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Foreword

Ten years Erasmus Journal 
of Medicine
Dear reader, the first issue of the Erasmus Journal of Medicine 
was released back in 2010. Thus, to date, with this golden 14th 
issue, we celebrate the 10th anniversary of our Journal. As was 
the case with the previous issues, all articles are produced by 
Erasmus MC students. This issue is the first to welcome a con-
tribution by one of our Nanobiology students. In the near future, 
articles might also be expected from our Bachelor students Cli-
nical Technology, as well as Erasmus University College stu-
dents who take the pre-med Life Science Major.

It is Huib Pols, former Dean of the Erasmus MC, who should 
have most credits for ten years Erasmus Journal of Medicine. 
Already in his inaugural lecture as professor in 1998 he stated: 
‘By writing research reports in the form of a scientific article, 
students are forced to think better about a good research ques-
tion, the methods of research, and the ordering and interpretation 
of the obtained research results. The articles are then assessed 
according to the “peer review” concept within the faculty, and 
the best are ultimately published in the “Erasmus Student Jour-
nal of Medicine”. [...] By sending the Journal to all students of 
our faculty, we can emphasize the importance of biomedical re-
search.’1

As a Dean, in 2010, he was able to materialize his vision and he 
could proudly introduce the first issue that ‘[…] clearly elabo-
rates on the versatility of our university medical center. You will 
be amazed. Do not just read the articles closely related to your 
field of study! Let the enthusiasm of all the authors who have 
contributed to this memorable first issue of the Erasmus Journal 
of Medicine get a hold on you.’2 Also the current issue includes 
a broad spectrum of topics, ranging from lung-liver transplanta-
tion to next-generation sequencing in acute myeloid leukemia, 
and from treatment of right ventricular failure to an uncommon 
case of dysphagia. Take up and read!

We encourage our students to submit their assays, systematic re-
views and, even better, their original research for publication in 
Erasmus Journal of Medicine. We also welcome student-editors 
and -reviewers. The link might not be causal, but most students 
that were involved in the first issue found their way as respected 
researchers in the international scientific community!

Prof. Maarten Frens, Vice-Dean Education

Prof. Eric Boersma, chair of the editorial board

1  Prof. Huib Pols. De Arts-Onderzoeker: Op zoek naar een partner.  
Oratie. Rotterdam, 1998, p18. [Translation by EB]

2 Prof. Huib Pols. Erasmus Journal of Medicine. 2010;1;6.
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Online challenges, in which people are contested through the 
internet to perform a certain task or to conduct specific behavior. 
Online challenges, often posted on social networking or video 
platforms like YouTube, Instagram or Snapchat, are popular 
among children and adolescents, and also among young adults. 
Some challenges, which are shared for merely entertainment 
purposes, go viral (i.e. being quickly and widely spread on the 
internet by sharing on social media and e-mail), as people chal-
lenge each other to imitate the post and thus continue a chain 
of reactions that spreads widely. Sometimes challenges are so 
popular or dangerous that they are picked up by newspapers or 
news websites. For example, the Tide pod challenges, in which 
teenagers ingest laundry pods, which can cause severe burns 
to the mouth, respiratory tract or esophagus, vomiting, diarr-
hea, and seizure, and can lead to death [1, 2]. Or the choking 
challenge, an asphyxia game in which a person either strangles 
themselves or gets another person to strangle them in order to 
experience a brief euphoric feeling by depriving their brain of 
oxygen, also known as cerebral hypoxia [3, 4]. However, some 
challenges are not dangerous at all (e.g. bottle flip challenge, or 
mannequin challenge); are designed to raise money for charity 
((ALS ice bucket challenge) or to make a positive contribution 
to the world (no makeup selfie challenge). 
 It is well-known that adolescents and young adults take 
more risks than any other age group [5, 6]. The question is ‘why 
do adolescents engage in these dangerous challenges?’, which 
can be generalized into ‘why do adolescents in general engage 
in risky behavior? Examples of risky behavior include binge 
drinking, substance use, dangerous driving, performing illegal 
activities like vandalism, risky sexual behavior (e.g. unprotec-
ted intercourse or having multiple sexual partners) or partici-
pation in dangerous (online) challenges. First, risk taking and 
impulsivity observed in adolescents has been partly attributed to 
the slow development of brain regions necessary for cognitive 
control (e.g. inhibition), such as the prefrontal cortex [7]. In ad-
dition to the slow development of impulse control, adolescents 
also show a preference an immediate reward, which involves 
the dopaminergic reward system, which is activated by decisions 
involving immediately available monetary rewards, for example 
[8, 9]. Further, even when adolescents’ behavior may have nega-
tive consequences, they seem to be  biased toward potential re-
wards [7]. Thus, hypersensitivity of reward-processing regions 
together with the relatively slow neurodevelopment of impulse 
control regions has been proposed to account for increased risk-
taking in adolescence, and particularly when decisions are made 

Hanan El Marroun a,b,c, PhD
a Department of Child and Adolescent Psychiatry, Erasmus MC, Rotterdam
b Department of Pediatrics, Erasmus MC - Sophia, Rotterdam 
c  Department of Psychology, Education and Child Studies, Erasmus School of Social and Behavioral Sciences - Erasmus University 

Rotterdam

in an emotional context [10]. Finally, the social context is a par-
ticularly salient influence on adolescent decision-making; ado-
lescents are especially prone to taking risks together with peers 
as the potential reward is peer approval [7, 11]. Thus, the answer 
on the question why adolescents engage in risky behavior is not 
straightforward, and involves numerous factors, including  bio-
logical, psychological, and social factors [7].
 In this edition of the Erasmus Journal of Medicine, Boer et 
al. aim to investigate the possibilities for prevention of partici-
pation in dangerous online challenges by young people based 
on a literature search, a survey with students, parents, teachers 
and experts (i.e. two pediatricians, a public health physician (in 
Dutch: GGD-arts) and the initiators of Foundation against inter-
net abuse (in Dutch: Stichting T.I.M Tegen Internet Misstanden). 
In this paper, the researchers conclude that education, in parti-
cular by an (experience) expert combined with improved infor-
mation for parents could contribute to prevention. First, from 
my point of view, this conclusion has been drawn to quickly.  
Intervention and prevention programs that have been evaluated 
and demonstrated to be effective in preventing (mental) health 
problems and risky behavior in adolescents and young adults are 
mostly based upon the best-available scientific evidence, rather 
than upon personal beliefs or anecdotal evidence. For example, 
the Iceland model, a multisectoral, community-based, collabo-
rative system where researchers, policy makers, administrative 
leaders, and practitioners together with the local municipality, 
schools and parents join forces to reduce the odds of adolescent 
substance use over time, has proven to be effective [12]. Second, 
since the study of Boer et al. shows that the literature review 
yielded very limited evidence on the topic of (dangerous) online 
challenges, it should be clear that we need more high-quality 
multidisciplinary scientific studies at the intersection of epide-
miology, psychology, neuroscience, social science and internet 
studies to explore a) the incidence and prevalence of participati-
on in online challenges among children, adolescents, and young 
adults; b) the determinants of participation in online challenges 
and; c) the short and long-term consequences of participation 
in online challenges. In addition, more knowledge about what 
makes online challenges (harmful or not) go viral is needed. This 
knowledge will then increase our understanding of these new 
risky behaviors among children, adolescents and young adults, 
and inform public health practitioners and policymakers to deve-
lop effective evidence-based prevention programs.

Editorial comment on ‘The prevention 
of risky behavior through online  
challenges among young people’ 

Editorial comment
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Editorial comment

In this issue of the Erasmus Journal of Medicine, the systematic 
review of Hovius et al [1] assesses the difference in one-year 
survival rate between a combined lung-liver transplantation 
(LLTx) and single lung and liver transplantation. Combined 
lung/liver transplantation could be considered for patients with 
end-stage lung- and liver-disease. Interestingly, the LLTx has a 
lower one-year survival rate than the single lung and liver trans-
plantations, respectively 75.2% and 80.0%, with a difference 
of 4.8%. However, no statistical analysis has been conducted 
on this difference in one-year survival. Because heterogeneity 
between the two groups can be present, these results should be 
interpreted cautiously.  
One of the secondary outcomes of the meta-analysis by Hovius 
et al [1] was the effect of the transplantation sequence on one-
year survival: liver-first or lung-first. Unfortunately, due to limi-
ted data from the included articles, no relevant conclusion could 
be drawn from the results. 

One advantage of liver-first LLTx that is briefly mentioned by 
the authors is related to coagulopathy. Acute and chronic hepa-
tic failure results in impaired haemostasis due to an imbalance 
between procoagulation and anticoagulation factor synthesis by 
the liver.[2] It is one of the main perioperative problems, causing 
bleeding tendency.[3,4] Intraoperative transfusions of red blood 
cells and plasma is shown to be associated with increased risk in 
mortality.[5] Also, coagulopathy is associated with an increased 
risk of primary graft dysfunction (PGD) of the lung and incre-
ased thromboembolic events.[6,7] 
However, shortly after reperfusion of the liver transplant, the 
disrupted coagulability is able to recover.[8] One can speculate 
that after recovery of the coagulability through transplantation of 
the liver-first could improve outcome of a lung transplantation.

Although still a hypothesis, another possible advantage of trans-
planting the liver first is the immunological tolerance effect after 
liver transplantation. A review by Baroja-Mazo et al [9] illus-
trates processes how liver transplants show signs of allograft 
tolerance. Moreover, the transplanted liver can also protect other 
transplanted organs from immune-mediated graft damage and 
rejection, which is the case for combined liver-kidney and liver-
heart transplantation.[10,11,12] Whether this induced systemic 

Thomas Woo a,b

a Medical student, Erasmus MC University Medical Center Rotterdam, the Netherlands
b Editorial board member of the Erasmus Journal of Medicine

tolerance also affects the lung transplant and to what extent, 
could be a topic for future research. 

As the present review by Hovius et al [1] already pointed out, a 
lung-first sequence is preferred when the lung will be exposed to 
an extended ischemic time. In practice, usually the organ in the 
worst condition gets transplanted first. No consensus has been 
reached on the preferable sequence of an LLTx. Nevertheless, it 
is a clinically relevant subject that should be investigated more. 
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Review

introduction
Although many women reflect upon their birth experience with 
contentment, 16.5% of women look back on their delivery ne-
gatively due to pain during labor.[1] Fitting pain relief may im-
prove women’s satisfaction regarding giving birth. In the Ne-
therlands, the most recent directive concerning the treatment of 
pain during labor dates from 2008 and states that, on request, 
every woman in labor must receive adequate treatment of pain.
[2] Epidural analgesia is delineated as first-line treatment, but an 
epidural has to be administered in a hospital by an anesthesiolo-
gist.[2] In 2017, 163.826 women gave birth in the Netherlands, 
of whom 117.155 did so in the hospital.[3] In total, only 33.643 
women received epidural analgesia, which exhibits that epidural 
analgesia is not given routinely, even when labor takes place in 
the hospital.[3] One could argue that the directive concerning 
pain relief during labor is in need of modernization, for it is 
questionable whether an on request-policy results in the highest 
achievable satisfaction among women in labor. Perhaps, pain re-
lief should be routinely offered to all women giving birth in the 
hospital. This way, the option to get an epidural will shift from 
no, unless… as starting point in the treatment of labor pain to 
yes, unless… and pain during labor will be alleviated to a higher 
degree. However, can we take side effects and complications 
that may arise for granted? Does the pain relief that is achieved 
by routinely offering analgesia outweigh disadvantages such as 
adverse effects, making it a good alternative to an on request-
policy?
This article investigates the consequences of a yes, unless… 
approach by reviewing literature on the different possibilities 
and consequences of pain relief, in particular epidural analgesia. 
Subsequently, these consequences are weighed, using the prin-
ciples of biomedical ethics as defined by Beauchamp and Child-
ress, for these principles are considered to be able to explain all 
essential aspects of medical ethics.[4]

Pain relief during labor: the facts
There are different ways to alleviate pain during labor. An ex-
tensive systematic review inquiring interventions to reduce la-
bor pain did not find evidence, or only very limited evidence, of 
the effectiveness of various non-pharmacological interventions, 
such as acupuncture and hypnosis, and medicaments such as 
parenteral opioids and NSAIDs.[5] Epidural analgesia, and, to a 
lesser extent, inhaled analgesia, are the only effective methods 
to manage pain during labor.[5] Epidural analgesia is carried 
out by administration of a local anesthetic in the epidural space 
using a needle or catheter.[6] Different methods of administra-
tion and dosage show similar outcomes, in terms of pain relief, 
length of labor, mode of delivery, side effects and neonatal out-

comes.[7] Although in an extensive database an overall (initial) 
failure rate of obstetric epidural analgesia of 14% was observed, 
ultimately almost all women received adequate pain relief.[8] A 
recent study and a systematic review, both comparing epidural 
analgesia to other methods of pain relief, also demonstrated epi-
dural analgesia to be the most effective technique to diminish 
labor pain and improve women’s satisfaction.[9,10] Moreover, 
epidural analgesia has been shown to lower stress levels during 
and immediately after delivery [11] as well as the risk of mater-
nal depression 6 weeks and 2 years after giving birth.[12]  
However, the use of epidural analgesia is not risk-free. Possible 
adverse effects of epidural analgesia are hypotension, itching, 
urine retention, fever, short motor blockade and a prolonged 
duration of delivery.[7,10,13,14] Epidural analgesia could also 
lead to spinal hematoma or abscess, however, this occurs very 
seldom: in a study that examined over 2.3 million procedures of 
obstetric epidural analgesia in the USA between 1998 and 2010, 
zero abscesses and 15 hematomas were observed (making the 
probability of a hematoma per procedure 1 in 154.730).[14] The 
use of epidural analgesia does not lead to an increase in neonatal 
adverse effects.[10] Utilization of epidural analgesia can cause a 
rise of assisted vaginal births. However, this side effect was only 
observed in studies conducted before 2005.[10] In a large Dutch 
cohort of child births between the year 2000 and 2009 an incre-
ase in unplanned caesarean sections was shown to be associated 
with the use of epidural analgesia, but, likewise, this correla-
tion weakened over time.[15] The modernization of techniques 
used to administer epidurals and the diminishing concentrations 
of local anesthetic that are given have been coined as possible 
explanations for these findings, as is the less restrictive use of 
epidural analgesia, which leads to less selection of women who 
already have more severe pain and obstetrical complications.
[10,15]
Whether the epidural was administered early (mostly defined as 
less than 4 centimeters cervical dilatation) or late during labor 
did not influence neonatal outcomes and mode of delivery.[16] 
A Dutch randomized trial that compared outcomes of routinely 
offered epidural analgesia to outcomes of analgesia on request 
shows that routinely offering epidural analgesia does not lead to 
a higher quality of life of the mother six weeks after childbirth.
[17] Of the women who were offered epidural analgesia routi-
nely, 89.3% ultimately received an epidural, as opposed to 47% 
of women when an on request-policy was followed and epidural 
analgesia was not actively offered.[17] Hypotension and motor 
block were more likely to arise in the routine group and a routi-
nely offer-policy is thought to lead to more operative deliveries 
compared to an on request-policy.[18]

