remains unknown [85]. Rewarming after TH 
should be done at a slow rate, between 0.25 °C and 0.5 °C/h, as plasma electrolytes, 
intravascular volume, and metabolic rate can shift quickly during rewarming [60, 
134]. Studies have shown that a fast rewarming rate is associated with a worse out-
come [135, 136].

During the rewarming phase, it is common for patients to present shivering and 
hypotension [20]. Shivering should be controlled as it can eliminate the protective 
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effects of TH by increasing the overall metabolic rate. Hypotension is caused by a 
redistribution of intravascular fluid, as skin vessels dilate with the temperature going 
up [137].

In patients in whom intracranial hypertension is being controlled with TH, the 
rewarming rate should be even slower; recommended rewarming rate is 0.5–1 °C/
day [47]. After achieving normothermia, in the post-therapeutic hypothermia phase, 
studies have noted that hyperthermia presents in a considerable amount of patients 
[138, 139]. Rebound hyperthermia management is key in the post-rewarming 
period, as it also is associated with worse neurological outcome [140]. Further 
research is required to define a maximum safe target temperature post-rewarming 
and the duration of hyperthermia prevention post-cardiac arrest [118].

17.11  Complications

Hypothermia causes physiologic changes in all the organs of the body [141]. It is 
important to differentiate between these physiologic changes that occur and the true 
side effects and complications of TH. But, even after making this distinction, some 
of these normal physiologic changes are unwanted in critically ill patients, requiring 
prompt medical management. Other side effects are expected but will not endanger 
patient’s lives [71]. The most important complications of TH will be discussed below.

Bradycardia is the most common heart dysrhythmia during TH. However, it is 
important to remember that myocardial contractility is highly related with a low 
heart rate (at least in this temperature setting), due to which patients should not 
receive chronotropic medications in order to keep the heart rate up. Forty beats per 
minute can be considered a normal heart rate for patients being managed at 
32 °C. Overall, the risk of developing life-threatening dysrhythmias is very low at 
temperatures above 30 °C [58]. In a more profound hypothermia regimen, patients 
usually start with atrial fibrillation, which can shift to any dysrhythmia, most com-
monly being to either ventricular fibrillation or ventricular tachycardia. A major 
clinical consideration to keep in mind is that at profound hypothermia levels, dys-
rhythmias are harder to manage with anti-arrhythmic drugs because myocardial tis-
sue is less responsive [71]. Appropriate care involves constant reliable temperature 
monitoring not only to diminish temperature fluctuations but also to prevent going 
below the recommended therapeutic range [110].

A major concern with hypothermia is the supposed predisposition for bleeding. 
Hypothermia causes some degree of platelet dysfunction, decreases platelet count, 
and affects kinetics within the coagulation cascade, affecting both prothrombin and 
partial thromboplastin times [20, 47]. Clinically, this does not represent a major 
concern in patients who are not actively bleeding when hypothermia is induced. 
However, the situation changes when patients are actively bleeding prior to cooling 
them down. In this case, the bleeding should be stopped prior to initiating tempera-
ture management. When bleeding is a concern, it is worth knowing that platelet 
dysfunction does not happen until the temperature is ≤35 °C and the coagulation 
cascade is not blunted until the temperature is ≤33 °C [4, 142]. These temperature 
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levels are the basis for some authors recommending higher temperatures of TH for 
patients in whom bleeding is a concern, but this bleeding risk is not a reason to not 
initiate TH [110].

One of the major protective attributes of TH is the inhibition of various inflam-
matory pathways [40]. With this inhibitory effect, its inherent that there will also be 
impairment of the immune system response. Inhibition of proinflammatory cyto-
kines, leukocyte migration, and phagocytosis make the body more susceptible to 
infections [71]. Other factor that further enables infection development is the 
hypothermia- induced hyperglycemia, caused by both increased insulin resistance 
and diminished insulin secretion [142].

The most common infection seen in TH patients is pneumonia. Information 
regarding what aspect of TH (duration, temperature, method, etc.) causes the 
increased risk for infection remains unknown. An increased incidence of infection 
during hypothermia opens up the debate regarding prophylactic administration of 
antibiotics, but guidelines remain neutral on the topic [143]. Even if antibiotics are 
used prophylactically or not, prevention of pressure ulcers during hypothermia 
should be a big priority as hypothermia increases the risk of wound infection. 
Special attention should be given to surgical wounds or catheter insertion sites 
[71, 144].

A clinical tie-in with the increased risk of wound infection is the possibility of 
skin necrosis if direct cold injury occurs. As previously explained, hypothermia 
induction can be done through multiple methods. If surface cooling is the option 
selected, one possibility is that if cold substances (i.e., ice, pads with hydrogel) are 
applied directly on top of the skin, there will be severe peripheral vasoconstriction 
which can lead to skin necrosis [145]. Again, wound prevention is very important 
during TH.

17.12  Controversies

In 2013, Nielsen and colleagues published the TTM Trial. This international RCT 
reported that TTM at 33 °C conferred no benefit regarding survival rate and neuro-
logic outcome when compared to a target temperature of 36 °C [76]. This publica-
tion sparked a debate within the hypothermia community that threatened TTM usage.

The results from the Nielsen’s TTM Trial are usually interpreted as if TH only 
confers protective mechanisms by controlling/preventing fever in post-cardiac 
arrest patients. This hypothesis is partially true in the sense that fever in post-cardiac 
arrest patients has been shown to be harmful in those who had an ischemic event 
[146]. For years authors have stated the detrimental effect that hyperthermia has on 
prognosis, but hyperthermia prevention is not the only mechanism by which TH 
confers beneficial effects [118]. The question that Nielsen was seeking to answer 
with this trial is very valid, but the execution of the study was probably suboptimal.

The study design was an international RCT, which involved 36 intensive care 
units (ICUs) in Europe and Australia. During 26  months, patients 18  years or 
older, who suffered an OHCA, who remained comatose at least 20  min after 
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ROSC were screened to form part of the trial. The main exclusion criteria were 
that more than 240 min had passed since ROSC until screening and asystole as 
initial rhythm [76].

Between November 2010 and January 2010, 950 patients were enrolled in the 
TTM Trial (476 assigned to 33 °C and 474 assigned to 36 °C). These numbers mean 
that on average each center was enrolling only one patient per month into the trial. 
Were all post-cardiac arrest patients with ROSC screened for this study? We believe 
physicians were subconsciously preselecting patients who they thought could ben-
efit from TH [146].

Additionally, a major concern within the design of this study is the time allow-
ance for screening of up to 4 h [147]. Animal studies and pathophysiologic knowl-
edge support that early induction of hypothermia correlates with better protective 
effectiveness [111, 112]. Thus, with the design of the study, patients could go up to 
4 h, before initiating the cooling process, with some patients not reaching target 
temperature after up to 10 h post-ROSC. This skews their proposed analysis and 
results, as medical literature states that the time window to reach target temperature 
to have the greatest effectiveness is 4 h [7].

Clinical data and patient characteristics play a big role when comparing both 
groups (33 °C vs. 36 °C). The patients in the 33 °C group were already hypothermic 
upon admission, which in this setting means a more severe brain injury. This alone 
might define the study patient population as heterogeneous, thus affecting the inter-
pretation of results [76].

Rewarming rate has shown to affect the outcome of patients. Studies have shown 
that fast rewarming is associated with poorer outcomes and that fast rewarming can 
even negate the benefits that TH provides. In the TTM Trial, patients were rewarmed 
at a rate of 0.5 °C/h, which could translate to a mitigation of the beneficial effects of 
patients cooled down to either 33  °C or 36  °C [148]. Literature has stress that 
rewarming should be slow, and guidelines state that the rate of 0.5 °C/h was based 
on clinical surveys, rather than a scientifically proven benefit [60].

After the release of the TTM Trial, some major medical centers in the world 
stopped inducing TH on their post-cardiac arrest patients or changed target tempera-
ture to 36 °C [6]. This has become one of the major concerns after Nielsen’s trial; 
due to the misunderstanding that strict normothermia and hyperthermia avoidance 
would apparently yield the same results as a hypothermia regimen, there has been 
some trend to stop using hypothermia, between the mild-to-moderate range, in the 
post-cardiac arrest patient population. Temperature control at 36 °C is harder as the 
shivering response is increased and a single shivering episode could increase tem-
perature to 37.5 °C, putting the patient in the febrile territory, and more importantly, 
brain temperature is usually 0.34–2.0 °C above body core temperature, and avoiding 
brain hyperthermia is one of the main post-cardiac arrest goals [121]. It is impera-
tive to debunk the misinterpreted results from the TTM Trial that can lead to more 
harm than good.

There is no doubt that the TTM Trial shows the benefits from strict hyperthermia 
control in diminishing postanoxic brain injury in cardiac arrest patients. But, is this 
information sufficient to state that TH confers no additional benefit than strict fever 
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prevention? We believe that the study has shown the importance of strict hyperther-
mia control after a TH regimen, but that does not mean that fever control is the only 
method by which TH confers benefits to CA patients. The results from the TTM 
Trial show that fever control could suffice, to some extent, in some CA patients, but 
we do not believe 36 °C should become the new ideal target temperature. This trial 
raises important questions regarding ideal target temperature to specific patient 
population [7].

Recently, an open-label RCT, which included 25 French ICUs, compared moder-
ate TH at 33 °C for 24 h with targeted normothermia at 37 °C for 48 h. The study 
included 581 patients, 284 in the hypothermia group and 297 in the normothermia 
group. They assessed neurological and mortality outcome on day 90 after random-
ization. Lascarrou and colleagues reported that 10.2% of patients in hypothermia 
group had a favorable neurologic outcome, compared to the normothermia group 
which had a good neurologic outcome in 5.7% of patients. Mortality at 90 days after 
randomization did not differ in both groups [149].

This RCT has some important limitations. First, the primary outcome was 
assessed through a phone interview. Second, an important proportion of patients 
were hyperthermic, despite the TTM, especially those in the normothermia group. 
Third, patients in the hypothermia group had TTM for up to 64 h, compared to only 
48 h in the normothermia group. Lastly, as stated in the paper, an outcome change 
in one patient would make a difference in dictating if hypothermia was statistically 
significant, compared to normothermia, regarding the primary outcome [149].

Despite the important limitations of this study, it demonstrates the importance of 
TH in post-cardiac arrest patient. Patients in the normothermia group had a much 
higher incidence of hyperthermia, which correlates with the data that states that 
normothermia is more difficult to maintain than hypothermia [7]. Many questions 
remain unanswered, which should be the focus on future research.

17.13  Future Directions

Despite the overwhelmingly positive evidence regarding TTM, this therapy remains 
underused [95–98]. Focus should be put into promoting and educating healthcare 
providers in the usage of TH. Standardization of guidelines and recommendations 
is required to achieve a higher adequate usage of this beneficial therapy. The ILCOR 
has attempted to standardize TH usage through their recommendations which are 
updated every 5 years [21, 78, 60, 85]. Despite all the research in the TH field, many 
questions remain unanswered. As it has been explained, there still is confusion on 
the target temperature during induced hypothermia, remaining as one of the main 
challenges that researchers have: How low should we go in temperature for the 
optimal protection? We know that mild-to-moderate hypothermia confers organic 
protection in patients with ischemic events, but an ideal temperature has yet to be 
defined [59].

Traditionally, hypothermia is maintained for at least 24 h in post-cardiac arrest 
patients, but this time duration needs to be looked into, as the recommendation 
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stems from the time used in the major RCTs. Research is required to identify if 
certain patient population could benefit from a longer or shorter hypothermia regi-
men [115].

A major area of interest is the post-rewarming period. It is known that a slower 
rewarming rate is better than a fast one, but there is no definite study that shows 
what should be the optimal target temperature in the post-rewarming phase and for 
how long should patients have strict hyperthermia avoidance. This aspect is very 
relevant, as there is evidence that fast rewarming and/or poor temperature control 
after rewarming can mitigate the beneficial effects of TH [135, 150].

Studies have shown that early hypothermia induction is associated with better 
outcomes in post-cardiac arrest patients [88, 113]. But, how early can we start cool-
ing down patients? Data has shown that the initiation of hypothermia during the 
intra-arrest phase is possible and might be feasible. Cooling down patients this way 
would not only shorten the time until the desired target temperature is reached but 
would also promote TTM usage [151].

Targeted temperature management could expand to other clinical scenarios in the 
next couple of years. Study after study has shown the positive effects of hypother-
mia in the body. Healthcare providers need to acknowledge the beneficial effects of 
induced hypothermia for certain patient populations and start integrating it as part 
of their therapeutic options [19, 20].
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Abstract

Subcutaneous implantable cardioverter defibrillator (S-ICD) is an important 
alternative treatment for traditional implantable cardioverter defibrillator (ICD) 
patients, especially for those who are not suitable for intravenous access (such as 
patients with venous anatomical abnormalities and with high risk of infection 
and those who underwent mechanical tricuspid valve replacement). In addition, 
it has obvious advantages for young patients with a long-expected survival time 
who may need to replace the defibrillation lead repeatedly. So, its status in pre-
vention of sudden cardiac death (SCD) continues to rise. At present, the number 
of implantation of S-ICD in European and American countries has exceeded 
60,000, while in China, there are less than 100, which shows a huge gap. As the 
results of IDE and EFFORTLESS studies revealed, the effectiveness and safety 
of S-ICD have been proved. Nowadays, the clinical studies of S-ICD mainly 
focus on primary prevention of SCD. However, the inability to provide long-term 
pacing function and a relative short battery life are still the major disadvantages 
restricting the further expansion of the clinical application of S-ICD. With the 
rapid development of science and technology, the fourth generation of S-ICD 
compatible with the leadless pacemaker is being rapidly developed, which is 
expected to solve the above problems. It is believed that in the near future, S-ICD 
with small size, long life span, and stable pacing function will show great clinical 
value in preventing sudden cardiac death.
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The application of implantable cardioverter defibrillator (ICD) has gained great 
breakthroughs in primary and secondary prevention for sudden cardiac death (SCD) 
patients, which is better than drug therapy especially in treating malignant ventricu-
lar arrhythmia, showing a great reduction in mortality [1–4]. However, clinical 
application of ICD with intravenous access has been found to face a series of intrac-
table problems, such as anatomical abnormalities of the subclavian vein or superior 
vena cava, abrasion and fracture of defibrillation leads, lead-related infection, and 
thrombosis [5–7]. Although implanting electrode by epicardial access or pericardial 
window treatment can avoid the complications caused by intravenous access, it is 
still limited due to the big trauma and low success rate [4]. So, subcutaneous 
implantable cardioverter defibrillator (S-ICD) arises at this moment, for its defibril-
lation leads and pulse generator are buried in subcutaneous pocket, not directly in 
contact with the heart and related vein, which can effectively avoid the lead-related 
complications [1]. This chapter introduces the latest development of subcutaneous 
implantable cardioverter defibrillator in the clinical application of sudden car-
diac death.

18.1  Real-World Applications

The S-ICD (Fig. 18.1) consists of a pulse generator and electrodes with defibrilla-
tion coils. Pulse generator is buried under the junction between the fifth rib and the 
midaxillary line; by establishing a connection to the pocket horizontal tunnel with 
the longitudinal tunnel located near the sternum, the defibrillation electrode is 
implanted, which is solid and can tolerate external pressure [1, 7]. The proximal 
electrode is always located near the xiphoid, while the distal electrode is usually 
located close to the supraclavicular fossa. Under general or local anesthesia, S-ICD 
can be implanted only according to the anatomical landmarks on the body surface, 
and no X-ray fluoroscopy is needed during the implantation process, thus avoiding 
X-ray damage and lead-related complications [5, 6, 8].

The first attempt of S-ICD in human was in 2002. Clinical trials of S-ICD were 
subsequently approved in 2008 and certified by the European Union in 2009 [1]. 
The application of S-ICD was approved by the Food and Drug Administration 
(FDA) in 2012 [4]. The first-generation S-ICD (SQ-RX™) has a volume of 69 cc 
and a thickness of 15.7 mm. The pulse generator is expected to have a life span of 
5.1 years. In 2015, the second-generation S-ICD (EMBLEM™ model: A209) came 
to the market with a further reduction in volume and thickness (12.7  mm), an 
increase in the expected life span of the pulse generation to 7.3 years (real world 
LATITUDE™ data showed an average life span of 8.7  years), an increase in 
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ImageReady™ technology which is full body compatible w1.5T MRI, and an 
increase in SMART Pass™ technology which reduces 82% T wave oversensing [9, 
10]. The third-generation S-ICD (EMBLEM™ model: A219) (Fig. 18.2) added AF 
Monitor™ monitoring function on the basis of the second generation. At present, 
the clinical application of the third-generation S-ICD has been carried out in Europe, 

Fig. 18.1 X-ray of S-ICD

Fig. 18.2 The third 
generation of S-ICD 
(model: A219)
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America, and other countries, while China’s CFDA has not approved it, only allow-
ing its application in Hainan Boao Medical Pilot Zone.

Currently, America and Europe hold the lead in the number of S-ICD implanta-
tion, with more than 60,000 [1, 11]. In China, the application is relatively late. On 
December 23, 2014, Professor Wei Hua and Professor Shu Zhang completed the 
first implantation of the first-generation S-ICD in China. By July 2019, 95 S-ICDs 
have been implanted in China.

18.2  The Latest Clinical Research on S-ICD

18.2.1  The UNTOUCHED Study

The UNTOUCHED Study: the effect of S-ICD for primary prevention in patients 
with low left ventricular ejection fraction (LVEF) heart failure [12].

The therapeutic effect of S-ICD for primary prevention in patients with low LVEF 
heart failure was presented at the 2019 Heart Rhythm Society Annual Scientific 
Sessions. The UNTOUCHED Study is a global, multi-site, prospective, nonrandom-
ized study. The inclusion criteria were the following: (1) patients had LVEF of 35% or 
less and were indicated for an ICD for primary prevention of sudden cardiac death 
(SCD), and (2) patients passed the screening for S-ICD.  The exclusion criteria 
included: (1) patients had prior sustained ventricular tachycardia (VT) or ventricular 
fibrillation (VF); (2) patients had indications for cardiac pacing; and (3) patients had 
advanced heart failure (HF) and renal failure. The primary endpoints were the efficacy 
of defibrillation and the complications within 30 days post-operation.

From June 2015 to April 2018, a total of 1173 patients at 110 sites were enrolled, 
of whom 1103 patients were finally followed up and included in the final analysis. 
The UNTOUCHED study showed that the mean implant time was 55.8 min, and the 
S-ICD therapy had a 95.8% complication-free rate at 30 days post-operation, with 
most complications occurring either during the operation or in the first 24 h, and had 
an up to 99.2% conversion efficacy of induced VF. The S-ICD terminated VF with 
a successful defibrillation testing (DFT) at ≤65 joule (J) shock in over 90% of the 
patients, and a >65 J shock was successful in 52 patients (5.7%). Lower body mass 
index (BMI) (OR, 0.94, 95% CI 0.91–0.98, P = 0.002) and presence of diabetes 
(OR, 2.4, 95% CI 1.1–5.2, P = 0.03) were predictors of DFT success ≤65 J.

Therefore, S-ICD therapy has low perioperative complication rates and high con-
version efficacy of induced VT/VF in DFT for low LVEF patients. This established 
the application of S-ICD in the primary prevention of SCD in such kind of patients.

18.2.2  The PRAETORIAN Score Study

The PRAETORIAN Score Study: a novel tool to evaluate the implant position and 
predict defibrillation success of the S-ICD [13].

The PRAETORIAN score which is recently published in the HeartRhythm jour-
nal is based on clinical and computer modeling knowledge of factors affecting the 
DF: sub-coil fat, sub-generator fat, and anterior positioning of the S-ICD generator. 
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The score has three categories: 30–89 points presenting a low risk, 90–149 points 
presenting an intermediate risk, and ≥ 150 points representing a high risk of defi-
brillation failure. The scoring model consisted of 181 S-ICD subjects, and the vali-
dation cohort included 321 patients. The results showed that the negative predictive 
value of patients with low PRAETORIAN score was 99.8%, and the positive pre-
dictive value of patients with an intermediate or high PRAETORIAN score was 51%.

The PRAETORIAN score allows to identify patients at high risk of high thresh-
old value by routine chest X-ray examination as well as to provide feedback on 
which element of the implant contributes to the high risk of DF failure. However, it 
should be validated by further RCT studies.

18.2.3  MADIT S-ICD Trial

In post-myocardial infarction (MI), diabetes patients with a relatively preserved EF 
of 36–50%, will S-ICD benefit the survival? [14].

Post-MI patients with diabetes have significant risk for SCD even with a 
relatively preserved LVEF. Therefore, this study allows to determine whether 
S-ICD in these patients will significantly reduce all-cause mortality in com-
parison with conventional medical treatment. The inclusion criteria were (1) 
age ≥ 65 years, (2) diabetes mellitus, (3) an LVEF of 36–50%, and (4) one or 
more clinically documented, enzyme-positive MIs more than 3  months. The 
eligible patients were randomized to receive conventional medical therapy plus 
an S-ICD or conventional medical therapy alone in a 2:1 ratio. The primary 
endpoint was death.

A total of 1800 subjects will be recruited, and the first patient was enrolled on 
April 17, 2017. The research is ongoing and the results are expected to be published.

18.2.4  The Preliminary Clinical Application of S-ICD in China

From December 23, 2014, to December 31, 2016, 12 patients with successful S-ICD 
implants at nine centers in China were continuously enrolled. There were nine 
males (75%) aged 35–78 (51.9  ±  15.5)  years. The implant time was 
70–120 (93.3 ± 18.7) min, the shock impedance was 57–103 (70 ± 15.4) Ω, and the 
time from diagnosis to therapy was 12–30 (16.4 ± 5.0) s. Moreover, no severe com-
plications occurred during the operation. This study is the first to present the experi-
ence and clinical data of the initial application of S-ICD in the mainland of China as 
well as to provide the evidence-based concept for further popularizing the clinical 
performance of S-ICD in the future.

18.2.5  The Study of “Prospective S-ICD Register 
in an Asian Population”

This study, led by professor Hung-Fat Tse of Queen Mary Hospital, The University 
of Hong Kong, which is the latest research on S-ICD in Asia, aims to explore the 
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long-term safety and feasibility of S-ICD in an Asian population with smaller body 
build. Professor Wei Hua from China participated as a co-researcher. This study was 
initiated in May 2017 and is actively in progress.

18.3  Updated S-ICD Recommendations

S-ICD was first mentioned in the 2015 ESC Guidelines to be an alternative treat-
ment for intravenous ICD, and it was considered as Class I recommendation in 2017 
AHA/ACC/HRS guidelines [11, 15]. The S-ICD recommendations were listed in 
Table 18.1.

18.4  Limitations of S-ICD in Clinical Practice

18.4.1  The Lack of Function for Pacing and Antitachycardia 
Pacing (ATP)

Devices with traditional transvenous approach implantation have functions of defi-
brillation which can prevent sudden cardiac death, pacing, and cardiac resynchroni-
zation therapy. S-ICD lacks the latter two, limiting the application of ATP among 
patients who need pacing [16, 17]. Compared with ATP, shock will predispose to 
higher mortality and lower quality of life of patients. The PainFREE Rx II study 
found that ATP treatment for rapid ventricular tachycardia based on experience is as 

Table 18.1 Updated recommendations for S-ICD

Recommendations Class Level
2015 ESC guidelines for the management of patients with ventricular arrhythmia and the 
prevention of SCD
S-ICD should be considered as an alternative to transvenous defibrillators in 
patients with an indication for an ICD when pacing therapy for bradycardia 
support, cardiac resynchronization, or antitachycardia pacing is not needed

IIa C

S-ICD may be considered as a useful alternative to the transvenous ICD 
system when venous access is difficult, after the removal of a transvenous ICD 
for infections or in young patients with a long-term need for ICD therapy

IIb C

2017 AHA/ACC/HRS guidelines for the management of patients with ventricular arrhythmia 
and the prevention of SCD
In patients who meet the criteria for an ICD who have inadequate vascular 
access or are at high risk for infection, and in whom pacing for bradycardia or 
VT termination or as part of CRT is neither needed nor anticipated, an S-ICD 
is recommended

I B-NR

In patients who meet indications for an ICD, implantation of an S-ICD is 
reasonable if pacing for bradycardia or VT termination or as part of CRT is 
neither needed nor anticipated

IIa B-NR

S-ICD subcutaneous implantable cardioverter defibrillator, SCD sudden cardiac death, CRT car-
diac resynchronization therapy, VT ventricular tachycardia, B-NR moderate-quality evidence from 
1 or more well-designed, well-executed nonrandomized studies, observational studies, or registry 
studies, from meta-analyses of such studies
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safe and efficacious as shock therapy [18]. Other studies have shown that a signifi-
cant proportion of patients with ventricular tachycardia can return to sinus rhythm 
spontaneously before ATP and only 72% of them receive successful ATP [17]. The 
evidence indicates that a part of ATP treatment may not be necessary. Although 
S-ICD lacks ATP at the moment, there is no limitation on its use. Avoiding the 
implantation of S-ICD in patients with recurrent episodes of persistent monomor-
phic ventricular tachycardia can improve application effectiveness and security of 
S-ICD [2, 7].

18.4.2  Longevity

The replacement of implanted devices will increase the infection rate and the inci-
dence of complications, so the longevity of pulse generator is an important issue to 
consider at implantation [1, 4]. The expected longevity of the first-generation S-ICD 
is about 5 years, and it is about 7.3 years for the second-generation S-ICD, which 
has not been confirmed in clinical practice. S-ICD will need more pulse generator 
replacement than traditional ICDs due to battery exhaustion, and future upgradation 
in prolonged longevity will hopefully improve this situation.

18.4.3  Prolonged Time to Shock

Extending detection time to wait for spontaneous termination of ventricular tachy-
cardia or ventricular fibrillation will reduce unnecessary shock treatment and mor-
tality as well [19]. The detection and charging time of S-ICD are longer than ICD, 
resulting in significant prolonged time to shock treatment (7.1 ± 1.6s vs. 14.6 ± 
2.9s). The MADIT-RIT study also demonstrates that delayed treatment in detection 
zone with high rate ventricular tachycardia can significantly reduce inappropriate 
treatments and all-cause mortality [7, 11]. However, the prolonged time to shock 
treatment of S-ICD means a high risk of syncope or failure to terminate ventricular 
tachycardia in time via shock treatment, the pros and cons of which are still widely 
disputed [20].

18.5  Challenges from Extravascular ICD

In 2016, SPACE study has provided a new and feasible mechanism for S-ICD with 
pacing function by placing ICD electrodes underneath the sternum of 26 patients 
through non-venous approach [15]. Non-intravenous ICD (Extravascular ICD, 
EV-ICD)-related clinical trials have been highly valued by physicians for the device 
ability of avoiding complications from intravenous implantation, as well as the 
advantages of smaller size, longer battery life, and lower defibrillation thresholds.

The latest clinical findings of EV-ICD were presented at the 2019 HRS Annual 
Meeting. The EV-ICD study is the first long-term, prosperous, nonrandomized clin-
ical trial in humans who meet the guideline Class I or IIa recommendations for ICD 
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implantation. The defibrillation electrode was buried underneath the sternum under 
X-ray via an electrode insertion tool used for tunneling and pulse generator at the 
left midaxillary line. Defibrillation effectiveness was tested by defibrillation thresh-
old test (DFT), and the energy of shock treatment is normally 20 J per single time 
or 30 J twice in a row. Follow-up is carried out at 2 weeks, 4–6 weeks, and 3 months 
after operation, including imaging data, outpatient interrogation data, ICD intracar-
diac electrogram, and pacing or sensing data. The primary endpoint of safety is 
surgical or device-related complications 3 months after surgery.

A total of 26 patients were included in the study, and 20 cases were successfully 
implanted with EV-ICD. The proportion of male patients was 81%, with an average 
LVEF of 43 ± 18%. There were 11 cases of nonischemic cardiomyopathy (52%) 
and six cases of hypertrophic cardiomyopathy. DFT for 17 patients (89.5%) suc-
cessfully terminated the ventricular tachycardia with 30 J energy, and the median 
energy is 15 J (one patient with failed DFT during operation). In addition, the aver-
age pacing threshold was 5.1  ±  1.9  V, and the average R wave sensing was 
3.2 ± 1.7 mV. No patients had surgery-related complications. Three-month follow-
 up shows that one patient has received inappropriate treatment, considering that it 
was related to P-wave oversensing due to improper position of the lead. Five patients 
with adverse events (two cases of incision swelling, one case of incision epidermal 
infection, two cases of respiratory-related pain) were given proper treatment.

EV-ICD study has proven the feasibility of ICD electrode implantation under-
neath the sternum and the efficacy of pacing and defibrillation treatment. Although 
limitation on sample size and short term follow-up exists, it provides new insight to 
improve S-ICD and conduct clinical trials with larger sample size.

18.6  Prospect of Clinical Application

S-ICD is an important alternative treatment for traditional SCD patients, espe-
cially for those who are not suitable for intravenous defibrillation leads [1, 21]. 
In addition, there are also many significant advantages for young people who 
need to replace leads repeatedly. However, the inability to provide long-term 
pacing function remains a major disadvantage limiting the further expansion of 
S-ICD [7]. It is believed that in the near future, S-ICD with small size, long life 
span, and stable pacing function will show great clinical value in preventing sud-
den cardiac death.
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Abstract

Sudden death (SD) is the most serious condition in humans. The World Health 
Organization defined it as follows: “In an unexpectedly short period of time, a sud-
den death as a result of a natural illness is a sudden death in a patient who is usually 
in good health or appears to be in good health.” Sudden death is mainly caused by 
cardiovascular diseases; because of the sudden onset, most of them occur outside 
the hospital. Respiratory diseases that cause sudden death occur from time to time. 
Common diseases include acute pulmonary embolism, asthma, acute respiratory 
distress syndrome (ARDS), etc. These diseases have the characteristics of rapid 
progress and rapid death, which pose a serious threat to human health. This chapter 
mainly describes the analysis of the sudden death caused by respiratory diseases 
and studies the latest progress in diagnosis and treatment. Early identification and 
treatment are of great significance to reduce mortality and thus save lives.

Keywords

Acute pulmonary embolism · Bronchial asthma · Respiratory diseases · Sudden 
death · Diagnosis and treatment

19.1  Bronchial Asthma and Sudden Death

19.1.1  Overview

Bronchial asthma is a heterogeneous disease characterized by chronic airway 
inflammation. This chronic inflammation leads to the occurrence and 
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development of airway hyperresponsiveness (AHR). A limitation of air flow is 
usually characterized by reversibility. The clinical manifestations are recurrent 
wheezing, shortness of breath, chest tightness, cough, and other symptoms. 
Symptoms and airflow limits vary with time and intensity. Exercise, allergen or 
irritant exposure, weather changes, or viral respiratory tract infection can be 
triggered. Sudden death from bronchial asthma is an important cause of death in 
patients with asthma. There are many risk factors, and acute severe attack of 
asthma threatens the lives of patients. There are refractory severe asthma, air-
way mucus embolism, depression, inappropriate drug use, and so on.

19.1.2  Epidemiology

In recent years, the prevalence rate of asthma has been increasing year by year 
all over the world, and the prevalence rate of asthma has increased year by year 
in various parts of the world. According to relevant reports [1], more than 300 
million people worldwide suffer from asthma. The prevalence of asthma 
increased by 12.6% between 1990 and 2015 [2]. The latest survey data on 
asthma published in the Lancet led by Academician Wang Chen shows that the 
prevalence rate of asthma in Chinese adults aged ≥20 years old is 4.2%, and 
the prevalence rate of asthma increases with age [3]. Due to the continuous 
update of the “Global Asthma Prevention and Control Strategy Initiative” 
(GINA) program every year and the improvement of diagnosis and treatment 
methods and standardized treatment of asthma, the disease control and quality 
of life of patients with asthma were significantly improved. There are few 
longitudinal data on the incidence of asthma and the overall risk of death 
caused by asthma in young people [4]. But there are still cases of death from 
asthma, and some tragedies could not have happened. Of course, the reasons 
are complex and multifaceted. In the late 1980s, the number of asthma deaths 
in the United States was 4000 a year. In a Danish study [5], 625 sudden deaths 
were found in people aged 1–35 years old in Denmark between 2000 and 2006. 
Among them, 49 patients suffered from uncontrollable asthma, and in 31 cases 
(63%), the cause of death was sudden cardiac death, while 13 cases (27%) had 
fatal asthma attacks. In the past [6], it has been reported that of the 214 cases 
who died of asthma, except 30 cases who died within 1 hour of arriving at the 
hospital, the rest died within 1 h of arriving at the hospital, suggesting death 
caused by asthma. Most of them died suddenly after acute attack of asthma [7]. 
In a retrospective study of 19 patients who died of asthma in China, 16 cases 
died of acute attack of asthma at night, but because there was no systematic 
autopsy in sudden death cases, the direct or indirect cause of death of asthma 
was ignored. Understanding the various causes of death related to asthma can 
help to better understand the physiological and pathological mechanism of 
asthma. For patients with asthma-related death risk factors, they should go to 
the hospital as soon as possible, and we need to pay great attention to these 
patients.
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19.1.3  Fatal Asthma

The death from fatal asthma occurs not only in patients with severe asthma but also 
in patients with mild and moderate asthma. Some patients with asthma may have an 
increased risk of sudden death during acute exacerbation. These patients are gener-
ally referred to as fatal asthma or near-fatal asthma patients [8]. Sudden death from 
asthma has the following characteristics: (1) endotracheal intubation and mechani-
cal ventilation for respiratory failure caused by acute attack of asthma; (2) sudden 
acute attack or accompanied by hypoxemia, respiratory acidosis, and low respira-
tory peak flow rate; (3) under the control of long-term oral corticosteroids, with 
more than two or more emergency visits or hospitalization; (4) two times of asthma 
with mediastinal pneumothorax or pneumothorax; (5) excessive dependence on 
available β2 receptor agonists, especially in patients who use more than one dose of 
salbutamol (or equivalent drug) per month [9]; (6) presence of mental illness or 
psychosocial problems, including the use of sedatives; and (7) a history of noncom-
pliance with asthma treatment plans and use of three or more types of asthma treat-
ment measures.

19.1.4  Causes of Sudden Death from Asthma

19.1.4.1  Severe Refractory Asthma (SRA)
In recent years, studies have found that the incidence, disability, and mortality of 
asthma are increasing year by year. According to ERS and ATS reports [10], severe 
refractory asthma accounts for 5–10% of patients with asthma. According to related 
reports, up to 60% of patients have increased tissue eosinophils and persistent severe 
eosinophil inflammation. Through the release of allergic mediators increased mucus 
secretion, release of interleukin-5 and leukotriene, etc., despite inhalation of high 
doses of glucocorticoid, symptoms could not be improved [11]. According to 
Mohamed et al. [12], vascular endothelial growth factor (VEGF) is considered to be 
the most important angiogenic factor, which induces the proliferation of vascular 
endothelial cells, forms tubules, and increases microvascular permeability. In the 
study, serum levels of angiopoietin-2 and VEGF were higher in patients with SRA 
than in healthy subjects, both of whom were involved in remodeling and angiogen-
esis in SRA, leading to resistance to inhaled steroids. After treatment, the symptoms 
cannot be effectively relieved.

19.1.4.2  Increased Airway Responsiveness
Airway hyperresponsiveness and airway inflammation are the main pathophysio-
logical features of asthma [13]. Mast cells, IgE, and TNF can induce allergic airway 
inflammation. When the patient receives the stimulator, the airway appears to con-
tract too strongly or prematurely. In the provocation test of this kind of patients, the 
dose response curve of histamine <0.1 μmol was extremely steep and straight, and 
the significant decrease of FEV1 and the decrease of peak expiratory flow rate 
(PEFR) were observed [14].
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19.1.4.3  Diffuse Airway Mucus Embolism Caused by Coinfection
Airway inflammation and mucus hypersecretion are important characteristics of 
asthma. Due to abnormal airway mucus secretion and eosinophil infiltration, the 
probability of infection is increased. Edema and inflammatory cell infiltration 
lead to significant thickening of the basement membrane of the bronchial 
mucosa [15]. The airway stenosis caused by smooth muscle contraction is 
enhanced, which seriously leads to respiratory airflow limitation, insufficient 
ventilation, or airway occlusion [16], which aggravates the severity of asthma 
attack and sudden death [17]. Asthma mucus hypersecretion is produced by 
goblet cells and submucosal glands distributed along airway epithelium. The 
mechanisms include the proliferation and degranulation of secretory mucous 
cells, the microvascular remodeling and leakage, and the chemical attraction of 
inflammatory cells, especially the increase of goblet cells, which leads to a sig-
nificant increase in mucus production [18]. The probability of infection is 
increased because of abnormal airway mucus secretion and eosinophil 
infiltration.

19.1.4.4  Mental Depression
According to relevant reports, many patients often have depressive symptoms 
before their death as a result of repeated treatment without control, financial 
burden, and mental stress [19]. Anxiety and depression are the most common 
adverse emotions associated with asthma [20]. A multivariate analysis of 566 
patients with asthma showed that more than one-third of the patients (202 cases, 
35.69%) had combined anxiety and depressive disorders [21]. A study of more 
than 20,000 people in 41 states suggests that asthma patients have anxiety 
(23.5%) and depression (19.4%), compared with normal controls. The com-
bined rates of anxiety and depression were 10.2% and 7.7%, respectively. In a 
life-threatening controlled study of asthma [22], 77 patients with severe life-
threatening asthma (SLTA) were admitted to intensive care units. Two hundred 
thirty-nine patients in the control group were admitted to the general ward of 
asthma. Hospitalized patients with acute asthma (SLTA and hospital control) 
had higher prevalence of anxiety and depression and higher incidence of total 
life events. In these patients, the number of cholinergic receptors in fibroblasts 
increased, and the amount of cholinergic receptor protein also increased, which 
meant that cholinergic activity increased, which promoted asthma and sudden 
death. Patients with fatal asthma have a strong tendency to deny the disease. 
Denial emotion may pose a serious obstacle to inappropriate self-management 
strategies. Patients with a higher level of denial may show non-symptoms grad-
ually aggravated, but a sudden attack.

19.1.4.5  Inappropriate Medication History: An Inappropriate 
History of Drug Use

According to recent research, such as those about aminophylline poisoning [23, 24], 
intravenous injection of aminophylline, especially when its blood concentration is 
>404 g/ml, can cause sudden death if the concentration is too high or the injection 
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is too fast. In addition, theophylline can stimulate the release of endogenous cate-
cholamine and produce a series of cardiovascular effects. The blood concentration 
of aminophylline is affected by many factors and drugs. Even if the dosage of ami-
nophylline remains unchanged, if combined with some drugs, the plasma concen-
tration of aminophylline can be increased to a dangerous level. In previous studies, 
asthma has been associated with increased cardiovascular risk in patients with long 
QT syndrome (LQTS); however, the use of beta agonists is one of the treatments for 
asthma. In a study of 3287 patients with LQTS, it was reported that there were sig-
nificant differences in baseline ECG, baseline QTc, and heart rate in the beta-ago-
nist treatment group. The risk of cardiovascular events tripled [25]. In a national 
cohort study of asthma in Sweden, the risk of oral corticosteroid (OCS)-related 
diseases and mortality was assessed. Data on 217,993 patients with asthma 
(age ≥ 6 years) were determined using the Swedish National Health Registration 
system between 2007 and 2014. Recent studies have also shown that OCS-related 
morbidity and all-cause mortality are higher [26].

19.1.4.6  Other
The main causes of sudden death caused by bronchial asthma are complex and mul-
tifaceted. According to the recent research, the analysis of different angles, the rea-
sons are also lack of consistency. There are also reports in the literature:

 1. Asphyxia: due to severe airway spasm, resulting in atresia/bronchial obstruction, 
resulting in asphyxial death.

 2. Arrhythmia: type I respiratory failure caused by severe hypoxia, hypercapnia 
caused by carbon dioxide retention, and severe acid-base and electrolyte balance 
disorder are the main causes of arrhythmia. There are various types of arrhyth-
mias, and reports show that patients with asthma have a higher risk of atrial 
fibrillation and ventricular fibrillation [27]. If ventricular arrhythmia occurs, the 
prognosis is extremely poor, and the mortality rate can be as high as 54% [28].

 3. Secondary pulmonary hypertension and/or acute right heart failure: on the one 
hand, pulmonary vasoconstriction was caused by hypoxemia in patients with 
asthma. On the other hand, when hyperinflation occurred, the intra-alveolar pres-
sure increased, and the driving pressure of pulmonary blood flow also increased, 
resulting in pulmonary hypertension and even right heart hypertrophy and failure 
[29], which in turn increased the risk of sudden death in patients with asthma.

 4. Obesity: obesity increases the severity of asthma because excessive abdominal 
fat reduces lung volume, thus affecting the function of the diaphragm, and the 
diaphragm is prone to fatigue during stressful activity. The average body mass 
index can increase the severity of asthma in patients, thereby increasing their 
mortality [30, 31].

 5. Increased tension of vagus nerve: The time of sudden death in some patients with 
asthma mostly occurred in the early morning. Due to the increase of vagus nerve 
tension at night, the level of catecholamine in the body was in the trough stage, 
and bronchoconstriction and spasm occur, resulting in increased airway resis-
tance and decreased compliance, thus promoting sudden death in patients with 
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asthma [32]. The cause of death of some people is difficult to determine; even 
autopsy cannot explain the cause.

19.1.5  Causes and Seizures of Sudden Death from Asthma: 
Induction and Attack Pattern

Asthma inducing factors refer to the factors that can induce acute attack and aggra-
vate asthma symptoms in patients with asthma. A variety of inducing factors have 
seasonal characteristics, which are related to respiratory tract infection, allergen 
inhalation, and weather changes. And according to a survey of sudden death from 
asthma, common causes of severe seizures are the following: the rescue group’s 
lack of understanding of asthma (63%), wrong grading of symptoms (49%), 
improper personality and treatment (45%), inadequate education for patients (43%), 
frequent medical visits, non-scheduled time visits, etc. [33]. There are reports of 90 
deaths [34] from fatal asthma attacks. Of the 90 patients, ten were seriously ill and 
had frequent episodes for a long time, and death was considered inevitable due to 
the cause of the illness. Of the 77 patients who were not hospitalized, 23 had rapid 
seizures that lasted less than an hour. Sixty-seven (77%) delayed medical treatment 
because they did not realize the severity of the asthma attack. Of the 13 patients who 
were hospitalized, three believed that the attending doctor had failed to understand 
the severity of the illness. The symptoms of asthma attack can be divided into mild, 
moderate, severe, and extremely severe. However, most of the sudden death cases of 
asthma occurred outside the hospital, and most of the patients died at home or on the 
way to the hospital, while some of the patients with acute severe attacks had out-of- 
hospital treatment before arriving at the hospital, but the specific treatment was not 
clear [35]. There are three types of fatal severe seizures: sudden onset, unstable type 
(from mild to moderate attack to severe attack), and intermittent type. According to 
the investigation results of the investigation team and the lethal asthma group of the 
Japanese Allergy Society, it was found that the unstable mutants were more com-
mon in the lethal group and the successful rescue group.

19.1.6  Early Identification and Evaluation of Acute Attack 
of Asthma

Early symptom recognition improves the need for early self-identification of acute 
asthma symptoms, such as cough, chest tightness, shortness of breath, and decreased 
activity endurance; most asthma has early signs before acute attack. According to 
the multicenter cross-sectional study conducted by Lin Jiangtao et  al. [36], in a 
survey of outpatients with asthma in 30 Grade A hospitals in China from October 
2015 to May 2016, occurrences of symptoms of acute asthma attacks less than 1 h 
accounted for 39.6%, and those occurring less than 24 h accounted for 24.4%. If it 
is not dealt with in time after onset, the risk of sudden death will be increased. The 
severity of asthma attacks varies, and so does the rate of development of the disease, 
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which can occur within hours or days and can occasionally be life-threatening 
within minutes. It is worth noting that severe asthma attacks can also be seen in 
patients with mild or well-controlled asthma.

For any acute attack of asthma, in addition to the symptoms of patients, careful 
observation and dynamic blood gas analysis to evaluate the condition, especially for 
refractory asthma, and the need for mechanical ventilation are necessary. Acute 
severe attacks of asthma are characterized by persistent wheezing and rapid exacer-
bation, limited speech and extreme intolerance of physical activity, rapid cyanosis, 
increased heart rate and respiration, chest and abdominal contradictory breathing, 
three concave signs, and extensive wheezing, which can be heard in the lungs. Some 
patients have abnormal consciousness, such as eosinophilia, coma, and so on. Blood 
gas analysis indicates severe acidosis and severe ventilation, which can be life-
threatening. Severe fatal respiratory failure, or even respiratory and cardiac arrest 
could occur at any time.

19.1.7  Treatment of Acute Asthma Attacks

19.1.7.1  Routine Treatment
The treatment of acute attacks of asthma depends on the severity of the attack and 
the response to the treatment. The purpose of treatment is to relieve symptoms, 
airflow restriction, and hypoxemia as soon as possible. At the same time, long-term 
treatment programs need to be developed to prevent recurrent acute attacks.

 1. Carry on the asthma health education to the patients, improve the compliance of 
the asthma patients in the long run, and master the methods on how to operate the 
inhalation device skillfully so as to improve the self-management level of the 
patients.

 2. It is necessary to avoid exposure to allergens, dust, and harmful gases in the 
environment.

 3. Improve the understanding of the disease and appropriate psychological treat-
ment, and reduce mental anxiety and depression. The drugs mainly include glu-
cocorticoids, β2 receptor agonists, anticholinergic drugs, leukotriene regulators, 
theophyllines, immunosuppressants, and so on. In recent years, biological tar-
geted drugs (such as omalizumab and mepolizumab) and bronchoplasty have 
also been used in the clinic.

