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Editorial

Understanding sleep and sleep disturbances 
in autism spectrum disorder, and 
management of insomnia: an update
Hye-Geum Kim 
Department of Psychiatry, Yeungnam University College of Medicine, Daegu, Korea 

We spend 25 to 30 years sleeping in our lifetime. This time-consuming activity plays an important role in 
the quality of life. Chronic sleep disturbance is a pandemic worldwide, with two-thirds of individuals unable 
to obtain the recommended 7 to 9 hours of sleep each night. In addition, up to 10% of people meet the cri-
teria for clinical insomnia [1]. The cost of insomnia is estimated to reach $100 billion annually in the Unit-
ed States alone. Therefore, in this special issue, we attempt to understand the importance of sleep from sev-
eral aspects: (1) understanding sleep, which affects not only mental health but also overall physical health 
[2]; (2) understanding the characteristics of sleep disturbances that occur in autism spectrum disorder 
(ASD) mainly in children [3]; and (3) new non-pharmacological treatments for insomnia [4]. 

Insomnia is treated as a neuropsychiatric disorder and its influence was thought to be confined to neuro-
cognitive and emotional problems. However, insomnia affects the entire body and causes a variety of physi-
cal illnesses. Yun and Jo [2] reviewed the aspects of insomnia as a systemic disease. Chronic sleep distur-
bances affect a variety of physiological systems, including the immune, endocrine, and circulatory systems. 
A negative impact on these systems increases the risk of various illnesses, such as diabetes, high blood pres-
sure, cancer, and infections. Accordingly, Yun and Jo [2] argued that insomnia should be considered a sys-
temic disease, and they described in detail the complex, dynamic, and global biological nature of the sleep 
process. 

Sleep plays an important role in adults but is also important for child development. Sleep is a necessary 
physiological process for typical synaptic development and brain maturation, and children with sleep dis-
turbances are vulnerable to emotional and cognitive developmental problems [5]. Seo [3] reviewed in de-
tail the sleep disturbances seen in ASD among the neurodevelopmental disorders that mainly occur in chil-
dren. The developmental and behavioral effects of sleep disturbances in ASD were examined in detail, and 
the underlying mechanisms were investigated. In addition, he looked at the therapeutic approaches to sleep 
disturbances in children and adolescents with ASD, including pharmacological and non-pharmacological 
treatments. 

Nevertheless, new attempts are being made to treat sleep disorders. Sleep medications commonly used 
for sleep disorders have many side effects and therapeutic limitations. Kim [4] reviewed the effects of mind-
fulness meditation, which has recently been in the spotlight, on insomnia. Patients with chronic insomnia 
describe their condition as a “vicious cycle.” In other words, insomnia worsens as the effort and desire to 
sleep increases. These cognitive distortions and excessive sleep obsessions cannot be resolved with medica-
tion alone. The concept and therapeutic mechanism of mindfulness meditation that is helpful in patients 
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with chronic insomnia will be examined in detail. 
I hope these articles will help clinicians and scientists better un-

derstand sleep and insomnia. These articles are expected to be 
helpful for a comprehensive understanding of sleep. The systemic 
characteristics of sleep were examined through physiological 
mechanisms, and the sleep patterns of children with ASD, which 
have been addressed little in the past, were examined in depth. A 
mindfulness-based insomnia treatment, a non-pharmacological 
treatment that has recently been in the spotlight, was also de-
scribed in detail. 

Finally, I would also like to thank the Editorial Board of Yeun-
gnam University Journal of Medicine for giving us the opportunity to 
conduct a multifaceted review of sleep. I appreciate the hard work 
of the authors of these articles. 

Notes
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Introduction 

Insomnia is a disease in which there is a problem with the quality 
or quantity of sleep. According to Diagnostic and Statistical Manual 
of Mental Disorders (5th edition), difficulty in initiating sleep, diffi-
culty in maintaining sleep, and frequent awakenings or problems 
returning to sleep after awakenings were described as major symp-
toms of insomnia [1]. The prevalence of insomnia is reported to 
be 2.3% to 25.5% in international studies [2]. However, the 1-year 
incidence rate of simple insomnia symptoms is 30.7% [3]. Direct 
and indirect costs due to insomnia have been investigated to reach 
$100 billion per year in the United States alone [4]. Past history, 
family history, increased arousability, poor general health, and 
higher bodily pain are known risk factors for insomnia [3]. Insom-
nia is also a major psychiatric disorder, often comorbid with vari-
ous psychiatric disorders, and is also a symptom of some psychiat-
ric disorders [5]. Because of these characteristics, insomnia is treat-

Understanding insomnia as systemic disease 
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Sleep plays a critical role in homeostasis of the body and mind. Insomnia is a disease that causes 
disturbances in the initiation and maintenance of sleep. Insomnia is known to affect not only the 
sleep process itself but also an individual’s cognitive function and emotional regulation during 
the daytime. It increases the risk of various neuropsychiatric diseases such as depression, anxiety 
disorder, and dementia. Although it might appear that insomnia only affects the nervous system, 
it is also a systemic disease that affects several aspects of the body, such as the cardiovascular, 
endocrine, and immune systems; therefore, it increases the risk of various diseases such as hyper-
tension, diabetes mellitus, and infection. Insomnia has a wide range of effects on our bodies be-
cause sleep is a complex and active process. However, a high proportion of patients with insom-
nia do not seek treatment, which results in high direct and indirect costs. This is attributed to the 
disregard of many of the negative effects of insomnia. Therefore, we expect that understanding 
insomnia as a systemic disease will provide an opportunity to understand the condition better 
and help prevent secondary impairment due to insomnia. 
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ed as a neuropsychiatric disorder, and the effects of insomnia tend 
to be limited to the neurocognitive and affective domains. Howev-
er, insomnia is known to affect physiological processes that corre-
spond to a wide range of areas of the body and cause various physi-
cal ailments [6]. Therefore, in this review, we will examine the as-
pects of insomnia as a systemic disease and explain why insomnia 
has a wide range of effects on mental and physical health in relation 
to the role that sleep plays in our bodies. 

Insomnia and cognitive function 

The negative effects of insomnia on daytime cognitive function are 
well-known, and many studies have been conducted [7]. Insomnia 
is known to affect various cognitive domains such as memory, con-
centration, and attention [8].  

Since sleep itself plays an important role in memory consolida-
tion, many studies have been conducted on the effect of insomnia 
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on memory processes [9]. Insomnia impairs the consolidation of 
declarative memory, and this impairment involves an increase in 
cortisol levels and a decrease in slow-wave sleep [10]. Moreover, 
insomnia affects the impairment of episodic memory, and it is 
known that the severity of impairment is related to the severity of 
insomnia symptoms [11]. In addition, several studies have report-
ed that insomnia causes impairment of working memory [12,13]. 
However, since other studies did not confirm the change in work-
ing memory due to insomnia, additional research is needed [14]. 

It is also known that various elements of attention, such as sus-
tained attention, focused attention, and shifting attention, are af-
fected by insomnia [14]. Sustained attention, also known as vigi-
lance, is measured by tasks that require continuous engagement 
over long periods of time [15]. It was confirmed that the insomnia 
group had lower accuracy and longer reaction time than the con-
trol group in this sustained attention task [16,17]. Shifting atten-
tion, which changes the focus of attention and requires flexibility, 
also showed differences between insomnia patients and control 
groups [18,19]. Daytime concentration problems are one of the 
most common complaints of insomnia [20]. The insomnia patient 
group showed difficulty in concentration during the daytime com-
pared to the control group. This concentration difficulty is thought 
to be due to the impairment of sustained attention and shifting at-
tention [8]. 

Executive function is a set of neurocognitive skills involved in 
problem-solving, including working memory, inhibitory control, 
and shifting/flexibility. Therefore, executive function is a cognitive 
domain that includes some concepts, such as working memory 
and shifting attention previously introduced [21]. The association 
between executive function and insomnia has recently become an 
apostate issue compared to other cognitive domains, and the re-
sults tend to be inconsistent; therefore, a meta-analysis has been 
conducted with various studies recently. Guo et al. [22] confirmed 
that naming, immediate memory, delayed recall, and overall Mon-
treal Cognitive Assessment (MoCA) scores were lower in the in-
somnia group using the Pittsburgh Sleep Quality Index and 
MoCA. They also found that an increase in the severity of insom-
nia translates to a more extensive and severe cognitive impairment. 
Fortier-Brochu and Morin [23] found that there was an impair-
ment of episodic memory and attention in the insomnia group, 
which was associated with sleep continuity, sleep microstructure, 
and dysfunctional belief. Fulda and Schulz [24] confirmed that 
there was impairment in episodic memory, problem-solving, ma-
nipulation in working memory, and retention in working memory 
through a meta-analysis of 24 insomnia studies, but the degree of 
impairment remained small to moderate. They, in a meta-analysis 
of 18 insomnia studies, found no consistent evidence of cognitive 

dysfunction associated with insomnia. They noted that the differ-
ence in sample size and situational factors may have an effect as the 
sample size and situational factors produce different results in dif-
ferent studies. As such, impairment of executive function due to in-
somnia tends to have different results even in a meta-analysis; 
therefore, further evaluation is necessary. 

Insomnia and emotion regulation 

Sleep and emotion have bidirectional interactions with each other 
[25]. Therefore, chronic insomnia is known to affect emotion reg-
ulation [26]. Several studies have reported that sleep deprivation 
due to insomnia affects emotional valence; hence, poor sleep quali-
ty induces low positive emotions and high negative emotions, and 
this tendency is reported to be stronger in women [27]. However, 
in another study, this effect on sex was not confirmed [28]. Emo-
tional disturbances caused by sleep deprivation are known to in-
volve the amygdala and the medial prefrontal cortex [29]. It is also 
known that insomnia, negative emotions, and intrusive or unwant-
ed thoughts tend to aggravate symptoms by composing a vicious 
cycle with each other [30]. A study by Markarian et al. [31] found 
that emotional dysregulation difficulties were associated with de-
pression, anxiety, and stress and that sleep quality plays an import-
ant role. Another study found that aggression and impulsivity are 
associated with worse sleep quality and higher insomnia scores 
[32]. It has been reported that emotional dysregulation due to in-
somnia is associated with changes in heart rate variability (HRV). 
These results suggest that the mechanism by which insomnia caus-
es emotional dysregulation is closely related to brain-body interac-
tions known to reflect HRV [33]. Interoception is a concept that 
includes nociception, thermoception, and visceral sensation and is 
known to play an important role in brain-body interactions. Intero-
ception was also confirmed to have profound effects on insomnia 
[34]. Heartbeat evoked potential (HEP) is a heartbeat-induced 
change in the electroencephalogram (EEG) signal that is known to 
directly reflect interoceptive processing. Changes in HEP have 
been reported in insomnia patients, suggesting that insomnia may 
be closely related to changes in interoception. [35]. In addition, in 
recent studies, interoception has been shown to play an important 
role not only in emotion regulation but also in anxiety and depres-
sion induced by sleep deprivation [36]. Recent discoveries on in-
teroception have given strength to the hypothesis that changes in 
interoception due to insomnia are a key mechanism in the devel-
opment of symptoms such as emotion regulation disturbance, anx-
iety, and depression [37]. 
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Insomnia and neuropsychiatric disorders 

Insomnia not only affects cognitive function and emotion regula-
tion but is also strongly associated with several related neuropsy-
chiatric disorders [38]. Depression and insomnia have a bidirec-
tional relationship [39]. In a 40-year longitudinal follow-up study 
of medical students, it was found that individuals with baseline in-
somnia were twice as likely to develop the major depressive disor-
der than those who did not [40]. In addition, the odds ratio that an 
insomnia patient without depression would later develop depres-
sion was 6.2, and the odds ratio that a depressed patient without 
insomnia would later develop insomnia was 6.7 [41]. Insomnia is 
also known to increase the risk of suicidal ideation in subjects with-
out mental disorders [42,43]. 

Insomnia is known to increase the risk of various anxiety disor-
ders and depression. In a population-based study of 2,393 random 
individuals, symptoms of insomnia related to anxiety disorders 
were identified as short sleep duration, daytime sleepiness, and 
sleep disturbance [41]. Among anxiety disorders, generalized anxi-
ety disorder is a disease closely related to insomnia as there are 
sleep disturbance symptoms in the main symptoms [1]. In indi-
viduals reporting symptoms of insomnia in a French population 
study, generalized anxiety disorder was the most prevalent psychi-
atric disorder [44]. Various anxiety disorders, such as panic disor-
der, specific phobia, and social anxiety disorder, have been report-
ed to be comorbid with insomnia [41]. 

The cross-sectional relationship between dementia and insom-
nia has been well-known for a long time, but recently, various co-
hort studies and meta-analysis studies have reported that insomnia 
increases the risk of all types of dementia [45]. In a nationwide 
population-based study in Taiwan, insomnia was found to increase 
the risk of Alzheimer dementia, especially if insomnia started be-
fore the age of 40 years [46]. There are several possible mecha-
nisms by which chronic insomnia increases the risk of dementia. 
The hyperarousal state caused by insomnia induces overactivation 
of the hypothalamic-pituitary-adrenal cascade, leading to neurode-
generation [47]. In addition, aggregation of β-amyloid in the brain 
is considered the main cause of Alzheimer dementia. β-amyloid is 
actively excreted during sleep, and a decrease in β-amyloid clear-
ance due to insomnia is also thought to increase the risk of demen-
tia [47]. However, there is controversy regarding the amyloid hy-
pothesis as a pathophysiology of dementia. Therefore, additional 
research is needed to elucidate the exact reason why insomnia in-
creases the risk of dementia. 

Insomnia and physiological process 

Insomnia is also known to cause various physiological changes 
during the day and night. Monroe [48] found elevated rectal tem-
perature, heart rate, basal skin resistance, and phasic vasoconstric-
tion in poor sleepers. It is known that these changes in the auto-
nomic nervous system are caused by an imbalance between the 
sympathetic and parasympathetic nervous systems [49]. Imbal-
ance of the autonomic nervous system, which is the main patho-
genesis of insomnia, is also a key mechanism in the hyperarousal 
model, the main pathogenesis of insomnia [50].  

Since various hormones, such as growth hormone and mela-
tonin, are involved in sleep regulation, sleep and hormones have a 
reciprocal relationship [51]. Therefore, insomnia causes dysregula-
tion of various endocrine systems [52]. An increase in cortisol hor-
mone and a change in the 24-hour metabolic rate have been ob-
served in patients with chronic insomnia [13,53]. In addition, it 
was confirmed that sleep deprivation decreased insulin sensitivity, 
while insulin resistance and secretion increased, especially in elder-
ly patients with insomnia [54,55]. Insomnia is also known to in-
duce changes in the endocrine system that controls appetite. Limit-
ed total sleep time was associated with higher ghrelin and reduced 
leptin levels, according to the Wisconsin Sleep Cohort Study [56]. 
In a study by Motivala et al. [57], a study on chronic insomnia con-
firmed a decrease in nocturnal ghrelin, but leptin did not show a 
significant difference in the control group. Based on these results, 
insomnia is thought to induce inappropriate overeating and weight 
gain. Melatonin, a hormone that controls circadian rhythm, is also 
closely related to insomnia. Various studies have confirmed that 
melatonin levels are decreased in patients with insomnia. In partic-
ular, the longer the insomnia period, the greater the decrease in 
melatonin [58]. 

The immune system is also reciprocally related to sleep, and 
sleep regulation is regulated by the immune system. It is also estab-
lished that sleep deprivation affects the immune system [59,60]. 
During sleep, cytokines such as interleukin 1 and tumor necrosis 
factor are known to be involved in non-rapid eye movement 
(NREM) sleep. Sleep deprivation is known to cause changes in im-
mune cell number, immune function, and cytokines, as well as to 
make them more susceptible to viral and bacterial infections [61]. 
In addition, chronic insomnia has been reported to increase in-
flammation and mortality rates [62]. 

Insomnia induces various neurophysiological changes. In a me-
ta-analysis that analyzed 23 studies using polysomnography in in-
somnia patients, it confirmed the changes in various sleep vari-
ables, including sleep efficiency index, total sleep time, rate of slow-
wave sleep, rate of rapid eye movement (REM) sleep, and rate of 
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change in the wake time [63]. In addition, these neurophysiologi-
cal changes were observed during the daytime. High-beta power 
was observed in the resting state EEG of an insomnia patient, and a 
change in the P200 component was reported in the event-related 
potential study [64,65]. These daytime neurophysiological chang-
es are known to reflect the hyperarousal state caused by insomnia. 

Insomnia and physical disorders 

Insomnia is known to cause temporary changes in various physio-
logical functions as well as various physical diseases [66]. Since in-
somnia is accompanied by changes in heart rate and blood pres-
sure, several studies have been conducted in the past to determine 
whether insomnia is related to cardiovascular diseases such as hy-
pertension, coronary heart disease, and heart failure; however, each 
study revealed inconsistent results [67]. However, several me-
ta-analysis studies and nationwide population-based studies con-
ducted over the past decade have reported that insomnia increases 
the risk of cardiovascular disease [67-69]. Sofi et al. [70] conclud-
ed in a meta-analysis that insomnia was associated with the devel-
opment of cardiovascular disease and cardiovascular disease mor-
tality. The onset of cardiovascular disease is known to be associated 
with dysregulation of the autonomic nervous system due to in-
somnia and metabolic syndrome due to hormonal dysregulation 
[71]. 

Insomnia is also known to cause endocrine disorders. In the case 
of type 2 diabetes mellitus, several studies have slightly different re-
sults, but several studies have suggested that insomnia and type 2 
diabetes mellitus are related, and that insomnia may act as a risk 
factor for type 2 diabetes mellitus [72,73]. Although it is well-
known that abnormal thyroid function induces insomnia, the ef-
fect of insomnia on thyroid function has not been well studied 
[66]. However, elevated levels of thyrotropin-releasing hormone 
and thyroid-stimulating hormone have been reported in patients 
with insomnia accompanied by depression [74]. Obesity has also 
been reported to increase the risk of insomnia, and changes in ap-
petite-regulating hormones, such as leptin and ghrelin, are known 
to be involved. However, a recently reported meta-analysis con-
firmed that insomnia did not directly increase the risk of obesity 
[75,76]. Therefore, further evaluation is needed to determine 
whether insomnia increases the risk of obesity. 

Insomnia is known to increase the risk of infection and cancer 
because of the close relationship between sleep and the immune 
system [38]. A cohort study confirmed that insomnia increases 
the risk of respiratory tract infection, and it has been reported that 
patients receiving chemotherapy are more susceptible to infection 
if they complain of insomnia [77,78]. Many researchers have long 

believed that insomnia increases the risk of cancer [79]. This is 
not just a belief; some studies have reported that insomnia in-
creases the risk of breast cancer [80,81]. In addition, according to 
a meta-analysis of cohort studies on insomnia, insomnia increases 
the risk of all cancers overall, but only thyroid cancer reported  
a significant increase in risk due to insomnia in specific cancer 
types [82]. 

Insomnia as systemic disease 

We looked at examples in previous chapters where insomnia af-
fects various systems of the body as well as the neuropsychiatric 
domain. Insomnia is characterized as a systemic disease as the role 
of sleep is not only limited to rest and conservation of energy. 
Moreover, sleep has an active, complex, and unique function in the 
body. Sleep can be divided into REM and NREM stages, and it is 
known that the two stages play different roles [83]. NREM stage is 
known as the most restorative stage, and it is known to play an im-
portant role in energy conservation and maintenance of physical 
health, such as hormonal regulation, β-amyloid clearance, and 
adaptive immune response [84]. REM sleep is a stage clearly dis-
tinguished from NREM sleep in neurophysiological characteris-
tics, and it is known that eye movement, voluntary muscle paralysis 
and dreaming appear [83]. REM sleep is related to the process of 
emotional memory. Also, in REM sleep, muscle tone is actively 
suppressed, and autonomic and respiratory activation appear [85]. 

As such, sleep is a very dynamic process in which stages have dif-
ferent purposes and appear alternately, and each stage has a bidirec-
tional relationship with different biological systems. Therefore, if 
this complex process is disturbed due to insomnia, it inevitably has 
a systemic effect on the body and mental health. 

Furthermore, insomnia has a systemic effect and is not limited to 
a specific area as it affects distributed systems throughout the body. 
An example is a decrease in immune function due to insomnia. 
Chronic insomnia increases inflammation in the body, making it 
vulnerable to infection. The hyperarousal model, which is one of 
the main causes of insomnia, also affects the autonomic nervous 
system distributed in all parts of the body, so it affects not only the 
central nervous system but also the peripheral nervous system and 
various organs throughout the body. In addition, the endocrine 
and circulatory systems are also greatly affected. 

Moreover, the systemic effect of insomnia is not limited to the 
body but is known to directly or indirectly affect social and occupa-
tional functions [86,87]. The array of systemic effects and comor-
bidities caused by insomnia is known to be directly related to a re-
duced quality of life for patients across a range of different domains 
[88]. Although the treatment of insomnia is important due to its 
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systemic effect, it has been reported that many subjects with in-
somnia symptoms do not feel the need for treatment or do not re-
ceive appropriate treatment [89]. The rationale many patients ne-
glect insomnia even though they are symptomatic is because its 
negative effects are undermined and its systemic sequelae are not 
well-known [90]. Therefore, we expect that this review, which 
studied the characteristics of insomnia as a systemic disease, will 
help reduce the enormous personal and social burden of untreated 
insomnia and prevent insomnia-induced secondary diseases. 

Conclusion 

Insomnia not only causes problems related to sleep initiation and 
maintenance but also has a secondary global sequela on both the 
mind and body. Insomnia causes functional impairment in various 
cognitive domains and causes emotional dysregulation. Chronic 
insomnia also increases the risk of various diseases, such as major 
depressive disorder and Alzheimer dementia. However, insomnia 
is not limited to these neuropsychiatric areas, but it affects various 
physiological systems such as the immune system, endocrine sys-
tem, and circulatory system and increases the risk of various diseas-
es such as diabetes mellitus, hypertension, cancer, and infection. 
Insomnia is considered a systemic disease because the sleep pro-
cess is a very complex, dynamic, and globally biological phenome-
non. However, despite the negative effects of insomnia, the pro-
portion of patients who do not receive optimal treatment is very 
high. This is due to the very limited view of the negative effects of 
insomnia on our bodies. Therefore, recognizing insomnia as a sys-
temic disease is expected to help prevent secondary impairment 
and reduce costs through early detection and appropriate treat-
ment. 
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Introduction 

Autism spectrum disorder (ASD) is a common neurodevelop-
mental disorder with a prevalence of approximately 1.7% in the 
general population. ASD is a disease with abnormalities in two do-
mains: social communication/interaction and restrictive, repetitive 
patterns of behavior [1]. ASD is a multi-genetic disorder with a 
strong genetic tendency, occurring about four times more in men 
than in women, which is postulated to be related to a female pro-
tective effect [2]. 

Many ASD symptoms begin early in life and persist throughout 
life. Typical ASD symptoms include internalizing problems such 
as anxiety, depression, somatization, and externalizing problems 
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such as rule-breaking, aggression, self-harm, hyperactivity, impul-
sivity, and core deficits. These ASD symptoms have a significant 
negative impact on the quality of life, and that of their families and 
school members. Therefore, ASD has a significant impact on pub-
lic health and education systems [3]. 

Sleep is an important physiological phenomenon for typical syn-
aptic development and brain maturation, and children with sleep 
disturbances are vulnerable to emotional and cognitive develop-
ment [4]. In particular, rapid eye movement sleep disturbance is 
associated with neural maturation and organization difficulties in 
children with ASD [5]. Sleep disturbances of children and adoles-
cents with ASD are necessary to recognize and treat actively as 
they persist for a long time, and can change the sleeping patterns of 
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parents and siblings sharing the same living space [6]. 
The causes, impact on daytime activity, evaluation, and treat-

ment of sleep disturbance in children and adolescents with ASD 
were reviewed. 

Are sleep disturbances common in 
children and adolescents with autism 
spectrum disorder? 

Sleep disturbance in children and adolescents with ASD is the 
most agonizing symptom for parents and one of the primary rea-
sons for seeking psychiatric assistance [7]. Commonly, the preva-
lence of sleep disturbance in children and adolescents with ASD is 
approximately 60% to 86%, which is 2 to 3 times that of typically 
developed children [8]. Their sleep disturbances are not related to 
the level of cognitive and language development. 

There are many different types of sleep disturbances. Difficulty 
in sleep onset and maintenance, decreased total sleep time (TST), 
frequent night waking, bedtime resistance, excessive daytime 
sleepiness, and behavioral insomnia in childhood are common [9-
11]. In studies using actigraphy and polysomnography, children 
with ASD reported shorter sleep time, longer sleep latency (SL), 
and decreased sleep efficiency (SE) compared with typically devel-
oped children [12]. 

Does sleep disturbance affect behavior 
and emotional regulation, and daytime 
functioning in children and adolescents 
with autism spectrum disorder? 

There is growing interest in the relationship between sleep distur-
bance and daytime problem behavior in children and adolescents 
with ASD [9,10]. Sleep disturbance in children and adolescents 
with ASD negatively affects daytime functioning, including behav-
ioral control, learning function and memory, and leads to increased 
stress levels in their family members [9,13]. Poor sleep has been 
linked to increase internalizing and externalizing problems, includ-
ing tantrums, oppositional behavior, physical aggression, irritabili-
ty, self-injury, depression, anxiety, mood variability, inattention, 
and hyperactivity [9,14-16]. 

The effect on internalizing and externalizing problems varies de-
pending on the degree and type of sleep disturbances. Adams et al. 
[16] reported that externalizing and overall problem behaviors 
were highly correlated with the severity of sleep problems, but not 
with internalizing behaviors. Meanwhile, Sikora et al. [15] suggest-
ed that both severe internalizing and externalizing problems were 
related only to moderate to severe sleep disturbance. In a study of 

40 male children with ASD (aged 5–12 years), there was a positive 
relationship between the severity of ASD symptoms and problem 
behavior in patients with no or mild sleep disturbance, while there 
was no significant relationship between the severity of ASD symp-
toms and problem behavior in patients with moderate-to-severe 
sleep disturbance [17]. In a polysomnography study of 21 children 
with ASD, Malow et al. [18] reported that poor sleepers had more 
affective and social problems, and Goldman et al. [19] reported 
that sleep fragmentation was correlated with restricted and repeti-
tive behavior. In addition, aggression, self-injury, and tantrum can 
be predicted when there is a night-to-night variation in sleep onset 
time and sleep duration [20]. 

However, the effect of the type or severity of sleep disturbances 
on the severity of core symptoms, externalization, and internaliza-
tion symptoms of ASD is still unclear, and further studies are need-
ed to address this issue. 

Causes of sleep disturbance in children 
and adolescents with autism spectrum 
disorder 

The causes of sleep disturbance in children and adolescents with 
ASD have not been clearly identified. Sleep disturbance is correlat-
ed with biological, psychological, and social/environmental fac-
tors. Abnormalities in melatonin synthesis, hypersensitivity to en-
vironmental stimuli, behavioral insomnia in childhood, delayed 
sleep phase syndrome, rapid eye movement sleep behavior disor-
der, and accompanying neurological and psychiatric disorders 
such as anxiety, depression, and epilepsy are considered as the 
main causes. Additionally, neurophysiological and neurochemical 
abnormalities, abnormal timing of melatonin secretion, comorbid 
medical conditions and current medications, core ASD symptoms, 
child-rearing practices, and family stress have been suggested as 
causes of sleep disturbance [13]. Sleep disturbance becomes ap-
parent by the underlying biological and behavioral rhythm prob-
lems, which are triggered by internal and external stress [21-23]. 

In this section, environmental and behavioral problems, arousal 
and sensory dysregulation, circadian-relevant gene abnormalities, 
melatonin rhythm, peak and receptor site abnormalities, and co-
morbid psychiatric disorders, which are the main causes of sleep 
disturbance in children and adolescents with ASD, are reviewed. 

1. Environmental and behavior problems 
Learned behaviors are suggested to be one of the most common 
causes of delayed sleep onset and night waking. Many children and 
adolescents with ASD have a delayed sleep onset and difficulty fall-
ing asleep due to increased screen time in video games, mobile 
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games, and others [24]. In a study on the association between bed-
room media access and sleep disturbance in 49 pediatric patients 
with ASD, it was reported that media-related variables were associ-
ated with sleep disturbance in children with ASD [25]. Sleep in 
children has a bidirectional relationship with parent sleep. It is im-
portant to evaluate the parents’ sleep problems, mental health, and 
parental stress together when evaluating a child’s sleep disturbance 
[26]. Parents who are vulnerable to stress, and anxious or de-
pressed parents are more likely to create a negative environment 
for children’s sleep [27]. Maternal autism traits and anxiety, lower 
family income, and lower paternal education were also related to 
their sleep disturbances [26]. Lower family income creates a nega-
tive socioeconomic environment for children with ASD, exposing 
them to more disruptive sleep conditions, which can worsen sleep 
quality. 

2. Arousal and sensory dysregulation in insomnia 
There is increasing evidence that sleep disturbance in children and 
adolescents with ASD is related to arousal dysregulation and sen-
sory hyper-reactivity and that a calming strategy is needed to im-
prove their sleep. Increased cognitive activity, such as having con-
siderable thoughts and worries in bed, makes it difficult to initiate 
sleep [28]. Physiological arousal is also associated with insomnia. 
Patients with insomnia have high levels of sympathetic activity, 
which results in high levels of heart rate, body temperature, and 
heart rate variability, and is related to high levels of norepinephrine 
(NE) activity [29,30]. 

The hyper-arousal response in some children with ASD is relat-
ed to dysfunction of the locus coeruleus (LC)-NE system. When 
LC is in phasic mode, individuals generally respond to sensory 
stimuli and perform appropriate tasks through focused attention. 
However, when the NE release state in the LC becomes a high ton-
ic state, it cannot respond appropriately to the stimulus and be-
comes a hyper-arousal state [31]. Children with ASD in this state 
have inattentiveness, impulsivity, hyperactivity, anxiety, panic, and 
sleep disturbance. Additionally, children with ASD experience a 
“hyper-arousal state” associated with abnormal interactions be-
tween the two systems, sympathetic hyper-arousal or parasympa-
thetic hypo-arousal, which is associated with anxiety, fear, worry, 
and insomnia due to sensitivity to environmental stimuli [21]. 

Hypersensitivity to certain sensory stimuli is also associated 
with sleep disorders in children and adolescents with ASD. In a 
study of 27 children aged 6 to 12 years with ASD and 27 typically 
developed children, children with ASD had more atypical sensory 
behaviors and sleep disturbances than typically developed children 
[32]. Children with ASD overreact to certain stimuli as they have a 
low sensory threshold, and this is related to difficulty initiating or 

maintaining sleep [33]. 

3. Circadian relevant gene abnormality 
Some researchers suggest that clock genes such as human PER1 
(hPER1), hPER2, and hPER3, and clock gene-gene interaction 
may affect not only human sleep but also human social communi-
cation and brain development [34]. Genes related to synaptic ho-
meostasis are involved in synaptic development and pruning, as 
well as mechanisms involved in sleep-wake control [35]. A recent 
study reported that acetylserotonin O-methyltransferase and varia-
tion in cytochrome P450 1A2 in ASD are related to sleep distur-
bance [36]. 

4. Melatonin rhythm, peak, and receptor site abnormalities 
Melatonin is synthesized in the pineal gland and regulated by MT-
NR1A and MTNR1B receptors in the suprachiasmatic nucleus and 
is involved in the initiation and maintenance of sleep, regulation of 
seasonal cycles, and immune function [37]. Melatonin is closely 
related to circadian rhythm, and circadian misalignment is related 
to abnormal melatonin synthesis, altered melatonin secretion pat-
terns, circadian clock gene anomalies [38]. 

Insomnia in children with ASD is suggested to be related to ab-
normal melatonin levels [39]. Abnormal production, increased 
breakdown, and receptor site abnormalities of melatonin induce an 
increase in SL and night wakening. Patients with ASD have low 
levels of melatonin and low urine, serum, or plasma levels of mela-
tonin metabolite, urinary 6-sulfatoxymelatonin [22,40,41]. In 
ASD children with sleep disturbance, low melatonin levels appear 
to be related to mutations in genes related to the melatonin synthe-
sis pathway. 

5. Comorbid psychiatric disorders 
Children with ASD are more likely to have attention deficit hyper-
activity disorder (ADHD) and anxiety disorders, which are con-
sidered high-arousal disorders [42,43]. In a study comparing the 
mean electrodermal activity (EDA) and electrodermal reaction 
frequency of two groups by anxiety level (low and high), the mean 
EDA for the high anxiety group was significantly lower than that of 
the control and low anxiety groups, suggesting an abnormality in 
sympathetic activity in children with ASD [44]. 

Comorbid medical disorders such as epilepsy, asthma, allergies, 
gastroesophageal reflux diseases (GERDs), and psychiatric disor-
ders such as anxiety, depression, bipolar disorder, psychosis, and 
ADHD can negatively affect sleep in children and adolescents with 
ASD [1,26]. Additionally, intellectual disability, sensory integra-
tion deficits, ritualistic or self-injurious behaviors, poor communi-
cation skills, and limited responsiveness to social cues can interfere 
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with sleep training and can exacerbate sleep disturbance. 

Evaluation of sleep disturbance 

The evaluation of children and adolescents with ASD with sleep 
disturbance should include sleep-related history taking, evaluation 
of sleep environment, and comorbidities. Sleep environment eval-
uation includes household noise, noise between floors, parental 
working hours, bedtime routines, and history of comorbid medical 
conditions that might disrupt sleep, such as GERD, seizures, asth-
ma, allergies, eczema, or enuresis [1]. 

Sleep questionnaires are often used to evaluate sleep disturbanc-
es in children with ASD. They can evaluate sleep disturbance rela-
tively objectively, are easy to apply, and do not require much time, 
money, and expertise [45]. 

The Children’s Sleep Habits Questionnaire (CSHQ) consists of 
a three-point Likert scale that allows parents to develop behavioral 
and physiological sleep disorders in school-age children. CSHQ is 
a screening tool to measure overall sleep characteristics and distur-
bances in children, including bedtime resistance, sleep onset delay, 
sleep anxiety, night waking, parasomnia, sleep-disordered breath-
ing, and daytime sleepiness [46]. It comprises 27 questions in 
eight domains, sleep resistance (six questions), sleep onset delay 
(one question), amount of sleep (three questions), sleep anxiety 
(four questions), wakefulness after sleep onset (three questions), 
parasomnia (seven questions), sleep breathing disorder (three 
questions), and daytime sleepiness (eight questions).  

The Aberrant Behavior Checklist can evaluate the severity of 
problem behaviors: irritability, agitation, and crying, lethargy, so-
cial withdrawal, stereotypic behavior, hyperactivity, noncompli-
ance, inappropriate speech, and sleep problems in children with 
developmental delay [47]. 

Some children with ASD with restless sleep and night waking 
may require laboratory tests, such as ferritin levels, to evaluate iron 
stores [48]. 

Management and treatment 

1. Non-pharmacological management 
Environmental and behavioral strategies are needed to control 
sleep disturbances in children and adolescents with ASD. Parents 
need to create a bedroom environment and form bedtime routines 
to calm down their children. Although these environmental and 
behavioral strategies are not easy to set up, they can positively alter 
sleep in children with ASD if performed consistently [49]. The 
sleep tool kit (STK), developed by the Sleep Committee of the Au-
tism Treatment Network, is a tailored behavioral intervention tool 

for children and adolescents with insomnia [49]. STK recom-
mends three methods: visual scheduling of positive evening behav-
iors, a supplemental calming module to lower arousal levels, and a 
faded bedtime protocol to go to bed when sleepy. Supplementary 
calming modules include breathing techniques, muscle relaxation 
techniques, yoga, massage, mindfulness exercises, and warm baths, 
which help to control arousal and anxiety in children with ASD 
[49]. Considering the developmental characteristics of children 
with ASD, unmodified and graduated extinction, positive routines, 
and bedtime fading are more effective in children under 5 years of 
age; however, cognitive-behavioral therapy (CBT) is more benefi-
cial in older children and adolescents [50]. 

Parent-based sleep education (PSE) has been introduced and 
used to solve sleep problems in children with ASD and adoles-
cents. PSE is a four-page pamphlet designed to help children with 
sleep disturbances and is available at www.autismspeaks.org. PSE 
includes creating a stable sleep environment, regular sleep habits 
and lifestyle, educating a child to sleep alone, avoiding naps, and fa-
cilitating daytime activities. However, the positive effects of PSE 
on sleep have not yet been demonstrated. A randomized study of 
36 children (aged 2–10 years) with SL of 30 minutes into two 
groups reported that the pamphlet-based education group (n = 19) 
did not significantly improve SL compared with the group that did 
not (n = 17) [14]. In a study using actigraphy and CSHQ on the 
effect of individual training and group training for 80 children with 
ASD aged 2 to 10 years, the difference in outcome according to the 
mode of education was not significant [49]. 

Weighted blankets are heavy blankets used commercially to re-
duce anxiety and insomnia, and some parents with ASD prefer to 
use weighted blankets for their children. The National Autistic So-
ciety also notes that some children may benefit from sleep with a 
weighted blanket. However, weighted blankets did not have a sig-
nificantly positive effect on sleep in children and adolescents with 
ASD. In a 10-month randomized, placebo-controlled crossover 
study of 73 children and adolescents with ASD (aged 5–16 years), 
the difference in TST and SL between the group using weighted 
blankets and the group using control blankets was not significant 
[51]. 

Sound-to-sleep (STS) mattresses are manufactured in such a 
way that specific sounds and vibrations are implanted in the mat-
tress. The use of STS mattress technology can reduce bedtime re-
sistance by allowing children to feel their favorite sounds and vibra-
tions in bed. In a study of 45 children with ASD (aged 2.5–12.9 
years), sleep duration and sleep efficiency were improved after 2 
weeks of STS mattress use, although there was no significant de-
crease in SL [52].  
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2. Pharmacological management  
To date, no medication has been approved for the treatment of in-
somnia in children with ASD so far in Korea that is the same as in 
the United States. When using medications to solve sleep distur-
bance in children with ASD, it should be initiated with small doses 
and the side effects of medications should be considered [53]. 
Some medications used in clinical settings to control sleep distur-
bance in children with ASD have been introduced. 

Melatonin is one of the most commonly used drugs to control 
sleep problems in children and adolescents with ASD. Melatonin is 
known to have a positive effect on reducing SL, lowering sleep re-
sistance, and increasing TST. In 125 children and adolescents 
(aged 2–17.5 years) with ASD who had sleep disturbance lasting 
more than 3 months and did not affect behavioral therapy for 4 
weeks, TST was increased by 57.5 minutes, and SL was decreased 
by 39.6 minutes when 2 to 5 mg of melatonin mini-tablets were ad-
ministered for 13 weeks [54]. In a study of 160 children with ASD 
(aged 4–10 years), 3 mg of melatonin was also helpful in lowering 
insomnia symptoms and bedtime resistance [55]. In a meta-analy-
sis of 35 studies including five randomized double-blind and place-
bo-controlled studies, melatonin increase TST by 73 minutes and 
decrease SL by 66 minutes from baseline [56]. Some children have 
reported nightmares when using melatonin. However, the side ef-
fects of melatonin are uncommon and mild. 

Alpha-adrenergic agents (clonidine) and antihistamines (di-
phenhydramine) are also used to ameliorate prolonged sleep onset 
and frequent night-waking, although research evidence is weak 
[57]. 

Low-dose quetiapine is used to improve sleep disturbance and 
control problem behaviors such as aggression and irritability in 
children with ASD. In an 8-week open-label study of 18 patients 
(aged 13–17 years), quetiapine significantly improved their aggres-
sion and sleep disturbance [58]. However, special caution is re-
quired as atypical antipsychotics, including quetiapine, may cause 
restless legs syndrome in cytochrome P450 slow metabolizers. 

The H1-receptor antagonist, niaprazine, is a safe drug that has 
been used in children and adolescents with ASD and insomnia. 