Epidural analgesia
a painless delivery for all?
Pim C. den Boona 
aMedical student, Erasmus MC University Medical Center Rotterdam, the Netherlands
Correspondence: Pim C. den Boon, email: 445209pb@student.eur.nl
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The preference to receive epidural analgesia is positively asso-
ciated with age, positive attitude of caregivers to epidural anal-
gesia and a diminished ability to cope with pain.[19] In addition 
to that the desire to deliver free of pain and the presence of ac-
quaintances with positive experiences both influence the choice 
of epidural analgesia positively, whereas having fear of adverse 
effects influences this choice negatively.[20] The preference 
for epidural analgesia also is positively affected by nulliparity.
[20,21] Fear may lead to more pain during delivery.[22,23] 
Continuous support by caregivers can improve the experience 
of women in labor and diminish the need of caesarean sections, 
instrumental birth and the use of analgesia.[24]   
There are major regional differences in the use of pain relief 
during labor. Administration rates of epidural analgesia in 
Dutch hospitals vary from 3% to 43% of deliveries [25] and 
vast variations in the use of pain relief can also be observed 
between Dutch provinces.[26] Of all Dutch hospitals, 3% never 
administers epidural analgesia.[13]    

Ethical considerations
Epidural analgesia is the most effective form of pain relief 
during labor, but routinely offering epidurals leads to more ad-
verse effects.[5,10] It remains to be seen whether a standard of-
fer of epidural analgesia can lead to a gain in pain relief that 
outweighs all disadvantages.
Pain is an unpleasant experience, so enabling and proactively 
offering pain relief that is as optimal as possible will diminish 
trouble for the woman in labor. The principle of beneficence 
demands the physician to treat the patient well and to act in the 
best interest of the patient. Epidural analgesia, being the most 
effective method to treat labor pain,[5,10] is appropriate for this 
endeavor. In the Dutch directive concerning pain relief during 
delivery, as well as in a WHO directive, epidural analgesia is 
mentioned as first-choice treatment for labor pain.[2,27] Never-
theless, there are no indications that routinely offering an epi-
dural will lead to a higher quality of life as compared to an on 
request-policy.[17] 
The woman giving birth can be harmed by the adverse effects 
occurring due to the use of epidural analgesia. These effects 
mainly influence the mother-to-be; outcomes of the neonate 
seem to be unaffected.[10] Serious adverse effects may occur 
due to epidural analgesia, but they only seldom take place.[14] It 
is important to note that other (less effective) treatments of labor 
pain also carry side effects.[5] Opioids and inhaled analgesia 
for example may both lead to nausea, vomiting and drowsiness.
[5,28,29] In the Netherlands, after epidural analgesia, opioids 
are the most frequently used pain relief during labor,[3] but 
even an extensive systematic review (which examined 70 stu-
dies) could only conclude that there was insufficient evidence 
to establish the safety of obstetric opioids.[28] Opioids are 
therefore not an adequate alternative to epidural analgesia. The 
reason that opioids, such as remifentanil, are still used in Dutch 
obstetrics is that some doctors utilize remifentanil as alternative 
when an epidural is contraindicated or to meet the desires of the 
woman in labor.[25,30]
The principle of nonmaleficence, i.e. the aim of physicians not 
to harm patients, requires careful consideration of adverse ef-
fects versus pain relief. Whether the administration of an epi-

dural is proportional depends foremost on the severity of the 
labor pain and to what extent the potential side effects would 
be acceptable for the woman. Only the woman giving birth can 
assess how severe her pain actually is. Therefore, it is difficult 
for the physician to estimate if an epidural would be proporti-
onal, without taking the experience and preferences of the wo-
man in labor into account. Thus, it is pivotal that the physician 
and mother-to-be talk about the pain that could arise during de-
livery. Ultimately, the woman in labor decides whether or not 
she wants an epidural, even when it is routinely offered: her 
choice must be respected. First providing information and then 
giving the patient opportunity to consider as well as to reflect on 
the different aspects of the options, in the end enabling her to 
come to an own decision is known as shared decision-making.
[31] However, current literature regarding the topic of decision-
making ability cannot indisputably answer the question whether 
women who are going through excruciating pain still have suf-
ficient decision-making ability to weigh the advantages and dis-
advantages of analgesia.[32] To mitigate this potential problem 
and to inform the pregnant woman as fully as possible, thorough 
counselling regarding the possibilities and impossibilities of 
epidural analgesia is needed before the beginning of labor. A re-
cent article regarding the experiences of women in labor recei-
ving pain relief also emphasizes the importance of giving preg-
nant women complete information concerning benefits as well 
as risks of various ways to alleviate pain.[33] This way, through 
shared decision making, women can choose the method of pain 
relief deemed most fitting. If, for example, epidural analgesia is 
preferred, informed consent must be obtained. In a Dutch study 
assessing the procedure of administering epidural analgesia it 
was observed that most of the times informed consent regar-
ding epidural analgesia was obtained prior to delivery.[13] Still, 
all possible side effects were hardly ever addressed.[13] The 
decision regarding method of pain relief is, when made prior 
to labor, not necessarily representative for the actual requests 
of the woman giving birth. More than half of the women who 
prior to labor stated they did not want to receive an epidural, 
changed their mind while giving birth and asked for an epidural 
nonetheless.[34,35] Discussing the possible shift of preferences 
during delivery should therefore be part of a prepartum consult. 
This consult could, for example, take place during week 30 of 
pregnancy. The directive ‘Spontaneous Vaginal Birth’ states that 
in this week a so-called ‘plan of labor’ should be drawn up, in 
which the availability of epidural analgesia is considered.[36] 
Conceivably, during this consult epidural analgesia can be dis-
cussed even more extensively, and, if the mother-to-be prefers 
epidural analgesia, informed consent can be obtained.  
If epidural analgesia would be offered routinely during all la-
bors taking place in the hospital, there would be no changes for 
women who would rather give birth at home. Referrals from 
midwife to gynecologist, sometimes even during delivery, often 
stem from requests for pain relief,[37-39] which will still be 
possible if the epidural is offered routinely. A standard offer, or 
at least a revision of the current directive for treatment of labor 
pain, could diminish regional variations in the use of treatment 
of pain. 

Review
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Conclusion and recommendation
Routinely offering epidural analgesia to all women delivering in 
the hospital aims at diminishing pain during labor as optimal as 
possible. The relief that epidural analgesia can give outweighs 
the possible side effects that could occur. However, this does not 
necessarily mean that a standard offer is justified. The considera-
tion of advantages and disadvantages is different for all laboring 
women, for each woman experiences and handles labor pain in 
her own way. Routinely offering epidurals disregards these va-
riations. Epidural analgesia is the most effective treatment of 
labor pain, but not necessarily the most fitting for each woman. 
Thus, yes, unless…  will lead to overtreatment, whereas no, un-
less… will not achieve optimal pain relief. I therefore propose 
to give each pregnant woman, irrespective of her preferences 
regarding place of birth, explicit information about the various 
possibilities of the treatment of labor pain. Only offering epidu-
ral analgesia would steer the pregnant woman inordinately in the 
direction of epidural analgesia. However, the choice regarding 
pain relief should be based on the preferences of the pregnant 
woman and she can only make a proper consideration if she is 
fully informed. Thus, among others, epidural analgesia should be 
discussed as most effective method and possible side effects must 
be mentioned. Such an informational consult should take place 
before delivery. The caregiver and pregnant woman should also 
go through factors that could influence the choice of the method 
of pain relief. It is important for the mother-to-be to make an 
informed consideration and to choose, if any, the method of pain 
relief that she deems most fitting. Epidural analgesia should thus 
not be routinely offered during all childbirths in the hospital, but 
the possibilities of analgesia during labor should be routinely and 
explicitly discussed before the commencement of delivery. This 
guarantees that the pregnant woman herself, informed by the 
physician, can weigh the benefits that an epidural can give her, 
whilst being aware of the possible disadvantages. Hopefully, this 
way even more women will reflect upon their delivery positively.  
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abstract
Circulating tumour cells (CTCs) are mobile tumour cells that circulate in the peripheral blood and have the potential to invade 
and colonize tissues that constitute and express all factors essential to mediate metastasis. CTCs have gained attention as pro-
mising biomarkers for early diagnosis of cancer, as well as for making a validated assessment of anti-tumour activity of (precision) 
treatments. This source of information can be attained by means of a non-invasive ‘liquid-biopsy’, further aiding in the popularity 
of using CTCs for cancer characterization. The field of CTC research has undergone a significant increase in popularity and many 
novel detection methods have been developed. The main challenge that must be addressed is the scarcity of CTCs that circulate 
in the blood, which ultimately results in the necessity of CTC enrichment before analysis can be performed. Over the past years, 
various approaches have been developed to optimize the liquid biopsy detection method. Especially microfluidic approaches have 
gained attention, which can be attributed to their high throughput volumes, high sensitivity and specificity, low sampling volumes 
and lastly their allowances for precise control of the experiments. In this review microfluidic approaches to CTC detection and 
isolation will be discussed. In addition, the accompanying challenges that are linked to use of microfluidic isolation of CTCs , such 
as cell heterogeneity, CTC rarity and specificity issues, will be emphasized. Nonetheless, CTCs have great future potential to be 
exploited as relevant biomarkers for cancer prognosis and disease monitoring. Combining various CTC isolation and detection 
methods onto single microfluidic chips poses a promising solution to effectively overcome the currently encountered limitations. 

introduction
Cancer is a high-burden disease and the second leading cause 
of death worldwide. It is estimated that cancer is responsible 
for a mere 9.6 million deaths in 2018 alone, which translates 
to 1 in 6 deaths being caused by some form of the disease.[1] 
The associated mortality can be reduced significantly by means 
of early detection, comprising both early diagnosis and preli-
minary screening, as well as by introducing cutting-edge treat-
ment methodologies with a focus on personalised medicine. At 
the moment, tissue biopsy remains to be the gold standard of 
cancer diagnosis and subsequent treatment determination. There 
are, however, some important drawbacks with regard to biopsy, 
including the invasive nature, complicated tumour accessibi-
lity and unaddressed tumour heterogeneity.[2] Consequently, 
research has been focussed on identifying other approaches 
to detect and characterize both tumour genetics and dynamics 
during disease progression. To this end, ‘liquid biopsy’ has come 
to the fore over recent years, as a minimally invasive method to 
analyse cancer-derived materials that have been captured in the 
bloodstream[3]. A liquid biopsy is defined as a test that is perfor-
med on a blood sample in order to detect selected biomarkers, 
which could be anything ranging from a certain specific protein 
to excreted cellular waste products.[4] Next to the reduced in-
vasive nature of this approach, another noteworthy advantage is 
that liquid biopsy can be executed multiple times over the course 
of tumour progression, thus allowing for the identification of 
changes of tumour characteristics over time. 

  As we move into the era of personalized cancer treatment, the 
development of a more sophisticated and detailed list of biomar-
kers is needed, which should allow for detection based on their 
universal instead of individual characteristics.[5] 
In light of this, circulating tumour cells (CTCs) have appeared 
as promising biomarkers to exploit in liquid biopsy, thereby ope-
ning up new possibilities for the detection and diagnosis of early 
stages of de novo or recurrent cancer. CTCs are tumour cells that 
have acquired an extraordinary mobility that allows them to en-
ter the circulatory system and consequently exploit this system 
in order to migrate to distant parts of the body. After migration, 
they can invade and colonize other tissues. These cells have been 
shown to be largely responsible for the metastatic potential of 
most cancer types, thereby making them important risk factors 
for lethality observed among patients.[6,7] Clinical results have 
pointed to CTCs as good indicators of cancer prognosis, as there 
is an established relation between the number of CTCs in the 
peripheral blood and the spread of carcinomas.[8-10] On top of 
that, it has been shown that enumeration of the CTC concen-
tration in the blood can be used as a pointer to directly predict 
efficacy of anti-cancer therapy.[11] 
 Conventional methods for the isolation of biomarkers, such as 
CTCs, from blood samples have limitations regarding the time, 
complexity and high costs. On top of that, relatively large vo-
lumes of blood are required for the successful isolation of bio-
markers, which can only proceed after a time-consuming step of 
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pre-treatment. Taken together, these disadvantages greatly limit 
the extent to which genomic analyses can be performed in order 
to analyse cancer mutations and monitor therapies.[5] Therefore, 
new approaches have been developed and in recent years great 
advances have been made regarding the application of microf-
luidic technologies. In order to create successful CTC detection 
methods, all the steps that are involved in CTC capture should be 
carefully considered. These steps include the following: capture 
from the blood, enrichment of the cells, specific detection and 
finally release in order to make a (single-cell) analysis.[12]  Mi-
crofluidic chips allow for the integration of various of these steps 
onto a single device, creating the opportunity to do everything, 
from capture to analysis, in a single experimental step. This 
reduces the loss of rare CTCs by omitting the need to change 
tubes or filter tips during the experiment. In addition, it makes 
microfluidics rather cost and time efficient. The advantages that 
microfluidic strategies provide, has led researchers to develop 
a range of new microfluidic system-based CTC-detection me-
thods that exploit the unique properties of circulating tumour 
cells. Such properties include the size, deformability, membrane 
potential, biomarkers and density of CTCs, which have all been 
extensively investigated and are characteristics that distinguish 
CTCs from other haematological cells. In this paper, various 
CTCs detection methods based on microfluidics will be revie-
wed, thereby highlighting the emerging role of these devices 
and CTC detection in developing next-generation point of care 
(POC) diagnostics.[13] This type of POC diagnostic testing con-
tributes to providing result in a timely manner at the site of the 
patient, and thus allows for rapid treatment to the patient.[14] 

review
Separation and isolation of CTCs using microfluidic techniques 
Microfluidics have gained a large interest in the world of re-
search, mostly due their unique advantageous properties that al-
low for manipulation of experimental environments as well as 
due their ability to integrate various experimental approaches on 
just a single chip. Especially, the development of microfluidic 

technologies for the detection and isolation of CTCs has seen 
unprecedented advances, mostly due the increasing interest in 
cancer diagnostics. Microfluidic approaches can be classified 
into two broad classes, based on the method of CTC enrichment 
that is used: label-based and label free methods.[15] The former 
can be subdivided again in both positive and negative enrich-
ment. Each of these approaches will be discussed in more detail, 
substantiated with the most important technical examples that 
have been described in recent publications (see table 1).