19.1.7.2  Treatment of Critical Asthma
In the event of an acute attack of asthma, especially severe asthma, the risk of sud-
den death is extremely high. Patients with acute severe attacks can die within a few 
minutes, and sudden death can occur without timely treatment. Sudden death is the 
most serious complication of acute asthma attacks. Often without obvious aura 
symptoms, the condition of a patient suddenly deteriorates in a rapid manner, and it 
is often too late to save the patient’s life. Therefore, it is very important to identify 
patients with high risk factors of asthma-related death. These patients should first 
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deal with themselves in the event of acute attack and then go to medical institutions 
as soon as possible. They should receive methods for rapid relief of bronchospasm 
and control of respiratory inflammation, to correct hypoxemia and respiratory fail-
ure. And the complications should be managed. Treatment measures should be 
timely use of bronchodilators and systemic hormones, oxygen therapy (need to 
maintain arterial oxygen saturation above 93%), and respiratory support therapy. At 
this time, endotracheal intubation to establish artificial airway and timely mechani-
cal ventilation treatment are inevitable and necessary rescue means, and reasonable 
selection of ventilation methods and parameters, monitoring of blood gas and elec-
trolytes in the course of treatment, and timely judgment of curative effect and dis-
ease evolution are important. It is helpful to reduce complications and sudden 
death rate.

Noninvasive Positive-Pressure Ventilation (NPPV) [37]
Studies have shown that NPPV can improve blood gas analysis and lung function. 
In recent years, epidemiological data in the United States have found that the pro-
portion of patients with fatal asthma using noninvasive ventilation has increased 
significantly. A study analysis showed [38]that 112 patients with asthma had respi-
ratory distress and hypercapnia in addition to routine use of glucocorticoids and 
bronchial relaxants. The intubation rate decreased after the application of noninva-
sive ventilation. According to the relevant guidelines, this can be applied if there is 
no indication of emergency intubation or noninvasive contraindications.

Invasive Positive-Pressure Ventilation [39, 40]
The first choice is to intubate through the oral tube and place the large tube diameter 
catheter to avoid tracheotomy leading to tracheal stenosis. The indication of intuba-
tion includes: (1) cardiac arrest; (2) chronic respiratory slowdown or stop; (3) distur-
bance of consciousness; (4) silent lung; (5) pure oxygen mask oxygen PO2 < 60 mmHg, 
or PH < 7.2; (6) respiration ≥40 times. It is recommended that volume control ventila-
tion (VCV) mode be used at the initial stage of ventilation, which can obtain higher 
driving pressure and maintain ventilation. High minute ventilation can lead to pulmo-
nary hyperinflation. The low tidal volume should be 6–8 ml/kg, the respiratory rate 
should be controlled at 10–15 times/min, and the inspiratory time should be controlled 
at 0.8–1.2 s. The airway pressure adjustment parameters should be monitored accord-
ing to the results of blood gas analysis. For positive end-expiratory pressure (PEEP) 
setting, there is no PEEPi at the beginning of ventilation, and administration of PEEP 
at this time may increase the end-expiratory lung volume and aggravate the condition. 
It is recommended that you set up a low level of PEEP (usually ≤5cmH2O). Low tidal 
volume may lead to insufficient ventilation and carbon dioxide retention. Hypercapnia 
can be allowed and PaCO2 can be reduced properly (no less than 7.20–7.25). When 
using a ventilator, patients have irritability, delirium, man-machine confrontation, or 
severe airway spasm; sedatives and/or muscle relaxants can be properly selected. 
Sedatives can be diazepam or propofol and fentanyl. Vecuronium 0.08 mg and 0.10 mg 
were commonly used as muscle relaxants, which were injected intravenously and 
maintained at 0.01–0.015 mg/kg.
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19.1.7.3  Correction of Water and Electrolyte and Acid-Base Imbalance
Along with heat-related water loss during asthma attack, we should actively cor-
rect dehydration, humidify the airway, and prevent excess mucus production. 
The daily infusion volume was controlled at 2500–4000 ml, and the daily urine 
volume was above 1000 ml. For large amounts of mucus leading to severe airway 
obstruction, affecting the therapeutic effect, ventilation cannot be improved; 
bronchoalveolar lavage can be performed to remove mucus in the airway [41]. 
There is a need to prevent sudden death, monitor blood gas analysis and electro-
lytes, and timely detect and correct acid-base imbalance and electrolyte disor-
ders. Hypercapnia can be allowed only in the case of respiratory acidosis. When 
pH is <7.20, alkali (5% sodium bicarbonate) can be supplemented to reach 
pH > 7.20.

19.1.7.4  Research Progress in the Treatment of Severe Asthma
Tezepelumab is a human monoclonal antibody against epithelial cytokine thymic 
stromal lymphopoietin (TSLP), which can block the interaction between TSLP and 
receptor complex and prevent the release of proinflammatory cytokines from 
immune cells targeted by TSLP. To prevent asthma attacks and improve symptom 
control, it can be used in a wide range of patients with severe refractory asthma. 
Related clinical studies have shown that [42] tezepelumab can reduce the annual 
incidence of acute exacerbation in patients with refractory asthma by 71% and can 
significantly improve lung function, improve asthma control, and reduce the inci-
dence of sudden death.

Eosinophilia is associated with the deterioration of asthma severity and the 
decrease of pulmonary function, and the frequency of aggravation increases. 
Benralizumab is a monoclonal antibody against interleukin-5 receptor alpha [43]. 
According to a study from 374 regions in 17 countries [44], benralizumab is effec-
tive and safe in patients with severe asthma and eosinophil elevation, who are not 
controlled by high doses of inhaled corticosteroids (ICS) plus long acting β agonist 
(LABA). Benralizumab is also supported as an additional option for the treatment 
of the disease in this group of patients.

19.1.8  Prevention and Management of Sudden Death Caused 
by Asthma

Early detection of the risk signs of sudden death asthma, early identification and 
diagnosis once found, and rapid and effective treatment measures are the key to 
prevent sudden death caused by asthma.

From the point of view of the risk factors of fatal asthma attack, due to the lack 
of education of the patients and the lack of understanding of asthma, the doctors do 
not pay enough attention to asthma and cannot distinguish and identify the risk 
degree of asthma. It is necessary to strengthen the communication between doctors 
and patients and their families, and the doctors in charge should have a full grasp of 
the patient’s condition.
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The incidence of sudden death from asthma was high from night to early morn-
ing. Due to the increase of vagus nerve excitability at night, the level of intracellular 
cyclic adenosine monophosphate (CAMP) decreased, which could not prevent the 
release of bioactive substances, and the level of adrenocortical hormone was low, 
resulting in a decrease in effective blood concentration. Therefore, the maintenance 
of nocturnal serum effective plasma concentration in patients with severe asthma is 
helpful to reduce the occurrence of sudden death asthma.

Self-management of asthma peak expiratory flow (PEF) monitoring is necessary. 
According to related reports [45], PEF often fluctuates the day and night before fatal 
asthma attacks leading to death. Therefore, strengthening PEF self-monitoring can 
also reduce the number of acute asthma attacks. According to a prospective, ran-
domized parallel study, Group 1 was given routine treatment, and the other group 
was monitored by self-PEF on the basis of routine treatment. The results showed 
that the number of acute exacerbation in PEF self-monitoring group was better than 
that in routine treatment group.

The monitoring of exhaled nitric oxide can help in determining the compliance 
of inhaled glucocorticoid (ICS) therapy, evaluating the level of airway inflamma-
tion, evaluating the level of asthma control, and predicting the risk of acute attack of 
asthma. Cohort Analysis based on the Refractory Asthma (Hi-CARAT) study in 
Hokkaido, Japan [46], evaluates the clinical indicators and acute attack status of 105 
patients with severe asthma. Multivariate analysis was performed on three groups of 
subjects (persistent non-acute onset, persistent frequent acute onset, and intermit-
tent acute onset). Of the several biomarkers associated with Th2, only FeNO is 
associated with aggravation of the disease. The results showed that the effect of 
FeNO on predicting the deterioration of the disease in the future was still 
significant.

·Studies on sudden death from asthma show that some patients do not pay enough 
attention to asthma and do not strengthen education on asthma. To be able to judge 
the severity of acute asthma and to skillfully master the use of all kinds of asthma 
drugs are the basis for the prevention of acute exacerbation of asthma and the effec-
tive measures to prevent sudden death from asthma.

19.1.9  Conclusion

For sudden death from asthma, the onset of the disease is very rapid and can quickly 
progress to death. To identify the risk signs of sudden death early, make diagnosis 
as soon as possible, and take effective treatment and monitoring measures in time to 
reduce or prevent sudden death from asthma. Cardiopulmonary resuscitation and 
invasive ventilator support for endotracheal intubation are the key measures to 
improve the success rate of sudden death from asthma. Targeted treatment of severe 
asthma attacks caused by different causes is beneficial. During the attack of asthma, 
targeted treatment can prevent asphyxia caused by severe hypoxia or sputum 
obstruction. It is necessary to avoid all kinds of stimulating factors as far as possible 
and systematically use adrenocortical hormone to prevent the serious attack of 
asthma. However, for patients with long course of disease and frequent episodes, 
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resulting in unstable mental stress and mood fluctuations, and patients with serious 
psychological disorders, psychological counseling is given to advise them to treat 
the disease correctly. Good mental state plays an active role in reducing attacks and 
symptoms during attacks and in reducing the rate of sudden death. Since most of the 
sudden deaths from asthma occur at night, preventing the attack of asthma at night 
is an important link to reduce the mortality rate. In addition, reasonable and correct 
use of drugs and avoiding overuse of bronchodilators, glucocorticoids, and sympa-
thetic drugs are also effective ways to reduce sudden death from asthma. There is a 
certain relationship between sudden death from asthma and critical asthma. Sudden 
asthma with protuberance within a few minutes to hours can lead to sudden death 
without timely treatment. Therefore, improving the rescue success rate of critical 
asthma and standardizing the prevention and treatment of asthma have important 
clinical significance to reduce the mortality of bronchial asthma. With the rapid 
development of health care, there is a need to expand the future research on the 
potential treatment of asthma, improve the level of asthma control, enhance the 
study of new asthma treatment, develop accurate medical programs, and reduce the 
incidence of severe asthma and acute asthma attacks to lower the sudden death rate 
from asthma.

19.2  Acute Pulmonary Embolism

19.2.1  Overview and Epidemiology

Acute pulmonary embolism is a common venous thromboembolism, second only to 
myocardial infarction and stroke. The clinical manifestations of pulmonary embo-
lism are variable and usually nonspecific, making it difficult to diagnose. In the 
United States, pulmonary embolism causes approximately 100,000 to 300,000 
deaths per year [47, 48]. In Europe, pulmonary embolism causes 300,000 deaths per 
year, one-third of which are due to sudden fatal pulmonary embolism. About 34% 
of pulmonary embolism leads to sudden death [49]. Seven percent of patients were 
diagnosed before dying, and the rest were diagnosed after death; but many causes of 
sudden cardiac death are secondary to pulmonary embolism, so the actual mortality 
caused by pulmonary embolism is difficult to estimate.

19.2.2  Classification

Pulmonary embolism can be divided into acute, subacute, and chronic onset accord-
ing to the course of the disease. Patients with acute pulmonary embolism usually 
have symptoms and signs immediately after pulmonary vascular occlusion. Some 
patients with pulmonary embolism may also present symptoms within a few days or 
weeks after the initial event. Chronic pulmonary embolism patients have symptoms 
of pulmonary hypertension slowly over the years, which is called chronic thrombo-
embolic pulmonary hypertension. We will mainly discuss sudden death caused by 
acute and subacute pulmonary embolism.
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According to the stable classification of hemodynamics, pulmonary embolism 
can be divided into high-risk, intermediate-risk, and low-risk pulmonary embolism. 
The definition of hemodynamic instability includes (1) cardiac arrest, requiring car-
diopulmonary resuscitation; (2) obstructive shock, systolic blood pres-
sure  <  90  mmHg or the need of sufficient vasopressor to maintain blood 
pressure ≥ 90 mmHg, and end-perfusion insufficiency (mental state changes; cold, 
moist skin; oliguria/no urine; increased serum lactic acid); and (3) sustained hypo-
tension systolic blood pressure < 90 mmHg or systolic blood pressure decreased 
≥40 mmHg for more than 15 min and not caused by new arrhythmia, hypovolemia, 
or sepsis. Although hemodynamically unstable, pulmonary embolism is usually 
caused by a large pulmonary embolism; sometimes a small block of pulmonary 
embolism can cause this condition in patients with underlying cardiopulmonary 
disease.

It is important to distinguish between hemodynamically stable and hemodynami-
cally unstable pulmonary embolism, as patients with hemodynamically unstable 
pulmonary embolism are more likely to die from obstructive shock (i.e., severe right 
ventricular failure). Death from unstable pulmonary embolism usually occurs 
within the first 2 h, and the risk remains high for up to 72 h after onset.

19.2.3  Risk Factor

Factors that cause venous stasis, vascular endothelial damage, and hypercoagulabil-
ity (Virchow’s three factors) are risk factors for venous thromboembolism (VTE), 
including hereditary and acquired.

19.2.3.1  Hereditary Factors
These include factor V Leiden mutation and prothrombin gene mutation (20210-A) 
[49], often with repeated arterial and venous thromboses as the main clinical mani-
festations. Patients <50 years old have no risk factor of recurrent VTE. It is a famil-
ial morbidity and needs to be alerted due to the presence of thrombophilia.

19.2.3.2  Acquired Factors
Acquired risk factors refer to a variety of pathophysiological abnormalities that are 
acquired after birth, which are often temporary or reversible, such as surgery, 
trauma, acute medical diseases (such as heart failure, respiratory failure, and infec-
tion), and some chronic diseases (such as antiphospholipid syndrome, nephrotic 
syndrome, inflammatory bowel disease, and myeloproliferative diseases); malig-
nant tumors are important risk factors for VTE, but different types of tumors have 
different VTE risks. Pancreatic, cranial, pulmonary, ovarian, and hematological 
malignancies are considered to have the highest risk of VTE, while VTE risk 
increases during malignant activity.

VTE has common risk factors for certain arterial diseases, especially atheroscle-
rosis, such as smoking, obesity, hypercholesterolemia, hypertension, and diabetes. 
Myocardial infarction and heart failure can also increase the risk of VTE. Sexual 
risk factors can be caused by disease alone or simultaneously and synergistic effect. 
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Age is an independent risk factor. As the age increases, the incidence of VTE 
increases gradually.

Some VTE patients cannot identify the risk factors by more complete testing 
methods, called idiopathic VTE. Some patients with idiopathic VTE have occult 
malignant tumors, which should be screened and followed up.

19.2.4  Pathophysiology

The embolism of pulmonary embolism can be derived from the superior and infe-
rior vena cava or right heart cavity. Most of the emboli are derived from the veins of 
the lower extremities, including femoral vein and iliac vein. About 70% of patients 
with pulmonary embolism can find deep vein thrombosis (DVT) in the lower 
extremities, and pulmonary embolism exists in 50% of patients with proximal 
DVT. With the prolonged internal jugular vein and subclavian vein catheterization 
and intravenous chemotherapy, thrombosis from the superior vena cava also appears 
to increase. Pulmonary embolism can cause a series of pathophysiological reactions 
that can be divided into two aspects: impaired circulatory function and impaired 
respiratory function.

19.2.4.1  Impaired Circulatory Function
Vascular bed obstruction, which increases pulmonary vascular resistance and 
decreases arterial compliance in patients with pulmonary embolism, can be caused 
by pulmonary embolism, thromboxane A2 or serotonin release, and hypoxic vaso-
constriction of pulmonary artery system. The obstruction can lead to increased right 
ventricular afterload and pulmonary artery pressure, causing right ventricular dila-
tation and left ventricular septal shift, affecting left ventricular preload, thereby 
reducing cardiac output. At last, hypotension occurs.

19.2.4.2  Impaired Respiratory Function
Pulmonary embolism obstructs blood vessels, and inflammation leads to alveolar 
surfactant dysfunction and atelectasis, which makes the proportion of ventilated 
blood flow imbalanced. The distal small embolism can cause local alveolar hemor-
rhage, and pleurisy and chest cavity can occur. The effusion further affects the gas 
exchange. In some patients, because the right atrial pressure is increased, the fora-
men ovale opens again, resulting in a right-to-left shunt, leading to severe hypox-
emia and increasing the risk of sudden death.

19.2.5  Clinical Manifestation

Pulmonary embolism has a variety of onset characteristics, ranging from no symp-
toms to shock or sudden death [50, 51]. The most common complaints are dyspnea, 
followed by chest pain, cough, and DVT symptoms. Hemoptysis is an uncommon 
complaint. Very few patients have shock, arrhythmia, or syncope. Many patients 
(including some patients with massive pulmonary embolism) have no symptoms or 
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have mild or nonspecific symptoms. Therefore, it is essential to maintain a high 
degree of suspicion of the disease to avoid missing clinically relevant cases.

Pulmonary embolism is a common cause of sudden death, especially in patients 
<65 years of age. Ninety-one percent of these patients have dyspnea or hypopnea. 
Large pulmonary embolism (PE) may be associated with acute right ventricular 
failure, manifested as elevated jugular venous pressure, right third heart sound, 
parasternal lift pulsation, cyanosis, and obstructive shock. But small PE patients 
with severe basal pulmonary hypertension may also experience shock. A change 
from tachycardia to bradycardia, or from narrow QRS tachycardia to wide QRS 
tachycardia (i.e., right bundle branch block), is a bad sign of right ventricular strain 
and impending shock [52].

19.2.6  Diagnosis

Any branch of the pulmonary artery (backbone, leaf, segment, subsegment) has a 
marked filling defect after contrast enhancement, i.e., a diagnosis of PE. When a 
filling defect is not clearly observed (e.g., the embolus is in a small peripheral pul-
monary artery), poor contrast enhancement and patient movement or metallic beam 
hardening artifacts lead to poor imagery, and scan results are reported as uncertain 
or nondiagnostic.

Pulmonary embolism can be diagnosed by pulmonary segment or subsegment 
perfusion defect, with normal ventilation. When the image is interpreted, the prob-
ability of classification as PE is high, medium, or low or normal. In the case of low 
clinical probability of PE, the scan result is normal, and the probability of showing 
PE as low is enough to rule out the PE. V/Q scan shows a high probability of PE and 
a high clinical probability of PE, confirming all other combinations of PE.  V/Q 
results and clinical probability are not diagnostic.

Transcatheter pulmonary angiography revealed filling defects or sudden trunca-
tion of blood vessels, diagnosed as emboli. Echocardiography rarely diagnoses PE, 
but patients with hemodynamic instability can use this method to make a presump-
tive diagnosis, which can be given life-saving treatment. Proximal vein compression 
of the lower extremity confirmed that DVT could not be diagnosed as PE, but it may 
indicate that it is suitable for treatment. Sometimes, PE is found when standard 
contrast-enhanced computed tomography (CT) is used for other reasons, or patho-
logical examination is performed on the resected lung lobe. It was found that in 
these cases, special pulmonary or leg vein imaging may be required to diagnose 
residual PE or DVT.

19.2.6.1  Arterial Blood Gas
If the chest X-ray is normal, but there is an unexplained hypoxemia, the possibility 
of PE should be considered and should suggest further evaluation. However, 
although the results of arterial blood gas (ABG) analysis of patients with suspected 
PE are often abnormal, many ABG results were normal in 18% of PE patients. 
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However, abnormal gas exchange may be caused by and/or worsened by basal car-
diopulmonary disease [53]. Common abnormalities in ABG analysis include one or 
more of the following: hypoxemia (74%), alveolar-arterial oxygen partial pressure 
difference (62–86%), respiratory alkalosis, and hypocapnia (41%). Hypercapnia, 
respiratory acidosis, and lactic acidosis are not common. However, these conditions 
may occur in patients with massive PE with obstructive shock and respiratory arrest. 
Oxygenation abnormalities may have prognostic value. For example, patients with 
hypoxemia at diagnosis or pulse oximetry readings at room air <95% have an 
increased risk of complications including respiratory failure, obstructive shock, 
and death.

19.2.6.2  Electrocardiogram
Abnormal electrocardiograms are common in suspected PE patients, but they are 
not specific [54]. The most common findings are tachycardia and nonspecific ST 
segment and T wave changes (70%). Previously considered to be abnormal for PE 
(S1Q3T3 waveform, right ventricular strain), new incomplete right bundle branch 
block is not common (<10%). Among patients diagnosed with PE, ECG abnormali-
ties associated with poor prognosis include atrial arrhythmia (e.g., atrial fibrilla-
tion), bradycardia (<50  beats/min) or tachycardia (>100  beats/min), new right 
bundle branch block, Q wave (II, III, and aVF leads) in the inferior leads, anterior 
wall ST segment change and T wave inversion, and S1Q3T3 waveform.

19.2.6.3  CTPA
CT pulmonary angiography (CTPA), also known as chest contrast-enhanced CT 
angiography, is the preferred method for diagnostic imaging studies in most patients 
with suspected PE because of its sensitivity and specificity (especially when inte-
grated into the diagnostic pathway) [55]. Other diseases can be found by this 
method. The imaging technique is widely used, and in most cases, the examination 
can be carried out as soon as possible or in an emergency. If there is a contraindica-
tion to CTPA in some cases, it is easy to resolve the problem(e.g., premedication 
when allergic to contrast agents), and if imaging (e.g., V/Q scan) is not feasible, 
CTPA can also be performed after a short delay (e.g., 8–12 h).

For patients with a history of moderate to severe iodine-containing contrast 
agents or renal insufficiency [eGFR<30 ml/(min·1.73 m2)], CTPA may be relatively 
banned. The risk of these contraindications must be weighed against two factors: the 
clinical importance of CTPA examination and the availability of other imaging 
methods (e.g., V/Q scan) [56].

Most studies report that CTPA diagnosis of PE has >90% sensitivity and speci-
ficity, especially when the clinical risk is low and moderate [57]. It is reported that 
when the clinical probability of CTPA combined with PE is moderate to high, the 
sensitivity is highest (≥96%), but the sensitivity was lower in patients with low 
suspicion. However, many cohort studies using advanced technology scanners and 
specific CTPA programs consistently show that PE occurs in patients with low clini-
cal suspicions and normal CTPA results. The rate is low (<2%) [58, 59]. However, 
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patients with normal CTPA results and with clinically highly suspected PE [60] 
have a risk of PE (up to 5% when using MDCT with ≤64 rows of probes).

19.2.6.4  Ventilation/Perfusion Scan
V/Q scans are basically only used for patients with uncertain outcomes and when 
CTPA is banned or when additional tests are required. Chest radiographs are usually 
required before V/Q scans. Scanning patients with abnormal chest X-rays is more 
likely to be false-positive because the images of such patients are rarely normal or 
have a low probability of PE. Patients will be required to sit for 30–60 min for V/Q 
scan. The approximate effective radiation dose is <2 mSv. Most patients scan for 
uncertainty. This is the main limitation of V/Q scanning because the uncertain scan 
results are not enough to confirm the diagnosis of PE, nor is it sufficient to exclude 
PE, requiring additional examination. A systematic review analyzed more than 7000 
cases from 25 prospective studies [54, 61]. In three patients, after 3 months of fol-
low-up, three diagnostic strategies were found to safely exclude PE patients: in 
patients with low clinical probability of PE and exclusion of PE based on normal 
D-dimer levels, the incidence of PE was <3%. Among patients with clinical proba-
bilities combined with D-dimer assessment, conventional perfusion scans (Q scans) 
can safely exclude PE. In patients with a high probability of PE on V/Q scans, the 
next step is performed (e.g., catheter pulmonary angiography or continuous lower 
extremity venous ultrasound) safely.

19.2.7  Resuscitation and Treatment Principles

Initial support for pulmonary embolism should focus on restoring tissue perfusion 
[62, 63], for example, venous fluid resuscitation, vasopressor support, and oxygen-
ation, as well as intubation and mechanical ventilation to stabilize the airway.

For most patients with hemodynamically stable resuscitation but with highly sus-
pected pulmonary embolism, unfractionated heparin is used immediately for antico-
agulation, and rapid imaging studies are performed to confirm the diagnosis. For 
patients with high clinically suspected pulmonary embolism, hemodynamic insta-
bility, and metastasis confirmed by the radiology department for whom CTPA is 
considered unsafe, bedside echocardiography is performed empirically before sys-
temic thrombolytic therapy (i.e., reperfusion therapy). If the cardiogram is delayed 
or not possible, thrombolytic therapy should be used as a life-saving measure 
according to the patient’s specific conditions; if thrombolytic therapy is not avail-
able, the patient should be treated with empirical anticoagulant therapy. Anti-
coagulant therapy should not be delayed. For patients with known pulmonary 
embolism, if antihypertensive therapy is accompanied by hypotension and antico-
agulant therapy is still highly suspected of pulmonary embolism recurrence, we 
recommend a similar approach.

For patients with low or moderate suspicion of pulmonary embolism and hemo-
dynamic instability, the empirical anticoagulation method should be the same as 
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that of hemodynamically stable patients; empirical thrombolytic therapy should not 
be performed in this patient population.

19.2.7.1  Transcatheter Pulmonary Angiography
Pulmonary angiography is the injection of contrast agent through the catheter into 
the right heart under fluoroscopy. It used to be the gold standard for diagnosis of 
PE. With the popularity of CTPA, this operation has been rarely used, only for rare 
cases, i.e., the patient’s PE. The clinical probability is high, but the CTPA or V/Q 
scan is not diagnostic, and the diagnosis will determine important clinical decisions 
(e.g., intervention). Pulmonary angiography does not appear to be as accurate as 
CTPA, and diagnostic performance varies widely and depends on the operator’s 
experience. Therefore, transcatheter pulmonary angiography is most commonly 
used in patients scheduled for concurrent treatment because it combines diagnostics 
with therapeutic interventions designed to dissolve blood clots (e.g., catheter-guided 
thrombectomy and/or thrombolytic therapy). The application of this method in this 
case is also influenced by local professionalism.

Transcatheter pulmonary angiography as a previous gold standard has not been 
formally evaluated for its sensitivity and specificity for the diagnosis of 
PE. However, a retrospective analysis of 20 patients showed that the sensitivity of 
detecting small embolism may be low. However, in patients with negative angio-
graphic results, the risk of subsequent symptomatic embolization was lower (<2%).

19.2.7.2  Respiratory Support
The target oxygen saturation is ≥90% after intubation and mechanical ventilation. 
Patients with right ventricular failure are prone to hypotension after intubation. 
Therefore, for this patient group, it may be prudent to consult with cardiovascular 
anesthesiologists. High platform pressure should be avoided. Extracorporeal mem-
brane oxygenation may also be considered (successful use in patients with severe 
refractory hypoxemia and/or hypotension).

19.2.7.3  Hemodynamic Support
The exact threshold for hemodynamic support is determined by the patient’s base-
line blood pressure and whether there is clinical evidence of hypoperfusion (e.g., 
altered consciousness, decreased urine output). In general, we tend to give a small 
amount of intravenous rehydration, usually 500–1000 ml saline, if the patient’s per-
fusion status does not change after intravenous rehydration, followed by vasopres-
sor treatment.

Intravenous rehydration is a first-line treatment for patients with hypotension. 
However, for patients with right ventricular dysfunction, limited data suggest that 
active fluid resuscitation is not beneficial or even harmful [64]. The rationale for 
limiting intravenous rehydration comes from preclinical studies. And a small obser-
vational study in humans reported that a small amount of intravenous rehydration 
would increase the heart index of patients with pulmonary embolism, while exces-
sive intravenous rehydration would lead to excessive expansion of the right 
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ventricle (i.e., right ventricular overload), right ventricular ischemia and right heart 
failure increase.

The best vasopressor for patients with shock caused by acute pulmonary embo-
lism is usually preferred to norepinephrine.

19.2.7.4  Empirical Anticoagulant Therapy
The application of empirical anticoagulant therapy depends on the risk of bleeding, 
the degree of clinical suspicion of pulmonary embolism, and the estimated time of 
the diagnostic test [65]. For most patients with hemodynamically stable resuscita-
tion but with highly suspected pulmonary embolism, we tend to use ordinary hepa-
rin for immediate anticoagulation. There is no best predictive tool for assessing the 
risk of bleeding in patients with pulmonary embolism [66].

If patients presents with absolute contraindications to anticoagulation therapy 
(e.g., recent surgery, hemorrhagic stroke, active bleeding) or if physicians have 
assessed an unacceptably high risk of bleeding (e.g., aortic dissection, intracranial 
tumor, or spinal cord tumor), empirical anticoagulant therapy should not be used. 
Diagnostic assessment should be expedited so that alternative treatments can be 
initiated when a diagnosis of pulmonary embolism is initiated, such as inferior vena 
cava (IVC) filter placement, thrombectomy, and surgery.

19.2.7.5  Thrombolytic Therapy and Catheter-Assisted Thrombectomy
Systemic thrombolysis is a widely accepted treatment for patients with pulmo-
nary embolism after recovery from sudden death. For specific patients, catheter 
thrombectomy (with or without thrombolytic therapy) may also be used, espe-
cially in patients with a higher risk of bleeding [67, 68]. For patients who have 
failed systemic thrombolysis, the best treatment is not clear. Alternative treat-
ments include repeated systemic thrombolysis, catheter thrombolysis, and cath-
eter or surgical thrombectomy, depending on available resources and local 
expertise.

For patients with hemodynamically unstable pulmonary embolism who are con-
traindicated with thrombolytic therapy, thrombectomy is required. Thrombectomy 
is also a treatment option for patients with failed thrombolysis. The embolus can be 
removed by surgery or using a catheter. The choice depends on the expertise, 
whether the pulmonary embolism has been diagnosed, and the patient’s response to 
these treatments. One of the advantages of this method is that it can be used for both 
diagnostic and therapeutic interventions. Selective thrombectomy techniques 
include ultrasound-assisted thrombolysis, flow decompression, rotary thrombec-
tomy and suction thrombectomy [69].

Catheter-assisted thrombectomy has the risk of pulmonary perforation; although 
rare, it can lead to pericardial tamponade and life-threatening hemoptysis, with very 
serious consequences. Other complications include venous puncture site bleeding 
and infection, cardiac arrest and death, as well as equipment-specific adverse reac-
tions. Combined application of thrombolytic therapy can aggravate hemorrhagic 
side effects.

J. Chen et al.



317

19.2.7.6  Surgical Thrombectomy
Routine indications for surgical thrombectomy are hemodynamic instability due to 
acute pulmonary embolism and contraindications to thrombolytic therapy (systemic 
or catheterization), which is also an option for patients with failed thrombolysis 
[70]. It may include echocardiography showing that the embolus is trapped in the 
patent foramen ovale, or in the right atrium or right ventricle. Surgical thrombec-
tomy is usually performed only in large medical centers because an experienced 
surgeon is required to perform the procedure. Surgical thrombectomy has a higher 
mortality rate, especially in the elderly. The proximal embolus (i.e., the right ven-
tricle, the main pulmonary artery, and the embolus in the extrapulmonary branches 
of the pulmonary artery) is easily removed by surgery, but far-end thrombosis (e.g., 
a thrombus in a branch of the pulmonary artery) is usually not surgically removed.

A retrospective database study comparing 257 patients with pulmonary embolism 
undergoing surgical thrombectomy with 1854 patients with pulmonary embolism 
undergoing thrombolysis showed no significant difference in mortality on the 30th 
day (15% vs 13%) [71]. The observational study included 40 patients with pulmonary 
embolism who failed systemic thrombolysis, and the rate of pulmonary embolism was 
lower in patients undergoing surgical thrombectomy compared with patients receiv-
ing repeated thrombolysis (0 vs 35%) [72]. In addition, there were fewer deaths and 
severe bleeding complications in the surgical thrombectomy group, but the difference 
in these data was not statistically significant. Another case series included 115 patients 
who underwent surgical thrombectomy. Patients with unstable pulmonary embolism 
were found to have higher operative mortality (10% vs 4%) and lower survival rates 
(75% vs 93%) compared with patients with stable pulmonary embolism [73].

Transesophageal echocardiography (TEE) should be performed before or during 
thrombectomy to determine the presence of extrapulmonary thrombosis (e.g., 
thrombus in the right atrium, right ventricle, or vena cava). A series of 50 patients 
with pulmonary embolism were included in the study. TEE detected 13 patients 
(26%) with extrapulmonary thrombosis, which resulted in changes in surgical treat-
ment in five patients (10%) [74].

19.2.7.7  Shock and Right Ventricular Dysfunction
Echocardiography or CTPA assessment showed that right ventricular dysfunction 
was associated with increased mortality [75]. A meta-analysis included 3395 
patients with normotensive and hypotensive pulmonary embolism in seven studies 
and found that right ventricular dysfunction was associated with pulmonary embo-
lism in the hospital [76]. There was a twofold increase in the mortality rate. However, 
a subgroup analysis of patients with normal blood pressure found that the correla-
tion between right ventricular dysfunction and mortality found by echocardiogra-
phy or CT was weak, indicating that the symptom that can predict death is right 
ventricular dysfunction. A study enrolled 1950 patients with a diagnosis of PE who 
underwent a corresponding treatment in a prospective multicenter trial and found 
that CTPA showed a larger diameter of the pulmonary trunk and a higher duration 
of treatment for 3–6  months [77]. Mortality (OR, 2.8, 95% CI 1.3–5.7) was 
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associated with mortality at 1 year of treatment (OR, 2.3, 95% CI 1.4–4.0). There 
was no correlation with right ventricular dysfunction.

19.2.7.8  Right Ventricular Thrombus
Echocardiography or CT examination found that approximately 4% of patients with 
pulmonary embolism had active right heart thrombosis, which was higher in patients 
with severe disease (up to 18%) [78]. Several studies have shown that right heart 
thrombus and right ventricle insufficiency are associated with higher early mortal-
ity. For example, data from the International Registry of Patients with Pulmonary 
Embolism shows 14-day mortality in patients with right ventricular thrombosis 
(21% vs 11%) compared with patients without right ventricular thrombosis and 
3-month mortality (29% vs 16%) is higher [79].
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20Sudden Unexpected Death in Endocrine 
Diseases

Zhaojun Wang, Hanyi Zhang, and Wei Chong

Abstract

Sudden unexpected death (SUD) refers to the sudden (usually occurs within 24 h 
from the onset of the initial symptoms) and unexpected (not caused by obvious 
reasons like trauma, poisoning, violent asphyxia, etc.) death of a person. It may 
be the result of one or several serious underlying diseases, while the initial symp-
toms may be totally different from the common manifestations of those diseases. 
Disorders of many endocrine organs can cause SUD, and some of these condi-
tions are reviewed in this article.

Keywords
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20.1  Diseases of the Pituitary Gland

The pituitary gland (i.e., hypophysis) underlies the base of the hypothalamus within 
the sella turcica (“Turkish saddle”) of the sphenoid bone. It is a delicate protective 
bony structure that is attached to the brain by blood vessels and nerve cell axons. 
Two major parts are found in the human pituitary gland: the adenohypophysis and 
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the neurohypophysis. It is made up of several cell types that receive sensory and 
hormonal inputs from the hypothalamic neurosecretory cells to maintain hormonal 
homeostasis, which is indispensable for survival via downstream control of the thy-
roid through thyroid-stimulating hormone (TSH), control of the adrenal cortex 
through adrenocorticotropic hormone (ACTH), and control of the gonads through 
follicle-stimulating hormone (FSH) and luteinizing hormone (LH).

In many circumstances, the pituitary gland may be damaged, which leads to 
insufficient hormone release by the pituitary gland [1]. Its common manifestations 
include:

 1. Adrenocorticotropic hormone deficiency → weakness, tiredness, fatigue, 
anorexia, gastrointestinal disorders, weight loss, hyperpigmentation, hypoten-
sion, hyponatremia, hyperkalemia, azotemia, anemia, etc.

 2. Thyroid-stimulating hormone deficiency → myxedematous, decreased pulse 
pressure and blood flow caused by hypodynamia of myocardium and pericardial 
effusion, anemia, impaired intellectual functions, etc.

 3. Luteinizing and follicle-stimulating hormone deficiency → depends on the time 
point of the onset, causing a variety of syndromes.

 4. Growth hormone deficiency → hypoglycemia.
 5. Antidiuretic hormone deficiency → polyuria and hyponatremia.

ACTH deficiency can cause adrenal crises: hypoglycemia, hypotension, hypona-
tremia, etc. TSH deficiency can cause bradycardia and hypotension. In severe cases, 
these can be life-threatening [2]. Despite congenital disorders or space-occupying 
lesions, there are several conditions commonly seen in emergency that can cause 
acquired pituitary insufficiency.

20.1.1  Traumatic Brain Injury

Traumatic brain injury (TBI) has an annual incidence rate of 295 per 100,000 world-
wide [3]. In Schneider’s systematic review, a pooled prevalence of anterior pituitary 
hormone deficiency due to TBI of 27.5% was reported. Besides, approximately 5% 
of all hypopituitarism cases were caused by TBI [4]. Bevenga et al. found that pitu-
itary dysfunction and necrosis existed in at least 30% of TBI fatalities reported in 
literatures from 1970 through 1998 [5]. Systematic imaging studies by Schneider 
et al. have shown that there is a high incidence of undiagnosed post-traumatic ante-
rior pituitary abnormalities, which may lead to potentially fatal endocrine crises [6].

The causes of post-traumatic hypopituitarism may include direct mechanical 
trauma, vascular disorder of the hypothalamus or the pituitary gland, hypoxia, 
hypotension, increased intracranial pressure [7] etc. Several recent studies have 
revealed the role of Apolipoprotein E3 in the development of TBI-induced hypopi-
tuitarism [8–11]. Since trauma patients may have similar clinical manifestations to 
those of pituitary failure [12] (for example, increased cortisol due to systemic 
inflammatory response syndrome, SIRS; fatigue; concentration difficulties; and 
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depression due to post-traumatic stress disorder, PTSD), diagnosis of hypopituita-
rism is often missed until it becomes serious or even sometimes life-threaten-
ing [13].

Recommendations assembled by the Defense Centers of Excellence (DCoE) for 
Psychological Health and Traumatic Brain Injury were released in December 2012 
[14]. As the commonly used Glasgow Coma Scale (GCS) cannot tell whether a 
patient’s pituitary gland is involved or not, this guideline encouraged primary care 
providers to consider screening patients with persistent symptoms after TBI and 
even up to 36 months post injury. Advanced age, basal skull fracture, focal cortical 
contusion, intracranial or petechial brain hemorrhage, diffuse axonal injury, 
increased intracranial pressure, seizure, and sustained coma or intubation are the 
factors that have been found to correlate with post-traumatic hypopituitarism 
[14–17].

Although hormone replacement therapy (HRT) is essential in many other causes 
of hypopituitarism, whether a patient with post-traumatic hypopituitarism will ben-
efit from HRT or not may depend on whether the disorder is permanent or transient 
[14]. Nevertheless, most studies show a positive effect of HRT on TBI-induced 
hypopituitarism [18–24].

20.1.2  Hantavirus Infection

Hantaviruses are a group of viruses that are most commonly found in America, 
Europe, and Asia. In humans, they cause two classical syndromes: Hantavirus car-
diopulmonary syndrome (HCPS) and hemorrhagic fever with renal syndrome 
(HFRS) [25, 26]. Patients usually suffer from hemorrhagic fevers with either acute 
respiratory distress syndrome (in HCPS) or renal failure (in HFRS).

Interestingly, some patients with Hantavirus infection develop hypopituitarism. 
Several studies have found pituitary gland atrophy, hemorrhage and necrosis in 
HFRS patients, which is possibly caused by hemorrhagic complications (thrombo-
cytopenia, endothelial cell dysfunction, disseminated intravascular coagulation, 
etc.) [27–29]. However, there is no clear proof that pituitary hemorrhage is directly 
correlated with hypopituitarism, as some studies observed an exacerbated endocrine 
disorder in spite of the clinical remission of hemorrhagic fever [30–32]. Several 
hypotheses on how the Hantavirus infection causes hypopituitarism are as follows:

 1. Hypotension or shock → pituitary gland ischemia → pituitary gland necrosis: 
This theory was supported by the study of Steer et  al., which found pituitary 
gland damage in most of the HFRS patients who died during shock or oliguria 
[27], which is a common complication of Hantavirus Infection [33].

 2. Depleted platelet → pituitary gland hemorrhage → pituitary gland damage: This 
theory was supported by the study of Valtonen et al., which found the hemor-
rhage foci in the pituitary gland in Hantavirus infected patients [29]. Besides, 
Stojanovic et al. found a correlation between Hantavirus infection and thrombo-
cytopenia [34].
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 3. Inflammation of the pituitary gland → pituitary gland dysfunction: This theory 
was supported by the study of Hautala et al. as they isolated Hantavirus from 
stromal cells and vascular endothelial cells of the pituitary gland [35]. There is 
also evidence that the pituitary gland may undergo an auto-immune reaction 
after Hantavirus infection [36].

There are many other causes of hypopituitarism like empty sella syndrome, pitu-
itary adenoma irradiation therapy, pituitary tumor or inflammation, etc. Clinicians 
should be aware of these possibilities and screen pituitary hormones if hypopituita-
rism is suspected.

20.2  Diseases of the Thyroid Gland

The thyroid gland is one of the largest endocrine organs. It uptakes dietary iodine, 
and then produces thyroid hormone through the following steps:

 1. Transfer of iodide in the plasma into the thyroid cell through the sodium-iodide 
symporter (NIS),

 2. Iodide oxidation into mono-iodotyrosine (MIT) and di-iodotyrosine (DIT) (i.e., 
organification), which is catalyzed by the heme containing protein, thyroid per-
oxidase (TPO),

 3. Synthesis of iodothyronine from MIT and DIT, and linked to thyroglobulin (Tg),
 4. Storage and release of thyroid hormone.

The thyroid gland is regulated by the feedback control loop including hypothala-
mus (which secretes thyrotropin-releasing hormone, TRH) and pituitary (which 
secretes thyrotropin, TSH). TSH is the key regulator of the morphology and func-
tion of the thyroid gland. The normal serum TSH level is between 0.4 and 4.2 mU/L, 
which is increased during primary hypothyroidism and reduced during thyrotoxico-
sis (hyperthyroidism) or secondary hypothyroidism. Either severe hypo or hyper 
thyroidism may cause a life-threatening condition.

20.2.1  Thyrotoxicosis

Thyrotoxicosis describes the effect of excessive thyroid hormones in various sys-
tems of the body in all cases. Thyrotoxicosis may be caused by primary hyper-
thyroidism, which means hyperfunction of the thyroid gland, most commonly 
seen in Graves’ disease. Thyroiditis, which is usually caused by an autoimmune 
reaction or viral infection, can also cause thyrotoxicosis. Although thyrotoxico-
sis itself is a “benign” situation, excessive thyroid hormones may cause a severe 
medical condition like “thyrotoxic crisis”by exerting their influence on other sys-
tems of the body.
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20.2.1.1  Cardiovascular System
Excessive thyroid hormones directly increase sympathetic tone and decrease vagal 
tone, which causes tachycardia [37]. They also increase nitric oxide production and 
thus result in an increased systolic pressure, a decreased diastolic pressure, and an 
increased pulse pressure; this is frequently felt by patients themselves as a sense of 
palpitation [38–40]. In addition, thyrotoxicosis increases the metabolic rate, which 
needs an increased cardiac output [41]. As a result, this leads to complications of the 
heart including cardiac arrhythmias (e.g., atrial fibrillation and ventricular fibrilla-
tion), cardiac failure, cardiac ischemia or thrombosis, etc.

Cardiac arrhythmias are common in thyrotoxicosis patients; between 2% and 
20% of them have atrial fibrillation, and about 15% of patients with unexplained 
atrial fibrillation are found to be thyrotoxic [41]. Atrial fibrillation decreases the 
efficiency of the heart, and when this happens with a patient with preexisting heart 
disease, cardiac failure or lethal arrhythmias may occur. Ohshima et al. reported an 
autopsy case of a 45-year-old woman with diffuse hyperplastic goiter (possibly 
Graves’ disease) and thyroid crisis. They found hemosiderin-laden macrophages in 
the lungs, centrilobular necrosis, microscopic bleeding, fibrosis, and nodular regen-
erative hyperplasia of the liver, which indicated persistant heart failure [42]. 
Terndrup et al. reported a 22-year-old female with cardiopulmonary arrest. After 
basic life support (BLS) and advanced cardiac life support (ACLS) for 51 min, the 
patient still demonstrated apnea, pulselessness, and unresponsiveness, and resusci-
tative efforts were discontinued. Postmortem findings found nodular thyromegaly, 
elevated serum levels of T3 and decreased TSH, which indicated thyrotoxicosis 
[43]. Shirani et al. reported sudden death of two GD patients with enlarged hearts 
(420 and 425 g), dilated cardiac ventricles and ventricular walls free of the foci of 
fibrosis and necrosis [44]. Wei et al. reported a 30-year-old Chinese woman with 
GD who suddenly died after having a physical altercation. They found cardiomeg-
aly with left ventricular hypertrophy in the postmortem examination [45]. Korte 
et al. reported an 18-year-old man who suffered a sudden cardiac arrest with ven-
tricular fibrillation and was successfully resuscitated [46]. He had neither a medical 
nor family history of cardiac disease or sudden death, but was known to have 
Graves’ disease. The blood test showed markedly elevated thyroid hormone levels, 
i.e., “thyroid storm” [47], which is sometimes caused by amiodarone or iodine con-
trast. Zhang et al. reported six cases of sudden death due to hyperthyroid heart dis-
ease between 2001 and 2016  in the Forensic Medicine School of China Medical 
University. They found an increase of cardiac weight, dilatation of cardiac cham-
bers, myocardial hypertrophy, and focal necrosis [48]. These cases indicate thyro-
toxicosis with preexisting heart enlargement as a potential cause of sudden death.

20.2.1.2  Muscle
Thyrotoxic myopathy is more commonly seen in men than in women. Graves’ dis-
ease occurs in about 3–5% of patients with myasthenia gravis, and about 1% of 
patients with Graves’ disease develop myasthenia gravis. In most cases, myasthenia 
is aggravated during the thyrotoxic state and improves after the normal metabolic 
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state is restored. Acute hypokalemic paralysis is a rare cause of acute weakness. 
Morbidity and mortality associated with unrecognized disease can occur and may 
include respiratory failure, lethal cardiac arrhythmias, and possibly death.