Conclusion 

Sleep disturbances in children and adolescents with ASD are fre-
quent and can negatively affect their lives and developmental pro-
cesses, and the life and emotional well-being of their families. Sleep 
disturbance has a significant negative impact on their daytime 
functioning and harms the quality of life of children and adoles-
cents with ASD and their families by exacerbating externalizing 
and internalizing problem behaviors. Therefore, we must recog-

nize sleep disturbances early and manage them actively. Sleep dis-
turbances in children and adolescents with ASD may be caused by 
environmental problems, sensory hyper-arousal, circadian gene ab-
normalities, melatonin system abnormalities, and accompanying 
psychiatric disorders. Detailed history taking is required to evalu-
ate sleep disturbance, and a sleep questionnaire can be used as an 
adjunct. To treat sleep disturbance in children and adolescents 
with ASD, non-pharmacological management, such as environ-
mental control and CBT, should be prioritized. Medications 
should be started only if necessary with low doses, and side effects 
should be closely monitored. The importance of sleep disturbance 
in ASD must be recognized and the quality of life of patients and 
their families must be ensured through early and active interven-
tions. Additionally, ongoing research on the causes of sleep distur-
bance and effective treatment methods is anticipated to continue 
in children and adolescents with ASD. 
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Introduction 

Insomnia is often treated with medication. While such treatments 
provide only a temporary improvement in sleep disorders for 
some people, the benefits after drug discontinuation are often di-
minished, with the negative effects on daytime functioning and 
risk of addiction [1-3]. One of the common nonpharmacological 
interventions for insomnia is poor sleep hygiene education, which 
targets changes in daily behavior and environmental factors that 
cause sleep deprivation. Among standard clinical treatments, cog-
nitive behavioral therapy (CBT) focuses on regulating sleep needs 
and modifying sleep expectations, attitudes, and beliefs [1,4]. 
Since the report of a randomized controlled trial (RCT) published 
in the Journal of the American Medical Association ( JAMA) in 
2015 revealed the effects of mindfulness-based interventions 
(MBIs) on insomnia, a nonpharmacological approach has been ex-
pected for mindfulness-based treatments for insomnia [5]. 
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Mindfulness and mindfulness meditation are ways to recognize 
all thoughts, feelings, and body sensations that occur to us as they 
are, observe them without judgment, and accept them as they are. 
By observing negative thoughts and feelings in a nonjudgmental 
way, we do not automatically respond to such thoughts and feel-
ings, and ultimately do not identify them with us and look at them 
as a kind of mental event that is not absolutely true and can come 
to us for a while and then disappear [6]. It appears from published 
findings that there is no longer any doubt that these MBI have 
therapeutic effects in mental health medicine. A recently published 
randomized controlled study on sleep disorders [7], randomized 
controlled study of patients with depression [8,9], anxiety disor-
ders [10], psychosomatic disorders including pain [11], substance 
abuse disorders [12], and eating disorders [13], all showed signifi-
cant effects compared to the control group. In addition to the ef-
fects of MBIs on each disease, studies are continuing to elucidate 
the underlying mechanisms of MBI [14]. Moreover, attempts have 
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been made to reveal the mechanism of the effect of MBI in a neu-
robiological way and to investigate this using neuroimaging tech-
niques [15,16]. In recent years, there have been reports that MBI 
affects the activity of telomerase as well as the improvement of im-
munological function [7,17,18]. 

This paper reviewed the effect of MBI on insomnia and also 
evaluated the mechanistic evidence to aid in future clinical applica-
tion. 

Vicious cycle of insomnia 

Patients with chronic insomnia describe their condition as a “vi-
cious cycle.” In other words, insomnia worsens as the effort and de-
sire to sleep increases. A strong desire to get more sleep and avoid 
daytime fatigue leads to a state of feeling trapped between the 
states of drowsiness and awakening [19]. Several models have been 
proposed to explain the pathophysiology of insomnia. Among 
them, Shallcross and Visvanathan [18] presented a model of in-
somnia that integrated core cognitive and behavioral processes 
from several extant theoretical frameworks. Insomnia is generally 
initiated and persisted by the following continuous cognitive and 
behavioral processes: (1) excessive daytime and nighttime rumina-
tion (i.e., excessive daytime and nighttime anxiety and rumination 
of sleep); (2) primary arousal (i.e., physiological arousal occurs 
with the first negative assessment of daytime problems caused by 
sleep deprivation); (3) secondary arousal (i.e., negative secondary 
or metacognitive judgment of initial arousal and subsequent con-
tinuation of physiological arousal); (4) excessive monitoring and 
selective attention to internal and/or external sleep cues that are 
consistent or inconsistent with sleep onset; (5) dysfunctional per-
ceived need for control and engagement in sleep effort (i.e., actively 
taking a nap or increasing sleep opportunities); and (6) distorted 
perceptions about sleep impairment (i.e., perceptions about sleep 
impairment as excessively serious). Practical examples for each of 
these sequential cognitive and behavioral processes would be the 
following. (1) Rumination: “All day long, there are useless 
thoughts of sleep in my head.” (2) Primary arousal: “What if I have 
a problem with my work tomorrow?” (3) Secondary arousal: 
“Why am I doing this? I feel bad and irritable.” (4) Selective atten-
tion/sleep monitoring: “How did I fall asleep normally? I keep ob-
serving the feeling of falling asleep.” (5) Dysfunctional perceived 
need for sleep: “I have to take a nap tomorrow, otherwise I can’t 
work.” (6) Distorted perceptions: “I’m desperate. If my sleep time 
is short, I am going to get tired and ruin my work all day tomorrow. 
What if I get fired?” Misunderstandings of sleep deprivation often 
lead to excessive negative perceptions of sleep, thus strengthening 
the vicious cycle of chronic insomnia. 

CBT for insomnia (CBT-I) is one of the most widely studied 
nonpharmacological therapies for insomnia [20]. CBT-I has 
evolved as a multi-component therapeutic approach, combining 
the following: (1) cognitive strategies, such as thought restructur-
ing to change sleep-related dysfunctional beliefs and attitudes; (2) 
behavioral techniques, such as sleep restriction and stimulus con-
trol, to promote healthy sleep habits. While this is a good way to 
mediate the pathophysiological mechanisms of insomnia, a signifi-
cant proportion (19%–26%) of individuals do not benefit from 
CBT-I, and the average overall improvement among those who do 
respond is only 50% to 60% [21]. In order to resolve the ironic sit-
uation in which the more obsessed with falling asleep, the more 
sleep will run away, something other than a cognitive approach is 
necessary. 

Theoretical rationale of mindfulness-
based interventions for insomnia 

While the effectiveness of MBI has been proven by many studies, 
consistent results have not been reported on the mechanism of 
therapy. In a review article published in 2016 [14], the psychologi-
cal mechanisms suggested by existing researchers were systemati-
cally reviewed and published; however, each researcher had priori-
tized these differently. In addition, attempts are being made to clar-
ify the mechanism of the effect of MBI neurobiologically and to in-
vestigate this by using neuroimaging techniques [15,16].  

During mindfulness meditation, there is a physiological change 
in the “wakeful hypometabolic state” [22]. The activity of the sym-
pathetic nervous system decreases and the activity of the parasym-
pathetic nervous system, which is important for relaxation and 
rest, increases, but this state is known to be one that is clearly differ-
ent from the state of simply resting or sleeping qualitatively and 
quantitatively [23]. In other words, in addition to relaxing the 
body, it aims to reduce mental activity by relaxing the mind, there-
by providing feedback to the body, leading to deeper physical relax-
ation. This has been proven in studies that measure physiological 
changes in the body while practicing mindfulness meditation 
[22,23]. Body relaxation, such as simple muscle relaxation, is asso-
ciated with the activation of primary and secondary motor regions. 
The activity of the paralimbic brain regions, which mediate sympa-
thetic nerve stimulation, such as the anterior cingulate and insula, 
is known to be a change in both relaxation and mindfulness medi-
tation. It is known that certain areas other than these are addition-
ally activated, and many experienced meditators have reported ac-
tivation of frontolimbic and frontoparietal neural networks [24-
29]. More interesting to note, is that larger, intensified activation is 
observed in the frontoparietal attention networks in experienced 
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meditators than in novice meditators with little experience. If 
mindfulness meditation is not different from simple general relax-
ation, short-term and long-term meditators are expected to relax 
similarly and not differ in their physiological or neurophysiological 
characteristics. These physical and mental relaxation states are 
helpful for mental as well as physical arousal that occurs in the vi-
cious cycle of insomnia. 

The psychological mechanisms by which MBI influences in-
somnia are as follows. First, MBI helps in insomnia by improving 
metacognitive awareness. One of the important elements of mind-
fulness is based on the fact that “there is nothing eternal and un-
changing” which is central to Buddhist psychology. With mindful-
ness meditation training, all experiences are observed as they occur 
and disappear. In the process, we become aware of constantly 
changing experiences, and thus, we understand that all experiences 
are temporary [30]. This process has been called reperceiving or 
decentering [31] and has been described as the development of an 
observer perspective [32]. In the literature dealing with MBI, 
metacognitive awareness, a variety of terms refer to the ability to 
observe one’s own thoughts or feelings as transient events of the 
mind, rather than being true and accurate in themselves. It was 
somewhat mixed with decentering, defusion, distancing, and re-
perceiving [33]. Through the mindfulness training process, it be-
comes possible to see the content of consciousness, that is, the mo-
ment-to-moment experience more clearly and objectively without 
identifying oneself with one’s thoughts. Thus, it becomes a thera-
peutic process that introduces a ‘space’ between one’s own ‘percep-
tion’ and ‘reaction’ by leaving the individual’s immediate experi-
ence from the observer’s point of view for insight and analysis of 
habitual patterns of emotions and behaviors. Indeed, evidence that 
mindfulness meditation training influences metacognitive aware-
ness has been reported in several studies [34,35]. Metacognitive 
awareness helps people with insomnia to become aware of their 
thoughts and experiences as and when they are trapped in a vi-
cious cycle of insomnia, which breaks the link to the next step. In 
fact, there are reports that MBI reduces rumination, which is com-
mon in patients with insomnia through metacognitive awareness 
[36]. 

Attention control is also a major psychological mechanism by 
which MBI affects insomnia. The development of attention is one 
of the key elements of mindfulness meditation training. A general 
guideline for meditation in line with the mindfulness meditation 
tradition is “Focus on your breathing in and out. Keep your atten-
tion without distracting. If you get distracted, quietly turn your at-
tention to your breath and start over [37].” Attention training im-
proves the ability to maintain nonjudgmental awareness of thought 
patterns, assumptions, and sensory perception. This awareness 

helps keep your thoughts and emotions away from being overly in-
tense. With mindfulness meditation, we train to sustain attention 
to your breathing and redirect your attention to our breathing as an 
anchor whenever our thoughts wander. This attention control is 
helpful in rumination, arousal, and selective attention/sleep moni-
toring processes in the vicious cycle of insomnia. 

The next psychological mechanism of MBI is the reduction of 
automatic thoughts and self-referential thinking. Automatic think-
ing begins unconsciously and is not easy to interfere with or pre-
vent. In other words, when consciousness cannot consciously at-
tract attention, the default mode network (DMN) starts involun-
tarily [38]. Objective perception of thinking through mindfulness 
meditation interprets thinking as ‘just thoughts’ and prevents un-
reasonable negative thinking from seeing as facts. Objective recog-
nition of these automatic thoughts through mindfulness medita-
tion is known as a major mechanism by which MBI reduces de-
pression, anxiety, and stress [39]. Parts of the DMN, especially cor-
tical midline structures (CMS), include the medial prefrontal cor-
tex, the anterior cingulate cortex, and the posterior medial cortices, 
which are automatic thinking [40,41]. It is known to play an im-
portant role in CMS, and it has been reported that decreased activ-
ity of CMS is associated with a decrease in automatic thinking. 
CMS is also involved in self-referential thinking, which is a type of 
automatic thinking known to be associated with mood and anxiety 
disorders. MBI weakens nonadaptive habitual self-view by affect-
ing the DMN area, especially CMS [16]. Reducing these negative 
and automatic thoughts through MBI can reduce negative, but ex-
tremely subjective, self-referencing thoughts that occur during in-
somnia. This helps to reduce primary and secondary arousal in the 
vicious cycle of insomnia. 

In addition, meditation is a training of acceptance. Acceptance is 
a nonjudgmental process, acknowledging and accepting the expe-
rience of the mind and body at the present moment as it is. The au-
tomatic reaction of the mind hates all pain and runs blindly. How-
ever, this autopilot reaction is more painful. In a way of life that ac-
cepts pain and can coexist, acknowledging reality and not escap-
ing, it becomes active approval, not passive defeat. One way to ac-
cept pain is through self-compassion. The concept of self-compas-
sion is related to mindfulness [42]. Self-compassion, defined by 
Neff [41], consists of three components. The first is self-kindness, 
which refers to an attitude that allows us to have a kind and under-
standing attitude to ourselves rather than being harsh and critical 
when we feel painful or inappropriate. The second is common hu-
manity, which is to perceive one’s own experience as part of a great-
er human experience than to see it as separating and isolating. The 
third is mindfulness, which refers to the ability to experience one’s 
painful emotions and thoughts with a balanced awareness rather 
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than overidentifying with them. As can be seen from the concept 
itself, mindfulness and self-compassion are very related, and one 
study reported the correlation between the total score on the 
mindfulness scale and the total score on the self-compassion scale 
[43]. In addition, studies have reported that changes in mindful-
ness can predict changes in self-compassion, and it has been ar-
gued that self-compassion partially mediates the relationship be-
tween mindfulness and well-being [44]. This acceptance relieves 
the pain of secondary arousal and continuous distorted and biased 
perceptions and thoughts that occur in insomnia. Increased accep-
tance of difficult thoughts, emotions, and physical sensations al-
lowed them to let go of their desire (and desperate behaviors) to 
make sleep happen. 

Evidence of mindfulness-based 
interventions for insomnia 

Many studies have been conducted to verify the effect of MBI on 
insomnia. Representatively, the RCT published in the 2015 JAMA 
was randomized into two groups for those with moderate sleep 
disorder (Pittsburgh Sleep Quality Index [PSQI] > 5) among 
adult subjects (mean ± standard deviation of age, 66.3 ± 7.4 years). 
A total of 49 patients were randomly assigned to the MBI or gener-
al sleep hygiene training for 6 weeks (2 hours per week), and par-
ticipants in the MBI group showed significant improvement in 
PSQI compared to those in the control group. The mean differ-
ence between groups was 1.8 (95% confidence interval, 0.6–2.9) 
and the effect size was 0.89. MBI showed significant improvement 
in secondary health outcomes of insomnia symptoms, depressive 
symptoms, fatigue disorder, and fatigue intensity compared to the 
control group (all p < 0.05). Nuclear factor kappa B (NF-κB) con-
centration decreased significantly with time in both groups 
(p < 0.05). No differences were observed between the groups for 
anxiety, stress, and NF-κB [5]. Studies that include more objective 
indicators as variables have also been reported accordingly. In one 
study, mindfulness-based stress reduction (MBSR) and drug treat-
ment groups were randomly assigned, and the Insomnia Severity 
Index (ISI), PSQI, sleep diaries, and wrist actigraphy were used as 
objective indicators. When comparing the results after 8 weeks 
with the baseline, sleep onset latency in the MBSR group de-
creased by 8.9 minutes (p < 0.05) [45]. In a 2015 study of breast 
cancer survivors, subjects were randomly assigned to the MBSR 
group and the usual care (UC) group, and objective variables, in-
cluding actigraphy, were measured. As a result, after 12 weeks of 
objective sleep variable, MBSR group had a more significant effect 
than control group in the following areas; sleep efficiency (78.2% 
of MBSR group vs. 74.6% of UC group, p = 0.04), percent of sleep 

time (81.0% of MBSR group vs. 77.4% of UC group, p = 0.02), and 
less number of waking bouts (93.5 in MBSR group vs. 118.6 in the 
UC group, p < 0.01) [46]. 

In a 2014 study, a randomized, partially blinded, and noninferi-
ority trial was conducted to determine whether MBSR was inferior 
to CBT-I for insomnia. This study was conducted in patients with 
insomniac cancer, and the evaluation was performed at baseline, 
immediately after the program, and after 3 months of follow-up. 
MBSR was inferior to CBT-I immediately after the program but 
showed noninferiority after follow-up (p = 0.02). Although CBT-I 
is associated with rapid and durable improvement and remains the 
best option for nonpharmacological treatment of insomnia, MBSR 
has brought about clinically significant changes in sleep and psy-
chological outcomes [47]. In another three-arm and single-site 
RCT, 54 subjects were placed in the MBSR group, mindful-
ness-based therapy for insomnia (MBTI) group, or an 8-week self- 
monitoring condition. Total wake time (TWT), Pre-Sleep Arousal 
Scale (PSAS), ISI, and objective sleep measurements were mea-
sured using laboratory polysomnography and wrist actigraphy. Sub-
jects who received MBI (MBSR or MBTI) were found to be superi-
or to the self-monitoring control group from baseline to postinter-
vention in TWT (43.75 vs. 1.09), PSAS (7.13 vs. 0.16), and ISI 
(4.56 vs. 0.06). There was no significant difference between the 
MBSR and MBTI. From baseline to 6-month follow-up, MBTI 
showed a greater reduction in ISI score than MBSR (p<0.05), with 
the largest difference at the 3-month follow-up. Remission and re-
sponse rates of MBTI and MBSR were maintained until 6 months 
follow-up, and MBTI showed the highest ratio of treatment remis-
sion (50%) and response (78.6%) at 6 months follow-up [48]. 

As these studies have increased recently, systematic reviews and 
meta-analysis results of these studies are also reported in literature. 
In the meta-analysis results of MBI insomnia published in 2020, 
participants in the MBI group showed a significant improvement 
in insomnia as measured by the PSQI (p < 0.00001) as compared 
to the control group. In this comprehensive meta-analysis, MBI ap-
pears to be effective in treating insomnia. However, the authors 
suggested that further research is needed to investigate the long-
term effects of MBI on insomnia [49]. 

Each study has used somewhat different techniques for MBI as a 
basis for insomnia. The MBI that has accumulated the most evi-
dence so far is MBSR, and in the case of mindfulness-based cogni-
tive therapy, subjective improvement is reported, but the most ob-
jective evidence is insufficient [50,51]. In the case of MBTI, which 
is a more specific technique for insomnia, recent studies are under-
way, and several significant results described above have been re-
ported accordingly. 
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Mindfulness-based approach to treatment 
of insomnia 

The mindfulness-based approach to insomnia incorporates key el-
ements of MBI. In order to quantitatively report the effect on in-
somnia, conventional MBIs such as MBSR have been widely used 
as research results. In recent years, evidence for MBTI specialized 
in insomnia has also been collected accordingly. If the core ele-
ments of mindfulness are properly included, basically, any form of 
intervention will help with insomnia. However, the therapists will 
need to be embodied in the MBI; they should have medical knowl-
edge, including that of sleep physiology. 

The goal of MBTI is to increase awareness of mental and physi-
cal conditions that cause chronic insomnia and to develop adaptive 
ways for these undesirable conditions [52]. The practice of medi-
tation, discussion, and daily monitoring of sleep and waking activi-
ty helps to enhance this awareness. Particular attention is paid to 
the mental and physical conditions of sleepiness and fatigue, and 
participants are taught to distinguish between these two condi-
tions. Using awareness as a platform, you are trained to respond to 
sleep disorders with mindfulness techniques instead of automati-
cally reacting by increasing effort to rest. Participants should avoid 
meditating to sleep at night. Instead, the meditations are used as a 
practice of cultivating awareness and mindfulness principles, not to 
be used as a relaxation strategy for falling asleep. It includes effec-
tively managing emotional responses to sleep disturbance and day-
time fatigue as well as reducing unwanted waking at night. As the 
program progresses, participants are taught to use mindfulness 
principles and behavioral strategies to work in these undesired con-
ditions. Specific behavioral changes (sleep restriction and stimulus 
control) are empirically supported techniques for insomnia that 
complement the mindfulness principle and should be treated to-
gether. MBTI consists of three major components: (1) start with 
activities in the form of formal mindfulness meditation, including 
one quiet meditation and one movement meditation; (2) discus-
sions are guided by MBTI leaders when participants are asked 
about their findings during meditation and their application to in-
somnia; and (3) the didactic period includes education about 
sleep and wake physiology and instructions for stimulus control 
and sleep restriction [52]. 

Conclusion 

Insomnia begins with the discomfort of sleep itself, but as it contin-
ues, patients fall into a vicious circle with negative thoughts related 
to sleep. As such, those who experience chronic insomnia fall into a 
vicious cycle of “increasing sleep worsens as the desire and effort to 

sleep increases” which in turn leads to a strong desire to get more 
sleep and avoid daytime fatigue. MBI corrects sequential cognitive 
and behavioral processes and can be a useful nonpharmaceutical 
intervention for insomnia. In many studies, MBI for insomnia has 
been proven with stability and efficacy. 
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Introduction 

In modern society, sports activities play an important role in the 
lives of many people. With an increasing number of people partic-
ipating in dynamic sports activities, avulsion injuries are becom-
ing more prevalent. Skeletally immature athletes are at particular 
risk for injuries at the apophysis, as it is weaker than the attached 
muscle-tendon unit. Certain types of avulsion fractures are seen 

more frequently in elderly or osteoporotic patients [1,2]. There 
are two distinct types of avulsion injuries: acute and chronic. 
Acute avulsion injuries result from sudden, forceful, or unbal-
anced contraction of the musculotendinous unit [1]. In contrast, 
chronic injuries are due to repetitive submaximal force, which 
may result in minimal displacement or widening of the physis [1]. 
In acute injuries, athletes experience sudden, shooting pain, swell-
ing, and local tenderness. A clear history is available in most cases 
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Avulsion injuries result from the application of a tensile force to a musculoskeletal unit or liga-
ment. Although injuries tend to occur more commonly in skeletally immature populations due to 
the weakness of their apophysis, adults may also be subject to avulsion fractures, particularly 
those with osteoporotic bones. The most common sites of avulsion injuries in adolescents and 
children are apophyses of the pelvis and knee. In adults, avulsion injuries commonly occur within 
the tendon due to underlying degeneration or tendinosis. However, any location can be involved 
in avulsion injuries. Radiography is the first imaging modality to diagnose avulsion injury, al-
though advanced imaging modalities are occasionally required to identify subtle lesions or to ful-
ly delineate the extent of the injury. Ultrasonography has a high spatial resolution with a dynam-
ic assessment potential and allows the comparison of a bone avulsion with the opposite side. 
Computed tomography is more sensitive for depicting a tiny osseous fragment located adjacent 
to the expected attachment site of a ligament, tendon, or capsule. Moreover, magnetic resonance 
imaging is the best imaging modality for the evaluation of soft tissue abnormalities, especially 
the affected muscles, tendons, and ligaments. Acute avulsion injuries usually manifest as avulsed 
bone fragments. In contrast, chronic injuries can easily mimic other disease processes, such as in-
fections or neoplasms. Therefore, recognizing the vulnerable sites and characteristic imaging fea-
tures of avulsion fractures would be helpful in ensuring accurate diagnosis and appropriate pa-
tient management. To this end, familiarity with musculoskeletal anatomy and mechanism of in-
jury is necessary. 
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of apophyseal injuries. The diagnosis is easily confirmed on the 
basis of physical findings, symptoms, patient’s age, biomechanical 
analysis of the injury, and radiography. However, patients with 
chronic overuse injuries usually present with a gradual onset of 
pain and have no clear history of trauma. Radiographs may also 
show normal findings, which confounds the diagnosis. In addi-
tion, posttraumatic bone changes may resemble other disease 
conditions, such as inflammation or neoplasm [3,4]. Therefore, 
imaging plays an important role in detecting and understanding 
avulsion fractures. Computed tomography (CT) is helpful for de-
tecting tiny avulsed bone fragments in cases showing inadequate 
or equivocal radiographic findings [4]. Ultrasonography (US) 
with a high-frequency transducer has the advantages of no expo-
sure to radiation, early detection even without an ossification cen-
ter, and the possibility of dynamic examination [5]. However, the 
usefulness of US is limited in cases showing artifacts or lesions in 
a deep location. Magnetic resonance imaging (MRI) is the best 
modality for evaluating edematous changes in bone and soft tissue 
that help radiologists detect the affected muscles, tendons, liga-
ments, and associated bony lesions [3,4]. 

To avoid performing excessive imaging and biopsies or making 
incorrect diagnoses, anatomical knowledge and understanding of 
the pathophysiology of avulsion injuries are important. In this re-
view, we summarize and illustrate the musculoskeletal anatomy 
and the radiographic, US, CT, and MRI features of avulsion inju-
ries in the whole body, including the lower extremity (e.g., pelvis 
and femur, knee, ankle, and foot) and upper extremity (e.g., shoul-
der, elbow, and hand) (Fig. 1). 

Pelvis and femur avulsion injuries 

Acute avulsion injuries of the pelvis and femur are divided into 
two groups based on the mechanism underlying the injury. The 
most common injury mechanism is an abrupt, strong concentric 
or eccentric contraction of a large muscle that occurs during an at-
tempt to accelerate or decelerate the body mass [6-8]. The second 
mechanism is abrupt immoderate passive lengthening, which can 
cause ischial avulsion in dancers or cheerleaders and can occur in 
individuals performing anteroposterior stretching or “the splits” 
without external force [6,8]. Apophyseal avulsion injuries of the 
hip and pelvis usually occur in adolescent athletes and can occur 
in athletes as late as their mid-20s [6]. The apophyseal physis usu-
ally fuses later than the physes of long bones [8]. 

In the largest study evaluating these injuries, Rossi and Dragoni 
[9] found that the most common locations were the ischial tuber-
osity (54%), the anterior inferior iliac spine (AIIS) (22%), the an-
terior superior iliac spine (ASIS) (19%), the superior corner of 

the pubic symphysis (3%), and the iliac crest (1%). Common 
avulsion injuries of the femur occur at the greater and lesser tro-
chanters (Fig. 1). 

1. Ischial tuberosity avulsion fracture 
The ischial tuberosity is the insertion site of the adductor muscle 
and hamstring muscle group, which is composed of the semi-
membranosus, biceps femoris, and semitendinosus. A forceful 
pull on these muscles before the apophysis is closed leads to the 
avulsion of the open ischial apophysis [8]. An avulsion injury is 
caused by extreme contraction of the hamstring muscles during 
high-speed running, for example, during sprinting, or when 
stretching is performed at an extreme joint position, for example, 
during water skiing or playing American football [10]. Patients 
present with extensive buttock pain, ecchymosis, swelling, bruis-
ing in the thigh, and decreased hamstring strength. In the acute 
phase, ischial epiphysiolysis presents as a non-displaced avulsion 
on a radiograph, which appears as a curved, well-demarcated bone 
fragment adjacent to its origin [1]. US, CT, and MRI can be useful 
for diagnosis if radiographs are normal or subtle. MRI is the most 
accurate imaging tool for diagnosis, especially for identifying 
non-displaced or minimally displaced avulsion [1,3]. On MRI, 
acute avulsion injuries appear as focal fluid signal intensity inter-
vening between the tendon edge and the ischial tuberosity (Fig. 
2). Fluid collection and soft tissue edema are often observed at 
the site of injury [3,11]. Chronic avulsion injuries often result in 
prominent heterotopic bone formation or callus formation, which 
mimics osteomyelitis or Ewing sarcoma [1,8]. In such cases, CT 
may be helpful for the diagnosis [12]. Acute avulsion injuries with 
a displacement of < 15 mm tend to respond well to conservative 
treatment. Early surgical intervention can be considered for inju-
ries with significant displacement ( > 15 mm) [13,14]. 

2. Anterior superior iliac spine and anterior inferior iliac 
spine avulsion fractures 
Other commonly involved avulsion sites in the pelvis are the ASIS 
and the AIIS. The ASIS is the attachment site of the sartorius and 
tensor fascia lata, while the AIIS is the origin of the straight head 
of the rectus femoris. Avulsion injuries of the ASIS and AIIS are 
commonly believed to result from forceful extension of the hip 
and flexion of the knee during sports activities, especially during 
the kicking phase of soccer or rugby and the starting phase of run-
ning or jumping [15,16]. Direct trauma or chronic traction rarely 
causes avulsion injuries. Most patients report acute pain in the ili-
ac region and sometimes show a palpable bony fragment in these 
regions. Radiographs usually show avulsion fractures of the 
apophysis involved. However, radiographic findings for non-ossi-
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Fig. 1. The diagram shows the vulnerable sites for avulsion injuries in the body. ASIS, anterior superior iliac spine; AIIS, anterior inferior 
iliac spine; ACL, anterior cruciate ligament; LCL, lateral collateral ligament. Provided by Inje University Busan Paik Hospital.
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fied apophysis can be occult and confusing due to skeletal imma-
turity. In this case, CT and US can depict a small bone fragment, 
and MRI can show edema of the affected bone and muscles and 
fluid collection around the avulsed site (Figs. 3, 4) [17]. The treat-
ment of avulsion injuries of the iliac spine is usually conservative 
and has a relatively shorter recovery time compared to injuries of 
the ischial tuberosity. However, surgical treatment has been advo-
cated for patients with the displacement of the avulsed fragment 
> 2 cm, continued pain following nonunion, or impingement 
syndrome [14,18]. 

3. Iliac crest avulsion fracture 
Avulsion injury of the iliac crest is uncommon and results from 
the sudden contraction of the abdominal muscles, including the 
external and internal abdominal oblique, transverse abdominis, 
gluteus medius, and tensor fascia latae muscles [15]. The iliac 
crest apophysis remains cartilaginous until adolescence; the fu-
sion of the ossified apophysis to the iliac bone begins at approxi-

mately 15 years of age [19], increasing the vulnerability to overuse 
and acute and chronic trauma. Clinical examination reveals pain, 
point tenderness, and swelling along the iliac crest. Asymmetry 
and apophyseal widening ( > 2 mm) of the iliac crest is a radio-
graphic indication of avulsion injury [19]. Segmentation of the 
apophysis, which is a developmental variant, should not be mis-
taken for an avulsion of the apophysis. Comparison with the con-

Fig. 2. Avulsion of the ischial tuberosity in a 16-year-old soccer 
player with pain for 1 month in the left gluteal region. (A) The 
anteroposterior radiograph of the pelvis reveals small bone 
fragments (arrow) around the left ischial tuberosity, which has 
a cortical irregularity (arrowhead). (B) The coronal T2-weighted 
magnetic resonance image with fat saturation shows bone marrow 
edema at the widened apophysis of the left ischial tuberosity 
(arrow). Provided by Inje University Busan Paik Hospital.

Fig. 3. Avulsion of the anterior superior iliac spine (ASIS) in a 
17-year-old soccer player with pain for 2 weeks in the right hip. 
(A) The anteroposterior radiograph and (B) the three-dimensional 
volume-rendered image of the pelvis show an avulsion fracture 
of the ASIS (arrows). The bone fragment is sharply defined 
and displaced inferiorly. Provided by Inje University Busan Paik 
Hospital.
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tralateral side might be helpful in differentiating the segmentation 
of the apophysis from avulsion. However, iliac crest avulsion is 
sometimes bilateral, which may cause problems in making an ac-
curate diagnosis. In such cases, MRI may be helpful. MRI demon-
strates displacement of the apophysis with fluid-like signal intensi-
ty in the disrupted physis of the iliac crest and adjacent soft tissue 
edema (Fig. 5) [3]. Relatively good clinical outcomes are achieved 
by conservative treatment alone. Surgical treatment can be per-
formed in cases with a fragment displacement of > 3 cm or per-
sistent symptoms [15,20]. 

A B C

Fig. 4. Avulsion of the anterior inferior iliac spine (AIIS) in a 27-year-old sprinter with pain for 2 days in the right hip. (A) The 
anteroposterior radiograph of the pelvis and (B) the three-dimensional volume-rendered image show an avulsion fracture of the AIIS 
(arrows). The bone fragment is sharply defined and displaced inferiorly. (C) The sagittal T2-weighted magnetic resonance image with fat 
saturation reveals a high signal intensity (arrow) around the proximal rectus femoris tendon (arrowhead) and bone marrow edema of the 
AIIS (asterisk). Provided by Inje University Busan Paik Hospital.

4. Pubic symphysis avulsion fracture 
The symphysis pubis and inferior pubic ramus are the origins of 
the adductor longus, adductor brevis, and gracilis muscles. Inju-
ries in this region are secondary to chronic repetitive microtrauma 
with excessive twisting and turning movements of the body and 
commonly occur in those involved in soccer, ice hockey, fencing, 
and tennis [1,3]. However, it may also occur acutely, such as when 
two soccer players kick the ball simultaneously [1]. The most sen-
sitive imaging modality for these lesions is MRI because these in-
juries do not often result in a displaced fragment but rather pres-
ent as a soft tissue injury [3,15]. There are no specific treatment 
guidelines for pubic symphysis avulsions. However, conservative 

Fig. 5. Avulsion of the iliac crest in a 15-year-old soccer player with pain in the left buttock for 1 year. (A) The anteroposterior radiograph 
of the pelvis reveals mild widening of the left iliac apophysis (arrows). Normal fragmentation is seen on the right iliac crest (arrowhead). 
(B) The coronal T2-weighted magnetic resonance image with fat saturation shows an avulsed apophysis (arrow) and edema at the left 
abdominis muscles, psoas, and gluteus minimus muscles (arrowheads). Provided by Inje University Busan Paik Hospital.
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treatment may be a safe option and may be superior to surgical 
treatment [21,22].  

5. Femur avulsion fracture  
Avulsion injuries of the greater or lesser trochanter are less com-
mon than pelvic avulsion injuries; however, these lesions cause 
substantial pain and dysfunction. The greater and lesser trochan-
ters are the insertion sites for the hip rotators and iliopsoas mus-
cles, respectively. Avulsion injuries of the greater trochanter may 
occur following forced external rotation of the leg with contrac-
tion of the gluteus medius and gluteus minimus muscles. Frac-
tures of the greater trochanter can lead to osteonecrosis of the 
femoral head [1,23]. In adults, isolated fractures of the lesser tro-
chanter without a history of trauma are usually secondary to met-
astatic disease. However, avulsion injuries in children and adoles-
cents may occur in sprinters or jumpers during forceful contrac-
tion of the iliopsoas tendon with hip flexion [24,25]. On plain ra-
diography, avulsed bone fragments are seen displaced from their 
origin in many patients (Fig. 6). A confusing radiograph of pa-
tients with an uncertain clinical history sometimes requires an ad-
ditional MRI to evaluate the muscles, ligaments, and underlying 
lesions of the femur (e.g., metastatic nodules). Conservative treat-
ment of the lesser trochanter avulsion shows excellent results in 
most cases [25]. However, there is no consensus on the best treat-
ment for avulsion injury of the greater trochanter [26]. 

Fig. 6. Avulsion of the greater trochanter in a 53-year-old 
woman with pain in the right hip for 1 day after a car accident. 
(A) The anteroposterior radiograph of the right hip faintly shows 
a small bone fragment (arrow) around the greater trochanter. 
(B) The coronal computed tomography image shows an avulsion 
fracture of the right greater trochanter (arrow) of the femur. 
The small bone fragment without displacement is well defined. 
Provided by Inje University Busan Paik Hospital.

6. Thigh splints 
Adductor insertion avulsion syndrome or thigh splints are 
stress-related avulsion injuries that occur at the insertion of the 
adductor muscles of the proximal medial diaphysis of the femur. 
Radiographs may be normal in the early stage but may later show 
a periosteal reaction along the posteromedial cortex of the femoral 
shaft and possible stress fracture [27,28]. MRI of these lesions 
presents with periosteal edema and abnormal signal intensity in 
the medullary cavity or cortex (Fig. 7). These findings can easily 
be misinterpreted as osteomyelitis or malignant neoplasms, such 
as Ewing’s sarcoma or osteosarcoma. The absence of bone de-
struction and soft tissue mass helps to rule out these conditions 
[28,29]. In addition, the clinical history, location, and symptoms 
are important in differentiating avulsion injuries from other 
pathologic conditions. These injuries usually respond relatively 
quickly to rest for 1–2 months [28]. 

Knee avulsion injuries 

The knee joint is another common site of avulsion injury. The 
knee joint is a complex joint composed of numerous tendinous, 
ligamentous, and meniscal attachments that are vulnerable to 
trauma. A variety of avulsion fractures of the knee can occur, in-
cluding Segond and reverse Segond fractures, avulsions of the an-
terior and posterior cruciate ligaments, arcuate complex avulsion, 
iliotibial band avulsion, avulsions of the biceps femoris, semi-
membranosus, and quadriceps tendons, Sinding-Larsen-Johans-
son syndrome, and Osgood-Schlatter disease [30]. Complex knee 
injuries result from multiple forces such as varus force, valgus 
force, hyperextension, hyperflexion, internal rotation, external ro-
tation, anterior or posterior translation, and axial load [31]. 

1. Segond fracture 
Segond fracture was classically described as a cortical avulsion of 
the lateral capsular ligament at the anterolateral proximal tibia. 
This injury occurs following excessive tension to the lateral capsu-
lar ligament due to varus stress on the partially flexed and internal-
ly rotated knee [32,33]. Previous descriptions of this ligament in-
clude different nomenclatures such as the lateral capsular ligament 
[32,33], the anterior oblique band of the fibular collateral liga-
ment [34], and the capsule-osseous layer of the iliotibial tract 
[35]. Recent studies described this structure as a distinct liga-
ment, called “anterolateral ligament” [36,37], but there is no con-
sensus in the terminology of the anterolateral capsular structure. 
This injury is commonly associated with anterior cruciate liga-
ment (ACL) tears in the adult population [34,38]. However, in 
skeletally immature patients, the association between Segond 
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fracture and ACL tear may not be definitive [39]. The mechanism 
of this injury results from varus stress on the partially flexed and 
internally rotated knee [30]. These injuries are important because  
they may be the only radiologic clue to more serious underlying 
ligamentous injuries, which vary from an ACL tear to avulsion of 
the fibular collateral ligament or tibiofibular joint sprains [37,38]. 
The clinical manifestation of this injury is pain at the lateral joint 
line with anterolateral instability. The radiograph shows an elliptic 
bone fragment parallel to the tibia, just below the lateral tibial pla-
teau. In equivocal radiographs, CT more easily shows bone frag-
ments. MRI is generally not required but should be performed to 
evaluate the associated ligaments and meniscal tears (Fig. 8) 
[38,40]. The treatment of this injury is based on the severity of 
the associated ACL and meniscal injuries. 

2. Anterior cruciate ligament avulsion fracture 
Tibial eminence is the insertion site of the ACL. Although most 
ACL injuries involve the mid-substance of the ligament, avul-
sion injury at the tibial insertion site of the ACL rarely occurs 
and is more common in children than in adults [41]. The clini-
cal manifestations of this injury are pain, flexed knee, and signs 
of anterior instability [42]. In the pediatric population, this inju-
ry commonly occurs with forced flexion of the knee and internal 
rotation of the tibia. On the other hand, in the adult population, 
this injury results from forced knee extensions that commonly 
occur in motor vehicle collisions. This injury in the adult popu-
lation is more frequently associated with medial collateral liga-

ment (MCL) injury, posterior cruciate ligament injury, and at-
tached bone contusion [43]. On plain radiographs, an avulsed 
bone fragment can be detected. However, sometimes the bony 
fragment is small, which makes visualization difficult. In these 
circumstances, CT and MRI can be helpful for detecting bony 

Fig. 7. Adductor insertion avulsion syndrome in a 19-year-old ballet dancer with pain in the right thigh for 3 weeks. (A) The 
anteroposterior radiograph and (B) the axial computed tomography image of the femur show periosteal reaction (arrow) at the proximal 
medial diaphysis of the femur. (C) The coronal T2-weighted magnetic resonance image with fat saturation shows bone marrow edema 
(arrow) and periosteal reaction (arrowhead) at the medial diaphysis of the proximal femur, which is the attachment site for the adductor 
longus. Provided by Inje University Busan Paik Hospital.

Fig. 8. A Segond fracture in a 67-year-old woman who sustained 
a rotational injury to the knee. (A) The anteroposterior radiograph 
of the knee shows an elliptic bone fragment (arrow) arising from 
the lateral tibial plateau. (B) The coronal T2-weighted magnetic 
resonance image with fat saturation shows a tiny bone fragment 
(arrow), which represents an avulsion of the lateral capsular 
ligament. Marrow edema along the lateral tibial rim (arrowhead) 
is also present. Provided by Inje University Busan Paik Hospital.
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fragments. Moreover, MRI is useful for assessing associated in-
juries and ACL status (Fig. 9). Injuries with minimally displaced 
bone fragments are treated conservatively, whereas injuries with 
markedly displaced bone fragments require surgical treatment 
(i.e., internal fixation) [44]. 