Immune-affinity	based	detection	techniques	(label-based)
Labelled isolation and detection methods are based on the use of 
biomarkers or molecular recognizers that are cell type specific. 
Examples of such molecular recognizers are antibodies, sialic 
acid and peptides.[16] Extensive research on characterizing 
CTCs has provided a deep understanding and extensive list of 
various CTC biomarkers. The advantage of this method is the 
high specificity that can be reached regarding isolation of one 
specific cell type. Nevertheless in the context of detecting CTCs, 
this ensures that heterogeneity of tumour cells (which have va-
rying surface protein expression profiles) cannot be addressed, 
which is a big disadvantage.  

Positive enrichment of CTCs 
Positive enrichment methodologies refer to approaches that are 
based on the specific separation of a target cell using the charac-
teristics of that particular cell type, such as cell-surface protein 
expression and size. In the case of CTCs, positive enrichment 
thus encompasses the isolation of CTCs from the peripheral 
bloodstream. Epithelial cell adhesion molecule (EpCAM) is 
mainly used as the specific biomarker among positive cell sor-
ting assays. This molecule is involved in the adhesion between 
epithelial cells as well as in signal transduction pathways, and 
has been shown to be frequently upregulated in primary and 
metastatic cancer.[17] Considering that CTCs have an epithelial 
origin, they were hypothesized to have a relatively high-affinity 
for EpCAM antibodies. In 2004, the first positive enrichment 

Table 1 - Overview microfluidic technologies for the detection and isolation of CTCs 
  

 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Platform

CellSearch

Herringbone Chip
Micropost CTC-Chip
Spiral shaped microchannel

Dual-patterned immunofil-
tration (DIF)
Two-stage microfluidic chip

3D microfilter device

Size-based microfluidic chip
Dielectrophoretic (DEP) 
device
Acoustic cell separation

Enrichment principle  
Label-based
Positive enrichment (EpCAM)

Positive enrichment (EpCAM)
Positive enrichment (EpCAM)
Positive enrichment (EpCAM)

Negative enrichment (CD45)

Negative enrichment (CD45) and 
positive enrichment (EpCAM, HER2)
Label-Free 
Size

Size (triangular pillar arrays)
Variable dielectric properties
Acoustophoretic technology

Pros

FDA approved, clear guidelines

Increased surface area for cell capture 
Increased specificity and yield
Addresses EpCAM heterogeneity, high 
efficiency
no direct interaction with CTCs,  
no need for purification
High throughput

High viability

Reduced cell clustering, efficient use
High specificity (approaching immune 
affinity based specificity)
Preserves cell integrity (phenotype/ 
genotype)

Cons 

CTC heterogeneity unaddressed, rarity 
of CTCs, low yield and specificity
CTC heterogeneity unaddressed 
CTC heterogeneity unaddressed 
Specificity remains issue

Low throughput volume

Clogging of channels

Non-specific, clogging, unaddressed 
cell-deformability
Limited yield, clogging 

(40)

(19)
(18)
(20)

(25)

(24)

(27)

(28)
(34)

(35)
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method for CTCs was approved by the Food and Drug Admi-
nistration (FDA), which was the CellSearch platform. This is a 
microfluidic system in which EpCAM antibodies are conjugated 
with magnetic nanoparticles. When a blood sample is injected 
into the device and subsequently flows through the microfluidic 
channels, CTCs (with a much higher affinity for EpCAM than 
leukocytes), bind to anti-EpCAM. Subsequently, they are immo-
bilized to the surface of the channels with the help of a magnetic 
field. On the other hand, the remaining blood, that is not bound 
by the antibodies is driven away from the microfluidic channels 
and leaves the device. Afterwards enumeration steps can be per-
formed, by means of staining with fluorescent markers and ima-
ging technologies.[12] With the advent of this platform, many 
more enumeration and detection technologies based on EpCAM 
have been generated. Most of these positive selection methods 
achieve CTC enrichment by either coating antibodies to the surf-
aces of microfluidic channels or by conjugating the antibodies 
to specific micro particles/structures on the microfluidic chips. 
With regard to this approach, the limitation that has to be over-
come is that there is a limited capture capacity due the relatively 
small surface area of the ligating antibodies. Microfluidic chips 
have been designed that have an increased surface area on which 
the interactions between antibody and target cell can take place, 
thereby increasing the number of such interactions. For example 
the CTC-chip that uses microposts and the herringbone-chip 
that integrates a microfluidic mixing device, have both shown 
increases in the rate of affinity between (EpCAM) antibodies 
and CTCs, resulting in more efficient isolation.[18,19] Another 
microfluidic channel that was recently proposed by Kwak et al. 
was spiral shaped, as shown in figure 1.[20] This geometry al-
lowed for the capture of CTCs with varying levels of EpCAM 
expression. EpCAM antibodies were conjugated with magnetic 
nanoparticles such that after recognition each CTC would have 
a certain magnetic charge based on its expression level. Next, 
the detected CTCs could be separated by applying a magnetic 
field gradient. The spiral contains a fixed number of CTC bin-
ding sites and can therefore selectively position the recognized 
cancer cells. 
Besides epithelial markers such as EpCAM, there is also a range 
of detection methods that is based on markers that are more can-
cer cell specific.[11] This list is extensive and still expanding, 
and includes markers such as epidermal growth factor receptor 
(EGFR), epidermal growth factor receptor 2 (HER2), which is 
an important marker for breast cancer, prostate-specific antigen 
(PSA), among many others.[21] As becomes evident, none of 
these markers are universally expressed in every type of can-
cer, not even in all cells of a particular tumour type. This he-
terogeneity of tumours is one of the main hurdles that is faced 
by immune-affinity based detection methods and contributes to 
the underestimation of CTCs in the bloodstream.[11] This li-
mitation is further aided by the fact that contamination of the 
isolated CTCs can arise, due to leukocytes that have acquired 
positive expression of the same markers that the CTCs have an 
affinity for, thereby introducing false-positive detection of cells. 
If we take the biomarker EpCAM as an example, it has been ac-
knowledged that the expression of this surface protein in CTCs 
changes over the course of cancer progression. EMT (epithe-
lial to mesenchymal transition) is known to play a major role in 

cancer metastasis.[22] This process causes the downregulation 
of epithelial cell markers, such as EpCAM, and thereby gives 
rise to CTCs that have an increased mobility and potential for 
metastasizing. These are the type of circulating cancer cells that 
may actually present themselves as the most important source 
of recurrent or aggressive cancers.  The direct result of the EMT 
process is that, EpCAM may not be such a good marker for can-
cer diagnosis and prognosis after all. CTCs that have undergone 
the transition to more mesenchymal like cells, are missed in the 
microfluidic detection methods based on EpCAM conjugation. 
This recognition has led to the hypothesis that label-free me-
thods or negative enrichment for CTC detection may harness 
higher capture efficiency compared to labelled approaches.
Negative enrichment of CTCs 
As stated before, tumours are complex heterogeneous tissue 
types that contain multiple contributing cell types rather than 
one individual clone.[23] Rationally, this means that the con-
centration of surface antigens varies within the different tumour 
cell lines. As a result positive enrichment methods, that make 
use of specific surface protein expression profiles, are limited in 
their applicability. As an alternative, negative enrichment me-
thods have been developed, in which leukocytes are conside-
red to be the target cells rather than the circulating tumour cells 
themselves. This implies that CTCs with heterogenic properties 
are isolated through specific elimination of blood cells.[24]The 
most common approach is a microfluidic channel that contains 
CD45 immobilized antibodies on the surface of its channels. Bu 
et. Al. [25] developed a dual-patterned immunofiltration (DIF) 
device (figure 2), which aligns specifically designed top and bot-
tom layers that have been functionalized with anti-CD45.This 

Figure 1 - Spiral shaped microfluidic channel with distinct CTC binding sites 
depending on magnetic charge. Extracted from: [20]
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amount of CTCs. When all of the white blood cells are collected 
in the channels by means of magnetic forces, these will run out 
of space rather quickly. This clogging problem continues to be 
an issue of concern.[17] 

Label free CTC detection techniques  
This group of microfluidic technologies is foremost based on 
physical cellular properties, such as size, density and deformabi-
lity and thereby circumvents the problem of heterogeneous cell 
surface markers in circulating cancer cells. 

Separation based on size
CTCs mainly originate from epithelial cells, which contributes 
to the morphological differences that can be observed when 
compared to normal blood cells. CTCs are larger in size than 
blood cells, and therefore size-based microfluidic devices have 
been developed.[26] Zheng et al.[27] designed a 3D microfilter 
device, that consists of two layers of parylene membrane contai-
ning pores and gaps of specific dimensions. These micro sieves 
can be fabricated with precisely defined photolithography, ma-
king sure that the smaller blood cells can pass unaltered and that 
the CTCs are captured by the membranes.[27] Another, more 
sophisticated, size-based microfluidic chip as shown in figure 2 
was proposed by Gao et al..[28] This chip contains main chan-
nels (the bulk filtration area), as well as smaller side channels 
(the filtration channels). CTCs are contained in the main chan-
nels as their size surpasses the size of the openings in the single 
cell filtration membranes. On the other hand the red and white 
blood cells successfully pass into the side filtration arrays, the-
reby purifying the CTCs in the main channel. The efficiency of 
this device is high and allows for easy processing of blood sam-
ples. However there is still a problem of clogging as the side 
channels will fill up with accumulated blood cells. In addition, 
concerns are expressed about overlapping sizes of leukocytes 
and smaller CTCs. This poses limits on the isolation yield, as 
the smaller CTCs can still pass the filtration membranes and are 
therefore lost during the process.[29] 
Another noteworthy development related to size separation, is 
the finding that CTC clusters have a 23 to 50-fold increased 
potential for metastasis compared to single CTCs.[30] CTC 
clusters are multicellular groupings of primary tumour cells and 
acquire their higher metastatic potential due to an increased cell-
cell adhesion between single CTCs combined with the fact that 
such clusters can interact and combine with surrounding blood 
cells. Both of these observations contribute to efficient escape 
from immune surveillance attacks. Considering the significance 
of CTC clusters in relation to cancer prognosis, methods have 
been proposed to isolate these clusters rather than individual 
cells. Clusters are particularly relevant, because they decrease 
the size overlap between leukocytes and the isolation targets. 

Separation based on dielectric properties
Another label free method of detecting CTCs uses the diffe-
rences in dielectric properties between CTCs and other circu-
lating cells.[31] Namely, the capacitances of malignant CTCs 
differ from normal cells. The advantage of this method is that 
dielectrophoresis (DEP) can almost reach the same specificity 
of immune-affinity based strategies, which is not shared with 

geometry significantly increases the binding chances of the com-
mon surface antigens found on leukocytes to the created immu-
ne pattern on the device, allowing for rapid negative selection. 
An additional advantage is, that the CTCs are not touched by 
antibodies or other interacting structures, which eliminates the 
need for purification and release steps in order to obtain isolated 
CTCs.[25] The performance of the device was tested with a hu-
man non-small lung (NSCL) cancer cell line and this reported an 
elimination of even more than 97% of leukocytes at a flow rate 
of 1mL/h. However, it must be noted here that the throughput 
remains rather low, making this a time consuming technology.  

To address the throughput issue Hyun et. al. developed a two-
stage microfluidic chip, which consist of two consecutive dif-
ferent types of microfluidic chips.[24] The first one can be 
characterized as a microfluidic magnetic-activated cell sorter 
(μ-MACS), which can extract magnetically labelled cells from 
the input sample. In this case, white blood cells coated with 
CD45 antibody-conjugated magnetic nano-particles were elimi-
nated at this stage of the process. CTCs had no magnetic charge, 
and these heterogeneous cells were thus free to flow onto the 
next microfluidic chip. This second part consists of a geometri-
cally activated surface interaction (GASI) chip, which functions 
based on interactions between the microfluidic channel surfaces 
and target cells. The GASI chip ensures successful capture of 
CTCs, depending on the antigen-antibody interactions (EpCAM 
and HER2). This latter part of the method can be considered as 
positive enrichment again. Even though, this method proposed 
by Hyun et al.[24] significantly increased the throughput, the 
problem of clogging of the microfluidic channels remains.  Con-
sidering that CTCs are a rare cell type in the blood, large volu-
mes of sample have to be separated in order to obtain a sufficient 

Figure 2 - Dual-patterned chips as developed by Bu et al. for the negative 
enrichment of CTCs. Extracted from: [25]
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that has shown good results in terms of detection and isolation 
efficacy, is the CTC-iChip platform, which combines three dif-
ferent microfluidic components.[36] Firstly, deterministic lateral 
displacement (DLD) gradually separates nucleated cells from 
red blood cells and platelets. This sorting is achieved due to the 
differences in lateral displacement as a result of differences in 
laminar flow characteristics of the differentially shaped cells.
  Next, the remaining cells pass an inertial focusing step that 
enriches the cells of interest. Finally, conjugation with magne-
tic nanoparticles finalizes the separation process and results in 
a precise accumulation of CTCs in predefined wells. More and 
more integrated microfluidic designs are coming to the surface. 
This provides new opportunities to optimize the isolation and 
detection of CTCs, as the limitations of each individual method 
can be lightened. In addition, integrative technology on microf-
luidic chips reduces the required experimental steps, decreases 
the needed sample volume and simultaneously facilitates analy-
ses of the isolated product in a single step. 
  Thus far, the role of microfluidics in CTC separation and 
detection steps have been discussed. However, subsequent 
quantitative analysis of CTCs requires both cell enumeration 
and reversibility of conjugation reactions. This forms another 
challenge that will have to be addressed in more depth. After 
isolation, CTCs should remain viable and pure, as well as deta-
ched from the microfluidic surfaces and antibodies. Only then is 
subsequent phenotypic and genotypic cellular characterization 
possible. This characterization is necessary for future therapy 

other label free technologies. It can isolate and identify cells 
with distinct phenotypes, which suits very well for the detec-
tion of CTCs. The general idea of DEP is that cells get polarized 
once they enter an electric field gradient. Because this electric 
field does not have the same strength at each spatial position, 
charges get non-uniformly distributed over cell membranes, the-
reby exerting a net force on the cell and thus providing it with 
directionality. The microfluidic environment,  ensures that a cell 
is subject to a combination of forces, which ultimately results 
in each different cell population carrying a specific charge de-
pending on the cell’s properties. Because cancer cells have been 
shown to have unique characteristics and dielectric properties, 
including protein concentration, protein glycosylation and incre-
ased membrane roughness, DEP can be used to isolate CTCs 
from the blood.[32,33] Considering that CTCs have a higher 
polarisation potential compared to other cells in the blood, they 
will migrate to the periphery of the electrode side, resulting in 
efficient separation. 
One particularly interesting approach that exploits the DEP tech-
nique, was reported by Cheng et al..[34] In this three dimensio-
nal microfluidic device (figure 4), an electric field gradient along 
a V-shaped microchannel induces a lateral dielectrophoretic for-
ce normal to the flow direction of the blood cells. This allows for 
the manipulation of CTCs and blood cells, which causes them 
to come to their specific equilibrium positions in the channel. 
Considering the differences in dielectric properties, sizes and 
shapes, the molecules can effectively be separated in different 
downstream subchannels. 