Thyrotoxic periodic paralysis (TPP), which has a particularly higher incidence in 
Asian and Latino men, is characterized by the sudden onset of hypokalemia and 
paralysis that primarily affect the lower extremities [49]. It can be triggered by 
extreme exercise, meals high in sodium or carbohydrate content [50, 51] etc. The 
underlying mechanism is thought to be skeletal muscle ion channel defects [52], as 
the Na+/K+-ATPase activity is higher in TPP than in other thyrotoxic subjects. 
Besides, TPP is found to be related with a high level of insulin [53] and an elevated 
serum testosterone level [54–56]. Recent research by Ryan et al. revealed the patho-
genic gene mutation on KCNJ18 that is responsible for TPP, which encodes an 
inwardly rectifying potassium channel, Kir2.6 [57]. Kir2.6 are primarily expressed 
in the skeletal muscle and probably contribute to cell membrane excitability. 
Furthermore, KCNJ18 has a thyroid hormone response cis element (TRE) within its 
promoter, which might up-regulate the expression of Kir2.6 to protect against mem-
brane potential instability. Genetic analysis revealed mutations in Kir2.6 in multiple 
TPP patients. However, how these mutations cause predisposition for TPP remains 
a topic of further research.

20.2.1.3  Other Systems
Thyrotoxicosis has variable effects on several other systems of the body. For energy 
metabolism, it increases the basal metabolic rate (BMR) and appetite, while also 
causing weight loss and muscle wasting. For the alimentary system, thyrotoxicosis 
increases the bowel movement and causes hepatic dysfunction in severe patients. 
These changes are unlikely to cause sudden unexpected death and are not discussed 
in this review.

Traditionally, there are three effective and relatively safe treatment options for 
Graves’ disease: anti-thyroid agents (ATD), surgery (thyroidectomy), and radioio-
dine therapy (RAI). However, each kind of therapy has significant side effects and 
none is ideal [58]. Anti-thyroid drugs include thionamides (most commonly 
methimazole and propylthiouracil; act by inhibiting the oxidation and organic bind-
ing of iodide, impairing the conversion of thyroxine to triiodothyronine by type 1 
deiodinase, and inhibiting the thyroid immune response) [59–61], iodine-containing 
agents (the Wolff–Chaikoff effect; inhibit hormone release and inhibit peripheral 
thyroxine conversion to triiodothyronine) [62, 63], β-blockers (blockage of the 
response to catecholamines) [64, 65], dexamethasone (inhibition of the peripheral 
conversion of thyroxine to triiodothyronine and suppression of the autoimmune 
reaction) [66, 67], lithium agents (temporary control of thyrotoxicosis in those who 
are sensitive to thiocarbamide and iodide) [68], etc. For surgery, the common com-
plications include hypothyroidism, hypoparathyroidism and recurrent laryngeal 
nerve damage. The most serious postoperative complication is asphyxia caused by 
intratracheal hemorrhage and it should be treated immediately, or it may cause 
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sudden death. Radioiodine therapy has been the favorite therapy but in recent years 
more physicians tend to prefer ATDs to RAI. In fact, according to the 2016 ATA 
guidelines for thyrotoxicosis, patients receiving one of the three treatment options 
were found to have the same long-term quality of life (QoL) [69].

20.2.2  Hypothyroidism

Hypothyroidism refers to the clinical condition featured by the reduced production 
of thyroid hormone, which affects about 4–10% of the population [70]. 
Hypothyroidism can be divided into primary and secondary. Primary hypothyroid-
ism is usually caused by autoimmune destruction of the thyroid (i.e., autoimmune 
thyroid disease, AITD). Radioiodine therapy can also induce hypothyroidism occa-
sionally. Secondary (or central) hypothyroidism is caused by disease of the hypo-
thalamus or pituitary, which leads to insufficient secretion of thyrotropin-releasing 
hormone (TRH) or thyroid-stimulating hormone (TSH).

Hypothyroidism can affect almost all systems of the body. For example, hypo-
tension, decreased pulse pressure, multiple serous cavity effusion, myxedematous 
tissue, stiffness and aching of muscles, impaired renal excretion of water, anemia, 
decreased energy metabolism and heat production, decreased intellectual functions, 
and changes in a variety of hypothalamus and pituitary hormones. Hypothyroidism 
is associated with decreased cardiac output due to the impaired relaxation of the 
vascular smooth muscle and decreased availability of endothelial nitric oxide; 
besides, thyroid hormones also impact the renin-angiotensin-aldosterone system 
and the beta-adrenergic system. As for molecular mechanisms, thyroid hormones 
regulate pacemaker-related genes in cardiomyocytes at the level of transcription 
[70]. Electrocardiograph usually shows bradycardia, flattened T waves, low voltage, 
bundle branch blocks, complete heart blocks, or even prolonged QT intervals lead-
ing to “torsades de pointes.”

Myxedema coma is the most severe stage of hypothyroidism with a mortality 
rate of 20% or higher [71]. The pathogenic mechanism of myxedema coma is still 
not clear. The predisposing factors that contribute to its development include iodine 
insufficiency, hypothermia, hypoxemia, hypoglycemia, infection, trauma, the use of 
depressants or anesthetics, etc. The common clinical manifestations include severe 
myxedema, bradycardia, severe hypotension, delayed deep tendon reflexes, etc. The 
factors associated with higher mortality include advanced age, female, cardiac 
arrhythmias, persistent hypothermia, reduced consciousness, sepsis, and delay in 
therapy [72–74].

Treating myxedema coma is a multisystem challenge. Identification and treat-
ment of the precipitating factor is essential. Aspiration and airway obstruction could 
occur due to the altered mental status and the myxedema of the larynx, which may 
lead to sudden death. Thus most patients will require assisted ventilation and con-
trolled oxygen administration. Also, assessment of any pneumonia with imaging is 
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needed to ensure the treatment of the possible underlying causes. Fluid resuscitation 
is needed while monitoring sodium and slow re-warming to avoid further hypoten-
sion. If hypotension is refractory to fluid resuscitation, then vasopressors should be 
initiated until levothyroxine has time to act. Hypotonic fluids should be avoided as 
low sodium can precipitate the altered mental status. Prompt initiation of thyroid 
hormone replacement therapy is of paramount importance when myxedema coma is 
highly suspected, even before having thyroid hormone results back. A delay could 
increase the mortality and morbidity of the patient [75]. Hydrocortisone is recom-
mended to be administered prior to thyroid hormone replacement therapy, espe-
cially if the patient is hypotensive, to avoid adrenal crises, since levothyroxine will 
accelerate cortisol metabolism, and hypothyroidism may mask an underlying adre-
nal insufficiency [76, 77]. The administration of intravenous levothyroxine should 
follow. According to the recent ATA guidelines, the recommended initial dose is 
200–400 mg IV once. TSH, FT4, and FT3 should be measured every 24–48 h until 
the patient’s mental status starts to improve. One case report in 2017 suggests split 
high-dose oral LT4 as a therapeutic option in myxedema coma [74]. Another case 
report in 2019 indicates that treatment of a patient with a combination of levothy-
roxine 200 mg and liothyronine 50 mg for 5 days showed a successful improvement 
in the patient’s condition; therefore, some reports recommended starting with 
200–300 mg of levothyroxine and 10–25 mg of liothyronine as an alternative initial 
treatment [78]. This needs more cases to be confirmed.

20.3  Diseases of the Adrenal Gland

The adrenal gland is a pyramidal structure that lies above the kidneys. It is com-
posed of cortex and medulla. The cortex can be further divided into Zona reticularis, 
Zona fasciculate, and Zona glomerulosa, from the inner to the outer. The adrenal 
cortex mainly produces three types of hormones—glucocorticoids (cortisol and 
corticosterone), mineralocorticoids (aldosterone and deoxycorticosterone), and sex 
steroids (mainly androgens). The adrenal medulla produces catecholamine, includ-
ing epinephrine, norepinephrine, dopamine, etc.

Glucocorticoids affect many parts of the body. They increase blood glucose con-
centrations through glycogen (via glucogenesis and gluconeogenesis), protein (via 
proteolysis), and lipid (via lipolysis) metabolism. Glucocorticoids lead to sodium 
retention and potassium loss, which can cause hypernatremia and hypokalemia. 
They also induce negative calcium balance, resulting in osteopenia and osteoporo-
sis. As for the immune system, glucocorticoids suppress the immunologic function 
in many ways, and thus they are used to treat a variety of autoimmune and inflam-
matory diseases.

The pituitary derived ACTH is the key hormone that controls adrenal glucocorti-
coid biosynthesis and secretion. It is regulated by CRH and arginine vasopressin 
(AVP) from the hypothalamus. The zona glomerulosa secretes aldosterone under 
the control of angiotensin II and potassium through the regulation of CYP11B2 
transcription [79]. The adrenal hormones exert their effects by binding to their 
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intracellular receptors: cortisol binds to the glucocorticoid receptor (GR, encoded 
by NR3C1) and aldosterone binds to the mineralocorticoid receptor (MR, encoded 
by NR3C2) [80–82].

Catecholamines regulate various cardiovascular and metabolic processes through 
the three main kinds of α, β, and dopaminergic receptors.

The adrenergic receptor α1 is a postsynaptic receptor that mediates vascular and 
smooth muscle contraction. It causes vasoconstriction and increases the blood 
pressure.

The adrenergic receptor α2 is a presynaptic receptor. It inhibits the release of 
norepinephrine, leading to down regulation of the central sympathetic outflow and 
blood pressure.

The adrenergic receptor β1 is located on the heart. It mediates positive inotropic 
and chronotropic effects on the heart, as well as increases renin secretion in the 
kidneys.

The adrenergic receptor β2 mediates bronchial, vascular, and uterine smooth 
muscle relaxation. It causes dilatation of these muscles. Besides, it also increases 
nor-epinephrine release from sympathetic nerve terminals.

The adrenergic receptor β3 regulates energy expenditure and lipolysis.
The adrenergic receptor D1 is located on the cerebral cortex and coronary, mes-

enteric, and renal vasculatures. It causes vasodilation of these vascular beds.
The adrenergic receptor D2 is a presynaptic receptor. It inhibits the release of 

norepinephrine at the sympathetic nerve endings, inhibits ganglionic transmission 
at the sympathetic ganglia, inhibits prolactin release in the hypophysis, and pro-
motes catecholamine secretion at the adrenal medullary [83].

20.4  Pheochromocytoma and Paraganglioma

Catecholamine-secreting tumors are derived from the chromaffin cells of the adre-
nal medulla (pheochromocytoma, PCC, which mostly releases epinephrine) and the 
sympathetic ganglia (paraganglioma, PGL, which mostly releases both 
catecholamines).

The typical clinical manifestations of these tumors are headaches, palpitations, 
and diaphoresis. The other symptoms and signs may include paroxysmal hyperten-
sion, orthostatic hypotension, anxiety and fear of dying, headache, dyspnea, chest 
pain, nausea and vomiting, etc. Since these symptoms are also commonly seen in 
the general population, the identification of pheochromocytoma or paraganglioma 
from the simple symptoms and signs is a real challenge for clinicians. The diagnosis 
of PCCs and PGLs is based on (a) the detection of excessive production of catechol-
amines and (b) anatomical documentation of the tumor. Measurement of plasma 
and urinary fractionated catecholamines (epinephrine, norepinephrine, and dopa-
mine) has been used for biochemical diagnosis of PCCs and PGLs in the past and 
the clearly elevated values (>2 times the upper limit of the normal range) are inter-
preted as positive [84, 85]. Besides, plasma fractionated metanephrines (metaneph-
rine and normetanephrine) have shown a better accuracy with a mean sensitivity of 
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97% and a specificity of 93% across 15 studies [86]. A variety of medications such 
as tricyclic antidepressants, antipsychotics, l-dopa, amphetamines, cocaine, heroin, 
and even ethanol may cause elevations in catecholamines, and thus should be dis-
continued at least 2 weeks before assessments. For medical imaging of PCCs and 
PGLs, contrast enhanced CT or T2 weighted MRI should be considered. PPGLs are 
highly heritable, as nearly 40% of these cases are associated with mutations in 15 
well-established pathogenic genes [87–90].

20.4.1  Takotsubo Syndrome

First described in the 1990s by Sato et al., Takotsubo syndrome is characterized by 
symptoms similar to acute myocardial infarction without coronary artery obstruc-
tion, as well as acute severe left ventricular dysfunction which is mostly reversible 
with almost complete resolution in hours to weeks [91–94]. Takotsubo syndrome 
may also show typical electrocardiographic (ECG) changes of acute coronary syn-
drome (ACS) and myocardial infarction biomarker elevation [95, 96]. The ECG 
frequently shows a ST-segment elevation, but ST-segment depression and abnormal 
Q waves are relatively rare [97, 98]. For biomarkers, minor elevation of cardiac 
troponin and creatine kinase-MB is usually seen. Occasionally, these markers can 
be elevated significantly, which probably reflects more severe myocardial damage 
such as ST-segment elevation myocardial infarction [96]. Serum brain natriuretic 
peptide and N-terminal pro-B-type natriuretic peptide are usually increased in 
Takotsubo syndrome, which is related to ventricular stretching [99, 100].

A typical takotsubo syndrome patient has a unique circumferential left (bi-) ven-
tricular contraction abnormality profile that extends beyond a coronary artery sup-
ply territory and appears to follow the anatomical cardiac sympathetic innervation 
[101]. The left ventricular wall motion abnormality is most commonly localized to 
the apical segments of the left ventricle [102]. There are several mechanisms for the 
development of Takotsubo syndrome: myocardial ischemia [96, 103], left ventricu-
lar outflow tract obstruction [104], myocardial toxicity of catecholamine [105, 106], 
sympathetic nervous system hyperactivation with autonomic nervous system dys-
function [107, 108], etc.

McGonigle et al. [109] reported a patient with “recurrent myocardial infarction” 
with pheochromocytoma. The patient had reversible tombstone-like ST segment 
elevation. Left ventricular angiography revealed discrete left ventricular apical 
“aneurysm” with a clot in the aneurysmal sac, with normal coronary arteries. With 
the current knowledge, this case is thought to be recurrent Takotsubo syndrome trig-
gered by a pheochromocytoma [101]. Jessurun et al. reported a 30-year-old preg-
nant woman with pheochromocytoma who suffered acute anterior myocardial 
infarction with non-Q reinfarction [110]. Echocardiography showed mild hypokine-
sis of the mid and distal septum with moderate concentric left ventricular hypertro-
phy with a depressed left ventricular ejection fraction of 45%. This patient is now 
thought to be with Takotsubo syndrome. There were also several cases of “revers-
ible pheochromocytoma induced cardiomyopathy,” which can be remarkably 
improved by alpha receptor blockers [111–113]. Shams Y-Hassan reviewed 80 
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cases of PCCs and PGLs and found that pheochromocytoma-induced Takotsubo 
syndrome is characterized by a dramatic clinical presentation with a high complica-
tion rate and a relatively high recurrence rate [114]. Batisse-Lignier et al. reviewed 
145 cases of PCCs and PGLs and found a higher rate of LV function in Takotsubo 
cardiomyopathy than other chronic catecholaminergic cardiomyopathies [115]. 
Rong Zhang et al. reviewed 163 cases of pheochromocytoma and cardiomyopathy. 
Their study highlighted the importance of early diagnosis of pheochromocytoma in 
cases of idiopathic heart failure to prevent progression to irreversible myocardial 
remodeling and death [116].

20.5  Diabetes Mellitus and its Complications

20.5.1  Diabetes Mellitus

Diabetes mellitus is a metabolic disease caused by insufficient insulin production by 
the beta cells in the pancreas. Deficiency of insulin can be either absolute or relative. 
Type 1 diabetes mellitus (T1DM) is caused by the destruction of the beta cells in the 
pancreas, usually secondary to autoimmunity, and its etiology is linked to the major 
histocompatibility complex and the human leukocyte antigen [117]. Type 2 diabetes 
mellitus (T2DM) is caused by insulin resistance, which is attributable to impaired 
glucose transport and increased fat breakdown due to excess fatty acids and proin-
flammatory cytokines. Like many other endocrine diseases, the etiology of T2DM 
includes both genetic predisposition and exposure to a series of environmental fac-
tors (e.g., sex, age, obesity, and ethnic background). Other types of diabetes include 
maturity-onset diabetes of the young (MODY), gestational diabetes, neonatal diabe-
tes, and secondary diabetes due to a variety of causes. Chronic hyperglycemia 
induces nonenzymatic glycation of proteins and lipids, which can be measured by 
glycation hemoglobin (HbA1c). Glycation leads to damage in small blood vessels, 
resulting in diabetic retinopathy, nephropathy, and neuropathy [86].

Diagnosis of diabetes mellitus is made based on the following criteria: [118].

 1. Fasting glucose level greater than 126 mg/dL (7.0 mmol/L).
 2. A 2-h plasma glucose level greater than 200  mg/dL (11.1  mmol/L) during a 

75-g OGTT.
 3. A random plasma glucose greater than 200 mg/dL (11.1 mmol/L) with typical 

symptoms (polyuria, polydipsia, polyphagia, weight loss, etc.) or hyperglyce-
mic crisis.

 4. A HbA1c level greater than 6.5%.

Treatments of diabetes mellitus are complex and different for T1DM and 
T2DM. For T1DM, the cornerstone is intensive insulin treatment. For T2DM, treat-
ments include diet, exercise, drugs, and finally, insulin. Drugs include:

 1. Metformin.
 2. Sulfonylurea.
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 3. Meglitinide.
 4. Thiazolidinedione.
 5. α-glucosidase inhibitor,
 6. Glucagon-like-peptide-1 agonist (GLP-1).
 7. Dipeptidyl peptidase IV inhibitor (DPP-4).
 8. Sodium-glucose transporter-2-inhibitor (SGLT-2).

There are several acute complications of DM, including diabetic ketoacidosis, 
hyperosmolar hyperglycemic syndrome, and hypoglycemia.

20.6  Diabetic Ketoacidosis (DKA)

DKA is most commonly seen in T1DM; it can also occur in patients with T2DM 
that are suffering from stress like trauma, serious infections, and cardiovascular 
emergencies. In this condition, tissues cannot obtain glucose from the plasma due to 
insulin insufficiency, and severe hyperglycemia occurs. Then lipids undergo lipoly-
sis into ketones (acetone, β-hydroxybutyrate, and acetoacetate) as a compensation 
for energy support.

In addition to the increased overproduction of ketone bodies, their clearance is 
decreased in DKA [119, 120]. There are also some other conditions that can cause 
acidosis or ketosis. For example, lactic acidosis [121, 122], uremic acidosis [123, 
124], alcoholic ketoacidosis, [125–127] and starvation ketosis. These can be distin-
guished from DKA in many aspects. The characteristics of DKA include:

 1. Hyperglycemia, ketonemia, and systemic acidosis: high anion-gap metabolic 
acidosis. Serum HCO3

− concentrations are usually less than 10 mg/dL.
 2. Kussmaul respirations: deep, slow, hyperventilation, fruity odor of acetone.
 3. Nausea, vomiting, and abdominal pain: may be associated with prostaglandin 

production by adipose tissue [128], and it usually resolves quickly with treat-
ment of DKA in those without an underlying abdominal pathology.

 4. Dehydration and electrolyte imbalance: diuresis and vomiting can cause severe 
loss of water and electrolytes, which results in dehydration and electrolyte 
abnormalities. This can cause sudden death by inducing cardiac arrhythmias, 
cerebral edema, shock, etc.

The treatments of DKA include:

 1. Resolution of hyperglycemia. Insulin treatment is the cornerstone of DKA man-
agement. A low dose of insulin (beginning at 0.1 U/kg/h) should be given intra-
venously, or by infusion pump [129], as the subcutaneous route is probably 
ineffective because of tissue hypoperfusion and slower absorption in patients 
with shock or other critical conditions. The best route of insulin administration 
during DKA is still under debate. Frequent subcutaneous or IM injection has 
also been recommended, since patients who are treated with IV insulin therapy 
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have a more rapid fall in plasma glucose, particularly in the first hour [130, 131]. 
A study of Umpierrez GE et al. suggested that intravenous regular insulin can be 
replaced by subcutaneously administered insulin in the treatment of mild–mod-
erate DKA [132]. Besides, some studies found that the time by which BG was 
brought to below 250 mg/dL in patients with DKA and DK was approximately 
4–5 h, which is similar whether the administration was by the IV or IM route 
[133, 134].

 2. Restoration of the circulatory volume and tissue perfusion. Patients with DKA 
usually suffer from a water deficit of 5–10 L. Hydration reduces hyperglycemia 
by decreased counter-regulatory hormones, enhanced renal glucose clearance, 
and augmented insulin sensitivity [135–137]. Repletion of fluids by administra-
tion of saline will recover renal perfusion, which in turn increases clearance of 
glucose and organic/inorganic acids. The general treatment is to administer 
1000–1500 mL of normal saline over the first hour to restore the cardiovascular 
stability, and 200–500 mL/h until fluid depletion is corrected. When the serum 
glucose level is brought down to 250 mg/dL (13.9 mmol/L), saline should be 
replaced by 5% glucose and the aim of the therapy is to maintain the serum 
glucose concentration in that range for approximately 24 h to allow slow forma-
tion of osmotic equilibration across cell membranes as taking down serum 
osmolality too fast may result in cerebral edema [138]. This may be induced by 
an increased brain cell volume (caused by intracellular osmole retention) or an 
increased brain ECF volume (caused by an increased hydrostatic pressure or a 
decreased osmotic pressure in capillaries at the BBB) [139]. However, several 
other studies did not find a causal relationship between fluid administration and 
cerebral edema [140–142]. One possible mechanism depends on activation of 
the sodium/hydrogen ion exchanger 1 (NHE1) [143]. Insulin can activate NHE1 
directly; besides, increased intracellular hydrogen ion, which is derived from 
dissociated β-hydroxybutyric acid and acetoacetic acid during DKA, also acti-
vates NHE1 [144]. Activation of NHE1 causes a sodium ion influx and a hydro-
gen ion efflux. Since hydrogen ions are bound to ICF proteins and thus can no 
longer be effective osmoles, NHE1 activation will result in an increased amount 
of effective osmoles in brain cells. Selective inhibitors of NHE1 like analogues 
of amiloride may be a possible medication for cerebral edema [143, 145]. 
Kuppermann et  al. found no difference in the neurologic outcomes between 
pediatric DKA patients receiving sodium chloride of different concentrations 
(0.45% or 0.9%), or administered at different rates [142]. Shafi et al. compared 
vital clinical parameters, time for the correction of hyperglycemia and acidosis, 
and incidence of cerebral edema between 3% saline and 0.9% saline solutions 
on DKA and found no significant difference [146]. This suggests a fluid inde-
pendent mechanism for the development of cerebral edema [140, 147, 148]. 
There are also other theories on the cause of cerebral edema, for example, the 
hypoxia-ischemia theory [141]. The symptoms of cerebral edema may include 
headache, recurrent vomiting, irritability, altered consciousness, incontinence, 
abnormal respiration pattern, a delayed rise in serum sodium after repletion, or 
cranial nerve dysfunction [149]. Mannitol administration is recommended as 
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soon as cerebral edema is suspected, which should not be delayed while waiting 
for the results of cerebral CT or MR [150].

 3. Correction of electrolyte imbalance and acidosis. The most common ion disorder 
in DKA should be disturbance of potassium. Patients with DKA usually undergo 
a shift of potassium from the intracellular space to the extracellular fluid during 
DKA development. This is mainly caused by acidosis and osmotic diuresis. As a 
matter of fact, hyperkalemia occurs in most patients with DKA. Low plasma 
potassium levels indicate severe potassium depletion. According to the American 
Diabetes Association and the Canadian Diabetes Association, insulin administra-
tion should be delayed in DKA patients who have an initial plasma potassium 
level lower than 3 mmol/L [151, 152].Therefore, potassium should be supported 
to those without hyperkalemia or renal failure. The serum potassium level should 
be measured frequently as either hypo- or hyperkalemia can cause various life- 
threatening cardiac arrhythmias. These may include sinus bradycardia [153], 
ventricular tachycardia [153, 154], Brugada syndrome [155–157], cardiac arrest 
[158], etc. Among these, atrial fibrillation may be the most common arrhythmia, 
and it is associated with higher in-hospital mortality rates and complications 
including septic shock, pulmonary failure, mechanical ventilation, neurological 
failure, cerebral edema, acute kidney injury, acute hematologic failure, and 
 cardiac arrest [159]. Replacement of bicarbonate is not recommended in DKA 
patients with a pH of 6.9 or higher [160].

 4. Treat the correctable underlying cause. For example, insulin omission, sepsis, 
cerebrovascular disease, trauma, and myocardial infarction. Drugs like glucocor-
ticoids, diuretics, antipsychotics, and alcohol can also induce DKA and HHS 
[161, 162].

20.7  Hyperosmolar Hyperglycemic State (HHS)

HHS occurs most commonly in elderly patients, and its mortality can be 5–16%, 
which is higher than DKA [161, 163]. Unlike DKA, HHS typically has a more 
severe degree of hyperglycemia (>30–33.3  mmol/L) and dehydration caused by 
osmotic diuresis, but without excessive ketones since insulin produced by the pan-
creatic beta cells still meets the need [151, 164, 165]. The distinguishing diagnostic 
factor of HHS from DKA is that the pH is greater than 7.3 and the bicarbonate level 
is greater than 20  mmol/L (ADA guidelines) or 15  mmol/L (UK guidelines). 
Besides, the serum osmolality is usually greater than 320  mOsm/kg. 
Osmolality = [2 × Na (meQ/L) + glucose (mg/dL)/18 + blood urea nitrogen (mg/
dL)/2.8] or = [2 × Na (mmol/L) + glucose(mmol/L) + urea (mmol/L)]. Patients with 
HHS have higher concentrations of circulating hepatic insulin [166] and lower con-
centrations of hormones that can raise the blood glucose level (cortisol, growth 
hormone, and glucagon) than those with diabetic ketoacidosis [161]. The Joint 
British Diabetes Societies for Inpatient Care have particular guidelines for HHS 
separate from DKA [164]. Treatments of HHS have a lot of aspects that are similar 
to DKA and are not discussed in this review.
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Abstract

The causes of sudden noncardiac deaths (SNCDs) are numerous and involve 
almost every systemic disease. A substantial number of sudden and unexpected 
deaths are caused by infections. Sudden death due to infectious disease may be 
classified by organ system involvement (e.g., cardiac—myocarditis; nervous sys-
tem—meningitis and encephalitis) or according to the etiological agent (e.g., 
viral, chlamydial, bacterial, fungal, protozoal, or helminthic). This chapter pro-
vides an in-depth introduction to the causes of SNCDs by different pathogens 
and organ systems.
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The world health organization defines sudden death as death within 24 hours of 
onset of various diseases. It is generally believed that sudden death occurs within 1, 
6 and 12 hours of the disease. The National Heart, Lung and Blood Institute recently 
defined sudden cardiac death (SCD) as a sudden, unexpected, pulseless event with 
no obvious noncardiac cause, but the definition of sudden cardiac death is unclear 
and there is little research. In recent years, researchers have used different methods 
to investigate the incidence and causes of sudden death. Several studies have per-
formed autopsies on patients who died of various causes, and based on the results of 
the autopsies, the causes of these sudden deaths can be divided into two categories: 
(1) actual SCD death and (2) sudden noncardiac deaths (SNCDs). However, since 
autopsy rates are low in most countries and it is difficult to determine the specific 
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cause of sudden death by clinical examination and other evaluation methods, it is 
not possible to exclude that these deaths are caused by noncardiogenic diseases.

Currently, there are few studies on the incidence of sudden death from noncardio-
genic diseases. However, the clarity of incidence, risk factors, and causes of SNCD 
may help guide clinicians in determining whether the cause of death is due to heart 
disease or nonheart disease. In an Australian study, the most common causes of non-
cardiac sudden death were epilepsy (23.8%), intracranial hemorrhage (23.8%), 
asthma (16.1%), and pulmonary embolism (12.5%) [1]. A national cohort study in 
Denmark concluded that, according to autopsy results [2], 28% of sudden death in 
young people was due to primary heart disease. The rate of sudden cardiac death was 
no more than 50% in patients aged 1 to 5 years, and dropped to 25% in patients aged 
10 to 14 years and remained stable. Current studies suggest that age, female sex, 
location of hospitalization, and history of heart disease are independent risk factors 
for noncardiogenic sudden death. Identifying risk factors for sudden, noncardiac 
death could help in the early identification and prevention of those at risk in the future.

There are many causes of noncardiac sudden death, almost involving all sys-
temic diseases. Some studies believe that infection, cerebrovascular disease, and 
nervous system disease are the main causes of SNCDs [3]. Sudden death from 
infectious diseases can be classified according to the system of affected organs (e.g., 
cardiovascular system—myocarditis; nervous system—meningitis and encephali-
tis), or by disease origin (e.g., virus, chlamydia, bacteria, fungi, protozoa, or worm 
infections). Lung infection is the most common cause of SNCD [3].

The spectrum of causes of sudden death is broad and varied. Many cases of sud-
den death are potentially preventable with correct diagnosis, and risk stratification 
and management being paramount. Despite advances in the diagnosis and treatment 
of infectious diseases, a large number of patients still die suddenly from infectious 
diseases. Sudden death due to infection may be directly caused by the factor of 
infection, or it may be caused by complications such as immunosuppression caused 
by infection or adverse reactions to drug treatment.

21.1  Viral Causes of Sudden Death

Viral infections in many systems in the body can cause sudden death, such as the 
respiratory system, cardiovascular system, and central nervous system. Virus infec-
tion needs our attention. At present, clinical diagnosis and treatment are very lim-
ited, so we need to make efforts to overcome these difficulties.

21.1.1  Viral Infections of Cardiovascular System

Viral myocarditis is a type of circulatory virus infection. A very important cause of sud-
den death is viral myocarditis [1]. In people under the age of 40, 12% of sudden deaths 
are caused by viral myocarditis [4]. Viral infections commonly cause myocarditis in 
developed countries [5]. In the later stages of the disease, viral myocarditis might 
develop into cardiomyopathy and heart failure [5]. And these patients finally develop 
life-threatening acute viral myocarditis [4]. The human enteroviruses, especially the 
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coxsackie B viruses, predominate among viruses as the cause of myocarditis [4]. 
Coxsackie B virus easily attacks the human body during warm seasons [6].Viral infec-
tion and its inflammatory reaction is an important aspect of the pathophysiology of viral 
myocarditis [7]. An autoimmune mechanism is involved in the pathogenesis of viral 
myocarditis [7]. In addition, genetic variation can also cause viral myocarditis [8].
Currently, a lot of clinical treatments have been undertaken, but the results have been 
minimal. Studies have shown that IL-27 may be a new target for the treatment of viral 
myocarditis [9]. Heart transplantation is the only way once the disease results in chronic 
and dilated cardiomyopathy [4]. Viral myocarditis needs further study.

21.1.2  Viral Infections of Respiratory System

Lower respiratory infections (LRI) have made an important contribution to the 
cause of mortality and morbidity worldwide [10]. The cause of LRI is bacterial and 
viral, but the latter needs considerable attention. Viruses implicated include respira-
tory syncytial virus [11], influenza A [12, 13], and influenza B [14]. LRI is a pre-
ventable disease, and continued efforts to improve environmental pollution, improve 
childhood nutrition, and scale up more effective vaccines and vaccination programs 
will be important in reducing the morbidity of LRI [15].

21.1.3  Viral Infections of Central Nervous System

Viral encephalitis may cause rapid onset of neuroinflammation and eventually lead 
to death [16]. Toxoplasma gondii invasion of the human central nervous system is 
an important factor in brain mass lesions in patients with human immunodeficiency 
virus infections [17].This is a significant cause of sudden death [18]. Herpes sim-
plex type 1 virus (HSV-1) can also cause fatal encephalitis [19].

The real-time polymerase chain reaction (PCR) of cerebrospinal fluid (CSF) is a 
very useful technique for diagnosing central nervous system infections. However, 
this technique is not common in China for the diagnosis of CNS infections [20]. 
Acyclovir can be used to treat HSV infections, and we should guard against the 
emergence of drug resistance [21]. So, we should make rational use of drugs and 
develop new drugs.

Viral infections causing sudden death usually involve the cardiac, respiratory, or 
the central nervous system. They are problems worthy of our concern. At present, 
clinical treatment and the ways of diseases diagnosed are limited. We should try 
harder to overcome these difficulties.

21.2  Bacterial Causes of Sudden Death

Bacterial infections are responsible for sudden death both in adults and children. 
Some studies have reported acute death from severe bacterial infections in adults, 
with most cases showing a sudden onset of septic shock. Bacterial infections of the 
respiratory, central nervous, and gastrointestinal systems account for the majority of 
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cases of sudden unexpected death in the pediatric population. There are also many 
types of pathogenic bacteria.

Because sudden death from infection is difficult to diagnosis, many cases are 
confirmed from autopsy results. Combined with the literature and autopsy reports, 
we summarized some causes of sudden death caused by infectious diseases.

21.2.1  Bacterial Infections in the Cardiovascular System

Borrelia burgdorferi, Corynebacterium diphtheria, and Neisseria meningitidis 
may all be causative factors of myocarditis. In B. burgdorferi, cardiac involve-
ment occurs in 1–8% of cases, and death may occur due to conduction distur-
bances. Myocardial damage is caused by the release of toxins in diphtheritic 
myocarditis. Bartonella-induced silent myocarditis has been considered as a 
cause of sudden death in athletes. Granulomatous myocarditis may also lead to 
sudden unexpected death. In fact, the pathogenic factors causing myocardial 
infectious diseases are not only limited to bacteria but also include viruses, spiro-
chetes, etc. However, viral myocarditis is usually more common, but we cannot 
ignore bacterial infections. The mechanism of death caused by myocarditis 
includes arrhythmias, heart rupture, coronary artery occlusion, obstruction to pul-
monary blood flow leading to fatal hemorrhage, and impaired myocardial contrac-
tility. The clinical manifestations of explosive myocarditis develop rapidly and the 
disease is critical, which directly endangers life. Explosive myocarditis is an 
inflammatory disease of the myocardium with sudden onset and severe hemody-
namic disturbance.

Sudden death in infective endocarditis is caused by free-wall myocardial abscess 
perforation or rupture of a valve leaflet. Acute infective endocarditis occurs mostly 
in the normal heart. Pathogens are usually highly virulent bacteria such as 
Staphylococcus aureus. Staphylococcus aureus accounts for 10–20% of cases and is 
the main cause of endocarditis in intravenous drug abusers. Other bacterial causes 
include Haemophilus, Actinobacillus, Cardiobacterium, Eikenella, and Kingella 
(HACEK group). Positive blood bacterial culture is an important basis for the diag-
nosis of infective endocarditis. The most common sites of infection are the aortic 
and mitral valves, with the exception of intravenous drug users whose right-sided 
valves are primarily affected. Acute infective endocarditis often starts suddenly, 
accompanied by high fever, chills, and obvious symptoms of systemic toxemia. It is 
often part of a serious infection of the whole body. The course of the disease is acute 
and dangerous, and it is easy to cover up the clinical symptoms of acute infective 
endocarditis.

Syphilitic cardiomyopathy is an infectious disease caused by Treponema palli-
dum. Due to the lack of complete cure after syphilis, syphilitic heart disease often 
occurs 10–20 years after suffering from syphilis while aortitis caused by tertiary 
syphilis may cause sudden death due to rupture of aortic aneurysms with aortic dis-
section. The mechanism of death is either blood loss as a result of hypovolemic 
shock or a fatal cardiac tamponade caused by intrapericardial rupture.
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21.2.2  Bacterial Infections in the Respiratory System

Acute epiglottitis is a clinical emergency which occurs suddenly and rapidly. The 
main clinical features are severe pharyngeal pain, dysphagia, dysphagia, and dys-
pnea caused by high epiglottis edema, which eventually leads to suffocation and 
respiratory cardiac arrest. The sudden death from acute epiglottitis occurs from 
respiratory obstruction as a result of swelling of the epiglottic folds, uvula, and vocal 
cords. In developing countries, the most common cause of acute epiglottitis is 
Haemophilus influenzae type B. In countries that have established immunization pro-
grams, the incidence of H. influenzae epiglottitis has decreased, while other bacteria, 
such as streptococcus, staphylococcus, and pneumococcus, have been considered as 
possible causes. Postmortem blood cultures are positive in 50–75% of cases. A par-
ticular type of epiglottitis is acute allergic epiglottitis, which usually develops within 
half an hour of medication or 2–3  h of eating. Gastro-esophageal reflux may be 
responsible for the onset of acute recurrent laryngeal dyspnea. So there is reason to 
think that changing body position may have an impact on allergic acute epiglottitis.

The most frequent causes of sudden death from acute bacterial infectious lung 
disease are lobar pneumonia and confluent bronchopneumonia. Some 90–95% of 
lobar pneumonia is due to Streptococcus pneumoniae type 3. Bronchopneumonia is 
mostly caused by staphylococci, streptococci, H. influenzae, Pseudomonas aerugi-
nosa, and coliform bacteria. Although it is common, it should be taken seriously 
because it’s often hard to find a specific pathogen clinically.

Diphtheria is an acute respiratory infection caused by Corynebacterium diphthe-
riae. It produces a gray pseudomembrane from the pharynx to the larynx, which may 
lead to respiratory obstruction and sudden death. Symptoms of systemic poisoning in 
severe cases are associated with myocarditis and peripheral nerve paralysis.

Legionnaire’s disease is a clinical syndrome caused by Legionella pneumophila, 
a facultative intracellular organism, which is associated with outbreaks of sudden 
death. It causes severe pneumonia in the elderly, in smokers, and in immunocom-
promised patients. The organisms are usually found to transmit via droplet spread 
from contaminated air-conditioning units and water coolers. Legionella pneumoph-
ila can be demonstrated by a modified silver stain (Dieterle stain) or by immuno-
fluorescence and culture.

There are a variety of bacteria that can cause infections in the lungs or respiratory 
system. Most of the time, doctors cannot quickly determine which bacteria (or mul-
tiple pathogens) are causing the disease. Doctors will confirm using blood, secre-
tion, and imaging tests or tracheoscopy.

21.2.3  Bacterial Infections in the Central Nervous System

Bacterial infections of the central nervous system are a neurological emergency. 
Pyogenic meningitis may cause sudden unexpected death. The most common patho-
gens of acute bacterial meningitis are Meningococcus, Pneumococci and 
Haemophilus influenzae. The most common means of entry is blood transmission 
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while other routes of infection include extension of local infection, such as parana-
sal sinusitis, osteomyelitis, direct implantation, and via the peripheral nervous sys-
tem. Diffuse bacterial meningitis can follow rupture of a brain abscess, which may 
also lead to sudden death. These microorganisms may be demonstrated by micro-
biological culture of the cerebrospinal fluid (CSF) and examination of Gram stain-
ing of the CSF and brain tissue.

21.2.4  Bacterial Infections in the Urogenital Tract

Fulminant acute bacterial pyelonephritis may lead to sepsis, causing sudden death. 
An autopsy revealed renal tubular necrosis with interstitial suppurative inflamma-
tion. Renal papillary necrosis may also occur. There are two ways of infection. 
Bacteria enter the renal pelvis from the ureter and invade the renal parenchyma. 
70% of acute pyelonephritis is caused from this pathway. The remaining cases of 
acute pyelonephritis are bacteria that invade the renal pelvis from the bloodstream 
into the renal tubules, mostly staphylococcal infections. Urinary tract obstruction 
and urinary stasis are the most common causes of acute pyelonephritis.

21.2.5  Bacterial Infections in the Gastrointestinal Tract

Severe bacterial enterocolitis can cause sudden death, especially among young peo-
ple. Vibrio cholerae and Clostridium perfringens cause diarrhea due to ingestion of 
a preformed toxin present in contaminated foods. Intestinal invasive organisms such 
as Salmonella, Shigella, and enteroinvasive Escherichia coli invade and destroy 
mucosal epithelial cells. Dehydration and electrolyte imbalance are causes of sud-
den death.

Fulminant bacterial peritonitis often secondary to acute appendicitis, ruptured 
peptic ulcer, strangulated bowel, cholecystitis, acute salpingitis, and diverticulitis 
can lead to sudden death. Primary peritonitis may occur postsplenectomy and in 
patients with splenic hypoplasia. Patients with sickle cell disease may have func-
tional or anatomical splenic insufficiency. The former is due to defects in opsoniza-
tion of encapsulated bacteria. The latter is due to repeated bouts of infarction 
resulting in auto-splenectomy. In one study from Japan [22], the authors analyzed 
nine cases of sudden death from infection and found that despite the different types 
of bacteria, the onset of fulminant bacterial infection depended upon depressed 
bacterial phagocytosis in the liver or spleen. Underlying chronic illnesses should 
be identified as a predisposing common risk factor. It is important to understand 
the relations between underlying chronic illness and the onset of fulminant 
infection.

Actually, the cause of death in many cases is circulatory collapse caused by ful-
minant infection. Bacterial infection may not be identified at first histologic assess-
ment. Also, the initial focus of bacteria may be unknown probably due to the very 
early entry of bacteria into the circulation. Once infection occurs, it produces 

S.-B. Guo et al.



351

endotoxins derived from lipopolysaccharide caused by bacteria or large amounts of 
cytokines caused by the host-immune response to the toxic superantigen, leading to 
acute volume loss. The onset of fulminant infection depends on the bacteria and the 
sensitivity of the host. In addition, trauma and some surgical procedures can cause 
explosive bacterial infections that can lead to sudden death. A general physician 
should always keep the possibility of fulminant bacterial infection in mind when 
examining patients with shock symptoms. Because acute bacterial infections can 
cause life and death within hours, correct diagnosis and emergency treatment must 
be made early.

21.3  Fungal Causes of Sudden Death

Sudden, noncardiac death from fungal infection is more likely to occur in immuno-
compromised hosts, such as AIDS patients. Pathogens include cryptococcus (men-
ingitis or blood-borne disease) and Pneumocystis carinii (pneumonia). AIDS 
patients who inject drugs through the vein are susceptible to endocarditis caused by 
fungal infection, the most common pathogen is candida. These patients are prone to 
fungal thromboembolism, which can lead to sudden death. Sudden fungal death 
may also be due to complications of fungal diseases, such as fatal subarachnoid 
hemorrhage from meningitis caused by actinomycete infection or fatal frontal 
hemoptysis caused by fungal infection of the lung mucosa.

In recent years, with the increasing number of hospitals, the level of diagnosis 
and treatment has been increasing, and immunosuppressive agents, broad-spectrum 
antibacterial drugs, and various invasive diagnostic techniques have been widely 
used, leading to an increase in infections caused by conditional pathogenic fungi 
[23]. The hospital infection rate caused by fungi in developed countries in Europe 
and America is 0.19–2.62‰ [23–25]. Compared with developed countries, the inci-
dence of hospital infections in China is higher, which is 3.8–29.3‰ [26].

The clinically common fungi are divided into yeast-like fungi, mold, and bipha-
sic fungi according to different forms; pathogenic fungi and conditional pathogens 
are classified according to pathogenicity. The former includes histoplasma and coc-
cidioides, coccidioides, dermatitis buds, coloring fungi, foot mycobacteria, spores, 
etc., and Candida, Cryptococcus, Aspergillus, Mucor, actinomycetes, Nocardia, 
etc., are conditional pathogens that can cause opportunistic infections in people 
with low immune function. The most common yeast-like fungi are mainly Candida 
(mainly Candida albicans, Candida tropicalis, Candida glabrata, Candida parap-
silosis, etc.) and Cryptococcus; filamentous fungi mainly include Aspergillus, 
Mucor. The most common invasive fungal infections in clinical practice include 
Candida infection, Aspergillus infection and Cryptococcus infection, and the fourth 
place is occupied by Pneumocystis infection. According to China’s invasive yeast- 
like fungal surveillance network (CHIFNET), the most common of the 3603 strains 
isolated in 2016 were Candida, of which 41.4% were Candida albicans and 15.8% 
were candida parapsilosis. Candida glabrata account for 9.0% and cryptococcal 
bacteria account for 10.5%. Candida albicans accounted for 30.9% of blood 
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samples, and Candida albicans accounted for 23.1%, more common in catheter-
related infections. 74.4% of cerebrospinal fluid specimens were Cryptococcus neo-
formans [27].

Different invasive fungal diseases often have different risk factors, for example, 
AIDS patients have risk factors due to CD4+ T lymphocyte reduction, clinical com-
mon oral candida infection, and cryptococcal meningitis; and blood disease patients 
with granulocytosis after chemotherapy, aspergillosis infection. Commonly, patients 
after transplantation are also susceptible to Aspergillus infection [28]. There are 
also certain regional differences in the distribution of different fungi. For example, 
Marnifi’s yeast infection is more common in southern China such as Guangxi, 
Guangdong, Fujian, and Yunnan. People who are in close contact with a large num-
ber of flowers and soil in the work environment should also be alert to the inhalation 
of Cryptococcus, Aspergillus, etc., causing fungal infections.

Candida is widely colonized in the cavities of the upper respiratory tract, gastro-
intestinal tract, and genitourinary tract. Once the normal barrier is broken, the 
immune function is impaired or local flora is imbalanced, the candida colonized in 
these areas can grow and multiply, and can cause candidiasis, catheter-related 
bloodstream infection, etc., and easily through blood, involving other organs of the 
body. Therefore, for the isolation of Candida in sputum and urine specimens, it must 
be carefully identified whether it is due to colonization or infection. Once a positive 
culture of Candida bloodstream infection is obtained, it is highly valued and treated 
as soon as possible [29].