3. Arcuate complex avulsion fracture 
The arcuate complex and posterolateral aspects of the knee have 
recently gained attention owing to their complex anatomy and 
clinical relevance. The arcuate complex primarily consists of the 
fabellofibular ligament, popliteofibular ligament (i.e., the fibular 
origin of the popliteus muscle), and the arcuate ligament [33]. 
The mechanisms of this injury involve forceful direct trauma to 
the anteromedial tibia with knee extension and varus force to the 
externally rotated tibia [45]. Clinical manifestations (e.g., swelling 
and posterior subluxation of the tibia) of this injury are subtle. 
This makes determining a diagnosis difficult. On plain radio-
graphs, the avulsed bone fragment has a characteristic elliptical 
appearance arising from the fibular styloid process (i.e., the attach-
ment site for the arcuate complex) and horizontal orientation of 
its long axis on the anteroposterior radiograph of the knee. This is 
called the “arcuate sign”. The avulsion may not be conspicuous on 
a lateral radiograph because of its superimposition on the cortex 
of the posterior tibial plateau [46]. On MRI, the origin of the 
bone fragment and associated edema at the fibular head and con-
tiguous soft tissue can be helpful signs for diagnosing this injury 

(Fig. 10) [46,47]. 
Arcuate complex injuries are commonly associated with dam-

age to other stabilizing structures of the knee and peroneal nerve. 
Other conditions encountered in the differential diagnosis of 
these injuries include injury of the lateral collateral ligament and 
tendon of the long head of the biceps femoris muscles that are at-
tached to the lateral margin of the fibular head [30,45]. In patients 
with acute injuries, the primary repair is usually performed by re-
pairing all injured structures [33]. 

4. Iliotibial band avulsion fracture 
The iliotibial band is a complex composed of the tendon of the 
tensor fascia lata and the deep and superficial fibers of the fascia 
lata that provide anterolateral stabilization of the knee. The super-
ficial layer is the chief tendinous component that inserts into the 
Gerdy’s tubercle on the anterior lateral tibia, and the deep layer in-
serts into the intermuscular septum of the distal femur [33]. This 
injury only results from a varus force, which is a rare injury mech-
anism. Isolated tears of the iliotibial band are uncommon [31]. 
Avulsion fractures of the iliotibial band are usually associated with 
ACL injuries and patellar dislocations. MRI of this injury shows 
avulsion with retraction of the iliotibial band from its tibial donor 
site, the Gerdy’s tubercle, and waviness of the torn fibers (Fig. 11) 
[48]. A wider injury pattern in patients frequently requires repair 
of the ruptured iliotibial band [33]. 

Fig. 9. Avulsion of the tibial eminence in a 45-year-old woman with acute pain and anterior instability of the knee. (A) The oblique 
radiograph and (B) the coronal computed tomography image of the knee show a bone fragment (arrow) that arises from the attachment 
site for the anterior cruciate ligament (ACL). (C) The sagittal fast spin-echo proton density-weighted magnetic resonance image with 
fat saturation reveals a bone fragment avulsed from the tibia with an intact ACL and adjacent marrow edema (arrow). Provided by Inje 
University Busan Paik Hospital.
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5. Patellar tendon avulsion fracture 

1) Proximal patellar tendon avulsion fracture 
Avulsion injuries of the inferior pole of the patella and the proxi-
mal patellar tendon include a wide spectrum that consists of 
“jumper’s knee,” patellar sleeve avulsion, and Sinding-Larsen-Jo-
hansson syndrome. The inferior pole of the patella is the origin of 
the patellar tendon, which inserts into the tibial tuberosity [30]. 
These injuries result from excessive quadriceps contraction 
against resistance, which can occur in basketball, volleyball, and 
football. “Jumper’s knee” is the thickening of the patellar tendon 
but without demonstrable avulsion or tear. Patellar sleeve avulsion 
is an injury to the cartilaginous portion of the inferior pole of the 
patella, whereas Sinding-Larsen-Johansson syndrome is a pure os-
seous injury without cartilaginous injury (Fig. 12). On plain ra-
diographs, these injuries appear similar to small bone fragments at 
the inferior pole of the patella. To differentiate between the two 
entities, MRI is required that reveals extensive cartilaginous or 
pure osseous injury at the inferior pole of the patella [49]. Treat-
ments for displaced patellar sleeve avulsion include open reduc-
tion and internal fixation with reconstruction of the extensor ap-
paratus, whereas minimally displaced fractures in Sinding-Lars-
en-Johansson syndrome are usually treated conservatively [49, 
50]. 

Fig. 10. Avulsion of the arcuate complex in a 36-year-old man who had a car accident. (A) The anteroposterior radiograph of the knee 
shows two small bone fragments (arrows) arising from the fibular head. Another elliptic bone fragment (arrowhead) arises from the 
medial tibial plateau, which represents an avulsion of the deep capsular component of the medial collateral ligament (reverse Segond 
fracture). (B) The three-dimensional volume-rendered computed tomography image shows two combined avulsion fractures of the 
arcuate complex (arrow) and the conjoined tendon of the lateral collateral ligament and the long head of the biceps femoris (arrowhead). 
The right proximal tibia has a fracture. (C) The coronal T1-weighted magnetic resonance image shows the avulsion of the arcuate 
complex (arrow) from the styloid process of the fibular head (the arcuate sign). Irregularity of the donor site from the fibular head is also 
seen (arrowhead). Provided by Inje University Busan Paik Hospital.
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Fig. 11. Avulsion of the iliotibial band in a 40-year-old man who 
had a car accident. The coronal T1-weighted magnetic resonance 
image shows a bone fragment (white arrow) at the anterolateral 
aspect of the lateral tibial plateau, which is the attachment site 
for the iliotibial tract (arrowheads). Irregularity of the donor site 
from the lateral tibial cortex is also seen (black arrow). Provided 
by Inje University Busan Paik Hospital.
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2) Distal patellar tendon avulsion fracture 
The tibial tubercle is the insertion site of the patellar tendon. Avul-
sion injuries of the tibial tubercle are infrequent fractures that 
affect physically active adolescents. Injuries are associated with 
active extension of the knee and excessive contraction of the 
quadriceps muscles during jumping sports. Osgood-Schlatter 
disease may predispose to avulsion fracture of the tibial tubercle 
[51]. Diagnosis is primarily based on conventional radiography. 
Oblique radiographs of the proximal tibia and CT are useful for 
better recognition of the tubercle and fracture pattern [51,52]. 
MRI is helpful for assessing associated meniscal and ligament 
injuries. 

Osgood-Schlatter disease is a traction apophysitis that results 
from repetitive microtrauma and traction on the tibial tubercle by 
the patellar tendon. The entity frequently occurs in active male 
adolescents who participate in sports that require jumping, squat-
ting, and kicking [30]. On plain radiographs, bony fragments of 
the tibial tubercle and soft tissue swelling of the anterior aspect of 
the knee can be detected. Fragmentation of the tibial tubercle 
alone can mimic normal ossification centers in patients; therefore, 
MRI is required [53]. MRI can be helpful for confirming this di-
agnosis, which includes thickening of the infrapatellar tendon, 
soft-tissue swelling, obliteration of the inferior angle of the infra-
patellar fat pad, and bony edema at the proximal tibia contiguous 
to the tibial tubercle (Fig. 13) [54]. The condition is self-limiting, 
and complete recovery is usually expected with the closure of the 
tibial growth plate [54,55]. 

Ankle and foot avulsion injuries 

1. Fifth metatarsal base avulsion fracture 
An avulsion fracture of the fifth metatarsal base is a common low-
er extremity fracture. A forceful pull on the strong structures 
formed by the short peroneal muscle tendon while applying plan-
tar flexion and ankle inversion on the foot (e.g., unstable landing 
after jumping or inverted ankle during running) is an important 
factor in this type of fracture [56]. Some authors have suggested 
that lateral slip of the plantar fascia is the most important structure 
involved in this injury [57]. It is important to differentiate this 
fracture from a Jones fracture, which is a transverse fracture 
through the junction of the diaphysis and metaphysis without dis-
tal extension into the intermetatarsal articulation, and a diaphyseal 
stress fracture, which occurs within the proximal 1.5 cm of the 
fifth metadiaphyseal junction because the treatment plan and 
prognosis for these conditions are different (Fig. 14) [58]. It has 
been traditionally believed that a Jones fracture and diaphyseal 
stress may require aggressive treatment. A recent review recom-
mends that an avulsion fracture of the fifth metatarsal base and a 
Jones fracture should be treated functionally, but diaphyseal stress 
seems to benefit from early intramedullary screw fixation [59,60]. 

2. Achilles tendon avulsion fracture 
An avulsion fracture of the calcaneal tuberosity is a rare fracture 
that occurs at the posterosuperior aspect of the calcaneus because 
of a pull on the Achilles tendon. This injury can occur in patients 
with osteoporosis and neuropathic disorders (e.g., diabetes melli-
tus) or can occur due to trauma that causes dorsiflexion of the 
foot [61]. There are four types of calcaneal avulsion fractures: 

Fig. 12. Sinding-Larsen-Johansson syndrome in a 10-year-old 
boy with chronic knee pain. (A) The lateral radiograph of the knee 
shows a small bone fragment (arrow) at the inferior pole of the 
patella. (B) The sagittal T2-weighted magnetic resonance image 
with fat saturation reveals mild edema at the inferior pole of the 
patella (arrow). Provided by Inje University Busan Paik Hospital.

A B
Fig. 13. Osgood-Schlatter disease in a 12-year-old boy with pain 
in the anterior knee for 3 years, who had jumped frequently. (A) 
The lateral radiograph of the knee shows several bone fragments 
(arrow) adjacent to the tibial tuberosity. (B) The sagittal T2-
weighted magnetic resonance image with fat saturation reveals 
several bone fragments with adjacent edema (arrow) around the 
tibial tuberosity. Provided by Inje University Busan Paik Hospital.
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tween superficial and deep fibers of the tendon. Type I fractures 
are insufficiency fractures that usually occur as a result of minor 
trauma such as tripping in elderly patients with osteoporosis. 
These fractures displace the avulsed fragment superiorly (Fig. 15). 
However, type III and IV fractures mainly occur in younger pa-
tients with severe trauma, such as falling down [62,63]. Treatment 
options depend on fracture type. Patients with type II fractures 
are at risk of severe wound complications, such as skin necrosis. 
Therefore, careful examination of the posterior skin of the heel 
and urgent reduction with fixation are required if the skin is tented 
or appears blanched [62]. 

3. Talar anterior capsular avulsion fracture 
Fractures of the talus are generally believed to be relatively un-
common. However, these fractures are the second most common 
fracture of the tarsal bone. Improved recognition has resulted in 
an increased number of talar process fractures being diagnosed 
[64]. Anterior capsular avulsion occurs in basketball players and is 
a chronic injury caused by microtrauma [1]. A lateral radiograph 
easily shows a bony protuberance in the concavity of the dorsal 
talus, corresponding to a cortical avulsion of the broad insertion 
of the talonavicular joint capsule (Fig. 16). 

4. Superior peroneal retinacular avulsion fracture 
The superior peroneal retinaculum constitutes the posterolater-
al border of the peroneal tunnel, thus preventing the displace-
ment of the peroneal tendons [65]. Sudden dorsiflexion of the 

Fig. 14. Avulsion fracture of the fifth metatarsal base in a 16-year-
old girl with midfoot pain for 1 day. (A) The oblique radiograph of 
the foot and (B) the three-dimensional volume-rendered computed 
tomography image show a non-displaced avulsion fracture (arrow) 
at the tuberosity of the fifth metatarsal base. Provided by Inje 
University Busan Paik Hospital.
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Fig. 15. Avulsion of the calcaneal tuberosity in a 44-year-old woman with diabetes mellitus. (A) The sagittal computed tomography 
image of the ankle shows an avulsion fracture of the calcaneal tuberosity (arrow), which is the attachment site of the Achilles tendon 
(arrowheads). The bone fragment is sharply defined and displaced superiorly. The donor site of the calcaneus is also irregular (open 
arrow). (B) The longitudinal ultrasonography image of the ankle in the prone position depicts a bone fragment (arrow) arising from the 
calcaneus (asterisk) with mild cephalad displacement. A retracted Achilles tendon (arrowheads) is also seen. Provided by Inje University 
Busan Paik Hospital.

A B

type I, simple extra-articular avulsion fracture; type II, “beak” 
fracture with an oblique fracture line running posterior; type III, 
infrabursal avulsion fracture involving superficial fibers of the 
Achilles tendon; type IV, small beak fracture involving the deep fi-
bers of the Achilles tendon [62]. MRI may be helpful for confir-
mation of type III and IV fractures because it can discriminate be-

299https://doi.org/10.12701/yujm.2021.01102

Yeungnam Univ J Med 2021;38(4):289-307



Fig. 16. Anterior capsular avulsion of the ankle in a 45-year-
old man with chronic pain in the proximal anterior foot. (A) The 
lateral radiograph of the ankle and (B) the sagittal computed 
tomography image show an elliptic tiny bone fragment (arrow) 
adjacent to the anterior talus, which is the attachment site of 
the joint capsule. Another avulsion fracture of the navicular 
bone (arrowhead) is present where the talonavicular ligament is 
attached. Provided by Inje University Busan Paik Hospital.

A

B

foot occurring simultaneously with violent contraction of the 
peroneal muscles can cause a distal fibular avulsion fracture at 
the attachment of the retinaculum to the lateral malleolus. Ra-
diographs and CT imaging can reveal small linear bony frag-
ments along the lateral margin of the distal fibula. MRI can de-
pict bony fragments and bone marrow edema, as well as sublux-
ation or dislocation of the peroneal tendons (Fig. 17). Nonoper-
ative plaster immobilization is initially attempted; however, sur-
gery may be required for patients with painful, chronic, or unsta-
ble dislocations [66].  

A B

Fig. 17. Avulsion of the superior peroneal retinaculum in a 
27-year-old man with left ankle pain for 3 days, after spraining 
the ankle during skiing. (A) The axial computed tomography 
image shows a linear bone fragment (arrow) arising from the 
lateral margin of the distal fibula. There is soft tissue density 
between the bone fragment and the lateral malleolus. The 
normal peroneal tendons are not visible in the retromalleolar 
groove. (B) The axial T2-weighted magnetic resonance image 
with fat saturation reveals that the peroneus brevis (arrow) and 
longus (arrowhead) tendons are lateral to the lateral margin of 
the fibula, which represents the complete rupture of the superior 
peroneal retinaculum. Bone marrow edema of the lateral aspect 
of the distal fibula (open arrow) is also present. Provided by Inje 
University Busan Paik Hospital.

Shoulder avulsion injuries  

1. Greater tuberosity avulsion fracture 
Isolated humeral avulsion fractures are rare in the greater tuber-
osity, which is the attachment site of rotator cuff muscles such as 
the supraspinatus, infraspinatus, and teres minor tendons. This 
injury can occur as a result of an extreme pull on the external ro-
tators, after the abduction and external rotation of the arm, after 
a direct blow to the lateral aspect of the shoulder, after a fall on 
an outstretched hand with the elbow in full extension or flexion, 
or after a seizure [67]. The differential diagnosis of this injury is 
crucial but difficult. Patients with this injury present with de-
creased abduction strength that mimics rotator cuff injury, 
which requires prompt surgical repair. However, non-displaced 
avulsion injuries of the greater tuberosity tend to respond well 
to conservative treatments, such as immobilization. On plain ra-
diographs, these fractures may be challenging to identify be-
cause of osseous overlap. Additional anteroposterior views with 
internal and external rotation can provide more details regarding 
a fracture of the greater tuberosity and help identify an occult 
non-displaced surgical neck fracture [68]. US can be helpful in 
detecting cortical step-off, which indicates avulsion injury of the 
greater tuberosity [1]. In patients with clinically suspected rotator 
cuff injuries, MRI can occasionally show edema at the greater tu-
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Fig. 18. An avulsion fracture of the greater tuberosity in a 
30-year-old man who experienced shoulder pain after falling. (A) 
The anteroposterior radiograph of the shoulder shows an avulsion 
fracture of the greater tuberosity (arrow). (B) The coronal T2-
weighted magnetic resonance image with fat saturation reveals 
marrow edema of the greater tuberosity (arrow). The rotator cuff 
is intact. Provided by Inje University Busan Paik Hospital.

berosity with occult non-displaced avulsion fractures (Fig 18); 
MRI can also distinguish rotator cuff injuries from articular inju-
ries. 

2. Lesser tuberosity avulsion fracture 
Isolated avulsion fracture of the lesser tuberosity is an uncommon 
injury that may cause significant disability if not diagnosed appro-
priately. The lesser tuberosity is the attachment site of the sub-
scapularis muscle and tendon. Forceful contraction of the sub-
scapularis muscle to resist abduction and external rotation of the 
shoulder, and the resultant strong traction force avulses the lesser 
tuberosity. The most common cause of injury is muscular vio-
lence, but a sudden involuntary contraction of the subscapularis 
muscle during sleep, which may occur during electroconvulsive 
therapy for psychiatric disorders, may also result in this fracture 
[69]. An anteroposterior view in maximal internal rotation pro-
jecting the lesser tuberosity in the profile usually shows a large 
displaced fragment. An axillary view is sometimes needed to de-
tect minimally displaced small fragments and is essential to pre-
vent the injury. On plain radiographs, these fractures may be con-
fused with calcific tendonitis of the rotator cuff or osseous Ban-
kart lesions (Fig. 19) [70,71]. CT can properly show even mini-
mally displaced small fragments. Although MRI is not necessary, 
it allows the evaluation of the entire rotator cuff and better visual-
ization of a minimally displaced fragment [1]. Most acute cases 
are usually treated by open reduction and internal fixation, but 
acute non-displaced fractures are treated nonoperatively with sat-
isfactory results. Operative treatment is recommended in patients 
with a displacement greater than 5 mm or 45° of angulation, 
blockage of motion, significant clinical weakness, or continued 
pain [72]. 

Elbow avulsion injuries 

Various mechanisms, such as high compressive-tensile loads, can 
lead to osseous or chondral avulsion injuries. 

1. Little Leaguer’s elbow 
The medial epicondyle is the most common site of avulsion inju-
ry in the elbow. Before fusion, valgus overload to the medial elbow 
structures primarily affects the physis, rather than the MCL. Little 
Leaguer’s elbow results from a chronic overuse injury of the medi-
al epicondyle in skeletally immature throwing athletes (i.e., pitch-
ers) [73]. The initial radiographic evaluation may be normal in up 
to 85% of the patients. Radiographs may show displacement and 
fragmentation of the medial epicondyle apophysis. Epicondylar 
overgrowth resulting from chronic traction injury and adjacent 
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soft tissue swelling can be observed [74]. MRI can show physeal 
irregularity or widening between the medial epicondyle and distal  
humerus and bone marrow edema (Fig. 20). The common flexor 
tendon may also be thickened [74]. The first line of treatment in-
cludes rest from the activity for 4 to 6 weeks and analgesics. 
Strengthening exercises and physical therapy are also recom-
mended, followed by an interval throwing program [75]. 

2. Olecranon process avulsion fracture 
Avulsion fracture of the olecranon process of the ulna, which is 
the attachment site of the triceps tendon, is a relatively rare injury, 
but may be associated with fracture of the radial head [76]. This 
injury may occur after forceful contraction of the triceps during a 
fall with an outstretched arm. Radiographs can show a bony frag-
ment that is non-displaced or proximally displaced at the posteri-
or aspect of the proximal ulna. CT can more definitively depict 
small osseous fragments at the posterior aspect of the proximal 
ulna. MRI can show a signal change in the triceps tendon and the 
surrounding soft tissue. Avulsion fractures of the olecranon pro-
cess should be differentiated from the os supratrochlear dorsale, 
an accessory ossicle of the elbow. Plate fixation or excision of the 
fragment with triceps advancement is necessary for most patients. 
Nonoperative management is not indicated in this injury. Frac-
tures of the olecranon generally have a favorable prognosis after 
treatment; an estimated 96% of patients have good to excellent 
long-term outcomes, with only rare cases showing adverse events 
[77]. 

Fig. 19. An avulsion fracture of the lesser tuberosity in a 
34-year-man who had fallen from a 7 meter high building. The 
axillary radiograph of the shoulder shows an avulsion fracture of 
the lesser tuberosity (arrow). Provided by Inje University Busan 
Paik Hospital.

Fig. 20. Little League elbow in a 14-year-old baseball pitcher 
with elbow pain for 3 months. (A) The anteroposterior radiograph 
of both elbows shows a mild widening of the medial epicondylar 
physis (arrow). (B) The coronal T2-weighted magnetic resonance 
image with fat saturation shows widening of the medial 
epicondylar physis, which is surrounded by increased T2 signal 
intensity due to edema (arrows). Provided by Pusan National 
University Hospital.

A B

3. Medial epicondyle avulsion fracture 
Acute traumatic avulsion fractures of the medial epicondyle occur 
primarily in boys between the ages of 9 and 14 years; however, it 
has also been described in adolescents. This injury may occur af-
ter a vigorous valgus force of the elbow with simultaneous fore-
arm flexion [78]. Approximately half of medial epicondyle frac-
tures are associated with posterolateral dislocation of the elbow, 
and often the avulsed fragment becomes trapped within the joint 
[1,78]. Medial epicondyle avulsion fractures are of two distinct 
types. Type 1 lesions occur in younger patients and are character-
ized by a large fragment typically involving the entire epicondyle. 
Type 2 lesions occur in adolescents and produce small fragments. 
MRI is better for evaluating non-ossified medial epicondylar avul-
sion fractures [79]. Radiographs and CT imaging show an irregu-
lar lucent area, fragmentation or separation of the medial epicon-
dyle, and an apophyseal fragment that can be entrapped in the 
joint capsule (Fig. 21). In general, less than 1 cm of displacement 
responds well to conservative treatment, whereas displaced frac-
tures or fractures with an incarcerated fragment are treated by 
open reduction and screw fixation. Operative options also allow 
for exploration of ulnar nerve injuries [80,81]. 

Hand avulsion injuries 

There are several avulsion injuries of the hand and wrist. They 
have characteristic imaging features and injury mechanisms. 

1. Volar plate avulsion fracture 
A volar plate avulsion fracture is a common injury that occurs at 
the proximal interphalangeal joint. The volar plate is a fibrocarti-
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Fig. 21. An avulsion fracture of the olecranon in a 64-year-
old-woman who experienced elbow pain after falling. (A) The 
lateral radiograph of the elbow and (B) the sagittal computed 
tomography image show an avulsion fracture of the olecranon 
(arrow). Provided by Pusan National University Hospital.

Fig. 22. An avulsion fracture of the volar plate in a 20-year-old handball player with acute pain in the second finger after a 
hyperextension injury. (A) The lateral radiograph of the second finger shows a small bone fragment (arrow) arising from the volar aspect 
of the base of the middle phalanx. (B) The longitudinal ultrasonography image shows a small bone fragment (arrow) and adjacent fluid 
collection (arrowhead) at the volar aspect of the base of the middle phalanx. The volar plate is deformed and it has low echogenicity (open 
arrow). (C) The sagittal T1-weighted magnetic resonance image shows an avulsion fracture of the volar plate (arrow). Irregularity of the 
donor site from the base of the middle phalanx is also seen (arrowhead). Provided by Inje University Busan Paik Hospital.

laginous structure that is attached to the base of the middle pha-
lanx distal to the joint and prevents hyperextension. Volar plate 
avulsion fractures typically occur when forceful hyperextension is 
applied to the fingertip, especially during ball-handling sports 
[82]. Radiographs show a small fragment of bone avulsed from 
the volar aspect of the base of the middle phalanx. US can show 

small bony fragments and adjacent fluid collection at the volar as-
pect of the base of the middle phalanx. MRI can more definitively 
depict bone and soft tissue edema and adjacent fluid collection 
(Fig. 22). Treatment options are conservative and range from ear-
ly active motion with or without buddy strapping to immobiliza-
tion at various degrees of flexion/extension [83].  

2. Skier’s thumb  
Avulsion injury involving the ulnar collateral ligament of the first 
metacarpal joint is a frequent injury that is called “skier’s thumb” 
or “gamekeeper’s thumb.” This condition is termed “gamekeeper’s 
thumb” because the injury is a common chronic occupational in-
jury occurring in British gamekeepers. However, it is more com-
monly encountered in athletes, especially as an acute injury in ski-
ers; therefore called “skier’s thumb” nowadays [84]. It occurs after 
violent hyperabduction of the metacarpophalangeal joint. It is 
more likely to occur if the thumb is simultaneously gripping 
something. Radiographs may be normal or show a small fragment 
at the base of the proximal phalanx of thumb; MRI can show ab-
normally high signal intensity at the base of the proximal phalanx 
of thumb, which is the distal attachment site of the ulnar collateral 
ligament (Fig. 23). Nonoperative treatment such as metacarpo-
phalangeal joint immobilization is suggested, but surgical treat-
ment is recommended for a Stener lesion, which occurs when the 
aponeurosis of the adductor pollicis muscle is interposed between 
the ruptured ulnar collateral ligament of the thumb and its site of 
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insertion at the base of the proximal phalanx [85]. 

3. Mallet finger 
Mallet finger is a common closed tendon injury that accounts for 
2% of all sporting injuries [86]. It occurs when a forceful blow is 
applied to the tip of the finger, causing a sudden flexion or hyper-
extension injury. It manifests as an extensor tendon rupture at the 
insertion site or as an avulsion fracture involving the insertion of 
the terminal extensor tendon [86,87]. If there is a bony avulsion, 
radiologic findings of the mallet finger would classically be the 
presence of a triangular avulsion fragment at the extensor aspect 
of the distal phalanx at the distal interphalangeal joint (Fig. 24). 
MRI may show disruption of the extensor tendon in patients 
without a bony avulsion fragment. The recommended treatment 
for most mallet finger injuries is the immobilization of the distal 
interphalangeal joint held in extension by splints. Surgical treat-
ment is only considered in cases of open injuries, failed to splint, 
palmar subluxation of the distal phalanx, or a large displaced artic-
ular fracture fragment greater than one-third of the joint surface 
[88]. If it is untreated, a swan neck deformity or secondary osteo-
arthritic changes may develop. 

Conclusion 

Although diverse avulsion injuries occur in all age groups, they 
primarily affect skeletally immature athletes. These injuries can 

Fig. 23. Skier’s thumb in a 19-year-old skier with acute pain 
in the thumb. (A) The anteroposterior radiograph of the thumb 
shows a tiny bone fragment adjacent to the base of the proximal 
phalanx. (B) The coronal contrast-enhanced T1-weighted 
magnetic resonance image shows an avulsion fracture of the 
distal ulnar collateral ligament (arrow) with adjacent marrow 
edema (arrowhead). Provided by Inje University Busan Paik 
Hospital.

Fig. 24. Mallet finger in a 26-year-old basketball player with 
acute pain in the fifth finger. (A) The lateral radiograph of the 
fifth finger and (B) the sagittal computed tomography image 
show a triangular bone fragment (arrow) at the extensor aspect 
of the distal phalanx that is adjacent to the distal interphalangeal 
joint. Provided by Inje University Busan Paik Hospital.

mimic more serious conditions, such as infection or neoplasm, 
because of a variety of imaging findings associated with different 
stages and mechanisms. Conventional radiography is the first im-
aging modality used to diagnose avulsion injury. In certain cases 
showing subtle appearances on radiographs, advanced imaging 
modalities are helpful and can provide additional information to 
appropriately define the extent of the damage. US has a high spa-
tial resolution with a dynamic assessment potential and allows 
comparison with the opposite side. CT is more sensitive for de-
picting a tiny osseous fragment located adjacent to the expected 
attachment site of a ligament, tendon, or capsule. MRI is the best 
imaging modality for identifying edematous changes in bone and 
soft tissue that help radiologists detect the affected muscles, ten-
dons, ligaments, and associated bony lesions. An understanding of 
the vulnerable sites and pathophysiology of avulsion injuries al-
lows accurate diagnosis and appropriate patient management. 
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Introduction 

Cancer, the leading cause of death, is on the rise worldwide. Ac-
cording to recently published cancer statistics in Korea in 2018, the 
growing trend in cancer incidence has slowed compared to 2014, 
but it can be found that the cancer incidence rate continues to in-
crease until then [1]. Accordingly, there has been a large body of 
research and progress on gene mutations related to cancer growth 
and the development of targeted treatments. Until 2010, the devel-
opment of targeted treatment was mainly focused on cancer’s 
growth mechanism. However, since then, drugs with mechanisms 
related to tumor immunity, especially immune checkpoint inhibi-
tors (ICIs), have proven effective [2], and almost all pharmaceuti-
cal companies are striving to develop related drugs. 

Tumor immunotherapy refers to cancer treatment using the hu-
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man immune system. Over the past century, cancer researchers 
have conducted extensive research to treat cancer by strengthening 
the mechanism by which human immunity recognizes and fights 
against tumor cells. However, immunotherapy has limitations in its 
effectiveness and is a structure that strengthens immune-related 
mechanisms; therefore, it often causes serious side effects, leading 
to skepticism about tumor immunotherapy among oncologists 
[3]. However, since 2010, surprising results of tumor immunother-
apy, especially monoclonal antibodies related to ICIs, have been re-
ported [4]. Thus, monoclonal antibodies related to ICIs are 
emerging as a new alternative to metastatic cancer treatment.  

Tumor immunotherapy includes not only allogeneic bone mar-
row transplantation, which has been used for a long time, but it 
covers various treatment modalities, including tumor vaccines, cy-
tokines, monoclonal antibodies, adoptive cell therapy, and cell 
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therapy. In this article, we review programmed death-1 (PD-1) and 
programmed death ligand-1 (PD-L1) inhibitors, which are ICIs 
that are widely applied in clinical practice.  

Mechanism of PD-1 and PD-L1 

To explain the mechanism of PD-1 and PD-L1, we first discuss the 
immune cells in the body, especially the T cell lymphocyte im-
mune reaction mechanism. Controlling T cell lymphocyte im-
mune reaction is both complex and precise. For activating T lym-
phocytes, in advance, the action started with antigen recognition of 
T cells by binding antigen-bound antigen- presenting cells (APCs) 
at the T-cell antigen receptor [5]. To fully activate T cells, a stimu-
latory signal, in which CD80, CD40 expressed on APC surfaces 
bind the ligand on the T lymphocytes’ surface including CD28, 
CD40 ligand, was needed. Simultaneously, the inhibitory signal is 
activated to inactivate the activated T-lymphocyte cells after some 
time to protect against cell damage resulting from excessive im-
mune reactions [6]. The most recognized inhibitory signals are cy-
totoxic T-lymphocyte antigen (CTLA)-4, PD-1 expressed on T 
lymphocytes [7]. In particular, PD-1 is known to regulate the func-
tion of T lymphocytes in peripheral tissues by binding ligands of 
PD-L1 or PD-L2 and PD-1 of T lymphocytes [8]. The immune 
system of the human body plays a role in the recognition and eradi-
cation of mutated tumor cells, but it can also promote tumor 
growth by selecting tumor cells that can evade immune surveil-
lance [9]. Thus, tumor cells acquire the ability to not eradicate tu-
mor cells by antigen recognition of the immune system. 

Moreover, tumor cells that escape the immune system can in-
duce an immunosuppressive status by producing cytokines and 
growth factors, including vascular endothelial growth factor 
(VEGF), recruiting T cells, and myeloid-derived suppressor cells 
[5,9,10]. They can also overexpress the inhibitory ligands on their 
surfaces to escape the immune system and effectively eradicate tu-
mor cells [11,12]. The inhibitory ligands expressed on tumor cells 
include PD-L1, as mentioned above. PD-L1 is expressed on the tu-
mor cell surface, while PD-1 is expressed on activated B or T lym-
phocytes [13]. Thus, binding PD-1 ligands on tumor cells at the 
PD-1 receptor on lymphocytes prevents the activation of immune 
cells and maintains the progression without eradication by the im-
mune system, preventing the identification of non-self antigens 
[14]. 

PD-L1 is frequently found in various human cancers, including 
melanoma, lung cancer, renal cell cancer (RCC), head and neck 
cancer, bladder cancer, ovarian cancer, and gastrointestinal cancer 
[15]. PD-1 inhibitors or PD-L1 inhibitors prevent the binding of 
inhibitory signals and sustain the function of eradicating tumor 

cells by maintaining the activation of T lymphocytes [16]. As a re-
sult of studies based on human immune mechanisms on tumor 
cells, in 2010, a PD-1 inhibitor, pembrolizumab, was developed for 
melanoma treatment for the first time [2], and the other successful 
results of various cancers in pembrolizumab and nivolumab led to 
a new chapter in cancer treatment in current days. 

PD-1 and PD-L1 inhibitors on market: 
study results and indication 

Currently, most multinational pharmaceutical companies have de-
veloped PD-1 or PD-L1 inhibitors for the treatment of various tu-
mors. Here, we describe pembrolizumab, nivolumab, and atezoli-
zumab, which are widely used in Korea. 

1. Nivolumab 
Nivolumab is the first PD-1 inhibitor to be developed to treat re-
fractory metastatic cancers. In December 2014, nivolumab was ap-
proved for metastatic or inoperable melanoma by the U.S. Food 
and Drug Administration (FDA), demonstrating improvement in 
progression-free survival (PFS) and overall survival (OS) com-
pared to dacarbazine (PFS, 5.1 months vs. 2.2 months; OS, not 
reached vs. 10.8 months) [17]. Subsequently, showing PFS and 
OS improvement in the nivolumab group compared to chemo-
therapy (docetaxel) in metastatic non-small cell lung cancer (NS-
CLC) second-line treatment [18], nivolumab is gradually expand-
ing and being applied to other cancer types. Currently, its indica-
tions are increasing, including malignant melanoma, NSCLC, 
urothelial cancer, head and neck cancer, hepatocellular cell carcino-
ma, kidney cancer, Hodgkin’s lymphoma, stomach cancer, and col-
orectal cancer [19-26] (Table 1). 

2. Pembrolizumab 
Earlier, the pharmaceutical company developed the CTLA-4 in-
hibitor, ipilimumab, and tested positive results in melanoma [4]. 
Subsequently, the PD-1 inhibitor pembrolizumab was used in a 
phase II study in refractory melanoma patients despite using ipili-
mumab. The study reported statistically significant results that OS 
in the pembrolizumab group (2 mg/kg) was improved compared 
to chemotherapy (13.4 months vs. 11 months) and was approved 
by FDA [27]. 

In Korea, pembrolizumab was approved for first-line treatment 
of inoperable or metastatic melanoma, metastatic NSCLC with 
first-line treatment, and second-line treatment of NSCLC with 
PD-L1 expression rate above 50% and absence of epidermal 
growth factor receptor mutation or ALK rearrangement, which 
progressed to first-line chemotherapy [28,29]. Its indications are 
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expanding to include Hodgkin’s lymphoma, urothelial cancer, head 
and neck cancer, and breast cancer [30-34] (Table 2). 

3. Atezolizumab 
Atezolizumab is a fully-humanized monoclonal antibody against 
the protein PD-L1, while nivolumab and pembrolizumab are 
PD-1 inhibitors. Atezolizumab was first approved in advanced 
urothelial cancer where tumors have progressed after plati-
num-based chemotherapy by the FDA, showing an improvement 
in the 12-month OS rate (41%) in a phase 2 study compared to a 
landmark 12-month OS rate of 20% from an analysis of 10 phase 2 
trials who received second-line chemotherapy for advanced 
urothelial cancer [35] and showed efficacy in platinum-ineligible 
patients with metastatic urothelial cancer (OS, 15.9 months; PFS, 
2.7 months) [36]. Also, atezolizumab was approved by the FDA in 
palliative second-line treatment of NSCLC showing improvement 
of OS compared to conventional chemotherapy with docetaxel 
(OS, 13.8 months vs. 9.5 months; hazard ratio [HR], 0.73; 
p = 0.0003) and metastatic NSCLC which has high expression of 
PD-L1 first-line treatment by proving the efficacy compared to 
chemotherapy (OS, 20 months vs. 13.1 months; HR, 0.59; 
p = 0.01) [37,38] (Table 3). 

New direction of PD-1 and PD-L1 
inhibitors 

Although promising results for inhibitors of PD-1 and PD-L1 have 
been reported, the low response rate of immunotherapy cancer 
treatment has been reported to be 15% to 20% [39,40]. With the 
development of immunotherapy leading to PD-1 and PD-L1 in-
hibitors, efforts to understand tumor immunology last for a better 
response to immunotherapy. Inflamed tumors that highly infiltrate 
immune cells and proinflammatory cytokines are known to re-
spond well to immunotherapy. In addition, other immunothera-
pies, such as CTLA-4 inhibitors, have a better response correlated 
with posttreatment increases in tumor-infiltrating lymphocytes 
[41,42]. In other words, an inflamed tumor can have a better re-
sponse, and immune modulation-induced treatments of weak im-
munogenic tumors can have similar results, indicating the possibil-
ity of therapeutic intervention in immunotherapy. The biomarkers 
of ICI response have been validated in several studies. Several fac-
tors have received much attention, including PD-L1 expression, 
mutational burden intensity, and deficiencies in antigen presenta-
tion [41,43]. PD-L1 expression in tumors was assessed by immu-
nohistochemistry (IHC) staining of PD-L1 positive tumor cells, 
immune cells, or both cells. High expression PD-L1 in tumors in-

Table 1. Nivolumab clinical trials results

Phase Population Therapy (No. of patients) ORR (%) OS (mo) PFS (mo) HR for OS (p-value)
III [17] Metastatic melanoma (BRAF-) /  

first line
Nivo (210) 50 NR 5.1 0.42 (<0.001)
DTIC (208) 13.9 10.8 2.2

III [18] Metastatic NSCLC (squamous) /  
second line

Nivo (135) 20 9.2 3.5 0.59 (<0.001)
Docetaxel (137) 9 6.0 2.8

III [19] Recurrent H&N cancer / second line Nivo (240) 7.5 2 0.70 (0.01)
Standard chemotherapy  

(investigator choice) (121)
5.1 2.3

II (single arm) [20] Recurrent classical Hodgkin lymphoma Nivo (80) 66
III [21] Refractory to at least 2nd line  

chemotherapy advanced gastric or 
GEJ cancer

Nivo (330) 11.2 5.26 1.61 0.63 (<0.0001)
Placebo (163) 0 4.14 1.45

II (single arm) [22] MSI-Ha) metastatic colorectal cancer / 
pretreated refactory

Nivo (53) 28

II (single arm) [23] Unresectable or metastatic urothelial 
cancer / second line

Nivo (270) 19.6 5.95 (PD-L1 <1%) 2
11.3 (PD-L1 ≥1%)

I/II [24] Sorafenib failure HCC Nivo (154) 14.3
III [25] Metastatic RCC / second line Nivo (410) 25 25 4.6 0.73 (0.002)

Everolimus (411) 5 19.6 4.4
III [26] Metastatic NSCLC (nonsquamous) / 

second line
Nivo (292) 19 12.2 2.3 0.73 (0.002)
Docetaxel (290) 12 9.4 4.2

ORR, overall response rate; OS, overall survival; PFS, progression-free survival; HR, hazard ratio; BRAF, B-type Raf kinase; Nivo, nivolumab; 
DTIC,dacarbazine; SLCL, non-small cell lung cancer; H&N, head and neck; GEJ, gastroesophageal junction; MSI-H, microsatellite instability-high; PD-L1, 
programmed death ligand-1; HCC, hepatocellular carcinoma; RCC, renal cell cancer.
a)MSI-H is defined if two or more markers are positive using polymerase chain reaction on tumor tissue.
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cluding melanoma, NSLCL, RCC, prostate cancer, and colorectal 
cancer showed an objective response to nivolumab using a 5% PD-
L1 positivity threshold. However, there is a hurdle that multiple 
variables of PD-L1 IHC staining caused by transient, intrapatient, 
and intratumoral heterogeneity and poor uniform test of PD-L1 
expression result in poor reliability. In addition, as mentioned 
above regarding the mechanism of PD-1 inhibitors for cancers, 
neoantigens produced by somatic mutation of tumor cells as pri-
mary drivers of anticancer adaptive immune response have been 
identified in preclinical data. The long-term clinical benefit of high 
mutational or neoantigen burden with a mutational load of more 
than 100 nonsynonymous somatic mutations in cancers has been 

reported in several studies [44,45]. 
Some modulators act directly on tumors to increase their immu-

nogenicity, including chemotherapy, radiotherapy, and metabolic 
modifiers. While conventional chemotherapy has a rapid response 
initially and has been resistant to tumors in a short time, PD-1 or 
PD-L1 inhibitors have a lower response rate than conventional 
chemotherapy and sustained the response in the responding group 
for long periods. To increase the response rate to immunotherapy, 
combination treatment with immunotherapy was thought to am-
plify the antitumor immune response (Fig. 1) [46]. In addition, 
destroying cancer cells by cytotoxic agents release tumor-associat-
ed antigens that can stimulate immune responses to infiltrate the 

Table 2. Pembrolizumab (Pem) clinical trials results

Phase Population Therapy (No. of patients) ORR (%) OS (mo) PFS (mo) HR for OS (p-value)
II [27] Ipilimumab failed unresectable melanoma Pem 2 mg/kg (180) 21 13.4 5.4 0.57 (0.001)

Pem 10 mg/kg (181) 25 14.7 5.8 0.50 (0.001)
Chemotherapy (179) 4 11 3.6

III [28] Metastatic NSCLC / second line Pem 2 mg/kg (345) 30 10.4 5.0 0.71 (0.0008)
Pem 10 mg/kg (346) 29 12.7 5.2 0.61 (0.0001)
Docetaxel (343) 8 8.5 4.1

III [29] Metastatic NSCLC / first line (PD-L1 ≥50%) Pem (154) 44.8 NR 10.3 0.60 (0.005)
Chemotherapy (151) 27.8 14.5 6.0

II (single arm) [30] Recurrent H&N cancer / second line Pem (210) 69 NR
III [31] Metastatic urothelial cancer / second line Pem (270) 21.1 8.0 2.1 0.73 (0.002)

Chemotherapy (272) 11.4 5.2 3.3
III [33] Metastatic triple negative breast cancer / 

first line
Pem+chemotherapy (566) 9.7 0.65 (0.0012)a)

Chemotherapy (281) 5.6
III [34] Stage II or III triple negative breast cancer 

neoadjuvant
Pem+Pac/Car (401) 64.8 (pCR)b) –0.001
Pac/Car (201) 51.2 (pCR)

ORR, overall response rate; OS, overall survival; PFS, progression-free survival; HR, hazard ratio; NSLCL, non-small cell lung cancer; PD-L1, programmed 
death ligand-1; NR, not reached; H&N, head and neck; Pac, paclitaxel; Car, carboplatin; pCR, pathologic complete remission.
a)Pem+chemotherapy resulted in a significant improvement of PFS compared to chemotherapy alone in patients with combined positive score (PD-L1 
status) of 10 or more.
b)pCR is pathological stage ypT0/Tis ypN0.