Separation based on acoustophoretic techniques
Many CTCs separation methods interfere with the biology of the 
target cells in some way or another, which poses limitations on 
the successful and intact final CTCs isolation. In order to avoid 
this, Peng Li et al.[35] produced an acoustic cell separation de-
vice that exploits the differences in size, compressibility and 
other physical properties of cells.[25] Methods based on acous-
tics are known to preserve integrity, functionality and viability 
of target cells, and therefore have an advantage over other con-
ventional separation methods. This acoustic-based microfluidic 
device makes use of tilted-angle standing surface acoustic waves 
that exert an acoustic radiation force on the cells that pass the 
microfluidic channel. CTCs are larger in size than white blood 
cells, and as a result experience larger such forces. Therefore, 
they show a bigger vertical displacement, allowing for capture 
of the CTCs in separate channels. 
 
Integrated	microfluidic	approaches	
While the described methods have shown favourable perfor-
mances, all of them are still subject to a number of important 
drawbacks. Immuno-affinity based detection methods are una-
ble to address the heterogeneity that is found in CTCs, even 
though this is an important characteristic of cells that have me-
tastatic potential. On the other hand, label free approaches have 
an higher efficiency and can capture CTCs that have varying af-
finity binding properties. Yet, this comes at the cost of specificity 
and therefore results in impurities in the isolated cells. Taking 
these hurdles into account, researchers have focussed attention 
on integrating both methods in a single chip.[15] One example 

Figure 3 - Design and operation of size based microfluidic chip. Cell types 
and channels are indicated. Extracted from [28]

Figure 4 - Lateral displacement DEP CTCs separation technique. Induced 
forces bring cells with varying properties to their distinct equilibrium 
position. Extracted from [34]
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guidance, as you need full information about the isolated cells 
before any treatment can be administered. Various microfluidic 
approaches have incorporated single CTC analysis methods and 
next generation sequencing approaches directly onto the same 
platform used for isolation. This results in immediate charac-
terization of CTCs in a single step. Such an example is the mi-
crofluidic device developed by Chen et al.[37] which exploits 
field-effect transistors for the enumeration of cells. Successful, 
non-destructive cell release was achieved by Yu. et all.[38], by 
means of the integration of air foam technology that induces a 
high shear stress and thereby releases captured cells from the 
microfluidic surfaces. This resulted in a comparatively high cell-
recovery rate. 
Another research topic related to single-cell analysis is identi-
fication of cells that are responsible for metastasis. Since cir-
culating tumour cells can give rise to new cancerous colonies, 
metastatic potential can be characterized by profiling individual 
CTCs.
Lately, the cancer stem cell model has gained significant sup-
port from researchers and it would be interesting to link cancer 
stem cell research to developments that are being made in CTC 
profiling, as these two separate topics might well be correlated 
with each other. Another future implication would be to combine 
CTC isolation technologies with the production of chimeric anti-
gen receptor modified T-cells (CAR-T) therapies.[39] In CAR-T 
therapy, the patient derived T-cells are functionalized to cause 
a specific immune response against cancer cells. By isolating 
CTC cells (known for their association with higher metastatic 
potential) and characterizing them, this information could be 
used to create CAR-T therapies targeted at cancer stem cells. 
The ultimate goal would be to design microfluidic chips, such 
that isolation of CTCs and production of CAR-T cells can all 
take place on the same integrated device, thereby making it an 
highly-efficient approach. 

discussion 
To date, enormous advances have been made in the field of CTC 
detection and isolation based on microfluidic approaches. These 
methods can be divided into immune-affinity based approaches 
(involving both positive and negative enrichment), and label free 
methods. Neither one of those microfluidic platforms can be said 
to be superior to the other, as each technique remains subject 
to important limitations. Consequently, not many devices have 
been approved by the FDA for clinical use. Important hurdles 
still need to be overcome before the fully potential of CTC re-
search can be realized and translated to clinical settings. One of 
the major challenges in CTC isolation and detection, remains 
the intrinsic rarity and heterogeneity of CTCs, making it hard to 
reach sufficient numbers of isolated CTCs for analysis. Microf-
luidic approaches must therefore include enrichment steps and at 
the same time be very sensitive and specific in order to obtain the 
highest possible yield. Promising results have been reported by 
integrating different methods onto single microfluidic devices, 
thereby maximizing the advantages of the individual methods, 
yet reducing the disadvantages. 
  Overall microfluidics contribute to novel detection plat-
forms that are characterized by high throughput, high sensitivity 
and specificity, smaller sample requirements, lower costs and 

time-efficiency, which all contribute to successful separation of 
CTCs. Microfluidic technologies are on the way to transform the 
field of cancer diagnostics and research, while greatly contribu-
ting to our understanding of phenotypic properties of cells with 
higher metastatic potential. 
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abstract
Background: Combined lung liver transplantation (LLTx) can be performed in patients with cystic fibrosis, hepatopulmo-
nary fibrosis, portopulmonary hypertension and cirrhosis, who are suffering from end-stage lung and liver disease. We inves-
tigated outcomes from combined LLTx and surgical approach of LLTx. 
Methods: PubMed was searched for articles published until December 2018 on results of combined LLTx. We primarily 
analyzed one-year survival and assessed whether this was affected by the sequence of organ transplantation. We compared 
the one-year survival of the liver first principle, with the one-year survival of the lung first principle. Secondarily, we assessed 
which factors were associated with survival.
Results: The search strategy yielded 178 articles, of which 10 articles were included in the analysis. The one-year survival 
after combined LLTx was 75,2%. The one-year survival of LLTx with liver implantation first is 100,0% and with lung  
implantation first 90,9%. 
Conclusion: Combined LLTx has a slightly lower one-year survival rate compared to single lung/liver transplantation,  
respectively 75,2% and 80,0%. No clear statement can be made regarding the effects of implantation order on the one-year 
survival.

introduction
The first combined lung liver transplantation (LLTx) was per-
formed in 1994. [1] Since then 122 patients have been waitlisted 
in the United States until 2010. With 43,4% of those waitlisted 
in the last four years. [1] To this day, 114 patients have received 
a combined LLTx in the USA. [2] Since 1988 in the USA there 
have been performed over 450 thousand kidney transplants, 73 
thousand heart transplants and 165 thousand liver transplants. 
[3] These numbers indicate just how rare the combined LLTx is.
The most common indications for LLTx are cystic fibrosis, he-
patopulmonary fibrosis, portopulmonary hypertension, cirrho-
sis, hepatic steatosis, α1 antitrypsin deficiency and hepatitis C. 
[4,5] Patients with both end stage liver and lung disease, are con-
sidered qualified for a combined LLTx when no other treatment 
is applicable. [6]
The lungs are less able to withstand a long ischemic time than 
the liver. [6]  The lungs can withstand a ischemic time of six 
hours, compared to twelve hours for the liver. [7] Therefore, 
combined LLTx is usually performed with implantation of the 
lungs first.
However, with the introduction of ex vivo lung perfusion, the 
method of the liver first principle was developed. This means 
that with the new method of ex vivo lung perfusion, the liver 
could be transplanted before the lungs, hence the name; the liver 

first principle. [6] Some studies argue this liver first approach 
reduces exposure of complications to the newly implanted lungs 
such as coagulopathy, significant transfusion of blood products, 
blood loss and hemodynamic instability which regularly occurs 
during liver transplantation surgery. [6] It remains unknown if 
this is a better option in all patients. 
Ceulemans et al. described a transplantation sequence based on 
which organ has the worst function and transplant this organ 
first. [4]
Because of illnesses like Cystic Fibrosis, patients are more often 
in need of transplantation of multiple organs, like lungs and li-
ver. There have been performed combined LLTx in patients with 
CF and end stage liver- and lung disease. Researching outcomes 
of combined transplantation in one surgery or multiple trans-
plantations in multiple surgeries could lead to optimization of 
patient care and survival. 
With increasing needs for transplantation, it is clinically impor-
tant that combined lung liver transplantation and the survival 
rates are investigated. More data will lead to more hospitals 
being able to perform combined LLTx for patients suffering 
from end-stage lung and liver disease. 
The goal of our study is to research the one-year survival and 
the effects of the surgery technique on the one-year survival. 
Furthermore, we also researched the influence of patient charac-
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teristics such as recipient BMI and recipient age and their effect 
on the one-year survival. 
  
Methods
Search
The search was conducted in December 2018 in the PubMed 
database using the following (Major) terms: “Liver-Lung 
transplantation” OR “Lung-Liver Transplantation” OR (“Lung 
Transplantation”[Majr] AND “Liver Transplantation”[Majr]).
The reason of the use of major terms is that we aimed to find 
articles that have combined LLTx as main objective of their re-
search.
Three reviewers independently screened studies based on title 
and abstract for possible inclusion when available in full text at 
our institution. Articles that finally did not have combined LLTx 
as main topic were excluded. The three reviewers then indepen-
dently read the articles completely, from which the final articles 
for the review were selected. 
Inclusion criteria were patient and/or graft survival had to be 
mentioned, available at Erasmus MC, studies published in En-
glish, patient population underwent LLTx. Exclusion criteria 
were: only describing pediatric patients, patient populations wit-
hout combined LLTx or case reports. 
Our primary outcome is the proportion of one-year patient sur-
vival after combined LLTx. Our secondarily outcomes are the 
effect of lung transplantation first, liver transplantation first, re-
cipient BMI and recipient age on the one-year survival.

Quality assessment
Quality assessment was conducted by two independent revie-
wers. We used a scale we designed ourselves, the Rotterdam 

Medical Students Scale (RMSS). The criteria of the Rotterdam 
Medical Students Scale that is based on the Newcastle Ottawa 
Scale was used [8] which includes parameters such as mentio-
ning of patient characteristics, length of follow up, mentioning 
of inclusion and/or exclusion criteria and number of patients 
included in the studies. See appendix 1 for the criteria of the 
RMSS.
If there was an inconsistency in the quality assessments, the as-
sessors tried to find consensus and if this was not reached a third 
reviewer was requested to draw a final conclusion. 
We quantified articles with high quality when a score of 3 or 4 
was given. Articles with a quality score of 0, 1 or 2 were quali-
fied as low quality studies. Therefore, the maximum score of the 
RMSS is 4 points and the minimum score is 0 points.

Statistical analysis
One-year survival data was deducted from the percentages from 
the studies.
The meta-analysis regarding the proportion of the one-year 
survival was conducted with the program OpenMeta[analyst] 
version of 11-10-2012. The p-value for heterogeneity was set 
at 0,1. Any value greater than 0,1 would mean the studies are 
homogeneous and therefore the fixed effects analysis would be 
conducted instead of the random analysis.
We performed a meta-analysis with all the included studies and a 
sensitivity analysis, only including the studies with high quality 
(3 points or higher). 
Secondarily, we stratified the meta-analysis for transplantation 
sequence, liver first, lungs first or unknown. The reason for com-
parison of the different methods of implantation is to research if 
there is an optimal method. 
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Title

Combined lung and liver transplantation in patients with 
cystic fibrosis. A 4 1/2-year experience.
Combined lung and liver transplantation: The United States 
experience.

Indications for and outcomes after combined lung and 
liver transplantation: a single-center experience on 13 
consecutive cases.
Liver and combined lung and liver transplantation for cystic 
fibrosis: analysis of the UNOS database.
Survival of cystic fibrosis patients undergoing liver and 
liver-lung transplantations.
Simultaneous thoracic and abdominal transplantation:  
can we justify two organs for one recipient?
Combined lung and liver transplantation: analysis of a 
single-center experience.
Combined liver-thoracic transplantation: single-center 
experience with introduction of the ‘Liver-first’ principle.
Conquering combined thoracic organ and liver trans-
plantation: indications and outcomes for heart-liver and 
lung-liver transplantation.
Single-Center Long-Term Analysis of Combined Liver-Lung 
Transplant Outcomes

Authors

Couetil et al. 
[12]
Barshes et 
al. [13]

Grannas et 
al. [14]

Arnon et al. 
[11]
Desai et al. 
[10]
Wolf et al. [1]

Yi et al. [15]

Ceulemans 
et al. [4]
Yi et al. [5]

Freischlag et 
al. [16]

Publishing 
year

1995

2005

2008

2011

2013

2013

2014

2016

2018

2018

Study 
type 

Retrospective 
cohort study 
Case report /
meta analyse 
/review 
Retrospective 
cohort study

Review 

Retrospective 
cohort study
Retrospective 
cohort study 
Retrospective 
cohort study 
Retrospective 
cohort study 
Review 

Retrospective 
cohort study

Number of 
LLTx patients 

5

11

13

15

29

42

6

10

14

12

One year 
survival 

60,0-70,0%

79,0% 

69,0%

80,0% 

83,0% 

75,5%

71,4%

100,0% 

85,7%

90,0% Lung first
100,0% Liver 
first
91.7% total

Mean 
recipient  
BMI (kg/m2)
16,7

17,2

20,8

-

-

21,3

19,1

-

21,8

20,7

Operation 
type

Lung first

Unknown

Lung first

Unknown

Unknown

Unknown

Lung first

7 Lung first
3 Liver first
Unknown

11 Lung first 
1 Liver first

Mean 
recipient  
age (years)
-

15,0

35,0

20,1

-

32,3

42,5

42,0

58,8

28,4

Table 1 - Overview of the included studies and study characteristics
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With the help of the CI Calculator, we calculated the difference 
in one-year survival between the meta-analysis including all the 
studies, and the analysis including only the high quality studies. 
[9]
To determine whether there was a relation between the one-year 
survival, recipient age and recipient BMI, we calculated the 
square Pearson Correlation Coefficient, R2, in Excel version 
1811. A clear correlation is found when R2 is 0,95 or greater.

results 
Search results 
With our search strategy using the major terms, we identified 
178 articles of which 113 articles were available full text or at 
our institution. With 3 reviewers, we independently selected 32 
articles based on title and abstract. After full-text analysis, we 
identified 10 articles which fulfilled all criteria and were there-
fore used for this meta-analysis (flowchart figure 1).  
An overview of the 10 articles selected for our review can be 
found in table 1.