Unlike Candida infection, Aspergillus infection can be divided into acute inva-
sive infection and chronic aspergillosis according to the patient’s immune status. 
The former is more common in patients with neutropenia or posttransplantation 
immunocompromise, and the lung is most often affected. Lungs are most often 
involved, performance for cough, hemoptysis or sputum with blood, a lot of patients 
as a result of aspergillus sensitization performance for asthmatic hold back, breath-
ing difficulties. Allergic bronchopulmonary aspergillosis (ABPA) has typical asth-
matic manifestations, positive Aspergillus fumigatus skin test, or elevated 
serum-specific antibodies, which can assist in the diagnosis. Intracranial Aspergillus 
infections are often caused by sinusitis [30].

Another common clinical pathogenic fungus is Cryptococcus. Mostly inhalation 
infections can lead to simple pulmonary cryptococcosis or cryptococcal meningitis. 
Pulmonary cryptococcosis is not specific, and fever and respiratory symptoms are 
often not prominent. In clinical judgment, it is necessary to pay attention to the high-
risk factors of patients and to identify them by the quantitative detection of cryptococ-
cal capsular antigen. Patients with cryptococcal meningitis have typical fever, headache, 
nausea, vomiting, etc. Clinically, lumbar puncture, cerebrospinal fluid examination, 
positive ink staining, and positive cryptococcal culture can be diagnosed. Cryptococcal 
meningitis patients with typical fever, headache, nausea, vomiting and other manifesta-
tions, clinical need for lumbar puncture, do cerebrospinal fluid examination, positive 
ink staning and positive cryptococcal culture can be diagnosed, cryptococcal capsular 
antigen sensitivity and specificity can be up to 95%, conductive to diagnosis. The clini-
cal manifestations of cryptococcal meningitis and tuberculous meningitis are similar 
and need to be distinguished by cerebrospinal fluid pathogen examination.
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Liver failure is severe liver function damage caused by a variety of causes, and 
the mortality rate is extremely high. Due to the presence of severe immune paraly-
sis, it is easy to have fungal infections. Clinically, widely used immunosuppressive 
agents and broad-spectrum antibacterial drugs have significantly increased fungal 
infections in patients with liver failure. The clinical symptoms of patients with liver 
failure and fungal infection are often atypical, and the diagnosis lacks effective 
means. At the same time, due to the decompensation of liver function and the exis-
tence of related complications, the choice of antifungal drugs and treatment timing 
have become a difficult problem in clinical practice.

In recent years, scholars in various countries have continuously explored the 
definition of liver failure. The Liver Failure and Artificial Liver Group of the Chinese 
Medical Association Infectious Diseases Section and the Hepatology Branch of the 
Chinese Medical Association, the Liver Failure Guideline (2018 Edition). Based on 
medical history, onset characteristics, and progression rate, liver failure is divided 
into four categories: acute liver failure (ALF), subacute liver failure (SALF), slow 
plus acute (subacute) liver failure (acute-on-chronic liver failure, ACLF or SACLF), 
and chronic liver failure (CLF). The incidence of liver failure combined with fungal 
infection is increasing year by year, and the clinical manifestations are concealed. 
There is still a lack of rapid and accurate diagnosis methods, and patients with liver 
failure have poor tolerance to antifungal drugs, difficult treatment, and high mortal-
ity. The main fungi involved in liver failure are Candida albicans and Aspergillus.

Common bacteria causing purulent meningitis include Staphylococcus aureus, 
Streptococcus pneumoniae, Haemophilus influenzae, Escherichia coli, and 
Cryptococcus neoformans, but it is rare to isolate Actinobacillus urtica from cere-
brospinal fluid. Actinobacillus urinae is a rare bacterium, which is gram-negative 
and non-acid resistant filamentous bacteria. It needs 5% blood or 10% serum for 
growth. It grows well in 5% CO2 environment. Yihong Meilan AGAR plate does 
not grow.

Controlling infection is also critical to reducing patient mortality and disability. 
Patients with comatose SAH have a higher risk of ventilator-associated pneumonia. 
In addition to respiratory infections, patients are also prone to urinary tract infec-
tions, the incidence of which is second only to the respiratory system. Therefore, 
patients should be prevented from developing infections such as catheter-related 
infections, ventilator-associated pneumonia, and blood infections during hospital-
ization. For patients undergoing external ventricular drainage, antibiotics can be 
used prophylactically.

A variety of complications often occur for SAH patients, including anemia, 
hypertension, arrhythmia, fever, and electrolyte abnormalities. The proportion of 
deaths due to complications is comparable to that from vasospasm and rebleeding. 
The study found that the most common complications in patients with severe SAH 
were fever, anemia, and hyperglycemia, and three complications were independent 
risk factors for clinical outcomes in SAH patients.

Malignant hematologic tumors require long-term chemoradiotherapy, which 
requires long-term use of broad-spectrum antibiotics and is prone to invasive fungal 
infections. Patients develop rapidly deep fungal infections and have a high mortality 
rate, which is the main cause of death in patients with malignant hematological 
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tumors. Therefore, it is very necessary to select appropriate and effective drugs to 
prevent and treat fungal infections of malignant hematological tumors.

In addition, protozoans and helminths can also cause sudden death, which is not 
explained here because it is an uncommon manifestation. Despite advances in the 
diagnosis and treatment of infectious diseases, a large number of patients still die 
suddenly from infectious diseases. Sudden death due to infection may be directly 
caused by the factor of infection, or it may be caused by complications such as 
immunosuppression caused by infection or adverse reactions to drug treatment.
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Abstract

Toxic diseases are currently on the rise, especially among adolescents and youth 
groups. Poisoning-induced death also constitutes the main cause of death. We 
mainly discuss the causes of toxic sudden noncardiac death. As can be seen, 
injuries to multiple systems such as the respiratory system, nervous system, 
digestive system, endocrine system, and immune system and electrolyte imbal-
ance caused by poisoning can lead to sudden death. If a toxic disease is discov-
ered in time, diagnosed, and given proper disposition, sudden death can be 
avoided. It is important that clinicians caring for poisoning patients need to be 
familiar with the characteristics of toxic diseases for accurate diagnosis and cen-
tralized management.
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22.1  Introduction

There are many kinds of poisons in the world, which are large in quantity. When you 
inhale, swallow, or touch the poison that makes you sick, poisoning will occur. 
Poisoning is a major cause of disease morbidity and mortality worldwide [1–3]. The 
number of drug poisonings has seen a rapid increase in the United States, especially 
among adolescents and youths [4–6]. According to a report of the American 
Association of Poison Control Centers (AAPCC), there were more than 2.1 million 
calls for poisoning in the United States in 2016. Moreover, deaths from toxic 
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diseases and poisoning have shown a rising tendency in many countries [7–9]. 
Between 1982 and 2013, poisoning was considered to be the second leading cause 
of accidental injury and death in the United States [10].

Poisoning can injure various organs of the body quickly and directly, resulting in 
damage to multiple organs. Large amounts of poison entering the human body, 
strong toxicity, and delayed disposition will lead to rapid deterioration of multiple 
vital organs, and even sudden death. On the basis of the International Classification 
of Diseases-10 (ICD-10) of the World Health Organization, sudden death refers to 
the death that occurs within 24 h after onset of symptoms, is nonviolent, and free of 
other explanation [11]. However, most of these deaths occur within 1 h or even less 
after the onset of symptoms [12, 13]. Sudden death is not necessarily accidental, 
unexpected death is not necessarily sudden, but they often coexist in combination of 
both [14]. Toxic diseases are a high risk factor for sudden death. In the presence of 
ambulance first-aid personnel, in addition to heart disease, drug poisoning and sui-
cide are the most common causes of sudden death outside the hospital [15]. Mehtap 
Gurger reported that the most common nontraumatic sudden death poisoning 
patients in the emergency department accounted for 15.2% [16]. Poisoning-induced 
sudden noncardiac death (SNCD) is caused by poisoning-induced injuries to impor-
tant organs other than the cardiovascular system, including the respiratory system, 
nervous system, digestive system, endocrine system, and immune system diseases 
and electrolyte disorders. In case of sudden death, respiration or heart beat will first 
stop, and then other functions will cease. This differs from the first stop of the heart 
in sudden cardiac death (SCD). The following illustrates the characteristics of sud-
den noncardiac death caused by poisoning.

22.2  Sudden Death Caused by Poisoning-Induced 
Respiratory Damage

Gas poisoning such as carbon monoxide and methane can directly give rise to 
asphyxiation, which causes death, especially in enclosed spaces [17, 18]. Poisoning 
for inhalation of toxic gases and irritating gases can directly damage the respiratory 
system, cause acute damage such as airway obstruction, pulmonary edema, and 
respiratory depression, and lead to sudden death due to acute respiratory failure. 
Other nongaseous forms of poisons can invade and be absorbed through the skin, 
digestive tract, injection, etc., causing damage to the upper respiratory tract, lungs, 
and respiratory center, leading to central respiratory depression, even pulmonary 
embolism, and bring about rapid death in severe cases.

22.2.1  Acute Airway Obstruction

Irritant gases and fumes such as ammonia, nitrogen dioxide, sulfur dioxide, metal 
fume, mercury, cadmium, etc., produce damage to the mouth, nose, throat, tra-
chea, and bronchus through local stimulation, causing acute toxic pharyngitis and 
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bronchitis. Acute airway obstruction and/or laryngospasm are caused, and 
mechanical obstruction of the throat can also be resulted from bronchial mucosal 
necrosis and defulvium. Acute laryngeal obstruction is manifested as inspiratory 
dyspnea, irritability, cyanosis, weak pulse and quick pulse, coma, and sudden 
death. When certain poisons and asphyxiating gases (hydride, organophosphorus, 
hydrogen sulfide, nitrogen, methane, barn gas, etc.) give rise to poisoning, the 
secretion of bronchial glands increases, and the trachea and bronchial smooth 
muscle spasm occurs, causing a large amount of secretions to block the bronchus, 
resulting in ventilation dysfunction or suffocation due to reflex edema of the 
throat, leading to “flash death.”

Poisoning patients are often accompanied by unconsciousness and weakened 
oropharyngeal reflexes. For example, patients with acute alcoholism have a large 
amount of food in their stomachs. When vomiting is conducted, stomach contents 
easily enter the airway, resulting in suffocation and aspiration pneumonia. In severe 
cases, sudden death can occur due to asphyxia. Most of the patients with sudden 
death from acute alcoholism die from suffocation [19]. In the emergency treatment, 
it is often found that for some drunken patients who have already stopped heartbeat 
before coming to the hospital, a lot of aspirating vomit is often sucked out from the 
trachea during cardiopulmonary resuscitation [20–22]. Asphyxia, reflex cardiac 
arrest, or a combination of the two is considered to be the primary mechanism of 
death from acute alcoholism. Coma patients poisoned by sedative drugs and narcot-
ics may also experience sudden death due to airway obstruction or pulmonary infec-
tion arising from aspiration caused by weakened laryngeal reflexes. Therefore, for 
poisoning-induced coma patients, preventing aspiration is a “top priority.” The 
patient must not be in a supine position, and the head must be biased to one side to 
prevent vomit from entering the trachea. Inserting a stomach tube for gastric lavage 
is performed according to the situation, and the stomach contents are emptied with 
a view to prevent aspiration.

22.2.2  Acute Pulmonary Edema

Acute pulmonary edema is the most common symptom of respiratory tract poison-
ing. For example, acute irritating gas poisoning arising from chlorine, phosgene, 
hydrogen sulfide, ammonia, and nickel carbonyl can cause acute pulmonary edema. 
Poisoning in other routes can also cause acute pulmonary edema, such as organo-
phosphorus poisoning, paraquat poisoning, diquat poisoning, etc. [23]. It is absorbed 
through the digestive tract, skin, and respiratory tract. The toxicity involves multiple 
organs in the body, and in severe cases, can cause multiple organ dysfunction syn-
drome (MODS). The lung is the main target organ, which is characterized by acute 
lung injury (ALI) or acute respiratory distress syndrome (ARDS). Sudden death 
may be caused in severe cases.

Methamphetamine poisoning is directly toxic to the lungs. It can be absorbed 
into the body through the mouth, lung, nose, intramuscularly, intravenously, and 
rectal and vaginal channels. There have been reports on poisoning in patients hiding 
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drugs in their bodies [24–26]. It has been found that methamphetamine can cause 
acute pulmonary edema [27] and pulmonary hypertension [28, 29]. There was also 
pulmonary fever caused by inhalation of methamphetamine crack. Other pulmonary 
complications include pneumothorax, pneumomediastinum, pneumonia, acute lung 
injury, and pulmonary hemorrhage. Similar injuries also appeared after taking her-
oin and sucking cocaine crack [30].

22.2.3  Respiratory Muscle Paralysis

Some poisons act on the motor nerve or respiratory muscles, causing a decrease in 
respiratory muscle tension and paralysis. In the case of organophosphate poisoning, 
excessive acetylcholine excites neuromuscular conduction, causing muscle fibers to 
tremble and even paralyze, leading to paralysis of the respiratory muscles. The nico-
tinic action of organophosphorus pesticides can also cause the paralysis of respira-
tory muscle, and patients may suddenly develop respiratory failure.

Animal and plant poisoning tend to generate neurotoxin, which causes position-
ing. For example, animal toxins such as snake venom, scorpion venom, and bee 
venom are endotoxic or destructive to nerve tissue, which can cause fatty change to 
the peripheral nerve myelin, brain, spinal cord, and other tissues. With basket whelk 
poisoning, the paralytic shellfish poison contained in the basket whelk can block the 
sodium ions required for nerve impulse conduction from entering the nerve and 
skeletal muscle cells, thereby blocking nerve impulse conduction and depolariza-
tion of the muscle cells, producing strong muscle paralysis and leading to peripheral 
respiratory failure and respiratory arrest. Botulinum toxin can cause muscle relax-
ation, and respiratory muscle paralysis caused by these poisons may impede pulmo-
nary ventilation and exchange seriously. If not treated in time, it may lead to 
respiratory failure and sudden death. Pesticides such as carbamates can also give 
rise to respiratory muscle paralysis.

Poisonous plants such as aconitums (monkshood, radix aconite agrestis, aconite, 
short-spedicel aconite root, etc.) may generate aconitine, which, with its severe tox-
icity, can cause rapid death if large doses are swallowed. Aconitine can excite and 
then inhibit the central nervous system and peripheral nerves, blocking the conduc-
tion of neuromuscular junctions. Severe poisoning patients suffer respiratory depres-
sion and blood pressure drops due to medullary respiration and vasomotor center 
paralysis, and finally die of respiratory and circulatory failure. Strychnos, Vietnamese 
sophora root, red fennel, Gelsmium elegans, thorn apple, henbane, coffee senna, 
ginkgo, etc., can also cause damage to the nervous system, which is mainly mani-
fested as first excitement and then inhibition in the central nervous system. The 
patients suffer dizziness, headache, irritability, ataxia, muscle rigidity, convulsion, 
epileptic seizures, eclampsia, lethargy, high fever, blurred mind, and coma, and large 
doses of poisoning can cause death due to respiratory failure and circulatory failure.

For animal and plant toxin poisoning, special antidote should be applied as soon 
as possible. The special antidote for snake venom is antivenom, and that for 
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botulism is anticreotoxin serum [31, 32]. Symptomatic and supportive treatment is 
applied, including smooth breathing, respiratory support, fluid replacement, preven-
tion and treatment of shock, renal failure, and respiratory failure, and tetanus anti-
toxin and antibiotics are given to prevent wound infection.

22.2.4  Respiratory Center Suppression

Sedative hypnotics, anesthetics, central stimulants, and opioids can inhibit respira-
tory arrest caused by the medullary respiratory center in the event of poisoning. 
When organophosphorus pesticides and asphyxiating gases give rise to poisoning, 
the poisons enter the body in large quantities and go into the central nervous system 
through the blood-brain barrier and can directly inhibit the medullary respiratory 
center. For example, organophosphorus inhibits cholinesterase to accumulate ace-
tylcholine in the brain, directly affecting the impulse conduction between synapses 
in the central nervous cells, causing central nervous system and respiratory dysfunc-
tion, and medullary respiratory center paralysis, leading to respiratory arrest. 
Respiratory depression due to diazepam-induced organophosphorus pesticide poi-
soning has been described in many human and animal studies although diazepam 
can treat epilepsy caused by organophosphorus pesticide poisoning [33]. Therefore, 
it should be noted that the application of sedative hypnotics during the treatment of 
organophosphate poisoning may result in respiratory depression [34]. Hydrogen 
sulfide poisoning inhibits cytochrome oxidase, causes it to lose the ability to trans-
fer electron, blocks biooxidation, and leads to tissue hypoxia. High concentration of 
hydrogen sulfide poisoning (>1000  mg/m3) can cause reflex respiratory central 
paralysis, and the poisoned person can immediately get stunned and suffer respira-
tory arrest.

After potassium cyanide, sodium cyanide, or other cyanide poisoning, cyanide 
ions can be released in the body and can rapidly combine with ferric iron in oxidized 
cytochrome oxidase to form oxidized ferric cytochrome oxidase, causing the pig-
ment to lose the ability to transmit electrons, bringing about intracellular asphyxia, 
and resulting in poisoning due to tissue hypoxia. Oral administration of high-dose 
cyanide, such as sodium cyanide (50–200 mg), can cause extremely rapid death. 
Within 10–60 s, the patient will suffer sudden faint, difficulty breathing, and tonic 
spasm. After 2–3 min, the breathing stops, and then the patient dies after the heart-
beat stops. In this case, there is almost no remedy. The toxicology of sodium azide 
is basically the same as that of sodium cyanide, and the symptoms are similar.

Severe poisoning by opium, heroin, fentanyl, and other narcotics causes deep 
coma, decreased blood pressure, and deep respiratory suppression. Severe hypoxia 
induced by acute respiratory dysfunction is the most common cause of sudden 
death. Morphine, barbiturates, hydrogen sulfide, cyanide, etc., can also directly 
inhibit the respiratory center, causing central respiratory failure, which is mainly 
manifested as moderate breathing, apathia, decreased blood pressure, coma, and 
even respiratory arrest.

22 Sudden Noncardiac Deaths Caused by Poisoning
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22.2.5  Pulmonary Embolism

In a study of the reason for sudden noncardiac death in the 5–35-year-old popula-
tion in Australia, pulmonary embolism is the fourth most common reason, second 
only to epilepsy, intracranial hemorrhage, and asthma [35]. Poisoning can cause 
pulmonary embolism. For instance, acute organophosphorus poisoning may bring 
about pulmonary thrombosis [36], and treatment of acute organophosphate poison-
ing by atropine may induce pulmonary embolism. In patients with a history of 
comorbidities, the probability of pulmonary thromboembolism (PTE) after acute 
organophosphorus poisoning is significantly higher [37]. A case report showed that 
deep venous thrombosis (DVT) in the upper extremity was caused by complications 
of acute organophosphorus poisoning [38], and mural thrombosis of severe organo-
phosphorus poisoning was found at autopsy [39]. Infarction and gangrene requiring 
amputation are described as complications of acute organophosphorus poisoning in 
patients with primary vascular disease [40]. Atropine, as a therapeutic drug, may 
also cause pulmonary vasoconstriction by increasing serotonin levels [41].

22.3  Sudden Death Caused by Poisoning-Induced Acute 
Nervous System Damage

Acute neurological damage caused by poisoning includes cerebral hemorrhage, 
cerebral edema, epilepsy, and other acute symptoms. The common mechanism of 
sudden death caused by subarachnoid hemorrhage, brain stem hemorrhage, or large 
area cerebral hemorrhage is the formation of cerebral palsy caused by high intracra-
nial pressure, direct compression of the brain stem, and interruption of blood sup-
ply, resulting in central respiratory failure or respiratory arrest, causing pulseless 
electrical activity (PEA), and leading to sudden death.

22.3.1  Cerebral Bleeding

Anticoagulant rodenticides, the most widely used rodenticides in most countries, 
including diphacinone, brodifacoum, bromadiolone, etc., and anticoagulant drugs 
such as warfarin can cause coagulation disorders, leading to stasis skin ecchymosis, 
gum bleeding, hematuria, and other multiple organ bleeding [42, 43]. In case of 
delayed diagnosis and treatment, sudden death may occur due to cerebral hemor-
rhage. Aspirin, dipyridamole, and other drugs can cause thrombocytopenia, dys-
function, and abnormal blood coagulation, leading to cerebral hemorrhage. 
Alcoholism, sympathetic drug poisoning, and drug poisoning such as amphetamine, 
cocaine, and norephedrine can also give rise to cerebral hemorrhage. Based on a 
prospective case-control study of forensic autopsy, Lucena et al. found that the inci-
dence of cocaine-related sudden death was 14.0% [44]. Takayama reported a sud-
den death caused by subarachnoid hemorrhage in a cocaine abuser [45]. Cocaine is 
related with a high incidence of symptomatic vasospasm [46, 47]. Some 
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mechanisms by which cocaine causes vasospasm include norepinephrine-induced 
vasoconstriction, influx of calcium into smooth muscle, and activation of endothe-
lin-1 [47, 48].

22.3.2  Brain Edema

Many chemical poisons have a direct impact on the cellular metabolism of central 
nervous tissues. For example, acute triethyltin poisoning is considered to be a typi-
cal poison leading to cytotoxic cerebral edema. It inhibits the adenosine triphospha-
tase normally present in astrocyte processes and axons, thereby affecting the normal 
function of the sodium-potassium pump, and retaining astrocyte sodium and water 
selectively. After conversion of the tetraethyl lead into triethyl lead by the liver, 
severe intracellular edema can be caused by inhibition of the metabolism of glucose 
in the brain and reduction of the synthesis of high-energy phosphate bonds. 
Fluoroacetamide enters the body and forms fluoroacetic acid, which interferes with 
the normal tricarboxylic acid cycle, leading to adenosine triphosphate synthesis dis-
order and citric acid accumulation, causing cytotoxic cerebral edema. 
Organophosphate insecticides deactivate cholinesterase and hinder hydrolysis of 
acetylcholine, leading to the accumulation of acetylcholine. The accumulation of 
acetylcholine interferes with the impulse conduction between nerve cell synapses 
and impairs the function of brain cells. Moreover, some liposoluble poisons can 
change the permeability of nerve cells and inhibit the activity of enzymes and the 
oxidative phosphorylation process of cells, leading to edema due to damage to nerve 
cells. Cerebral edema can cause cerebral ischemia, hypoxia, and reduction of 
sodium in brain cells, giving rise to convulsions. Cerebral ischemia, hypoxia, and 
low sodium caused by poisons can result in or aggravate brain edema.

22.3.3  Epilepsy

Epilepsy can cause sudden unexpected death in epilepsy (SUDEP), the most com-
mon noncardiac factor in sudden death, nontraumatic cerebral hemorrhage, and 
acute asthma [35]. Some toxic diseases can cause severe epilepsy, such as the hyper-
toxic rat poisons tetramine [49, 50], fluoroacetamide, and sodium fluoroacetate 
[51], steroidal poisons including isoniazid and unsymmetrical dimethylhydrazine, 
organochlorine pesticides, pyrethrum vinegar, nereistoxin pesticides, phosphine, 
and other acute poisoning. The convulsions may take place intermittently, and the 
patients often have clear state of consciousness during the diapause and even suffer 
disturbance of consciousness in severe cases. Poisoning by fluoroacetamide and 
tetramine often manifests as systemic tonic spasm. Patients with severe cerebral 
edema often have epileptic seizures and convulsions. Some psychotic drug and nar-
cotics poisoning also produces excitatory effects on the spinal cord, which can lead 
to convulsions. Sustained status of epilepsy can lead to respiratory disorders. 
Ventilatory failure with hypoxemia and hypercapnia in epileptic seizures caused by 
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central nervous-mediated apnea may also be the cause of sudden death in some 
cases, and sudden death caused by clear apnea and respiratory failure can be 
observed sometimes [52–54]. For poisoning that can cause epilepsy, note to carry 
out timely sedative and antispasmodic treatment, keep the airway open, and protect 
the patients to prevent the patients from accidentally injuring themselves.

22.4  Sudden Death Caused by Poisoning-Induced Digestive 
Tract Injury

After poisoning by corrosive chemical poisons such as strong acids, strong bases, 
dichromic acids, and mercury salts by the digestive tract, the corrosive action can 
directly act on the digestive tract, causing tissue damage to bring about acute gas-
trointestinal bleeding and even perforation of the digestive tract. The bleeding 
occurs mainly in the upper digestive tract such as the esophagus and the stomach. A 
large amount of bleeding in a short time can cause circulatory failure, leading to 
sudden death due to hemorrhagic shock.

22.5  Sudden Death Caused by Endocrine System Lesion 
Due to Poisoning

With the exception of intramuscular insulin, oral hypoglycemic drugs can cause 
hypoglycemia. Since 1980s, there have been clinical reports and animal models that 
opioids (mainly methadone) are associated with glucose dysregulation, and hypo-
glycemia and sudden death during treatment with methadone and treatment with 
opioids have been reported [55]. In 2013, Faskowitz et al. found that methadone 
reduced blood glucose levels in a dose-dependent manner in a mouse model [56]. 
Hypoglycemia can cause changes in the electrical system of the heart, including 
extending QT interval, prolonging repolarization, and giving rise to ST wave 
changes. These ECG changes are attributed to hypokalemia, which results from the 
release of catecholamines caused by hypoglycemia [57]. Severe hypoglycemia, if 
not replenished in time to correct glucose, can cause necrosis and softening of brain 
tissue, and can lead to decorticate syndrome and gives rise to sudden death in severe 
cases.. Alcoholism and salicylic acid poisoning can also produce hypoglycemia [58].

22.6  Sudden Death Caused by Poisoning-Induced 
Electrolyte Imbalance

Acute barium salt, trimethyltin, and phenol poisoning can give rise to hypokalemia. 
Poisoning-induced acute renal failure and toxic hemolysis can result in hyperkale-
mia. Some drugs, such as digitalis, can inhibit the action of cell membrane sodium- 
potassium- ATPase, promote the outward transfer of potassium in cells, and also 
bring about hyperkalemia. Patients with hypokalemia and hyperkalemia can suffer 
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various types of arrhythmia and even refractory arrhythmia . Failure to dispose of it 
in a timely manner can lead to sudden death.

22.7  Sudden Death Caused by Poisoning-Induced 
Immune Factors

As for biotoxin poisoning such as snake bites and wasp stings, in addition to the 
toxicity of the toxin itself, allergies are also an important cause of sudden death. In 
a study in the United Kingdom, allergic deaths caused by biotoxins accounted for a 
quarter. Relative to food, it is more likely to cause airway obstruction, and biotoxins 
more easily result in shock [59].

Overall, any poison can cause sudden death when bringing about direct or indi-
rect serious damage to vital organs or electrolyte imbalance. Sudden death can be 
avoided if most of the toxic diseases are diagnosed in time and given proper treat-
ment. Correct diagnosis, risk stratification, and management are paramount. With 
regard to toxic diseases, therefore, attention should be paid to the disposition of the 
causes and complications of acute poisoning, timely and correct use of special 
detoxification drugs, timely processing and prevention of various complications and 
delayed effects caused by poison damage, and protection of vital organs.
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Abstract

Although sudden death caused by digestive system diseases, accounting for about 
7% of sudden death diseases, is not common compared with other diseases such 
as cardiovascular disease, it is also worthy of attention. Among them, sudden 
death caused by acute pancreatitis is the most common, accounting for 0.2%-0.5% 
of natural sudden death, and is one of the important causes of non-cardiac sudden 
death. This chapter mainly focuses on a series of sudden death related digestive 
system diseases, including ischemic bowel disease, variceal upper gastrointestinal 
bleeding in cirrhotic portal hypertension, hepatic encephalopathy, liver failure, 
acute suppurative cholangitis and acute pancreatitis. This type of disease is char-
acterized by a rapid onset, a rapid progress, and a high mortality rate. Combining 
typical cases, this chapter describes the pathogenesis, diagnosis and treatment 
progress of the above-mentioned diseases that may cause sudden death.

Keywords

Digestive system disease · Sudden death · Pathogenesis · Clinical characteristics  
Diagnosis and treatment progress

23.1  Ischemia Bowel Disease

23.1.1  Introduction

IBD is defined as intestinal ischemic damage caused by insufficient blood supply. It 
can damage the small intestine, large intestine, or all segments of the intestine. IBD 
can be divided into chronic mesenteric ischemia (CMI), acute mesenteric ischemia 
(AMI), and ischemic colitis (IC) [1]. CMI is defined as chronic or persistent hypo-
perfusion of the bowel due to stenosis or occlusion of the mesenteric artery, also 
known as intestinal colic [2]. AMI is defined as acute hypoperfusion of the intestine 
due to obstruction or nonobstructive factors in the mesentery, including mesenteric 
venous thrombosis, arterial thrombosis, arterial embolism, and nonobstructive isch-
emia [3]. AMI and CMI are collectively called mesenteric ischemia (MI). IC is also 
known as colonic ischemia (CI) and defined as reversible or irreversible ischemic 
damage to the intestinal tract due to decreased colon blood supply. Reversible isch-
emic damage includes colitis and colon lesions (subepithelial edema or hemor-
rhage). Colitis usually recovers slowly, and the course of the disease lasts for several 
months. Colon lesions generally recover within 3 days. Irreversible ischemic dam-
age includes colonic stenosis, gangrene, and fulminant colitis [4]. AMI is extremely 
susceptible to sudden death and is difficult to diagnose.

23.1.2  Case and Method

A death case occurred in August 2019. We analyzed the death process by reviewing 
the clinical symptoms, physical examination results, biochemical test results, and 
clinical treatment medications at the time of death.
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A 59-year-old man was admitted to the hospital mainly because of “abdominal 
pain accompanied by melena for 25 h” with no previous medical history. PE: T 
36.8 °C, P 66 cpm, R 22 cpm, BP 121/mmHg, SPO2 97%, clear consciousness, both 
lungs have rough breathing sounds, no dry or wet rales, HR 78 cmp, irregular S, soft 
abdomen, total abdominal tenderness, and suspicious rebound pain. CBC: Hb 
163 g/L, HCT 0.476 L/L, WBC 13.54 × 109 g/L, PLT 121 × 109 g/L. CFT: APTT 
39.7S, PT 21.5S, TT 12.0S, FIB 7.23 g/L, INR 1.99, D-dimer 6539 ng/mL. BBT: 
ALT 22.9 U/L, AST 68.1 U/L, TP 57.1 g/L, ALB 28.5 g/L, UREA 11.6 umol/L, 
CRE 142umol/L. SIM: CRP 27.40 mg/dl and PCT 59.50 ng/mL. This patient was 
administered hemostatic drugs; gastric acid inhibitors, drugs that inhibit digestive 
enzymes; antibiotics; and fluid infusion. After 12 h, CTA showed intestinal, colon, 
and rectal wall thickening, and abnormal lumen of superior mesenteric artery and 
inferior mesenteric artery. CTA diagnose report showed ischemic bowel disease. 
Two hours later, the patient was dead because his autonomic heart rate and blood 
pressure stopped.

23.1.3  Review and Treatment

23.1.3.1  Etiology and Inducement
The essential pathological basis for this disease was local vascular damage, insuf-
ficient blood supply, or hypercoagulability. The major pathological process was 
intestinal ischemia, hypoxia, and reperfusion. The main pathological feature was 
a submucosal layer with a large number of hemosiderin cells and fibrous throm-
bosis. The cause of IBD was unknown; however, it may be related to the following 
four points: arterial thrombosis, arterial embolism, mesenteric venous thrombo-
sis, and nonocclusive factors. Arterial thrombosis and arterial embolization are 
called occlusive factors. Previous studies have shown that the risk factors for IBD 
can be divided into five categories: demographic characteristics, behavioral char-
acteristics, clinical complications, drugs. and iatrogenic factors [5]. Demographic 
characteristics include elderly and female. Behavioral characteristics include 
smoking, drinking, and strenuous exercise. IBD Patients are usually accompanied 
by heart failure, arrhythmia, atherosclerosis, diabetes, hypertension, dyslipid-
emia, irritable bowel syndrome, constipation, chronic obstructive pulmonary dis-
ease, and various other symptoms such as shock, arterial thrombosis, mechanical 
intestinal obstruction, and so on. Iatrogenic factors include aneurysm resection, 
gynecological surgery, bowel resection, coronary artery bypass surgery, barium 
enema, colonoscopy, and so on. Drugs commonly used in clinical practice include 
constipation-causing drugs, narcotic drugs, immunomodulators, nonsteroidal 
anti-inflammatory drugs, boosters, statins, chemotherapeutics, antibiotics, diuret-
ics, steroid hormones, antipsychotics, cathartic drugs, and so on. Constipation-
causing drugs include opioids, alosetron, tricyclic antidepressants, and 
antidiarrheals. Narcotic drugs include cocaine and amphetamine. 
Immunomodulators include interferons and tumor necrosis factor inhibitors. 
Yadav et  al. [6] showed that age (>40), gender (male  >  female), and chronic 
obstructive pulmonary disease are related to death in patients with CI.
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23.1.3.2  Clinical Symptoms
Patients with IBD lack specific clinical signs and symptoms. Their symptoms and 
signs are not consistent.

Acute mesenteric ischia (AMI) has a rapid onset, a higher mortality, and no spe-
cific manifestation at an early stage. The AMI triad is defined as severe upper 
abdominal pain or umbilical pain without corresponding signs, organic heart dis-
ease with atrial fibrillation, and gastrointestinal emptying disorder [7]. The main 
symptoms of AMI are sudden and severe abdominal pain with frequent vomiting 
and diarrhea. It has been found that 15–25% of patients with AMI have no symp-
toms of abdominal pain. They only have unexplained abdominal distension and 
gastrointestinal bleeding. About 75% of patients have positive fecal occult blood. 
Bloody stools may occur in 15% of patients. Some patients may have intestinal 
obstruction. When the patient has severe intestinal ischemia, ulcers and perforations 
may occur, followed by fever, nausea, vomiting, and signs of peritonitis and sepsis. 
These factors eventually lead to septic shock.

23.1.3.3  Biochemical Indicators and Imaging Characteristics

Biochemical Indicators
The peripheral white blood cells (WBCs) of patients with IBD are increased. 
About 75% of patients have WBC >15 × 109 g/L. However, this indicator lacks 
specificity, and IBD also occurs in patients with normal WBC [8]. It is worth not-
ing that occult blood is often positive in these patients. Alkaline phosphatase 
(ALP), lactate dehydrogenase (LDH), and creatine kinase (CK) were elevated in 
patients with IBD. However, the determination of serum enzymes and biochemi-
cal indicators also lacks specificity for the diagnosis of AMI.  Previous studies 
have shown that d-lactic acid, l-lactic acid, and intestinal fatty acid binding pro-
tein (I-FABP) can increase during intestinal ischemia [9]. d-Lactic acid is an iso-
mer of l-lactic. It is one of the main fermentation products of intestinal bacteria. 
Normally, d-Lactic acid cannot be absorbed into the blood through the intestinal 
mucosal barrier. Tissues cannot produce d-lactic acid in the human body. Changes 
in blood d-lactic acid levels are closely related to intestinal permeability, which 
can reflect the intestinal barrier function, and are positively related to the degree 
of intestinal ischemic damage. d-Lactic acid can be used as an early indicator of 
intestinal ischemia detection, because it has higher specificity than other indica-
tors [10]. Previous animal experiments have found that I-FABP exists in the cyto-
plasm of cells at the tip of the intestinal villi. Normally, peripheral blood vessels 
do not contain I-FABP. When intestinal damage occurs, the permeability of intes-
tinal epithelial cells increases, which causes the intestinal villi to release I-FABP 
into the blood and can be detected in peripheral blood vessels [11]. Kanda et al. 
[12] found that serum I-FABP levels in patients with IBD were between 20 ug/L 
and 1496  ug/L, which were significantly higher than normal (<65  ug/L). This 
indicates that I-FABP has good sensitivity for the diagnosis of IBD. However, due 
to its poor specificity, complicated detection methods, and high cost, I-FABP is 
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rarely used in clinical practice. d-Dimer (D-D) is often used clinically as an exclu-
sion test for venous thrombosis. It is an end product of fibrin degradation and an 
important indicator of thrombosis and embolic disease. Block et  al. found that 
when D-D > 0.9 mg/L, the accuracy of IBD diagnosis is 69%, specificity is 92%, 
and sensitivity is 60%, and it has a suggestive effect on the progress of the disease. 
In addition, when D-D > 3.17 mg/L, its sensitivity and specificity can approach 
that of CT angiography [13].

In addition, interleukin (IL) is a group of soluble proteins with different struc-
tures and functions secreted by many types of cells, which participate in the 
exchange of information between cells. Currently, IL has been found to be of sev-
eral types including LI-1 to IL-33. Previous studies have showed that IL-6 has a 
significant upward trend in patients with acute intestinal ischemia [14].

Abdominal X-Ray Examination
Abdominal X-ray is the most basic examination of AMI. The most typical sign is 
the “finger indentation” sign, which can indicate intestinal submucosal edema and 
bleeding. It should be noted that X-ray examination should not be performed during
the period of gastrointestinal bleeding. Barium enema can cause the intestinal 
spasm. As the disease progresses, the intestinal canal can become stiff like a fence 
due to submucosal edema and thickening of the folds. In addition, the barium in the 
intestinal  cavity forms a fan-like edge [15]. Barium test can also aggravate intesti-
nal ischemia, which can cause bowel perforation when the patient is seriously ill. 
Therefore, barium examination is contraindicated in patients with peritoneal irrita-
tion. X-ray examination cannot show mesenteric vascular disease, which limits its 
diagnostic value for MI. On the other hand, a negative result cannot exclude MI.

Ultrasound Examination
Ultrasound is a noninvasive imaging examination, which is simple, rapid, and effec-
tive. Type-B ultrasonic examination can show mesenteric vascular stenosis and 
occlusion. The other main signs are as follows: gas accumulation under the dia-
phragm, thickening of the intestinal wall, gas accumulation in the portal vein and 
mesenteric vein, and ascites. Ultrasound can be used for screening and identifica-
tion of IBD. However, it is easily affected by interference factors, such as obese 
patients, peritoneal effusion, abdominal surgery history, gas accumulation, etc.

Computed Tomography (CT) Examination
CT is the best choice for most patients. The reason is that it can comprehensively 
show the location and extent of lesions and can help identify acute or chronic 
abdominal pain caused by other causes. By measuring the morphology and inner 
diameter of blood vessels, nonocclusive mesenteric ischemia can be diagnosed 
early [16]. Contrast-enhanced CT and CT angiography (CTA) can directly observe 
the anatomy of the mesenteric artery trunk and its secondary branches, but it is not 
reliable for assessing branches below the third level [17]. CTA is the preferred test 
method for diagnosing MI. The sensitivity and specificity for AMI diagnosis are 
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96% and 94%, respectively [18–20]. However, the disadvantage of CTA is that it is 
impossible to perform intravascular drug perfusion treatment like intravascular 
angiography, and it is less sensitive to patients with nonocclusive mesenteric 
ischemia.

MRI and MRA
MRI is similar to CT, but its sensitivity and specificity are low, and it is time- 
consuming. Therefore, it is generally not used as an emergency examination method. 
MRA can show mesenteric arterial and venous trunks and their main branches. Its 
sensitivity and specificity for CMI diagnosis are 100% and 95%, respectively [21]. 
However, there is a certain false positive rate in the judgment of vascular stenosis. 
Therefore, it cannot effectively evaluate nonocclusive mesenteric ischemia disease. 
Overall, MRI is of great value in distinguishing between new and old thrombosis 
and distinguishing between reversible and irreversible bowel ischemia.

Angiography
It is the gold standard for the diagnosis of IBD. In addition, intravascular drug per-
fusion treatment and interventional treatment can be performed directly during the 
examination. Studies have shown that the sensitivity of DSA is between 90% and 
100%, and the specificity is 100%, which has a significant advantage in the diagno-
sis of nonocclusive mesenteric ischemia. Application of DSA for diagnosis and 
treatment can reduce the mortality by 18–53% [1]. Angiography has significant 
advantages in the diagnosis of nonocclusive mesenteric ischemia. It is therefore the 
only way to diagnose nonocclusive mesenteric ischemia caused by mesenteric arte-
rial spasm. Patients with severe hypotension and hypovolemia should not use this 
test. In addition, angiography is not used as a routine test because it is an invasive 
test method, which is expensive and has related complications.

Isotope Examination
Previous studies have shown that scanning techniques for the isotope 99Tc and 111In 
can show the ischemic area of acute mesenteric occlusion, which can be used as an 
assisted diagnostic measure for ischemic bowel disease. In patients with ischemic 
colitis, a colonic scan of white blood cells labeled with the isotope 99Tc revealed 
radionuclide accumulation in the ischemic site of the sigmoid colon. The sigmoid 
colon formed by it can be used as a diagnostic basis [22]. In addition, research has 
reported that the albumin-cobalt binding test is a new useful diagnostic indicator for 
acute intestinal ischemia, with a sensitivity of 100% and a specificity of 85.7% [23].

23.1.3.4  Diagnosis
At present, there is no uniform method for the diagnosis of IBD. Clinical diagnosis 
of patients with IBD needs to be combined with the patient’s medical history, risk 
factors, clinical manifestations, and auxiliary examinations. IBD needs to be distin-
guished from gastrointestinal perforation, ulcerative colitis, acute gastroenteritis, 
Crohn’s disease, acute pancreatitis, and acute appendicitis. According to the stan-
dards established by Williams and others, IBD can be diagnosed if it meets the 
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following six requirements and excludes ulcerative colitis: (1) the acute onset of 
abdominal pain and blood in the stool; (2) localization of the left colon outside the 
rectum; (3) no antibiotics; (4) histological biopsy of bacterial culture or fecal exami-
nation was negative; (5) colonoscopy manifestations: mucosal congestion, edema, 
bleeding, and longitudinal ulcer scar (narrow type) in the acute phase, and chronic 
mucosa to ulcer scar formation in the chronic phase; (6) X-ray examination: thumb 
indentation sign in the acute phase and transient or narrow ulcer scar in the chronic 
phase; (7) pathological biopsy: mucosal edema, hemorrhage, necrosis, and protein 
component exudation in the acute phase, and hemosiderin in the chronic phase. If 
conditions permit, MRA, angiography, or CTA can be performed in some patients 
to improve the diagnosis of IBD.

23.1.3.5  Treatment
The treatment of AMI includes medical treatment, interventional treatment, and 
open surgery. The medical treatment of AMI is as follows: (1) fasting and gastroin-
testinal decompression if necessary; (2) intravenous nutrition support to correct 
water and electrolyte balance disorders; (3) correct hypotension, hypovolemia, and 
arrhythmia; (4) maintain stable blood flow to ensure adequate oxygen supply; (5) 
early use of broad-spectrum antibiotics to prevent intestinal ischemia from worsen-
ing. The antibacterial spectrum should cover aerobic and anaerobic bacteria. 
Metronidazole and quinolone are commonly used. The third-generation cephalo-
sporins are used in severe infection departments [23, 24]; and (6) adrenal glucocor-
ticoids are used with caution to prevent the spread of necrotic toxins. Once AMI is 
diagnosed, vasodilators can be applied, and antithrombotic therapy can be initiated 
early. Aspirin can be given at 200–300 mg/day or clopidogrel t 150–300 mg/day. 
Patients’ clinical symptoms should be closely observed to prevent bleeding; when 
patients have mesenteric venous thrombosis, anticoagulation and thrombolytic ther-
apy should be performed. For patients with acute mesenteric arterial thrombosis, 
early intervention can be used when conditions permit. Interventional treatment 
includes intra-arterial thrombus removal, implantation of endovascular protectors, 
percutaneous stent implantation, transcatheter arterial infusion of vasodilators, and 
thrombolysis. Open surgery includes emergency revascularization, assessment of 
bowel viability, and removal of necrotic bowel segments, and it is the main treat-
ment for AMI.

23.1.4  Discussion

In the above case, the patient was a middle-aged male who lacked health awareness 
and could not find that he had atrial fibrillation. He could not accurately report his 
condition to the doctor, which led to the misleading judgment of gastrointestinal 
bleeding. Among his biochemical indicators, d-dimer was significantly elevated, 
suggesting thrombosis. In the case of such patients, combined with their abdominal 
signs and test results, the doctor usually needs to make a CTA examination in time 
to rule out the possibility of AMI.
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23.1.5  Conclusion

As a type of IBD, AMI is often secondary to patients with atrial fibrillation, and the 
onset is hidden. It is one of the rarer cases of acute abdomen and is more likely to 
be missed clinically, so timely diagnosis has a significant impact on the prognosis.

23.2  Variceal Upper Gastrointestinal Bleeding in Cirrhotic 
Portal Hypertension

23.2.1  Introduction

Portal hypertension is a group clinical syndromes caused by increased portal vein 
pressure. The most common disease is liver cirrhosis caused by various reasons. 
The basic pathophysiological characteristics of portal hypertension are obstruction 
of the portal vein system and (or) increased blood flow, increased static pressure in 
the portal vein and its branches, and associated collateral circulation. Clinical mani-
festations are ascites, esophageal and gastric varices (GOV), esophageal and gastric 
varices rupture and bleeding (EVB), and hepatic encephalopathy [25–27]. EVB has 
a high mortality rate and is one of the most common digestive emergencies. This 
article discusses the mechanism and the diagnosis and treatment of sudden death 
caused by varicose upper gastrointestinal bleeding in cirrhosis through actual cases.

23.2.2  Case and Method

The death occurred in January 2020. We analyzed the death process by reviewing the 
clinical symptoms, test results, clinical treatment, and medications during the treat-
ment. The sharing of this case has been reviewed by the hospital ethics committee.