Table 3. Atezolizumab (Ate) clinical trials results

Phase Population Therapy (No. of patients) ORR (%) OS (mo) PFS (mo) HR for OS (p-value)
II (single arm) [35] Platinum failed advanced urothelial cancer / 

second line
Ate 1,200 mg (315) 15 11.7 2.1

II (single arm) [36] Platinum ineligible advanced urothelial cancer 
/ first line

Ate 1,200 mg (119) 23 15.9

III [37] Metastatic NSCLC / first line (high expression 
of PD-L1)a)

Ate 1,200 mg (277) 20.2 8.1 0.59 (0.01)

Chemotherapy (277) 13.1 5.0
II [38] Metastatic NSCLC / second line Ate 1,200 mg (425) 13.8 2.8 0.73 (0.0003)

Docetaxel (425) 9.5 4.0

ORR, overall response rate; OS, overall survival; PFS, progression-free survival; HR, hazard ratio; NSLCL, non-small cell lung cancer; PD-L1, programmed 
death ligand-1.
a)High expression of PD-L1 defined as ≥1% PD-L1 expression on tumor cells and any level of PD-L1 expression on tumor-infiltrating immune cells, <1% 
PD-L1 expression on tumor cells, and ≥1% PD-L1 expression on tumor-infiltrating immune cells by SP142 assay.
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immune cells around tumors so that they change to an inflamed 
tumor [47]. To make an inflamed tumor is essential to increasing 
the response to PD1 or PD-L1 inhibitors. 

1. Combination of chemotherapy 
Recently, many studies have been conducted on combination 
treatment with immunotherapy, including immunotherapy, che-
motherapy, targeted therapy, and radiotherapy. In particular, good 
candidates with combination treatment are included in chemo-
therapy or targeted therapy, because conventional therapy could 
help achieve rapid tumor regression, and immune checkpoint 
blockade could then help sustain the tumor response, inducing a 
long-lasting immune-mediated reaction [46]. The study of combi-
nation treatment with ICI and chemotherapy started with meta-
static NSCLC. In the first-line treatment of metastatic NSLCL, 
PFS and OS improvement showed the pembrolizumab group with 
pemetrexed and carboplatin compared to conventional chemo-
therapy regardless of PD-L1 status (HR, 0.49; p < 0.001). In 2018, 
this combination therapy was first approved by the FDA and is 
now routinely used as a first-line treatment in metastatic NSCLC 
[48,49]. Accordingly, the combination of nab-paclitaxel and 
atezolizumab was recently approved for first-line treatment of tri-
ple negative metastatic breast cancer, showing improved OS com-
pared to the nab-paclitaxel only group in PD-L1 positive patients 
(OS, 25 months vs. 15.5 months) [50]. The PFS of the combina-
tion of nab-paclitaxel and atezolizumab group showed the benefit 
in all populations (7.5 months vs. 5.0 months; HR , 0.62; 
p < 0.001) and failed to show the benefit of OS in all populations. 

However, this study proved that adding chemotherapy in immu-
notherapy improved survival benefit in the PD-L1 positive group 
compared to immunotherapy alone. The great success of combina-
tion therapy in NSCLC and breast cancer has led to more studies 
on combination treatment with immunotherapy. In metastatic 
small cell lung cancer (SCLC), combination treatment with 
atezolizumab, etoposide, and carboplatin revealed better survival 
benefit compared to conventional chemotherapy with etoposide 
and carboplatin in IMpower 133 study (OS, 12.3 months vs. 10.3 
months; HR, 0.70; p = 0.007) [51]. Similarly, durvalumab with 
etoposide and platinum improved the OS compared to conven-
tional chemotherapy in metastatic SCLC first-line treatment in the 
CASPIAN study (OS months, 13.3 vs. 10.3 months; HR, 0.73; 
p = 0.0047) [52]. In metastatic urothelial cancer, positive results 
were sustained when reporting the OS improvement of atezoli-
zumab with platinum-containing chemotherapy compared to pla-
cebo and platinum-containing chemotherapy in palliative first-line 
treatment of metastatic urothelial cancer of IMvigor 130 study 
(PFS: 8.2 months vs. 6.3 months; HR, 0.82; p = 0·007; OS: 16 
months vs. 13.4 months; HR, 0.83; p = 0.027) [53]. However, the 
OS results were not significant. In addition, the study results of 
pembrolizumab and platinum-containing chemotherapy vs. pem-
brolizumab-only vs. chemotherapy only were reported in palliative 
first-line treatment of metastatic urothelial cancer. HR (95% confi-
dence interval [CI]) for pembrolizumab and chemotherapy vs. 
chemotherapy was only 0.78 (0.65–0.93, p = 0.0033) for PFS and 
0.86 (0.72–1.02, p = 0.0407) for OS but, unfortunately, these re-
sults were not significant for OS and PFS [54]. PD-1 or PDL-1 in-
hibitors in urothelial cancer after palliative treatment seemed to 
have functional limitations. Recently, in the case of stomach cancer, 
good results were reported in the CheckMate 649 study that 
showed capecitabine, oxaliplatin, and nivolumab improved OS 
and PFS compared with conventional chemotherapy in first-line 
metastatic stomach cancer treatment (OS: HR, 0.80; p = 0.0002; 
PFS: HR, 0.68; p < 0.0001) [55]. 

2. Combination of targeted therapy 
In targeted immunotherapy agents, good results have been report-
ed, especially in kidney cancer. Improvement of OS and PFS with 
the VEGF inhibitor axitinib and pembrolizumab compared to 
sunitinib, a first-line metastatic RCC (mRCC) conventional treat-
ment (OS: HR, 0.68; p = 0.0003; PFS: HR, 0.71; p < 0.001) 
[56,57]. Similarly, lenvatinib plus pembrolizumab compared to 
sunitinib in first-line mRCC treatment showed a significant im-
provement in OS (HR, 0.66; p = 0.005) [58]. Another study of 
nivolumab and cabozantinib vs. sunitinib in palliative first-line 
mRCC showed good results in palliative first-line mRCC treat-
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Fig. 1. Survival curve of each treatment and expected effect with 
combination of immune checkpoints blockade with conventional 
therapies. Combination strategies could show synergistic 
effects to make appropriate microenvironment enough to 
play immunotherapy. Adapted from Champiat et al. [46] with 
permission of Elsevier.
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ment. HR (95% CI) for nivolumab and cabozantinib vs. sunitinib 
was 0.51 (0.41–0.64, p < 0.001) for OS and 0.60 (0.40–0.89, 
p = 0.001) [59]. In endometrial cancer, one of the gynecologic ma-
lignancies, targeted agents with immunotherapy have been report-
ed to improve survival compared to conventional chemotherapy. 
Lenvatinib plus pembrolizumab improved OS compared to doxo-
rubicin and paclitaxel treatment in second-line metastatic endome-
trial cancer in the Keynote 775 study (HR, 0.56; p < 0.0001) [60]. 
The status of deficient mismatch repair (dMMR) in tumors was 
investigated in this study, and the study showed that the lenvatinib 
plus pembrolizumab group improved survival regardless of 
dMMR. The results of the combination with immunotherapy tri-
als are listed in Table 4. Not only VEGF inhibitors but also other 
targeted agents including poly ADP-ribose polymerase (PARP) in-
hibitor and CDK4/6 inhibitor with ICIs have benefited from syn-
ergistic PD-1/PD-L1 inhibitors in preclinical and early clinical 
data [61]. In particular, phase II studies of PARP inhibitors with 
PD-1/PDL-1 inhibitor combination treatment in ovarian and 

breast cancer have shown positive results, and the results of ongo-
ing randomized control trials will be expected [62-64]. 

Conclusion 

Since 2015, immunotherapy, especially ICI, has become a main-
stream cancer treatment. The studies of ICIs showed good re-
sponses of various tumor types when applied to many types of 
cancer. Immunotherapy has a durable response and low toxicity, 
but immunotherapy alone has a response of 15% to 20% in the 
cancer patient treatment group. Thus, the challenge of improving 
the response to immunotherapy was sustained, and we found that 
the microenvironment in immune cells is very important to act ap-
propriately in cancer. A combination of chemotherapy or targeted 
therapy with immunotherapy was started on cancer treatment to 
make an inflamed tumor help increase the response to immuno-
therapy. Recently, studies on combination therapy reported im-
proved OS and PFS, even though they did not respond to immu-

Table 4. Combination treatment of immunotherapy trials results

Phase Population Therapy (No. of patients) OS (mo) HR (p-value)
III [48] Metastatic NSCLC / first line (nonsquamous) (Keynote 189) Pem+pemetrexed/Car (410) NR 0.49 (0.001)

Pemetrexed/Car (206) 11.3
III [49] Metastatic NSCLC / first line (squamous) (Keynote 407) Pem+Pac/Car (278) 15.9 0.64 (0.001)

Pac/Car (281) 11.3
III [50] Metastatic triple negative breast cancer / first line (IMpssion130) Ate+nab-Pac (185) (PD-L1 positive) 25 0.62

Nab-Pac (184) (PD-L1 positive) 15.5
III [51] Metastatic SCLC / first line (IMpower133) Ate+EP (201) 12.3 0.7 (0.007)

EP (202) 10.3
III [52] Metastatic SCLC / first line (CASPIAN) Durvalumab+EP (268) 13.3 0.73 (0.0047)

EP (269) 10.3
III [53] Metastatic urothelial cancer / first line (IMvigor 130) Ate+Gem/Platinum (451) 16 0.83 (vs. chemotherapy)

Ate (362) (0.0027)
Gem/Platinum (400) 13.4

III [54] Metastatic urothelial cancer / First line (Keynote 361) Pem+Gem/Platinum (351) 17 0.86 (vs. chemotherapy)
Pem (307) 15.6 (0.0407)
Gem/Platinum (352) 14.3

III [55] Metastatic gastric cancer (CheckMate 649) Nivo+Xelox or Folfox (789) 13.8 0.80 (0.0002)
Chemotherapy (792) 11.6

III [57] Metastatic renal cell cancer (Keynote 426) Pem+axitinib (432) NR 0.68 (0.0003)
Sunitinib (429) 35.7

III [58] Metastatic renal cell cancer / first line (CLEAR) Pem+lenvatinib(355) NR 0.66 (0.001)
Lenvatinib+everolimus (357) NR
Sunitinib (357) NR

III [60] Metastatic endometrial cancer / second line (Keynote 775) Pem+lenvatinib (411) 18.3 0.62 (0.0001)
Chemotherapy (416) 11.4

OS, overall survival; HR, hazard ratio; SCLC, small cell lung cancer; NSCLC, non-SCLC; Pem, pembrolzumab; Car, carboplatin; Pac, paclitaxel; NR, not 
reached; Ate, atezolizumab; EP, etoposide/cisplatin; Gem, gemtitabine; Nivo, nivolumab; Xelox, xeloda/oxaliplatin; Folfox, 5-FU/oxaliplatin.
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notherapy. Many trials of combination therapy are ongoing and 
will be expected to continue the benefits of survival (Table 5). 
Thus, combining chemotherapy or targeted agents with immuno-
therapy is one of the leading pathways for cancer treatment. 
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Usefulness of presepsin in predicting the prognosis of 
patients with sepsis or septic shock: a retrospective cohort 
study 
Jeong Suk Koh, Yoon Joo Kim, Da Hyun Kang, Jeong Eun Lee, Song-I Lee 
Department of Pulmonary and Critical Care Medicine, Chungnam National University School of Medicine, Daejeon, Korea

Background: The diagnosis and prediction of prognosis are important in patients with sepsis, and 
presepsin is helpful. In this study, we aimed to examine the usefulness of presepsin in predicting 
the prognosis of sepsis in Korea. 
Methods: Patients diagnosed with sepsis according to the sepsis-3 criteria were recruited into 
the study and classified into surviving and non-surviving groups based on in-hospital mortality. A 
total of 153 patients (32 and 121 patients with sepsis and septic shock, respectively) were in-
cluded from July 2019 to August 2020. 
Results: Among the 153 patients with sepsis, 91 and 62 were in the survivor and non-survivor 
groups, respectively. Presepsin (p=0.004) and lactate (p=0.003) levels and the sequential organ 
failure assessment (SOFA) score (p<0.001) were higher in the non-survivor group. Receiver op-
erating characteristic curve analysis revealed poor performances of presepsin and lactate in 
predicting the prognosis of sepsis (presepsin: area under the curve [AUC]=0.656, p=0.001; lac-
tate: AUC=0.646, p=0.003). The SOFA score showed the best performance, with the highest 
AUC value (AUC=0.751, p<0.001). The prognostic cutoff point for presepsin was 1,176 pg/mL. 
Presepsin levels higher than 1,176 pg/mL (odds ratio [OR], 3.352; p<0.001), higher lactate levels 
(OR, 1.203; p=0.003), and higher SOFA score (OR, 1.249; p<0.001) were risk factors for in-hos-
pital mortality. 
Conclusion: Presepsin levels were higher in non-survivors than in survivors. Thus, presepsin may 
be a valuable biomarker in predicting the prognosis of sepsis. 

Keywords: Biomarkers; Prognosis; Sepsis; Septic shock

Introduction 

Sepsis is a condition that is accompanied by systemic inflammato-
ry reactions caused by infection and major organ failure [1]. If not 
detected and treated quickly, the mortality rate reaches 40% to 
70% [2,3]. The treatment of sepsis requires the key elements of 
intensive care unit (ICU) treatment, such as hemodynamic moni-
toring and support, ventilator therapy, and renal replacement ther-
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apy [4]. It is well known that the early diagnosis and proper treat-
ment of sepsis can improve prognosis and increase the survival of 
people with sepsis [5]. 

In 2001, the sepsis mortality rate in the United States was 28.6% 
and has recently declined to 20% [6]. Moreover, the sepsis mor-
tality rate in Australia and New Zealand has been reported to be 
18.4% [7]. Unfortunately, the sepsis mortality rate in Korea is far 
higher than that in developed countries. Currently, the mortality 
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rate of sepsis in Korea, as reported by the Korean Society of Criti-
cal Care Medicine in 2013, is 37.8%, and the number of deaths 
from sepsis in the same year was 15,076, which constituted a large 
percentage of total deaths [2]. Moreover, in Korea, as the number 
of elderly and immunocompromised patients increases rapidly, 
the social burden from sepsis is expected to increase significantly 
in the near future. 

Among various molecules, presepsin appears to be a promising 
biomarker, as it has been reported to be involved in the early stages 
of the septic process [8]. When monocytes are activated by an in-
fectious agent, the soluble CD14 subtype, presepsin, is released 
into the plasma [9]. Subsequently, presepsin levels continue to in-
crease in the early stages of sepsis. In Korea, presepsin levels were 
significantly higher in the infected group than in the uninfected 
group [10]. In this study, we examined whether presepsin levels 
are an effective marker for predicting prognosis in patients with 
sepsis or septic shock. 

Materials and methods 

1. Study population and study design 
All study data were retrieved from electronic medical records 
(C&U care, Daejeon, Korea). Patients who were diagnosed with 
sepsis or septic shock by a physician and those whose presepsin 
levels were checked were included in the study. Sepsis was defined 
as life-threatening organ dysfunction caused by a dysregulated 
host response to infection. Organ dysfunction was identified as an 
acute change in the total sequential organ failure assessment 
(SOFA) score of ≥ 2 points consequent to the infection. Septic 
shock was defined based on the sepsis-3 criteria as the presence of 
the following conditions: (1) sepsis, (2) need for vasopressor/
inotropes to maintain mean blood pressure of ≥ 65 mmHg, and 
(3) lactate of > 2 mmol/L, even with sufficient fluids [1]. For this 
study, we included all adult patients who were admitted to the 
ICU directly from the emergency department or ward. The inclu-
sion criteria were: more than 18 years of age, diagnosis of sepsis or 
septic shock, and presepsin levels measured. Exclusion criteria 
were: not admitted to the ICU, presepsin levels not measured, and 
incomplete data. A total of 153 patients were included in the peri-
od between July 2019 and August 2020 (Fig. 1). 

Age, sex, laboratory data (white blood cell [WBC] and platelet 
counts, total bilirubin, creatinine, procalcitonin, and lactate levels), 
and blood samples were collected from patients with sepsis or septic 
shock. The presepsin levels in the blood samples were measured us-
ing an automated analyzer (LSI Medience Corp., Tokyo, Japan) with 
a detection range of 20 to 20,000 pg/mL. Clinical data related to pa-
tient prognosis were collected during the hospital stay. The patients 

were observed from the date of admission to the date of discharge or 
death. Subsequently, a retrospective analysis was performed. 

2. Statistical analysis 
All values are expressed as mean ± standard deviations for contin-
uous variables and as percentages for categorical variables. Stu-
dent t-test or Mann-Whitney U-test was used for continuous data, 
and Pearson chi-squared test or Fisher exact test was used for cate-
gorical data. Receiver operating characteristic (ROC) curve anal-
ysis was performed to evaluate prediction accuracy. The optimal 
cutoff value was chosen as the highest product of sensitivity and 
specificity. Univariate logistic regression analysis was performed 
to identify predictors of in-hospital mortality. All p-values were 
two-tailed, with statistical significance set at p < 0.05. All the statis-
tical analyses were performed using IBM SPSS version 22.0 (IBM 
Corp., Armonk, NY, USA).  

Results  

1. Baseline characteristics of patients 
The baseline characteristics of the 153 studied patients are shown 
in Table 1. The non-survivor group had older patients (72.2 ± 12.5 
years vs. 67.0 ± 14.6 years, p = 0.025) and higher 30-day mortality 
(72.6% vs. 0%, p < 0.001); additionally, the number of patients re-
ceiving ventilatory assistance during the ICU stay was higher in the 
non-survivor group than in the survivor group (87.1% vs. 47.3%, 
p < 0.001) (Table 1). 

The presepsin (3,112 ± 3,841 pg/mL vs. 1,511 ± 2,092 pg/mL, 
p = 0.004) and lactate (4.3 ± 3.3 mmol/L vs. 2.8 ± 2.4 mmol/L, 
p = 0.003) levels and the SOFA score (12 ± 4 vs. 8 ± 4, p < 0.001) 
were higher in the non-survivor group than in the survivor group 

297 Patients with sepsis or
septic shock

July 1, 2019–August 31, 2020

153 Patients included

91 Patients (59.5%)
Survived

62 Patients (40.5%)
Non-survived

144 Patients excluded
- 71 Patients: not admitted to ICU
- 72 Patients: not checked presepsin
- 1 Patient: incomplete data

Fig. 1. Flowchart of patients. ICU, intensive care unit.
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Table 1. Patients’ baseline characteristics

Characteristic Total Survivor group Non-survivor group p-valuea)

No. of patients 153 91 62
Age (yr) 69.1±14.0 67.0±14.6 72.2±12.5 0.025
Male sex 94 (61.4) 59 (64.8) 35 (56.5) 0.296
Body mass index (kg/m2) 23.7±12.7 24.3±16.3 22.9±4.2 0.515
Laboratory value
 WBC (/µL) 13,285±9,164 13,212±8,642 13,393±9,953 0.905
 Platelets (×103/µL) 154±108 168±109 133±103 0.052
 Total bilirubin (mg/dL) 2.0±3.0 1.6±2.3 2.7±3.8 0.044
 Creatinine (mg/dL) 1.6±1.4 1.6±1.6 1.8±1.3 0.415
 CRP (mg/dL) 15.5±10.2 16.1±10.1 14.7±10.3 0.414
 Procalcitonin (ng/mL) 18.9±42.5 16.4±40.3 22.7±45.7 0.378
 Presepsin (pg/mL) 2,159±3,022 1,511±2,092 3,112±3,841 0.004
 Lactate (mmol/L) 3.4±2.9 2.8±2.4 4.3±3.3 0.003
Severity of sepsis
 APACHE II score 19±10 18±8 21±11 0.051
 SOFA score 10±4 8±4 12±4 <0.001
 Sepsis 32 (20.9) 21 (23.1) 11 (17.7) 0.342
 Septic shock 121 (79.1) 70 (76.9) 51 (82.3) 0.426
 30-Day mortality 45 (29.4) 0 (0) 45 (72.6) <0.001
Treatment during ICU stay
 Mechanical ventilation 97 (63.4) 43 (47.3) 54 (87.1) <0.001
 Vasopressors 109 (71.2) 61 (67.0) 48 (77.4) 0.163

Values are presented as number only, mean±standard deviation, or number (%).
WBC, white blood cell; CRP, C-reactive protein; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, sequential organ failure assessment; 
ICU, intensive care unit.
a)Analyzed between survivor and non-survivor groups.

(Fig. 1). However, there was no significant difference in the WBC 
counts (13,212 ± 8,642/µL vs. 13,393 ± 9,953/µL, p = 0.905), 
C-reactive protein (CRP) (16.1 ± 10.1 mg/dL vs. 14.7 ± 10.3 mg/
dL, p = 0.414) levels, procalcitonin levels (16.4 ± 40.3 ng/mL vs. 
22.7 ± 45.7 ng/mL, p = 0.378), and Acute Physiology and Chron-
ic Health Evaluation II (APACHE II) score (18 ± 8 vs. 21 ± 11, 
p = 0.051) between the two groups (Fig. 2). 

2. Comparison of the infection sources and pathogens 
between the two groups 
The frequency of urinary tract infection was lower in the non-sur-
vivor group (6.5% vs. 18.7%, p = 0.031) than in the survivor group. 
There was no significant difference in the other sources of infec-
tion (Table 2). 

The frequency of fungal infections was higher (9.7% vs. 0%, 
p = 0.002) in the non-survivor group than in the survivor group, 
while those of bacterial and viral infections were not significantly 
different between the two groups (Table 2). 

3. Predictors of patients’ in-hospital mortality 
A binary logistic regression analysis showed that a presepsin lev-
els higher than 1,176 pg/mL (odds ratio [OR], 3.352; 95% con-
fidence interval [CI], 1.707–6.585; p < 0.001), higher lactate levels 
(OR, 1.203; 95% CI, 1.063–1.361; p = 0.003), and higher SOFA 
score (OR, 1.249; 95% CI, 1.136–1.373; p < 0.001) were risk fac-
tors for in-hospital mortality due to sepsis (Table 3). However, 
there was no association between in-hospital mortality and WBC, 
CRP, and procalcitonin levels. When presepsin was used as a con-
tinuous variable, there was no meaningful value with OR of 1.000 
(95% CI, 1.000–1.000; p = 0.047). However, when the cutoff value 
was applied, a meaningful value was confirmed for presepsin. 

4. Prognostic value of the sepsis biomarker and the SOFA 
score 
The performances of the levels of WBC, CRP, procalcitonin, prese-
psin, lactate, and SOFA score in predicting in-hospital mortality 
from sepsis were evaluated using ROC curves (Fig. 3). The levels 
of presepsin and lactate demonstrated poor performance in pre-
dicting the prognosis of sepsis (presepsin: area under the curve 
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Fig. 2. Vertical box-and-whiskers plots summarizing laboratory data on all bombarded construct combinations. The whiskers indicate the 
5th-95th percentile: any data points outside of this are shown as dots. (A) White blood cells (WBC) counts, (B) C-reactive protein (CRP), (C) 
procalcitonin level, (D) presepsin levels, (E) lactate levels, and (F) the sequential organ failure assessment (SOFA) score in the survivor and 
non-survivor groups.

[AUC] = 0.656, p = 0.001; lactate: AUC = 0.646, p = 0.003). The 
SOFA score had the best performance, with the highest AUC val-
ue (AUC = 0.751, p < 0.001). The prognostic cutoff value for 
presepsin was 1,176 pg/mL, at which the sensitivity and specificity 
were 66.7% and 61.1%, respectively. In addition, the prognostic 
cutoff value of the SOFA score was 9.50 (sensitivity, 72.6%; speci-

ficity, 67.0%), and the prognostic cutoff value of lactate was 1.55 
(sensitivity, 91.8%; specificity, 34.8%). The Pearson correlation co-
efficient of the SOFA score and presepsin was 0.421 (p < 0.001), 
which had a moderate quantitative linear relationship. 
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Table 2. Infection sources and pathogens of patients

Variable Total (n=153) Survivor group (n=91) Non-survivor group (n=62) p-valuea)

Sources of infection
 Respiratory tract 92 (60.1) 54 (59.3) 38 (61.3) 0.809
 Urinary tract 21 (13.7) 17 (18.7) 4 (6.5) 0.031
 Intra-abdomen 19 (12.4) 9 (9.9) 10 (16.1) 0.251
 Othersb) 23 (15.0) 12 (13.2) 11 (17.7) 0.439
Pathogens
 Gram (–) rods 30 (19.6) 21 (23.1) 9 (14.5) 0.190
 Gram (–) bacilli 37 (24.2) 15 (16.5) 9 (14.5) 0.743
 Gram (+) cocci 37 (24.2) 24 (26.4) 13 (21.0) 0.443
 Gram (+) bacilli 5 (3.3) 1 (1.1) 4 (6.5) 0.068
 Fungus 6 (3.9) 0 (0) 6 (9.7) 0.002
 Virus 5 (3.3) 5 (5.5) 0 (0) 0.061
 Negative cultures 47 (30.7) 27 (29.7) 20 (32.3) 0.733

Values are presented as number (%).
If there are multiple sources of infection and/or pathogens in one patient, all of them are shown in the table.
a)Analyzed between survivor and non-survivor groups. b)Other site: skin, bone, and surgical site infection.
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Table 3. Univariate binary logistic regression analysis results in in-
hospital mortality

Parameter OR (95% CI) p-value
White blood cells 1.000 (1.000–1.000) 0.905
C-reactive protein 0.987 (0.955–1.019) 0.411
Procalcitonin 1.003 (0.996–1.011) 0.380
Presepsin (>1,176 pg/mL) 3.352 (1.707–6.585) <0.001
Lactate 1.203 (1.063–1.361) 0.003
APACHE II score 1.035 (1.000–1.072) 0.053
SOFA score 1.249 (1.136–1.373) <0.001

OR, odds ratio; CI, confidence interval; APACHE II, Acute Physiology and 
Chronic Health Evaluation II; SOFA, sequential organ failure assessment.

Fig. 3. Receiver operating characteristic (ROC) curves of 
the presepsin levels, procalcitonin levels, lactate levels, and 
the SOFA score in predicting patients’ in-hospital mortality. 
WBC, white blood cells; CRP, C-reactive protein; APACHE II, 
Acute Physiology and Chronic Health Evaluation II; SOFA, 
sequential organ failure assessment.
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Discussion 

The patients were divided into two groups, and a retrospective anal-
ysis was performed according to in-hospital mortality. We evaluated 
the performance of presepsin as a biomarker for predicting in-hos-
pital mortality in patients with sepsis. Presepsin levels were higher in 
the non-survivor group than in the survivor group. The levels of 
presepsin displayed poor performance in predicting the prognosis 
of sepsis (presepsin: AUC = 0.656, p = 0.001), and the prognostic 
accuracy of presepsin was 1,176 pg/mL, with a sensitivity and 
specificity of 66.7% and 61.1%, respectively. Presepsin levels higher 
than 1,176 pg/mL were a significant predictor of in-hospital mor-
tality. 

Presepsin is a 13-kDa glycoprotein-truncated N-terminal frag-

ment of CD14 that activates the pro-inflammatory signaling stage 
after it is released into the circulation following contact with an in-
fectious pathogen [11,12]. Presepsin was first detected by bio-
chemical methods and has been considered a new biomarker for 
infection in Japan [13]. A meta-analysis in 2015 confirmed its di-
agnostic accuracy [11,14], and the prognostic accuracy of presep-
sin in sepsis has been reported in several clinical studies [8,10,15-
19]. In Korea, presepsin levels were significantly higher in the in-
fected group than in the uninfected group. Moreover, the diagnos-
tic accuracy of presepsin is higher than that of other conventional 
biomarkers [10]. 

Sepsis is a common disease in hospitalized patients with high 
morbidity and mortality rates. Therefore, several factors have 
been studied to enhance the rapid diagnosis of sepsis and predict 
prognosis. Procalcitonin [20], lactate [21], and interleukin-6 lev-
els are prognostic laboratory markers of sepsis [22,23]. Presepsin 
has also been studied as a prognostic factor [19]. 

In this study, the levels of presepsin (3,112 ± 3,841 pg/mL vs. 
1,511 ± 2,092 pg/mL, p = 0.004) were found to be higher in the 
non-survivor group than in the survivor group. However, presep-
sin demonstrated poor performance in predicting the prognosis of 
sepsis (presepsin: AUC = 0.656, p = 0.001), as confirmed by the 
ROC curve analysis in this study. This study showed that the mean 
age of patients in the non-survivor group was higher than that of 
the survivor group. Giavarina et al. [24] reported that presepsin 
concentrations were higher in patients aged ≥ 70 years compared 
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to younger patients (87% vs. 47%, p < 0.001). This result suggests 
that presepsin levels might be altered and have relatively poor pre-
dictive potential in elderly patients with sepsis in the ICU. Howev-
er, several studies have shown that presepsin levels are higher in 
non-survivors among patients with sepsis, and some studies have 
shown presepsin to be a statistically significant prognostic factor. 
Moreover, Wen et al. [18] showed that presepsin levels in the 
non-survivor group were significantly higher (1,692 pg/mL [1,028– 
4,286 pg/mL] vs. 1,125 pg/mL [484–2,268 pg/mL], p =0.000), 
p = 0.000) and that presepsin levels were an independent risk fac-
tor for in-hospital mortality in patients with sepsis (OR, 1.221; 
p = 0.026). ROC curve analysis showed that presepsin levels are 
good predictors of in-hospital mortality in patients with sepsis 
(AUC = 0.703, p = 0.000) [18]. Furthermore, Jereb et al. [25] 
showed that presepsin levels were higher in patients with septic 
shock than in patients with sepsis (1,914 pg/mL [342–20,000 pg/
mL] vs. 771 pg/mL [286–5,565 pg/mL], p < 0.01). Mean presep-
sin concentrations were higher in the non-survivors (1,941 pg/mL 
[342–20,000 pg/mL] vs. 1,208 pg/mL [286–12,096 pg/mL],  
p = 0.009). The trend of changes in presepsin concentrations in the 
deceased patients was significantly different from that in the sur-
viving patients (p = 0.018) [25]. Masson et al. [26] showed that 
the presepsin levels were higher in decedents (2,269 pg/mL 
[1,171–4,300 pg/mL]) than in survivors (1,184 pg/mL [875–
2,113 pg/mL]; p = 0.002). The evolution of presepsin levels over 
time was significantly different between survivors and decedents 
(p for time-survival interaction = 0.03). Furthermore, presepsin 
levels were associated with ICU stay and 28-day mortality (hazard 
ratio, 1.55; 95% CI, 1.12–2.13; p = 0.008) in Cox models adjusted 
for clinical characteristics [26]. The cutoff values of presepsin lev-
els that predict mortality in patients with sepsis have been identi-
fied to lie between 556 and 2,455 ng/L [17,19,27-29]. However, 
in some studies, presepsin levels did not show any significance in 
predicting mortality [10,16,28]. In other studies, the prognostic 
value of presepsin was different, and the cutoff value was not clear 
[7,17,25,30]. It is thought that the non-severe patient groups were 
not comparable; the differences in the underlying disease and the 
degree of infection influenced the outcome. In this study, the 
number of patients was small, and patients with underlying hema-
tologic malignancy were included; therefore, it is thought that this 
may have influenced the study results. Considering these points, it 
is believed that further studies involving a larger number of pa-
tients with a similar underlying disease would be helpful in identi-
fying the prognostic factors. 

There are some limitations to our study. First, the sample size 
was relatively small. The number of patients included in each 
group was relatively small, and no bacterial, fungal, or viral etiolo-

gies were identified. Therefore, a large-scale multicenter study is 
needed. Second, this was a single-center study that could have led 
to selection biases. Third, patients’ presepsin levels were measured 
only during hospitalization and were not monitored daily. 

In conclusion, the diagnosis of sepsis and prediction of progno-
sis are important. Although scoring systems such as the SOFA 
score provide assistance, the scores need to be calculated by the cli-
nicians; hence, the score cannot be checked immediately. Thus, 
the importance of laboratory markers that can quickly identify sep-
sis is increasing. Presepsin levels were higher in the deceased group, 
and mortality was predictable at a cutoff level of 1,716 mg/mL. 
However, the ROC curve did not show any significant values. Ad-
ditional studies, such as multicenter studies, would be helpful. 
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Sulfatase 1 and sulfatase 2 as novel regulators of 
macrophage antigen presentation and phagocytosis 
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Background: Sulfation of heparan sulfate proteoglycans (HSPGs) is critical for the binding and 
signaling of ligands that mediate inflammation. Extracellular 6-O-endosulfatases regulate post-
translational sulfation levels and patterns of HSPGs. In this study, extracellular 6-O-endosulfa-
tases, sulfatase (Sulf)-1 and Sulf-2, were evaluated for their expression and function in inflam-
matory cells and tissues. 
Methods: Harvested human peripheral blood mononuclear cells were treated with phytohemag-
glutinin and lipopolysaccharide, and murine peritoneal macrophages were stimulated with inter-
leukin (IL)-1β for the evaluation of Sulf-1 and Sulf-2 expression. Sulf expression in inflammatory 
cells was examined in the human rheumatoid arthritis (RA) synovium by immunofluorescence 
staining. The antigen presentation and phagocytic activities of macrophages were compared ac-
cording to the expression state of Sulfs. Sulfs-knockdown macrophages and Sulfs-overexpressing 
macrophages were generated using small interfering RNAs and pcDNA3.1 plasmids for Sulf-1 
and Sulf-2, respectively. 
Results: Lymphocytes and monocytes showed weak Sulf expression, which remained unaffected 
by IL-1β. However, peritoneal macrophages showed increased expression of Sulfs upon stimula-
tion with IL-1β. In human RA synovium, two-colored double immunofluorescent staining of Sulfs 
and CD68 revealed active upregulation of Sulfs in macrophages of inflamed tissues, but not in 
lymphocytes of lymphoid follicles. Macrophages are professional antigen-presenting cells. The 
antigen presentation and phagocytic activities of macrophages were dependent on the level of 
Sulf expression, suppressed in Sulfs-knockdown macrophages, and enhanced in Sulfs-overex-
pressing macrophages. 
Conclusion: The results demonstrate that upregulation of Sulfs in macrophages occurs in re-
sponse to inflammation, and Sulfs actively regulate the antigen presentation and phagocytic ac-
tivities of macrophages as novel immune regulators. 
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Introduction 

Heparan sulfate proteoglycans (HSPGs) are ubiquitous molecules 
on the cell surface and matrix in all animal species. They act as re-

ceptors, co-receptors, reservoirs, or inhibitors of various ligands, 
and have many biological implications by binding to growth fac-
tors, cytokines, chemokines, adhesion molecules, extracellular ma-
trix components, degradative enzymes, protease inhibitors, and 
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proteins involved in lipid metabolism [1]. 
Accumulating evidence suggests that various proinflammatory 

cytokines can upregulate the surface expression of specific HSPGs 
and heparin/heparan sulfates (HS), which participate in inflamma-
tory responses and modulate the interactions with leukocytes [2]. 
Upon binding to cell surfaces, matrix proteins, and soluble ligands, 
HSPGs can regulate inflammatory cell maturation and activation, 
leukocyte rolling, adhesion, extravasation, and chemotaxis [3]. 

The biological functions of HSPGs can be attributed to the spe-
cialized structures within the HS moieties [4]. Posttranslational 
modifications of HSPGs, such as sulfation, give rise to the molecu-
lar diversity and heterogeneity of HSPGs. Cytokines and chemok-
ines bind selectively to the substructures of HSPGs, which deter-
mine the specificity of leukocyte recruitment [5-8]. Sulfation of 
HSPGs is critical for binding and signaling of the ligands that me-
diate inflammation and is essential for leukocyte rolling and adhe-
sion to regulate inflammation [9]. Antigen-specific B cell differen-
tiation can also be affected by the size of glycosaminoglycans 
(GAGs) and sulfation of HSPGs [10-12]. 

The pattern of HSPG sulfation is enzymatically modified by var-
ious sulfotransferases and sulfatases (Surfs). Surfs, which are en-
zymes of the esterase class, catalyze the hydrolysis of sulfate esters 
and participate in the degradation and modulation of sulfated 
GAGs in the lysosome [13]. Extracellular 6-O-endosulfatases, re-
cently identified as Sulf-1 and Sulf-2 aryl-sulfatases, regulate post-
translational sulfation levels and patterns of HSPGs in extracellular 
compartments. They selectively remove 6-O-sulfate groups from 
HSPGs via intramolecular hydrolysis and rearrangement [14-17]. 

A large amount of data is available regarding HSPGs related to 
inflammation; however, the effects of modification by sulfation re-
main unclear. This study was conducted to investigate the cellular 
expression of Sulfs and their role in inflammation. 

Materials and methods 

1. Reagents 
Easy-blue total RNA extraction kit for total RNA isolation was pur-
chased from iNtRON Biotechnology (Seoul, Korea). Dulbecco’s 
phosphate-buffered saline, penicillin-streptomycin, and fetal bo-
vine serum (FBS) were purchased from Gibco/BRL (Life Tech-
nologies, Gaithersburg, MD, USA). Ovalbumin (OVA), phyto-
hemagglutinin (PHA), and lipopolysaccharides (LPS) were ob-
tained from Sigma-Aldrich Co. (St. Louis, MO, USA). Interleukin 
(IL)-1β and monocyte chemotactic protein-1 (MCP-1) were ob-
tained from R&D Systems (Minneapolis, MN, USA). The Qiagen 
Mini kit was purchased from Qiagen Sciences (Germantown, MD, 
USA). LightCycler FastStart DNA SYBR Green I Mix was obtained 

from Roche (Mannheim, Germany). Rabbit anti-human Sulf-1 
polyclonal antibody and rabbit anti-human Sulf-2 were purchased 
from Santa Cruz Biotechnology (CA, USA). Antibodies against 
CD68 were purchased from Abcam Inc. (Cambridge, MA, USA); 
goat anti-mouse immunoglobulin G (IgG) Alexa Fluor 488, goat 
anti-rabbit IgG Alexa Fluor 546, rabbit anti-goat IgG Alexa Fluor 
546, normal goat serum, and normal rabbit serum from Invitrogen 
Corp. (Carlsbad, CA, USA). Primer sequences for Sulf-1, Sulf-2, 
and β-actin were synthesized by Bionics (Daejeon, Korea). Sulf-1 
and Sulf-2 small interfering RNA (siRNA) sequences were pur-
chased from Santa Cruz Biotechnology. Negative control siRNA 
was purchased from Invitrogen (Carlsbad). pcDNA3.1(–) vector 
for transfection was obtained from Invitrogen Life Technologies 
(Carlsbad, CA, USA). pcDNA3.1/myc-His(–) Sulf-1 and pcD-
NA3.1/myc-His(–) Sulf-2 from Addgene Inc. (Cambridge, MA, 
USA).  