Systematic Review

With our selection of studies, we collected data of a total of 151 
patients who underwent combined liver and lung transplanta-
tion. In some articles, the data of these patients was compared 
to patients who underwent a liver transplantation (LTx, n = 
262.808). [4,10,11] 

Quality assessment 
7 out of 10 articles received a quality score of 3. [1,11-16] 2 ar-
ticles received a score of 2. [4,10] And 1 article received a score 
of 1. [5] Appendix 2 shows the scores the articles received based 
on the quality assessment using the Rotterdam Medical Students 
Quality Scale. 
We again conducted the meta-analysis, only including those ar-
ticles with a high quality score of 3 or 4. The results of the 7 
articles with high quality, that are included in the meta-analysis 
are shown in figure 2B. With an I2 value of 8,0%, we found little 
heterogeneity between these articles. This meta-analysis shows 
that of the 106 patients included in the high quality analysis, 77 
of them were alive one year after transplantation. The one-year 
survival in our analysis is 73,1%. 
The difference between the meta-analysis, including all studies, 
and the meta-analysis, including only the high quality studies is 
0,0214 (95% CI -0,0845; 0,1319,).
 
Primary endpoint
Mean recipient age of the 151 patients included is between 15 
and 58,8 years. Most people underwent combined LLTx because 
of organ failure caused by cystic fibrosis, hepatopulmonary fi-
brosis, portopulmonary hypertension, cirrhosis, hepatic steato-
sis, α1 antitrypsin deficiency and hepatitis C. [4,5]
The results of the meta-analysis on the proportion of the one-
year survival are shown in figure 2A.
We found little heterogeneity regarding the one-year survival 
within the included studies, I2 = 35,0%. 
Of the 151 patients included in the meta-analysis, 114 of them 
were alive after one year. The one-year survival is 75,2%.

Secondarily endpoints/sensitivity analysis
Five articles described patients who underwent combined LLTx 
where the lung was transplanted before the liver. [4,12,14-16] 
These results can also be found in table 1. We found little hete-
rogeneity regarding the difference in one-year survival between 
the different studies who transplanted the lung first. I2 = 7,0%. 
Of the 44 patients who underwent LLTx according to the lung 
first principle, 35 patients were alive one year after transplanta-
tion. The one-year survival after combined LLTx with the lung 
first principle is 90,9%. The results of this meta-analysis are 
shown in figure 3A.
Two articles described patients who underwent combined LLTx 
where the liver was transplanted before the lung. [4,16] These 
results can also be found in table 1.  In total there were 4 patients 
who had the liver transplanted before the lungs. We found no 
heterogeneity in year survival between the studies who trans-
planted the liver first, I2 = 0. All 4 patients who underwent LLTx 
with the liver first principle were alive one year after transplanta-
tion, the one-year survival is therefore 100%. The results of this 
meta-analysis are shown in figure 3B.
Five articles did not mention the used transplantation sequence 

Studies identified 
through Pubmed  

database search using 
Major terms (n=178)

Studies identified and 
available full text 

and for Erasmus MC 
(n=113)

Studies selected based 
on title and abstract 

(n=32)

Studies selected after 
full-text examina-

tion and included in 
review (n=10)

Studies excluded due to 
not being available full 
text and for Erasmus 
MC (n=65)

Studies excluded due to 
other main topic (n=81)

Studies excluded due 
to case controls, patient 
population, no menti-
oning of patient/graft 
survival (n=22)

Figure 1- Flowchart of article selection based on our inclusion and  
exclusion criteria.
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Figure 2 - A Forest plot of the meta-analysis comparing the proportion of one-year survival recorded in ten different articles. B Forest plot of the meta-
analysis comparing the proportion of one-year survival recorded in seven different articles with a high quality score on the Rotterdam Medical Students 
Quality Scale.

Figure 3 - A Forest plot of the meta-analysis comparing the proportion of   one-year survival recorded in five different articles using an operation method 
of the lung first principle.  B Forest plot of the meta-analysis comparing the proportion of one-year survival recorded in two different articles using an 
operation method of the liver first principle. C Forest plot of the meta-analysis comparing the proportion of one-year survival recorded in five different 
articles using an unclear operation method regarding the order of organ implantation 
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regarding which organ was first transplanted. [1,5,10,11,13] 
These results can also be found in table 1. We found no hete-
rogeneity regarding the one-year survival between studies with 
unknown order of transplantation, I2 = 0. Of all the 103 patients 
whose operation method regarding the order of organ implan-
tation were unclear, 74 patients are alive one year after trans-
plantation. The one-year survival after an unclear sequence of 
operation is 72,2%. The results are shown in figure 3C.  

Transplant recipient BMI
Seven articles mentioned transplant recipient BMI, see table 1. 
[1,5,12-16] Those seven articles are included in our secondarily 
analysis. Our results show that the highest mean transplant BMI 
found in our included studies is 21,8 and the lowest is 16,7. In 
figure 4A the correlation between the transplant recipient BMI 
and the one-year survival is shown. The correlation R2 is 0,235, 
which is not significant. 

Transplant recipient age
Eight articles mentioned transplant recipient age, see table 1. 
[1,4,5,11,13-16] These eight articles were included in the secon-
darily analysis. The mean age of all eight included articles ran-
ged from 15 to 58,8 years. In figure 4B the correlation between 
the recipient age and the one-year survival is shown. The cor-
relation R2 is 0,0297, which is not significant. 

discussion/Conclusion
In our analysis, the one-year survival after combined LLTx is 
75,2 %. With only those articles included with a high quality 
score, the one year survival after combined LLTx is 73,1%. The 
difference between our two analyses being 2,1%.
This is thus slightly lower than one-year survival after lung 
transplantation alone and liver transplantation alone, which are 
both 80,0%.[17,18] We can therefore conclude that the one-year 
survival after combined LLTx is lower.  
The reason for this difference is unknown. One can speculate 
it might be because of patients who underwent combined LLTx 
were in worse condition before transplantation compared to pa-
tients who underwent lung- or liver transplantation alone. There 
could also be a difference in immunosuppressive medication and 
recovery time between the groups of combined and single trans-
plantation. This should be further investigated. 
Combined LLTx results in a 5% lower survival rate compared 
to lung or liver transplantation alone. This is only a slight diffe-
rence. One can therefore conclude that combined LLTx is nearly 
as effective as single lung or liver transplantation. In addition, 
it seems the post-transplant complications are not significantly 
worse in combined LLTx compared to only a lung or liver trans-
plant. 
In this review the one-year survival was investigated because the 
individual articles used different endpoints, of which the one-
year survival was most used.  

One-year survival after combined LLTx with lung transplanta-
tion first is 90,9%. One-year survival after combined LLTx with 
liver transplantation first is 100%. 
One-year survival after combined LLTx with unclear operation 
methods regarding the order of organ implantation is 72,2%.
In conclusion, there is 9,1% difference between the one-year 
survival of combined LLTx with the lung first principle, and 
combined LLTx with the liver first principle. However, there are 
only very limited data on the survival after the liver-first method 
(only 4 patients), so no definitive conclusions can be drawn.
Interestingly, the reported one-year survival in these studies is hi-
gher than the studies that do not mention the sequence (19-28% 
difference in one-year survival). The cause of this is unclear. Po-
tentially, there is a bias towards newer studies reporting on the 
sequence, with potentially better survival. We can only speculate 
on this, and future research could further clarify this topic. 

There is no clear correlation between the BMI and the one-year 
survival, because R2 = 0,235. This indicates that there is little 
relation between BMI and the one-year survival. The patient 
groups from Freischlag et al. [16] and Grannas et al. [14] have 
nearly the same mean recipient BMI’s respectively 20,72 and 
20,8 kg/m2, but very different one-year survival rates of respec-
tively 91.7% and 69%. This also indicates that there is no clear 
statement that can be made regarding recipient BMI and one-
year survival based on these data. The BMI range is from 16,7 
to 21,8. The highest BMI is still a normal BMI, while in our 
population a lot of people are overweight and therefore have a 
BMI of 25 or higher. It struck us as odd that in our population 
the mean BMI was so low. For this reason, we suggest further 
studies to investigate the effect of BMI on the one-year survival 

Figure 4 - A The correlation between transplant recipient BMI and one-
year survival.
B The correlation between transplant recipient age and one-year 
survtival.
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We were not able to investigate the cause of the difference 
between one-year survival in combined LLTx and single lung/
liver transplantation. We recommend further studies to research 
the possible changes that could be made to limit the difference 
in survival. Furthermore, in this review, we only investigated 
the effect of transplant recipient BMI and age on the one-year 
survival, there are however multiple factors that could have an 
effect on the survival rates, which we did not investigate. For 
example, specific medication used after the transplantation and 
length of hospital stay. We suggest that further studies do inves-
tigate in these factors whether they affect the one-year survival 
after LLTx or not. Medication used and length of hospital stay 
where not distinctly mentioned in the articles of our research, so 
we were unable to investigate this. Lastly, we were not able to 
specify one-year survival per disease because the articles did not 
mention these numbers.

From our research we can conclude that the one-year survival 
after LLTx is 75,2%. Due to limited access to articles and in-
formation, we could not properly investigate whether liver or 
lung implantation first is better regarding the one-year survival. 
Furthermore, none of the investigated patient factors associated 
with one-year survival had a significant impact. 
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again, with a patient population that has more accurate BMI’s 
compared to our western population.
The R2 = 0,0297 this shows that there is no clear correlation 
between the recipient age and the one-year survival either. The 
studies Yi et al. 2014 [15] and Ceulemans et al. [4] have nearly 
the same mean recipient age, respectively 42,5 and 42. However, 
the one-year survival rates are respectively 71,4% and 100%. 
These comparisons clearly show that transplant recipient survi-
val is influenced by multiple factors. 
Nevertheless, on both age and BMI only two articles were avai-
lable, which created a limited patient population, therefore no 
conclusion can be drawn on the association between BMI and 
survival or age and survival. For this reason, further studies 
should investigate this topic. 

Since we only included papers which were available at Erasmus 
MC, it could mean that we excluded articles with important data 
which may have influenced our results. 
Additionally, because of the use of Major terms, it is possible 
that we missed articles that provided data on combined LLTx. 
Furthermore, we excluded articles that had no clear mentioning 
of the one-year survival written in text. If the one-year survival 
was mentioned only in a figure, we excluded it to prevent inac-
curacies. This could however have influenced our results. 
We have also included 3 reviews, which do not contain original 
data. Due to limited time, we were not able to find other original 
studies used in these reviews. Since the data in reviews is not 
original, it could have interfered with the results. [5,11,13] 
Lastly, over time patient survival has changed. This is caused 
by the better techniques of transplantation and experience. [19] 
We also included articles from more than 10 years ago, which 
could also have had an influence on our outcomes since we did 
not consider the different techniques used throughout the years. 

We found that the Newcastle Ottawa Scale did not suit our sort 
of studies, even though some of them are cohort studies. This 
is because certain criteria from the scale were not applicable to 
our studies and the interventions that were conducted. We deci-
ded a follow up range of at least 5 years, because after 5 years 
66-67% of the patients who received liver transplantations are 
alive. [18,20] For lung transplantation the 5-year survival is 54-
66%. [17,21] This means that statistically, after 5 years, with 
at least 3 patients included in the studies, at least one of these 
patients would have died or would have underwent a different 
sort of adverse events. Therefore, there would be enough time 
and patients included in the studies to show a more long-term 
effect. [15,19]
Of all 151 combined LLTx patients, one patient received a com-
bined heart-lung-liver transplant, Yi et al. [15] Another patient 
also received a islets of Langerhans transplantation, Yi et al. [14] 
We included these patients in our patient population, because 
there was no separation between the different transplantations in 
the articles. This could possibly have interfered with the results 
of our research. However, because these cases describe only two 
patients out of the 151 included in the studies, we can conclude 
that these patients did not have a significant impact on our re-
sults.
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appendix
Appendix 1- Table 2 

Appendix 2 - Table 3

Table 2 - The Rotterdam Medical Students Quality Scale.