Patient Du, male, 49 years old, was admitted to the hospital because of “vomiting 
blood for 4 h.” He reported dizziness, sweating, fatigue, blurred vision, and other 
symptoms. He had a history of hepatitis B cirrhosis and diabetes for 6  years. 
Admission examination: T36.4 °C, P129 times/min, R20 times/min, BP75/45 mmHg, 
SPO298%. Consciousness, pale skin and mucous membranes, normal soft abdomen, 
tenderness in the upper abdomen, no rebound pain and muscle tension, and no mov-
ing dullness. Blood test routine showed Hb 106 g/L, WBC 6.84 × 109 g/L, PLT 
60 × 109 g/L. Coagulation function showed APTT 32.5S, PT 18.9S, TT 20.7S, FIB 
1.35 g/L, INR 1.74, d-dimer 800 ng/mL. Blood NH3 229.6 umol/L. Biochemical 
display: ALT 29.4  U/L, AST38.0  U/L, TP 52.8  g/L, ALB 26.9  g/L, 
GLU13.19 mmol/L, K + 3.35 mmol/L. Abdominal CT showed cirrhosis, spleno-
megaly, and esophageal and gastric varices. He was observed in the emergency 
room and immediately given symptomatic treatment such as blood transfusion, fluid 
replacement, acid production, enzyme inhibition, and so on. He still showed several 
vomiting symptoms while in hospital, and 7 h later he underwent emergency gas-
troscopy at the bedside to stop bleeding, but the effect was not good. The patient lost 
his life after 11 h.
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23.2.3  Review and Treatment

23.2.3.1  Etiology and Inducement
Cirrhosis is a common late-stage progression of liver disease with various etiolo-
gies. The causes of cirrhosis include viral, alcoholic, cholestatic, circulatory disor-
ders, drug or chemical poisons, genetic and metabolic diseases, immune diseases, 
parasitic infections, and nutritional disorders [25–27]. Cirrhosis due to any reasons 
may cause portal hypertension and varicose upper gastrointestinal bleeding [28, 
29]. The common predisposing factors include improper diet (eating hard, fried 
foods, and excessive drinking), emotional instability, fatigue, increased abdominal 
pressure, and inappropriate medication. Changes in weather and temperature may 
also be contributing factors.

The risk factors for GOV bleeding include GOV level, red sign, and Child-Pugh 
classification [26]. Patients without varicose veins or small varicose veins develop 
varicose veins or develop large varicose veins at a rate of 8% per year. The incidence 
of varicose vein bleeding is 5–15%, and the mortality rate is as high as 20% within 
6 weeks [26, 30–33]. Gastric varices are found in 5–33% of patients with portal 
hypertension. The incidence of gastric varices bleeding is lower than that of esopha-
geal varices, but the amount of bleeding is often large, the condition is more serious, 
and the mortality rate can be as high as 45% [34, 35]. Although duodenal varices are 
rare, varices due to cirrhosis can also occur in upper gastrointestinal bleeding.

23.2.3.2  Lethal Mechanism
Sudden death from varicose veins of the upper gastrointestinal tract due to cirrhosis 
is related to the following factors:

Hypovolemic Shock
Hypovolemic shock caused by varices and upper gastrointestinal bleeding in cir-
rhosis is one of the causes of sudden death. The occurrence of hypovolemic shock 
is related to the amount and speed of blood or body fluid loss. The blood volume is 
abruptly lost in a short period of time, resulting in a decrease in the cardiac output, 
which in turn causes tissue cell ischemia, hypoxia, and metabolic disorders.

Septic Shock
Due to the weak intestinal barrier of patients with cirrhosis and portal hypertension, 
the intestinal flora easily enter the bloodstream and become infected. The peritoneal 
infection rate in patients with varicose veins and upper gastrointestinal bleeding is 
25–65% [36]. Pulmonary infection and abdominal cavity, thoracic cavity, and uri-
nary tract infections can all cause systemic inflammatory response syndrome (SIRS) 
and severe sepsis and toxic shock from infection.

Multiple Organ Failure (MOF)
Patients with decompensated liver cirrhosis are often accompanied by impairment 
of the liver, kidneys, heart, and lung function. With varicose upper gastrointestinal 
bleeding, due to insufficient effective circulating blood volume and reduced coagu-
lation factors, patients can have renal failure, liver failure, and electrolyte and 
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acid- base balance disorders in a short period of time, and then induce coagulation 
system and respiratory system and circulatory system failure. Multiple organ failure 
is undoubtedly one of the additional or contributing factors to sudden death.

Hepatic Encephalopathy
Upper gastrointestinal bleeding is one of the important causes of hepatic 
encephalopathy. In the case of varicose upper gastrointestinal bleeding, the 
number of ammonia-producing bacteria in the intestine increases, a large 
amount of bleeding constricts the renal blood vessels, renal urinary dysfunction 
occurs, urea diffuses into the intestinal cavity, and ammonia production 
increases. Major blood loss causes hypotension and shock, leading to ischemia 
and hypoxia in the brain tissue and increased blood–brain barrier permeability. 
These factors lead to increased blood ammonia. Infection, electrolyte and acid–
base imbalance, and the use of sedative drugs can all induce and exacerbate 
hepatic encephalopathy.

23.2.3.3  Diagnosis
Endoscopy is the gold standard for the diagnosis of varicose veins in cirrhosis and 
their bleeding. Multiple guidelines recommend gastroduodenoscopy (EGD) exami-
nations within 12–24 h of bleeding [25–27, 37, 38]. The diagnosis of esophageal 
and gastric varicose vein bleeding can be established when the endoscope shows 
one of the following conditions, such as active bleeding (bleeding and spurting) of 
varicose veins and no bleeding lesions but obvious veins in other parts. Based on 
varicose veins, a thrombus head was found, or the surface of varicose veins was 
covered with blood clots [26].

Laboratory and imaging studies can to some extent determine the presence and 
severity of esophageal varices. B-ultrasound, CT, MRI, and liver elasticity tests can 
be used to assist the diagnosis of clinical portal hypertension. Upper gastrointestinal 
angiography and enhanced CT can also show the presence of gastroesophageal vari-
ces [39, 40]. But none of these methods can replace the upper gastrointestinal 
endoscopy.

The following manifestations suggest that EVB is not controlled: (1) vomiting 
fresh blood or nasal gastrointestinal aspiration of more than 100 mL of fresh blood 
≥2 h after drug or endoscopic treatment and (2) hemorrhagic shock; in the case of 
no blood transfusion, hemoglobin decreased by 30  g/L during any 24  h period 
(hematocrit decreased by about 9%). The recurrent clinically significant active 
bleeding events after bleeding control include vomiting, melena, or blood in the 
stool; decreased systolic blood pressure > 20 mmHg or increased heart rate > 20 
beats/min; and decreased hemoglobin >30 g/L without blood transfusion [38].

23.2.3.4  Treatment
The prevention and treatment of EVB includes: (1) prevention of first EVB (primary 
prevention), (2) control of acute EVB, (3) prevention of secondary EVB (secondary 
prevention), and (4) improvement of the liver function reserve [34, 35, 38–41]. Here 
mainly we introduce the treatment of acute active bleeding.
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Resuscitation and Medication
 1. Supplement blood volume: Resuscitation and maintain hemodynamic stability. 

Excessive blood transfusion and insuffcient blood transfusion can cause dam-
age. Indications for blood volume replenishment: (a) the systolic blood pressure 
is stable at 90–120 mmHg; (b) pulse <100 beats/min; (c) the urine volume > 40 
mL/h and the blood Na+ concentration < 140 mmol/L; and (d) consciousness or 
improvement, with no obvious signs of dehydration.

 2. Use of drugs that reduce the portal pressure: Drug therapy is the preferred treat-
ment. Use vasoconstrictor as early as possible, such as vasopressin or somatosta-
tin, until bleeding is controlled, or continuously use for 5 days. Beta-blockers are 
contraindicated during acute bleeding. (a) Somatostatin and its analogs includ-
ing tetradecapeptide (cyclic 14 amino acid peptide, Stannin) and octapeptide 
(octreotide, Shanning). (b) Vasopressin: it is the strongest visceral vasoconstric-
tor, which can reduce the blood flow of all internal organs, leading to a decrease 
in the portal venous blood and a reduction in the portal pressure, but due to 
higher cardiac and cerebrovascular complications, it is less commonly used. 
Terlipressin is a synthetic vasopressin analog, which can effectively reduce 
hepatic venous pressure gradient (HVPG), reduce the portal vein blood flow, and 
has little effect on systemic hemodynamics.

 3. Application of antibiotics: Studies have shown that early re-bleeding and mortal-
ity are related to uncontrolled bacterial infections. Antibiotics are recommended 
to prevent infection.

 4. The role of proton pump inhibitors in the treatment of acute varices bleeding is 
controversial. They are recommended for use with peptic ulcers and can be used 
as adjuvant treatment after gastric mucosal lesions or endoscopic treatment.

Endoscopic Treatment
Endoscopy is recommended within 12–24 h of bleeding. Patients with severe acute 
upper gastrointestinal bleeding and unstable disease are advised to undergo endos-
copy immediately after resuscitation. Endoscopic treatment is designed to effec-
tively control varicose vein rupture and bleeding, and to minimize or reduce varicose 
veins to prevent re-bleeding. Preoperative emergency endoscopy preparation for 
bleeding patients includes routine blood preparation, usually performed in the 
awake state; patients can be performed on with airway protection (tracheal intuba-
tion). Other conditions are similar to those of patients without bleeding. The contra-
indications of endoscopic treatment: with any contraindication of routine upper 
gastrointestinal endoscopy.

Endoscopic treatment includes endoscopic variceal ligation (EVL), endoscopic 
injection sclerostherapy (EIS), and tissue adhesive embolization, with reliable 
results [38, 42]. Therefore, esophageal and gastric fundus variceal ruptures should 
be treated with drugs and endoscopic ligation for acute bleeding. The combination 
of the two is more effective and has fewer complications. (1) EVL and EIS. (a) 
Indications: acute esophageal varices bleeding, recurrence of esophageal varices 
after surgery, moderate and severe esophageal varices without bleeding but with a 
significant risk of bleeding, and a past history of esophageal varices rupture and 
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bleeding. (b) Contraindications: those who have contraindications for upper gas-
trointestinal endoscopy, hemorrhagic shock is not corrected, hepatic encephalopa-
thy  ≥  stage II, and excessively large or small varicose veins. (c) Course of 
treatment: the second ligation treatment is feasible for 10–14 days after the first 
EVL; the interval between each EIS is 1 week, and it usually takes 3–5 times. The 
best goal for both treatments is until the varicose veins disappear or almost disap-
pear. (d) Follow-up: it is recommended to review the gastroscopy 1 month after 
the end of the course of treatment, and then to review the gastroscopy every 
6–12 months thereafter. (2) Tissue adhesive treatment. (a) Indications: acute gas-
tric varices bleeding and gastric varices with red signs or surface erosion and a 
history of bleeding. (b) Method: “Sandwich” method. The total amount is esti-
mated based on the size of the gastric varicose veins, and it is best to occlude the 
varicose veins once.

After the treatment with drugs or conventional endoscopic ligation or sclerosis, 
15–20% of patients still have repeated bleeding or active bleeding that cannot be 
effectively controlled, and other rescue treatments (such as TIPSS, Surgery) are 
unable performed, when the patient’s life is seriously threatened, endoscopic esoph-
ageal metal stent rescue treatment shows a certain effect.

Sengstaken-Blakemore Tube
If bleeding is difficult to control, a Sengstaken-Blakemore tube could be used to 
stop bleeding until endoscopic treatment, TIPSS, or surgery. It is an important treat-
ment for severe bleeding. Balloon compression can effectively control bleeding, but 
the re-bleeding rate is high, and it needs to be used in combination with drugs and 
endoscopic treatment. The complications must be taken seriously, such as aspiration 
pneumonia, tracheal and esophagus obstruction, gastric mucosa compression, 
necrosis, and bleeding. The balloon should be deflated once every 8–12 h according 
to the condition. The extubation timing should follow the principle of the first defla-
tion and then extubation. After the balloon is deflated and left unobserved for 24 h, 
extubation can be performed.

Interventional Therapy
Transjugular intrahepatic portosystem stent shunt (TIPSS) can quickly reduce the 
portal vein pressure, with an effective hemostatic rate of more than 90%. It has the 
characteristics of small trauma and low incidence of complications. It is recom-
mended for the “final” treatment of esophageal and gastric fundus varices bleed-
ing, HVPG >20 mmHg and liver function Child-Pugh grade B and C patients with 
high- risk re-bleeding, and can significantly improve survival [38, 43, 44]. (1) 
Indications: patients with esophageal and gastric varices rupture and bleeding who 
were not treated well with drugs and endoscopy, those with varicose veins ruptur-
ing and bleeding after surgery, and those with varicose veins rupturing and bleed-
ing while waiting for liver transplantation. (2) Contraindications: Child-Pugh score 
of liver function >12 points, MELD score > 18 points, PACHE II >20 points, and 
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irreversible shock status; right heart failure, central venous pressure > 15 mmHg; 
uncontrollable hepatic encephalopathy; carcinoma located in the first and second 
hepatic hilum; and intrahepatic and systemic infectious diseases. (3) Others: retro-
grade varicose vein occlusion under balloon obstruction, splenic artery emboliza-
tion, percutaneous transhepatic varicose vein embolization, etc.

Surgical Treatment
In about 20% patients, re-bleeding within 24 h after the successfully stopping bleed-
ing. Those who have failed standard medical treatment should be treated with sur-
gery, and portal vein shunt surgery or shunt surgery can be considered [45].

In summary, it is recommended that patients with varicose veins of upper gastro-
intestinal bleeding in cirrhosis should immediately perform the following treat-
ments: (1) fluid replacement and blood transfusion to correct patients’ hypovolemic 
shock and stabilize the vital signs; (2) prevent bacterial infection, liver failure, and 
complications such as renal failure; prevention and treatment of hepatic encepha-
lopathy; (3) pay attention to maintaining airway patency and tracheal intubation if 
necessary; (4) vasoactive drugs such as somatostatin that reduce varicose vein pres-
sure should be applied immediately, and its analogues like vasopressin; (5) emer-
gency upper gastrointestinal endoscopy and treatment should be performed as soon 
as possible under the condition of stable vital signs; (6) the treatment method for 
esophageal varices bleeding is EIS or EVL; EVL For the preferred option; patients 
with bleeding from varicose veins are preferred to endoscopic tissue adhesive injec-
tions. After failure of endoscopic hemostasis treatment, it is recommended to 
choose: (1) Sengstaken-Blakemore tube; (2) re-endoscopic treatment; (3) transjugu-
lar intrahepatic portosystemic stent shunt; and (4) surgery.

23.2.4  Discussion

An important cause of sudden death from upper gastrointestinal bleeding is hemor-
rhagic shock. In the above case, the patient’s hospital was a teaching hospital and 
had a complete treatment for upper gastrointestinal bleeding. Patients have typical 
symptoms of acute blood loss, only 15 h from the onset to death. Except for inter-
ventional treatment and surgical treatment, the current treatment schemes for the 
treatment of upper gastrointestinal bleeding have been implemented, but they have 
not saved the lives of patients. The main reason for failing to perform interventional 
treatment is that the patient’s condition has progressed rapidly, and abdominal 
enhanced CT cannot be performed for preoperative evaluation. Rapid blood loss 
makes conventional drug hemostasis ineffective, and a large amount of blood enter-
ing the intestine breakdown often leading to increased blood ammonia and hepatic 
encephalopathy. The inability to perform adequate preoperative evaluation is also 
an important cause of patients’ death. Insufficient blood products and inadequate 
protection are also one of the reasons.
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23.2.5  Conclusion

Sudden death due to upper gastrointestinal bleeding often occurs due to heavy 
bleeding and delayed treatment. Targeted treatment on the basis of understanding 
the pathogenesis principle will often achieve more results with less effort. Clinically, 
cases of upper gastrointestinal bleeding are very common, but cases of sudden death 
caused by major bleeding are not uncommon and often occur in the emergency 
room. By understanding the relevant knowledge and principles of upper gastrointes-
tinal bleeding, and choosing a treatment method, we believe that better treatment 
results will be achieved.

23.3  Hepatic Encephalopathy

23.3.1  Introduction

Hepatic encephalopathy (HE) is a kind of central nervous system dysfunction 
caused by liver dysfunction and (or) portosystemic stent shunt (PSS), which is 
based on metabolic disorder. It is manifested as a broad-spectrum neurological or 
psychological abnormality from reversible subclinical changes to irreversible coma 
and even death, and other known encephalopathy are excluded. Hepatic encepha-
lopathy is one of the main causes of death in patients with end-stage liver disease, 
with a mortality rate of more than 50% and poor prognosis. The North American 
Association for End-Stage Liver Disease Research (NACSELD) has confirmed that 
HE has an independent correlation with the death of patients with liver cirrhosis. 
The incidence rate of liver cirrhosis patients complicated with HE is 30–45%, and 
40% have mild hepatic encephalopathy (MHE); 30–45% liver cirrhosis patients and 
10–50% patients have dominant hepatic encephalopathy (OHE) after transjugular 
intrahepatic portosystemic shunt (TIPS). In the advanced stage of the disease (liver 
failure), the incidence and mortality rate of HE gradually increase with the increase 
of the child Pugh level [46]. This article discusses the mechanism of sudden death 
caused due to hepatic encephalopathy and its diagnosis and treatment through prac-
tical cases.

23.3.2  Case and Method

The death occurred in August 2019. We analyzed the death process by reviewing the 
clinical symptoms, examination results, test results, and clinical treatment of the 
death case. The case sharing has been reviewed by the Hospital Ethics Committee.

Patient Deng, a 50-year-old male patient, was hospitalized from 120 because of 
“defecation of black stool for 8 h and 6 h of sudden disturbance of consciousness.” 
There was no previous physical examination history, with more than 20 years of 
drinking history, 250 mL/day. Admission examination: T 36.8 °C, P 170 times/min, 
R 33 times/min, BP 66/59 mmHg, SPO2 92%. Light coma, unable to cooperate with 
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physical examination, pale skin and mucosa. Blood routine test showed HB 109 g/L, 
HCT 0.328 L/L, WBC 5.35 × 109 g/L, PLT 73 × 109 g/L. Coagulation function: 
APTT 36.7 s, PT 21.3 s, TT 20.9 s, FIB 1.61 g/L, INR 1.93, d-Dimer 1210 ng/
mL. Blood ammonia 536.4 umol/L. Biochemical indicators: ALT 63.8 U/L, AST 
82.0 U/L, TP 61.8 g/L, ALB 25.2 g/L, GLU 9.51 mmol/L, TBIL 59.4 umol/L, DBIL 
34.4  umol/L, GGT 108  U/L, UREA 13.0  umol/L, CRE 97  umol/L.  Abdominal 
ultrasound showed cirrhosis, splenomegaly and thickening of the gall bladder wall. 
The patients were intubated immediately after admission. Immediately endotra-
cheal intubation, ventilator- assisted respiration, and symptomatic treatment such as 
reducing blood ammonia, boosting blood pressure, stopping bleeding, inhibiting 
acid, inhibiting enzyme, anti-infection, fluid replacement, etc., were given. After 
10 h, the patient’s heart rate and blood pressure could not be maintained and he lost 
his life.

23.3.3  Review and Treatment

23.3.3.1  Etiology and Inducement
The main causes of hepatic encephalopathy are liver cirrhosis, abnormal portosys-
temic shunt, and other metabolic abnormalities caused by chronic liver disease. The 
causes of cirrhosis include chronic hepatitis B and C, alcoholic liver disease, drug- 
induced liver disease, autoimmune liver disease, and schistosomiasis; portosystemic 
shunt mainly includes hepatic vascular lesions such as Budd–Chiari syndrome, 
idiopathic portal hypertension, and portal hypertension after TIPS; metabolic abnor-
malities often include chronic liver damage caused by copper metabolism, iron 
metabolism, porphyrin metabolism disorders, and congenital urea circulation disor-
ders. Other causes include severe hepatitis, fulminant liver failure, primary liver 
cancer, biliary tract diseases, acute fatty liver in pregnancy, etc. Common inducing 
factors include application of infection, gastrointestinal hemorrhage, ascite dis-
charge, electrolyte disturbance, massive potassium drainage diuresis, high protein 
diet, constipation, hypnosis and sedation, anesthetics, uremia, surgery, proton pump 
inhibitors, etc. Among them, infection is the most common inducing factor, includ-
ing abdominal cavity, intestinal tract, respiratory tract, and urinary tract infection, 
and abdominal infection is the most important. The occurrence of MHE has no 
obvious correlation with the etiology, but its incidence and mortality increase with 
the aggravation of the decompensation degree of liver cirrhosis.

23.3.3.2  Pathogenesis and Lethal Mechanism
The pathogenesis and death mechanism of hepatic encephalopathy are not com-
pletely defined. Brain edema and astrocyte changes are the main pathological fea-
tures. At present, there is no single theory that can explain the occurrence and death 
of HE, which may be related to the following theories and mechanisms [47–49]:

Ammonia intoxication hypothesis is the main pathogenesis of hepatic enceph-
alopathy. The basis of the ammonia intoxication theory is that impaired astrocyte 
participates in the occurrence and development of hepatic encephalopathy. (1) 
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Inadequate ammonia clearance: in cirrhosis with portal hypertension, the detoxi-
fication function of liver cell dysfunction to ammonia and other toxic substances 
is reduced, the circulation of ornithine is blocked, and the process of ammonia to 
urea is disturbed. (2) Increased ammonia production: portal-integrated circulation 
shunting enables a large amount of toxic substances such as ammonia being 
absorbed into the blood by the intestinal tract to directly flow into human circula-
tion through portal vein. Intestinal dysfunction increases the retention of nonab-
sorbed protein components in the intestinal tract. Active intestinal bacteria can 
release amino acid oxidase and urease, increasing ammonia production, espe-
cially during gastrointestinal hemorrhage and intestinal infection. Increased intes-
tinal permeability can lead to the increase of ammonia in the portal vein. When 
kidney involvement alkalosis occurs, the hydrogen ion excretion in the renal 
tubules is reduced, the generation of ammonia ions decreases, and ammonia 
increases. In patients with hepatic encephalopathy, restlessness and muscle tremor 
increase adenylate decomposition, and cause an increase in ammonia production. 
(3) Toxic effects of ammonia on the brain: increased permeability of the blood–
brain barrier; blood ammonia entering the brain tissue increases glutamine syn-
thesis by astrocytes, leading to degeneration, swelling, and degeneration of 
astrocytes and neuron cells. As a result, brain edema and acute neurocognitive 
dysfunction are formed. Ammonia directly leads to imbalance of excitatory and 
inhibitory neurotransmitters, reduction of excitatory neurotransmitters such as 
acetylcholine, and enhancement of inhibitory neuron activity. The enhancement 
of inhibitory neuron activity increases inhibitory neurotransmitters such as gluta-
mine and GABA, which impair the automatic regulation of intracranial blood 
flow. The increased ammonia interferes with the tricarboxylic acid cycle of the 
brain cell energy metabolism and affect the function of the nerve cell membranes, 
thus causing disorder in the excitatory activity of the central nervous system. In 
addition, ammonia can directly damage the electrical activity of nerves. In sum-
mary, the damage to the central nervous system caused by the increase of ammo-
nia can cause the disease to rapidly progress into irreversible coma and death 
[50–52].

Damage of Inflammatory Mediators
The interaction between hyperammonemia and inflammatory mediators promotes 
the occurrence and development of HE.  Inflammatory mediators can lead to the 
destruction of the blood–brain barrier, thus allowing toxic substances such as 
ammonia and inflammatory cytokines to enter the brain tissue, causing changes in 
brain parenchyma and brain dysfunction. Hyperammonemia can induce neutrophil 
dysfunction to release reactive oxygen species, which promote the body to produce 
oxidative stress and inflammatory response. Cytokines produced in the process of 
the inflammatory reaction in turn aggravate liver injury and increase HE. This forms 
a vicious circle.

Enterogenous Endotoxemia and Flora Disorder
Endotoxin level in patients with severe liver diseases are significantly increased, 
which is parallel to the degree of liver damage and reciprocal cause and effect each 
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other with liver damage. Clinical observation shows that endotoxin in liver disease 
patients is correlated with the occurrence of hepatic encephalopathy, renal failure, 
hemorrhagic nephritis, and DIC. The mechanism of enterogenous endotoxemia 
[53]: (1) increased absorption of endotoxin—disturbance of intestinal flora, abnor-
mal increase of bacteria, destruction or increase of the permeability of intestinal 
mucosa and vascular integrity, weakening of the intestinal mucosal barrier func-
tion, bilirubin and bile acid inhibiting phagocytosis of Kupffer cells caused by 
intrahepatic cholestasis, decrease of intestinal liner salt when bile excretion is 
blocked, etc. can lead to increase in the absorption of intestinal endotoxins; (2) 
dysfunction of endotoxin clearance: intestinal endotoxemia caused by dysfunction 
of Kupffer cells plays a decisive role in the induction of severe liver disease. When 
the liver function is incomplete, with the damage of hepatocytes, Kupffer cells and 
their peripheral cells change from the activated state to failure and their function is 
seriously damaged, and the scavenging effect of endotoxin is obviously weakened. 
Some studies have shown that the endotoxin level in patients with hepatic encepha-
lopathy is significantly increased, and is positively correlated with the severity of 
hepatic encephalopathy, but the specific pathological mechanism has not been 
clearly explained.

Dysfunction of the Brainstem Reticular System
Neuronal activity of the brainstem reticular system and the nigrostriatal system in 
patients with severe cirrhosis is damaged to varying degrees, leading to the occur-
rence of HE, flapping wing-like tremor, and changes in muscle tone. In addition, the 
increase of pseudoneurotransmitters makes the wake-up function of the ascending 
activation system of the brainstem reticular structure unable to be maintained, 
resulting in coma. The damage degree of the brainstem reticular system is consis-
tent with the severity of HE [54].

Manganese Poisoning Theory
In liver diseases, the manganese that is out of control enters the nerve cell, and gen-
erates low-valence manganese ions to be oxidized into high-valence manganese 
ions, which accumulate in the mitochondria through the specific affinity of manga-
nese to the mitochondria and directly damage the brain tissue. At the same time, 
manganese ions generate a large number of free radicals during the valence state 
transition process, which leads to decreased activity of key enzymes in the respira-
tory chain of the mitochondria in the brain substantia nigra and striatum. Manganese 
can also affect the functions of 5-HT, norepinephrine, GABA, and other neurotrans-
mitters, causing astrocyte dysfunction [55].

Amino Acid Imbalance, Inhibitory Neurotransmitter, 
and Pseudoneurotransmitter Theory
When liver function is damaged, the ability to degrade aromatic amino acids is 
reduced, and phenylalanine and tyrosine in the blood are increased, thus inhibiting 
the production of normal neurotransmitters. Increased levels of phenylalanine and 
tyrosine produce phenylethanolamine and hydroxyphenylethanolamine, known as 
pseudoneurotransmitters, which replace the normal neurotransmitter and lead to HE.
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GABA (Gamma-Aminobutyric Acid)
It is a unique and main inhibitory neurotransmitter in the central nervous system. It 
exists in the form of compound receptors with benzodiazepine receptors in the 
brain. The content of GABA in the blood increases in HE, and the amount of GABA 
passing through the blood–brain barrier is increased, so that the level of endogenous 
benzodiazepine in the brain is increased.

Cerebral Edema and Stroke
All of the above mechanisms can lead to cerebral edema and neuroastrocytic lesions, 
which can cause irreversible damage to the nervous system, and even lead to sudden 
death due to cerebral hemorrhage, cerebral infarction, brain hernia, and other 
stroke [54].

Other lethal mechanisms: Infection and septic shock, respiratory failure, malig-
nant arrhythmia, and hepatic encephalopathy are the leading causes of death in 
severe liver disease. Infection can induce hepatic encephalopathy, which aggravates 
primary liver disease. In addition, patients with hepatic encephalopathy are bedrid-
den for a long time and have low immunity, which is extremely easy to promote 
exacerbation of infection and even septic shock. End-stage liver disease itself can 
cause hepatopulmonary syndrome and respiratory system damage; when compli-
cated with hepatic encephalopathy, central nervous system involvement also affects 
the respiratory function, both of which aggravate respiratory system damage and 
eventually lead to respiratory failure. Various electrolyte disorders (hyponatremia) 
and acid–base imbalance complicated with hepatic encephalopathy can lead to 
malignant arrhythmia and even sudden cardiac death.

23.3.3.3  Diagnosis
Compared with other metabolic encephalopathy, the clinical manifestations of 
hepatic encephalopathy are not specific. It emphasizes clinical diagnosis based on 
severe liver disease or (and) portosystemic shunt and underlying diseases with 
related inducements, combined with clinical and related auxiliary examinations.

Clinical manifestations of HE are mainly the dysfunction of the higher nerve center 
(personality change, mental decline, abnormal behavior, and disturbance of conscious-
ness) and abnormal movement and reflex (such as flapping-wing tremor, myoclonus, 
hyperreflexia and pathological reflex). At present, the West-Haven classification stan-
dard is mostly adopted to divide hepatic encephalopathy into five stages [56]:

• Stage 0(incubation period): That is, minimal hepatic encephalopathy, no abnor-
mal behavior and personality, no neurological and pathological signs, and nor-
mal electroencephalogram, but only the psychological test or intelligence test 
shows a slight abnormality.

• Stage 1 (prodromal period): Mild personality changes and mental abnormalities, 
such as anxiety, euphoric excitement, apathy, sleep inversion, amnesia, etc., may 
have flapping-wing tremor; EEG is mostly normal. The clinical manifestations at 
this stage are not obvious and are easy to be ignored.

• Stage 2 (pre coma period): Sleepiness, abnormal behavior, slurred speech, dys-
graphia, and disorientation. Neurological signs such as hypertonia, hyperreflexia, 
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ankle clonus, and Babinski sign are positive; flapping-wing tremor is positive, 
and electroencephalogram shows characteristic abnormalities.

• Stage 3 (lethargy period): Sleepiness but wakefulness, response when awake, 
unconsciousness or hallucination, continuous or aggravating of various neuro-
logical signs, positive flapping-wing tremor, increased muscular tension, and 
hyperreflexia of tendon reflex. Pyramidal sign often is positive, and electroen-
cephalogram has abnormal waveform.

• Stage 4 (coma period): Coma and unable to wake up. Cannot cooperate with 
physical examination, and cannot lead to flapping wing tremor. In shallow coma, 
tendon reflex and muscle tension are still hypertonic. In deep coma, all kinds of 
reflexes disappear and muscle tension decreases. The electroencephalogram is 
obviously abnormal.

Auxiliary Examination
Laboratory examination: Elevated blood ammonia is of high value in the diagnosis 
of HE, especially in patients of HE with portal-systemic shunting, most of whose 
blood ammonia is increased. The elevated level of blood ammonia is not completely 
consistent with the severity of the disease, and sometimes patients with normal 
blood ammonia cannot be excluded from HE. Biochemical indexes such as biliru-
bin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, 
prothrombin activity, renal function, and blood routine test were all used as routine 
laboratory indicators when HE was suspected. Other laboratory indicators: serum 
chitinase-3 like protein l (CHl3L1), a member of the glycosylase hydrolase family, 
is a protein secreted in the extracellular matrix by the liver. Its expression is signifi-
cantly increased during cirrhosis and liver fibrosis, and the expression level of 
CHl3Ll reflects the degree of cirrhosis and liver fibrosis. Golgi protein 73 (GP73) is 
a transmembrane glycoprotein located in the Golgi body. In advanced liver disease 
caused by various causes, the expression level of GP73 in liver cells is increased.

Neuropsychological test: (1) Traditional paper–pen neuropsychological test 
includes the digital connection test (NCTA and B), the digit-symbol test (DST), the 
line-tracing test (LTT), and the serial dotting test (SDT); five subtests of the series 
dotting test. NCT and DST are simple and easy to operate, with strong operability, 
and are suitable for epidemiological investigation of MHE. MHE can be diagnosed 
if both NCT-A and DST are positive, or if any two of the five subtests are abnormal. 
(2) Critical flicker frequency (CFF): CFF is the minimum stimulus frequency that 
can cause flash fusion sensation, and it reflects brain nerve conduction dysfunction. 
It has moderate sensitivity and high specificity. CFF is an auxiliary inspection 
means, which is easy to interpret when used for diagnosing MHE. (3) New neuro-
psychological testing methods: animal naming test (ANT), gesture control and sta-
bility test, multi-sensory integration test, etc. (4) Others: repeatable battery for the 
assessment of neuropsychologic status (RBANS): it is one of the two neuropsycho-
logical examination tools recommended by ISHEN’s guidelines, including Stroop 
and Encephal APP test, inhibitory control test (ICT), SCAN test, etc.

Neurophysiological test: The abnormality of electroencephalogram is mainly 
manifested by slow rhythm, which is not a specific change of HE, and typical elec-
troencephalogram changes can only be detected in patients with severe HE, so it is 
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only clinically used for auxiliary diagnosis of HE in children. Evoked potential 
detection, includes visual evoked potential, auditory evoked potential, and somatic 
evoked potential, among which endogenous time-related evoked potential P300 has 
the best sensitivity. And the MHE patients can show prolonged latency and reduced 
amplitude. The advantage of neurophysiological examination is that the result is 
relatively specific and there is no learning effect. Its shortcomings are poor sensitiv-
ity, the need for professional equipment and personnel, and poor consistency with 
neuropsychological test results.

Imaging examination: CT scan of the liver and brain can determine whether there 
is obvious portosystemic shunt, find brain edema, and exclude cerebrovascular acci-
dents and intracranial tumors. MRI showed normal white matter area in patients 
with liver cirrhosis complicated with HE, but the mean diffusivity degree (MD) 
could still be significantly increased, which was related to HE staging, blood ammo-
nia, neurophysiology, and neuropsychological changes. Functional magnetic reso-
nance imaging (fMRI): resting fMRI analyzed by ReHo analysis can be used as a 
noninvasive examination method, which has an important value in revealing the 
cognitive changes of patients with cirrhosis [52].

23.3.3.4  Classification of Hepatic Encephalopathy
Classification according to the basic liver disease: Hepatic encephalopathy was 
classified as type A, type B, and type C at the 11th Vienna WCOG in 1998 
(Table 23.1). Type A develops rapidly on the basis of acute liver failure, and its 
pathophysiological characteristics are cerebral edema and intracranial hyperten-
sion. Type B is caused by portosystemic shunt without obvious liver dysfunction, 
and liver histopathological examination (liver biopsy) indicates a normal liver his-
tologic structure. Type C is hepatic encephalopathy associated with liver cirrhosis, 
accompanied by portosystemic venous shunting, with manifestations of chronic 
liver injury, liver cirrhosis, and other liver-based diseases. Clinically, HE caused by 
liver cirrhosis is the most common type, that is, type C. At the same time, hepatic 

Table 23.1 Classification of hepatic encephalopathy recommended by the 11th World Congress 
of Gastroenterology (Vienna, 1998)

Type of hepatic 
encephalopathy Definition Subclass Subtype
Type A Associated with acute liver failure No No
Type B Portal-systemic shunt related No No
Type C Associated with liver cirrhosis 

complicated with portal hypertension or 
portal-systemic shunt

Episodic Precipitated
Spontaneous
Recurrent

Persistent Mild
Severe
Treatment 
dependent

Minimal No
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encephalopathy of type C can be further divided into paroxysmal type, persistent 
type, and mild type [57, 58].

Classification by severity: ISHEN established a grading standard called SONIC 
according to the severity of hepatic encephalopathy. Hepatic encephalopathy of 
grade 1 in MHE and West-Haven grades is classified as Covert HE (CHE), in which 
minimal hepatic encephalopathy (MHE) refers to hepatic encephalopathy that is 
usually found only through neuropsychological tests without obvious clinical symp-
toms. Overt hepatic encephalopathy(OHE) is a type of hepatic encephalopathy 
diagnosed by clinical standards, including hepatic encephalopathy of grade 2 and 
above [59].

23.3.3.5  Diagnostic Criteria
OHE: According to clinical manifestations and signs and West—Haven grading 
standards, OHE diagnosis is not difficult, and neuropsychological, neurophysio-
logical, and imaging examinations are generally not required. Key points of diag-
nosis: (1) there are basic diseases that cause HE, such as severe liver diseases and/
or extensive portosystemic collateral circulation shunts; (2) clinically identifiable 
neuropsychiatric symptoms and signs; (3) excluding other diseases causing neu-
ropsychiatric abnormalities, such as metabolic encephalopathy, toxic encepha-
lopathy, neurological diseases (such as intracranial hemorrhage, intracranial 
infection, and intracranial space occupying), psychiatric diseases, etc.; (4) paying 
special attention to find out the inducement of HE (type C and type B), such as 
infection, upper gastrointestinal hemorrhage, massive ascites, etc.; and (5) blood 
ammonia increase.

MHE: Because patients have no obvious abnormal cognitive function, special 
examination is often needed to make a definite diagnosis, which is the focus of clini-
cal attention. MHE can be diagnosed if it meets any one or more of the following 
main diagnosis points (1), (2), and (3–6). Main diagnostic points: (1) there are basic 
diseases causing HE, that is severe liver disease and/or extensive portosystemic col-
lateral circulation shunt. (2) At least two abnormalities in traditional neuropsycho-
logical test indicators. (3) In the new neuropsychological test method (ANT, posture 
control and stability test, and multi-sensory integration test), there should be at least 
one abnormality; (4) abnormal CFF detection; (5) abnormal EEG, visual evoked 
potential (VEP), and brainstem auditory evoked potential (BAEP); and (6) fMRI 
abnormality.

23.3.3.6  Differential Diagnosis
HE should be distinguished from the following diseases: (1) mental disorders; (2) 
intracranial lesions; (3) other metabolic encephalopathy, including ketoacidosis, 
hypoglycemia, hyponatremia, renal encephalopathy, pulmonary encephalopathy, 
etc.; (4) Wernicke encephalopathy; (5) toxic encephalopathy, including alcoholic 
encephalopathy, acute poisoning, withdrawal syndrome, heavy metal (mercury, 
manganese, etc.) encephalopathy, and toxic reactions of psychotropic drugs or salic-
ylate drugs, etc.; (6) Parkinson’s disease related to cirrhosis; (7) hepatic myelopa-
thy; and (8) acquired liver and brain degeneration, etc.
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23.3.3.7  Treatment
Treatment principles: Clearing the inducement in time, treating the primary liver 
disease actively, maintaining the balance of liver function, promoting the clearance 
of ammonia metabolism, regulating neurotransmitters, restoring the acute neuro-
psychiatric disorder to the baseline state as soon as possible, and primary prevention 
and secondary prevention.

Remove the Inducement of MHE/HE
(1) Preventing and controlling infection: Since infection is the most common induc-
ing factor, we should actively search for the source of infection and start using 
empirical antibacterial drugs as early as possible: even if there is no clear infection 
site, there is also a potential inflammatory state due to intestinal bacterial transloca-
tion and increased endotoxin level, and antibacterial treatment can reduce this 
inflammatory state. (2) Hemostasis and removal of intestinal hematocele: gastroin-
testinal bleeding is also a common inducing factor of HE, so bleeding should be 
stopped as soon as possible, and hematocele in the gastrointestinal tract should be 
removed. Meanwhile, intestinal tract should be acidified and stool should be kept 
normally. (3) Correcting electrolyte disorders (hypokalemia or hyperkalemia, hypo-
natremia or hypernatremia): alkalosis and electrolyte disorders related to insuffi-
cient effective circulation volume caused by excessive diuresis can induce HE, and 
in this case, it is necessary to suspend diuretics and supplement liquid and albumin. 
Hypovolemic hyponatremia (especially sodium lower than 110 mmol/L) should be 
supplemented with normal saline intravenously, while selective vasopressin type 2 
receptor (V2) antagonist can be used for hyponatremia patients with high or equal 
volume. For patients with HE in grade 3–4, cerebral edema should be actively con-
trolled and 20% mannitol or furosemide should be given. (4) Use sedative drugs and 
liver injury drugs with caution: sedative, hypnotic, analgesic drugs, and anesthetics 
can induce hepatic encephalopathy and should be avoided as much as possible. 
Some studies have shown that propofol can control the manic symptoms of HE 
more safely and effectively.

Treatment of Primary Liver Disease
(1) Improving liver function: Strengthening liver protection, promoting liver metab-
olism, reducing liver inflammatory response, etc. (2) Interrupting portosystemic 
shunting. (3) Artificial liver: it can remove some inflammatory factors, endotoxin, 
blood ammonia, bilirubin, etc., to a certain extent. The artificial liver modes com-
monly used to improve hepatic encephalopathy include hemoperfusion, hemofiltra-
tion, plasma filtration dialysis, molecular adsorption recirculation system (MARS), 
dual plasma molecular adsorption system (DPMAS) or plasma exchange combined 
hemoperfusion, etc., especially to relieve liver failure and preparation for liver 
transplantation. (4) Liver transplantation.

Promote ammonia metabolism and reduce the generation and absorption of 
enterogenous toxins. Hyperammonemia is one of the important factors in the occur-
rence of hepatic encephalopathy, so it is very important to reduce the generation and 
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absorption of ammonia [60]. The main drugs for reducing blood ammonia are: (1) 
Lactulose: mainly reduce ammonia absorption and promote ammonia excretion by 
reducing pH value in intestinal tract, retaining water in intestinal tract and increas-
ing stool volume, stimulating colon peristalsis, defecating smoothly, catharsis, 
restoring physiological rhythm of colon, promoting growth of intestinal acidophilic 
bacteria (such as lactobacillus), inhibiting proteolytic bacteria, reducing transloca-
tion of intestinal bacteria, transforming ammonia into the ionic state, etc., to improve 
hepatic encephalopathy. Take 15–30 mL orally each time, 2–3 times/day (adjust the 
dose according to the patient’s reaction), with soft stool 2–3 times a day is appropri-
ate. If necessary, it can be combined with retention enema. (2) Lactitol: the recom-
mended initial dose of lactitol is 0.6 g/kg, which is taken three meal times, and the 
dosage is increased or decreased according to the standard of defecation twice a day. 
The principles of action and effect are the same as lactulose, which has the advan-
tages of a fast onset of action, low incidence of abdominal distension, and low 
sweetness, and can be applied to diabetic patients. (3) LOLA: the dosage is 
10–40  g/d, intravenous drip. LOLA promotes the utilization of ammonia in the 
brain and kidneys by promoting the circulation of ornithine in the liver and the syn-
thesis of glutamine, thus consuming ammonia to synthesize glutamic acid and glu-
tamine. LOLA can also reduce fasting blood ammonia and postprandial blood 
ammonia and reduce cerebral edema. (4) Rifaximin [61]: the dosage is 800–1200 mg/
day, and is taken orally for 3–4 times. Theoretically, rifaximin can reduce the 
absorption of ammonia in intestinal tract, but its clinical effect is not good, espe-
cially for type B hepatic encephalopathy. (5) Microecological preparations [62, 63]: 
including probiotics, prebiotics, synbiotics, etc. It alleviates intestinal endotoxemia 
by promoting the growth of intestinal probiotic strains, inhibiting the growth of 
harmful flora, improving the nutritional status of intestinal epithelial cells, reducing 
the permeability of intestinal mucosa, and reducing bacterial translocation. It can 
also reduce inflammation and oxidative stress of liver cells, thereby increasing 
ammonia clearance of the liver.

Regulating neurotransmitters like arginine, glutamine, and branched chain amino 
acids is used clinically to competitively inhibit aromatic amino acids from entering 
the brain and reduce the formation of pseudoneurotransmitters [64].

Nutritional support therapy: The recommended daily ideal energy intake is 
35–40 kcal/kg (1 kcal = 4.184 kJ), less food and more meals, add meals before 
bed (including at least 50 g of compound carbohydrates), and the fasting time in 
day time should not exceed 3–6 h. (1) Protein: the European society for paren-
teral nutrition guidelines recommended that the daily protein intake is 1.2–1.5 g/
kg to maintain nitrogen balance. Daily dietary protein intake of obese or over-
weight liver cirrhosis patients is maintained at 2 g/kg. Patients with recurrent/
persistent HE should take 30–40 g vegetable protein daily. Protein supplementa-
tion for HE patients should follow the following principles: it is forbidden to 
supplement protein from intestinal tract for patients with HE grade 3–4. Patients 
with MHE and L to 2 grade HE should limit the amount of protein to 20 g/day 
in the first few days. With the improvement of symptoms, 10–20 g protein can 
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be added every 2–3 days. Plant protein is superior to animal protein. It is safe to 
supplement albumin intravenously. For patients with chronic HE, it is encour-
aged to have more meals a day but less food at each, and gradually increase the 
total amount of protein. The protein intake should be individualized. (2) 
Branched chain amino acid (BCAA): patients with grade 3–4 HE should be 
supplemented with parenteral nutrition preparations rich in BCAA (valine, leu-
cine, and isoleucine). (3) Other micronutrients: trace elements and water-solu-
ble vitamins, especially thiamine and zinc element. A multivitamin or zinc 
supplement may be replenished.

23.3.3.8  Prevention
Primary prevention: Treatment of primary liver diseases and nutritional interven-
tion. Etiological treatment can reduce injury and liver fibrosis from liver inflamma-
tory, reduce pressure of portal vein, and prevent liver cirrhosis from progressing or 
reversing liver cirrhosis, which is of great significance in preventing and control-
ling the occurrence of HE and other complications. The main treatment measures 
include active prevention and treatment of infection, gastrointestinal hemorrhage, 
electrolyte disturbance, acid-base imbalance, constipation, and other inducing fac-
tors of HE; avoiding excessive diuresis and releasing a large amount of ascites; 
having more meals a day but less food at each; and avoiding excessive high pro-
tein diet.

Secondary prevention: The emphasis is on health education for patients and 
their families, control of elevated blood ammonia, and regulation of intestinal 
microecology. The patient should adjust the diet structure reasonably according to 
the liver function injury under the guidance of the doctor, and avoid taking a large 
amount of high protein diet at one time during the attack of hepatic encephalopa-
thy. Lactulose and lactitol can be used as preventive drugs. Gradually guide the 
patient’s self- health management, and guide the patient’s family members to pay 
attention to the patient’s behavior and personality changes, and at the same time, 
closely inspect whether the patient has loss of attention, memory, and orientation 
so as to achieve early detection, early diagnosis, and early treatment of HE as 
much as possible.