2. Procurement of rheumatoid arthritis synovial tissues 
and immunofluorescence staining 
With informed consent, synovial tissues were obtained from pa-
tients with rheumatoid arthritis (RA) who underwent total knee 
replacement surgery at Yeungnam University Medical Center. A 
CD68 primary antibody specific to macrophages and anti-Sulf-1, 
Sulf-2 primary antibodies were applied in parallel for immunofluo-
rescence after pretreatment for paraffin sections and blocking. Af-
ter overnight incubation with the primary antibodies at 4°C, the 
sections were treated with the respective secondary antibodies la-
beled with fluorescence for 30 minutes avoiding light at room tem-
perature. Cell nuclei were counterstained with Hoechst 33258 di-
luted at 1:5,000 in distilled water for 2 minutes protected from 
light at room temperature. Expression of Sulf-1, Sulf-2, and CD68 
was observed using a fluorescence microscope, and the images 
were merged for double staining using Photoshop 7.0 (Adobe Sys-
tems Inc., San Jose, CA, USA). 

3. Human peripheral blood mononuclear cells preparation 
Peripheral blood mononuclear cells (PBMCs) were isolated by en-
dotoxin-free Ficoll-Paque PLUS centrifugation (GE Healthcare 
Bio-Sciences AB, Uppsala, Sweden) from buffy coats obtained 
from healthy adult blood donors at Yeungnam University Medical 
Center. PBMCs were cultured at a cell concentration of 106 cells/
mL in RPMI 1640 medium (Lonza, Basel, Switzerland) supple-
mented with 10% FBS and 1% penicillin-streptomycin. Prior to 
stimulation, plates were incubated for 1.5 hours (37°C, 5% CO2, 
100% humidity). 
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4. Mouse peritoneal macrophage preparation 
Specific pathogen-free, 7-week-old inbred BALB/c mice (six mice, 
three experiments/mouse) were purchased from Central Lab Ani-
mal Inc. (Seoul, Korea). The utmost precautions were taken to en-
sure that the mice remained free from infection by environmental 
pathogens. The mice were cared for in accordance with the princi-
ples of the Guide to the Care and Use of Experimental Animals of 
Yeungnam Medical Center. Peritoneal macrophages were obtained 
by lavage using Hanks’ balanced salt solution (HBSS) 4 days after 
injection with 2 mL of 4% thioglycollate medium (BBL-Becton 
Dickinson, Cockeysville, MD, USA). Macrophages in complete 
medium (RPMI 1640 supplemented with 1% penicillin-strepto-
mycin and 10% FBS) were plated in six well tissue culture plates, 
incubated for 2 hours at 37°C in an atmosphere of 5% CO2, and 
then washed three times with HBSS to remove any non-adherent 
cells. Macrophages were cultured overnight in a complete medium 
at 37°C in 5% CO2. The medium was then replaced with se-
rum-free RPMI 1640, and the cells were cultured in the presence 
or absence of stimuli for the indicated times. 

5. Sulf-1, Sulf-2 knockdown 
Macrophages were transfected with Sulf-1 and Sulf-2 siRNA oligo-
mers (50 nmol/L) using Lipofectamine 2000 (Thermo Fisher Sci-
entific, Waltham, MA, USA) in accordance with the manufactur-
er’s instructions. After 24 hours of incubation, the macrophages 
were placed in a growth medium for 24 hours before the experi-
ments. 

6. Sulf-1, Sulf-2 overexpression 
pcDNA3.1, pcDNA3.1/Sulf-1, and pcDNA3.1/Sulf-2 plasmids 
were amplified after transformation into MAX Efficiency DH5α-
Competent cells on LB medium with 100 µg/mL ampicillin. The 
amplified plasmids were purified from cell lysates using the Qiagen 
Mini kit, according to the manufacturer’s instructions. One micro-
gram of each complementary DNA (cDNA) was transfected into 
macrophages using 2.5 µL of Lipofectamine 2000 reagent diluted 
in Opti-MEM (Thermo Fisher Scientific) separately.  

7. Antigen presentation assay  
Macrophages were cultured with OVA (2 mg/mL) for 24 hours. T 
cell hybridomas (DO-11-10, 105 cells/well) were added, and the 
cultures were incubated for 48 hours. The cultures were then cen-
trifuged at 1,000 × g, followed by the removal of 100 µL of the su-
pernatant. The cell supernatant fluids were assayed for IL-2 activi-
ty immediately or frozen at −70°C until use. The supernatant fluids 
were assayed for the presence of IL-2 using the IL-2 dependent 
CTLL-2 cell line. CTLL-2 cells (104 cells/ well) were added to 

100 µL of culture supernatant and incubated for 40 hours. The cul-
tures were then pulsed overnight with [3H]-thymidine (1 µCi/
well) (Perkin Elmer, Boston, MA, USA). [3H]-Thymidine-labeled 
cells were collected, and radioactivity was measured using a Pack-
ard scintillation counter (Packard Instrument Co., Meriden, CT, 
USA). 

8. Phagocytosis assay 
Mouse peritoneal macrophages were transfected with siRNA 
oligomers or control plasmid DNA. After 24 hours of incubation, a 
phagocytosis assay using a Cytoselect 96-well phagocytosis assay 
kit was performed according to the manufacturer’s instructions 
(Cell Biolabs, San Diego, CA, USA). Images of phagocytic macro-
phages were taken with a Leica DFC 495 camera (Leica Microsys-
tems, Cambridge, UK) mounted on a Nikon microscope (Eclipse 
TE300; Nikon, Tokyo, Japan) at 200 ×  magnification. 

9. Real-time polymerase chain reaction 
Total RNA was extracted using the easy-BLUE Total RNA Ex-
traction Kit (iNtRON Biotechnology, Seoul, Korea) according to 
the manufacturer’s instructions. One microgram of total RNA per 
sample was reverse-transcribed using a Maxime RT premix kit (iN-
tRON Biotechnology, Daejeon, Korea) according to the manufac-
turer’s instructions. cDNA synthesis was performed at 45°C for 60 
minutes, followed by real-time (RT) inactivation at 95°C for 5 
minutes. Sulf-1 and Sulf-2 were amplified by RT polymerase chain 
reaction (PCR) using a LightCycler (Roche). The total PCR vol-
ume was 20 µL, and each PCR reaction consisted of LightCycler 
FastStart DNA SYBR Green I mix (Roche), primer, and 2 µL of 
cDNA. Prior to PCR amplification, the mixture was incubated at 
9°C for 10 minutes. The amplification step consisted of 45 cycles 
of denaturation (10 seconds at 95°C), annealing (5 seconds at the 
primer-appropriate temperature), and extension (10 seconds at 
72°C) with fluorescence detection at 72°C after each cycle. After 
the final cycle, melting point analyses of all samples were per-
formed over a temperature range of 65°C–95°C with continuous 
fluorescence detection. β-Actin was used as a reference gene for the 
normalization of sample expression levels. The primers used for 
PCR were as follows: Sulf-1 (195 bp) sense, 5′-tgctgaacagtcaccct-
gatccaa-3′; antisense, 5′-tcagatgcagggtttggaggttga-3′; Sulf-2 (195 
bp) sense, 5′-tcaaagtgacccatcggtgctaca-3′, antisense, 5′-agtcacat-
tcttccggtcgcttct-3′; and β-actin (148 bp) sense, 5′-agagggaaatcgtgc-
gtgac-3′, antisense, 5′-caatagtgatgacctggccgt-3′’. The mRNA levels 
of Sulf-1 and Sulf-2 were determined by comparing experimental 
levels to standard curves and were expressed as relative fold expres-
sion levels. 
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10. Western blotting 
Total lysates were prepared in PRO-PREP buffer (iNtRON Bio-
technology, Seoul, Korea). Protein concentrations were deter-
mined by Bradford assay (Bio-Rad, Hercules, CA, USA) using bo-
vine serum albumin as a standard. Twenty micrograms of protein 
samples were separated by 10% sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis and then transferred onto nitrocellulose 
membranes. Membranes were soaked in 5% non-fat dried milk in 
TBST (10 mmol/L Tris/HCl pH 7.5, 150 mmol NaCl, and 0.05% 
Tween-20) for 1 hour, followed by incubation for 16 to 18 hours 
with primary antibodies against Sulf-1, Sulf-2, and β-actin at 4°C. 
Membranes were then washed three times with TBST for 10 min-
utes, followed by incubation with horseradish peroxidase-conju-
gated secondary antibody for 1 hour at room temperature. Finally, 
membranes were rinsed three times with TBST for 10 minutes, 
and antigen-antibody complexes were detected using an enhanced 
chemiluminescence detection system (LAS-3000; Fujifilm, To-
kyo, Japan). 

11. Statistical analyses 
Statistical analysis was performed using SPSS version 12.0 (SPSS 
Inc., Chicago, IL, USA). Independent sample t-test was used for 
parametric analysis, and Mann-Whitney test was used for nonpara-
metric analysis with a confidence interval of 95% and p-value of 
< 0.05. 

Results 

HSPGs are involved in signal transduction and may play a role in 
inflammation. The effects of HSPGs can be modified by the sulfa-
tion pattern and level, which is posttranslationally regulated by 
Sulf-1 and Sulf-2. 

In this study, we evaluated Sulf-1 and Sulf-2 expression in inflam-
matory cells. After harvesting PBMCs from healthy volunteers, the 
cells were treated with PHA and LPS to activate lymphocytes and 
monocytes, respectively. Regarding tissue macrophages, murine 
peritoneal macrophages were stimulated with IL-1β, the key proin-
flammatory cytokine, and MCP-1, which regulates the migration 
and infiltration of monocytes and macrophages. Normal 
non-treated (NT) PBMCs showed weak expression of Sulfs, 
showing faint bands on western blot (WB), whereas IL-1β-stimu-
lated SW1353 showed increased expression of Sulf-1 and Sulf-2 as 
a positive control. Compared with the NT control, human lym-
phocytes and monocytes showed no change in Sulf expression 
upon in vitro activation. However, murine peritoneal macrophages 
showed increased expression of Sulf-1 and Sulf-2 following stimu-
lation with IL-1β (Fig. 1A). 

The effects of inflammation on the expression of Sulf-1 and Sulf-
2 in inflammatory cells were examined in the human RA synovi-
um. RA synovial tissues showed chronic inflammatory reactions of 
active proliferative villi, hyperplastic fibroblast-like synoviocytes 
(FLSs) invading sublining tissues, densely infiltrated inflammatory 
cells forming lymphoid follicles, increased vasculature, thickened 
interstitium, and fibrosis. Synovial macrophages were recognizable 
as CD68 positive cells infiltrated into the sublining layers. Lym-
phocytes and mononuclear cells were identified as CD68 negative 
cells of small nuclei clustered in lymphoid follicles. Two-colored 
double immunofluorescence staining of Sulfs and CD68 was per-
formed to verify the inflammatory cells expressing Sulf-1 and Sulf-
2 in RA synovial tissue. 

RA synovial tissues were incubated with anti-CD68 antibody, 
followed by incubation with Alexa Fluor 488 conjugated second-
ary antibody. CD68 positive cells emitting bright green were de-
tected as tissue macrophages. The synovial tissues were also treat-
ed with anti-Sulf-1 and anti-Sulf-2 primary antibodies, and Alexa 
Fluor 546 conjugated secondary antibody demonstrated Sulf-1 
and Sulf-2 emitting orange to red under fluorescence microscopy. 
Hoechst 33258 was used for counterstaining the nuclei to indicate 
the cellular expression of the molecules in the synovium. 

Sulf-1- and Sulf-2 positive cells were widely distributed through-
out the lining and sublining layers of inflamed RA synovium, 
which included FLSs and macrophages. Merged images revealed 
synovial macrophages colored bright yellow as a result of dual posi-
tive staining of CD68 and Sulfs. Macrophages were densely infil-
trated in the sublining layer (Fig. 1B, upper panel). However, lym-
phoid follicles composed of small lymphocytes were completely 
negative for both CD68 and Sulfs (Fig. 1B, lower panel). 

The results demonstrate that circulating and tissue lymphocytes 
or monocytes are not reactive for Sulf expression in response to 
proinflammatory stimuli and inflammation. In contrast, macro-
phages stimulated and differentiated in inflamed tissues showed ac-
tive upregulation of Sulf-1 and Sulf-2. 

Based on the Sulf expression of inflammatory cells, this study 
aimed to evaluate the roles of macrophage Sulf-1 and Sulf-2 in in-
flammation. Macrophages are the prime scavenger and anti-
gen-presenting cells (APC) that participate in the initiation of in-
flammatory and immune responses. Sulfs-related functional 
changes in macrophages were analyzed using an antigen presenta-
tion assay with the regulation of Sulf expression in murine perito-
neal macrophages. 

Sulf expression in macrophages was knocked down using siR-
NAs against Sulf-1 and Sulf-2 and upregulated by transfection with 
pcDNA3.1/Sulf-1 and pcDNA3.1/Sulf-2 plasmids. Downregula-
tion of Sulf gene transcription by Sulf-1 and Sulf-2 siRNAs in mac-
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Fig. 1. Sulfatase (Sulf) expression in the inflammatory cells with proinflammatory stimuli and tissue inflammation. Murine peritoneal 
macrophages show increased expression of Sulf-1 and Sulf-2 upon stimulation with interleukin (IL)-1β. (A) However, normal non-treated 
(NT) peripheral blood mononuclear cells (PBMCs) show weak expression of Sulfs and no change in Sulf expression by in vitro activation 
with phytohemagglutinin and lipopolysaccharides (LPS) (SW1353, a cell line, as positive control) (two-colored double immunofluores-
cence stain, x200). (B) Rheumatoid arthritis (RA) synovial tissues show chronic inflammatory reactions. Synovial macrophages as CD68 
positive cells infiltrated in sublining layers. Lymphocytes as the CD68 negative cells of small nuclei clustered in lymphoid follicles. (B, up-
per panel) Two-colored double immunofluorescence staining of Sulfs and CD68 revealed synovial macrophages colored bright yellow as 
the result of dual positive staining of CD68 and Sulfs. (B, lower panel) However, lymphocytes are completely negative for both CD68 and 
Sulfs (two-colored double immunofluorescence stain, x200). MCP-1, monocyte chemotactic protein-1.
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rophages was confirmed by RT-PCR (Fig. 2A). Overexpression of 
Sulf-1 and Sulf-2 in macrophages by pcDNA3.1/Sulf-1 and Sulf-2 
plasmid transfection was evident on WB (Fig. 2B). 

For the antigen presentation assay, murine peritoneal macro-
phages were cultured with OVA, followed by measurement of 
[3H]-thymidine radioactivity incorporated into IL-2 dependent 
CTLL-2 cells. Macrophages with Sulf-1 or Sulf-2 suppression 
showed significantly lower [3H]-thymidine radioactivity compared 
to controls (control and siControl, respectively). The decrease in 
radioactivity was more prominent by Sulf-1 suppression than by 
Sulf-2 suppression (control: 634,280.6 ±44,596.36 counts per min-
ute [cpm], siControl: 656,073.1 ±56,295.45 cpm, siSulf-1: 
408,304.3 ±27,941.08 cpm, siSulf-2: 531,577.8 ±37,844.28 cpm; 
values are mean±standard deviation [SD], respectively) (Fig. 3A). 

The same experiment was performed in macrophages overex-
pressing Sulf-1 or Sulf-2 to confirm the effects of Sulfs on antigen 
presentation by macrophages. After incubation with OVA, murine 
peritoneal macrophages were assessed for antigen-presenting func-
tion as [3H]-thymidine radioactivity of IL-2 dependent CTLL-2 
cells. Macrophages overexpressing Sulf-1 or Sulf-2 showed signifi-
cantly higher [3H]-thymidine radioactivity than controls (control 
and pcDNA3.1, respectively). The increase in radioactivity was 
more prominent by Sulf-1 overexpression than by Sulf-2 overex-
pression (control: 419,426.67 ±7,843.9 cpm, pcDNA3.1: 
421,824±4,545.04 cpm pcDNA3.1 (Sulf-1): 870,695.67±15,042.13 
cpm, pcDNA3.1 (Sulf-2): 664,237.67 ±29,535.9 cpm; values are 
mean ±  SD, respectively) (Fig. 3B). The results showed an inverse 
correlation with the results of the antigen presentation assay with 
Sulfs-knockdown macrophages. 

The antigen presentation studies coherently suggest that Sulfs of 
macrophages may take part in antigen presentation and play a role 
in initiating immune and inflammatory responses. These effects 
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Fig. 2. Macrophage sulfatase (Sulf) expression was knocked down using small interfering (si) RNAs against Sulf-1 and Sulf-2, and up-
regulated by transfection with pcDNA3.1/Sulf-1 and pcDNA3.1/Sulf-2 plasmids. (A) Downregulation of Sulf gene transcription in macro-
phages transfected with Sulf-1 and Sulf-2 siRNAs, as compared with non-treated (NT) and siRNAs controls, was confirmed by real-time 
polymerase chain reaction. (B) Overexpression of Sulf-1 and Sulf-2 in macrophages transfected with pcDNA3.1/Sulf-1 and Sulf-2 plas-
mids, as compared with those of NT and pcDNA3.1 controls, was confirmed by western blot. **p<0.01.

were more prominent with Sulf-1. 
Antigen presentation by macrophages involves a wide range of 

responses initiated by pattern recognition and phagocytosis. 
Therefore, macrophage phagocytic activity was assessed by regu-
lating Sulf-1 and Sulf-2 expression in the same manner as that in 
the antigen presentation assay. Murine peritoneal macrophages 
were treated with siRNAs or pcDNA3.1 plasmids to suppress or 
enhance Sulf expression, respectively (Fig. 2). 

Macrophages were cultured with zymosan, and the number of 
zymosan granules engulfed by macrophages was compared using 
microscopic images. Sulfs-knockdown macrophages showed 
marked suppression of zymosan phagocytosis compared to con-
trols (Fig. 4A, upper panel). Macrophages overexpressing Sulfs 
showed brisk phagocytic activity against zymosan (Fig. 4A, lower 
panel), which was completely opposite to the Sulfs-knockdown 
macrophages. In addition to the microscopic images, phagocytosis 
of zymosan by macrophages was analyzed quantitatively by mea-
suring the absorbance at 450 nm using spectrophotometry. The 
absorbance of Sulfs-knockdown macrophages was significantly 
lower than that of controls (zymosan+control and zymosan+si-
Control, respectively) (control: 1.28 ± 0.04 absorbance unit [AU], 
zymosan+cytochalasin D: 1.49 ± 0.03 AU, zymosan+control: 
2.23 ± 0.05 AU, zymosan+siControl: 2.07 ± 0.03 AU, zymosan+ 
Sulf-1 siRNA: 1.6 ± 0.1 AU, zymosan+Sulf-2 siRNA: 1.74 ± 0.09 
AU; values are mean ± SD, respectively). Inversely, Sulfs- overex-
pressing macrophages showed higher absorbance compared with 
controls (zymosan+control and zymosan+pcDNA3.1, respective-
ly) (control: 1.28 ± 0.04 AU, zymosan+cytochalasin D: 1.49 ± 0.03 
AU, zymosan+control: 2.23 ± 0.05 AU, zymosan+pcDNA3.1: 
2.19 ± 0.03 AU, zymosan+pcDNA3.1 [Sulf-1]: 2.97 ± 0.07 AU,  
zymosan+pcDNA3.1 [Sulf-2]: 2.78 ±0.08 AU; values are mean 
±SD, respectively). The effects of Sulfs on macrophage phagocyto-
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Fig. 3. Antigen presentation assay with modification of sulfatase (Sulf) expression. Murine peritoneal macrophages were cultured with 
ovalbumin. (A) Macrophages with Sulf-1 or Sulf-2 suppression show significantly lower [3H]-thymidine radioactivity incorporated into inter-
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The changes in radioactivity are more prominent with Sulf-1 regulation than with Sulf-2. cpm, counts per minute. **p<0.01.
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sis were more prominent with Sulf-1 compared to Sulf-2 (Fig. 4B).  
The results of the macrophage phagocytosis assay with modifi-

cation of Sulf expression were consistent with the results of 
Sulfs-regulated antigen presentation by macrophages. This may be 
evidence of the critical involvement of Sulf-1 and Sulf-2 in inflam-
matory and immune responses regulating macrophage phagocyto-
sis and antigen presentation. 

Discussion 

HSPGs are extracellular matrix glycoproteins modified with spe-
cific HS polymers [18]. HS is a linear polysaccharide of a variably 
sulfated repeating disaccharide (GAG). Covalently linked to vari-
ous core proteins, one or more HS chains comprise extraordinarily 
heterogeneous structures of HSPGs. The cell-surface HSPG mole-
cules are classified into four groups; syndecans, glypicans, betagly-
cans, and CD44 family proteins. In addition, the sulfation pattern 
and level of HSPGs at four different sites (N-, 3-O, and 6-O of glu-
cosamine and 2-O of uronic acid) give rise to molecular diversity 
[19]. 

Regarding HSPGs related to infection/inflammation, HSPG is 
rarely expressed in normal resting leukocytes [20]. However, as 
monocytes undergo progressive differentiation into tissue macro-
phages during the recruitment process, activated human macro-
phages express syndecan-2 on the cell surface [2]. HSPGs are 

known to facilitate morphogen gradients that are essential for cell 
development and chemokine gradients for leukocyte recruitment 
and homing [21,22]. In addition to the presence of HSPGs in in-
flammatory cells, studies on Chlamydia muridarum have demon-
strated that the level of HSPG 6-O sulfation is a critical determi-
nant of infection, and that 6-O endosulfatases are involved in mi-
crobial pathogenesis as modulators [23]. 

The sulfation pattern and level of variably sulfated molecules 
may be the major determinants of the biological activities of 
HSPGs. Regarding posttranslational modulation, the extracellular 
6-O-endosulfatases, Sulf-1 and Sulf-2, desulfate HSPGs in the ex-
tracellular compartment, in contrast to the biosynthesis and sulfa-
tion at the Golgi apparatus [24]. 

Aberrant expression and activity of Sulf-1 and Sulf-2 have been 
linked to diseases such as cancers [25-28] and developmental 
changes [29-31]. However, little information is available concern-
ing their role in inflammation. Sulf-1 and Sulf-2 expression were re-
ported to be upregulated in articular cartilages and synovial tissues 
of human osteoarthritis (OA) and murine OA knees [32]. These 
findings might indicate an association between Sulfs and the reac-
tive synovium. Although no information is available about Sulf-1 
and Sulf-2 in inflammatory tissues, the current study shows that sy-
noviocytes and synovial macrophages upregulate Sulf-1 and Sulf-2 
expression in the inflamed synovium of RA. 

In this study, Sulf-1 and Sulf-2 were analyzed with regard to their 
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Fig. 4. Macrophage phagocytosis assay with modification of sulfatase (Sulf) expression. Macrophages were cultured with zymosan. (A, 
upper row) Sulfs-knockdown macrophages show marked suppression of zymosan phagocytosis compared with controls (Cont) on mi-
croscopic images. (A, lower row) Sulfs-overexpressing macrophages show brisk phagocytotic activity against zymosan. The phagocytic 
activity is analyzed by measuring the absorbance at 450 nm using spectrophotometry. (B, left) The absorbance of Sulfs-knockdown mac-
rophages was significantly lower than that of controls. (B, right) Sulfs-overexpressing macrophages demonstrated higher absorbance 
compared with controls. The effects of Sulfs on macrophage phagocytosis are more prominent with Sulf-1 than with Sulf-2. si, small 
interfering; OD, optical density; AU, absorbance unit. **p<0.01.

expression in inflammatory cells of peripheral blood and tissues, 
and their functions in inflammation. 

The results demonstrated that macrophages expressed Sulf-1 
and Sulf-2. In addition, Sulfs are upregulated in macrophages in re-
sponse to proinflammatory stimuli and tissue inflammation, but 
not in lymphocytes or monocytes. 

Infiltrated macrophages are the core features of inflammation, in 
which they play roles in eliminating infection, clearing up debris, 
and restoring tissue homeostasis as an effector of innate immunity 
[33]. In addition, macrophages, as professional APCs, are involved 
in the induction of acquired immunity that requires coordinated 
interplay between innate immune cells and naive lymphocytes. 
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The capacity to take up and process antigens, express class II major 
histocompatibility complex (MHC) glycoproteins on their sur-
face, and synthesize and release IL-1 are indispensable for the cells 
to function as APCs [34]. 

T cell stimulation by antigen presentation depends on the effi-
ciency of antigen capture by APCs [35], and HSPGs behave as re-
ceptors or co-receptors in MHC class II-restricted antigen presen-
tation of proteins [36]. Earlier studies have reported that a critical 
level of HSPG ligation is necessary and sufficient to trigger phago-
cytic uptake into epithelial cells [37]. Therefore, in the context of 
HSPGs and their sulfation as key determinants of biological activi-
ties, Sulfs may function as regulators of T cell activation and immu-
nity by modulating antigen presentation and phagocytosis by 
APCs.  

This study demonstrates that antigen presentation activity by 
macrophages is strongly correlated with Sulf expression, sup-
pressed in Sulf-1 and Sulf-2 knockdown macrophages, and en-
hanced in Sulfs-overexpressing macrophages. 

For the processing and presentation of phagocytosed antigenic 
substrates to lymphocytes, exogenous antigen uptake into profes-
sional APCs is initiated by some types of endocytic mechanisms: 
receptor-mediated endocytosis through the clathrin-coated pit sys-
tem [38], pinocytosis, particularly macropinocytosis as a conse-
quence of membrane ruffling [39] and phagocytosis [40]. 

In relation to the Sulfs-dependent antigen presentation, the cur-
rent study evaluated macrophage phagocytosis and showed that 
the phagocytic activity of macrophages also had a strong correla-
tion with Sulf expression, enhanced in Sulf-1 and Sulf-2 overex-
pressing macrophages, and vice versa. This is entirely concordant 
with the results of the antigen presentation assay of macrophages 
to T lymphocytes. However, in this study, the protein expression 
levels were not determined after Sulf-1 and Sulf-2 gene suppression 
was confirmed by RT-PCR, which could be a limitation of the as-
say. 

Taken together, these observations clearly demonstrate that Sulf-
1 and Sulf-2 expression is actively regulated by macrophages in cor-
relation with tissue inflammation, and that Sulfs, particularly Sulf-
1, may play a role in facilitating inflammation through macrophage 
phagocytosis and antigen presentation. To the best of our knowl-
edge, this is the first report on Sulf-1 and Sulf-2 as novel immune 
regulators. 
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Prognostic impact of chromogranin A in patients with 
acute heart failure 
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Background: Chromogranin A (CgA) levels have been reported to predict mortality in patients 
with heart failure. However, information on the prognostic value and clinical availability of CgA 
is limited. We compared the prognostic value of CgA to that of previously proven natriuretic pep-
tide biomarkers in patients with acute heart failure. 
Methods: We retrospectively evaluated 272 patients (mean age, 68.5±15.6 years; 62.9% male) 
who underwent CgA test in the acute stage of heart failure hospitalization between June 2017 
and June 2018. The median follow-up period was 348 days. Prognosis was assessed using the 
composite events of 1-year death and heart failure hospitalization. 
Results: In-hospital mortality rate during index admission was 7.0% (n=19). During the 1-year 
follow-up, a composite event rate was observed in 12.1% (n=33) of the patients. The areas un-
der the receiver-operating characteristic curves for predicting 1-year adverse events were 0.737 
and 0.697 for N-terminal pro-B-type natriuretic peptide (NT-proBNP) and CgA, respectively. 
During follow-up, patients with high CgA levels (>158 pmol/L) had worse outcomes than those 
with low CgA levels (≤158 pmol/L) (85.2% vs. 58.6%, p<0.001). When stratifying the patients 
into four subgroups based on CgA and NT-proBNP levels, patients with high NT-proBNP and high 
CgA had the worst outcome. CgA had an incremental prognostic value when added to the com-
bination of NT-proBNP and clinically relevant risk factors. 
Conclusion: The prognostic power of CgA was comparable to that of NT-proBNP in patients with 
acute heart failure. The combination of CgA and NT-proBNP can improve prognosis prediction in 
these patients. 
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Introduction 

Heart failure (HF) is an increasing health problem worldwide [1-
3]. Despite recent progress in pharmacologic and implantable car-
diac device treatment, the mortality of patients with HF remains 
substantially high [2-6]. There is increasing interest in the use of 

many biological markers, including natriuretic peptides, to more 
accurately determine patient prognosis, such as mortality and HF 
hospitalization. 

Neurohormonal deterioration plays a key role in the develop-
ment of HF. Numerous biomarkers and therapeutic approaches 
have been established to elucidate this pathophysiological mecha-
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nism. Natriuretic peptide has become a reliable biomarker for the 
diagnosis and estimation of prognosis in patients with HF. Addi-
tionally, the use of novel biomarkers may guarantee a more accu-
rate estimation of the prognosis of HF and can be valuable for un-
derstanding the pathophysiology of HF. Chromogranin A (CgA) 
is a prohormone produced in many tissues, including neuroendo-
crine and myocardial tissues. The level of CgA is closely correlated 
with sympathetic activity in the adrenal gland and peripheral ner-
vous system, suggesting that it might be a marker of sympathetic 
activity in humans [7]. In addition, it has been known as a bio-
marker for neuroendocrine tumors [8] and has recently been 
found to be associated with prognosis in patients with cardiovascu-
lar disease [9-12]. Recent studies have shown that CgA is an inde-
pendent predictor of long-term mortality and HF hospitalization 
in patients with acute coronary syndromes [9]. In patients with 
HF, circulating CgA levels are associated with functional status, 
HF hospitalization, and mortality [10]. 

The present study aimed to investigate (1) the prognostic value 
of CgA in patients with acute HF and (2) the additive prognostic 
impact of CgA when measured together with N-terminal pro-B-
type natriuretic peptide (NT-proBNP) in patients with acute HF. 

Materials and methods 

1. Study population 
We retrospectively evaluated patients who underwent CgA testing 
during the acute stage of HF hospitalization between June 2017 
and June 2018. A total of 272 patients were enrolled, and the medi-
an follow-up duration was 348 days. 

The diagnosis of HF was established based on current guide-
lines, taking into account symptoms, laboratory findings, and ra-
diographic and echocardiographic findings. 

Data on demographic characteristics, medications, laboratory 
tests, and prognosis were collected from the patients’ medical 
charts. Initial transthoracic echocardiographic findings were col-
lected from the images and reports from the database. NT-proBNP 
(The Dimension Vista PBNP Flex reagent cartridge; Erlangen, 
Germany) and CgA (Cisbio CgA ELISA kit; Codolet, France) 
were tested in venous blood and within 24 hours of hospital admis-
sion. Patients were followed up for 12 months after the index hos-
pitalization. The primary endpoint was a composite event of 1-year 
death and hospitalization for HF. The death certificates and Na-
tional Health Insurance data were reviewed to determine survival 
or death. 

2. Statistics 
Data are presented as percentages for baseline characteristics and 

categorical variables, and comparisons between them were as-
sessed using the chi-square test. The distribution of continuous 
variables is expressed as the mean ± standard deviation or median 
(interquartile range), and the differences were compared using the 
independent t-test. 

A receiver-operating characteristic (ROC) curve was used to 
identify the optimal cutoff points for the CgA and NT-proBNP 
levels to determine the potential relationship between CgA and 
prognosis. Delong’s method was used to compare the area under 
the curves (AUCs) between CgA and NT-proBNP. All patients 
were classified into four groups according to the cutoff levels for 
NT-proBNP and CgA obtained from the ROC curve analysis. Ka-
plan-Meier survival analysis was performed based on these four 
groups. Bonferroni correction was used in the subgroup analysis 
that tested the prognostic value of CgA in patients with high and 
low NT-proBNP levels. All analyses were two-tailed, and p-values 
of < 0.05 were considered statistically significant. 

The relationship between the two biomarkers and prognosis 
(composite outcome of 1-year death and hospitalization for HF) 
of the patients were investigated. 

Results 

1. Baseline characteristics 
Patients who underwent CgA and NT-proBNP testing between 
June 2017 and June 2018 in the acute stage of HF hospitalization 
were enrolled retrospectively. A total of 272 patients (mean age, 
68.5 ± 15.6 years; 62.9% male) were enrolled, and the median fol-
low-up duration was 348 days. Nearly half of the patients had New 
York Heart Association (NYHA) class III–IV symptoms (45.2%). 
Of the total patients, 133 (48.9%) had hypertension, 86 (31.6%) 
had diabetes mellitus, 54 (19.9%) had atrial fibrillation, and 108 
(39.7%) had ischemic heart disease. The mean left ventricular 
ejection fraction (LVEF) was 42.6% ±16.1%, the mean NT-proB-
NP level was 10,650.1 ±26,302.4 pg/mL, and the mean CgA level 
was 279.8 ±392.6 pmol/L (Table 1). The CgA level increased with 
a decrease in LVEF and an increase in NYHA class (Supplementa-
ry Figs. 1, 2).

Patients in both the high NT-proBNP and high CgA groups 
were more likely to be older and to be prescribed a loop diuretic in 
their discharge medications than those in the low NT-proBNP and 
low CgA groups. The high CgA group had higher NT-proBNP 
levels than the low CgA group. In addition, higher CgA levels were 
observed in the high NT-proBNP group than in the low NT-proB-
NP group. In the high CgA group, de novo HF was observed less 
frequently than in the low CgA group. Atrial fibrillation, ischemic 
heart disease, medication before admission, and estimated glomer-
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ular filtration rate were not different between the two groups re-
gardless of NT-proBNP and CgA levels (Table 1, Supplementary 
Table 1). 

2. Prognostic value of serum CgA and NT-proBNP 
In-hospital mortality rate of the study population was 7.0% 
(n =19). During the follow-up period, the composite event of 
1-year death and hospitalization for HF was observed in 12.1% of 
patients (n =33). In the ROC analysis to predict the composite 
event of 1-year death and hospitalization, the AUCs were 0.737 and 
0.697 for NT-proBNP and CgA, respectively. The cutoff values for 
predicting the prognosis for CgA and NT-proBNP were 158 
pmol/L and 3,429 pg/mL, respectively (Fig. 1). During the fol-
low-up, patients with high CgA ( > 158 pmol/L) were more likely 

to have worse outcomes (85.2% vs. 58.6%, p < 0.001) in the Ka-
plan-Meier analysis. Age, NYHA class, atrial fibrillation, de novo 
HF, NT-proBNP level, and CgA level were significantly associated 
with prognosis in the univariate analysis. In the multivariable analy-
sis model, CgA was an independent factor associated with 1-year 
death and hospitalization for HF (hazard ratio [HR], 1.059/100 
pmol/L; 95% confidence interval [CI], 1.007–1.115, p = 0.027), as 
was age, NYHA class, and de novo HF (Table 2). 

Based on the cutoff values for CgA (158 pmol/L) and NT-proB-
NP (3,429 pg/mL), the study cohort was divided into four groups: 
low NT-proBNP and low CgA (n = 106), low NT-proBNP and 
high CgA (n = 40), high NT-proBNP and low CgA (n = 60), and 
high NT-proBNP and high CgA (n = 66). The Kaplan-Meier sur-
vival analysis showed that the group with low levels of both 

Table 1. Baseline characteristics of the patients according to level of serum NT-proBNP and CgA

Variable All (n=272)
NT-proBNP CgA

Low (n=146) High (n=126) p-value Low (n=166) High (n=106) p-value
Demographics
 Age (yr) 68.5±15.6 66.7±15.5 70.5±15.5 0.040 65.7±16.6 72.8±12.9 <0.001
 Male sex 171 (62.9) 92 (63.0) 79 (62.7) >0.999 110 (66.3) 61 (57.5) 0.186
 Hypertension 133 (48.9) 64 (43.8) 69 (54.8) 0.094 61 (36.7) 72 (67.9) <0.001
 Diabetes mellitus 86 (31.6) 39 (26.7) 47 (37.3) 0.081 37 (22.3) 49 (46.2) <0.001
 Atrial fibrillation 54 (19.9) 27 (18.5) 27 (21.4) 0.651 32 (19.3) 22 (20.8) 0.887
 De novo heart failure 204 (75.0) 119 (81.5) 85 (67.5) 0.011 132 (79.5) 72 (67.9) 0.044
 NYHA class <0.001 0.256
  II 149 (54.8) 106 (72.6) 43 (34.1) 94 (56.6) 55 (51.9)
  III 65 (23.9) 23 (15.8) 42 (33.3) 42 (25.3) 23 (21.7)
  IV 58 (21.3) 17 (11.6) 41 (32.5) 30 (18.1) 28 (26.4)
 Ischemic etiology 108 (39.7) 59 (40.4) 49 (38.9) 0.859 64 (38.6) 44 (41.9) 0.673
 SBP (mmHg) 135.5±30.2 133.1±28.3 138.3±32.2 0.155 132.2±28.1 140.6±32.8 0.024
 Heart rate (beat/min) 88.6±22.5 84.0±20.4 94.0±23.7 <0.001 86.8±21.0 91.4±24.5 0.101
Laboratory findings
 Hemoglobin (g/dL)  12.6±2.1 12.4±2.3 12.8±2.0 0.126 12.5±2.2 12.8±2.0 0.404
 Serum creatinine (mg/dL) 2.0±9.4 2.5±12.8 1.3±1.0 0.244 2.3±11.9 1.4±2.1 0.337
 eGFR (mL/min/1.73 m2) 78.0±191.9 87.5±260.7 67.0±31.6 0.351 64.5±30.3 99.1±304.5 0.248
 Sodium (mEq/L) 137.3±6.0 137.3±6.0 137.4±6.0 0.913 137.6 ±6.2 137.0±5.7 0.405
 Potassium (mEq/L) 4.3±0.6 4.2±0.6 4.3±0.6 0.459 4.3±0.6 4.2±0.6 0.354
 CgA (pmol/L) 279.8±392.6 160.1±222.2 418.5±490.8 <0.001 81.2±38.7 590.9±485.2 <0.001
 NT-proBNP (pg/mL) 10,650.1±26,302.4 1,204.1±1,024.7 21,595.4±35,688.4 <0.001 4,336.4±6,456.9 20,537.6±39,475.4 <0.001
 LVEF group (%) <0.001 0.058
  ≥50 114 (41.9) 86 (58.9) 28 (22.2) 79 (47.6) 35 (33.0)
  40–49 43 (15.8) 27 (18.5) 16 (12.7) 23 (13.9) 20 (18.9)
  <40 115 (42.3) 33 (22.6) 82 (65.1) 64 (38.6) 51 (48.1)
 LVEF (%) 42.6±16.1 48.9±14.0 35.4±15.5 <0.001 43.7±16.7 41.0±15.1 0.178
Renal replacement therapy 7 (2.6) 0 (0) 7 (5.6) 0.012 1 (0.6) 6 (5.7) 0.030

Values are presented as mean±standard deviation or number (%).
NT-proBNP, N-terminal pro-B-type natriuretic peptide; CgA, chromogranin A; NYHA, New York Heart Association; SBP, systolic blood pressure; eGFR, 
estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.
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NT-proBNP and CgA had the best 1-year survival rate (88.9%), 
followed by the group with low NT-proBNP and high CgA levels 
(86.6%), the group with high NT-proBNP and low CgA levels 
(78.6%), and the group with both high NT-proBNP and CgA lev-
els (40.2%, p < 0.001) (Fig. 2). In the subgroup of patients with 
high NT-proBNP levels, low CgA levels were associated with pa-
tient prognosis (40.2% vs. 78.6%, p< 0.001), whereas there was no 
significant prognostic value in the subgroup of patients with low 
NT-proBNP levels (86.6% vs. 88.9%, p > 0.999).  