  

 
 
 
 
 
 
 
 
 

Terms of quality
Studies have at least 3 patients who  
underwent combined lung-liver trans-
plantation
Studies have mentioned inclusion and/or 
exclusion criteria
Studies have mentioned the characteristics of 
the patients included in the studies
Studies had a mean follow up of at least 5 
years 

Number of points

1

1

1

1

Table 3 - Overview of the quality score given to each study.
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abstract
Objective: The aim of this article is to evaluate the prognostic value of molecular minimal residual disease (MRD) detection by 
next-generation sequencing (NGS) to predict relapse in acute myeloid leukemia (AML).
Methods: We conducted a systematic review using the PubMed database and performed a meta-analysis. Outcome measures 
were cumulative incidence of relapse (CIR), relapse free survival (RFS) and overall survival (OS).
Results: After screening, we included 6 articles that met our inclusion criteria. The inclusion criteria were as followed: patients 
with (primary) AML, >18 years, reached complete remission (CR) after consolidation and MRD-detection after CR .The search 
terms that were used were AML, MRD and NGS. The conducted meta-analysis and the articles included in the systematic review 
show that NGS-based positive MRD detection is related to an increased CIR (HR 3.38, 95% CI [1.71, 6.65], P=0.0004), reduced 
RFS (HR 2.54, 95% CI [1.65, 3.93], P<0.0001) and reduced OS (HR 2.25, 95% CI [1.76, 2.88], P<0.00001) in patients with AML. 
In 90% of the AML patients in complete remission at least one mutation is detected, which can serve as a marker for residual 
disease.
Conclusion: Next-generation sequencing is of prognostic value to detect minimal residual disease in AML patients to predict the 
risk of relapse. Detection of MRD might be used to adjust post-remission therapy for the purpose of lowering the relapse rate after 
having received complete remission with intensive induction chemotherapy.
Keywords: minimal residual disease, next-generation sequencing, acute myeloid leukemia, relapse, prognosis.

introduction
Acute myeloid leukemia (AML) is characterized by an incre-
ase in the number of myeloid cells (blasts) in the bone marrow 
and an arrest in maturation of the hematopoietic cells.[1] AML 
is a genetically heterogeneous disease composed of multiple 
clones that are characterized by combinations of somatic mo-
lecular mutations.[2] Over the past decade, refinements in the 
diagnosis of subtypes of AML and advances in therapeutic ap-
proaches have improved the prospects of patients with AML.[1] 
More than 70% of the patients with AML attain morphologic 
complete remission (CR) with standard induction chemotherapy.
[3] Although the outcome of patients with AML has improved, 
relapse continues to represent the leading cause of death in the 
majority (>50%) of patients in complete remission.[4,5] There-
fore, molecular markers to predict relapse are urgently needed 
to tailor therapy.
Minimal residual disease can be used to determine the risk of 
relapse.[2,6-10] Minimal residual disease (MRD) is the number 
of aberrant cells left after therapy when a patient is in complete 
remission (CR, <5% leukemic cells morphologically visible in 

bone marrow or in peripheral blood).[11] Therapy adjustments 
after MRD detection can be made to prevent relapse in AML 
patients. Classical MRD techniques are flow cytometry and RQ-
PCR of fusion transcript [12], these techniques are currently 
being used in clinical practice.[13] The use of next-generation 
sequencing for the detection of MRD is upcoming. Next-gene-
ration sequencing (NGS) is a fast technique to sequence many 
molecular variants.[14] Advantages of NGS are standardization 
of data formats and the possibility to sequence multiple genes 
at the same time, contrary to flow cytometry and RQ-PCR.[15] 
The aim of this article is to evaluate whether NGS is a suitable 
technique to predict relapse in AML patients by measuring 
MRD.

Methods
Search strategy
On December 18th, 2018, we conducted a search in the PubMed 
electronic database for articles using Medical Subject Headings 
terms (MeSH) and title/abstract terms (tiab) for acute myeloid 
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leukemia (AML), minimal residual disease (MRD) and next-
generation sequencing (NGS). We also used synonyms for these 
terms to prevent exclusion of relevant studies (see Appendix for 
the whole search query). We included articles for screening if 
they cite the previous mentioned terms in the title and/or ab-
stract.

Selection criteria
At first, we excluded articles written in other languages than 
Dutch, English and German from any further screening. We also 
excluded articles that were not available as full text (Free and 
Erasmus MC). Three authors screened all remaining titles and 
abstract independently for eligibility based on the following ex-
clusion criteria: articles that (1) included patients under the age 
of 18; (2) included patients that were not in complete remission; 
(3) conducted analysis of less than 10 (mutated) genes*; (4) de-
termined MRD after consolidation therapy; (5) included patients 
with secondary AML** or (chemo)therapy related AML; (6)  
included others forms of acute leukemia (such as acute lymp-

hoblastic leukemia (ALL) and acute promyelocytic leukemia 
(APL); (7) are a review and (8) were not relevant to obtain our 
objective. Secondly, we did a full-text analysis of the remaining 
and potentially relevant articles. After this phase, discrepancies 
between the authors were discussed to achieve consensus consi-
dering the inclusion of the articles.
  *AML is a heterogeneous disease and therefore a large pa-

nel is needed to determine the risk of relapse. 
  **Secondary AML: a form of AML arising from a previous 

clonal disorder (such as myelodysplastic syndrome).[16]

Outcome measures
The outcomes of this systematic review and meta-analysis are 
cumulative incidence of relapse (CIR), the relapse free survival 
(RFS) and the overall survival (OS). Relapse is defined as pre-
sence of >5% myeloid blasts on a bone marrow aspirate or in 
peripheral blood.[2] CIR is defined from the date of CR to the 
date of relapse, adjusted for death as a competing event. RFS is 
defined from the date of CR to the date of relapse or death, whi-
chever comes first. OS is defined as the date of CR to the date of 
death from any cause.[8]

Meta-analysis
We performed a statistical analysis on the effect of MRD detec-
tion with NGS on CIR, RFS and OS. We used Review  manager 
5.3 (Cochrane Library) to conduct the statistical analysis. A ran-
dom effects model was used to construct forest plots with a 95% 
confidence interval. Beforehand we calculated standard errors 
(SE) using the following formula adapted from the handbook of 
Cochrane [28]:

((Ln(upper limit CI)- Ln(lower limit CI)))/3,92=SE

Statistical heterogeneity was assessed using I-square test for he-
terogeneity and was considered significant if I2 >30%).[17]
 
results
Study selection
With the search strategy described before, we identified a total 
of 67 articles. Of these 67 articles, 9 were excluded due to una-
vailability of full-texts and 3 articles were excluded since they 
were not written in Dutch, English or German. After screening 
title and abstract of the remaining 55 articles, 51 articles were 
further excluded based on the exclusion criteria (see Figure 1). 
We also included two articles found through another source, sin-
ce both articles were not appropriately indexed in PubMed. The 
first article [9] was found through the references of an editorial.
[18] The second article [8] was found through the option ‘similar 
articles’ in Pubmed. This resulted in a total of 6 articles, which 
met the eligibility criteria.

Study characteristics
All included studies were retrospective cohort studies. The sam-
ple size varied from 50 to 482 patients. All patients had Acute 
Myeloid Leukemia, with different types of mutations in the bone 
marrow. These different types of mutations lead to a different 
outcome and prognosis[29].  The age of patients differed from 
18 [6,7,10]  to 84 years[6]  and the median age differed from 

67 of records identified through 
database searching on December 

the 18th, 2018

2 of additional records identified
through other sources

69 of records after duplicates removed

69 of records screened

57 of full-text articles 
assessed for eligibility

6 of studies included 
in systematic review

4 of studies included 
in quantitative synthe-

sis (meta-analysis)

12 of records exluded
• Not written in Dutch, 
English or German (n=3)
• No accessible full text
(n=9)

51 of full-text articles 
excluded, with reasons
• Included patients under 
the age of 18 (n=0)
• Analysis <10 genes 
(n=17)
• Included patients with 
secondary AML* or the-
rapy related AML (n=0)
• That determined MRD 
after consolidation  
therapy (n=2)
• No AML (n=2)
• Review (n=28)
• Not relevant (n=2)

Figure 1- Flowchart of search strategy and exclusion criteria.
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50,8 [10] to 58.[6] The consolidation therapies consisted of he-
matopoietic stem cell transplantation (HSCT), chemotherapy or 
no consolidation therapy at all and differed per study., Different 
gene panels were used in each study for targeted sequencing. 
Table 1 shows the characteristics of all included studies. Further-
more, 4 studies measured MRD after induction therapy [7-10], 
whereas 2 studies measured MRD after induction and consoli-
dation therapy.[2,6] 
 
All mutations
In most studies in ≥90% of the AML patients in complete remis-
sion at least one mutation can be detected with NGS.[6,7,9] In 
order to use NGS as a reliable method to measure minimal resi-
dual disease, some studies made a distinction between somatic 
mutations and age-related mutations representing respectively 
residual leukemia (non-DTA mutations) and DTA mutations 
(DNMT3A, TET2 and ASXL1). Some studies did not make 
the previously mentioned distinction.[2,9] Yet all studies have 
shown significant differences in the outcome measures CIR, 
RFS and OS (see Meta-analysis). There hasn’t been made a clear 
distinction yet between age-related mutations and pre-leukemic 
mutations.

Age-related clonal hematopoiesis
Mutations accumulate in clonally derived hematopoietic cells in 
individuals with no apparent hematological disease as a result 
of aging.[20] The persistence of mutations that are most com-
monly associated with age-related clonal hematopoiesis (i.e. 
DTA mutations) during complete remission did not contribute to 
a measurable risk of relapse.[7] Eventually, the risk to develop 
hematological malignancies is 0,5% per year.[21] Nevertheless, 
according to a study conducted by Jaiswal et al [21] age-related 
mutations at diagnosis are very exceptional in patients younger 
than 40 years. Between 70-79 years the frequency of age-related 
mutations is 11,7% (8.6-15.7%).[21]

Non-DTA mutations
Mutations other than the DTA mutations that occasionally per-
sisted during morphologic complete remission (CR) are associ-
ated with an increased CIR, reduced RFS and reduced OS.[7] 
Patients with two or more mutations during CR after treatment, 
had a reduced RFS (HR 0,109, p=0,0006) and reduced OS (HR 
0,071, p=0,006) in comparison with patients with zero or one 
mutations.[6]

Meta-analysis
Statistical analysis of CIR (n=519), RFS (n=486) and OS 
(n=569) showed significant hazard ratios for each outcome (CIR: 
HR 3.38, 95% CI [1.71, 6.65], P=0.0004, I2=66%, (See Figure 
2, appendix); RFS: HR 2.54, 95% CI [1.65, 3.93], P<0.0001 
I2=52% (See Figure 3, appendix); OS: HR 2.25, 95% CI [1.76, 
2.88], P<0.00001, I2=0% (See Figure 4, appendix)). These re-
sults demonstrate an association between MRD-detection with 
NGS and an increased CIR, reduced RFS and reduced OS. The 
articles that were not included in the meta-analysis had no suf-
ficient data to calculate the hazard ratios.

Heterogeneity for the CIR and RFS is >30% and thus present. 
For this reason, it was appropriate to conduct a random effects 
model. Heterogeneity for the OS is <30% and thus absent. 
Therefore, a fixed effects model could be used to conduct the 
analysis. However, there was no change in using the fixed effects 
model in comparison with the random effects model, and hence 
we used the random effects to conduct the final analysis. 

Abbreviations: VAF, Variant Allel Frequency; AutoSCT, Autologous stem cell transplantations; AlloSCT, Allogeneic stem cell transplantations; CIR, Cumulative incidence of relapse; RFS, Relapse 
free survival; OS, Overall Survival
*According to protocol includes autoSCT/chemotherapy or alloSCT only

  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Author

Jongen-  
Lavrencic 
 et al. (2018)
Klco et al. 
(2015)

Getta et al. 
(2017)  
Hirsch et al. 
(2017)
Thol et al. 
(2018)

Morita et al. 
(2018)

Study design

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Age

1995
51 (18-65) 
(median)

50,8 (mean)

58 (21-78) 
(median)
58 (18-84) 
(median)
51 (median)
51.0 

(39.0-55.0) 
(median)

Location

Netherlands

USA

USA

France

Germany

USA

Sample 
size

430

50

83

69

116

131

Next Generation 
Sequencing (NGS)

Targeted NGS

Whole-genome and 
targeted NGS 

Targeted NGS

Targeted NGS

Error-corrected NGS

Targeted NGS

Gene panels 

54 genes

50 genes 
with targeted 
sequencing
28 genes

122 genes

24 genes

35 genes

Taking age related 
clonal hematopoiesis 
into account  
Yes

No

No

Yes

Yes

Yes

Consolidation 
therapy

According to 
protocol*

According to 
protocol*

According to 
protocol*

According to 
protocol*
only alloSCT
According to 
protocol*

Follow-up

4 years (median)

Minimum of  
1 year  

13 months 
(median)
24 months 
(median)
6 years (median)

35 months 
(median)

Outcome
-

CIR, RFS 
and OS

RFS and OS

CIR and OS

RFS and OS

CIR, RFS 
and OS

CIR, RFS 
and OS

Table 1 - Study characteristics of the included studies
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discussion/conclusion
In this study we investigated the prognostic value of MRD in 
AML measured by NGS. After searching
through the PubMed library and other sources, we included 6 
articles that were relevant for our research question. With these 
three outcomes we performed a meta-analysis on the effect of 
NGS-detected MRD on relapse.
In order to assess the prognostic value of NGS to detect MRD in 
AML patients three outcomes were used: cumulative incidence 
of relapse, relapse free survival and overall survival. The studies 
assessing CIR showed a significant increased CIR if MRD was 
detected with NGS. The studies assessing RFS and OS showed a 

appendix
(“Neoplasm, Residual”[Mesh] OR “minimal residual disease”[tiab] OR 
“measurable residual disease” [tiab] OR “MRD”[tiab]) AND (“Leuke-
mia, Myeloid, Acute”[Mesh] OR “acute myeloid leukemia”[tiab] OR 
“AML”[tiab]) AND (“High-Throughput Nucleotide Sequencing”[Mesh] 
OR “Next generation sequencing”[tiab] OR “whole exome sequencing” 
[tiab] OR “whole exome sequencing” [Mesh] OR “whole genome sequen-
cing” [tiab] OR “exome sequencing” [tiab] OR “massively parallel sequen-
cing” [tiab] OR “NGS”[tiab]).
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significant reduction in RFS and OS if MRD was detected with 
NGS. Thus, NGS is of prognostic value to detect the MRD status 
of AML patients to predict relapse.