23.3.3.9  Prognosis
Patients with mild hepatic encephalopathy can be relieved after active treatment. It 
will quickly progress to coma or even death in hepatic encephalopathy with no obvi-
ous inducement caused by acute liver failure. The inducement of hepatic encepha-
lopathy on the basis of decompensated cirrhosis is clear, and the disease can be 
recovered and improved by actively removing the inducement and treating the pri-
mary disease. Patients with better liver function, after shunt operation and definite 
inducement, usually have better prognosis. Patients with hepatic encephalopathy on 
the basis of the end stage of liver cirrhosis suffer from slow progress, repeated 
attacks, gradual progress, poor prognosis, and rapid death without liver transplanta-
tion. Hepatic encephalopathy caused by fulminant liver failure has the worst 
prognosis.
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23.3.4  Discussion

In the above cases, the patient is a middle-aged male, has a long history of drinking 
alcohol, lacks health awareness, and is unaware of the progression of his disease to 
liver cirrhosis. The lethal mechanism of hepatic encephalopathy has not yet been 
determined by the medical community, and the classification of hepatic encepha-
lopathy has also produced a variety of standards due to different diagnostic meth-
ods. In this case, hepatic encephalopathy is a secondary change of varicose upper 
gastrointestinal hemorrhage in liver cirrhosis, and the very high blood ammonia 
concentration of the patient is extremely significant for brain damage. Usually, dur-
ing gastrointestinal hemorrhage, ammonia is usually separated from the blood in the 
digestive tract and absorbed into the blood through the intestinal tract, resulting in 
high blood ammonia.

Although modern medicine has studied many methods to reduce the concentra-
tion of blood ammonia, there is a lack of faster and better methods to reduce the 
concentration of blood ammonia due to the lack of a clear understanding of its 
pathogenesis.

23.3.5  Conclusion

Through specific cases, we understand the harm of hepatic encephalopathy to the 
human body and also understand the methods of treating hepatic encephalopathy. 
However, these are no means that can be used once and for all. Lack of treatment 
measures to rapidly reduce the blood ammonia concentration is one of the biggest 
problems in the treatment of hepatic encephalopathy. We hope to find better treat-
ment methods and save more patients by summarizing the past experience and 
exploring new things.

23.4  Liver Failure

23.4.1  Introduction

Liver failure refers to severe liver damage caused by various factors (virus, alcohol, 
drugs, etc.), resulting in a large number of liver cell necrosis, leading to severe dys-
function or decompensation of liver metabolism, synthesis, detoxification, secre-
tion, biotransformation, immune defense, and other functions, and then form a 
group of clinical syndromes with coagulation mechanism disorders, jaundice, 
hepatic encephalopathy, ascites, and other main manifestations. Liver and coagula-
tion failure gradually progress to multiple organ failure which may include nervous, 
circulatory, respiratory, and renal system. Liver failure may cause short time death 
or even sudden death. The survival rate of patients with liver failure is only 20–40% 
who were treated with comprehensive treatment. The mortality rate is very high and 
increased with other organ injuries involved. This article discusses the mechanism 
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of death caused by liver failure and the diagnosis and treatment through practi-
cal cases.

The death occurred in August 2019. We respectively collected the clinical symp-
toms, lab results, and treatment to analyze the course of death. Sharing this case was 
approved by the hospital ethics committee.

23.4.2  Case and Method

Patient Zheng, male, 49 years old, was admitted to the hospital mainly because 
of “liver occupation for 2 months, hematemesis and black stool for more than 
10 h.” Due to the large amount of ascites and the space occupation throughout the 
liver and portal vein, he failed to take an active anti-tumor treatment program. 
This patient has no previous physical examination history. He has a drinking his-
tory of more than 30 years, about 150 mL/day. Physical examination on admis-
sion: T 36.6 °C, P 72 times/min, R 24 times/min, BP 91/57 mmHg, SPO297%. 
Consciousness, with yellow skin and mucous membrane. Blood routine test 
showed Hb 103  g/L, HCT 281  L/L, WBC 8.78  ×  109  g/L, PLT 
152 × 109 g/L. Coagulation function: APTT 28.0 s, PT 16.3 s, TT 14.5 s, FIB 
3.60  g/L, INR 1.51, d-Dimer 1529  ng/mL.  Blood ammonia 
44.8 umol/L. Biochemical results: ALT 40.6 U/L, AST 75.1 U/L, TP 58.2 g/L, 
ALB 30.7 g/L, TBIL 297.2 umol/L, DBIL 272.8 umol/L, GGT 276 U/L, UREA 
10.6  umol/L, CRE 84  umol/L.  Abdominal CT showed cirrhosis and ascites, 
hepatic portal space occupying, expansion of intrahepatic and extrahepatic bile 
ducts, portal vein thickened and filling defect which was suspected emboli. The 
patient was treated with symptomatic and supportive treatment. Three days later, 
the patient’s heart rate and blood pressure could not be maintained and he died.

23.4.3  Review and Treatment

23.4.3.1  Pathogeny
The etiology of liver failure includes hepatitis virus, drugs, hepatotoxic substances, 
acute fatty liver disease of pregnancy, pathogen infection, and autoimmune liver 
disease. In China, HBV infection is the main cause of liver failure, followed by drug 
and alcohol abuse. In Europe and the United States, alcohol abuse and drugs are the 
main causes of liver failure, especially caused by acetaminophen which accounts 
for 40%. The most common cause of liver failure in children is genetic and meta-
bolic diseases. The precipitating factors of liver failure include HBV reactivation, 
overlapping infection of other hepatotropic or nonhepatotropic virus, bacterial 
infection, gastrointestinal bleeding, virus mutation, and nonstandard antiviral treat-
ment [65–68] (Table 23.2).
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23.4.3.2  Pathophysiology and Lethal Mechanism

Pathogenesis
The etiology and pathogenesis of liver failure are various and complicated which 
involve many factors. Hepatocyte mass necrosis, inflammatory cell infiltration, 
and hepatic ischemic necrosis are the key problems. The main factors involved in 
the development of liver failure include direct damage of virus or drug, related 
immune response, and injury caused by precipitating factors. Cellular immunity 
which involved mainly CTL plays a key role in clearing cytotoxin and is also the 
main factor causing cell apoptosis or death. In the innate immune cells, macro-
phages and Kupffer cells proliferate and secrete a large number of cytokines, 
which induce cytokine storm and delayed hypersensitivity and mediate apoptosis 
or death of liver cells through death receptors. In addition, the retention and accu-
mulation of endotoxin and metabolites can lead to liver cell injury and rapid dete-
rioration [69].

Systemic Inflammatory Response Syndrome and Multiple Organ Failure
In liver failure, various pathogenic factors not only directly damage liver cells, but 
also activate inflammatory cells such as monocytes and macrophages, releasing a 
large amount of inflammatory mediators (TNF-α β, interleukin-10, interferon induc-
ible protein 10, vitamin D receptor, human leukocyte antigen, NO, etc.) or 

Table 23.2 Etiology of liver failure

Pathogenesis Common classification
Hepatitis virus Hepatitis A, B, C, D, and E viruses (HAV, HBV, HCV, HDV, and HEV)
Other viruses Cytomegalovirus (CMV), epstein-barr virus (EBV), enterovirus, herpes 

virus, yellow fever virus, etc.
Drugs Acetaminophen, antituberculosis drugs, antitumor drugs, some Chinese 

herbal medicine, antirheumatic drugs, and antimetabolic drugs
Hepatotoxic 
substance

Alcohol, toadstools, poisonous chemicals, etc.

Bacteria and 
parasites

Severe or persistent infection (e.g., sepsis, schistosomiasis, etc.)

Other liver 
diseases

Liver tumor, liver surgery, acute fatty liver of pregnancy, autoimmune liver 
disease, liver transplantation, etc.

Biliary tract 
diseases

Congenital biliary atresia, cholestatic liver disease, etc.

Metabolic 
abnormalities

Hepatolenticular degeneration, hereditary disorder of glucose metabolism, 
etc.

Circulatory 
failure

Hypoxia, shock, congestive heart failure, etc.

Other Trauma, heat stroke, etc.
Unknown reasons
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cytokines, which in turn activate monocytes and macrophages to form “cytokine 
burst.” A large number of cytokines, small-molecular weight toxins, and vasoactive 
substances cause a sharp increase in inflammatory mediators, forming a network 
system of inflammatory mediators, which eventually leads to immune dysfunction, 
uncontrolled body inflammatory response, and multiple organ failure [70].

DIC
The pathogenesis of DIC in liver failure is mainly endotoxin theory. In liver failure, 
the reticuloendothelial system is not functional enough to remove various sub-
stances. Endotoxin can directly activate FXII, damage capillary endothelial cells, 
and activate the coagulation system. Viruses, antigen-antibody complexes, drugs, 
and a large amount of tissue thromboplastin-like substances released by hepatocyte 
necrosis can cause coagulation system activation, platelet activation, fibrin deposi-
tion, resulting in diffuse microthrombosis in microvessels, and coagulation factor 
and platelet reduction by consumption, which is accompanied by secondary hyper-
fibrinolysis and prompt DIC. DIC itself and shock, multiple organ failure which 
caused by DIC can lead to sudden death [70].

Classification, Staging, and Diagnosis of Liver Failure
The classification and stages of liver failure are not uniform at present. Based on 
the medical history, onset characteristics, disease progression speed, and histo-
pathological characteristics of liver failure, China’s 2018 guidelines for the diag-
nosis and treatment of liver failure classified liver failure into four categories [65]: 
acute liver failure (ALF), subacute liver failure (SALF), acute-on-chronic (sub-
acute) liver failure (ACLF or SACLF), and chronic liver failure (CLF). (1) Acute 
liver failure: acute onset, complicated with grade II or higher hepatic encepha-
lopathy, within 2 weeks without underline liver disease; the histology includes 
necrosis that can be massive, submassive, or bridging, accompanied by severe 
degeneration of surviving liver cells, and with no collapse or no complete collapse 
in the hepatic sinus network scaffold. (2) Subacute liver failure: the onset of the 
disease is slower than ALF. The clinical manifestations occur within 2–26 weeks. 
The pathological features mainly include co-existence of previous and new sub-
massive necrosis or bridging necrosis. Collapsed reticular fiber or collagen fiber 
deposition may exist in older necrotic areas; residual hepatocytes have varying 
degrees of regeneration; and small bile duct hyperplasia and cholestasis can be 
seen. (3) Acute-on-chronic (subacute) liver failure: acute or subacute deteriora-
tion of liver function without chronic liver diseases. The pathological features are 
as follows: new hepatocyte necrosis can be seen  in the background of pathologi-
cal damage caused by chronic liver diseases. (4) Chronic liver failure: in patients 
with liver cirrhosis, progressive deterioration and liver decompensation devel-
oped, accompanied with ascites and/or hepatic encephalopathy. The histology 
includes diffuse hepatic fibrosis and the formation of dysplastic nodules with 
unevenly distributed hepatocyte necrosis. The staging and diagnosis of each type 
of liver failure are shown in Table 23.3 [71].
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23.4.3.3  Treatment
Principles of treatment include early detection, diagnosis, and treatment. 
Comprehensive medical treatment should be based on the etiology. Active preven-
tion and treatment of complications, artificial liver, and liver transplantation are also 
very important.

General Symptomatic Supportive Treatment
(1) The removal of precipitating factors: identify overlap infection with other hepa-
totropic or nonhepatotropic virus and bacteria, gastrointestinal bleeding, various 
stress states, fatigue, alcohol consumption, incorrect treatment, etc. (2) Reduce liver 
burden: bed rest, reduce physical exertion, strengthen the supply of nutrition and 
energy, and avoid the application of drugs causing liver injury. (3) Improve the liver 
function: by inhibiting liver inflammation, removing reactive oxygen species, pro-
moting biological transformation and detoxification, stabilizing the cell membrane, 
improving cell membrane fluidity and integrity, regulating energy metabolism, 
reducing liver tissue damage, promoting liver cell repair and regeneration, and 

Table 23.3 Classification and diagnosis of liver failure

Classification Diagnosis
Acute hepatic 
failure

Acute onset, complicated with grade II or higher hepatic encephalopathy, 
within 2 weeks without underlying liver disease and has the following 
behavior: (1) extreme fatigue, accompanied by obvious anorexia, abdominal 
distension, nausea, vomiting, and severe gastrointestinal symptoms; (2) 
jaundice gradually deepened in a short period, and serum total bilirubin 
(TBil) ≥ 10× upper limit of normal value (ULN) or daily increase 
≥17.1 mol/L; (3) bleeding tendency, prethrombin activity (PTA) ≤ 40%, or 
international standardized ratio (INR) ≥ 1.5, and other reasons were excluded; 
(4) progressive shrinkage of the liver

Subacute liver 
failure

The onset of the disease is slower than ALF and the following manifestations 
at 2–26 weeks: (1) extreme weakness and obvious gastrointestinal symptoms; 
(2) jaundice rapidly deepened, serum Tbil ≥10× ULN or daily increase 
≥17.1 mol/L; (3) with or without hepatic encephalopathy; (4) those with 
bleeding, PTA ≤ 40% (or INR ≥ 1.5) and other reasons excluded

Acute-on- 
chronic 
(subacute) 
liver failure

Hepatorenal syndrome, hepatopulmonary syndrome and other complications, 
as well as extrahepatic organ failure in patients with chronic liver diseases. 
Patients with jaundice rapidly deepened, serum Tbil ≥10 × ULN or daily 
increase ≥17.1 mol/L; there was bleeding, PTA ≤ 40% (or INR ≥ 1.5). On the 
basis of different chronic liver diseases, it can be divided into three types. 
Type A: chronic noncirrhotic liver diseases with slow and acute liver failure; 
Type B: chronic plus acute liver failure on the basis of compensatory cirrhosis, 
usually within 4 weeks; and Type C: chronic plus acute liver failure on the 
basis of decompensated cirrhosis

Chronic liver 
failure

In patients with liver cirrhosis, progressive deterioration and liver 
decompensation developed: (1) serum TBil increased, often <10 × ULN; (2) 
albumin (Alb) decreased significantly; (3) platelets decreased significantly, 
PTA ≤ 40% (or INR ≥1.5), and other reasons were excluded; (4) refractory 
ascites or portal hypertension; (5) hepatic encephalopathy
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reducing intrahepatic cholestasis, so as to improve the liver function. Anti- 
inflammatory drugs (glycyrrhizin), liver membrane protectants, antidotes, and anti-
cholinergic drugs are recommended. (4) Nutritional support: recommend enteral 
nutrition, including high-carbohydrate, low-fat, and moderate protein diet. 
Intravenous supplement of calories, fluids, vitamins, and trace elements are recom-
mended in patients with poor food intake. Also, night snack is recommended. (5) To 
correct hypoproteinemia and maintain water and electrolyte balance, especially to 
correct low sodium, low chlorine, low magnesium, low potassium; supplement 
coagulation factors and improve liver circulation. (6) Closely detect the change of 
illness and strengthen nursing management [65].

Etiological Treatment
Hepatitis virus infection: Mainly targeted at liver failure patients affected by HBV 
and HCV infection. For HBVDNA-positive patients, early and rapid reduction of 
HBVDNA load is the key to treatment. It is recommended to use nucleoside (acid) 
drugs for antiviral treatment immediately. Fast and effective nucleoside (acid) 
drugs are recommended, such as entecavir and tenofovir. Direct-acting antiviral 
agents are preferred in patients who are HCV RNA positive. Individualized treat-
ment is carried out according to HCV genotype and patient tolerance, but the pro-
tease inhibitor is contraindicated in decompensated cirrhosis, which can aggravate 
the progress of liver failure. In the clinic, there is no special and effective treatment 
for end-stage liver failure caused by HCV infection. Liver transplantation may be 
the best treatment. For patients with confirmed or suspected herpes virus or vari-
cella-zoster virus infection resulting in acute liver failure should be treated with 
acyclovir (5–10 mg/kg, 1 time /8 h, intravenous drip) [65].

Liver failure caused by drug-induced liver injury: Stopping all suspicious drugs 
on time. For patients with acute liver failure caused by excessive acetaminophen 
(APAP), if the intake of APAP happens within 4 h, the active peptide should be 
taken orally before the administration of N-acetylcysteine (NAC). For patients with 
large intake of APAP, the elevation of the serum drug concentration or transaminase 
indicates that liver injury is imminent or has occurred. NAC should be given imme-
diately and artificial liver therapy should be carried out if necessary. NAC can 
improve the prognosis of mild hepatic encephalopathy in patients with acute liver 
failure caused by nonAPAP, and should be applied as early as possible. Penicillin G 
and silymarin should be considered for patients with acute liver failure diagnosed or 
suspected of mushroom poisoning [72].

Alcoholic liver failure: Abstinence is the basis of treatment. Patients with severe 
alcoholic liver disease with Maddary score ≥ 32 can be treated with corticosteroid, 
usually at a dose of prednisone of 40  mg/day for 1  month. Infection should be 
closely monitored before and during treatment. The response to hormone can be 
evaluated by Lille score when corticosteroid is used for 7  days. If the Lille 
score ≥  0.56 on day 7 after treatment, corticosteroid should be stopped in time. 
N-acetylcysteine can be used in combination with corticosteroid. Some studies have 
reported that combined treatment can reduce the occurrence of severe alcoholic 
liver disease infection and hepatorenal syndrome [73, 74].

Autoimmune liver disease: For liver failure caused by autoimmune hepatitis, 
early use of corticosteroid (methylprednisolone, 1.0–1.5  mg/kg/day) may be 
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effective, and liver transplantation should be considered if the treatment fails for a 
week [75].

Acute fatty liver/HELLP syndrome in pregnancy: Termination of pregnancy 
immediately. If the disease continues to progress after termination of pregnancy, 
artificial liver and liver transplantation should be considered [65].

Hepatolenticular degeneration: It can be treated with penicillamine and other 
copper expelling drugs, but the general curative effect is not good for liver failure 
patients. Plasma exchange, albumin dialysis, hemofiltration, and artificial liver sup-
port therapy combined with various blood purification methods can be used. Liver 
transplantation should be considered as early as possible for patients with end-stage 
liver failure [76].

23.4.3.4  Prevention and Treatment of Complications
Brain edema: Intracranial pressure should be reduced in time in patients with intra-
cranial hypertension. Mannitol (0.5–1.0 g/kg) or hypertonic saline should be used 
as soon as possible, and alternately using loop diuretics such as furosemide and 
osmotic dehydrating agents, and supplement human blood albumin which can 
improve colloid osmotic pressure and relieve brain edema. Also, artificial liver sup-
port therapy can be used. Mild hypothermia therapy can be considered for acute 
liver failure patients with uncontrollable intracranial hypertension, and indometha-
cin can be given to control intracranial hypertension under the condition of high 
cerebral blood perfusion.

Hepatic encephalopathy: Remove the predisposing factors using lactulose and 
ornithine-aspartic acid to reduce blood ammonia. Timely find infection and give 
anti-infection treatment to reduce systemic inflammatory response.

Infection: Prophylactic use of anti-infection drugs is not recommended. Attention 
should be paid to monitoring. The most common sites of infection are abdominal 
cavity, lungs, urinary tract, and blood. Once infection is found, antibiotics should be 
used empirically  and immediately, and adjusted in time according to culture results.

Hyponatremia: Dilute hyponatremia caused by water and sodium retention is 
most common. When blood sodium is lower than 125 mmol/L, water can be prop-
erly limited. Hypertonic saline can quickly correct hyponatremia, but it will cause 
more water and sodium retention. Therefore, hypertonic saline solution is generally 
not recommended to correct hyponatremia. If there is severe hyponatremia (blood 
sodium level < 110 mmol/L) or hyponatremia encephalopathy occurs, 50–100 mL 
of 3–5% NaCl solution can be appropriately added intravenously. Tolvaptan, an 
arginine vasopressin V2 receptor blocker, mainly promotes free water excretion and 
corrects hyponatremia by selectively blocking the V2 receptor of collecting duct 
main cells. During application, the urine volume, physical signs, and electrolyte of 
patients should be closely monitored, and the increasing rate of blood sodium within 
24 h should not exceed 12 mmol/L.

Refractory ascites: Low salt diet, 4–6 g/day. Furosemide combined with spirono-
lactone can be used. Tolvaptan can be used in patients with poor response. Vasoactive 
drugs, such as midodrine and terlipressin, can improve the patient’s hyperdynamic 
circulatory state to a certain extent and increase the body’s response to diuretics. 
Patients with severe ascites may undergo paracentesis to release ascites, which can 
quickly relieve abdominal distension symptoms. However, we should be alert to 
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circulatory dysfunction after releasing ascites, and it can be prevented by giving 
albumin infusion or vasoactive drugs.

Acute renal injury (AKI): AKI is one of the common complications of liver fail-
ure. Once AKI occurs, the prognosis is poor. Prerenal AKI is the most common 
form. Hepatorenal syndrome (HRS) is a special form of prerenal AKI. Once AKI 
occurs in patients with liver failure, possible renal injury drugs, vasodilators or non-
steroidal anti-inflammatory drugs, should be discontinued. Use albumin or crystal 
solution to expand the volume. If infection is suspected, the infection should be 
controlled as soon as possible. If AKI does not improve after volume expansion, 
HRS should be considered and vasoconstrictors (terlipressin or norepinephrine) 
combined with albumin can be used for treatment. If terlipressin (1 mg/4–6 h) com-
bined with albumin (20–40  g/day) is applied, the serum creatinine decreases by 
<25% after 3 days, and terlipressin can be gradually increased to 2 mg/4 h. If effec-
tive, the course of treatment is for 7–14  days; If not, stop using terlipressin. 
Norepinephrine (0.5–3.0 mg/h) combined with albumin (10–20 g/L) is also effec-
tive on HRS, but its effect is currently reported to be not as good as that of terlipres-
sin. AKI, which is ineffective with vasoconstrictive drugs and meets the criteria of 
renal replacement therapy, can be treated with renal replacement therapy.

Artificial liver: Its therapeutic mechanism is based on the strong regeneration 
ability of liver cells. Through an external mechanical, physical, chemical, and bio-
logical device, it removes various harmful substances, supplements necessary sub-
stances, improves internal environment, and temporarily replaces some functions of 
failing liver, to create conditions for liver cell regeneration and liver function recov-
ery or to wait for an opportunity for liver transplantation. Artificial liver support 
system can be divided into three types: nonbiological, biological, and combined 
system. Nonbiological artificial liver has been widely used in the clinic and proved 
to have certain effect.

Liver transplantation: Liver transplantation is the best choice for patients who 
have failed to respond to aggressive medical treatment. The MELD score is the 
main reference for evaluating liver transplantation [77].

23.4.4  Discussion

In the above cases, the patient is a middle-aged male with a long history of alcohol 
consumption and lack of health awareness, and the liver tumor was found to be 
terminal. And one of the hallmarks of a liver tumor in its end stages is liver failure. 
In the course of liver tumor development, necrosis and abnormal liver cells inevita-
bly occur until the normal liver function is completely lost. As a secondary change 
of advanced liver tumor, liver failure plays an important role in predicting progno-
sis. On the basis of clear treatment of primary disease, targeted treatment is an effec-
tive method to treat liver failure. Another problem is the economics of treating liver 
failure. Despite the availability of advanced treatments like artificial livers and liver 
transplants, recipients are small, and few families can afford such high costs without 
health insurance.
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23.4.5  Conclusion

By sharing the death case of liver failure, we aim to understand the course of death 
from sudden death caused by liver failure and to find better treatments to save more 
patients. Although there are so many treatments available to intervene in liver fail-
ure, a large number of patients with liver failure still die each year without timely 
and effective treatment. So, we still have a long way to go.

23.5  Acute Suppurative Cholangitis

23.5.1  Introduction

Acute suppurative cholangitis refers to various causes of biliary stenosis, secondary 
cholestasis, and acute suppurative bile duct infection. In physiological condition, con-
tinuous bile secretion and immune barrier of the bile duct epithelium can keep the bile 
duct sterile. The benign and malignant causes (stones, tumors, etc.) of the bile duct 
lead to biliary stricture or obstruction, which elevates the pressure within the biliary 
system, destroys the normal immune barrier, flushes the bacteria and endotoxins from 
the infected bile into systemic circulation, and induces systemic inflammatory 
response syndrome. The mortality of acute suppurative cholangitis can reach as high 
as 50%, if biliary decompression and drainage are not provided immediately [78, 79]. 
Here we will discuss the mechanisms of death caused by acute suppurative cholangitis 
and the diagnosis and treatment strategy based on a clinical case.

23.5.2  Case and Method

The case occurred in October 2019. We analyzed the death process by reviewing the 
clinical symptoms, examination results, test results, and clinical treatment of the 
patient. The case sharing has been approved by the ethics committee of our hospital.

23.5.2.1  Case Report
An 89-year-old male patient was admitted to our hospital complaining of “jaundice 
for 14 days, and fever accompanied by asthma for 5 days.” Past history includes 
hypertension and coronary artery stent implantation. Vital signs: T 36.7 °C, P 82/
min, R 31/min, BP 160/79 mmHg, SPO2 94%. Physical examination revealed jaun-
dice and tenderness of the right upper abdomen, rebound pain, and muscle tension. 
Laboratory tests: Hb 95  g/L, HCT 0.252  L/L,WBC 19.01  ×  109  g/L, PLT 
102 × 109 g/L, APTT 28.6S, PT 12.8S, TT 13.0S, FIB 3.93 g/L, INR 1.19, d-dimer 
2028 ng/mL, ALT 213.3 U/L, AST 126.2 U/L, TP 60.3 g/L, ALB 32.5 g/L, TBIL 
158.2 umol/L, DBIL 132.6 umol/L, GGT 675 U/L, CRP 80 mg/dL, PCT 21.25 ng/
mL. Abdominal ultrasound showed extrahepatic bile duct expansion and gallblad-
der wall thickening. The patient received anti-infection, rehydration, and other con-
servative treatment. The patient could not tolerate the invasive procedure of ERCP 
because of his old age, and finally died after 2 days of hospitalization.
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23.5.3  Review and Management

23.5.3.1  Etiology and Incentives
The occurrence of acute suppurative cholangitis mainly depends on two factors: 
biliary obstruction and bacterial growth in the bile duct. A variety of causes can lead 
to bile duct stenosis or obstruction, and then induce acute suppurative cholangitis. 
Cholelithiasis is the most common cause of benign biliary obstruction and cholan-
gitis, accounting for about half of the cases of acute suppurative cholangitis [80]. 
Other causes of benign biliary obstruction include benign stricture, external com-
pression, and autoimmune diseases. The causes of malignant biliary obstruction 
include cholangiocarcinoma, gallbladder cancer, pancreatic cancer, ampullary can-
cer, and duodenal cancer. Secondary malignant obstruction of the biliary tract 
accounts for 10–30% of acute suppurative cholangitis [81].

The main route for bacteria to enter the bile duct is through retrograde infection 
from the duodenum. In addition, the bile duct can also be infected through the portal 
vein system and the periportal lymphatic system [82]. The most common pathogens 
of acute suppurative cholangitis include Escherichia coli, Klebsiella, and 
Enterococcus [83]. However, anaerobes and a variety of microorganisms are often 
found in patients with a previous history of biliary tract operation, in patients with 
severe concomitant diseases, and the elderly [84].

23.5.3.2  Lethal Mechanism
Septic shock: In acute suppurative cholangitis, the increased pressure within the bile 
duct disrupts the tight junctions between the epithelial cells of the bile duct, and 
flushes a large number of microorganisms and endotoxins from the infected bile 
into systemic circulation, leading to a systemic inflammatory cascade reaction and 
septic shock, which is one of the main causes of death in patients with acute sup-
purative cholangitis [85].

Multiple organ dysfunction syndrome (MODS): MODS is another important 
cause of death in patients with acute suppurative cholangitis. Bacteremia and endo-
toxemia lead to the activation of inflammatory cells in the body, excessive release of 
many kinds of inflammatory cytokines such as tumor necrosis factor and interleu-
kin- 6 into the circulatory system, resulting in systemic inflammatory cascade reac-
tion, and eventually lead to the occurrence of MODS. Multivariate analysis showed 
that bacterial infection producing extended spectrum β-lactamases, leukocyte 
>20,000 cells/μL, serum total bilirubin >10  mg/dL, and an elevated serum urea 
nitrogen level were the risk factors for MODS, while timely decompression and 
drainage of the biliary tract were protective factors [86, 87].

23.5.3.3  Diagnosis
In the past, the diagnosis of acute suppurative cholangitis mainly depended on 
the clinical symptoms of patients. Typical patients may have fever, right upper 
abdominal pain and jaundice, namely, Charcot’s triad, while severe patients may 
have shock and neurologic symptoms, namely, Reynolds pentad. However, the 
sensitivity of these two diagnostic criteria in the diagnosis of acute suppurative 
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cholangitis is low and therefore not applicable. Initially published in 2007, the 
Tokyo guidelines established a more comprehensive diagnostic standard based 
on the clinical signs and symptoms, laboratory examination, and diagnostic 
imaging of patients. After two evaluations and revisions in 2013 and 2018, it has 
become a commonly used clinical diagnostic criterion for acute cholangitis 
(Table 23.4) [88].

Clinical Signs and Symptoms
Fever, right upper abdominal pain, and jaundice (Charcot’s triad) are common clini-
cal manifestations of acute suppurative cholangitis, which can be seen in 60–80% of 
patients. Although the specificity of Charcot’s triad can reach as high as 95.9%, 
studies have reported its sensitivity to be only 21.2–26.4%. In the same way, 
Reynolds pentad was only found in 4–8% of the severe patients. Therefore, the 
clinical application of the diagnostic criteria which only depend on clinical symp-
toms is seriously limited. In 2007, the Tokyo guideline diagnostic criteria, based on 
the clinical manifestations, laboratory examination, and diagnostic imaging of 
patients, were updated in 2013, and the sensitivity for the diagnosis of acute sup-
purative cholangitis was 91.8%, while the specificity reached 77.7% [88, 89]. 
Therefore, the 2013 diagnostic criteria for acute cholangitis were adopted by Tokyo 
Guidelines 2018 and used as the standard criteria in the clinical setting.

Laboratory Examination
Inflammatory reaction, cholestasis, and etiological evidence can be found in labora-
tory examination. Abnormal white blood cell counts (leukocyte (X1000/UL) < 4 
or >10), increase of serum creatinine protein levels (C-reactive protein ≥1 mg/dL), 
and other changes indicate systemic inflammatory response. In addition, procalcito-
nin (PCT) has been considered as a sensitive indicator of severe bacterial infection 
and sepsis in recent years, which can be significantly increased in acute suppurative 
cholangitis. It can be used to assist in assessing the severity of the disease and 

Table 23.4 Tokyo Guidelines 2018: diagnostic criteria for acute cholangitis

A Systemic inflammation
    A-1. Fever >38 °C and/or shaking chills
    A-2.  Laboratory data: evidence of inflammatory response:WBC(X1000/UL) < 4 or >10, 

CRP(mg/dL) ≥ 1
B Cholestasis.

    B-1. Jaundice:T-Bil ≥ 2 (mg/dL)
    B-2. Laboratory data: abnormal liver function tests:ALP, GGT, AST, ALT >1.5× STD
C. Imaging.
    C-1. Biliary dilatation
    C-2. Evidence of the etiology on imaging (stricture, stone, stent etc.)

         Suspected diagnosis: one item in A + one item in either B or C
         Definite diagnosis: one item in A, one item in B, and one item in C

ALP alkaline phosphatase, ALT alanine aminotransferase, AST aspartate aminotransferase, CRP 
C-reactive protein, GGT r-glutamyltransferase, WBC white blood cell, and STD upper limit of 
normal value
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whether emergency biliary decompression and drainage is needed [90, 91]. Elevated 
T-Bil, (≥2 mg/dL) ALP, GGT, AST, and ALT levels (>1.5 times the upper limit of 
normal) are the manifestations of cholestasis. Among them, an increase of ALP can 
be seen in 74–93% of patients with acute suppurative cholangitis, and ALP recovers 
faster than other laboratory tests (such as bilirubin) after biliary decompression and 
drainage. Hence, it can be used as an indicator for judging whether biliary drainage 
is sufficient [92]. Blood specimen should be sent for culture to identify the causative 
organisms of acute suppurative cholangitis, and to guide anti-infection treatment. 
However, positive rates of blood culture range from 21% to 71% for acute suppura-
tive cholangitis, and the procedure is time-consuming, which highly limits its clini-
cal application. Therefore, the Tokyo Guidelines and the American Society of 
surgical infection/infectious diseases guidelines do not recommend routine blood 
culture examination [93, 94]. Blood culture was recommended only in a small num-
ber of patients with immune deficiency or severe infection, when such results may 
be helpful to guide the selection and course of antibiotics.

Imaging Examination
Imaging examination includes abdominal ultrasound, computed tomography (CT), 
magnetic resonance imaging (MRI)/magnetic resonance cholangiopancreatography 
(MRCP), ERCP, and EUS. Based on the findings of these imaging examinations, we 
can identify the causes of biliary stenosis/blockage that can cause acute cholangitis 
(stenosis, stone, stent, etc.). Abdominal ultrasound is often used as the first choice 
because of its minimal invasiveness, wide availability, convenience, and low price. 
It can detect abnormal dilatation of the bile duct and identify its causes. However, 
due to the influence of factors such as intestinal gas accumulation, it is easy to miss 
the diagnosis of distal choledocholithiasis and malignant lesions of the bile duct. 
Thus, abdominal ultrasound has a low diagnostic sensitivity. A meta-analysis 
showed that abdominal ultrasound has a sensitivity of 42% (95% CI: 28 to 56%) and 
a specificity of 96% (95% CI: 94 to 98%) for dilated common bile duct and a sensi-
tivity of 38% (95% CI: 27 to 49%) and a specificity of 100% (95% CI: 99 to 100%) 
for all bile duct stones. Abdominal enhanced CT can be used to identify the causes 
of biliary obstruction such as cholelithiasis, benign strictures, and malignancies 
[95]. However, due to the presence of X-ray negative stones, it has a low sensitivity 
of 42% for bile duct stones [96]. MRCP can clearly delineate the morphology of 
intrahepatic and extrahepatic bile duct and pancreatic duct without the use of a con-
trast agent, and identify bile duct stenosis, dilatation, and large stones in the com-
mon bile duct. However, MRCP has a low diagnostic accuracy when displaying 
stones less than 6 mm [97]. ERCP is an invasive diagnostic and therapeutic proce-
dure. It is the gold standard for the diagnosis of acute suppurative cholangitis, when 
the pus overflow was seen at the duodenal papilla through a duodenoscope. ERCP 
cholangiography can also show the delineation of the whole biliary tree, and find the 
cause of cholangitis. With the wide accessibility of MRCP, ERCP is now rarely used 
only for diagnostic purpose. ERCP has been recommended as the first-line biliary 
drainage procedure for acute cholangitis because of its less invasiveness and lower 
risk of adverse events than other drainage techniques [98]. In recent years, EUS has 
been emerging as a novel technique which provides both diagnostic and therapeutic 
effects for acute cholangitis. It demonstrates a sensitivity of nearly 100% and a 

S. Qi et al.



405

specificity of more than 90% to the diagnosis of cholelithiasis, which is significantly 
better than MRCP, especially for the detection of small stones that are not easy to be 
identified by other inspection measures. EUS is superior to ERCP in the detection 
of cholangiopancreatic tumors, tumor invasion, and lymph node metastasis. In addi-
tion, EUS guided biliary drainage has been developed and reported as a useful alter-
native drainage technique when ERCP intubation fails [99, 100].

Severity Grading Criteria for Acute Cholangitis
Based on patients’ clinical signs and symptoms and routine laboratory examinations 
and whether or not combined with organ dysfunction, acute cholangitis was divided 
into three grades: mild, moderate, and severe (grade I, II, III) in Tokyo Guidelines 
of 2013. This severity grading criteria can be used to predict the prognosis of 
patients with acute cholangitis and determine which patients need emergency bili-
ary decompression and drainage. Four case series studies from Japan and Taiwan 
confirmed its prognostic value in clinical application, and two of them evaluated the 
severity grading criteria as an indicator for biliary drainage. In these studies, patients 
with a higher severity grading had significantly higher 30-day mortality. However, 
30-day mortality was significantly lower in patients with Grade II acute cholangitis 
who were treated with early or urgent biliary drainage. These findings suggest that 
the severity grading criteria in the Tokyo Guidelines of 2013 can be used to identify 
Grade II patients whose prognoses may be improved through urgent biliary drain-
age. Thus, this severity grading criteria were adopted in the Tokyo Guidelines of 
2018 and used as the standard in the clinical setting (Table 23.5) [88].

Table 23.5 Severity grading criteria for acute cholangitis in the Tokyo Guidelines of 2018

Grade III (severe) acute cholangitis
“Grade III” acute cholangitis is defined as acute cholangitis that is associated with the onset of 
dysfunction at least in any one of the following organs/systems:

    1.  Cardiovascular dysfunction: hypotension requiring dopamine ≥5 μg/kg/min, or any dose 
of norepinephrine

    2. Neurological dysfunction: disturbance of consciousness
    3. Respiratory dysfunction: PaO2/FiO2 ratio < 300
    4. Renal dysfunction: oliguria, serum creatinine >2.0 mg/dL
    5. Hepatic dysfunction: PT-INR > 1.5
    6. Hematological dysfunction: platelet count <100,000/mm3

Grade II (moderate) acute cholangitis
“Grade II” acute cholangitis is associated with any two of the following conditions:
    1. Abnormal WBC count (>12,000/mm3, <4000/mm3)

    2. High fever (≥39 °C)

    3. Age (≥75 years old)

    4. Hyperbilirubinemia (total bilirubin ≥5 mg/dL)
    5. Hypoalbuminemia (<STDa × 0.7)
Grade I (mild) acute cholangitis
“Grade I” acute cholangitis does not meet the criteria of “Grade III (severe)” or “Grade II 
(moderate)” acute cholangitis at initial diagnosis.

aSTD: lower limit of normal value
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23.5.3.4  Management

Initial Management
Initial medical treatment includes the infusion of sufficient fluids and electrolytes, 
as well as analgesic administration and other symptomatic treatment. Empirical 
anti-infection therapy should be started as soon as a definitive diagnosis of acute 
cholangitis has been reached. Severity should be assessed according to the severity 
grading criteria for acute cholangitis. Moderate and severe patients should be fast-
ing to enable immediate emergency drainage. At the same time, vital signs includ-
ing blood pressure, heart rate, respiration rate, temperature, urine volume, oxygen 
saturation (SPO2), and the patient’s general status should be evaluated and closely 
monitored.

Management Based on the Severity Grading of Acute Cholangitis
Acute cholangitis should be managed in accordance with its severity. Alongside the 
initial treatment, severity assessment should be carried out using the severity grad-
ing criteria for acute cholecystitis in the Tokyo Guidelines of 2018. Timing treat-
ment should be provided for patients based on the severity grading of acute 
cholangitis (Fig. 23.1) [100]. And the patient’s general status and severity of disease 
should be reassessed within 24 h, 24–48 h after the start of treatment.

Grade I (mild acute cholangitis): After initial treatment including antibiotics and 
general supportive care, most of the patients with mild acute cholangitis will get 
better without biliary drainage. However, if the patient’s condition does not improve 
within 24 h after initial treatment, biliary drainage should be considered. For patients 
with choledocholithiasis, choledocholithotomy may be performed at the same time 
as biliary drainage.

Grade II (moderate acute cholangitis): In addition to the initial treatment includ-
ing antibiotics and general supportive care, patients with moderate acute cholangitis 
should consider early biliary drainage, including ERCP, PTBD, and 
EUS-BD. Treatment for the underlying etiology (bile duct stones, tumor, etc.) should 

Treatment

for etiology

if still needed

(endoscopic treatment,

percutaneous treatment,

or surgery)

Grade I
(Mild)

Grade II
(Moderate)

Antibiotics
and general

supportive care

Antibiotics
and general

supportive care

Urgent biliary drainage
Organ support

Antibiotics

Early
drainage

Biliary
drainage

Finish course
of antibiotics*

*

*
Grade III
(Severe)

†

†

Fig. 23.1 Flowchart for the management of acute cholangitis in the Tokyo Guidelines of 2018
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not be provided until the patient’s general condition has improved after early biliary 
drainage.

Grade III (severe acute cholangitis): Severe acute cholangitis is characterized by 
sepsis-induced organ dysfunction. The condition of patients with severe cholangitis 
may deteriorate rapidly. In addition to the initial treatment, organ function support 
should be given immediately, including noninvasive/invasive mechanical ventila-
tion (tracheal intubation followed by artificial ventilation) and vasoactive drugs. 
Urgent biliary drainage, including ERCP, PTBD, and EUS-BD, should be per-
formed immediately after the patient’s vital signs are stable. If the hospital is unable 
to perform such operations, the patient should be transferred to a hospital that can 
perform biliary drainage. The treatment of biliary obstruction should be delayed 
until the patient’s condition is stable.

Antimicrobial Recommendations for Acute Cholangitis
The primary goal of antimicrobial treatment for patients with acute suppurative 
cholangitis is to control sepsis and local inflammation of the bile duct and prevent 
the formation of intrahepatic abscess. Therefore, once suspected of acute suppura-
tive cholangitis, empirical antimicrobial treatment should be provided immediately.

The common pathogens of acute suppurative cholangitis include Escherichia coli, 
Klebsiella, Pseudomonas, Enterobacter, Acinetobacter, etc. The selection of empiric 
antibiotics mainly depends on the type of strains prevalent in the area and the data of 
antimicrobial susceptibility. Common antibiotics include penicillins, cephalosporins, 
carbapenems, fluoroquinolones, etc. The resistance of Enterobacteriaceae strains has 
been widely reported, especially the gram-negative bacilli producing β-lactamase 
(ESBL) and carbapenemase, which have significantly affected the empirical antibacte-
rial treatment of acute cholangitis. The Tokyo Guidelines of 2018 recommended that 
bile samples should be taken for bacterial culture and antimicrobial susceptibility test 
during biliary drainage. Once causative microorganisms and the susceptibility testing 
results are available, the application of antimicrobial therapy should be adjusted to 
specific antimicrobial agents targeting the organisms [94]. The guideline also recom-
mends drug selection of empirical antibacterial treatment for community-acquired bili-
ary tract infection and iatrogenic biliary tract infection; see Table 23.6 for details [94].

Choice of Biliary Drainage
Patients with moderate or severe acute cholangitis should be treated with early/
urgent biliary drainage. Drainage methods include endoscopic transpapillary drain-
age, percutaneous transhepatic drainage, and surgical drainage.

ERCP
ERCP has become the first-line of therapy for acute cholangitis because of its less 
invasiveness and lower risk of adverse events compared to other drainage tech-
niques. Endoscopic transpapillary biliary drainage methods include external drain-
age via nasobiliary catheters and internal drainage via biliary stents. Both methods 
were equally effective for patients with acute suppurative cholangitis. There is no 
significant difference in the success rate, effectiveness, and complications between 
the two procedures. The advantages of nasobiliary catheters over internal stents are 
the ability to obtain noninvasive cholangiograms and cholecystograms; to monitor 
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the drainage volume; and to provide irrigation for hemobilia, mucin, or debris. 
However, it suffers from the disadvantage of patient discomfort and risk for dis-
lodgement. On the other hand, the internal stents are associated with less postproce-
dure discomfort and avoid the potential problems of inadvertent removal of the 
nasobiliary catheter. The major drawbacks of the internal stent are that its patency 
and adequacy of drainage cannot be monitored. Furthermore, it has been found with 
a higher rate of blockage and more frequent hyperamylasemia. Thus, the choice of 
endoscopic transpapillary drainage, nasobiliary catheters, or biliary stents depends 
on the preference of the operator and the specific circumstances of each patient [101].

EUS-BD
EUS-BD has become the first-line of alternate therapeutic modality for biliary 
obstruction in patients who fail ERCP. The indications for EUS-BD include failure 
of ERCP intubation, and cases of benign and malignant bile duct obstruction that 
cannot be intubated by conventional transpapillary biliary drainage methods. The 
latter includes anatomical abnormalities after surgery and obstruction of the gastro-
duodenal lumen. Relative contraindications to EUS-BD are ascites, recent surgery, 
and anticoagulation therapy. EUS-BD consists of two puncture routes: intrahepatic 
and extrahepatic. Under the guidance of EUS, the intrahepatic puncture route is 
from the stomach to the left intrahepatic bile duct, while the extrahepatic puncture 
route is from the duodenum to the common bile duct. Once the puncture is success-
ful, different drainage methods can be selected according to the etiology and anat-
omy of the obstruction, mainly including EUS-guided rendezvous technique 
(EUS-RV), EUS-guided antegrade stenting (EUS-AS), and EUS-guided transmural 
stenting (EUS-TS), which includes EUS-guided gastrostomy (EUS-HGS) and 
EUS-guided choledochoduodenostomy (EUS-CDS) according to different puncture 
sites. Compared with PTBD, EUS-BD has a higher success rate, while the incidence 
of adverse events is lower. Moreover, EUS-BD provides internal drainage, which is 
more in line with physiological conditions. Therefore, at present, EUS-BD has basi-
cally replaced PTBD as the first alternative measure for patients with acute suppura-
tive cholangitis when ERCP is not an option [102].

PTBD
PTBD is another alternative to biliary drainage in patients with ERCP intubation 
failure. The technical success rate of PTBD is more than 90% in patients with intra-
hepatic bile duct dilation. However, the incidence of adverse events can be as high 
as 40%, including postprocedure bile leak, bleeding, cholangitis, drainage stent 
blockage or displacement, etc. PTBD is currently mainly used in patients with failed 
EUS-BD procedures. In addition, PTBD remains an alternative biliary drainage 
after ERCP failure in hospitals where EUS-BD is unavailable [103].

Surgical Drainage
Open surgical drainage was used to treat biliary obstruction and cholangitis before 
the introduction of endoscopic drainage and PTBD. At present, surgical drainage is 
not the first choice for patients with acute cholangitis because of its high incidence 
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of complications. It is only performed when endoscopic or other drainage proce-
dures have failed, as well as for patients with acute suppurative cholangitis who 
need surgery because of the primary disease [104].