To investigate the predictive value of CgA, we created three 
models: (1) the baseline model including the risk factors of age, 
sex, NYHA class, atrial fibrillation, and de novo HF; (2) baseline 
model+NT-proBNP; and (3) baseline model+NT-proBNP+C-
gA. The addition of serum NT-proBNP and CgA to the estab-
lished risk factors increased the provided incremental information 
for predicting the prognosis (global chi-square 42.4 to 47.2, 
p = 0.030). Adding CgA to the second model, which comprised 
both the established risk factors and NT-proBNP, resulted in addi-
tional improvement of the prognostic power for 1-year adverse 
events (global chi-square from 47.2 to 51.4, p = 0.039) (Fig. 3). 

Discussion 

In the present study, blood CgA levels in patients with acute HF 
were found to be an independent factor associated with 1-year 
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Fig. 1. Receiver-operating characteristic curve analysis of 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) and 
chromogranin A (CgA) in predicting the composite outcome of 
1-year death and hospitalization for heart failure. The cutoff 
values for CgA and NT-proBNP were 158 pmol/L and 3,429 pg/
mL, respectively. Areas under the curves for CgA and NT-proBNP 
levels in predicting 1-year death and hospitalization were 0.697 
and 0.737, respectively.

Table 2. Univariable and multivariable analysis for prediction of composite event of 1-year death and hospitalization for heart failure

Variable
Univariate model Multivariate model

HR (95% CI) p -value HR (95% CI) p -value
Age 1.038 (1.016–1.059) <0.001 1.033 (1.010–1.056) 0.005
Male sex 0.962 (0.570–1.622) 0.909 1.343 (0.771–2.340) 0.298
Hypertension 1.194 (0.723–1.974) 0.488
Diabetes mellitus 1.267 (0.751–2.137) 0.375
Atrial fibrillation 2.271 (1.330–3.877) 0.003 1.784 (1.029–3.093) 0.394
De novo onset 0.329 (0.199–0.544) <0.001 0.439 (0.259–0.744) 0.002
NYHA class III (reference, NYHA class II) 1.735 (0.932–3.230) 0.082 1.225 (0.636–2.362) 0.543
NYHA class IV (reference, NYHA class II) 2.861 (1.578–5.187) 0.001 1.980 (1.051–3.729) 0.035
Ischemic etiology 0.989 (0.608–1.680) 0.966
SBP (/10 mmHg) 1.010 (0.932–1.095) 0.804
Heart rate (/10 beats/minute) 1.111 (0.993–1.244) 0.066
Hemoglobin (g/dL) 1.000 (0.882–1.131) 0.984
eGFR (/10 mL/min/1.73 m2) 1.012 (0.930–1.050) 0.696
Renal replacement therapy 2.573 (0.933–7.10) 0.068
Sodium (/10 mEq/L) 1.035 (0.693–1.544) 0.868
Potassium (/10 mEq/L) 0.660 (0.011–40.850) 0.844
LVEF (%) 0.996 (0.980–1.012) 0.590
NT-proBNP (/10,000 pg/mL) 1.096 (1.047–1.147) <0.001 1.051 (0.994–1.111) 0.081
CgA (/100 pmol/L) 1.096 (1.050–1.145) <0.001 1.059 (1.007–1.115) 0.027

HR, hazard ratio; CI, confidence interval; NYHA, New York Heart Association; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate; 
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; CgA, chromogranin A.
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death and hospitalization for HF. We divided the study cohort into 
four groups based on NT-proBNP and CgA blood concentrations. 
Those with low NT-proBNP and low CgA levels showed the low-
est rates of 1-year death and hospitalization for HF. High NT-proB-
NP and high CgA levels were associated with the worst outcomes. 
Our findings demonstrate the advantage of adding CgA levels to a 
well-established biomarker, NT-proBNP, for better risk stratifica-
tion. Simultaneous measurement of NT-proBNP and CgA can 
help predict death in patients with acute HF more accurately than 
the estimation of NT-proBNP alone. In particular, CgA has a low 
significance as a prognostic predictor of 1-year death and HF hos-
pitalization in patients with low NT-proBNP levels and may be 
more helpful as a prognostic predictor in patients with high 
NT-proBNP levels. In our study, the high NT-proBNP group was 
older and consisted of a greater proportion of individuals with 
NYHA class III–IV, suggesting that CgA may be more helpful in 
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Low NT-proBNP, low CgA 66 41 31 26 22 20 18
Low NT-proBNP, high CgA 60 51 46 44 39 37 31
High NT-proBNP, low CgA 40 38 37 36 32 29 20
High NT-proBNP, high CgA 106 91 85 79 77 72 62

Fig. 2. Kaplan-Meier survival analysis of the groups according to the levels of chromogranin A (CgA; cutoff value=158 pmol/L) and 
N-terminal pro-B-type natriuretic peptide (NT-proBNP; cutoff value=3,429 pg/mL). 

predicting the prognosis of high-risk groups of patients with acute 
HF. 

Ceconi et al. [10] suggested that CgA levels were increased in 
patients with chronic HF and were a predictor of mortality. Røsjø 
et al. [13] investigated the prognostic value of CgA in patients with 
stabilized HF from the GISSI-Heart Failure trial. In the univariable 
analysis, increased CgA plasma concentrations were associated 
with all-cause mortality, with hazard ratios between 1.58 (95% CI, 
1.17–2.11) and 2.35 (95% CI, 1.78–3.10). However, after adjust-
ment for clinically relevant risk factors, the association was not sig-
nificant. 

A recent study investigated the underlying mechanism of CgA 
increase in patients with acute HF, suggesting a role for CgA in pa-
tients with acute HF [11]. CgA is a member of the granin protein 
family, which plays a role in the endocrine and paracrine system 
and seems to play a role in cardiovascular disease. One of the 
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mechanisms of increased CgA in patients with HF is thought to be 
the impaired processing of CgA to CgA fragment catestatin [11]. 
Ottesen et al. [11] revealed that the fragment catestatin may direct-
ly dysregulate cardiomyocyte Ca2+ handling, indicating that elevat-
ed CgA can be related to patient prognosis in the acute stage of HF. 

NT-proBNP is a well-established biomarker in a variety of heart 
diseases, including HF, because of its correlation with clinical sta-
tus, echocardiographic parameters, laboratory findings, and short-
term and long-term prognosis [14-16]. NT-proBNP is a neurohor-
mone released by the ventricles of the heart as a result of volume or 
pressure overload and has a different mechanism than CgA secre-
tion. Our study indicates that when biomarkers from two different 
mechanisms are combined, they are synergistic in predicting the 
long-term prognosis of patients with acute HF. The simultaneous 
application of CgA and NT-proBNP allows a more accurate esti-
mate of the prognosis of patients with acute HF in clinical practice. 

Our study had some limitations to consider. First, this was a rela-
tively small retrospective study conducted in a single center. Thus, 
the results of the present study need to be validated in larger trials. 
Second, although we included all patients available during the in-
dex period, there may have been some selection bias in [2,17] the 
study population. 

CgA presented prognostic power comparable to that of the 
proven biomarker NT-proBNP in patients with acute HF. CgA 
combined with NT-proBNP levels demonstrated an additive prog-
nostic value in these patients.  
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Fig. 3. Comparison among the models including the established 
risk factors, N-terminal pro-B-type natriuretic peptide (NT-proBNP), 
and chromogranin A (CgA) in predicting 1-year mortality. Model 
1 includes age, sex, New York Heart Association (NYHA) class, 
atrial fibrillation, and de novo heart failure. Model 2: model 1+NT-
proBNP. Model 3: model 2+CgA.
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Treatment decision for cancer patients with fever during 
the coronavirus disease 2019 (COVID-19) pandemic 
In Hee Lee1, Sung Ae Koh2, Soo Jung Lee1, Sun Ah Lee3, Yoon Young Cho4, Ji Yeon Lee5, Jin Young Kim6 
1 Department of Oncology/Hematology, School of Medicine, Kyungpook National University, Kyungpook National University Chilgok Hospital, 
Daegu, Korea

2Department of Hematology-Oncology, Yeungnam University College of Medicine, Daegu, Korea
3Department of Oncology/Hematology, Daegu Fatima Hospital, Daegu, Korea
4Division of Hematology/Oncology, Department of Internal Medicine, Daegu Catholic University Shcool of Medicine, Daegu, Korea
5Department of Infectious Diseases, Keimyung University Dongsan Medical Center, Daegu, Korea
6Division of Hematology/Oncology, Department of Internal Medicine, Keimyung University Dongsan Medical Center, Daegu, Korea

Background: Cancer patients have been disproportionally affected by the coronavirus disease 
2019 (COVID-19) pandemic, with high rates of severe outcomes and mortality. Fever is the most 
common symptom in COVID-19 patients. During the COVID-19 pandemic, physicians may have 
difficulty in determining the cause of fever (COVID-19, another infection, or cancer fever) in can-
cer patients. Furthermore, there are no specific guidelines for managing cancer patients with fe-
ver during the COVID-19 pandemic. Thus, this study evaluated the clinical characteristics and 
outcomes of cancer patients with fever during the COVID-19 pandemic. 
Methods: This study retrospectively reviewed the medical records of 328 cancer patients with 
COVID-19 symptoms (fever) admitted to five hospitals in Daegu, Korea from January to October 
2020. We obtained data on demographics, clinical manifestations, laboratory test results, chest 
computed tomography images, cancer history, cancer treatment, and outcomes of all enrolled 
patients from electronic medical records. 
Results: The most common COVID-19-like symptoms were fever (n=256, 78%). Among 256 pa-
tients with fever, only three (1.2%) were diagnosed with COVID-19. Most patients (253, 98.8%) 
with fever were not diagnosed with COVID-19. The most common solid malignancies were lung 
cancer (65, 19.8%) and hepatobiliary cancer (61, 18.6%). Twenty patients with fever experienced 
a delay in receiving cancer treatment. Eighteen patients discontinued active cancer treatment 
because of fever. Major events during the treatment delay period included death (2.7%), cancer 
progression (1.5%), and major organ dysfunction (2.7%). 
Conclusion: Considering that only 0.9% of patients tested for COVID-19 were positive, screening 
for COVID-19 in cancer patients with fever should be based on the physician’s clinical decision, 
and patients might not be routinely tested.  
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Introduction 

Since its emergence in Wuhan, China in December 2019, corona-
virus disease 2019 (COVID-19) has become a pandemic [1]. Pa-
tients with cancer are susceptible to infection during the pandemic 
due to the effect of anticancer treatment and the immunosuppres-
sive properties of cancer itself [2]. A Chinese study reported that 
approximately 1% of patients with COVID-19 had cancer, which 
was five-fold higher than the general cancer incidence in China 
[3]. Onder et al. [4] reported that approximately 20% of people 
who died of COVID-19 had a history of active cancer in the past 5 
years. As a group at high risk of infection during the COVID-19 
pandemic, physicians should pay more attention to cancer patients. 

The clinical symptoms of COVID-19 include fever, cough, dys-
pnea, fatigue, headache, sore throat, myalgia, and diarrhea [5,6]. 
Fever is the most common symptom of COVID-19, and many pa-
tients are tested for COVID-19 due to fever [7-9]. In cancer pa-
tients, fever might be the only sign of infection, which can be 
life-threatening in those undergoing chemotherapy. There are oth-
er causes of fever in cancer patients besides infection. Neoplastic 
fever, a fever caused by cancer itself, has been reported as the most 
common cause of fever of unknown origin in cancer patients [10]. 
Since the emergence of the COVID-19 pandemic, many cancer 
patients have visited outpatient clinics or emergency units because 
of fever, and most of them have been tested for COVID-19 regard-
less of the possible causes of fever, including other infections and 
neoplastic fever. In addition, physicians sometimes face difficulty 
in determining the cause of the fever (COVID-19 vs. others) in 
cancer patients with COVID-19-like symptoms. Thus, we ana-
lyzed the clinical characteristics and outcomes of 328 patients with 
cancer who had fever and/or other COVID-19-like symptoms 
during the COVID-19 pandemic at five hospitals in Daegu. 

Materials and methods 

1. Patient selection 
This study retrospectively reviewed the medical records of 328 
cancer patients with COVID-19-like symptoms who had been 
tested for COVID-19 at five hospitals (Kyungpook National Uni-
versity Chilgok Hospital, Yeungnam University Medical Center, 
Daegu Fatima Hospital, Daegu Catholic University Medical Cen-
ter, and Keimyung University Dongsan Medical Center) in Daegu 
from January to October 2020. COVID-19-like symptoms includ-
ed fever, cough, sore throat, rhinorrhea, myalgia, and arthritis.  
Fever was defined as a tympanic temperature of at least 38°C 
(100.4°F) [11]. All patients were tested for COVID-19. COVID-19 
was diagnosed based on the criteria published by the World Health 

Organization and confirmed by real-time polymerase chain reac-
tion (PCR) assays of nasal and/or pharyngeal specimens [12-14]. 
COVID-19 death was defined as death resulting from a clinically 
compatible illness in a patient with confirmed COVID-19 unless a 
clear alternative cause of death that cannot be associated with 
COVID-19 could be proven. 

2. Data collection 
We obtained data on demographics, clinical manifestations, labora-
tory test results, chest computed tomography images, cancer histo-
ry, cancer treatment, and outcomes of all enrolled patients from 
electronic medical records. Patient data were collected retrospec-
tively using uniform database templates to ensure consistent data 
collection. 

3. Statistical analysis 
Statistical analysis was performed using IBM SPSS version 20.0 
(IBM Corp, Armonk, NY, USA). Continuous variables are ex-
pressed as the mean ± standard deviation or median (interquartile 
range), as appropriate. Categorical variables are summarized as 
counts and percentages in each category. Descriptive statistics were 
used to characterize the cohort.  

Results  

1. Baseline characteristics 
From January to October 2020, 328 cancer patients with COVID-
19-like symptoms were admitted to five hospitals in Daegu. Table 
1 shows the baseline characteristics of the patients. The median 
age was 67 years (range, 14–99 years) with 126 patients (38.4%) 
aged > 70 years. A total of 191 patients (58.2%) were males. The 
four most common COVID-19-like symptoms were fever (n =256, 
78.0%), cough (n =52, 15.9%), diarrhea (n =19, 5.8%), and sore 
throat (n =6, 1.8%). Comorbidities included hypertension 
(n =134, 40.9%), diabetes mellitus (n = 91, 27.7%), and heart dis-
ease (n = 20, 6.1%). 

2. Tumor characteristics 
The most common solid malignancies were lung (n = 65, 19.8%) 
and hepatobiliary (n = 61, 18.6%) cancers (Table 2). Sixty-two pa-
tients (18.9%) had hematologic malignancies. Most patients 
(91.5%) received at least one antitumor therapy; 244 (74.4%) re-
ceived cytotoxic chemotherapy, and 111 (33.8%) underwent sur-
gical resection for tumor control. Based on the last response evalu-
ation of the patients, 22 patients (6.7%) showed complete re-
sponse, 39 (11.9%) showed partial response, 58 (17.7%) had sta-
ble disease, and 92 (28.0%) experienced progressive disease. 
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3. Cause of fever and treatment delay affected by fever 
Among the patients tested for COVID-19, only three (1.2%) were 
confirmed to have COVID-19 based on a positive severe acute re-
spiratory syndrome coronavirus (SARS-CoV)-2 PCR test result 
(Table 3). Most patients (253, 98.8%) with fever were not diag-
nosed with COVID-19. Of the sputum, blood, urine, and body flu-
id samples, 3.9%, 1.2%, 0.4%, and 0.8%, respectively, were cul-
ture-positive. More than 90% of the patients were neither diag-
nosed with COVID-19 nor culture-positive. Thirty-three patients 
(12.9%) diagnosed with neutropenic fever.

Twenty patients with fever experienced a delay in receiving can-

cer treatment, with a median delay of 17.5 days (range, 3–33 days). 
Eighteen patients discontinued active cancer treatment because of 
fever. Major events during the treatment delay period included 
death (2.7%), cancer progression (1.5%), and major organ dys-
function (2.7%). Two patients died of COVID-19. Twenty-eight 
patients (8.5%) died of cancer progression. 

4. Characteristics of cancer patients diagnosed with 
COVID-19 
Table 4 shows the characteristics of the patients with cancer diag-

Table 1. Characteristics of the study population

Factor Data
Patient 328 (100)
Age (yr)
 ≤70 202 (61.6)
 >70 126 (38.4)
Sex
 Male 191 (58.2)
 Female 137 (41.8)
ECOG PS
 0 12 (3.7)
 1 146 (44.5)
 2 83 (25.3)
 3 59 (18.0)
 4 28 (8.5)
Comorbidity
 Hypertension 134 (40.9)
 Diabetes mellitus 91 (27.7)
 Tuberculosis 5 (1.5)
 Hepatitis 1 (0.3)
 Hyperlipidemia 9 (2.7)
 COPD 11 (3.4)
 Heart disease 20 (6.1)
 Cerebrovascular disease 11 (3.4)
 Chronic kidney disease 9 (2.7)
 Chronic liver disease 13 (4.0)
 Organ transplantation 9 (2.7)
Symptom
 Fever 256 (78.0)
 Cough 52 (15.9)
 Sore throat 6 (1.8)
 Rhinorrhea 5 (1.5)
 Diarrhea 19 (5.8)
 Myalgia 17 (5.2)
 Arthritis 2 (0.6)

Values are presented as number (%).
ECOG PS, Eastern Cooperative Oncology Group performance status; COPD, 
chronic obstructive pulmonary disease.

Table 2. Tumor characteristics and cancer treatment

Factor Data (n=328)
Type of malignancy
 Solid tumors
  Lung cancer 65 (19.8)
  Hepatobiliary 61 (18.6)
  Stomach 16 (4.9)
  Colorectal 26 (7.9)
  Breast 19 (5.8)
  Head and neck 18 (5.5)
  Gynecological 26 (7.9)
  Genitourinary 19 (5.8)
  Othersa) 16 (4.9)
 Hematological malignancies 62 (18.9)
History of cancer treatment
 Yes 300 (91.5)
 No 28 (8.5)
Type of cancer treatment
 Surgery 111 (33.8)
 Cytotoxic chemotherapy 244 (74.4)
 Target therapy 61 (18.6)
 Immune checkpoint inhibitor 37 (11.3)
 Radiation 77 (23.5)
 Othersb) 9 (2.7)
Response evaluation
 CR 22 (6.7)
 PR 39 (11.9)
 SD 58 (17.7)
 PD 92 (28.0)
 iRECIST CR 0 (0)
 iRECIST PR 0 (0)
 iRECIST SD 1 (0.3)
 iRECIST PD 1 (0.3)
 Unknown 115 (35.1)

Values are presented as number (%).
CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease; iRECIST, Response Evaluation Criteria in Solid Tumors 
(RECIST version 1.1) in cancer immunotherapy trials.
a)Sarcoma, primary unknown cancer. b)Transarterial chemoembolization.
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Table 3. Cause of fever and treatment delay affected by fever

Factor Data (n=328)
Cause of fever (n=256)a)

 COVID-19 3 (1.2)
 Other infection
  Pneumonia 10 (3.9)
  Bloodstream infection 3 (1.2)
  Urinary tract infection 1 (0.4)
  Body fluid infectionb) 2 (0.8)
 Neutropenic fever 33 (12.9)
Delay of cancer treatment due to fever
 Delay 20 (6.1)
 Discontinuation 18 (5.5)
 No 290 (88.4)
Major event during delay period
 Death 9 (2.7)
 Cancer progression 5 (1.5)
 Delay of admission 17 (5.2)
 Major organ dysfunction 9 (2.7)
Cause of death
 COVID-19 2 (0.6)
 Cancer progression 28 (8.5)
 Sepsis 3 (0.9)
 Pneumonia 5 (1.5)
 Hemorrhage 3 (0.9)

Values are presented as number (%).
COVID-19, coronavirus disease 2019.
a)Number of patients with fever. b)Ascites, pleural effusion, bile.
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nosed with COVID-19. Of the three patients, two died. Two pa-
tients were identified as members of a religious group called 
‘Shincheonji.’ A 71-year-old man with hypertension, chronic ob-
structive pulmonary disease, and heart disease was diagnosed  
with stage II lung cancer in January 2020. He presented with 
COVID-19 pneumonia after undergoing cytotoxic chemotherapy 
and died of COVID-19. An 82-year-old man with a history of la-
ryngeal cancer was diagnosed with COVID-19 and recovered.  
A 73-year-old woman was simultaneously diagnosed with 
COVID-19 and lymphoma and died of COVID-19. 

Discussion 

Cancer patients are a vulnerable population during the ongoing 
COVID-19 pandemic [15-17]. They are at a high risk of SARS-
CoV-2 infection and are more likely than other COVID-19 pa-
tients to develop severe disease [2]. In this study, we analyzed 328 
cancer patients admitted to five hospitals in Daegu to investigate 
the incidence of COVID-19 in cancer patients with COVID-19-
like symptoms.  
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Malignancy is well known to cause fever and neoplastic fever, 
which are frequently encountered in febrile cancer patients with-
out other causes of fever and presents a diagnostic challenge in dif-
ferentiating whether fever is attributable to infection, therapy, or 
disease [10]. In our study, the most common COVID-19-like 
symptom was fever. However, among the 328 patients with 
COVID-related symptoms, only three patients were diagnosed 
with COVID-19 (0.9%). The cause of fever in patients without 
COVID-19 or positive culture results was considered to be neo-
plastic fever. It may be challenging to differentiate COVID-19 from 
other infections and neoplastic fever. However, some factors that 
may be helpful in discerning between COVID-19 infection and 
other causes of fever are as follows: (1) COVID-19-related fever 
usually occurs between 2 and 14 days following exposure. (2) 
Neoplastic fever frequently occurs in patients with specific cancer 
subtypes such as lymphoma, leukemia, renal cell carcinoma, and 
sarcoma. (3) The most common symptoms that occur with neo-
plastic fever are diaphoresis, but less often include chills and rigor. 
In contrast, infectious fevers tend to present with warmth, diapho-
resis, and chills, reflective of peripheral vasodilation. (4) Hypoten-
sion and tachycardia are commonly accompanied by systemic in-
fections caused by gram-negative organisms [18]. 

Approximately 15% of cancer patients with fever experienced a 
delay in receiving chemotherapy. Eight patients died during the 
treatment delay period, six patients showed cancer progression, 
and eight patients experienced major organ dysfunction. A total of 
33 patients died during the study period. Two of them died of 
COVID-19, and the other died of cancer-related complications. 
Cancer patients receiving adjuvant or palliative chemotherapy 
were advised to continue their treatment following the guidelines 
for cancer care during the COVID-19 pandemic, and clinicians 
were advised to implement treatment strategies with fewer hospital 
visits. However, patients had a tendency to frequently visit the hos-
pital not only because of their symptoms but also due to anxiety. 
Patients’ anxiety and physicians’ difficulty in determining the cause 
of fever led to excessive testing for COVID-19 [19]. 

Considering that only 0.9% of patients tested for COVID-19 
were positive, and the postponement of the chemotherapy sched-
ule could lead to significant adverse events such as death or cancer 
progression, this study shows that an adequate screening test for 
COVID-19 in cancer patients with fever based on physicians’ clini-
cal decisions can improve their outcome. 

The current study had certain limitations, including its retro-
spective nature and small sample size. However, the present results 
suggest that during the COVID-19 pandemic period, the approach 
to cancer patients with fever should be different from that before 
the pandemic period. Excessive testing for COVID-19 is not the 

best way to improve the prognosis of patients. Adequate testing for 
COVID-19 and adherence to COVID-19 prevention guidelines, 
including handwashing and wearing masks, are crucial for improv-
ing the prognosis of cancer patients during the COVID-19 pan-
demic. 
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Introduction 

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a 
rare autoimmune disorder that predominantly affects young 
adults. The clinical course begins with prominent psychosis or 
memory deficits leading to seizures, movement abnormalities, or 
autonomic instability [1-5]. It is a paraneoplastic syndrome ac-
companied by ovarian neoplasms, mostly mature teratoma. Once 
this fatal encephalitis is clinically suspected, the ovarian tumor is 
removed and immunosuppressive therapy is initiated. The diagno-
sis is confirmed by the presence of antibodies in the cerebrospinal 

Anti-N-methyl-D-aspartate receptor encephalitis 
associated with ovarian teratoma in Korea:  
three case reports 
Jisun Lee1, Seongwoo Kang2, Hye Jin Chang2, Yong Hee Lee3, Joo-Hyuk Son4, Tae Wook Kong4,  
Suk-Joon Chang4, Kyung Joo Hwang2, Miran Kim2 
1Department of Obstetrics and Gynecology, Kyungpook National University Hospital, School of Medicine, Kyungpook National University, 
Daegu, Korea 

2Department of Obstetrics and Gynecology, Ajou University School of Medicine, Suwon, Korea 
3Department of Pathology, Ajou University School of Medicine, Suwon, Korea 
4Gynecologic Cancer Center and Department of Obstetrics and Gynecology, Ajou University School of Medicine, Suwon, Korea 

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is a severe autoimmune paraneoplas-
tic syndrome associated with ovarian teratomas. Most patients develop neurologic symptoms, in-
cluding psychosis, memory deficits, seizures, or abnormal movements, and experience abdominal 
pain related to ovarian neoplasm. We present a case report of three patients diagnosed with an-
ti-NMDAR encephalitis accompanied by ovarian teratomas at Ajou University Hospital in Korea. 
The patients demonstrated a different clinical course of the disease. However, upon diagnosis, all 
patients underwent surgical removal of the ovarian teratoma followed by intensive immunother-
apy. The symptoms progressively improved following treatment. This is a case report of a rare au-
toimmune anti-NMDAR encephalitis associated with ovarian neoplasms, including immature ter-
atoma. 

Keywords: Anti-N-methyl-D-aspartate receptor encephalitis; Immature ovarian teratoma; Ma-
ture ovarian teratoma 

Case report
eISSN 2384-0293

Yeungnam Univ J Med 2021;38(4):350-355
https://doi.org/10.12701/yujm.2020.00794

Received: October 6, 2020 
Revised: December 23, 2020 
Accepted: December 29, 2020 

Corresponding author: 
Miran Kim, MD, PhD
Department of Obstetrics and 
Gynecology, Ajou University School 
of Medicine, 164 Worldcup-ro, 
Yeongtong-gu, Suwon 16499, Korea 
Tel: +82-31-219-5250 
Fax: +82-31-219-5245
E-mail: kmr5300@ajou.ac.kr  

fluid (CSF) or serum. This is a case report of anti-NMDAR en-
cephalitis associated with ovarian neoplasms, including immature 
teratoma, in Korea.  

Cases 

1. Case 1 
An 18-year-old woman presented with abdominal pain associated 
with a 6 cm left ovarian teratoma observed by an abdominal com-
puted tomography (CT) scan (Fig. 1A). Surgical removal was 
planned. However, on the day of admission, she experienced se-
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Fig. 1. Imaging and pathology findings for case 1. (A) Abdominal computed tomography findings. Unilocular 6.7-cm cyst (arrow) with 
solid and calcified portion. (B) Intraoperative image of a left ovarian cyst. (C) The immature teratoma reveals immature neuroepithelial 
tubules (arrows) in the background of mature teratoma containing skin adnexa, bone, and cartilage with choroid plexus (hematoxylin 
and eosin stain, ×100). (D) Glial fibrillary acidic protein immunostaining reveals an abundance of mature and immature neural and brain 
tissues (immunohistochemical stain, x100).

vere insomnia, followed by global amnesia, aggressive behavior, 
and suicidal ideation. The patient had headaches and memory dis-
turbance for 2 weeks before admission (Table 1). As a result, the 
planned operation was postponed. Electroencephalogram (EEG) 
and brain magnetic resonance imaging (MRI) were unremarkable. 
Intensive antipsychotic treatment did not improve the symptoms. 
Under the suspicion of anti-NMDAR encephalitis, removal of the 
ovarian teratoma was performed (Fig. 1B). Both serum and CSF 
samples were found to be positive for antibodies against NMDAR. 
The histopathological diagnosis of the ovarian tumor was an im-
mature teratoma (Fig. 1C, 1D). Immunoglobulin treatment and 
four cycles of rituximab were administered. The symptoms pro-
gressively improved, and at the 9-month follow-up, whole-body 
positron emission tomography CT and transvaginal sonography 
were normal. 

2. Case 2 
A 41-year-old woman was admitted to the hospital with fever and 
headache. The serum and CSF examinations showed no signs of 
inflammation. The patient complained about episodes of self-
talking and disorientation for the last few days before admission. 

Brain MRI and EEG were normal. Despite intensive treatment, the 
clinical symptoms did not improve. Under the impression of an-
ti-NMDAR encephalitis, an abdominal CT scan was performed 
(Fig. 2A). It showed a 4 cm ovarian teratoma that was immediately 
removed, and the patient received corticosteroids and immuno-
globulin treatment (Fig. 2B). Anti-NMDAR antibodies were de-
tected in serum and CSF samples. The pathologic diagnosis of the 
ovarian tumor was a mature teratoma (Fig. 2C, 2D). There was no 
evidence of recurrence at the 2-month follow-up. 

3. Case 3 
A 29-year-old woman experienced confusion, agitation, and audi-
tory hallucinations. The serum blood test, CSF examination, and 
brain MRI showed no abnormalities. Only the EEG test revealed 
cerebral dysfunction. Empirical treatment with high-dose immu-
noglobulin, methylprednisolone, and plasma exchange was start-
ed; however, symptoms did not improve. Anti-NMDAR encepha-
litis was considered, and a 3 cm left ovarian teratoma was detected 
on an abdominal CT scan (Fig. 3A). The serum and CSF tested 
positive for anti-NMDAR antibodies. The tumor was removed 
surgically, and the patient received corticosteroids, plasmapheresis, 
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Fig. 2. Imaging and pathology findings for case 2. (A) Abdominal computed tomography findings. A 4-cm cystic mass with fat 
component (arrow) suggesting a teratodermoid tumor of the left ovary. (B) Intraoperative image of a left ovarian cyst. (C) Mature cystic 
teratoma shows a small amount of mature neuroglial tissue (arrows) with mature skin adnexal tissue, fat, and choroid plexus (hematoxylin 
and eosin stain, ×100). (D) Glial fibrillary acidic protein immunostaining highlights mature neuroglial tissue (arrows) in the mature cystic 
teratoma (immunohistochemical stain, x100).

Table 1. Clinical characteristics of patients

Characteristic
Case

1 2 3
Sex/age (yr) Female/18 Female/41 Female/29
Histology of ovarian tumor Immature teratoma, grade III Mature teratoma Mature teratoma
Site/size of ovarian tumor (cm) Left/6.4 Left/4.0 Left/3.0
Prodromal symptom Headache, memory disturbance Headache, fever Headache, fever, myalgia
Clinical symptom Night sweats, global amnesia, ag-

gressive behavior, depression, sui-
cidal ideation

Self-talking, disorientation Emotional instability, disorientation, 
dyskinesia, confusion, agitation,  
auditory hallucinations

Brain MRI Normal Increased T2 signal Normal
CSF examination Increased glucose Increased protein Increased glucose
EEG examination Normal Normal Diffuse cerebral dysfunction
Medical treatment Corticosteroids, IVIG, rituximab Corticosteroids, IVIG, aciclovir Corticosteroids, IVIG, rituximab,  

plasma exchange
Interval (day)
 Between surgery and the onset of 

initial symptoms
5 12 23

 Between surgery and clinical im-
provement

20 60 13

Follow-up (mon) 8 2 12

MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; EEG, electroencephalogram; IVIG, intravenous immunoglobulin.
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and rituximab thereafter (Fig 3B). The pathologic diagnosis of the 
ovarian tumor was a mature teratoma (Fig. 3C, 3D). She complete-
ly recovered within 3 months. 

Discussion 

Anti-NMDAR encephalitis is an autoimmune encephalitis first re-
ported by Dalmau et al. [4,5] in 2007. It typically begins with pro-
dromal symptoms such as nonspecific fever, diarrhea, vomiting, 
headache, or upper-respiratory symptoms before the onset of psy-
chiatric and neurological symptoms, which are often accompanied 

by persistent amnesia. It is known that age, sex, and ethnicity are 
important factors related to the disease, as most patients are wom-
en, especially of Asian ethnicity [6,7]. NMDAR hypofunction is 
related to cognitive defects, whereas overstimulation causes excito-
toxicity and subsequent neurodegeneration [8]. 

The clinical features that distinguish anti-NMDAR encephalitis 
from other neurological or psychiatric disorders are acute onset of 
mood and behavioral changes with no prior history of seizures or 
abnormal movements. The differential diagnoses include primary 
psychiatric disorder, drug abuse, neuroleptic malignant syndrome, 
migraine, antipsychotic medications, or infectious encephalitis. 

B

D

A

C

Fig. 3. Imaging and pathology findings for case 3. (A) Abdominal computed tomography findings. A 3-cm cystic mass with fat 
component (arrow) suggesting a teratodermoid tumor of the left ovary. (B) Intraoperative image of a left ovarian cyst. (C) The mature 
cystic teratoma containing skin adnexa, squamous epithelium, fat tissue, cartilage with respiratory epithelium, and mature neural tissue 
(arrows) (hematoxylin and eosin stain, ×100). (D) Glial fibrillary acidic protein immunostaining demonstrates mature neuroglial tissue 
(arrows) (immunohistochemical stain, x100).

353https://doi.org/10.12701/yujm.2020.00794

Yeungnam Univ J Med 2021;38(4):350-355



Anti-NMDAR encephalitis should be considered once the above 
conditions are excluded [9]. The detection of immunoglobulin G 
antibodies in the serum or CSF confirms the diagnosis. In the ad-
vanced stages, the CSF antibodies usually remain elevated, while 
serum antibodies substantially decline with treatment [10]. There 
is limited evidence regarding the relationship between the size of 
the adnexal tumor and encephalitis. However, ovarian teratomas in 
anti-NMDAR encephalitis are usually not large, and an ovarian ter-
atoma as small as 6 mm in diameter has been reported in associa-
tion with anti-NMDAR encephalitis [11].  

Treatment is focused on resection of the tumor followed by im-
munotherapy, including glucocorticoids, immunoglobulin, and 
plasma exchange, which collectively improves the symptoms with-
in 4 weeks. For patients who do not respond to first-line immuno-
therapy, rituximab or cyclophosphamide may be used. Immuno-
therapy is applied to treat encephalitis regardless of the type of 
ovarian teratoma. 

This is a case report of a rare autoimmune anti-NMDAR en-
cephalitis associated with ovarian tumors, including immature ter-
atoma, in Korea. Patients showed a wide spectrum of initial symp-
toms, and immediate surgical removal of the adnexa tumor was 
performed in all patients, followed by intensive immunotherapy. 
The course of the disease correlated with previous findings in that 
neurological symptoms progressively improved following the op-
eration. Consciousness improved first, and then, autonomic func-
tion recovered. The frequency of epileptic seizures was reduced, 
and the social ability returned to the state before the onset of the 
disease. 

Although we were not able to compare the clinical symptoms 
among anti-NMDAR encephalitis patients with or without ovarian 
teratoma, according to the study by Zhang et al. [12], there may  
be differences in laboratory and clinical findings between an-
ti-NMDAR encephalitis with or without ovarian teratoma [12]. 
Anti-NMDAR encephalitis patients without ovarian teratoma ex-
perience more viral prodromal symptoms, whereas patients with 
teratoma present with milder neurological symptoms. In our study, 
two patients presented with fever and myalgia, mimicking viral in-
fection, whereas one patient complained about memory distur-
bance. Moreover, the prevalence of immature teratomas, which 
generally comprise less than 1% of ovarian teratomas, is much 
higher among patients with anti-NMDAR encephalitis compared 
to the general population [13]. Therefore, it is important to inform 
patients about the possibility of malignancy in cases of an-
ti-NMDAR encephalitis with ovarian teratoma. 

In conclusion, anti-NMDAR encephalitis is a rare yet serious 
disorder that must be considered in patients with ovarian teratoma 
and neurological symptoms. Anti-NMDAR encephalitis may be 

speculated in patients who present with psychotic symptoms that 
are not improved by typical antipsychotic treatments, and the pres-
ence of an ovarian tumor detected on imaging studies. A compre-
hensive evaluation, including blood tests, CSF examination, brain 
and abdomen imaging, and antibody screening, is required to ex-
clude other causes before making the diagnosis. 

Once the disease is suspected, a combination of surgical removal 
of adnexal tumors and immunotherapy should be applied. The 
disorder can be fatal without appropriate treatment. Therefore, it 
should be included in the differential diagnosis in patients with 
ovarian teratoma and neurological symptoms. 
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Introduction 

Blunt cardiac injury (BCI) following chest trauma is one of the 
most devastating injuries related to vehicular accidents that cardiac 
surgeons encounter. About 70% of blunt cardiac injuries occur in 
the right atrium (RA) and the right ventricle (RV) [1,2]. Although 
certain injuries may be repairable without cardiopulmonary bypass 
(CPB), it is difficult to identify the bleeding point preoperatively. 

Here, we report two cases; pulmonary vein (PV) injury and left 
atrial (LA) appendage rupture as a result of blunt chest trauma. 
This report conveys the patient’s survival is depending on the 
maintenance of hemodynamic stability through CPB during the 
operation. 

Cardiopulmonary bypass preparation is mandatory in 
cardiac exploration for blunt cardiac injury patients:  
two case reports
Shin-Ah Son, Joon Yong Cho, Gun-Jik Kim, Young Ok Lee, Hanna Jung, Tak-Hyuk Oh
Department of Thoracic and Cardiovascular Surgery, School of Medicine, Kyungpook National University, Kyungpook National University 
Hospital, Daegu, Korea

Treating cardiac injuries following blunt trauma to the chest requires thorough examination, ac-
curate diagnosis, and therapeutic plan. We present two cases; pulmonary vein rupture and left 
atrial appendage laceration, both as a result of blunt chest trauma. Through these cases, our 
team learned the importance of maintaining hemodynamic stability during the examination of 
injured cardiac structures. And based on the comprehensive cardiac examination, a decision to 
surgically intervene with median sternotomy via cardiopulmonary bypass was made, saving lives 
of the patient. This report introduces how such decision was made based on what supporting ev-
idence and the diagnostic process leading to the initiation of surgical intervention. This report 
may help with decision-making process when confronted by blunt cardiac injury patients who 
need cardiac exploration. 
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Cases 

1. Case 1 
A 70-year-old man with hypertension was transferred to our center 
after a traffic accident. He was in drowsy mental state with a 
Glasgow Coma Scale of 14. The patient was showing symptoms of 
chest pain and shortness of breath. Respiratory rate of 21 breaths 
per minute with an oxygen saturation of 97%, a regular pulse of 
101 beats per minute, and blood pressure of 101/61 mmHg was 
recorded at the moment. 

Computed tomography (CT) after the accident showed a small 
amount of hemopericardium, but no other vital organ injuries 
(Fig. 1). Based on these findings, BCI was strongly suspected. 
Transthoracic echocardiography (TTE) was performed by an ex-
perienced cardiologist, which revealed a small pericardial effusion, 
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but the site of injury could not be determined. 
Under general anesthesia, exploratory median sternotomy was 

performed, and initial vital signs in the operating room were stable. 
The hematoma in the pericardium and over the RV was removed. 
In an attempt to visualize the LA and the apex of the left ventricle 
(LV), sudden massive arterial bleeding occurred. Subsequently, 
cardiac arrest ensued. While manual compression to the heart was 
being performed, CPB was established immediately with ascend-
ing aortic perfusion and two-staged right atrial venous drainage. 
CPB circuit priming and cannulation took approximately 20 min-
utes and open cardiac massage was continued. After achieving car-
dioplegic arrest, optimal visualization of the operative field was 
achieved. 

Careful inspection of the heart revealed a 2-cm laceration of the 
left upper PV at its junction with the left atrium and the tear was 
repaired using a Peri-Guard Repair-Patch (Lamed GmbH, Berlin, 
Germany) and reinforced with 6-0 prolene (Fig. 2). Thorough in-
spection was performed again under CPB and no further injury 
was found. However, CPB weaning was difficult due to akinesia of 
the left anterior descending artery territory. We performed emer-
gency coronary artery bypass surgery and subsequently weaned 
the patient off CPB. However, he remained in a semi-coma state af-
ter cardiac exploration and suffered low cardiac output syndrome 
(LCOS). Patient’s condition worsened and the patient was pro-
nounced dead on postoperative day (POD) 2. Total aortic cross-
clamp and CPB times were 112 and 208 minutes, respectively. 