Clinical relevance
In 90% of the AML patients in complete remission at least one 
mutation is detected, which can serve as a residual disease mar-
ker.[8] The detection of MRD in AML is of clinical relevance, 
since MRD positivity or negativity predicts relapse and there-
fore might be used to adjust therapy. Flow cytometry is currently 
standard for the detection of MRD.[13] A recent study suggests 
that the analysis of information acquired through flow cytometry 
to determine MRD is a difficult task that requires precise expe-
rience and is therefore difficult to standardize.[22] In contrast 
to this, NGS can be standardized. A disadvantage of NGS is the 
limited standardization.[19] 

Limitations of NGS in clinical practice
We established three matters that still need to be improved 
before NGS can be implemented for clinical use. These three 
matters are the gene panels, the depth of sequencing and clonal 
hematopoiesis.
AML is a heterogeneous disease and because of this it is im-
portant to use a gene panel with mutations that are relevant to 
the pathogenesis of AML. All of the included studies composed 
a gene panel by identifying different genes. This could cause 
discordant results. However, all studies showed significant out-
comes. This probably means that all studies used the most im-
portant and most frequently mutated genes in AML.
Secondly the depth of sequencing differs between the studies. 
Sequencing depth is related to the form of NGS. Used forms 
of NGS in the studies were targeted NGS and whole genome 
sequencing. Whole genome sequencing can be used to identify 
mutations anywhere in the genome (coding and non-coding 
regions), whereas targeted NGS can be used to identify prede-
termined mutations.[23,24] Targeted sequencing has a greater 
depth than whole genome sequencing, resulting in a higher sen-
sitivity.[24]
Furthermore, when large numbers have to be sequenced with 
NGS, errors often occur in the reads.[25] To prevent these er-
rors, Thol et al [10] used a form of error-corrected NGS, leading 
to fewer errors in the reads. Schmitt et al [26] has demonstra-
ted that ~ 99% of sequencing errors are corrected with error-
corrected NGS.[26] Using error-corrected NGS can improve the 
sequencing depth, also leading to a higher sensitivity. However, 
we found that there was no significant difference between error-
corrected NGS and other forms of NGS without error-correction 
in terms of CIR, RFS and OS. There is no consensus yet about 
whether error-corrected NGS should be implemented.
Lastly, some of the studies [6-8,10]  left the mutations related to 
clonal hematopoiesis (DTA mutations) out of their analysis and 
some [2,9]  did not. DTA mutations can appear in healthy in-
dividuals, without any sign of hematological malignancies [27]. 
These age-related mutations are probably related to the early de-
velopment of hematologic cancers.[21] Nonetheless, the risk of 
developing a hematologic malignancy is 0,5% per year.[21]
Including DTA mutations in the NGS based MRD-analysis can 
lead to distorted outcomes. However, the results are probably an 

underestimation of the actual outcome, since including DTA mu-
tations already lead to significant outcomes. Studies [7]  show 
that clonal hematopoiesis is not related to the risk of relapse in a 
follow-up time of 4 years.

Limitations of this systematic review
We have the awareness that our study could be biased because 
of the limited publications we were able to find. The included 
studies in this article proved that NGS for detecting MRD in 
AML patients is prognostic in comparison to MRD negative pa-
tients. There is a possibility that unpublished studies have found 
no prognostic value with NGS for detecting MRD in AML pa-
tients. So, there could be publication bias. Nevertheless, NGS 
is a recently introduced technique to detect MRD in AML and 
therefore more studies will follow in the near future.
Next-generation sequencing is of prognostic value to detect 
minimal residual disease in acute myeloid leukemia. MRD de-
tection by NGS improves the prediction of the risk of relapse 
and could therefore be used to adjust consolidation therapy in 
patients with AML. For further research, a consensus for the use 
of MRD-specific gene panel has to be reached. Furthermore, 
prospective studies with bigger cohorts need to be performed to 
determine whether therapy adjustment after MRD determination 
with NGS will actually lead to lower relapse rates. Finally, mu-
tations associated to the age-related clonal hematopoiesis need 
to be further determined.
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abstract
Introduction: Right ventricular failure (RVF) is an independent risk factor for overall mortality. Therefore, proper treatment to 
support the right ventricle is of major importance, a temporary supportive device for the right ventricle (Impella RP or RD) may 
be an option.
Objective: The aim of this article is to review the physiological effects and outcome of the Impella RP or RD in patients with RVF.
Methods: We conducted a literature search on PubMed, until December 23th, about the effect of Impella RD or RP on right ven-
tricular failure. Inclusion was based on English articles with more than 5 patients describing the effect of a right sided Impella 
when right heart dysfunction was present. We analysed the 30-days survival, Cardiac Index (CI) and Central Venous Pressure 
(CVP) among other things.
Results: Three studies showed an increase in Cardiac Index. Three studies showed a decrease in Central Venous Pressure. Death 
was a major complication of Impella RP and RD, which differed between 0,0% and 87,5%.
Discussion and conclusions: Our study outcome suggests that Impella RP and RD are adequate supportive devices in right ventri-
cular failure. However our results show that the Impella should not be used clinically until its mechanical reliability is improved.

introduction
Right Ventricular Failure (RVF) is a very deadly disease with a 
mortality up to 75%[1,2]. RVF has many origins. The primary 
causes of RVF are Acute Myocardial Infarction (AMI), Pulmo-
nary Embolism (PE) and valvular dysfunction. Secondary, RVF 
can be caused postprocedural, such as post-cardiotomy, post-
transplant and post LVAD.[3-5] It is shown that RVF is an in-
dependent risk factor for overall mortality and cardiovascular 
mortality[6].
The treatment of RVF mainly consists of optimizing the RV 
preload, reducing the RV afterload and improving the myocar-
dial pump function[7-9]. At first, the RV preload should be op-
timized by managing the fluid status[9]. Furthermore, the right 
ventricular contractility can be improved by inotropes, such as 
dobutamine[7,10]. At last, several strategies exist to reduce the 
afterload such as nitrodilators and hydralazine[8]. The surgical 
procedures used to treat RVF are mainly based on treating the 
cause of RVF, such as valvular replacement[5,11].
In addition, new possibilities emerge, of which mechanical tem-
porary support is one. Impella RD (Abiomed Inc, Danvers, MA) 
is a microaxial flowpump which is designed for short term use, 
with a maximum of ten days. The device consists of three parts: 
a pump, a mobile consile which is connected to the pump with 
the driveline of the catheter and a purger, which is the catheter 
with a driveline and a purgeline. The Impella RD is implanted 
through a sternotomy.[3,12]
Impella RP (Abiomed Inc, Danvers, MA) has the advantage that 
it can be placed percutaneously[3].
Acute RV dysfunction can induce LV dysfunction[13]. There are 
several mechanism why RV failure can lead to LV failure. First, 

the impaired RV contraction leads to a reduced transpulmonary 
blood flow and a reduced filling of the left atrium. Second, the 
RV dilation can lead to a deviation of the interventricular septum 
to the left, which causes a decrease in the left ventricular com-
pliance. If these effects occur collaboratively, the LV diastolic 
filling drops and that will lead to reduced stroke volume and car-
diac output.[14] It is implied that the RV has a greater capability 
for rapid recovery than the left ventricle[15]. Proper strategies to 
support the right ventricle are of major importance. In addition, 
Impella RP or RD may be one of them. In this article, we aim to 
review effectivity, physiological effects and outcome of tempo-
rary mechanical right ventricular support in patients with right 
ventricular failure.

Methods
Search strategy
We conducted a systematic review of studies that report 
about the effect of Impella RP or RD on right ventricular 
failure. We searched the PubMed Database on December 
23th, 2018, using the following search strategy: ((“Ventri-
cular Dysfunction, Right”[Mesh] OR “Right Ventricular 
Dysfunction”[TIAB] OR “right ventricular failure”[TIAB]) 
OR (“Hypertension, Pulmonary”[Mesh:noexp] OR “pulmo-
nary hypertension”[TIAB]) OR ((“heart failure”[MeSH Terms] 
OR heart failure[TIAB]) AND right[TIAB]) OR “right heart 
failure”[TIAB]) AND impella[TIAB] AND English[lang].

Inclusion and exclusion criteria
Inclusion was based on English articles, with 5 or more included 
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patients, describing the effect of a right sided Impella when right 
heart dysfunction was present.
The exclusion criteria were: no full text available, reviews, ani-
mal studies or duplicates, another primary outcome than the 
effect of Impella, left-sided or biventricular Impella (Bipella), 
Impella combined with another device for RVF and case reports 
with less than five patient reports. We screened the articles on 
title and abstract (Appendix). 

Quality-assessment
We assessed the quality of the studies by using an adjusted ver-
sion of the Newcastle Ottawa Scale (NOS) for cohort studies 
[17] (Appendix). We decided to use a 30-day follow up as long 
enough for outcomes to occur. For each item included in the ar-
ticle, we assigned a star, with a maximum of 6 stars. Articles 

with more than four stars were seen as articles with good quality. 
For case series we used the Process checklist [18] (Appendix), 
which we modified into a quality-assessment tool. For each item 
included in the article, we assigned a star, with a maximum of 
29. We stated articles with less than 15 stars as methodologically 
weak. We independently selected the articles, disagreements 
were discussed and resolved by consensus.

Statistical analysis
Some articles contained information about more than one de-
vice, in which we only used the results about Impella RD or RP. 
Thus, we left out the results about Impella LD/LP systems. We 
converted the 30-days mortality into 30-days survival, to impro-
ve comparability. Also, we calculated the improvement (%) for 
the increase in cardiac index and the decrease in Central Venous 
Pressure ourselves. When the average age was not available, we 
calculated the average. At last we calculated the percentages of 
occurrence of each complication per study. 

results
Search Strategy
Our PubMed search resulted in 50 articles. We screened on title 
and abstract, whereafter we excluded 42 articles. After reading 
the full-text articles, we excluded three more articles. One of 
the articles was a duplicate, one was an animal study and the 
last one did not have the effect of Impella on RVF as primary 
outcome. Eventually we included five articles, two case series 
and three cohort studies. The flowchart in Figure 1 shows how 
we selected our articles. We excluded some articles on multiple 
criteria (Appendix). 

Quality Assessment
Table 1 and 2 show the results of the quality assessment of the 
NOS[17] and the PROCESS checklist[18].

Records Identified through  
database searching (n=50)

Additional records identified 
through other sources (n=0)

Records after duplicates removed (n=48)

Records screened 
(n=48)

Full-text articles as-
sessed for eligibility 

(n=8)

Studies included in 
qualitative synthesis 

(n=5)

Studies included in 
quantitative synthesis 

(n=5)

Records excluded (n=40)
• not available (n=2)
• reviews (n=6)
• animal studies (n=3)
• articles with another 
primary outcome than the 
effect of impella (n=14)
• impella placed leftsided 
(n=13)
• impella for congenital 
heart disease (n=4)
• biventricular impella 
(bipella) (n=5)
• impella accompanied 
with another device for 
RVF (n=4)
• case reports with less 
than five patients (n=20)

Full-text articles exclu-
ded, with reasons (n=3)
• articles with another 
primary outcome than 
the effect of impella + 
impella placed left-sided 
(n=1)
• animal study (n=1)
• duplicate (n=1)

Figure 1 - Flowchart
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Table 1 - NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE COHORT STUDIES [17]

  

 
 
 
 
 
 

Author 
Cheung et 
al.[3] (2014)
Anderson et 
al.[20] (2015)
Granfeldt et 
al.[21] (2009)

Selection
1.a* 2.- 3.a* 4.a*

1.a* 2.- 3.a* 4.a*

1.a* 2.- 3.a* 4.a*

Comparability
1.-

1.-

1.-

Outcome
1.b* 2.a* 3.a*

1.b* 2.a* 3.a*

1.b* 2.a* 3.a*

Stars (total)
6*

6*

6*

Study characteristics (Table 3)
We summarized the characteristics of the five included studies 
in Table 3.The numbers of patients included in the studies varied 
between 5 and 30. The mean age of the patients was between 50 
and 60 years in all five studies. The study population differed 
between the five studies, but the endpoint was the same, namely 
the effect of Impella on RVF. Two types of Impella (Impella RD 
and RP) were used. Two of the five studies only used the Impella 
RP, another two studies only used the Impella RD and one article 
used both Impella RP and RD. The mean duration of device sup-
port varied between 3.04 and 7 days. 

Study results
Cardiac Index (Table 4)
The effect on the Cardiac Index (CI) was reported in three of 
the five studies. In Elder et al.[19] an increase in CI of 47,9% 
(1,69L/min/m2 vs 2,50 L/min/m2) was observed, in Anderson 
et al.[20] an increase in CI of 81,3% (1,82 L/min/m2  vs 3,3 L/
min/m2; p<0,001) was observed and in the study of Cheung et 
al.[3] an increase in CI of 23,8% (2,1 L/min/m2 vs 2,6 L/min/
m2; p=0,04) was observed.

Central Venous Pressure (CVP) (Table 4)
The decrease in CVP was reported in four of the five studies. 
Elder et al.[19], Anderson et al.[20], Cheung et al.[3] and Sugiki 
et al.[12] all described a decrease in CVP of respectively 29,2% 
(24 vs 17 mmHg), 34,4% (19,2 vs 12,6 mmHg; p<0,0001), 
31,8% (22 vs 15 mmHg; p<0,01) and 39,2% (15,3 vs 9,3 mmHg; 
p=0,005).

Survival at 30 days (Table 4)
The survival at 30 days was reported in four of the five articles. 
The lowest survival rate was described in the study of Granfeldt 
et al.[21], in which they only used the Impella RD: only 25% 
(two of the eight patients) was alive after 30 days [21]. Other 
survival rates were 72% in the study of Cheung et al.[3], a study 
in which 15 patients received the Impella RD and 3 patients the 
Impella RP. At 30 days 73,3 % of the patients in the study of 
Anderson et al.[20] was alive and in Elder et al.[19], 100% of the 
patients was alive after 30 days. These last two studies both only 
included patients that received the Impella RP.  

Survival to discharge (Table 4)
Survival to discharge was reported in three of the five studies. In 
Elder et al.[19] a survival to discharge of 100% was observed. 
In the article of Anderson et al.[20] showed a slightly lower rate, 
which was 73,3%. The survival to discharge in the study of Su-
giki et al.[12] was 14%.

NA= Not Available
*Self-calculated value

Table 3 - Study characteristics
  
  

 
 
  
 
  
 
 
 
 
 
 
 
 
 

Author

Elder et al.[19] 
(2018)
Anderson et 
al.[20] (2015)

Cheung et al.[3] 
(2014)

Granfeldt et al. 
[21] (2009)

Sugiki et al. [12] 
(2009)

Country

Detroit,  
United States
United States

Canada

Sweden

Germany

Study design

Case series

Cohort study

Cohort study

Cohort study

Case series

N

5

30

18

8

7

Mean age 
(years)
 50,8*  
(range: 28-72)
59 ± 15  
(range: 24-86)

57±10  
(range N.A.)