23.5.4  Discussion

In the above-mentioned case, the patient was an old man with a history of hyperten-
sion and coronary heart disease, so the risk of operation was very high. ERCP is the 
first choice for patients with acute suppurative cholangitis. However, the patient 
cannot tolerate the ERCP procedure due to his poor physical condition. For elderly 
patients with acute suppurative cholangitis, the risk of sudden death is very high due 
to uncorrectable septic shock and continuous deterioration of the liver function.

23.5.5  Conclusion

For patients with acute suppurative cholangitis, the probability of sudden death is 
very low as long as the diagnosis is timely. After the biliary obstruction was relieved, 
the infection was more easily controlled and the probability of MODS was greatly 
reduced. Based on the characteristics of this disease, we need to ensure timely 
diagnosis.

23.6  Acute Pancreatitis

23.6.1  Introduction

Acute pancreatitis (AP) is defined as an inflammatory response after abnormal tryp-
sinogen activation due to a variety of causes, followed by autodigestion of pancreas 
[105]. In severe cases, systemic inflammatory response syndrome occurs, and it can 
be accompanied by other organ dysfunction diseases. The process of most patients 
is self-limiting. About 15% of patients progress to severe acute pancreatitis with an 
overall mortality rate of 5–10%. Patients with severe pancreatitis have a higher mor-
tality rate of 34–55% [106, 107]. According to autopsy data statistics, sudden death 
caused by acute pancreatitis is one of the important causes of noncardiac sudden 
death, which accounts for 0.2–2.5% of natural sudden death [108]. We understand 
the dangers of acute pancreatitis through a case report.

23.6.2  Case and Method

This death occurred in August 2019. We analyzed the death process by reviewing 
the clinical symptoms, laboratory tests, imaging tests, and clinical treatment medi-
cations at the time of death. The case has been reviewed by the hospital ethics 
committee.
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23.6.2.1  Case Report
We present the case of a 49-year-old male patient who was admitted with an abdom-
inal pain and bloating for 38  h after overeating. He had history of pancreatitis. 
Admission examination revealed that the patient did not have fever (36.7 °C, axil-
lary), the pulse rate was 142 bmp, the respiratory rate was 22 bpm, the blood pres-
sure was 134/94 mmHg, and the oxygen saturation was 97%. The left mid-upper 
abdominal part was tender, no rebound pain or muscle tension. The results of the 
laboratory tests were showed as follows: blood routine showed WBC 21.78 × 109 g/L, 
N 87%, Hb 144  g/L, PLT 68  ×  109  g/L.  Blood biochemical indicators showed 
AMS2379U/L, LPS 1866 U/L, ALT 30.1 U/L, AST 76.5 U/L, TBIL 48.5 umol/L, 
DBIL 47.2 umol/L, GGT 90 U/L, UREA 12.9 mmol/L, CRE 220 umol/L, GLU 
26.15 mmol/L. Coagulation function showed APTT 31.3S, PT 17.6S, TT 13.1S, 
FIB 6.95  g/L, INR 1.63, d-dimer 4516  ng/mL.  Inflammation indicators showed 
CRP 30.18 mg/dL and PCT 88.17 ng/mL. Abdominal CT demonstrated signs of 
acute pancreatitis. The patient was given symptomatic treatments such as acid inhi-
bition, enzyme inhibition, anti-infection, fluid replacement, hypoglycemia, and 
continuous hemofiltration. Three hours after admission, the patient developed 
unconsciousness, pale face, and progressive decrease in blood pressure. He was 
given rescue treatment, but eventually he failed to recover.

23.6.3  Review and Treatment

23.6.3.1  Etiology and Inducement
The common causes of acute pancreatitis are mainly gallstones and alcohol misuse. 
Other factors include hypertriglyceridemia or hypercalcemia, trauma, autoimmune 
diseases, endoscopic retrograde cholangiopancreatography (ERCP), steroids, drugs, 
and genetic factors [109–111]. Smoking is associated with nonbiliary acute pancre-
atitis [112]. Severe acute pancreatitis is associated with obesity and abdominal fat 
content. Abdominal obesity rather than systemic obesity is an independent risk fac-
tor for the development of acute pancreatitis [113]. Common precipitating factors 
for AP include alcoholism, overeating, excessive fatigue, emotional agitation, 
excessive stress, strenuous exercise, and consumption of cold and frozen drinks.

23.6.3.2  Lethal Mechanism
The mechanism of sudden death caused by acute pancreatitis is unclear. Current 
reports indicate that it may be related to the following factors:

Shock
Hypovolemic shock from acute pancreatitis is one of the causes of sudden death 
[114]. The possible mechanism is that pancreatic hemorrhage and necrosis release 
bradykinin, histamine, and other vasoactive substances to damage the pulmonary 
microvascular endothelium. Capillary permeability is increased, which promotes 
the exudation of a large amount of body fluids into the abdominal cavity and retro-
peritoneal space. The medium dilates small blood vessels, which causes a rapid 
decrease in the blood volume, and eventually leads to hypovolemic shock.
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Acute Respiratory Distress Syndrome (ARDS)
Acute pancreatitis complicated by ARDS involves intricate mechanisms, including 
multiple levels of inflammatory waterfall, coagulation, and fibrinolytic system 
imbalance, and the activation of pancreatic enzymes. These levels are intercon-
nected in a complex network. (1) The inflammatory mediators caused by pancreatic 
hemorrhage and necrosis can trigger a waterfall-like cascade through “trigger 
action.” A large number of inflammatory factors promote the accumulation and acti-
vation of inflammatory cells in lung tissue, aggravate lung tissue damage, and cause 
ARDS [115, 116]. (2) Pulmonary vascular injury caused by active trypsin: nor-
mally, trypsin inhibitors can inhibit the activation process of proteolysis. With an 
increase of trypsin in the blood circulation, trypsin inhibitors decrease, which can 
cause active trypsin to activate the kallikrein system and damage the pulmonary 
blood vessels. Active trypsin initiates the intravascular coagulation process, which 
promotes fibrin microthrombosis, involving pulmonary microcirculation, leading to 
ARDS. Autopsy studies have shown that fibrinoid thrombosis can be seen in the 
blood vessels of the lung tissue of patients with acute pancreatitis [117]. (3) Alveolar 
collapse caused by phospholipase: pancreatic lecithin is elevated in the serum of 
patients with hemorrhagic necrotizing pancreatitis. Lecithin is a major component 
of alveolar surfactants and plays an important role in exercising normal lung func-
tion. Lecithinase can accelerate the degradation of lecithin, reduce the activity of 
alveolar surfactants, atrophy of alveoli, and ARDS appears. At the same time, ARDS 
can aggravate the process of acute pancreatitis, form a vicious circle, and can affect 
other organs, eventually leading to MODS.

Arrhythmia
(1) Enzymes and toxic substances released by pancreatic hemorrhage and necrosis 
directly damage myocardial cells. (2) Insufficient myocardial perfusion due to low 
blood volume. (3) Electrolyte disorders, hypokalemia, hypocalcemia, hypomagne-
semia, etc. can induce severe arrhythmias and ventricular fibrillation, leading to 
sudden death.

23.6.3.3  Diagnosis
Anyone with epigastric pain, inexplicable shock, or elevated hematuria amylase 
should consider the possibility of acute pancreatitis. According to the revised 
Atlanta Classification, the diagnostic criteria for acute pancreatitis are: (1) abdomi-
nal pain (acute onset of persistent and severe epigastric pain, often radiating to the 
back), (2) serum amylase (or lipase) at least three times the upper limit of normal, 
and (3) abdominal imaging examination (CT, MRI, and ultrasonography) is consis-
tent with the imaging changes of acute pancreatitis. Acute pancreatitis can be diag-
nosed by having two of the above three criteria [109, 118].

Clinical Manifestations
Abdominal pain is the main symptom of acute pancreatitis. It is located in the epi-
gastrium and periumbilical regions and often radiates to the back. Most of them are 
abrupt onset and constant. Nausea, vomiting, and abdominal distention are also 
frequent complaints. Fever often results from SIRS, secondary bacterial or fungal 
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infection of necrotic pancreatic tissue. Fever and jaundice are more common in bili-
ary pancreatitis. The clinical manifestations of acute pancreatitis leading to sudden 
death are diverse, and can also be manifested as transient death, death during sleep, 
death after sudden screaming, and death after coma. Due to the short time from the 
onset to death, there is probably no typical severe abdominal pain of acute pancre-
atitis in the clinic. Cases of sudden death because of acute pancreatitis have been 
reported in the past where diagnosis could not be made until autopsy [119].

Imaging
Ultrasound examination within 24–48 h at the beginning of the onset can initially 
determine the morphological changes of the pancreas and contribute to identify the 
biliary tract disease [120]. However, gas accumulation in the gastrointestinal tract 
during acute pancreatitis decreases the accuracy. Contrast-enhanced CT (CECT) 
scan is recommended as the standard imaging method for diagnosing acute pancre-
atitis. CECT diagnosis about 1 week after the onset is more valuable and can effec-
tively distinguish the range of fluid accumulation and necrosis. CECT is the gold 
standard for diagnostic imaging to help establish disease severity [121]. However, 
the predictive accuracy of CT scoring systems for severity of acute pancreatitis is 
similar to that of clinical scoring systems. Therefore, it is not recommended to only 
evaluate the degree of severity of acute pancreatitis during initial admission [122]. 
In addition, an early CT scan does not show an alternative diagnosis, help with the 
distinction of interstitial versus necrotizing pancreatitis, or provide evidence of an 
important complication. An early CT scan is recommended when there is a clinical 
doubt about the diagnosis of acute pancreatitis, and other life-threatening disorders 
have to be excluded. In addition, MRI can also assist in the diagnosis of acute 
pancreatitis.

Etiological Diagnosis
The etiology of acute pancreatitis should be determined using detailed personal 
(i.e., previous pancreatitis, known cholelithiasis, alcohol intake, medication and 
drug intake, known hyperlipidemia, trauma, and recent invasive procedures such as 
endoscopic retrograde cholangiopancreatography (ERCP)) and family history of 
pancreatic disease, physical examination (i.e., body mass index (BMI)), laboratory 
serum tests (i.e., liver enzymes, blood lipid, calcium, virus, autoimmune marker, 
and tumor marker (CEA, CA19-9)), and imaging (i.e., right upper quadrant ultraso-
nography, CECT, magnetic resonance cholangiopancreatography (MRCP), ERCP, 
ampulla papillary sphincter pressure measurement, and pancreatic exocrine func-
tion detection) [117].

Graded Diagnosis
The 2012 Revision of the Atlanta Classification Criteria divided AP into the follow-
ing three categories: mild acute pancreatitis (MAP): not accompanied by organ fail-
ure or local or systemic complications; moderate severe acute pancreatitis (MSAP): 
accompanied by transient organ failure (<48 h) or local or systemic complications; 
and severe acute pancreatitis (SAP): accompanied by persistent organ failure (>48 
h). The diagnostic criteria for organ failure are based on the modified Marshall 
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scoring system. Any organ score ≥2 points can be defined as organ failure [125]. 
Several scoring systems, such as Rason score system, Bedside Index for Severity in 
Acute Pancreatitis (BISAP), and modified CT Severity Index (MCTSI) score, have 
been developed to evaluate the severity of AP and promote clinical decision [122]. 
MCTSI score uses CT findings to judge the severity of AP, but early CT study can 
underestimate the severity of the disease [123, 124]. Rason score has 11 indictors 
including clinical factors, laboratory testing, response to fluid resuscitation, etc. It is 
cumbersome and not routinely used. BISAP score has five indicators and can be 
used at any time within 48 h of admission, which is relatively simple and effective 
for clinician.

23.6.3.4  Treatment
The current treatment model for AP is a combination of internal medicine and mul-
tidisciplinary treatment.

Fluid Resuscitation
Insufficient blood vessel content is the most prominent pathophysiological change 
in the early stage of acute pancreatitis. Fluid resuscitation is the cornerstone of early 
treatment. The 2018 AGA guidelines recommend the use of a target-oriented 
method for fluid management [126]. Targeted therapy is defined as the titration of 
intravenous fluids to specific detectable clinical and/or biochemical indicators, such 
as heart rate, mean arterial pressure, central venous pressure, urine output, BUN, 
HCT, etc. The types of infusions include lactated Ringer’s solution, normal saline, 
and colloid. At present, there is no high-quality evidence to prove that the recovery 
effect of lactated Ringer’s solution is better than that of normal saline. Expansion 
with hydroxyethyl starch is not recommended because it can increase kidney dam-
age in patients with sepsis [127].

Organ Function Maintenance
(1) Treatment of acute lung injury or respiratory failure: in severe acute pancreatic 
pancreatitis, oxygen inhalation through nasal tube or mask should be given to 
maintain oxygen saturation above 95%. Patients’ blood gas analysis results should 
be monitored dynamically. When the disease progressed to ARDS, treatment strat-
egies include mechanical ventilation and the use of high-dose, short-range gluco-
corticoids, and bronchoalveolar lavage under conditions [128]. (2) Treatment of 
acute kidney injury or renal failure: the treatment of acute renal failure is mainly 
supportive treatment, stable hemodynamic parameters, and dialysis. The indication 
of continuous renal replacement therapy (CRRT) is associated with acute renal 
failure, or the urine output ≤0.5 mL/kg/h; early with two or more organ dysfunc-
tion; SIRS with tachycardia, shortness of breath, the effect is not obvious after 
general treatment; with severe water and electrolyte disorders; and with pancreatic 
encephalopathy (PE). Combined with continuous venous-venous hemofiltration 
(CVVH) and continuous plasma filtration adsorption (CPFA) can be chosen [129]. 
(3) For SAP patients, special attention should be paid to maintaining the intestinal 
function. Because the stabilization of the intestinal mucosal barrier has an impor-
tant role in reducing systemic complications, it is necessary to closely observe 
abdominal signs and defecation, monitor changes in bowel sounds, and give early 
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intestinal motility drugs, including rhubarb, magnesium sulfate, lactulose, etc., and 
use glutamine preparations to protect the intestinal mucosal barrier. Where condi-
tions permit, early diet or enteral nutrition is important to prevent intestinal failure. 
Probiotics can regulate intestinal immunity and correct intestinal flora imbalance, 
thereby restoring the intestinal microecological balance. However, it is still contro-
versial whether patients with severe acute pancreatitis should be treated with 
probiotics.

Nutritional Support
AGA recommends oral feeding of patients with acute pancreatitis as early as pos-
sible (within 24 h of onset). And enteral nutrition rather than parenteral nutrition is 
recommended for patients who cannot eat orally [118]. Enteral tube feeding should 
be the primary therapy in patients with predicted severe acute pancreatitis who 
require nutritional support but cannot eat. Glutamine should be the supplement. For 
patients with hyperlipidemia, fat supplementation should be reduced. When per-
forming enteral nutrition, you should pay attention to whether the symptoms and 
signs of pancreatitis such as abdominal pain, intestinal paralysis, and abdominal 
tenderness are aggravated, and regularly test the electrolytes, blood lipids, blood 
glucose, total bilirubin and albumin, blood routine, and renal function, in order to 
evaluate the body’s metabolism and adjust the amount of enteral nutrition [109]. 
Short peptide preparations can be used first, and then gradually transition to whole 
protein preparations. The enteral nutrition solution should be selected according to 
the patient’s blood lipid and blood glucose.

Drug Treatment
The drug treatment of acute pancreatitis includes the inhibition of pancreatic exo-
crine and pancreatin inhibitors, adequate analgesia, and the application of antibiot-
ics. At present, there is no breakthrough in drug treatment.

Minimally Invasive Treatment
In recent years, minimally invasive technology has developed rapidly and has grad-
ually become the preferred intervention method for complications such as pancre-
atic necrosis infection and pancreatic pseudocyst. Currently, minimally invasive 
step-up therapy is considered the standard treatment for infectious pancreatic necro-
sis (IPN) [130]. Minimally invasive step-up therapy can be divided into two catego-
ries: (1) percutaneous retroperitoneal minimally invasive step-up therapy; (2) 
minimally invasive step-up therapy by stomach and/or duodenum. A large-scale 
retrospective study in 2016 compared the clinical prognosis of percutaneous retro-
peritoneal minimally invasive debridement therapy with open necrotic tissue wound 
surgery. Percutaneous retroperitoneal minimally invasive step-up therapy can 
reduce complications and mortality.

Etiology Treatment
(1) Endoscopic treatment of biliary pancreatitis: At present, ERCP is the first 
method to relieve biliary obstruction in patients with acute biliary pancreatitis. The 
IAP/APA guidelines point out that patients with biliary pancreatitis and cholangitis 
need emergency ERCP within 24  h [14]. For those without common bile duct 
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obstruction and cholangitis, early ERCP is not beneficial. In recent years, EUS has 
been used for the examination of common bile duct stones, and it has received 
increasing attention in the diagnosis and treatment of biliary pancreatitis. It can find 
small bile duct stones that are difficult to diagnose by MRCP. The IAP/APA guide-
lines recommend cholecystectomy for patients with mild biliary pancreatitis during 
hospitalization [118]. Studies have shown that delaying cholecystectomy for several 
weeks increases the risk of recurrence (up to 30%). However, early cholecystec-
tomy in patients with necrotizing pancreatitis will increase the incidence of infec-
tion, and surgery is required after pancreatitis has healed [105]. (2) The incidence of 
hypertriglyceridemia pancreatitis is gradually increasing. Because HTGP is prone 
to exacerbation, the triglyceride (TG) level is positively correlated with the severity 
of the disease at the time of onset. Therefore, early lipid-lowering treatment may 
reduce the severity of the disease and improve the prognosis of patients with hyper-
triglyceridemia. The current early lipid-lowering programs can be divided into two 
categories: noninvasive drug treatment (insulin, heparin, etc.) and invasive blood 
purification treatment (plasma replacement, hemofiltration, etc.) [130].

23.6.4  Discussion

Acute pancreatitis, requires prompt treatment. In the above case, the patient suffered 
from abdominal pain due to overeating 38 h ago, but failed to pay attention because 
of previous pancreatitis. He did not fast, and even used nonsteroidal anti- 
inflammatory drugs (NSAID) on his own during abdominal pain, directly delaying 
the diagnosis and treatment. At the time of his consultation, he already had MODS 
and shock. At last, he was prone to sudden death. Because many acute pancreatitis 
are diagnosed after autopsy, the clinical attention to pancreatitis is insufficient.

23.6.5  Conclusion

Acute pancreatitis is one of the most common causes of sudden death in the diges-
tive system. It has rapid onset, many complications, and a high degree of severity. 
But it is often confused with surgical acute abdomen and other digestive diseases of 
internal medicine. Once doctors ignore it, it is prone to become severe and even 
causes sudden death. We share the death case to let everyone know about the danger 
of acute pancreatitis.
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Abstract

This section introduces Chinese medicine from six aspects: “The Fundamental 
Theory of Traditional Chinese Medicine,” “Characteristics of TCM in Disease 
Prevention and Treatment,” “Chinese Medicine to Prevent Sudden Death,” “Case 
Analysis,” “Characteristics of Traditional Chinese Medicine,” and “National 
Policy for the Development of Chinese Medicine.” Theoretical research on the 
prevention and treatment of sudden death by medicine, the treatment methods, 
and the special diagnosis and treatment methods related to traditional Chinese 
medicine have greatly enriched the clinical treatment methods against sudden 
death. At the same time, Chinese medicine is also an important part of world 
medicine.
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24.1  The Fundamental Theory of Traditional 
Chinese Medicine

The fundamental theory of Traditional Chinese Medicine (TCM) is based on the 
philosophical view of harmony between man and nature. The core concepts of TCM 
are holism and treatment based on syndrome differentiation. The fundamental the-
ory of TCM mainly includes the theory of Yin and Yang, visceral manifestation 
(heart, liver, spleen, lung, kidney system), five movements and six climates, essence, 
Qi and blood (Qi: information-energy-substance theory), constitution, etiology, 
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pathogenesis, health preservation, and meridian theory. Visceral manifestation 
serves as the core concept and information-energy-material theory serves as the 
foundation. These theories expound the physiological and pathological phenomena 
in the human body and are used to guide clinical diagnosis and treatment. The fol-
lowing is a brief introduction to the theory of Yin and Yang, five elements, visceral 
manifestation, and Qi, blood essence, and fluid.

24.1.1  The Theory of Yin Yang and Five Elements

The theory of Yin Yang and five elements are based on the long-term medical prac-
tice of ancient Chinese medical scientists. Yin Yang and five elements are used in 
the medicine to illustrate the origin of human life, physiological phenomena, and 
pathological changes and also guide clinical diagnosis and prevention. As important 
parts of the TCM theory, they have profound impacts on the formation and develop-
ment of the TCM theory. It can be said that TCM is the philosophy of ancient China, 
and it is how ancient Chinese understood the nature and the world. Many scholars 
believe that the ancient Chinese concept of nature, especially the Yin and Yang and 
the five elements theory hindered the progress of science. When explaining the phe-
nomenon, Chinese natural philosophers often resort to this natural philosophy. For 
example, electricity is interpreted as “the Yin and Yang interact and form electric-
ity”; the earthquake is considered to be that “Yang is unable to come out, and Yin 
cannot steam.” Thus, the extreme forms of empiricism and mysticism run through 
the entire ancient Chinese scientific theory system.

24.1.2  The Visceral Manifestation Theory

Questions (Su Wen) · Discussion on Six System and the Manifestations of the Viscera. 
“Visceral” refers to the internal organs in the body; “manifestation” refers to the 
physiological and pathological phenomena that are manifested outside. The visceral 
manifestation refers to the signs of the physiological activities and pathological 
changes of the internal organs. For example, Zhang Jingyue wrote in the “Lei Jing 
(Classified Canon)”: “Visceral manifestation means the signs of inner organs.” 
Visceral manifestation theory is the study of the signs of the various organs of the 
body. The manifestation here includes three aspects, namely the physiological func-
tions, pathological changes, and the interrelationships of various organs. It can be 
seen that it mainly studies the laws of visceral activities and their interrelationships 
by observing the signs outside the body.

24.1.3  The Theory of Qi, Blood, Essence, and Body Fluid

Qi, blood, essence, and body fluid are the material basis for the physiological activi-
ties of meridians and organs. They are the basic substances that constitute the human 
body and maintain human life activities. The formation of these substances and their 
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metabolism in the body depend on the normal physiological activities of the body, 
organs, and meridians. Therefore, there is always a close relationship between these 
basic substances, organs, and meridians in both physiological and pathological 
conditions.

24.1.3.1  Qi
Qi is a subtle and energetic substance, constantly running in the human body. It is 
one of the basic substances that constitute the human body and maintain human life 
activities. The Qi runs continuously, promotes and regulates the metabolism of the 
human body, and maintains the life of the human body. If Qi stops moving, the 
life ends.

24.1.3.2  Blood
Blood is a kind of nutritious red liquid substance that travels through the vessels and 
is one of the basic substances that make up the human body and maintain human 
life. Plain Questions:·Discussion on Regulation of Channels emphasizes that “The 
Qi and blood constitute the body.”

24.1.3.3  Essence
Essence is formed by the combination of a vital material from parents and the 
acquired nutrition. It is the origin of human life and the basic substance that consti-
tutes the human body and maintains human life activities. For example, as discussed 
in Plain Questions:· Discussion on Important Ideas in the Golden Chamber, “Essence 
is the foundation of the body.” Essence is generally stored in or between the internal 
organs as a form of liquid. For example, Spiritual Pivot (Lingshu)·Basic State of 
Spirit said, “The five internal organs store essence.” As discussed in Plain Questions:· 
Special Discussion on Channels and Vessels, “When food is taken into the stomach, 
Jing (nutrient substance) is transported to the liver to nourish the sinews.”

24.1.3.4  Body Fluid
Body fluid is a general term for all kind of normal water in the body, including the 
internal fluids of the organs and their normal secretions. Body fluid is one of the 
basic substances that constitute the human body and sustain life activities. The con-
tents of the body fluid are very extensive. Except for the essence stored in the organs 
and the blood running in the vessel, all the other normal fluids belong to the body 
fluid. Therefore, body fluid is not only a basic substance that constitutes the human 
body, but also one of the basic substances for maintaining human life activities.

24.2  Characteristics of TCM in Disease Prevention 
and Treatment

The diseases prevention and treatment of TCM mainly includes the characteristics 
of holism, treatment based on syndrome differentiation, and preventive treatment of 
disease. It not only studies the stage of disease occurrence and development but also 
highlights the concept of disease prevention.
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24.2.1  TCM’s Concept of Holism

The concept of holism is the idea of unity and integrity. TCM attaches great impor-
tance to the unity and integrity of the human body and its relationship with the natu-
ral world. It believes that the human body is an organic whole, and the various 
components that make up the human body are structurally inseparable, functionally 
coordinated, and mutually supplementary. It also affects each other in pathological 
conditions. The human body and the natural world are also inseparable. The changes 
in the natural world affect the human body at any time. Human beings maintain 
normal life activities in the process of adapting to nature and transforming nature. 
The concept of holism is the embodiment of ancient Chinese materialism and dia-
lectical; it is reflected in the physiology, pathology, diagnosis, syndrome differentia-
tion, and treatment in TCM

The concept of holism is mainly reflected in the fact that the human body is an 
organic whole, the unity of human and external environment, the unity of human 
and natural environment, and the unity of human and social environment.

24.2.1.1  TCM Believes that the Human Body Is an Organic Whole
The human body is made up of several organs and tissues. Each of the organs and 
tissues has its own unique physiological functions, and these different functions are 
an integral part of the human body, which determines the internal harmony of the 
human body. That is to say, the various components of the human body are structur-
ally inseparable, physiologically interconnected, mutually supportive and restric-
tive, and also interact with each other in pathological conditions. This unity of the 
human body is centered on the five zang-organs, six fu-organs, and the meridian 
system. All organs of the human body can be included in the five zang-organs sys-
tem, which is in the center of human body. The whole body is connected by the 
meridian system and unified through the functions of essence, Qi, blood, and 
body fluid.

Under the guidance of the holistic concept, TCM believes that the normal physi-
ological activities of the human body rely on each of the organs to play their own 
functions. On the other hand, it also relies on the interaction between the organs to 
maintain their physiological balance. Each of the organs has its own functions but 
cooperates together, forming the unity of the human body.

In the understanding and analysis of the pathological condition of the disease, 
TCM also focuses on the overall pathological changes caused by local lesions and 
considers both the local pathological changes and overall pathological response. In 
general, the pathological changes in a certain part of the human body are often 
related to the condition of the organs, blood, Yin and Yang. Due to the physiological 
and pathological interactions and mutual influences of tissues and organs, it is pos-
sible to understand the internal disease through external changes such as complex-
ion, tongue, and pulse and make a correct diagnosis and carry out appropriate 
treatment.

The human body is an organic whole. When treating local lesions, it is necessary 
to take appropriate measures from the whole. For example, the tongue is the orifice 
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of the heart, there is an interior—exterior relationsihp between the heart and the 
small intestine, so the method of clearing the heart and the small intestine heat can 
be used to treat the erosion of the tongue. It is like “Draw Yang from Yin, draw Yin 
from Yang, needle the right side to treat the left and needle the left to treat the right” 
(Plain Questions:· Major Discussion on the Theory of Yin and Yang and the 
Corresponding Relationships Among All the Things in Nature); “If the disease is in 
the upper part of the body, acupoints located on the lower part of the body can be 
needled to treat it; if the disease is in the lower part, at the part of the acupoints can 
be needled” (Spiritual Pivot · Beginning and Ending). These are the principles of 
treatment under the guidance of the holistic view.

24.2.1.2  TCM Believes that Human and the External Environment 
Are Unified

The holistic concept of TCM emphasizes the overall harmony of the human body’s 
internal and external environment. It believes that the human body is an organic 
whole, emphasizing the unity of the internal and external environment of the human 
body. The so-called external environment refers to the natural and social environ-
ment on which human beings live. According to modern medical theory, life sys-
tems include eight levels, which are cells, organs, organisms, groups, organizations, 
communities, societies, and supranational systems. Numerous adjustments are 
being made to survive in the environment, based on changing material flows, energy 
flows, and information flows. The relationship between man and nature is the basic 
component of ancient Chinese philosophy. In ancient Chinese philosophy, the 
meaning of heaven can be roughly categorized into three types: one refers to the 
natural sky, the second refers to the heaven of domination, and the third refers to the 
heaven of righteousness; the meaning of human is roughly two: one refers to the 
subject of cognition and practice in real life and the second refers to the ideal per-
sonality in the sense of value. The relationship between man and heaven essentially 
includes the relationship between man and nature and society. The ancient Chinese 
philosophical monism believes that man and nature are unified and the whole uni-
verse is unified. Man and nature have material unity and follow the same laws. 
According to the simple materialism of “Nature and Man have the same Qi,” 
Chinese medicine uses the natural science materials such as medicine, astronomy, 
and meteorology to demonstrate and enrich the theory of harmony between man and 
nature, and puts forward that “man and nature correspondence” (Plain Questions: · 
Discussion on Cough) emphasizes that “the man who understands nature can under-
stand human condition” (Plain Questions: · Discussion on Pain), and the study of 
humans is put in the center of human-nature relations.

The external environment includes the natural environment. Man and nature 
have the same origin and attributes. People are born in nature, and the laws of human 
life are inevitably regulated and influenced by nature. The material unity of man and 
nature determines the unity of the laws of life and nature.

Human beings live in the natural world, which provides conditions for human 
beings to survive. Changes of nature can directly or indirectly affect the human 
body, and the body undergoes physiological and pathological changes 
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accordingly. The theory “man and nature correspondence” shows that there are 
changes in the three Yin, three Yang, Six Qi, and five elements. The human body 
also has the Qi movement of three Yin, three Yang, six meridians, and five zang-
organs. The movements of the five elements and the Yin and Yang of nature are in 
harmony with the movements of the human body. Therefore, the human body and 
the natural world are closely related. Human beings can not only adapt to nature 
actively but also actively change nature to maintain health and survive. This is the 
unity of the human body and the natural environment. It is embodied in the fol-
lowing aspects.

Humans live because of Qi of the nature: TCM believes that Qi is the origin of 
the world, which is the result of the interaction between Yin Qi and Yang Qi. Nature 
is the origin of life, and the Yin Qi and Yang Qi provide the most suitable environ-
ment for the beginning of life. Life is an inevitable outcome of natural development. 
Like all things in the nature, people are the product of the Yin and Yang and the 
result of the regular changes in the material nature. Human beings are born in nature, 
and nature provides the necessary conditions for the survival of mankind. Therefore, 
“the heavens feeds people with five Qi, and the earth feeds people with five flavors” 
(Plain Questions: · Discussion on Six System and the Manifestations of the Viscera). 
Metabolism is a fundamental feature of life and life is both an automatic system and 
an open system, so it must constantly exchange material, energy, and information 
with the external environment. Human body is a complex system. Qi is the basic 
substance that constitutes the human body and the material basis for life-sustaining 
activities. Lifting in and out is the basic form of Qi movement. In short, human 
beings are products of nature and survive in nature.

The influence of nature on the human body—the unity of man and nature, the 
common law of man and nature—is subject to the laws of the Yin and Yang five ele-
ments. The physiological activities of human beings change correspondingly with 
the movements of nature. If you violate the laws of nature, it will lead to adverse 
consequences.

24.2.1.3  Chinese Medicine Emphasizes the Overall Unity of Human 
and Social Humanities Environment

TCM believes that the progress and development of humans should be in harmony 
with the social environment and productivity. One can live and develop better when 
adapting to the progress and development of the social environment.

24.2.2  Treatment Based on Syndrome Differentiation

TCM emphasizes treatment based on syndrome differentiation in all stages of dis-
ease development. It is the basic principle to understand and treat diseases and is a 
special research and treatment method. The commonly used syndrome differentia-
tion methods in clinical practice are as follows: eight-class syndrome differentia-
tion, syndrome differentiation of Qi and blood, syndrome differentiation of viscera, 
syndrome differentiation of six meridians, syndrome differentiation of 
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Wei-qi-ying- xue, syndrome differentiation of Sanjiao (Triple Energizer), and syn-
drome differentiation of meridians.

Syndrome differentiation is the process of understanding syndromes. The syn-
drome is a summary of the pathological reflection of the body at a certain stage of 
the disease, including the location, cause, and nature of disease. Thus, the syndrome 
reveals the nature of the disease more comprehensively, deeply, and correctly than 
the symptoms. Syndrome differentiation is based on the information collected by 
the four diagnostic methods. Distinguish and summarize the cause, nature, and 
location of the disease.

The treatment is based on the results of syndrome differentiation. Syndrome dif-
ferentiation and treatment are two parts that are inseparable from each other in the 
process of diagnosis and treatment of diseases. Syndrome differentiation is the 
premise and basis for treatment. The correctness of the syndrome can be tested by 
the effect of the treatment. Syndrome differentiation is the process of understanding 
disease and solving disease. It is also the embodiment of the combination of theory 
and practice in TCM.

The term syndrome is a pathological summary of a certain disease stage. It is 
more comprehensive and accurate than the symptoms in revealing the nature of the 
disease because it includes the location, cause, and nature of the disease, reflecting 
the nature of the pathological changes at a certain stage of the disease.

“Syndrome differentiation” refers to the analysis of the data, symptoms, and 
signs collected by the four diagnostic methods (inspection, smelling and hearing, 
consultation, and pulse-taking). The treatment is based on the results of syndrome 
differentiation. Syndrome differentiation is the premise and basis, while treatment 
serves as the means and method.

The process of treatment based on syndrome differentiation is the process of 
understanding diseases and treating diseases. Syndrome differentiation and treat-
ment are two aspects that are inseparable from each other in the process of diagnosis 
and treatment. It is a combination of theory and practice. Syndrome differentiation 
is to analyze, synthesize, and identify the causes, nature, symptoms, and signs (such 
as pulse and tongue) collected by the four diagnostic methods (inspection, smelling 
and listening, consultation, and pulse-taking).

TCM focuses not only on the similarities and differences of the “disease” but 
also on the difference between “syndromes” and further understanding of the dis-
ease through syndrome differentiation. For example, a cold may have symptoms 
such as aversion to cold, fever, and headache and body pain. However, due to the 
cause of the disease and the reactivity of the body, it is characterized by wind-cold, 
wind-heat, or summer heat-dampness. Only by discerning which type of syndrome 
the cold belongs to can we correctly choose different treatment principles and use 
appropriate treatment methods such as pungent-warm exterior relieving method, 
pungent-cool or summer-heat relieving method. The treatment based on syndrome 
differentiation is completely different from the symptomatic treatment of giving 
painkillers for headaches, giving antipyretics for fever, and taking specific measures 
for only one symptom. It is also different from the simple treatment of treating all 
patients with the same disease with the same prescription.
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TCM believes that different syndromes can appear in different stages of one 
disease; different diseases may have the same syndrome. Therefore, in the treatment 
of diseases, the principle of “different treatment of the same disease” or “same dis-
ease with different treatment” can be adopted. “Different treatment of the same 
disease” means different treatments for different syndromes appearing at different 
stages of the same disease. For example, in the early stage of measles, when the rash 
is not appeared completely, the method of promoting rash eruption can be applied; 
in the middle of the measles, the lung heat is usually obvious, and the treatment 
must focus on clearing the lung heat; and in the later stage of the measles, the lung 
Yin and stomach Yin are often impaired so at this time treatment should be based on 
nourishing Yin and clearing heat. “Different diseases with the same treatment” 
means that different diseases have the same type of syndrome during the develop-
ment process, so the same treatment can be used. For example, arrhythmia and 
amenorrhea are two completely different diseases, but both of them may have blood 
stasis syndrome. The treatment can be performed with Xuefu Zhuyu Decoction for 
blood circulation. This principle of solving different contradictions in the process of 
disease development with different methods is the embodiment of the essence of 
syndrome differentiation.

24.2.3  Preventive Treatment of Diseases

The idea of preventive treatment of diseases in TCM has important guiding signifi-
cance in the prevention of modern diseases. With the development of society, peo-
ple’s desire for health is growing, and they gradually realize that the simple 
“treatment of diseases” is passive, and pay more attention to “preventive treatment 
of diseases.” This idea is recognized as one of the most advanced preventive medical 
thought and has become a hot spot in modern medical research. The idea of “pre-
ventive treatment of diseases” has a long historical process, and it is the summariza-
tion and sublimation of the combination of practice and theory in the history of the 
past. It is based on the “Huang Di’s Inner Classics” and “Classics on Difficulties” in 
the Spring and Autumn Period and the Warring States Period. It was developed in 
the Eastern Han Dynasty from “On Cold Damage,” matured in the “On Febrile 
Disease” of the Qing Dynasty, and gradually became a system after the enrichment 
and improvement of the ancient doctors.

The theory of preventive treatment of disease is reflected in Huang Di’s Inner 
Classics and according to The Plain Question:·Major Discussion of Regulation of 
Spirit According to the Changes of the Four Seasons, “The changes of Yin and Yang 
in the four seasons are the roots of all the things in nature. So the sages cultivate 
Yang in spring and summer while nourish Yin in autumn and winter in order to fol-
low such roots. Violation of these roots means destruction of the primordial base 
and impairment of the body. Thus the changes of Yin and Yang in the four seasons 
are responsible for the growth, decline and death of all things. Violation of it brings 
about disasters. This is what to flow the Dao (law of nature) means. The Dao is fol-
lowed by the sage, but violated by the foolish. Following the rules of Yin and Yang 
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ensures life while violating them leads to death. Abidance by them brings about 
peace while violation of them results in disorders. If the violation is taken as abid-
ance, disease known as inner conflict will be caused. Therefore, the sages usually 
pay less attention to the treatment of a disease but more to the prevention of it. To 
resort to treatment when a disease has already occurred and to resort to regulation 
when a disorder has already been caused is just like to dig a well when one feels 
thirsty and to make weapons when a war has already broken out. It is certainly late.” 
This shows the four seasons and the change of the cold and the warm are the founda-
tion of the growth and development of all things. Therefore, people who know how 
to live according to the laws of nature can maintain the Yang in their own body in 
spring and summer and maintain the Yin in their body in autumn and winter to obey 
the fundamental changes of natural cold and heat. If a person violates the funda-
mentals of Yin and Yang changes in the four seasons, it is damaging the true spirit 
of his own body. If it obeys it, there will be no stagnation, and this way of obedience 
to the Yin and Yang is knowing how to maintain health and how to live in accor-
dance with the laws of nature, to obey at all times according to the laws of nature. 
People who live according to the laws of nature do not need treatment, because they 
have no disease. If the disease has already been formed, it is like to dig a well when 
one feels thirsty and to make weapons when a war has already broken out. It is cer-
tainly late.

As discussed in Spiritual Pivot:· The Occurrence of All Diseases, “Wind, rain, 
and heat, they cannot attack the body if there is no weakness in the body. If a person 
is suddenly attacked by strong wind and heavy rain but does not fall ill, it is due to 
the fact that there is no weakness in his body. Evil cannot attack people under nor-
mal condition. The occurrence of disease must be caused by weakness of the body 
complicated by attack of deficiency-evil. When abnormal changes of weather attack 
a person whose body is weak, it will damage the body and cause disease; when a 
person’s body is strong and the weather changes are normal, no disease will be 
caused. The attack of the body by deficiency-evil is due to abnormal changes of 
weather and weakness of the body. The confrontation between the deficiency and 
excess gives rise to the occurrence of serious disease.” Six evils will not harm the 
human body alone. Even if someone suddenly suffers from heavy storms and does 
not get sick, it is because of the Zheng-Qi of his body. But when the person’s 
Zheng-Qi is weak, the evil will make people sick. Some people are sick because of 
the evil spirits. It is because they are weak when encountering evil spirits. Plain 
Questions: · As written in Ancient Ideas on How to Preserve Natural Healthy 
Energy, “When the sages in ancient times taught the people, they emphasized the 
importance of avoiding Deficiency-Evil and Thief-Wind in good time and keep the 
mind free from avarice. In this way Zheng-Qi in the body will be harmony, Essence- 
Spirit will remain inside, and disease have no way to occur.” If the concept of pre-
ventive treatment of disease can be applied in people’s daily diet, it can effectively 
prevent the occurrence of some diseases. It is especially important to apply the idea 
of preventive treatment of disease in critical illness like sudden death.

Sudden death is a natural, unexpected death. According to the standards set by 
the World Health Organization, it is defined as a noninvasive, unpredictable sudden 
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death that occurs within 6 h. Most of them occur within 1 h of the onset of symp-
toms. It also defined as 1 h sudden death. Sudden death refers to the irreversible 
stopping of biological functions. TCM related to sudden death is called phlegm 
syndrome that includes cardiac arrest, shock, heart failure and coma. It is mainly 
divided into three categories: Yin collapse syndrome, Yang collapse syndrome and 
phlegm block syndrome.

24.2.4  The Concept of Chinese Medicine Dying

24.2.4.1 Reverse Pattern
The main clinical manifestation of reverse pattern is sudden fainting, unconscious-
ness and coldness of the extremities. If the condition is mild, the patient usually 
wakes up in a short period of time, but if the condition is serious, the fainting time 
is much longer, and in the worst conditions, it will lead to death. The causes of 
reverse pattern mainly include emotional internal injuries, physical fatigue, loss of 
blood, and abstemious diet. The pathological mechanism is the disorder of qi. It is 
considered that qi and blood, yin and yang are out of order. “Jingyue Quanshu, 
Reverse Flow”: there are two kinds of reverse qi. One is deficient, the other is exces-
sive. Those who suffer from qi deficiency will have their body and spirit lassitude. 
For instance, the complexion is pale, the body temperature is cold and the pulse is 
weak. Those who suffer from excessive qi, their expression looks like angry, the 
pulse feels like string and wire and the chest feels full. This is called desertion pat-
tern. There are two types of blood desertion. Both the blood collapse and reverse 
can cause blood desertion. Blood collapse usually occurs while the giving birth, the 
qi will also be collapsed if the person loses the blood heavily. The blood reverse that 
is the blood and the qi upsurge to the body. Qi reverse, blood reverse and phlegm 
reverse are common to reversal patterns diseases. And the are very serious condi-
tions should be treated as soon as possible. The treatment principle is 
resuscitation.

24.2.4.2 Desertion Pattern
Desertion pattern is a critical condition caused by sinister infestation, visceral col-
lapse, qi and blood damage, and yin and yang separation. The main symptoms are 
sweating, eye-closing and mouth-opening, urine and stool incontinence and uncon-
sciousness which are known as spirit dissipation and obnubilation. Its pathological 
mechanism is lack of vitality, dysentery, sinister poisoning, consumption of fluids, 
blood loss, desertion of qi and collapse of yang, damaging of the five internal 
organs. Because of the exhaustion, yin and yang can not nourish each other, the 
meridians networks are weakened. The main causes are external scorpion venom, 
insect venom, sharp injuries, The etiology of desertion pattern are emotional disor-
ders, clinical misuse of sweating, vomiting and excreting. The clinical manifesta-
tions are mainly sudden dizziness or fainting, paralyzed limbs, cold sweats on the 
limbs, freezing cold of the body, incontinence, atrophic tongue, a dark purple tongue 
with the white sticky coating, a deep and slow pulse. The principle of treatment is 
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to replenish qi, resuscitate yang and strengthen the weakness. The main application 
prescription is Shenfu Decoction. Desertion pattern is divided into yin and yang, up 
and down, “Leizhengzhicai, Tuo syndrome” records: discontinued wheeze, short-
ness of breath, heavy sweat, yang collapse, spirit chaos and dissipated soul. This is 
yin desertion. Up desertion, down desertion and up and down desertion...there is 
always yin and yang pivot which is not strong enough. The up desertion patient can 
not breathe smoothly and sweats heavily. This is so called yang collapse.

The down desertion patient, heavy bleeding, serious excretion, can cause yin 
desertion. The up and down desertion patient feels dizzy and has stroke, snoring, 
heavy sweat and incontinence. This is called yin and yang desertion. Ye Tianshi said 
in the “Clinical Guide Medical Case”: the suffocation of internal organs is caused 
by internal blockage and external desertion. It is considered as the same disease but 
the blockage inside and the desertion outside.

24.2.4.3 Block Pattern
Block pattern is based on evil and internal block, which is empirical and urgent to 
go evil. Because of its critical appearance during the coma, the poor prognosis has 
been transformed into disqualification, causing sudden death. The closed-end block 
is divided into “yang block,” “yin block,” “qi block,” “heat block” and other blocks. 
Among them, the main causes of sudden death are “yang block,” “yin block” and 
“qi block.”

The Yang block syndrome is common in stroke and viscera. The pathogenesis 
of the disease is internal damage, excessive labor, unhealthy diet, emotional 
injury, qi deficiency and evil, always yin and yang disorders, qi and blood disor-
der. The main clinical manifestations are sudden fainting, unconsciousness, yel-
low greasy moss, and slippery pulse strings. Treatment should save the yin and 
return to the sun.

Yin block syndrome is common in strokes and viscera syndrome, which is 
empirical. The pathogenesis of the disease is caused by the clearing of evil inside. 
Clinically, the main manifestations are sudden fainting, unconsciousness, tightness 
of the jaws, lack of mouth opening, solidification of both hands, closeness of the 
stool, strong limbs, dark lips, restlessness, and limbs are not warm, flow of phlegm, 
the moss is greasy, and the pulse is slow and gentle. Treatment should be gentle and 
open, and phlegm and sorrow.