2. Case 2 
A 61-year-old man was struck by a motor vehicle while riding his 
motorcycle and was admitted to our center. The patient’s initial 
blood pressure and heart rate were 124/72 mmHg and 85 beats 
per minute, respectively with alert mental status. The CT in the 

emergency room revealed scanty hemopericardium and right pleu-
ral effusion (Fig. 3). Associated injuries were descending colon 
mesenteric laceration and left distal radius fractures. There were no 
associated intracranial injuries. RV injury was suspected based on a 
significant amount of hematoma between the RV and the sternum 
on CT and decided to perform emergency exploration. However, 
to avoid unexpected catastrophic situations that may involve he-
modynamic instability, CPB was prepared in advance. Through a 
median sternotomy approach, all the visible blood was removed; 
however, the active bleeding point was unable to be found. Re-
maining blood at the base of the heart was visible. In order to thor-
oughly examine this area, the decision was made to undergo the 
exploration under CPB assistance. CPB was established by cannu-
lating the ascending aorta and the RA. Venting was performed by 

Fig. 2. Perioperative findings in case 1. Operative view shows a 
2-cm rupture of the left upper pulmonary vein at its junction with 
the left atrium (arrow). This tear can be revealed in the bloodless 
field and decompressed heart using cardiopulmonary bypass.

BA

Fig. 1. Initial chest computed tomography (CT) scan of case 1. (A) Initial chest CT scan shows a small amount of hemopericardium (arrow) 
scanty left hemothorax, and rib fractures. (B) Coronal view of the chest CT scan reveals a small amount of hemopericardium (arrow) and 
aortic calcifications.
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placing a cannula into the LA and connecting this to the venous 
drainage line. After being guaranteed hemodynamic stability, a 
careful heart inspection was performed by elevating the LV apex. 
There was bleeding on the LA side coming from a 1.5-cm LA ap-
pendage rupture. We repaired the appendage laceration using 4-0 
polypropylene suture with polytetrafluoroethylene felt pledget re-
inforcement, carefully avoiding the left circumflex artery (Fig. 4). 
No intraoperative event occurred on weaning off bypass. After rou-
tine closure, exploratory laparotomy was performed. Aortic cross-
clamp and CPB times were 38 and 60 minutes, respectively. The 
postoperative course was uneventful, and the patient was dis-
charged on the POD 16 after radius fixation operation. 

Discussion 

BCI due to chest trauma is a fatal condition. Blunt chest trauma oc-
curs up to 50% of all fatal motor accidents and it is known as the 
primary cause of death in 12% to 25% of such accidents [3]. In a 
recent report, BCI was seen in 0.045% of blunt trauma patients, 
with a mortality rate of 89% [1]. One autopsy study of 1,597 fatali-
ties from blunt trauma identified cardiac injuries in 190 individuals 
(11.9%) [4]. Most BCIs occur due to motor vehicle crashes (ap-
proximately 50%), followed by pedestrians being struck by vehi-
cles (35%) and motorcycle crashes (9%), while the remainders are 
mostly secondary to falls from a significant height [4,5]. 

Owing to its anterior location, the RV is the most commonly in-
jured chamber in 40% of BCI patients. The RA and LV follow 
closely with 30% to 33% of all injuries, PV and LA tears occur in 
about 1% [2,5]. The mechanism of injury to the venous-atrial con-
fluence, such as the PV is believed to be due to rapid deceleration 
that allows relatively mobile ventricles to move forward or laterally 
while the tethered posterior veins do stay stationary [2,4,6,7]. 

Therefore, CT scan is a useful tool in initial evaluation of BCI 
patients. Patients diagnosed with BCI should undergo more ad-
vanced imaging such as TTE or transesophageal echocardiography 
to exclude significant cardiac structural injury. However, these mo-
dalities are unable to clearly identify the exact cardiac injury site. 

There have been a number of reports on PV and LA rupture. 
These reported cases had stable hemodynamics after arrival at the 
hospital, because the LA and PV circulation is known to be low 
pressure, low impedance system [3,6,8-11]. Also, isolated injury to 
these sites as a result of a massive hemothorax is extremely rare 
[11]. Therefore, it is too dangerous to explore without obtaining 
hemodynamic stability via CPB. It is difficult to identify the bleed-
ing point preoperatively and the authors in previous reports re-

Fig. 4. Perioperative findings in case 2. Operative view shows a 
1.5-cm rupture of the left atrium appendage (arrow). We repaired 
the appendage laceration using 4-0 polypropylene suture with 
polytetrafluoroethylene felt pledget reinforcement, carefully 
avoiding the left circumflex artery.

BA

Fig. 3. Initial chest computed tomography (CT) scan of case 2. (A) Initial chest CT scan shows scanty hemopericardium (arrow) and right 
pleural effusion. We suspected right ventricle (RV) injury due to hematoma between the RV and the sternum. (B) Sagittal view of the 
chest CT scan reveals a small hemopericardium (arrow).
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ferred to the advantage of using CPB in these cases [6,8-10,12]. 
When number and location of bleeding points are uncertain, me-
dian sternotomy is beneficial as it permits an easy approach to both 
sides of the heart as well as easy access to CPB [13-15]. Full exam-
ination and repair of the heart and great vessels are easier with CPB 
because of the bloodless field, decompressed heart, and reduced 
risk of hemodynamic instability due to sudden blood loss [8]. 
However, the presence of intracranial bleeding, which is aggravated 
by complete heparinization, limits the use of CPB [6]. 

In the second case, hemoperitoneum was present, however, hep-
arinization did not have a significant effect on bleeding. Therefore, 
we believe that a short duration of CPB does not increase the risk 
of bleeding without an existing intracranial bleed. 

In the first case, there was not much hemopericardium and vital 
signs were stable after arrival, minor RV tearing behind the ster-
num was suspected. However, the moment the heart was lifted to 
examine the base, excessive bleeding and cardiac arrest occurred. 
Although the patient’s femoral vessels were prepared for CPB for 
such an unexpected situation, it took a considerable amount of 
time to prime the CPB circuit and to carry out the cannulation. 

In the second case, CPB was performed under the suspicion that 
the heart base could bleed out and successfully identified cardiac 
structures without compromising hemodynamics. This report can 
be used to determine the patient’s prognosis which may be differ-
ent depending on whether or not stable hemodynamics is ob-
tained upon identifying cardiac structures. 

Table 1. Data of blunt cardiac injury patients with blunt chest trauma in KNUH

Sex/age (yr) Cause Amount of  
hemopericardium Approach Injury site Cardiac  

arrest in OR Use of CPB Outcome

Male/46 Car accident Small Median sternotomy conversion  
in thoracotomy

LA Yes Yes Death

Male/55 Car accident Small Thoracotomy RV No No Discharge
Female/41 Car accident Small–moderate Median sternotomy RA No No Discharge
Male/26 Motorcycle accident Small Median sternotomy Not found No No Discharge
Male/56 Motorcycle accident Small Median sternotomy RV No No Discharge
Male/70a) Car accident Small Median sternotomy PV Yes Yes Death
Male/73 Car accident Moderate Median sternotomy IVC Yes Yes Discharge
Male/61b) Motorcycle accident Small Median sternotomy LA appendage No Yes Discharge
Male/50 Motorcycle accident Large Median sternotomy RV No Yes Discharge
Male/63 Car accident Small Thoracotomy RA No No Discharge
Male/57 Car accident Small Median sternotomy RA, IVC No Yes Discharge
Female/44 Car accident Moderate Median sternotomy IVC No Yes Discharge
Male/49 Fall down Moderate Thoracotomy LV No No Discharge
Female/83 Fall down Large Median sternotomy RV No No Discharge
Female/64 Animal attack Small Thoracotomy RV No No Discharge

KNUH, Kyungpook National University Hospital; OR, operating room; CPB, cardiopulmonary bypass; LA, left atrium; RV, right ventricle; RA, right atrium; 
PV, pulmonary vein; IVC, inferior vena cava; LV, left ventricle.
a)Case 1. b)Case 2. 

In our trauma center, there have been several cases that under-
went cardiac exploration for suspicious BCI after blunt chest trau-
ma (Table 1). Between January 2010 and August 2019, 15 patients 
underwent cardiac exploration at Kyungpook National University 
Hospital. Most of these are RA and RV injuries, and CPB was used 
in seven cases, for which hemodynamic stability was obtained 
while the cardiac injury was repaired. In three cases, patients had a 
small hemopericardium and stable vital signs upon arrival, but cat-
astrophic hemorrhage occurred during full cardiac examination, 
resulting in hurried CPB access. Among them, two patients died 
from LCOS. In our experience, about 50% of blunt cardiac injuries 
might be reparable without CPB, but it is difficult to identify the 
bleeding point preoperatively. Based on this report, the resultant 
excessive bleeding in the process of examining the full cardiac 
structure may be managed successfully in hemodynamically stable 
patients. Therefore, we determined that it is risky to perform cardi-
ac exploration without CPB. 

In conclusion, BCI cases require careful evaluation of the initial 
CT or TTE and a therapeutic plan that prevents a devastating inju-
ry that could result in death. To treat this potentially lethal injury 
successfully, it is important to maintain hemodynamic stability 
while inspecting injured cardiac structures, and CPB through a 
median sternotomy can be a crucial role in saving the patients’ 
lives. This case report may help with decision making when con-
fronting BCI patients who are in need of cardiac exploration. 
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Introduction 

Stroke patients are predisposed to a sedentary lifestyle that leads to 
cardiorespiratory deconditioning, muscle atrophy, and further 
weakness [1]. The mean maximal oxygen uptake (VO2 max) at 1 
month after stroke has been reported to be approximately 60% of 
the normative values for sedentary healthy individuals, which is 
comparable to the previously reported age-adjusted VO2 max at 1 
month after myocardial infarction [2]. Patients with stroke report-
edly have a lower aerobic capacity than patients with primary car-
diac disease [3]. Furthermore, cardiac problems are often ob-
served in patients with stroke. Among stroke survivors, approxi-
mately 28.8% present with coronary artery disease, and 16.5% 
have heart failure [4]. Patients with concomitant stroke and cardi-
ac disease have lower aerobic capacity than patients with stroke 
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alone [3]. Therefore, intensive structured exercise programs in-
cluding aerobic and resistance training are needed for this group of 
patients. However, traditional stroke rehabilitation programs can-
not provide sufficient exercise [1], and additional cardiac rehabili-
tation (CR) is needed. 

Despite the importance of CR, the proportion of stroke patients 
enrolled in CR was 4.8% in a previous study [3]. To our knowl-
edge, CR is not routinely indicated for individuals with stroke in 
Korea. 

We report the case of a patient with stroke and cardiac disease 
who underwent early inpatient CR followed by home-based CR.  

Case 

A 38-year-old male patient who was a smoker (5 pack-years) and 
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had a history of unknown arrhythmia without medical treatment 
was admitted to the emergency room due to right hemiplegia. 
During the initial examination, the patient was stuporous with a 
Glasgow Coma Scale score of 7. He was diagnosed with infarction 
of the left middle cerebral artery (MCA) territory (Fig. 1A) with 
occlusion of the M1 segment of the left MCA (Fig. 1B). He had 
atrial fibrillation, heart failure with a left ventricular ejection frac-
tion (LVEF) of 27% (Table 1), pulmonary edema, pleural effusion, 
and mild cardiomegaly (Fig. 2). He was admitted to the intensive 
care unit of the Department of Cardiology. He received a tracheos-
tomy, mechanical ventilation, and additional medical treatment. 
He showed improvement in the LVEF from 27% to 47% on echo-
cardiography and normal sinus rhythm on electrocardiogram 
(ECG) after treatment. 

On day 37 after admission, the patient was transferred to the De-
partment of Rehabilitation Medicine, where he was provided with 
stroke rehabilitation and CR. The Mini-Mental State Evaluation 
score denoting the cognitive function was 30. In the manual mus-
cle test, the right upper extremity was graded as good in the proxi-
mal portion and fair in the distal portion. The right lower extremi-
ty was graded as good. The functional ambulation category (FAC) 
score was 4 and the Berg balance scale (BBS) score was 53. The 
modified Barthel index (MBI) score was 77. Speech evaluation 
showed anomic aphasia with an aphasia quotient (AQ) of 79. On 
day 38 after admission, the nasogastric tube was removed, and oral 
feeding was started after the videofluoroscopic swallowing study. 
The tracheostomy tube was also removed on day 43 after confirm-

ing that the patient had sufficient strength for coughing and spu-
tum expectoration. He received physical therapy, occupational 
therapy, and speech therapy for stroke rehabilitation. 

The first symptom-limited exercise tolerance test (ETT) was 
conducted on day 45 after admission (Fig. 3A). After 14 minutes 
and 48 seconds, the ETT was terminated upon patient’s request 
due to leg discomfort. Using the Fitness Registry and the Impor-
tance of Exercise National Database (FRIEND) equation, the pre-

BA

Fig. 1. (A) Brain magnetic resonance imaging shows infarction (arrow) of the left middle cerebral arterial territory (diffusion-weighted 
image, axial view). (B) Brain magnetic resonance angiography shows occlusion (arrow) of the M1 segment of the left middle cerebral 
arterial territory.

Table 1. Serial follow-up using transthoracic echocardiography

Variable Day 2 Day 4 Day 11 Day 25 Day 51
Ejection fraction (%) 27 27 28 47 63
LV distance (mm)
 Diastolic 58 55 - - -
 Systolic 53 52 - - -
Diastolic function
 E (m/sec) 0.8 - - - -
 E’ (m/sec) 0.08 - - - -
 E/E’ 11 - - - -
Deceleration time (msec) 100 - - - -
Thickness of IVS (cm)
 Systolic 1.1 - - - -
 Diastolic 1.0 - - - -
LVEDV (mL) 188 149 143 125 136

LV, left ventricular; E, early ventricular filling velocity; E’, peak annulus 
velocity during early filling; E/E’, the ratio of the early ventricular filling 
velocity to peak annulus velocity during early filling; IVS, interventricular 
septum; LVEDV, LV end-diastolic volume.

https://doi.org/10.12701/yujm.2020.00885362

Lee SC et al.  Early cardiac rehabilitation in a stroke patient



dicted VO2 max, which reflected age and weight, was 42.15 mL/
kg/min [5]. The measured VO2 max was 21.7 mL/kg/min 
(51.5% of predicted value), and there was no abnormality in exer-
cise ECG and hemodynamic response. The patient participated in 
a CR program for 2 weeks (1-hour sessions five times per week) 
(Fig. 3B). An ECG-monitored exercise training with 4.6 metabolic 
equivalents (METs) was started, and the intensity was gradually in-
creased. After 2 weeks, a follow-up ETT was performed, and the 
test was stopped after 15 minutes and 53 seconds upon patient’s re-
quest. The VO2 max improved from 21.7 to 27.3 mL/kg/min 
(from 51.5% to 64.8% of the predicted value) (Table 2). The pa-
tient also received an educational program about risk factor man-
agement, including smoking cessation and nutrition. Upon dis-
charge (day 60 after admission), the BBS score changed from 53 to 
56 (smaller than the minimal clinically important difference 
[MCID] of 12.5) [6], MBI score from 77 to 98 (larger than MCID 
of 20.1) [7], and AQ from 79 to 88.2. 

The patient underwent a home-based CR program three times a 
week after discharge from the hospital for 8 weeks. After 8 weeks, a 
follow-up ETT was performed (Table 2). The test was stopped af-
ter 18 minutes and 30 seconds upon patient’s request, and the VO2 
max showed further improvement (31.3 mL/kg/min, 74.3% of 
predicted value). Based on the guidelines of the American Associa-
tion of Cardiovascular and Pulmonary Rehabilitation (AACVPR), 
risk stratification of the patient was changed from moderate risk at 

the first test to low risk at the follow-up ETT [8]. 

Discussion 

Herein, an inpatient CR program was initiated on day 45 after ad-
mission in a patient with atrial fibrillation, heart failure, and stroke. 
There were no adverse events such as worsening of heart failure, 
cardiac arrest, or death during the 2-week exercise training. Subse-
quently, the patient’s exercise capacity and LVEF on echocardiog-
raphy improved. A home-based CR program resulted in a further 
increase in exercise capacity. 

Fig. 2. Chest X-ray shows pulmonary edema, pleural effusion, 
and mild cardiomegaly (arrows).

Fig. 3. (A) The photograph shows symptom-limited exercise 
tolerance test. (B) The photograph shows electrocardiogram-
monitored exercise training.

B

A
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Some previous studies have shown the effectiveness of CR in pa-
tients with stroke. Tang et al. [3] showed that a 12-month program 
providing aerobic and resistance training through a combination of 
supervised exercise sessions (once per week) and home exercise 
sessions (four times per week) improved the anaerobic threshold 
and VO2 max in patients with concomitant stroke and cardiac dis-
ease and patients with stroke alone. These improvements were 
similar to the improvements observed in nonstroke participants. 
However, the study did not present any information regarding the 
interval between stroke and the beginning of CR. In another study 
[9], subjects having a transient ischemic attack or mild, nondis-
abling stroke within 12 months (mean of 11.5 weeks) were recruit-
ed to the outpatient CR program. Some of them had ischemic 
heart disease, but their percentages were not indicated. The 
6-month CR program included 2-hour group sessions of risk fac-
tors, service education, and exercise training. The exercise training 
was performed on-site (50 sessions twice a week) or at home (at 
least four times a week). Upon program completion, a significant 
change of 2.04 METs (31.4%) was observed. Billinger et al. [10] 
studied the effect of an 8-week moderate-high aerobic exercise in-
tervention in 10 patients with a diagnosis of stroke within 6 
months (mean of 68.6 days) without any cardiac disease. There 
was a significant improvement in VO2 max after the intervention. 
The results of our study are consistent with those of previous stud-
ies. However, an important finding of our study was that CR could 
be started quite early (day 45 after admission), considering the 
poor health condition of the patient. 

Stroke patients in Korea generally receive stroke rehabilitation in 
both secondary and tertiary hospitals. These traditional stroke re-
habilitation programs also include aerobic training but do not pro-
vide sufficient and maximal exercise because they are not based on 

ETT. They rather focus on motor recovery and gait exercise. Since 
stroke and cardiac diseases share many similar risk factors [1], in-
tensive aerobic training, resistance exercise, and risk modification 
education are essential in stroke patients. If patients with stroke are 
provided with ETT and CR, the aerobic capacity and risk stratifi-
cation of each patient will be calculated, leading to maximal, struc-
tured, and safe exercise programs. However, barriers to enhanced 
enrollment of stroke patients in CR include neurological and func-
tional deficits such as hemiparesis and sensory ataxia, lack of a CR 
program mandate to include stroke patients, and personal per-
ceived impact of stroke-related disability on participation [3]. 
Moreover, there is no indication of CR for stroke patients in the 
clinical practice guidelines for CR in Korea [11]. 

The safety of CR after acute cardiac disease has been suggested 
[12], but the safety of early CR in stroke patients has not been well 
elucidated. The present case is the first to report a safely performed 
CR program in a stroke patient with atrial fibrillation and heart fail-
ure in Korea. If a stroke patient has minor functional deficits as de-
scribed in this case report (FAC 4 and lower extremity power good 
grade), CR provided with a traditional stroke rehabilitation pro-
gram will lead to additional benefits. Systematic guidance is need-
ed for post-stroke patients to receive safe and effective CR for the 
secondary prevention of stroke and cardiovascular risk. 

Notes

Ethical statements
This retrospective study was approved by the Institutional Review 
Board (IRB) of Ulsan University Hospital (IRB No: 2021-01-
024), and the requirement for informed consent from the patient 
was waived by the IRB. 

Table 2. Hemodynamic results of symptom-limited exercise test

Variable Day 45 Day 58 Day 105
Protocol Modified Bruce Modified Bruce Modified Bruce
Metabolic equivalent 6.2 7.8 8.9
Maximal heart rate (beats/min) 162 162 164
Maximum blood pressure (mmHg)
 Systolic 152 161 179
 Diastolic 61 65 69
Rate pressure product (mmHg·beats/min) 23,652 24,160 28,640
Borg scale of perceived exertion 17 17 18
VO2 max (mL/kg/min) 21.7 27.3 31.3
Respiratory exchange ratio 1.22 1.26 1.13
Total exercise time 14 min 15 min 18 min

48 sec 53 sec 30 sec

VO2 max, maximal oxygen uptake.

https://doi.org/10.12701/yujm.2020.00885364

Lee SC et al.  Early cardiac rehabilitation in a stroke patient



Conflicts of interest 
No potential conflict of interest relevant to this article was report-
ed.  

Author contributions 
Conceptualization: all authors; Data curation, Visualization: SCL; 
Formal analysis: SCL, EJK; Methodology: EJK, JYL, ALH; Proj-
ect administration: JYL, ALH; Investigation: SCL, JYL, ALH; Re-
sources: JYL, ALH; Supervision: EJK; Writing-original draft: 
SCL; Writing-review & editing: EJK. 

ORCID 
Sang Cheol Lee, https://orcid.org/0000-0002-4773-5720 
Eun Jae Ko, https://orcid.org/0000-0001-7198-5407 
Ju Yeon Lee, https://orcid.org/0000-0001-9112-3978 
Ae Lee Hong, https://orcid.org/0000-0001-8940-7285 

References 

1. Marzolini S. Integrating individuals with stroke into cardiac re-
habilitation following traditional stroke rehabilitation: promot-
ing a continuum of care. Can J Cardiol 2018;34(10 Suppl 2): 
S240-6. 

2. Mackay-Lyons MJ, Makrides L. Exercise capacity early after 
stroke. Arch Phys Med Rehabil 2002;83:1697–702. 

3. Tang A, Closson V, Marzolini S, Oh P, McIlroy W, Brooks D. 
Cardiac rehabilitation after stroke-need and opportunity. J Car-
diopulm Rehabil Prev 2009;29:97–104. 

4. Kesarwani M, Perez A, Lopez VA, Wong ND, Franklin SS. Car-
diovascular comorbidities and blood pressure control in stroke 
survivors. J Hypertens 2009;27:1056–63. 

5. Myers J, Kaminsky LA, Lima R, Christle JW, Ashley E, Arena 
R. A reference equation for normal standards for VO2 max: 
analysis from the fitness registry and the importance of exercise 
national database (FRIEND Registry). Prog Cardiovasc Dis 
2017;60:21–9. 

6. Song MJ, Lee JH, Shin WS. Minimal Clinically Important Dif-
ference of Berg Balance Scale scores in people with acute stroke. 
Phys Ther Rehabil Sci 2018;7:102–8. 

7. Hong I, Lim Y, Han H, Hay CC, Woo HS. Application of the 
Korean version of the modified Barthel index: development of 
a keyform for use in clinical practice. Hong Kong J Occup Ther 
2017;29:39–46. 

8. American Association of Cardiovascular and Pulmonary Reha-
bilitation. Guidelines for cardiac rehabilitation and secondary 
prevention programs. Leeds: Human Kinetics; 2004. 

9. Prior PL, Hachinski V, Unsworth K, Chan R, Mytka S, O'Cal-
laghan C, et al. Comprehensive cardiac rehabilitation for sec-
ondary prevention after transient ischemic attack or mild 
stroke: I: feasibility and risk factors. Stroke 2011;42:3207–13. 

10. Billinger SA, Mattlage AE, Ashenden AL, Lentz AA, Harter G, 
Rippee MA. Aerobic exercise in subacute stroke improves car-
diovascular health and physical performance. J Neurol Phys 
Ther 2012;36:159–65. 

11. Kim C, Sung J, Lee JH, Kim WS, Lee GJ, Jee S, et al. Clinical 
practice guideline for cardiac rehabilitation in Korea: recom-
mendations for cardiac rehabilitation and secondary prevention 
after acute coronary syndrome. Korean Circ J 2019;49:1066–
111. 

12. Kim C, Kim DY, Lee DW. The impact of early regular cardiac re-
habilitation program on myocardial function after acute myo-
cardial infarction. Ann Rehabil Med 2011;35:535–40. 

365https://doi.org/10.12701/yujm.2020.00885

Yeungnam Univ J Med 2021;38(4):361-365

http://orcid.org/0000-0002-4773-5720
http://orcid.org/0000-0001-7198-5407
http://orcid.org/0000-0001-9112-3978
http://orcid.org/0000-0001-8940-7285
https://doi.org/10.1016/j.cjca.2018.06.017
https://doi.org/10.1016/j.cjca.2018.06.017
https://doi.org/10.1016/j.cjca.2018.06.017
https://doi.org/10.1053/apmr.2002.36395
https://doi.org/10.1053/apmr.2002.36395
https://doi.org/10.1097/hcr.0b013e31819a00d4
https://doi.org/10.1097/hcr.0b013e31819a00d4
https://doi.org/10.1097/hcr.0b013e31819a00d4
https://doi.org/10.1097/hjh.0b013e32832935ce
https://doi.org/10.1097/hjh.0b013e32832935ce
https://doi.org/10.1097/hjh.0b013e32832935ce
https://doi.org/10.1016/j.pcad.2017.03.002
https://doi.org/10.1016/j.pcad.2017.03.002
https://doi.org/10.1016/j.pcad.2017.03.002
https://doi.org/10.1016/j.pcad.2017.03.002
https://doi.org/10.14474/ptrs.2018.7.3.102
https://doi.org/10.14474/ptrs.2018.7.3.102
https://doi.org/10.14474/ptrs.2018.7.3.102
https://doi.org/10.1016/j.hkjot.2017.06.001
https://doi.org/10.1016/j.hkjot.2017.06.001
https://doi.org/10.1016/j.hkjot.2017.06.001
https://doi.org/10.1016/j.hkjot.2017.06.001
https://doi.org/10.1161/strokeaha.111.620187
https://doi.org/10.1161/strokeaha.111.620187
https://doi.org/10.1161/strokeaha.111.620187
https://doi.org/10.1161/strokeaha.111.620187
https://doi.org/10.1097/npt.0b013e318274d082
https://doi.org/10.1097/npt.0b013e318274d082
https://doi.org/10.1097/npt.0b013e318274d082
https://doi.org/10.1097/npt.0b013e318274d082
https://doi.org/10.4070/kcj.2019.0194
https://doi.org/10.4070/kcj.2019.0194
https://doi.org/10.4070/kcj.2019.0194
https://doi.org/10.4070/kcj.2019.0194
https://doi.org/10.5535/arm.2011.35.4.535
https://doi.org/10.5535/arm.2011.35.4.535
https://doi.org/10.5535/arm.2011.35.4.535


Introduction 

Efforts to turn on the immune system against cancers have led to 
the development of immune checkpoint inhibitors (ICIs) target-
ing programmed cell death receptor-1 or ligand-1 (PD-1/PD-L1) 
[1]. Since the first checkpoint molecular inhibitor ipilimumab was 
approved by the U.S. Food and Drug Administration (FDA), an-
ti-PD-1/PD-L1 therapies are widely used in various cancers to im-
prove survival outcomes, particularly in metastatic non-small cell 
lung cancer (NSCLC) and melanoma [2]. 

Although tumor cells escape immune attack through various 
complementary mechanisms of immunosuppression, ICIs target-
ing immunosuppressive molecules, such as cytotoxic T-lympho-
cyte-associated antigen 4 (CTLA-4) and PD-1/PD-L1, can reacti-
vate cytotoxic T cells to kill malignant cells [3]. Meanwhile, ICIs 
break the balance of the immune system, which may lead to the de-
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velopment of immune-related adverse events (IRAEs) in some pa-
tients. Generally, IRAEs can show variable autoimmune manifesta-
tions involving the skin, gastrointestinal tract, endocrine system, 
lung, joints, and many other organs [4]. Rarely, hematologic mani-
festations, such as cytopenias, have also been reported in patients 
with solid tumors and lymphomas during ICI treatment [5]. Most 
IRAEs are manageable by suppressing lymphocyte activation with 
steroids. However, some severe cases require changes in the treat-
ment strategy [6]. 

Currently, pembrolizumab has become the first-line standard 
regimen for metastatic NSCLC with positive PD-L1 expression 
and negative actionable mutations for targeted therapies [7]. How-
ever, clinicians are faced with unexpected IRAEs and need more 
experience to overcome IRAEs. This paper reports a rare case of 
autoimmune hemolytic anemia (AIHA) in a patient with NSCLC 
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receiving a pembrolizumab-containing regimen for metastatic lung 
cancer.  

Case 

A 70-year-old male newly diagnosed with metastatic NSCLC visit-
ed our oncology department in September 2020. The biopsied 
lung tissue revealed a poorly differentiated adenocarcinoma. Im-
munohistochemistry analysis showed overexpression of PD-L1 
(100% by 22C3 pharmDx assay) and no alterations for targeted 
therapy including epidermal growth factor receptor, anaplastic 
lymphoma kinase, or c-ros oncogene 1. The patient’s general condi-
tion was good with an Eastern Cooperative Oncology Group per-
formance status of 1, and he had no history of other diseases. He 
received pembrolizumab plus pemetrexed and cisplatin as first-line 
therapy for metastatic NSCLC based on international guidelines. 
His baseline complete blood cell count analysis at the beginning of 
chemotherapy revealed a white blood cell count of 11,450/μL, he-
moglobin (Hb) 13.4 g/dL, and platelet (PLT) count of 218,000/
μL. 

Two weeks later, he complained of worsening dyspnea and was 
admitted for evaluation. Results of blood test showed Hb of 5.8 g/
dL, total bilirubin of 4.16 mg/dL (direct bilirubin, 0.59 mg/dL and 
indirect bilirubin, 3.57 mg/dL), depletion of haptoglobin ( < 10 
mg/dL; range, 30–200 mg/dL), and increased serum lactate dehy-
drogenase (LDH) (478 U/L; range, 140–271 U/L). Over 20% of 
spherocytes were identified in the peripheral blood smear, and the 
direct antiglobulin test (DAT) and cold agglutinin test were posi-
tive (Table 1). With an increased reticulocyte count, we consid-
ered his severe anemia as AIHA, a rare IRAE of ICIs. The patient 
was administered prednisolone (1 mg/kg). Despite using high-
dose steroids over a week, his LDH continuously increased over 
1,000 U/L and PLT count decreased to < 100,000/μL without 
any sign of improvement in hemolytic anemia. Therefore, he was 
started on prednisolone at 2 mg/kg and underwent plasma ex-

change five times every other day. Features of hemolytic anemia 
showed significant improvement after 2 weeks of increased steroid 
dose and plasma exchange; therefore, the steroid dose was tapered 
slowly up to 10 mg/day while maintaining the normalized hemo-
globin level. The patient then received subsequent conventional 
chemotherapy with pemetrexed plus cisplatin, and there was no re-
currence of hemolysis. The overall treatment and progress are 
summarized in Fig. 1. 

Discussion 

Previous studies have reported that the frequency of immune-me-
diated cytopenias is < 0.5% in patients treated with ICIs [8]. Ac-
cording to the details of 68 AIHA cases identified in the FDA data-
base, AIHA was relatively infrequent with pembrolizumab and ip-
ilimumab compared to atezolizumab and nivolumab (Table 2) [9]. 
PD-1 inhibitor-associated AIHA has been reported to usually oc-
cur after two to five cycles of treatment compared with 8 to 12 
weeks with CTLA-4 inhibitor therapy [10]. In the described 
case, the patient showed features of hemolytic anemia with posi-
tive DAT and the presence of cold agglutinin after only one cycle 
of pembrolizumab, including combination chemotherapy. Gen-
erally, a positive DAT is an important AIHA feature, and > 50% 
of immune-mediated anemia show positive DAT with immuno-
globulin (Ig) G or C3. Cold agglutinin disease (CAD) is another 
form of AIHA that accounts for 10% to 20% of AIHA. Hemolysis 
of CAD is primarily extravascular, which is mediated by IgM, 
cold agglutinin, and complements at low temperatures [11]. Al-
though pembrolizumab-associated AIHA with cold agglutinin 
and DAT is rare, a similar case of metastatic lung cancer has been 
reported [12]. 

The general recommendations for AIHA management include 
steroids and consideration of plasma exchange, and the guide-
lines on the management of ICI-related AIHA are similar. The 
key mechanism of IRAEs is that ICI therapies disrupt immuno-
logical homeostasis and reduce T-cell tolerance [13]. Therefore, 
the European Society of Medical Oncology suggests that high-
dose corticosteroids and/or other immunosuppressive drugs 
should be considered in cooperation with a hematologist [14]. 
The American Society of Clinical Oncology recommends dis-
continuation of ICIs and commencement of prednisone (1–2 
mg/kg/day) with red blood cell transfusion targeting Hb of 7 to 
8 g/dL [15]. Previous studies have reported that immune-related 
anemia may be steroid-resistant, and 1 mg/kg of prednisone may 
be insufficient to resolve hemolysis [5,8]. In particular, some cas-
es with nivolumab showed a poor response to steroids, resulting 
in fatal outcomes. Conversely, some cases with pembrolizum-

Table 1. Results of laboratory investigations corresponding to 
hemolytic anemia

Investigation Result (normal range)
Hemoglobin (g/dL) 5.8 (11–17)
Reticulocytes (×109/L) 160 (22–139)
Total bilirubin (mg/dL) 4.16 (0.3–1.2)
Lactate dehydrogenase (U/L) 478 (140–271)
Haptoglobin (mg/dL) <10 (30–200)
Direct antiglobulin test Positive
Cold agglutinin Positive
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Fig. 1. Time course of hemoglobin, bilirubin, serum lactate dehydrogenase (LDH), reticulocyte, and treatment.

Table 2. Proportion of AIHA in the OAEs and characteristics of patients who developed AIHA according to the FDA database

Variable Ipilimumab Nivolumab Pembrolizumab Atezolizumab
Case of AIHA/OAEa) 7/12,631 (0.055) 43/20,335 (0.211) 13/8,917 (0.146) 5/2,021 (0.247)
Age (yr)b) 65 (32–68) 68 (43–85) 62 (35–82) 67 (57–69)
Underlying malignancy MM: 7 LC: 18, MM: 17c), HL: 3c),  

RCC: 2, Others: 4
MM: 7, LC: 5, Others: 1 BC: 2, LC: 1, MM: 1, OC: 1

Other reported hematological 
adverse event with AIHA

Agranulocytosis, bicytopenia ITP ITP, PRCA -

AIHA, autoimmune hemolytic anemia; OAE, overall adverse events; FDA, U.S. Food and Drug Administration; MM, malignant melanoma; LC, lung cancer; 
HL, Hodgkin lymphoma; RCC, renal cell carcinoma; BC, breast cancer; OC, ovarian cancer; ITP, immune thrombocytopenic purpura; PRCA, pure red cell 
aplasia.
a)Number (%). b)Median (range). c)One patient had both HL and MM.
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ab-related AIHA were relatively not severe and responded to ste-
roids [9,16,17]. In our experience, there was little effect with 1 
mg/kg of prednisone, and the features of severe hemolytic ane-
mia began to improve by increasing the prednisone dose to 2 
mg/kg/day. Maintaining high-dose steroids over a week with 
plasma exchange was also important in controlling hemolysis and 
preventing recurrence. 

ICI therapy-associated AIHA is rare, but most cases can be 
life-threatening. Recently, the number of reported cases has in-
creased with the expansion of ICIs and the number of patients ex-
posed to them. Early recognition is important, and we hope that 
patients with ICI-related AIHA can receive appropriate manage-
ment, including high-dose steroid and plasma exchange, through 
this case report. Further studies with immune cell profiling in pa-
tients with hematological IRAEs should be performed to better 
understand its mechanism and adequate management. In addition, 
trials including other ICIs with reportedly less hematological 
IRAEs for patients who experienced immune-related hemolytic 
anemia should be considered. 
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Introduction 

Chronic pain reduces the quality of life, causes discomfort in daily 
living, and leads to a loss of labor [1]. Various mechanisms are in-
volved in the development and amplification of chronic pain; con-
sequently, multiple drugs are used in combination to control it ef-
fectively [2]. However, although it is generally accepted that anal-
gesic drugs cause adverse effects on the liver, kidney, gastrointesti-
nal, and cardiovascular systems, they can also result in serotonin 
syndrome (SS). It is a potentially life-threatening condition that is 
caused by the administration of drugs that increase serotonergic 
activity in the central nervous system [3,4]. Patients with SS pres-
ent with a combination of various symptoms, including a change 
in mental status, neuromuscular hyperactivity, and autonomic in-

Serotonin syndrome in a patient with chronic pain taking 
analgesic drugs mistaken for psychogenic nonepileptic 
seizure: a case report
Mathieu Boudier-Revéret1, Min Cheol Chang2
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Serotonin syndrome (SS) is a potentially life-threatening condition that is caused by the adminis-
tration of drugs that increase serotonergic activity in the central nervous system. We report a 
case of serotonin syndrome in a patient with chronic pain who was taking analgesic drugs. A 
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stability [3,4]. 
Here, we aimed to show that clinicians should consider the po-

tential for the development of SS in patients taking analgesic drugs, 
by presenting the case of a patient with chronic pain who devel-
oped SS, which was initially mistaken for a psychogenic nonepilep-
tic seizure. 

Case 

A 36-year-old female visited the pain clinic in our university hospi-
tal for sudden onset agitation, abnormal movement, and hyperhi-
drosis (Supplementary Video 1). Three years previously, the pa-
tient had undergone surgical procedures (laminectomy and discec-
tomy) owing to a herniated lumbar disc (HLD) on L4–5. After the 
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surgery, her pain due to HLD was almost relieved completely. 
However, 2 years after the surgery, she had a car accident; subse-
quently, she experienced lower back and right buttock pain (nu-
meric rating scale, 8) that was not controlled despite receiving an 
epidural steroid injection in our pain clinic and taking various oral 
medications. She had been taking tramadol hydrochloride 187.5 
mg, acetaminophen 325 mg, pregabalin 150 mg, duloxetine 60 
mg, and triazolam 0.25 mg daily for several months. Five days prior 
to the visit to our pain clinic, to achieve better pain control, ami-
triptyline 10 mg was added at bedtime. Approximately 5 hours af-
ter taking amitriptyline 10 mg, the patient developed sudden agita-
tion, abnormal movements, and hyperhidrosis. 

One day before visiting our pain clinic, she visited the emergen-
cy room (ER) of our university hospital. The clinician in the ER 
diagnosed her with psychogenic nonepileptic seizure based on her 
history of visiting the psychology department for depression after 
the car accident and the agitation presented in the ER. Without 
performing further evaluation and treatment, the clinician dis-
charged her to home. However, as the patient’s symptoms contin-
ued the next day, she visited our pain clinic. She presented with agi-
tation and nervousness, tremor and myoclonus of bilateral lower 
limbs, rigidity, hyperhidrosis, dyspnea, and tachycardia (110 
beats/min). Her body temperature (36.7°C) and blood pressure 
(120/70 mmHg) were within normal ranges. Based on Radomski 
criteria, SS was diagnosed [3], and the patient was admitted to our 
hospital. Laboratory tests performed to exclude other possible eti-
ologies did not show any abnormalities: white blood cells (WBC), 
6,480/μL; hemoglobin, 11.6 g/dL; C-reactive protein, 0.075 mg/
dL; aspartate aminotransferase, 23 IU/L; alanine aminotransfer-
ase, 15 IU/L; creatinine, 0.51 mg/dL; urine WBC, 0–1/high-pow-
er-field; blood culture, negative; and chest X-ray, negative. She was 
hydrated with normal saline, and pregabalin, duloxetine, and tri-
azolam were discontinued. Approximately 48 hours after admis-
sion, her symptoms had completely disappeared. 

Discussion 

We describe a case where the patient developed SS due to analge-
sic drugs. SS was diagnosed based on the Radomski criteria [3], 
which require the presence of at least four major symptoms or 
three major symptoms with two minor symptoms (major symp-
toms: confusion, elevated mood, coma or semi-coma, fever, hyper-
hidrosis, myoclonus, tremors, chills, rigidity, and hyperreflexia; mi-
nor symptoms: agitation, insomnia, tachycardia, tachypnea, diar-
rhea, low or high blood pressure, impaired coordination, mydriasis, 
and akathisia), and the historical coincidence of addition, or a re-
cent increase in dosage of drugs that activate the serotonergic sys-

tem. Of the symptoms included in the Radomski criteria, our pa-
tient’s symptoms fulfilled four major and two minor symptoms. In 
addition, the patient was administered several drugs that can acti-
vate the serotonergic system. 

Nonepileptic seizures are characterized by sudden and time-lim-
ited disturbances of the motor, sensory, autonomic, emotional, 
and/or cognitive functions [5]. Symptoms of psychogenic nonepi-
leptic seizures are similar to those of SS. However, unlike SS, the 
duration of nonepileptic seizures is usually brief, persisting 2 to 5 
minutes [5]. 

Duloxetine and amitriptyline inhibit serotonin reuptake, which 
alleviates chronic pain through the attenuation of persistent pain 
mechanisms, such as central sensitization and hyperexcitability of 
the spinal and supraspinal pain-transmitting pathways [6]. The in-
creased serotonergic activity caused by the action of duloxetine 
and amitriptyline can induce SS. In addition to the medications 
mentioned above, tramadol and opioids, popular choices for treat-
ing chronic pain, promote serotonin release and inhibit serotonin 
reuptake, and have been known to contribute to the development 
of SS [7]. Moreover, approximately 30% to 50% of patients with 
chronic pain have depression; many use antidepressants, which 
puts them at risk for the development of SS. As SS is a life-threaten-
ing condition, clinicians should be aware of the symptoms and, if 
patients taking pain medications exhibit these symptoms, drugs re-
lated to SS should be stopped immediately, and the patient should 
be hydrated. Clinicians also should be careful not to misdiagnose 
SS as psychogenic nonepileptic seizure.  

Supplementary materials 

Supplementary Video 1 can be found via https://doi.org/10.12701/
yujm.2021.00948. 
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Introduction 

Pulmonary alveolar proteinosis (PAP) is a rare disorder character-
ized by the accumulation of amorphous acellular lipoproteins in 
the alveoli, hindering gas exchange [1]. Whole-lung lavage (WLL) 
is the current standard treatment method consisting of sequential 
lavage of the affected lung through repeated filling and emptying 
cycles to remove excess alveolar phospholipids [2]. Although 
WLL is considered a safe and effective procedure for most patients 
with PAP, unexpected complications may arise. Knowledge of the 

Anesthetic management during whole-lung lavage using 
lung ultrasound in a patient with pulmonary alveolar 
proteinosis: a case report
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Pulmonary alveolar proteinosis (PAP) is an uncommon disease characterized by progressive accu-
mulation of lipoprotein material in the lungs due to impaired surfactant clearance. Whole-lung 
lavage (WLL) is the current standard treatment and consists of sequential lavage of each lung to 
mechanically remove the residual material from the alveoli. Although WLL is considered safe, un-
expected complications can occur. Moreover, due to the rarity of the disease itself, this procedure 
is unknown to many physicians, and management of intraoperative complications can be chal-
lenging for anesthesiologists. Lung ultrasound (LUS) provides reliable and valuable information 
for detecting perioperative pulmonary complications and, in particular, quantitation of lung wa-
ter content. There have been reports on monitoring the different stages of controlled deaeration 
of the non-ventilated lung during WLL using LUS. However, it has been limited to non-ventilated 
lungs. Therefore, we report the use of LUS in WLL to proactively detect pulmonary edema in the 
ventilated lung and implement a safe and effective anesthesia strategy. Given the limited diag-
nostic tools available to anesthesiologists in the operating room, LUS is a reliable, fast, and non-
invasive method for identifying perioperative pulmonary complications in patients with PAP un-
dergoing WLL. 
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physiological effects allows anesthesiologists to implement appro-
priate management [3]. 

Lung ultrasound (LUS) can help assess pulmonary and pleural 
pathologies in critically ill patients. It is now a standard technique 
for the early diagnosis of pulmonary edema in patients with heart 
failure, even in the subclinical stage [4]. There have been several re-
ports on anesthesia management using LUS during WLL [5,6]. 
However, the use of LUS to monitor therapeutic procedures for 
both ventilated and non-ventilated lungs in the field of WLL is still 
in its infancy.  
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We hypothesized that the previously validated LUS images 
could help identify aeration changes in ventilated and non-ventilat-
ed lungs during WLL. This modality may allow for early complica-
tion recognition, such as spillover into the ventilated lung, pleural 
effusion, and pulmonary edema, in addition to guiding anesthetic 
management and the troubleshooting of intraoperative complica-
tions in patients with PAP undergoing WLL. Herein, we report a 
case with the aim to reduce complications such as alveolar hyper-
inflation and systemic absorption of saline and overdistension of 
alveoli by early detection of pulmonary edema in the ventilated 
lung using these characteristics of LUS. 

Case 

A 54-year-old male patient with a height and weight of 180 cm and 
78 kg, respectively, presented to our hospital with a 2-month histo-
ry of non-productive cough and progressive exertional dyspnea. 
The patient was a smoker (30 pack-years) without any other rele-
vant medical history. Preoperative electrocardiography (ECG) and 
transthoracic echocardiography did not reveal any abnormalities. 
Chest radiography showed ill-defined bilateral opacities in the low-
er lung zones, and chest computed tomography showed extensive 
patchy ground-glass opacities in both lower lobes (Fig. 1). The left 
lung had more severe ill-defined opacities than the right lung. Pre-
operative pulmonary function testing results showed one-second 

forced expiratory volume (FEV1) of 3.23 L (80% of predicted), 
forced vital capacity (FVC) of 4.11 L (78% of predicted), FEV1/
FVC ratio of 79%, total lung capacity (TLC) of 5.40 L (75% of 
predicted), and carbon monoxide diffusion capacity (DLCO) of 
49%. The patient exhibited a mild restrictive physiological pattern 
with decreased TLC and DLCO. Cytological examination of the 
bronchoalveolar lavage fluid was suggestive of PAP, and pulmonol-
ogists planned for a WLL as first-line treatment. 

Upon entering the operating room with a nasal cannula with 4 
L/min O2, the patient was subjected to standard monitoring prac-
tices such as ECG, noninvasive blood pressure, bispectral index, 
and pulse oximetry. Before induction of anesthesia, all necessary 
equipment was checked and included 30 L of normal saline, a 
Y-piece connector, an irrigation set with clamps, a plastic container, 
and a rapid infusion system (RIS). Initial vital signs were stable at a 
blood pressure of 130/90 mmHg, heart rate of 90 beats/min, re-
spiratory rate of 16 breaths/min, and temperature of 36.2°C. Initial 
arterial blood gas analysis (ABGA) showed a pH of 7.42, arterial 
partial pressure of carbon dioxide of 34 mmHg, arterial partial 
pressure of oxygen of 54 mmHg, bicarbonate concentration of 
22.1 mmol/L, and arterial oxygen saturation of 88% on room air. 
The alveolar-arterial oxygen difference was 53 mmHg, suggesting 
gas exchange issues. After preoxygenation, the anesthesiologist in-
travenously administered 1% propofol (2 mg/kg) and rocuronium 
(0.6 mg/kg). Total intravenous anesthesia with propofol and 

Fig. 1. (A) Chest radiograph shows ill-defined increased opacities in both lower lung zones. (B) High-resolution computed tomography 
scan shows ill-defined ground-glass opacities and consolidations with crazy-paving appearance in both lungs.

BA
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remifentanil was maintained throughout the procedure. A 
37-French (Fr) left-sided double-lumen endotracheal tube (DLT) 
was used for one-lung ventilation (OLV). We confirmed proper 
tube placement by auscultation of lung sounds and fiber-optic 
bronchoscopy. Because the left lung was more affected, a right-sid-
ed OLV was performed. A manual leak test was performed by im-
mersing the non-ventilated left lung tube in saline while ventilating 
the right lung. Radial arterial and jugular venous catheters were 
used to continuously assess arterial blood gas and hemodynamic 
status during the perioperative period. The mechanical ventilation 
parameter setting was as follows: tidal volume was 6 mL kg−1 
during two-lung ventilation (TLV), 4 mL/kg−1 during OLV, with 5 
cmH2O positive end-expiratory pressure (PEEP) maintained 
throughout. Initially, WLL was started in the supine position. A 
Y-piece connected to the non-ventilated lung tube served as a link 
between the DLT and RIS. The warmed normal saline was then 
instilled into the left lung through the left tracheal lumen using the 
RIS at a rate of < 125 mL/min with a 30° head-up tilt (reverse 
Trendelenburg) position to facilitate the instillation (Fig. 2A). 
While draining the lavage fluid, the patient was placed in the head-
down tilt (Trendelenburg) position (Fig. 2B), and the pulmonolo-
gist performed the process of chest percussion [1]. 

LUS was performed using a Versana Balance echograph and a 
2–5 MHz convex array probe (GE Healthcare, Chicago, IL, USA). 

The patient was scanned in the supine position by a single anesthe-
siologist ( JO). Three regions (phrenic point, upper and lower 
BLUE points) were identified bilaterally in each hemithorax ac-
cording to the bedside LUS in emergency (BLUE) protocol (Fig. 
3) [7]. Images were obtained at four intervals: (1) baseline (before 
anesthetic induction), (2) end lavage (after the introduction of the 
last bolus of normal saline into the non-ventilated lung), (3) reven-

A B

Fig. 2. Picture of patient’s position during whole-lung lavage. (A) During inflow of lavage fluid, the patient was positioned in the reverse 
Trendelenburg to facilitate the instillation. (B) While draining the lavage fluid, the patient was placed in the Trendelenburg position.

Fig. 3. To ensure the reproducibility of ultrasound acquisition 
during the entire procedure, the exact point of the lung 
ultrasound examination was marked on the skin. Three regions 
(phrenic point, upper and lower BLUE points) were identified 
bilaterally in each hemithorax according to the bedside lung 
ultrasound in emergency (BLUE) protocol.

Phrenic point

Lower BLUE point
Upper BLUE point
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tilation (after reinflation of the non-ventilated lung), and (4) 
pre-extubation (immediately before extubation). Six points were 
explored, and ABGA was performed in each of the four steps. Each 
finding was classified into three patterns according to previously re-
ported LUS semiotics (Table 1) [2]. The lavage procedure was ter-
minated when a tissue pattern (No. 3 in Table 1) appeared in all ar-
eas of the non-ventilated lung or three or more B-lines (No. 2 in 
Table 1) appeared in the ventilated lung without waiting for the 

fluid to overflow into the endotracheal tube. At the same time, seri-
al ABGAs were performed to monitor hypoxemia, hypercapnia, 
acidosis, and electrolyte imbalance (Table 2). At the 9th cycle, an 
imbalance of more than 100 mL between infusion and drained vol-
umes, as well as an increased number of B-lines of the ventilated 
lung, was observed compared to the previous cycle (II in Fig. 4). 
We managed with an adequate PEEP of 7 cmH2O and negative 
water balance using intravenous diuretics (0.5 mg/kg intravenous 

Table 1. Patterns describing lung ultrasound findings during whole-lung lavage

No. Pattern Description 
1 Normal/nearly normal pattern Pleural line, pleural sliding, A-lines (normal pattern), or B-lines in number <3 per lung ultrasound scan 

(nearly normal pattern)
2 Alveolar-interstitial syndrome B-lines in number ≥3 per lung ultrasound scan, more or less crowded, up to complete coalescence of 

these artifacts (the so-called “white lung”)
3 Alveolar consolidation Tissue-like pattern, with precise anatomical boundaries, no dimensional change throughout the respiratory 

cycle and variable depth extension

Table 2. Results of arterial blood gas analysis during left lung lavage

Variable Basal OLV 5 OLV 30 End lavage Reventilation Pre-extubation Post-extubation
pH 7.42 7.3 7.27 7.33 7.31 7.43 7.42
PaO2 (mmHg) 54 72 76 59 64 107 81
PaCO2 (mmHg) 34 52 49 44 44 34 35
HCO3

– (mEq/L) 22.1 25.6 22.5 23.2 22.2 22.6 22.7
SaO2 (%) 88 92 93 88 90 98 96
FiO2 0.2 1.0 1.0 1.0 0.6 0.3 0.2
P/F ratio 257 72 76 59 107 357 386

OLV, one-lung ventilation; OLV 5, within 5 minutes of OLV; OLV 30, within 30 minutes of OLV; PaO2, arterial partial pressure of oxygen; PaCO2, arterial 
partial pressure of carbon dioxide; HCO3

–, bicarbonate; SaO2, arterial oxygen saturation; FiO2, fraction of inspired oxygen; P/F ratio, PaO2/ FiO2 ratio.

Ventilated lung

Non-ventilated lung
(lavaged lung)

I
Baseline

II
End lavage

III
Reventilation

IV
Pre-extubation

Fig. 4. The typical sequence of ultrasound findings of the lung. Our lavage procedure was terminated when a tissue pattern (pattern 3, II) 
appeared in all areas of the non-ventilated lung and/or three or more B-lines (pattern 2, II) appeared in the ventilated lung. Reventilation 
was associated with reduced B-lines in the ventilated lung and a reappearance of pattern 2 (alveolar-interstitial syndrome) in the 
lavaged lung. Prolonged ventilation with PEEP (18 hours later, ventilation with 10 cmH2O PEEP) resulted in the return of pattern 1 (normal 
pattern) in both lungs. PEEP, positive end-expiratory pressure.
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furosemide). The procedure was then terminated. Subsequently, 
TLV was initiated. Several B-lines were observed in the lavaged 
lung, whereas the ventilated lung showed a regular pattern with a 
marked decrease (III in Fig. 4). The total normal saline adminis-
tered was 9.8 L, and 8.9 L saline was retrieved from the left lung. 
Intraoperative fluid management was performed with intermittent 
confirmation of the volume status by qualitative methods such as 
visual estimation using transthoracic echocardiography because of 
its technical complexity and time-consuming nature. The total vol-
ume of intravenously infused crystalloid solution administered to 
the patient during the WLL procedure was 1,850 mL, and the total 
urine output during the procedure was 450 mL. The DLT was ex-
changed for a 7.0 mm single lumen, and the patient was transferred 
to the intensive care unit. The next day, the patient was extubated. 

Manual chest physiotherapy was continued postoperatively. The 
symptoms improved clinically with a saturation of ≥ 94% on room 
air (Table 2), and he was discharged 1 week after the procedure. 

Discussion 

Our case report demonstrates the feasibility of using LUS during 
all phases of WLL. Although there are several reports of using LUS 
for monitoring procedures during WLL, little is known about the 
use of LUS in terminating the WLL process to prevent flooding of 
the ventilated lung. We identified an increase in the number of 
B-lines through LUS, suggesting pulmonary edema in the ventilat-
ed lung and efficiently determining the termination of WLL. 

PAP is a diffuse lung disease characterized by the accumulation 
of amorphous, periodic acid-Schiff-positive lipoprotein material in 
the distal air spaces [8]. Treatment depends on the severity of the 
disease. The indications for WLL are decreased lung function, ra-
diographic signs of disease progression, poor alveolar gas exchange, 
and worsening of respiratory symptoms. The contraindications are 
uncorrectable clotting disorders, high anesthetic risk, and cardio-
pulmonary instability [3]. In our case, the patient underwent WLL 
because of the progressive worsening of respiratory symptoms. 
The left lung with a more severe disease was lavaged first in our pa-
tient, whereas the right lung was lavaged under general anesthesia 
after 1 month. 

Although WLL is a widely used therapeutic procedure for pa-
tients with PAP, the short-term or long-term outcomes of the pro-
cedure are not well described. In general, approximately 10 to 15 
lavages are performed to remove lavage effluent from each lung, 
each requiring 1 to 1.5 L of warm saline [9]. WLL is terminated 
when the lavage effluent appears clear on visual inspection of the 
protein content of the sample [3]. Specifically, if the patient's he-
modynamic status and oxygenation are tolerable, this process is re-

peated until the lavage effluent is washed out satisfactorily. Al-
though the lavage method seems simple, the clinical results report-
ed so far are diverse, ranging from complete resolution to death 
due to respiratory failure or pneumonia [10]. Some authors have 
mentioned delayed improvement or temporary worsening of lung 
function after WLL [11]. In addition, Huber et al. [12] described 
changes in respiratory mechanics and alveolar morphology after 
WLL in dogs. This procedure has also been shown to remove large 
amounts of surface-active substances [13] and other proteins [14]. 
In other words, saline lavage of the lungs until the lavage effluent is 
clear may not necessarily be a good thing. Moreover, the procedure 
of WLL is associated with complications such as pneumothorax, 
pleural effusion, hydropneumothorax, mediastinal shift, and in-
creased intrathoracic and central venous pressures due to excessive 
lavage fluid, leading to hypotension. In particular, the risk of pul-
monary edema in the ventilated lung is significantly higher in pro-
longed procedures such as WLL. Several mechanisms can cause 
pulmonary edema in the ventilated lung during the WLL proce-
dure. Intraoperative fluid overload or lavage fluid leakage into the 
ventilated lung is a common cause. In addition, it is believed that 
changes in hydrostatic forces in the pulmonary microcirculation or 
activation of proinflammatory cytokines from the collapsed lung 
may cause pulmonary edema in the ventilated lung [15]. There-
fore, since the non-ventilated lung is fully consolidated during 
WLL, mild pulmonary edema of the ventilated lung can signifi-
cantly impact the prognosis of patients with preexisting PAP. This 
is an important reason for the early detection of pulmonary edema 
that occurs in ventilated lungs during the WLL procedure using 
LUS. Indeed, pulmonary edema by LUS has been evaluated in 
traumatic brain injury, acute respiratory distress syndrome, chronic 
renal failure, and cardiac surgery, with good sensitivity (97%) and 
specificity (98%) [4,16-18]. However, it has rarely been evaluated 
in the WLL procedure, especially in ventilated lungs, which may 
represent a potentially unique problem due to rapidly changing flu-
id dynamics. In our case, we confirmed an increase in the number 
of B-lines compared to baseline in ventilated lungs via LUS, which 
enabled early detection of pulmonary edema in ventilated lungs. 

LUS has developed dramatically in the past decade, and its ad-
vantages include a lack of radiation and bedside accessibility. It has 
become a powerful tool for managing critically ill patients with 
acute respiratory failure, including diagnostic assessment, identify-
ing the cause of acute gas exchange deterioration during ventilation 
support, and investigating weaning failure [19]. WLL represents a 
typical human model of lung aeration changes, similar to various 
pathological conditions in critically ill patients. The overall course 
of WLL, which includes OLV and progressive alveolar overflow, is 
quite similar to resorption atelectasis and lung consolidation. In 
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this case report, LUS reliably monitored and recorded changes in 
lung aeration. Starting from a nearly regular pattern to apparent 
changes in lung deaeration throughout WLL were associated with 
significant changes in LUS findings in both ventilated and 
non-ventilated lungs. In the non-ventilated lung, the transition 
from normal to the alveolar-interstitial pattern was achieved during 
OLV, and continuous alveolar flooding promoted the transition to 
a consolidation pattern. Reventilation was more likely to result in a 
pattern of alveolar-interstitial syndrome due to residual water in 
the lavaged lung. In the ventilated lung, the number of B-lines pro-
gressively increased regularly as the unventilated one overflowed 
with saline. We considered this to be the endpoint of WLL. After 
adequate PEEP and negative water balance, the number of B-lines 
in the ventilated lung was significantly reduced, and it reappeared 
in a normal pattern. As in previous studies, terminating WLL when 
the lavage effluent is clear can be very subjective. In addition, be-
cause there are no randomized trials or formal prospective studies 
on the WLL procedure, it is difficult to determine the impact of 
current lavage methods on patient prognosis. In our case, as men-
tioned above, the endpoint of WLL was defined as the appearance 
of pulmonary edema in the ventilated lung. Our patient underwent 
similar anesthetic management using LUS for WLL in the contra-
lateral lung after 1 month. Serial WLL resulted in clinical and phys-
iological improvement in the patient. According to previous stud-
ies, and in 55% of patients with PAP, repeated lavage every 6 to 12 
months may be required [20]. Moreover, in a significant number 
of patients, it is often impossible to implement continuous WLL 
due to hypoxemia or poor clinical conditions. Therefore, given the 
high burden of complications in patients undergoing WLL, early 
identification and management of complications using simple and 
convenient tools such as LUS would be valuable. In addition, keep-
ing the ventilated lung stable can be just as important as thorough-
ly cleaning the non-ventilated lung. Clarifying the relationship be-
tween the WLL procedure and worse outcomes may help to iden-
tify therapeutic strategies to avoid complications after WLL. Fur-
ther studies are required to examine this mechanism. 

Our case report focused on anesthetic management using LUS 
to identify intraoperative complications often encountered during 
WLL. In particular, it is essential to monitor non-ventilated and 
ventilated lungs using LUS to prevent complications during the 
procedure. This case provides insight into the procedure and use-
fulness of LUS from an anesthesiologist’s perspective and potential 
intraoperative complications. The availability of LUS during the 
WLL procedure may enable early diagnosis of complications and 
improve patient prognosis. 
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3) Keywords
List 3-6 keywords from the list provided in Index Medicus un-
der "Medical Subject Heading (MeSH)." 

4) Text
The text of manuscripts must have the following sections: In-
troduction, Materials and methods, Results, and Discussion. 
The body of the manuscript should be written as concisely as 
possible. All pages of the manuscript should be numbered. 
Introduction
This should provide a context or background for the study and 
states the specific purpose or research objective of or hypothe-
sis tested by the study. This may include mention of papers 
most closely related to the article, and of the problem. 

Materials and methods
Explanation of the experimental methods should be concise 
but sufficient to allow other workers to reproduce the results. 
This provides the technical information, apparatus (the manu-
facturer's name and brief address) and procedures. Give refer-
ences and brief descriptions for the methods that have been 
published. Describe statistical methods with enough detail to 
enable a reader with access to the original data to verify the re-
ported results. Define statistical terms, abbreviations, and most 
symbols. 

Ensure correct use of the terms sex (when reporting biologi-
cal factors) and gender (identity, psychosocial or cultural fac-

tors), and, unless inappropriate, report the sex or gender of 
study participants, the sex of animals or cells, and describe the 
methods used to determine sex or gender. If the study was 
done involving an exclusive population, for example in only 
one sex, authors should justify why, except in obvious cases 
(e.g., prostate cancer). Authors should define how they deter-
mined race or ethnicity and justify their relevance.

Results
This should include a concise textual description of the data 
presented in tables and figures. 

Discussion
This section includes the new and important aspects of the 
study and the conclusions. The data should be interpreted 
concisely. Speculation is permitted, but it must be supported 
by the data presented by the authors. 

References
References should be numbered consecutively in the order in 
which they are first mentioned in the text, with numbers in 
square brackets before any closing punctuation. They should 
be listed on a separate document under the heading "Referenc-
es," and double-spaced. Reference format should conform to 
that set forth in "Uniform Requirements for Manuscripts Sub-
mitted to Biomedical Journals. 5th ed." (JAMA 1997;277:927-
34). Titles of journals should be abbreviated according to the 
Index Medicus style. 

Reference style:
Journal articles
List all authors when six or less; when seven or more, list the 
first six and add et al.
Vega KJ, Pina I. Heart transplantation is associated with an in-
creased risk for pancreatobiliary disease. Ann Intern Med 
1996;124:980-3.
Verbalis JG. Renal physiology of nocturia. Neurourol Urodyn 
2014;33(Suppl 1):S6-9. 

Book
Ringsven MK, Bond D. Gerontology and leadership skills for 
nurses. 2nd ed. Albany (NY): Delmar Publishers; 1996. 
Luzikov VN. Mitochondrial biogenesis and breakdown. Galkin 
AV, translator; Roodyn DB, editor. New York: Consultants Bu-
reau; 1985. p. 362
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Book chapter
Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh 
JH, Brenner BM, editors. Hypertension: pathophysiology, di-
agnosis, and management. 2nd ed. New York: Raven Press; 
1995. p. 465-78. 

Web resources
Polgreen PM, Diekema DJ, Vandeberg J, Wiblin RT, Chen YY, 
David S, et al. Risk factors for groin wound infection after fem-
oral artery catheterization: a case-control study. Infect Control 
Hosp Epidemiol [Internet]. 2006 [cited 2007 Jan 5];27:34-7. 
http://www.journals.uchicago.edu/ICHE/journal/issues/
v27n1/2004069/2004069.web.pdf
Testa J. The Thomson Reuters journal selection process [In-
ternet]. Philadelphia: Thomson Reuters; 2012 [cited 2013 Sep 
30]. http://wokinfo.com/essays/journal-selection-process 

5) Tables
Tables should fit within a single page. The Table's legend may 
include any pertinent notes and must include definitions of all 
abbreviations and acronyms that have been used in the Table. 
For footnotes, the following symbols should be used in this se-
quence: a), b), c), d), e), f), g), h), etc. Authors are obligated to 
indicate the significance of their observations by appropriate 
statistical analysis. 

6) Illustrations
Figures must be cited consecutively using Arabic numerals. Au-
thors must submit illustrations as electronic files. Acceptable fig-
ure file formats are JPEG, TIFF, and PPT/PPTX. Each figure 
needs to be prepared in a resolution higher than 300 dpi with 
good contrast and sharpness. The file size of each submitted fig-
ure should not exceed 10 MB per figure. If the patient's photo-
graph is presented in a paper, it should be manipulated to make it 
difficult to recognize. Patients introduced in the manuscripts 
should be informed and aware that their photographs, video-
tapes, and other images (imaging records) will be released by the 
authors, and the authors should attach the Authorization and 
Release Form available at the YUJM website (https://www.e-yu-
jm.org/authors/ethics.php) including each patient’s signature. If 
the patient is a minor, a written consent of the guardian must be 
submitted.

7) Legends for tables and illustrations
Typed legends that use double-spacing should start on a sepa-
rate page with Arabic numerals corresponding to the Tables or 
Illustrations. When symbols, arrows, numbers, or letters are 

used to identify parts of the Tables or Illustrations, they should 
be individually identified and explained clearly in the legend. 

8) Abbreviations
Authors should limit the use of abbreviations to an absolute 
minimum. Abbreviations are not to be used in titles. Abstracts 
may contain abbreviations for terms mentioned many times in 
the abstract section, but each term must be identified the first 
time it is mentioned. 

9) Unit of measurement
Measurements of length, height, weight, and volume should be 
reported in metric units (meter, kilogram, or liter) or their dec-
imal multiples. Temperature should be in degrees Celsius. Au-
thors must consult the information for authors for the particu-
lar journal and should report laboratory information in both 
the local and International System of Units (SI). 

 
Case report
Case reports should consist of an Abstract, Keywords, Introduction, 
Case, Discussion, and References (no more than 20). Case reports 
should have fewer than nine authors. The abstract should be con-
cisely written (no more than 250 words).

Image vignette
The manuscript for Image vignette should be organized in the fol-
lowing sequence: a summary of the presentation, imaging features 
and discussion. No abstract is required for this manuscript. There 
should be no more than five references and no more than two fig-
ures. Total length should be no longer than 500 words (excluding 
figure legends, ethical statements, conflicts of interest, author con-
tributions, ORCID, and references).

Communications
Although communication articles are not limited in the format, 
they should contain a self-standing abstract and references. The 
abstract should be concisely written and not exceed 250 words.

Permission

If any portion of a manuscript has been previously published, the 
original source must be acknowledged, and the written permis-
sion from the copyright holder to reproduce the material must be 
submitted. It is the responsibility of the author to request permis-
sion from the publisher for any material that is being reproduced. 
This requirement applies to text, illustrations, and tables.
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Article processing charges

Manuscripts that have accepted will be charged 200,000 won. The 
surcharge for color figures is none.

Author change

If the addition or deletion of authors or changes in the order of 
authorship is required, the correspondent author must complete 

the authorship change form and submit it to the editorial board 
with the signature of all existing authors and new authors. When 
there is a request for change by the author, the editorial committee 
convenes an ethics committee and judges whether it is appropri-
ate. If a new author should be added or an author should be delet-
ed after the submission, it is the responsibility of the correspond-
ing author to ensure that all of the authors concerned are aware of 
and agree to the change in authorship. The YUJM has no respon-
sibility for such changes.
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Research ethics

All of the manuscripts should be prepared based on strict observa-
tion of research and publication ethics guidelines recommended 
by the Council of Science Editors (http://www.councilscienceedi-
tors.org), International Committee of Medical Journal Editors 
(ICMJE, http://www.icmje.org), World Association of Medical 
Editors (WAME, http://www.wame.org), and the Korean Associ-
ation of Medical Journal Editors (KAMJE, https://www.kamje.
or.kr/en/main_en). All studies involving human subjects or hu-
man data must be reviewed and approved by a responsible Institu-
tional Review Board (IRB). Please refer to the principles embodied 
in the Declaration of Helsinki (https://www.wma.net/poli-
cies-post/wma-declaration-of-helsinki-ethical-principles-for-med-
ical-research-involving-human-subjects/) for all investigations in-
volving human materials. Animal experiments also should be re-
viewed by an appropriate committee (IACUC) for the care and 
use of animals. Also studies with pathogens requiring a high degree 
of biosafety should pass review of a relevant committee (IBC). The 
approval should be described in the Methods section. For studies 
of humans including case reports, state whether informed consents 
were obtained from the study participants. The editor of YUJM 
may request submission of copies of informed consents from hu-
man subjects in clinical studies or IRB approval documents. The 
YUJM will follow the guidelines by the Committee on Publication 
Ethics (COPE, http://publicationethics.org) for settlement of any 
misconduct.

Conflicts of interest

The corresponding author of an article is asked to inform the Edi-
tor of the authors' potential conflicts of interest possibly influenc-
ing the research or interpretation of data. A potential conflicts of 
interest should be disclosed in the cover letter even when the au-
thors are confident that their judgments have not been influenced 
in preparing the manuscript. Such conflicts may include financial 
support or private connections to pharmaceutical companies, po-
litical pressure from interest groups, or academic problems. Dis-
closure form shall be same with ICMJE Uniform Disclosure Form 
for Potential Conflicts of Interest (http://www.icmje.org/coi_dis-
closure.pdf). The Editor will decide whether the information on 
the conflicts should be included in the published paper. In partic-
ular, all sources of funding for a study should be explicitly stated. 

The YUJM asks referees to let its editor know of any conflicts of 
interest before reviewing a particular manuscript.

Authorship

Each author is expected to have made substantial contribution to 
the conception or design of the work; or the acquisition, analysis, 
or interpretation of data; or the creation of new software used in 
the work; or have drafted the work or substantively revised it; 
AND to have approved the submitted version (and any substan-
tially modified version that involves the author’s contribution to 
the study); AND to have agreed both to be personally account-
able for the author’s own contributions and to ensure that ques-
tions related to the accuracy or integrity of any part of the work, 
even ones in which the author was not personally involved, are 
appropriately investigated, resolved, and the resolution docu-
mented in the literature.

Those who do not meet the above criteria should be acknowl-
edged as contributors instead of authors. The corresponding au-
thor is responsible for completing this information at submission, 
and it is expected that all authors will have reviewed, discussed, 
and agreed to their individual contribution ahead of this time.

When a large, multicenter group has conducted the work, the 
group should identify the individuals who accept direct responsi-
bility for the manuscript. When submitting a manuscript au-
thored by a group, the corresponding author should clearly indi-
cate the preferred citation and identify all individual authors as 
well as the group name. Journals generally list other members of 
the group in the Acknowledgements. Acquisition of funding, col-
lection of data, or general supervision of the research group alone 
does not constitute authorship.

Contributor Roles Taxonomy (CRediT)
• Conceptualization
• Data curation
• Formal analysis
• Funding acquisition
• Investigation
• Methodology
• Project administration
• Resources
• Software
• Supervision

Research and publication ethics  
Enactment May 22, 2012
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• Validation
• Visualization
• Writing - original draft
• Writing - review & editing

Redundant publication and plagiarism

Redundant publication is defined as “reporting (publishing or at-
tempting to publish) substantially the same work more than once, 
without attribution of the original source(s).” Characteristics of 
reports that are substantially similar include the following: (a) “at 
least one of the authors must be common to all reports (if there 
are no common authors, it is more likely plagiarism than redun-
dant publication),” (b) “the subjects or study populations are the 
same or overlapped,” (c) “the methodology is typically identical 
or nearly so,” and (d) “the results and their interpretation generally 
vary little, if at all.”

When submitting a manuscript, authors should include a letter 
informing the editor of any potential overlap with other already 
published material or material being evaluated for publication and 
should also state how the manuscript submitted to YUJM differs 
substantially from other materials. If all or part of your patient 
population was previously reported, this should be mentioned in 
the Methods, with citation of the appropriate reference(s).

The duplication will be checked through crosscheck (https://
app.ithenticate.com) or eTBLAST (https://helioblast.heliotext.
com) before submission. If duplicate publication related to the pa-
pers of this journal is detected, the manuscripts may be rejected, 
the authors will be announced in the journal, and their institutes 
will be informed. There will also be penalties for the authors.

Secondary publication

It is possible to republish manuscripts if the manuscripts satisfy the 
condition of secondary publication of the Uniform Requirements 
for Manuscripts Submitted to Biomedical Journals by International 
Committee of Medical Journal Editors (ICMJE), available from 
http://www.icmje.org. These are:
• The authors have received approval from the editors of both 

journals (the editor concerned with the secondary publication 
must have access to the primary version).

• The priority for the primary publication is respected by a publi-
cation interval negotiated by editors of both journals and the 
authors.

• The paper for secondary publication is intended for a different 
group of readers; an abbreviated version could be sufficient.

• The secondary version faithfully reflects the data and interpreta-

tions of the primary version. 
• The secondary version informs readers, peers, and documenting 

agencies that the paper has been published in whole or in part 
elsewhere—for example, with a note that might read, "This ar-
ticle is based on a study first reported in the (journal title, with 
full reference)"—and the secondary version cites the primary 
reference.

• The title of the secondary publication should indicate that it is a 
secondary publication (complete or abridged republication or 
translation) of a primary publication. Of note, the United States 
National Library of Medicine (NLM) does not consider trans-
lations as "republications" and does not cite or index them when 
the original article was published in a journal that is indexed in 
MEDLINE.

Registration of the clinical trial research

Clinical trial defined as “any research project that prospectively as-
signs human subjects to intervention and comparison groups to 
study the cause-and-effect relationship between a medical inter-
vention and a health outcome” should be registered to the prima-
ry registry to be prior publication. YUJM accepts the registration 
in any of the primary registries that participate in the WHO Inter-
national Clinical Trials Portal (http://www.who.int/ictrp/en/), 
NIH ClinicalTrials.gov (http://www.clinicaltrials.gov), ISRCTN 
Resister (www.ISRCTN.org), or the Clinical Research Informa-
tion Service (CRIS), Korea CDC (https://cris.nih.go.kr/cris/in-
dex.jsp). The clinical trial registration number shall be published 
at the end of the abstract.

Data sharing statement

YUJM accepts the ICMJE Recommendations for data sharing 
statement policy (http://icmje.org/icmje-recommendations.
pdf). All manuscripts reporting clinical trial results should submit 
a data sharing statement following the ICMJE guidelines from 1 
July 2018. Authors may refer to the editorial, “Data Sharing state-
ments for Clinical Trials: A Requirement of the International 
Committee of Medical Journal Editors,” in JKMS Vol. 32, No. 
7:1051-1053 (http://crossmark.crossref.org/dialog/?-
doi = 10.3346/jkms.2017.32.7.1051&domain = pdf&date_
stamp = 2017-06-05).

Process to manage the research and publication 
misconduct

When the Journal faces suspected cases of research and publication 
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misconduct such as a redundant (duplicate) publication, plagiarism, 
fabricated data, changes in authorship, undisclosed conflicts of in-
terest, an ethical problem discovered with the submitted manu-
script, a reviewer who has appropriated an author’s idea or data, 
complaints against editors, and other issues, the resolving process 
will follow the flowchart provided by the Committee on Publica-
tion Ethics (http://publicationethics.org/resources/flowcharts). 

The Editorial Board of YUJM will discuss the suspected cases and 
reach a decision. YUJM will not hesitate to publish errata, corrigen-
da, clarifications, retractions, and apologies when needed.

For the policies on research and publication ethics not stated in 
the Instructions, Guidelines on Good Publication (http://publica-
tionethics.org) or Good Publication Practice Guidelines for Medi-
cal Journals (http://kamje.or.kr) can be applied.
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Affiliation:                                                                                                                                                                                                                                                                                         

Author’s name (please print):                                                                                                                                                                                                                                                             

Manuscript title:                                                                                                                                                                                                                                                                              

All authors pledges that we follow the basic standards of research and publication ethics in the submission process to Yeungnam Univer-
sity Journal of Medicine

Check Yes if
Research subject, research object and size, setting of controls, and the methods of data collection are suitable for the 
research ethics.

□ Yes    □No

Check Yes if
Authors should ensure that their submitted manuscripts are not against publication ethics such as fabrication, 
falsification or plagiarism.

□ Yes    □No

Check Yes if
In clinical research involving human, informed consent from patient should be conducted and written in the method 
section of the manuscript.

□ Yes    □No

Check Yes if
All clinical research involving human and animal subjects to be approved by the author’s Institutional Review Board 
(IRB) or equivalent committees.

□ Yes    □No

Check Yes if
This study is conducted in compliance with the Declaration of Helsinki and this comment is written in the method 
section of the manuscript.

□ Yes    □No

Check Yes if
All Authors must disclose all relationships that could be viewed as potential conflicts of interest. This relationship 
also includes any potential conflicts of interest with all material, products, and companies in the manuscript.

□ Yes    □No

Check Yes if
Authors should confirm that the submitted work is not under consideration or accepted for publications elsewhere, 
and would not be submitted in any other journals after acceptance.

□ Yes    □No

Check Yes if
Duplicate publication, which includes ‘imalas publication’, ‘plagiarism’, and ‘salami publication’, is strictly not 
conducted.

□ Yes    □No

If the rationale provided by the authors remains unsatisfactory in the judgment of the editors, the manuscript will be rejected or retracted. 
The authors will not be allowed to subsequently submit their research to Yeungnam University Journal of Medicine. The authors should 
keep the above mentioned disadvantages in mind.

Date:                                                                                                  

Corresponding author’s name:                                                                                                  

Research and publication ethics form
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The author(s) submit manuscript with the following title

                                                                                                                                                                                                                                                                                                            

                                                                                                                                                                                                                                                                                                           

In consideration of editors and publisher’s effort in reviewing and editing our/my Article, the undersigned authors hereby transfer, con-
vey, and assign all copyrights in the Article to the Editorial Board of the Yeungnam University Journal of Medicine (YUJM). The copyright 
transfer covers the right to print, publish, distribute and sell throughout the world the said contribution and parts thereof, including all re-
visions or versions and future editions, in all forms and media.

The authors certify that I have participated in the intellectual content, the analysis of data, and the writing of the Article, to take public 
responsibility for it The authors reviewed the final version of the Article, believe it represents valid work and approve it for publication The 
authors certify that none of the material in the manuscript has been published previously, is included in another manuscript The authors 
also certify that the Article has not been accepted for publication elsewhere, nor have they assigned any right or interest in the Article to 
any third party. The authors will obtain and include with the manuscript written permission from any respective copyright owners for the 
use of any text, figures, and tables that have been previously published. The authors agree that it is their responsibility to pay fees charged 
for permissions.

Copyright © Yeungnam University College of Medicine

This is an Open Access journal distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.
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I am informed and aware of photographs, videotapes and other images (imaging records) taken by Dr.                                           or 
his designee(s) of myself or any parts of my body regarding surgical procedures carried out by Dr.                                            . I under-
stand and consent that such imaging records may and will be used by Dr.                                            as reference in diagnosing and treat-
ing other patients in the future. I further consent to the release and transfer of copyright ownership by Dr. to Yeungnam University 
Journal of Medicine of such imaging records.

I understand that by consenting on release of my imaging records, these may and will be used in upcoming issue or issues of the 
journal, as well as on the journal website, or any other print or electronic media for the purpose of informing medical professionals 
or other readers about surgical methods. I understand that when these imaging records are included in any articles, medical infor-
mation regarding sex, age, operative date and treatment results may and will be included together. But I, nor any member of my 
family, will be identied by name in any publication, and any information that may aid in identifying me or my family will not be ex-
posed. (In case of facial photographs, the photo is cropped to only necessary parts in order to make individual identication impos-
sible.) I understand that whether I consent on this form or not, it bears no consequences whatsoever on any future actions, and 
that there will be no eect on the medical treatment I receive from Dr.                                           or any subordinates.

I grant this consent as a voluntary contribution in the interest of public education, and certify that I have read the above Con-
sent, Authorization and Release form and fully understand its terms. I understand that, if I do not revoke this authorization, it will 
expire ten years from the date written below.

20            .                .             .

I hereby transfer in above-mentioned terms, the copyright of my imaging records to

Dr.                                                                                         .

Name:                                                                                                         

Hospital:                                                                                                   

Designated Doctor:                                                                             

Signature:                                                                                   

Department:                                                                             

Signature:                                                                                   

Patient photographic and videographic consent,
authorization and release form
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