The air-sufficient syndrome refers to the evil spirits of wind, fire, sputum, and 
sputum, the turbulence of the air, the yin and yang, the occlusion of the sputum, and 
the stagnation of the nine sputum, the stunned, the jaws closed, the two hands hold, 
two It will not pass the syndrome of the main symptoms. The main causes of the 
disease and pathogenesis are the main reasons for the formation of air-sufficiency 
syndrome: strong mental stimulation, occlusion of the god machine; sandstone, 
insects, sputum and other obstruction of the veins, lumens, resulting in occlusion of 
the air machine; drowning, electric shock and other accidents, resulting in Heart and 
lungs are blocked. Clinically, sudden onset of sudden urgency, severe fainting, or 
visceral colic, or two occlusions, thick breathing, high sound, strong pulse and 
string is the main performance. The dialectical basis of the air-tightness syndrome 
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is that it is mainly characterized by sudden fainting or cramping, occlusion of the 
second stool, thickening of the mass, and pulse. The main cause of sudden death 
caused by poor prognosis is sedation of air-blocked syndrome and stroke of air- 
tightness syndrome. Treatment is based on qi stagnation, phlegm and phlegm.

24.2.5  The Syndrome Differentiation and Treatment of Chinese 
Medicine Death

The phlegm syndrome is divided into sputum, blood stasis, and sputum. At the same 
time, syndrome differentiation of blood stasis and blood stasis must be divided into 
real and false.

24.2.5.1  Syndrome Differentiation Treatment of Phlegm and Blood 
Stasis Syndrome

Certificate Name: Discouraged (positive) Symptoms: Sudden by emotional abnor-
malities, mental stimulation, sudden fainting, I do not know human factors, or cold 
limbs, breathing gas, mouth fists, thin white tongue, pulse or sinking string. 
Governing Law: Kailuan, Shuqi, Jieyu. Representative party: Tongguan Sanhe 
Wujian drinker addition and subtraction. Commonly used TCM: saponin, asarum, 
agarwood, black peony, betel nut, medlar, woody, sandalwood, clove, musk. 
Addition and subtraction: If the liver is hemiplegic, dizzy and painful, and the face 
is red and disturbed, it can be added to the vine, the stone cassia, the magnet, etc.; if 
there is heat, the disease will see the throat, For those who are suffocated, they can 
add biliary southern stars, fritillaria, orange red, bamboo leaching, etc.; if they wake 
up, they will be crying and laughing, and those who are not restful can add sacred 
gods, distant phoenix, sour jujube and so on.

Name of the certificate: suffocating (defective) Symptoms: There are obvious 
emotional factors such as emotional tension, fear, pain or standing too long before 
the onset. The vertigo is dizzy when the attack occurs, pale, weak breathing, sweat-
ing cold limbs, pale tongue, and subtle pulse. Governing Law: qi, back to Yang, 
wake up. Representative side: Shengmai injection, Shenfu injection, Siwei Huiyang 
drink. Commonly used TCM: ginseng, Ophiopogon japonicus, Schisandra, aconite, 
gun ginger, licorice. Addition and subtraction: sweating more, add jaundice, atrac-
tylodes, calcined keel, calcined oysters, strengthen the effect of Qi, more solid and 
antiperspirant; heart palpitations, plus Yuanzhi, Baiziren, sour jujube and so on, 
soothe the nerves; The valley is not fragrant, the appetite is weak, plus atractylodes, 
sputum, tangerine peel and stomach.

Name of the certificate: bloody (positive) symptoms: Many of them are irritated 
and angry, suddenly fainting, I don’t know the personnel, the teeth are closed, the 
face is red and purple, the tongue is red, and the pulse string is powerful. Governing 
Law: Pinggan Qianyang, qi and qi. Representative party: Lingjiao hook vine soup 
or Tongfu frying addition and subtraction. Commonly used TCM: antelope horn (or 
goat horn), Uncaria, Angelica tail, safflower, hawthorn, black medicinal, green skin, 
woody, fragrant, and diarrhea. Addition and subtraction: If you are irritable, the 
liver is hot, add chrysanthemum, paeonol, gentian; if you see yin deficiency, vertigo 
headache, add raw land, sputum, mother of pearl.
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Certificate Name: Bloody (Dummy Certificate) Symptoms: due to excessive 
blood loss, sudden fainting, pale, lips without brilliance, limbs tremor, spontaneous 
sweating, cold mouth, mouth suffocation, weak breathing, pale tongue, pulse or fine 
powerless. Governing Law: nourishing qi and blood. Representation: Urgent use of 
ginseng soup, followed by ginseng raising soup. Commonly used TCM: ginseng, 
astragalus, angelica, rehmannia, white peony, Schisandra, Atractylodes, Poria, 
Polygala, licorice, cinnamon, ginger, jujube, dried tangerine peel. Addition and sub-
traction: If the skin is cold, the breathing is weak, add aconite, dry ginger and warm 
yang; if the mouth is dry and less, add yogurt, jade bamboo, sand ginseng to nour-
ish; heart sputum less sputum, add longan meat, jujube Peace of mind.

Certificate Name: Tan Jue Symptoms: Suffering from cough and phlegm, how 
wet and sputum, sudden fainting after irritating or severe coughing, throat snoring, 
or vomiting and sputum, breathing gas, greasy tongue coating, slippery pulse. 
Governing the law: tempering. Representative: Guided soup added and subtracted. 
Commonly used TCM: tangerine peel, medlar, pinellia, gallbladder, scorpion, scor-
pion, white mustard. Addition and subtraction: If the phlegm heat, dry mouth con-
stipation, yellow greasy tongue coating, pulse slippery, add jaundice, medlar, 
bamboo ru, melon glutinous rice heat and reduce fire.

24.2.5.2  External Treatment of Phlegm and Blood Stasis
 1. Acupuncture therapy Main points: Shuigou, Zhongchong, Yongquan, Zusanli. 

Matching points: Deficiency of the sea, Guanyuan, Baihui; empirical coopera-
tion with Valley, Taichong. Operation: the main point uses acupuncture, the defi-
ciency syndrome uses the supplement method, and the empirical method uses 
the diarrhea method; the acupoints in the gas sea, Guanyuan, Baihui use moxi-
bustion method; Hegu, Taichong use the diarrhea method.

 2. Ear needles Choose Shenmen, adrenal gland, heart, subcortical, acupuncture, 
strong stimulation, each time 15–30 points.

 3. Prevention of phlegm needs to strengthen daily exercise and nutrition, cultivate 
the sentiment and avoid the vicious spirit and the environmental stimulation.

 4. For those who have already issued sputum, it is necessary to strengthen nursing, 
closely observe the development and changes of the disease, and take corre-
sponding measures to treat.

 5. After the patient wakes up, he should eliminate his nervousness and give differ-
ent diets for different causes.

 6. All patients with phlegm and blood stasis should refrain from smoking alcohol 
and spicy scented products to avoid heat and sputum and aggravate the 
condition.

24.2.5.3  Disqualification
De-certification is mainly divided into three types: syndromes of gas, yin 
and yang.

Dialectical Treatment of Syndrome Differentiation
Name of the certificate: gas symptoms: pale, ambiguous, low-pitched, tired, tired, 
sweaty, and cold. Light tongue, white moss, weak pulse card machine: true qi defi-
ciency Governing Law: Yiqi Gutuan Representative: Dushen Soup Commonly used 
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TCM: ginseng, can also be replaced by Dangshen addition and subtraction: If 
asthma, add schisandra; sweat leak, add calcined dragon, schisandra, scutellaria; 
two cannot help, add aconite, cinnamon.

Name of the certificate: Yin symptoms: sorrowful or irritated, flushed, hot and 
hot, dry mouth, drink, constipation, oliguria, dry skin and wrinkles, red tongue and 
dry, fine pulse. Card machine: true yin is exhausted Representative: Shengmai San 
commonly used TCM: ginseng, Ophiopogon japonicus, Schisandra addition and 
subtraction: imaginary sun rises and sees hot flashes, plus raw oysters, armor, 
schisandra to nourish yin and yang; dry mouth and throat dry plus stone sputum, 
pollen, scrophularia stagnation and stagnation; constipation plus Maren, Xuanshen, 
Shengdizeng liquid intestines.

Name of the certificate: Yangtuan symptoms: suddenly sweating is not only 
sweating, like sweat, sorrowful, flustered, shortness of breath, cold limbs, inconti-
nence, tongue curling, and pulse. Card: true yang Governing Law: Returning to the 
Sun Representative party: Shenfu soup Commonly used TCM: ginseng, aconite 
Addition and subtraction: If sweat is not enough, add schisandra, calcined keel, 
calcined oysters; heart sputum chest tightness, add magnets, white sputum; limbs 
cold, add cassia twig, angelica; Qizhao plus Schisandra, jaundice.

Prevention of Syndrome
 1. Active treatment of primary disease, such as tonifying spleen and qi, converg-

ing and stopping bleeding, regulating yin and yang, clearing heat and 
detoxification

 2. Adjust the emotions, ventilator, avoid stagnation of liver qi and fire and damage 
of blood yin

 3. Diet, avoid eating fat and spicy and spicy products, in order to prevent damage 
to the spleen, lack of the blood

 4. Because of deficiency of kidney fire, the seniors, should avoid overwork and cold 
stimulation, because of too much labor and qi deficiency, the coldness is damag-
ing the yang, and finally become the collapse of yang.

24.2.5.4  Closed
Closed card mainly introduces the positive closedness, yin closed and air-closed 
syndrome with poor prognosis or critical illness during coma.

 1. Yangshuo certificate: Certificate Name: TanrefushiZheng Clinical manifesta-
tions: suffering from headache, dizziness, upset and irritability, sudden onset, 
hemiplegia, tongue slanting, strong tongue, unclear or faint, sturdy and sticky. 
The tongue is dark red, or has a freckle, and the pulse is slippery. Governing 
Law: venting heat all night, extinguishing wind and turning phlegm. Formula: 
Taoren Chengqi Decoction. Commonly used TCM: peach kernel, licorice, 
mirabilite, rhubarb. Acupuncture treatment often takes acupuncture treatments 
such as Twelve Wells, Shuigou, Taichong, Laogong, and Fenglong.

Name of the certificate: TanhuoyuzhiZheng Clinical manifestations: symp-
toms of closed syndrome plus facial redness, bad breath, bad breath, and restless-
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ness. The yellow moss is greasy, and the pulse string is slippery. Governing Law: 
Extinguish the wind and clear the fire. Prescription: Addition and subtraction of 
antelope hook and vine soup. Commonly used TCM: Antelope tablets, frost mul-
berry leaves, Jingchuan shell, fresh raw land, double hook vine, chrysanthemum, 
Fu wood, raw white shao, raw licorice.

 2. Prevention of Yangshuo prevent: A light diet, regular living, and avoid overwork. 
After the illness, strengthen the care. In the coma, closely observe the changes in 
the condition, pay attention to changes in face, breath, sweating, etc., to prevent 
the conversion to the syndrome.

 3. Yin closed certificate: The yin closed test is urgently treated with Su Hexiang 
Pills (or nasal feeding) to warm the aroma, followed by the decoction of the 
phlegm and phlegm. Commonly used Chinese medicines include Su Hexiang, 
benzoin, borneol, buffalo horn concentrate powder, artificial musk, sandalwood, 
agarwood, clove, fragrant, woody and so on.

 4. Air tightness certificate: Name of the certificate: suffocation Symptoms: God is 
dizzy, his teeth are closed, his hands and feet are cautious, like a stroke but no 
mouth sputum, the sequelae of hemiplegia, the pulse is late. Etiology and patho-
genesis: mood swings, anger is on the air, against the gas on the rush to clear the 
blind, blinded. Governing Law: Reversing qi, dispersing and opening and clos-
ing. Commonly used prescription: Bawei Shunqisan. Commonly used TCM: 
ginseng, atractylodes, medlar (peeling), green skin, dried tangerine peel (to 
white), white peony, black medicinal herbs, licorice.

Name of the certificate: a gas-closed card stroke Clinical manifestations: 
stroke faint servant, unconscious, mouth and eyes skewed, half-length body, 
closed jaws, two hands holding solid, face red gas, snoring, restlessness, dry stool, 
yellow greasy moss, pulse string number. Etiology and pathogenesis: liver gas 
rises indefinitely, blood and blood reverse, and the folder is smoldering, clearing 
sputum occlusion. Governing Law: Open and close, open the wind and wind. 
Commonly used prescriptions: Zhibao Dan; Zhengan Xifeng Decoction. 
Commonly used TCM: Achyranthes bidentata, raw vermiculite (rolling fine), raw 
keel (mashed), raw oyster (mashed), raw turtle version (mashed), Sheng Hang, 
Scrophulariaceae, Asparagus, Chuanxiongzi (Crushed), raw malt, capillaris, 
licorice.

 5. Prevention of air-tightness syndrome: After the illness, care should be strength-
ened. In the case of visceral coma, it is necessary to closely observe changes in 
the condition, pay attention to changes in facial appearance, breathing, sweat-
ing, etc., in order to prevent the transformation to occlusion. Strengthen oral 
care, promptly remove sputum, feed or nasal feeding Chinese medicine should 
be a small number of frequent service. During the recovery period, it is neces-
sary to strengthen the passive activities of the limbs, perform various func-
tional exercises, and cooperate with acupuncture, massage, physiotherapy, 
massage and so on. If the hemiplegia is severe, the affected limb will be pre-
vented from being deformed due to pressure. Language disadvantaged, should 
strengthen language training. Long-term bedridden, protects local skin and 
prevents acne.
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24.2.6  First Aid Methods for Sudden Death of Chinese Medicine

The first-aid methods of Chinese medicine for sudden death are mainly reflected in 
three aspects: external treatment of acupuncture, internal administration of Chinese 
patent medicine, and injection, which are introduced as follow:

24.2.6.1  Acupuncture

Body Needle
 1. Acupoints: Philtrum, Ten Xuan, Shaoshang, Neiguan, Baihui, Yongquan, 

Xinshu. Limb twitching plus Hegu, Taichong; snoring in the throat plus fen-
glong, sputum. Operation: Take a strong stimulation method, the above order is 
appropriate.

 2. Philtrum, Feishu, Suliao, Ten Xuan, Quchi. Operation: Take a strong stimulation 
to disperse the lung Qi.

Moxibustion Method
 1. Acupoints: Qihai, Guanyuan, Shenque, Baihui, Zusanli, Yongquan, Xinshu. 

Operation: Acupuncture and moxibustion can be used together for Zusanli and 
Neiguan. The technique should be gently applied. Moxibustion should be applied 
for the remaining points including Qihai, Shenque Guanyuan to achieve recov-
ered pulse, arrested sweat and warm limb.

 2. Philtrum, Danzhong, Baihui, Hegu, Zusanli. Operation: Burning rush moxibus-
tion. Burning rush moxibustion is one of the moxibustion methods which refers 
to the moxibustion method of burning directly on the acupoints after ignition 
with the lamp grass vegetable oil. Also known as lamp grass moxibustion, light-
ing, quenching. When operating, apply an appropriate amount of oil and move 
quickly to prevent burns caused by fuel drops. When the flame is burning the 
skin of the acupoints, a slight “shoot” sound can be heard, and the light is extin-
guished, which is called a sputum. Each acupoint usually can only apply a moxi-
bustion. After moxibustion, the area might be slightly red, and should be cleaned 
to avoid infection.

Ear Acupuncture
Acupoints: heart, brain point, subcortical, adrenal gland. Operation: Take all the 
upper points, choose one ear, strong stimulation, leaving the needle until the recov-
ery of heartbeat and waking of the patient.

Triangular Needle
 1. Acupoints: Shaoze, Ten xuan, Philtrum, Baihui. Operation: Use a triangular nee-

dle to puncture, squeeze a few drops of blood, to strengthen the heart and pulse, 
protect the brain and refresh the mind.

 2. Acupoints: Philtrum, Feishu, Suliao, Ten Xuan, Quchi. Operation: puncture with 
a triangular needle, squeeze out a few drops of blood to disperse the lung and 
promote Qi.
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24.3  Characteristic Chinese Medicine for Preventing 
Sudden Death

 1. Angong Niuhuang Pill, Zhibao Dan, and Su Hexiang Pills were administered by 
nasal feeding to refresh the brain.
 (a) Formulation of Angong Niuhuang Pills: bezoar, buffalo horn concentrate, 

artificial musk, pearl, cinnabar, realgar, berberine, astragalus, medlar, tur-
meric, borneol.

 (b) Formulation of ZhiBao Dan: raw black rhinoceros (buffalo horn generation), 
raw oysters, amber, cinnabar, realgar, bezoar, borneol, musk, benzoin, gold 
foil, silver foil.

 (c) Formulation of Su Hexiang Pills: Su Hexiang, benzoin, borneol, buffalo 
horn concentrate, artificial musk, sandalwood, agarwood, clove, fragrant, 
woody, frankincense (system), medlar, atractylodes, medlar meat, 
cinnabar.

 2. The Tongguan Powder is blown into the nose to induce sneeze to reveal the lungs.
 3. Four flavors of Huiyang drink is used to recuperate depleted Yang and to treat 

collapse.

24.3.1  Injection

 1. Shenfu injection is used to recuperate depleted Yang and to treat collapse;
 2. Qingkailing injection, Xingnaojing injection, Xuesaitong injection is used to 

refresh the brain, and to strengthen heart and pulse.
 3. Shenmai injection is used to replenish Qi and to save Yin.

24.4  Case Analysis

24.4.1  Ancient Chinese Case

The most famous case of Chinese medicine to prevent sudden death is probably the 
story of a famous doctor Bianque. There is a record in the “Historical Records of the 
Biography of Bianque and Canggong”: Bianque was around the Guo Country, and 
the prince of Guo Country was dead. ...... Bianque said: “I come from Qi, Bohai, 
Qin Yue... I heard that the prince unfortunately died, I may be able to make him alive 
again... Bianque asked his student Ziyang to sharp the needles with a stone and to 
apply acupuncture on the points of Wai Sanyang Wuhui. After a while, the prince 
come alive...” This story told about that Bianque went to the Guo Country and heard 
that the prince of the Guo Country was dead for less than half a day and has not been 
put into a coffin. So he rushed to the palace gate to tell the minister, saying that he 
could bring the prince back to life. The Chinese minister thinks that what he said is 
a nonsense, and that there is a reason for resurrection. Bianque sighed and said: “If 
you don’t believe me, try to see the Prince. You should be able to hear his tinnitus, 
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his nose is swollen, and the warmth of the thighs and the genitals.” the minister 
reported that to the King. The King was shocked and came out to meet Bianque.

Bianque said: The illness that the Prince received was the so-called “corpse.” 
People accept the Qi of yin and yang between the heaven and the earth. Yang con-
trols the upside and the outside, yin controls the downside and the inside, and the 
harmony of yin and yang means a good health. Now the yin and yang of the Prince 
are dysfunctional, while the inside and the outside are unreasonable and the up and 
down are unreasonable, causing the princes to have confused Qi and pulse, pale, no 
consciousness, and a dead silence. In fact, he is not dead. Bianque asked his student 
to give first aid with acupuncture, and stabbed the prince’s Sanyang and Wuhui 
points. Soon the Prince really woke up. Bianque further adjusted the prescription, so 
that the prince can sit up. The decoction was used to regulate yin and yang. For more 
than 20 days, the illness of the prince was cured. After the incident came out, people 
said that Bianque had the stunt of make the dead come back to life.

In addition, the first emergency handbook of China “The Elbow Reserve 
Emergency” recorded 36 prescriptions for the treatment of sudden death in the use 
of external stimulation methods, such as “Scallions” “Nasal, male left, female 
right,” “onion piercing ears,” “sudden death and limbs do not receive, Yakita. Horse 
urine one liter, water three buckets, boils into two buckets to wash. Also take a cow 
hole a liter, Warm wine is poured into the mouth. The cave, the thin manure is also. 
The moxibustion each points 100 hundred times including 1  in. below the heart, 
3 in. upward of the umbilicus, and 4 in. below the umbilical, to cure.”

24.4.2  Modern Case

Case 1: Patient Ji, male, 43 years old. First diagnosed on May 15, 1967. Suddenly 
fainted in May last year, limbs cramps, no foaming. At the beginning, the illness 
happened every 1–2 months, and the frequency gradually increased to every 2–3 
days. After treatment with Chinese and Western medicine, the effect was not obvi-
ous. At present, the patient feels weak, dizzy, and is easy to wake up at night, and 
the appetite is about 75 g. The tongue is greasy and the pulse is slippery. The symp-
tom belongs to the sputum certificate—the wind and the sun are disturbed, the spu-
tum is turbidity inside, and the plan is to flatten the liver and stagnate the yang.

30 g of mother-of-pearl, 60 g of raw iron, 9 g of white peony, 9 g of southern star, 
9 g of sarcophagus, 30 g of night vine, 15 g of cassia seed, 3 g of medlar, 5 doses.

On the 20th of May, the second diagnosis: there is on fainting and convulsions in 
the past 5 days, and dizziness has been significantly improved, the appetite has also 
increased, the spirit is better than before. The greasy coating on the tongue is light, 
the pulse is slippery. The mother of pearl is removed from the original prescription 
and to administrate another ten doses. After treatment with the adjustment of pre-
scription according to the symptom for 1 month, the illness was cured on June 22, 
and the patient returned to work. There was no recurrence after 4 years of follow-up. 
(Note: selected from Longhua Hospital affiliated to Shanghai College of Traditional 
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Chinese Medicine. Selected from Medical Cases. Shanghai People’s Publishing 
Press. 1977)

Case 2: Patient He, female, 26 years old. Because of the loss of blood after the 
initial birth, she feel awkward. One day, she suddenly fainted, and become 
unconscious and pale, she wake up when she was moved and behave as normal. 
At the beginning, she thought it was accidental and did not keep in mind. After 
that, she had frequent episodes which occurred every two to three days for up to 
dozens of times. Multi-party treatment is not effective. The pulse is weak, the 
tongue is reddish and the moss is not covered, the complexion is opaque, there is 
no convulsions in the hands and feet, the eyes are skewed, and the sputum is up. 
It is not a stroke, but a bloody sputum. Expelling yin and yang, and using Baiwei 
Tang to taste.

Codonopsis 30 g, Angelica 24 g, Baiwei 10 g, Salvia miltiorrhiza 10 g, jujube 
kernel 12 g, licorice 10 g. The patient was cured after the administration of more 
than ten doses. No recurrence was seen in 3 years. (Note: selected from the Hunan 
Provincial Institute of Traditional Chinese Medicine. Hunan Province, the old 
Chinese medicine doctor case selection · Zeng Shaozhen. Hunan Science and 
Technology Press · 1981 medical case three)

24.5  Traditional Chinese Medicine

The characteristic technology of TCM mainly introduces the external treatment 
methods of TCM, including acupuncture, cupping, scraping and some external 
treatment methods of ethnic minorities.

24.5.1  Acupuncture

Acupuncture is a general term for acupuncture and moxibustion. Acupuncture 
consists of “needle” and “moxibustion” and is an important part of Oriental medi-
cine. Its contents include acupuncture theory, acupoints, acupuncture techniques 
and related instruments. In the process of formation, application and develop-
ment, it has a distinct Chinese national cultural and regional characteristics are a 
valuable legacy based on Chinese culture and scientific traditions. In 2006, the 
Chinese Academy of Traditional Chinese Medicine reported that acupuncture and 
moxibustion were listed in the first batch of national intangible cultural heritage 
by the State Council.

In ancient China, people accidentally bumped some parts of the body surface 
with some hard objects such as stones and thorns, and pain was alleviated unex-
pected. The ancients began to consciously use some sharp stones to puncture certain 
parts of the body or artificially puncture the body to bleed to relieve pain. People 
have mastered the techniques of excavation and grinding, and can produce some 
more sophisticated stone tools suitable for piercing the body to treat diseases. This 
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stone is the oldest medical tool meteorite. People use the “meteorite” to penetrate a 
part of the body to treat the disease. At the time, meteorites were more commonly 
used for incision and drainage of surgical suppurative infections, so they were also 
called needle stones or stones. “Shan Hai Jing” said: “There are stones like jade, can 
be needles,” which is an early record of stone needles. China has discovered mete-
orites in archaeology. It can be said that meteorite is the foundation and predecessor 
of the tool of the later generation.

Moxibustion is produced after the discovery and use of fire. In the process of 
using fire, people found that the pain in a certain part of the body was relieved or 
eliminated by the burning and baking of the fire, and then learned to use the ani-
mal skin or bark to wrap the hot stones and sand for local hot ironing which was 
further developed to ignite branches or hay to treat diseases. After a long period 
of exploration, the flammable Ai Ye, which has the function of Wentong meridian, 
was chosen as the main material for moxibustion treatment, and it is warmly stim-
ulated on the surface of the body surface, so that moxibustion and acupuncture 
become an important method for disease prevention and treatment. Because it has 
the characteristics of easy burning, fragrant aroma, abundant resources, easy pro-
cessing and storage, it has become the most important moxibustion raw material. 
“Broken and stabbed” gradually developed into acupuncture, “hot and ironed” 
gradually developed into moxibustion, which is the predecessor of acupuncture 
therapy.

Acupuncture therapy was first seen in the book The Yellow Emperor’s Internal 
Classics, which was published in the Warring States Period. “The Yellow Emperor’s 
Internal Classic” said: “Hidden cold is full of disease, and moxibustion is recom-
mended for its treatment,” it refers to moxibustion, which describes the shape of the 
nine needles in detail, and a large number of acupuncture theory and technology. 
The needle of the needle tool, the traditional needle, the word from gold to salt, the 
“gold” means “metal,” such as gold, silver, bronze and other materials, “salty” 
means “sour,” “gold” and “Salty” united to say: “an appliance that produces a sour 
feeling.” It is not excluded that the ancients used fried bamboo needles as a dispos-
able needle. The name of this bamboo needle is “Zhen,” and the “salty” in its shape 
is still the meaning of “sour sputum.”

The needle method refers to pierce the needle tool (usually refers to the needle) 
into the body of patient at a certain angle under the guidance of the theory of TCM, 
and using acupuncture methods such as twisting and lifting to stimulate specific 
parts of the body to achieve the purpose of treating diseases. The point of penetra-
tion is called the body acupoint, referred to as acupuncture points. According to the 
latest acupuncture textbook statistics, the human body has a total of 361 positive 
acupoints. The moxibustion method uses pre-made moxibustion or moxibustion 
grass to burn, smoke and iron on certain acupuncture points on the body surface, 
and uses heat stimulation to prevent and treat diseases. Usually Ay Tsao is most 
commonly used, so it is called moxibustion, and there are other methods such as 
moxibustion, wicker moxibustion, wick moxibustion, and mulberry moxibustion. 
And moxa moxibustion is most commonly used today.
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24.5.2  Cupping

Cupping is therapy of action using cans as the tool to generate negative pressure by 
means of burning, pumping, etc., so that it is adsorbed on the body surface, causing 
local blood stasis, so as to achieve the passage of vitality, qi and blood circulation, 
swelling and pain relief, hurricane and cold, etc. Cupping therapy has a long history 
in China. As early as in the book of the Western Han Dynasty, the book “Fifty-two 
Diseases” has a record of “corner method.” The corner method is similar to the cup-
ping therapy of later generations. Cupping therapy had also been prevalent in 
ancient Greece and ancient Rome.

Initially cupping therapy was mainly used for surgical treatment of sores to 
absorb blood and drain. With the continuous deepening of medical practice, the tool 
materials and methods of operation have been improved and developed. Some 
experts believe that the mechanism of cupping therapy from the physiological phys-
iology It belongs to an arterial congestion (medically referred to as fill-in-filled 
hyperemia), which is beneficial to the body and can increase the supply of oxygen 
and nutrients in the local blood circulation. The main manifestations are small arter-
ies and telangiectasia, increased local blood content, mild swelling of organs or 
tissues, slightly increased volume, bright red color, and dark purple color in patients 
with severe or long disease, which may cause blood stasis for a long time. Functional 
activity is also enhanced due to local arteriole expansion, increased blood flow, 
enhanced material metabolism, and elevated temperature. This symptom can disap-
pear quickly or after a while. Modern use of cupping is often in conjunction with 
acupuncture to gradually expand the scope of treatment including the illness of 
internal, external, maternal and pediatric.

There are many kinds of cupping tools. At present, glass jars, bamboo cans, gas 
cans, etc. are mainly used in clinical practice.

Cupping is relatively simple in clinical operation, easy to take, ignited with twee-
zers and alcohol cotton balls, and then pulled out in the cans; quickly cover the cans 
on the parts to be extracted and suck them.

24.5.3  Application Methods and Precautions of Cupping

The application of cupping is mainly divided into retained cupping, movable cup-
ping, flash cupping, and a method of bloodletting treatment by acupuncture.

 1. Retained cupping: After the can is adsorbed on the body surface, the can is 
sucked and removed and placed in the operation site, generally for 5–10 min; 
mostly used for cold and dampness, neck and shoulder pain.

 2. Movable cupping: Apply the oil to the cans, hold the cans, hold the bottom of the 
cans, push and pull up and down several times, until the skin is flushed; for large 
areas, muscles, such as the back; multi-purpose In the case of colds, coughs and 
other diseases.
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 3. Flash cupping: Immediately after the jar is pulled out, it is repeatedly sucked up 
and down several times until the skin is flushed; it is mostly used for facial 
paralysis.

 4. Pricking cupping: first use a plum blossom needle or a triangular needle in local 
spurs or puncture bleeding; then cupping to make the tank bleeding 3–5  ml; 
mostly used for skin diseases such as acnes.

When cupping, do not burn the opening of the can, otherwise it will burn the 
skin; the time of keeping the can should not exceed 20 min, otherwise it will dam-
age the skin; the skin areas with allergies, ulcers, edema and heart, large blood ves-
sels, lower abdomen, are not suitable for cupping.

24.5.4  Scraping

The scraping is guided by the theory of TCM meridians and acupoints. Through 
special scraping instruments and corresponding methods, a certain medium is 
taken, repeated scraping and rubbing on the body surface, until red miliary or 
dark red bleeding spots appear on the skin or “Out of the sputum” changes, in 
order to achieve the effect of promoted blood circulation. Because of its simplic-
ity, convenience, low cost and efficiency, it has a wide range of clinical applica-
tions and is suitable for medical and family health care. Scraping can also be 
used in combination with acupuncture, cupping, puncture and bloodletting to 
strengthen the effect of promoting blood circulation, removing evil spirits and 
detoxifying.

24.5.5  Common Tools

24.5.5.1  Types of Scraping Plates
Common tools for scraping mainly include scraping plates and scraping oil. The 
material of the scraping tool is not fixed and has various forms. Many daily utensils 
can be used as scraping tools, such as copper coins, silver yuan, porcelain spoons, 
tender bamboo boards, cotton yarns, clam shells, etc. Now there are modern materi-
als such as resin and silica gel. The scraping tools made for clinical applications are 
mainly made from horns, jade and vermiculite, and each has its own 
characteristics.

 1. Horn scraping board in the clinical use is mainly made from buffalo horn. Buffalo 
horny taste, salty, cold, Xin can divergence, qi and blood swelling; salty soft and 
firm; cold can clear away heat and detoxification, cool blood and shock. The 
texture is tough, smooth and durable, rich in raw materials and easy to process. 
The horn-shaped scraping board should avoid hot water for a long time soaking, 
roasting or electric baking; after scraping, the scraper should be dried immedi-
ately, coated with olive oil, and stored in the scraper sleeve.
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 2. Jade scraping board is more suitable for facial scraping, because its material jade 
texture is gentle and smooth, easy to hold, comfortable to touch, and has the func-
tions of moisturizing and stimulating muscles, clearing away heat and detoxifying, 
calming and calming the nerves, and warding off evil and turbidity. It should be 
cleaned after use. Avoid collisions; avoid contact with chemical reagents.

 3. Stone scraping board is made from the Suibin pumice stone. This stone contains 
a variety of trace elements. The infrared radiation band is extremely wide, which 
can dredge the meridians, clear away heat and detoxification, soften and firm the 
knot, and can warm the skin of the human body. The scraped vermiculite scrap-
ing plate has a thickness of less than 3 mm. Because vermiculite may contain 
harmful substances, it is necessary to carefully distinguish the authenticity when 
purchasing. It is necessary to purchase meteorites do not contain harmful sub-
stances that are tested by national authorities.

24.5.5.2  Types of Scraping Oil
Scraping oil is mainly divided into liquids and creams.

 1. Liquids mainly include cold boiled water, vegetable oil (such as sesame oil, tea 
seed oil, rapeseed oil, soybean oil, peanut oil, olive oil), medicated oil (such as 
safflower oil, bruise oil, rheumatoid oil), etc., not only prevent the scraping board 
scratches the skin and can also moisturize the skin, open pores, and promote 
blood circulation. In addition, it is also possible to use Chinese herbal medicines 
with the functions of clearing away heat and detoxifying, promoting blood circu-
lation to remove blood stasis, relieving pain, that are boiled into a liquid medi-
cine according to the symptom. Scraping oil should be used and store away from 
fire; skin allergies are banned for scrapping, and the areas with trauma, ulcers, 
scars, and malignant tumors are partially banned for scrapping.

 2. Cream refers to the choice of fine texture of paste-like substances, such as vase-
line, moisturizer, snake oil, Futalin cream. The TCM extract having the functions 
of promoting blood circulation, relieving pain, and aroma opening can also be 
used as a cream. Cream products should be stored in the dark, dry and cold place; 
appropriate scraping medium should be selected according to the needs of the 
disease, such as Futalin cream has analgesic and anti-inflammatory effects, and 
is effective for rheumatic joint disease.

24.5.6  Clinical Application

24.5.6.1  Operation Key Points
When scraping, fully expose the scrapping area and evenly apply a medium such as 
scraping oil to the skin. The operator holds the scrapping board in the hand, firstly 
with light and slow techniques. After the patient adapts, the technique gradually 
increases and accelerates, so that the patient can tolerate it. When scraping, it should 
be unidirectional, follow the meridian wiping, focus on the pain points, acupuncture 
points, and wipe out the sputum. Generally, you can first wipe the back Du Meridian 
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and the foot sun bladder through the back Shu point to follow the route, invigorate 
the yang, adjust the function of the viscera and enhance the disease resistance; then 
scrape the local Ashi or the acupoint according to the symptom, you can get better 
curative effect. After scraping, the patient should drink warm boiled water to help 
the body detoxify and exorcise.

24.5.6.2  The Application of Scraping
Scraping has the functions of regulating blood circulation, promoting blood circula-
tion, relieving collaterals, exorcism and detoxification, and has been widely used in 
the treatment of various diseases such as internal, external, maternal and pediatric, 
as well as beauty and health care. Especially suitable for painful diseases, bone and 
joint degenerative diseases such as cervical spondylosis, recovery of frozen shoul-
der; for cold, fever, cough and other respiratory diseases, scaping can be used in 
clinical combination with cupping; for acne, chloasma and other damage-causing 
diseases, it can be used in combination with acupuncture, puncture and bloodlet-
ting, etc.; it is also suitable for the prevention and treatment of sub-health, chronic 
fatigue syndrome and other diseases.

24.5.6.3  Scraping Precautions
 1. After scraping, 1–2 days, the occurrence of local mild pain, itching and other 

symptoms are normal; cold bath; in the summer should be avoid in 30 min after 
the sputum; the fan or air conditioner should not be blown straight; in winter, 
keep warm.

 2. Scraping therapy has strict direction, time, technique, strength and indications, 
contraindications and other requirements. Improper operation can easily cause 
uncomfortable reaction, even the condition is aggravated, it should strictly fol-
low the operating rules or follow the doctor’s advice, and should not be operated 
randomly at home.

 3. Patients with bleeding tendency, high extent of skin irritation, extreme weak-
ness, and severe heart failure should be banned for scraping or carefully 
scraped.

24.5.7  Special Treatment Methods for Ethnic Minorities

24.5.7.1  Line Moxibustion in Zhuang Medicine
Medicine line moxibustion is a folk therapy that has been passed down in Zhuang. It 
is ignited by Chinese medicinal herbs and ignited by TCM. It directly burns the spe-
cific acupuncture points or parts of the body surface of for moxibustion to achieve the 
purpose of treating diseases. It is the traditional natural therapy of Zhuang nationality 
in Guangxi, China. The material of the moxibustion therapy is a medicine line, which 
is made by ramie and processed by soaking in a precious drug solution. Each line of 
the medicine line is 30 cm long, and each ten pieces are tied into one bundle. The size 
is divided into three types: the diameter of the first drug line is 1 mm, which is suit-
able for acupuncture points in the thicker parts of the moxibustion for the treatment 
of sputum diseases, or for the use of moxibustion in winter; the diameter of the 
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second medicine line is 0.7 mm, which is the most commonly used one. It is suitable 
for various diseases; the diameter of the third medicine line is 0.25 mm, which is 
suitable for acupuncture points where the skin of the moxibustion is thinner or the 
moxibustion treatment of children. The spare medicine line should be bottled, tightly 
covered, placed in a dark and dry place, not placed in a place with high temperature 
or near the stove, and should not be exposed to sunlight or strong light, and should be 
protected from moisture and mildew, so as not to affect the efficacy. Zhuang medi-
cine sprouted in the primitive society. In the long-term labor and life practice, the 
Zhuang ancestors gradually recognized the nature and role of drugs and mastered 
simple methods of treatment. In fact, the so- called medicine line moxibustion ther-
apy, mystery is hidden in the lines. These special lines are soaked in various herbs 
and heated by an alcohol lamp to point to a specific acupuncture point of the patient. 
TCM pays attention to meridians. Although the medicine line is only on the surface 
of the skin, because it is heated by fire, the drugs on the line will pass from the acu-
puncture points on the skin to the meridians of the human body through the warming 
effect, thereby achieving the purpose of treatment. The medicine line moxibustion 
therapy has a good effect on headache, rhinitis and skin diseases.

When performing moxibustion, the therapist first uses the end of the line with the 
food and the thumb, and exposes the thread 1–2 cm. At the second step of ignition, 
the exposed line ends are ignited on the kerosene lamp (alcohol lamp, candle, etc.). 
If there is a flame, you must extinguish it. You only need to have little fire on the 
thread. The therapist will apply the end of the line aligned on the acupuncture point, 
and the wrist and thumb will flex. The thumb (finger) will firmly and agile the 
Martian thread directly on the acupuncture point. As soon as the fire is extinguished, 
it is one strong. Generally, a moxibustion is one strong, and the moxibustion can 
have a slight burning sensation.

Medicine line moxibustion therapy emphasizes the timing of treatment, early 
treatment (timely treatment), treatment of small (small disease, early treatment of 
mild disease), treatment (complete treatment, not halfway). As for the course of 
treatment, it needs to be flexible according to different diseases. The course of acute 
disease should be short, the course of chronic disease should be long, and the inter-
val between intractable chronic diseases should be shorter, usually 2–3 days. The 
condition continues to improve during the interval, which is called aftereffect, and 
the interval can be extended appropriately. Efficacy, especially in some chronic dis-
eases, such as lobular hyperplasia of the breast, after the tumor disappears, it is 
necessary to continue treatment for a course of treatment to consolidate the effect.

24.5.8  Yao Doctor “Three Baths Postpartum”

24.5.8.1  Yao Medicine
Yao medicine is an important part of the composition of Chinese national medicine. 
It is a unique theoretical system formed by the Yao people living in the southwest of 
China in the process of looking for ways to treat diseases. The Yao people live in 
deep forests in the mountains. The natural conditions are foggy and rainy. Different 
cockroaches can be seen everywhere. Therefore, they are vulnerable to diseases, 
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and they are prone to many diseases such as postpartum diseases, rheumatism and 
skin diseases. The mountainous terrain is complex, with abundant rainfall and lush 
vegetation, and has a rich and diverse flora and fauna. Yao medicine has a long his-
tory of development. The ancient book “Nanzhong Jixing” mentioned “to live in the 
mountains, with the benefits of Amomum villosum L., lycium, nan, lacquer, skin, 
and vine.” “Good knowledge of herbs, taking for treatment with good efficacy”; 
“Ling outside the answer” refers to “emergency drug arrow, eager to remove the 
meat with a sword, so is not dead” and so on. Yao Medicine Bath has been recog-
nized and promoted in the accumulation of many years. When the medicated bath is 
used, it can be immersed in warm water and medicinal power to make the blood 
flow. In winter, it can also be used to resist the cold and make up for the shortage of 
clothing caused by poverty. With the accumulation of experience, the Yao people 
have created a decoction prescription for postpartum women on the basis of medi-
cated baths for the prevention and treatment of postpartum diseases.

24.5.8.2  Three Baths Postpartum
Yao folk women began medicinal bath within 1 h after childbirth, and they could 
work in the field 3 days postpartum. They benefited from Yao Medicine Bath’s 
“three baths postpartum,” also known as “three days to work.” This is the post-natal 
care of Yao women for thousands of years. The main method is external treatment 
method with the characteristics of Yao medicine bath. This medicinal bath uses the 
natural native Yao medicine of Dayao Mountain. It is developed according to the 
ancient millennium of Yao people. It has the function of promoting postpartum uter-
ine contraction, repairing the birth canal, reducing lochia, dredging meridians, 
relieving phlegm and relieving pain, removing saprophytic muscles, replenishing 
vital energy, and relieving Fatigue, enhance immunity, whitening and moisturizing, 
prolactin and other effects can effectively treat postpartum lochia, poor milk dis-
charge, postpartum spasm and other diseases. Its usage is: use 40–50 kg of hot water 
with a temperature of about 80–90 °C every time, pour it into the bucket, soak the 
medicine for 25–30 min, then repeatedly squeeze the medicine to make the medi-
cine cool naturally. Appropriate temperature (in principle, not lower than 45 °C), 
then enter the barrel and slowly wash, the bathing time is about 20 min, avoid put-
ting head into the water, starting from the third day after birth, once a day for 3 con-
secutive days , the whole body can be washed (the women with cesarean section 
does not wash the incision). The first bath can remove odor and phlegm; the second 
bath can shrink the abdomen and repair the damaged birth canal; the third bath can 
quickly restore physical strength and improve immunity. The punk bucket used in 
the medicated bath is also called the yellow bucket, which is generally a wooden 
barrel made of fir of 1 m × 0.6 m × 0.7 m.

24.5.8.3  The Treatment Mechanism of “Three Baths Postpartum”
The “three baths postpartum” is the best embodiment of the three treatment meth-
ods of “through the veins, Kaiguan Tongyu, and detoxification” in the Yao medical 
system. Through the method of postpartum medicated bath, the medicine is inserted 
into the vein, so as to achieve the purpose of detoxification, and elimination of 
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disease and evil through sweating, promote postpartum repair and maintain break-
even. In the Qing Dynasty, Wu Shangxian mentioned in the “Liang Li Wen”: “The 
principle of external treatment, that is, the rule of internal treatment; the medicine 
for external treatment, that is, the medicine for internal treatment; The Yao medici-
nal bath belongs to the category of TCM external treatment and is a kind of trans-
dermal drug delivery system. As the largest organ of the human body, the skin 
regulates blood circulation, absorption and secretion and excretion. Postpartum skin 
care is relatively open, and it can be quickly applied through skin administration. 
The human body is immersed in the syrup, plus the warming effect, the skin telan-
giectasia, the drug directly penetrates into the human body, promotes blood and 
lymph circulation, accelerates metabolism, avoids the first-pass effect of the liver 
and the damage of the drug to the gastrointestinal tract, through physical effects. It 
has a therapeutic effect with pharmacological effects. In addition, the medicated 
bath has the characteristics of warmth, can eliminate fatigue, regulate the body’s qi, 
yin and yang, and also has a certain effect of disease prevention and health care.

24.6  National Policy for the Development 
of Chinese Medicine

As a unique health resource, huge potential economic resources, scientific and tech-
nological resources with original advantages, excellent cultural resources and 
important ecological resources, Chinese medicine plays an important role in eco-
nomic and social development. With the in-depth development of Chinese new 
industrialization, informationization, urbanization, and agricultural modernization, 
the process of population aging is accelerating, and the health service industry is 
booming. With increasing demand for Chinese medicine services, there is an urgent 
need for inheritance, development, and utilization of TCM, aiming to fully play the 
role of Chinese medicine in deepening the reform of the medical and health system 
for the benefit of human health.

The development of Chinese medicine adheres to the people-oriented and 
service- oriented principle. To meet the health needs of Chinese people as a starting 
point and a foothold, we must persist that the development of Chinese medicine for 
the benefit of the people and Chinese medicine, the outcomes of Chinese medicine 
benefit the people, enhance people’s health and well-being, and ensure that the peo-
ple enjoy safe, effective and convenient Chinese medicine services. Insist on inno-
vation and highlight characteristics. Inherit and innovate throughout the development 
of Chinese medicine, correctly grasp the relationship between inheritance and inno-
vation, adhere to and carry forward the advantages of TCM, adhere to the original 
thinking of TCM, make full use of modern science, technology and methods, and 
promote the continuous development of Chinese medicine theory and practice. 
Advance the modernization of TCM, and constantly form new features and new 
advantages in innovation, and keep the Chinese medicine handed down. Insist on 
deepening reforms and inspiring vitality. Reform and improve the institutional 
mechanism for the development of Chinese medicine, fully play the decisive role of 

24 Prevention and Control of Sudden Death in Traditional Chinese Medicine



452

the market in resource allocation, stimulate investment and consumption, promote 
industrial restructuring, and fully play the role of the government in formulating 
plans, introducing policies, guiding investment, and regulating markets. Create a 
market environment of equal participation and fair competition, and constantly 
stimulate the potential and vitality of the development of Chinese medicine. Adhere 
to overall planning and coordinated development. Adhere to the mutual comple-
mentarity between Chinese medicine and Western medicine, fully utilize their 
respective advantages, promote the integration of Chinese and Western medicine, 
and develop Chinese medicine in opening. We will take into account all aspects of 
TCM development, focus on urban and rural, regional, domestic and international 
Chinese medicine development, promote the comprehensive development of 
Chinese medicine, health care, scientific research, education, industry and culture, 
promote the coordinated development of TCM, and continuously enhance the integ-
rity and systematisms during the development of Chinese medicine.

The development of TCM first needs to improve the medical service capacity of 
Chinese medicine, push ahead the health care services for Chinese medicine, vigor-
ously promote the inheritance and education of Chinese medicine, boost the innova-
tion and development of Chinese medicine, enhance the development level of 
Chinese medicine industry, carry forward the culture of Chinese medicine, promote 
the Chinese medicine seat home and abroad, and contribute to the benefit of 
human health.
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