55,8  
(range 26-84)

54±7  
(range: 45-62)

Study population

Shock due to massive or submassive 
Pulmonary Embolism
RVF after LVAD implantation or RVF 
after cardiotomy or RVF after  
myocardial infarction
RVF after acute myocardial infarction, 
post-cardiotomy, post-transplant, 
post-LVAD and myocarditis
All Impella RD were used for acute 
right ventricular failure when weaning 
from CPB
Temporary support after heart trans-
plantation, after repeat mitral valve 
replacement, with a LVAD

Impella type 
used
Impella RP

Impella RP

Impella RD (15) 
and Impella 
RP (3)
Impella RD

Impella RD

Total duration of  
device support (days)
3.2 days  
(range of 1-6 days)
3.04 ±1.5 days  
(range 0.5-7.8 days)

7 days  
(range 2 - 19 days)

4.1 days  
(range, 0,1 - 9 days)

4.9 ± 4.5 days  
(range 1-13 days)

Table 2 - PROCESS Checklist for included Case series [18]
  
  

 
 
  
  
 
 
 

Author

Elder et al.[19]  
(2018) 

Sugiki et al.[12] 
(2009)

Title

1.- 

1.-

Abstract
51
2a.* 2b.* 
2c.* 2d.* 

2a.* 2b.* 
2c.* 2d.*

Introduction
51
3.* 

3.*

Methods
51
4a.- 4b.- 4c.* 
4d.* 4e.* 4f.* 
4g.* 4h.- 4i.- 4j.* 
4a.- 4b.- 4c.- 
4d.* 4e.* 4f.* 
4g.* 4h.- 4i.- 4j.*

Results
51
5a.* 5b.-
5c.* 5d.*
5e.* 
5a.* 5b.-
5c.*
5d.*
5e.*

Discussions
51
6a.* 6b.* 6c.* 
6d.* 

6a.* 6b.* 6c.- 
6d.*

Conclusions
7
7a.* 7b.- 

7a.* 7b.*

Stars (total)

20* 

19*

Additional information
ratio of 0,01
8a.- 8b.- 

8a.- 8b.-
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Complications of Impella implantation (Table 5)
In all five articles complications of Impella were described. In 
two of the five studies the overall bleeding, all cases of blee-
ding, was described. In the article of Anderson et al.[20] overall 
bleeding occured in 60% of the cases and in Sugiki et al.[12] 
in 28,6% of the cases. Only Anderson et al.[20] reported data 
about the need for implantation of a surgical RVAD when the 
RV did not recover well enough with the Impella RP device. An 
RVAD is a RV-assist-device, which allows the recovery of RV-
function[22]. The surgical RVAD was eventually placed in 3 out 
of 30 patients (10,0%). 
Hemolysis was reported in two of the five studies. In Anderson 
et al.[20] they reported hemolysis on support in 13,3% of the ca-
ses. In Cheung et al.[3] hemolysis on support occured in 13,3% 
of the cases with Impella RD and in 0% of the cases with Impella 
RP. In the study of Anderson et al.[20] and Sugiki et al.[12] a 
0% rate of pulmonary embolisms in their cohorts was reported. 
The rate of recurrence of RV failure was documented in two of 
the five studies. In Cheung et al.[3] 55,6% of the patients had 
recurrence of RVF one year after explantation of the Impella RD 
or RP. In Sugiki et al.[12] 14,5% of the patients had recurrence 
of RV failure after explantation of the Impella RD, of whom 
100% died. All articles reported mortality rates. In the study of 
Elder et al.[19] they do not describe any deaths (0,0%), which is 
in contrast with the other studies. In Sugiki et al.[12] and Gran-
feldt et al.[21] they described a great mortality rate, respectively 
85,7% and 87,5% of the patients died. In the article of Sugiki et 
al.[12], pumpstop occurred in two cases, which led to circulatory 
arrest in one patient. The study of Anderson et al.[20] reported a 
lower mortality rate of 26,7% and Cheung et al.[3] described a 
mortality rate of 50%. 

discussion
In this systematic review we investigated the effectivity, phy-
siological effects and outcome of temporary mechanical right 
ventricular support (Impella) in patients with right ventricular 
failure. The results in the literature support the hypothesis that an 
Impella, a temporary mechanical RV support, leads to CVP de-
crease, and CI increase, thus unloading the RV[3,12,19-21]. This 
suggests that temporary support can unload the right ventricle in 
order to facilitate recovery of right ventricular failure. 
The most common complications of the implantation of Im-
pella RP and RD were overall bleeding, escalation to a surgi-
cal RVAD, hemolysis on support, recurrence of RV failure and 
death[3,12,19-21]. 
The mortality rate was higher in the studies of Granfeldt et 
al.[21], Cheung et al.[3] and Sugiki et al.[12]. These studies 
mainly used the Impella RD. In the studies of Elder et al.[19] and 
Anderson et al.[20] the Impella RP was used and the mortality 
rate was lower. This may suggest that Impella RP results in less 
adverse outcomes than Impella RD. The difference between the 
Impella RP and RD is that the Impella RP can be placed percu-
taneously, while the Impella RD is implanted through a sterno-
tomy. Maybe the higher mortality in the Impella RD group is a 
consequence of the more complex surgery.

Limitations and Future
Because of the limited data on this new research area, we used ar-
ticles concerning Impella RD and Impella RP. The Impella RD is 
implanted surgically and the Impella RP percutaneously, which 
made it complicated to compare the two devices. The Impella 
RP implantation is less invasive and there are less complications 
with Impella RP use. The Impella RD showed a higher mortality 
rate and more complications than the Impella RP.[3,12,19-21]. 

NA= not available
*Self-calculated value
**Only suitable for Impella RP.
***Patients included for this study were patients who suffered from (massive) pulmonary embolism, 
so there are no data of PE as a complication of the impella RP.

Table 5 - The complications of Impella RD and RP implantation

   
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Author

Elder et al. 
[19] (2018)
Anderson et 
al. [20] (2015)

Cheung et al. 
[3] (2014)

Granfeldt et 
al. [21] (2009)

Sugiki et al. 
[12] (2009)

Overall  
bleeding  
rate (%)

NA

60%

NA

NA

2/7 patients 
28,6%*

Escalation 
to a surgical 
RVAD needed 
(%)**
NA

3/30 patients
10,0%*

NA

NA

NA

Hemolysis 
on support 
(%)

NA

13,3%*

2/15 
patients with 
Impella RD
13,3%*
0/3 patients 
with Impella 
RP
0,0%*
NA

NA

Rates of 
pulmonary 
embolism 
(%)
NA***
0/30 patients
0,0%*

NA

NA

0/7 patients 
0,0%*

Recur-
rence of RV 
failure (%)

NA

NA

5/9 patients
55,6%*

NA

1/7 patients 
14,5%*

Death 
(%)%)

0,0%*

8/30 
patients 
26,7%*
9/18 
patients 
50,0%*

7/8 
patients 
87,5%*
6/7 
patients 
85,7%*

NA = Not Available
*Self-calculated value 
** The CVP after treatment with Impella was only mentioned in two of the five patients. Therefore, the 
average is based on only those two patients. We calculated the values ourselves.
***We converted the 30-days mortality to 30-days survival, so the results are more comparable.
****In the study of Elder et al, the p-value was not available. 

Table 4 - Physiological effects and outcome of Impella RP and RD

   
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Author

Elder et al. [19] 
(2018)

Anderson et al. 
[20] (2015)

Cheung et al. 
[3] (2014)

Granfeldt et al. 
[21] (2009)
Sugiki et al. 
[12] (2009)

Effect on the 
Cardiac Index 
(L/min/m2) (%)

1,69 L/min/m2 vs 
2,50 L/min/m2
increase of 
47,9%*
1,82±0,04 vs 
3,3 ± 0,23 liters/
min/m2
(p= <0,001)
increase of 
81,3%*
2,1 ±0,5 vs 2,6 
±0,6 liters/min/m2
(p=0,04)
increase of 
23,8%*
NA

NA

Effect on the Central 
Venous Pressure 
(mmHg) (%)

24 mmHg vs 17 
mmHg**
(NA****)
Reduction of 29,2%*
19,2 ±0,7 vs 12,6 ±1 
mmHg
 (p=<0,0001)
 Reduction of 34,4%*

22±5 vs 15±4 mmHg
 (p=<0,01)
 Reduction of 31,8%*

NA

15,3±1,4 vs 9,3±1,2
 (p=0,005)
 Reduction of 39,2% *

Survival at  
30 Days (%)

100% (5 of 5)

73,3% (22 
of 30)

72% (13 of 18)

25% (2 of 8) ***

NA

Survival to 
discharge (%)

100% (5 of 5)

73,3% (22 of 30)

NA

NA

14% (1 of 7)
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This could lead to underestemation of the results of Impella RP. 
The small amound of available data about the Impella RD and 
the Impella RP did not make it possible to look at these two 
devices separately. When more literature is available about the 
Impella device, it can be very informative to look at the effects 
of the Impella RD and Impella RP separately.
Furthermore, we think that the safety and mechanical reliabi-
lity of the Impella RD system should be further investigated. In 
the article of Sugiki et al.[12] pumpstop occurred in two cases, 
which led to circulatory arrest in one patient. This is a very se-
rious adverse event, which is why we think that the Impella RD 
should not be used clinically until its mechanical reliability is 
improved.
The limited available data on this new research area also made it 
impossible to perform a meta-analyse in our systematic review, 
because there was too much heterogeneity between the study 
populations of the articles. When the research area is more deve-
loped, a new systematic review could be done including a meta-
analyse, which makes it easier to compare the articles. 
We also think it is important to point out that the articles we used 
were a combination of cohort studies and case reports. These 
studies are not as comparable as we would like to, but because 
of the few available studies, we had to use both. This may have 
caused different outcomes and should be kept in mind when rea-
ding this article.
After we made our final search strategy, a new article was pu-
blished on Pubmed. This article contained more patients than 
the other articles we used and could have been useful if it would 
have been published before we made our final search strategy.
[23]
Furthermore, we could not be strict on the selection of the avai-
lable articles due to the limited data. Hereby, we included all ar-
ticles that contained data about the effect of Impella on RVF. We 
were not able to select on the reason for placement of the Impella 
RD or RP, which could be of great importance for the outcomes.
Further research is needed in order to support the evidence of 
this feasible mechanical option in patients with right ventricular 
failure.
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appendix

nEWCaSTlE - oTTaWa QualiTy aSSESSMEnT SCalE 
CoHorT STudiES [17]*

Selection
1)  Representativeness of the exposed group/cohort. 
 a)  Truly representative of the average RVF patients in the 

community*.
 b)  Somewhat representative of the average RVF patients in 

the community. 
 c) Selected group of users. 
 d) No description of the derivation of the group.
2) Selection of the non-exposed group/cohort. 
 a) Drawn from the same community as the exposed group*. 
 b) Drawn from a different source. 
 c)  No description of the derivation of the non-exposed 

group. 
3) Ascertainment of exposure. 
 a) Secure record*. 
 c) Written self reports. 
 d) No description. 
4) Demonstration that outcome of interest was not present at 
start of study. 
 a) Yes*. 
 b) No. 
Confounder 
1) Comparability of groups on the basis of the design or analysis. 
 a) Study controls for age and education*.
 b) Study controls for any additional factors*. 

outcome 
1) Assessment of outcome.
 a) Independent blind assessment*. 
 b) Record linkage.*
 c) Self reports. 
 d) No description. 
2) Was follow-up long enough (30 days) for outcomes to occur. 
 a) Yes*. 
 b) No. 
3) Adequacy of follow up of cohorts. 
 a) Complete follow up – all subjects accounted for*. 
 b) Subjects lost to follow up unlikely to introduce bias*. 
 c) Follow up < 70% and no description of those lost. 
 d) No statement.

* For our systematic review we left out two questions of the 
Newcastle-Ottawa Quality Assessment Scale, namely: ‘selecti-
on of the non-exposed group/cohort’ of the Selection section and 
‘comparability of groups on the basis of the design or analysis’ 
of the Confounder section. 

ProCESS Checklist [18]
Section Item Checklist Description Page Number 
Title
1) The words “case series” and the area of focus should appear in 
the title (e.g. disease, exposure/intervention or outcome). 
 
abstract 
2a) Introduction - what is the unifying theme of the case series.   
2b)  Methods - describe what was done, how and when was it 

done and by whom.  
2c) Results - what was found. 
2d) Conclusion - what have we learned and what does it mean 

introduction 
3)  Explain the scientific background and rationale for the case 

series. What is the unifying theme - common disease, expo-
sure, intervention and outcome, etc. Why is this study nee-
ded? 
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Methods 
4a)  Registration and ethics - state the research registry number 

in accordance with the declaration of Helsinki - “Every re-
search study involving human subjects must be registered in 
a publicly accessible database” (this can be obtained from; 
ResearchRegistry.com or ClinicalTrials.gov or ISRCTN). 
State whether ethical approval was needed and if so, what 
the relevant judgement reference was?  

4b)  Study design - state the study is a case series and whether 
prospective or retrospective in design, whether single or 
multicentre and whether cases are consecutive or non-con-
secutive. 

4c)  Setting - describe the setting(s)and nature of the institution 
in which the patient was managed; academic, community 
or private practice setting? Location(s), and relevant dates, 
including periods of recruitment, exposure, follow-up, and 
data collection  

4d)  Participants - describe the relevant characteristics of the 
participants (comorbidities, tumour staging, smoking status, 
etc). Describe length and methods of follow-up. 

4e)  Pre-intervention considerations e.g. Patient optimisation: 
measures taken prior to surgery or other intervention e.g. 
treating hypothermia/hypovolaemia/hypotension in burns 
patients, ICU care for sepsis, dealing with anticoagulation/
other medications and so on. 

4f)  Types of intervention(s) deployed and reasoning behind tre-
atment offered (pharmacological, surgical, physiotherapy, 
psychological, preventive) and concurrent treatments (an-
tibiotics, analgesia, anti-emetics, nil by mouth, VTE prop-
hylaxis, etc). Medical devices should have manufacturer and 
model specifically mentioned.  

4g)  Peri-intervention considerations - administration of inter-
vention (what, where, when and how was it done, including 
for surgery; anaesthesia, patient position, use of tourniquet 
and other relevant equipment, preparation used, sutures, 
devices, surgical stage (1 or 2 stage, etc). Pharmacological 
therapies should include formulation, dosage, strength, route 
and duration). 

4h)  Who performed the procedures - operator experience (po-
sition on the learning curve for the technique if established, 
specialisation and prior relevant training). 

4i)  Quality control - what measures were taken to reduce inter or 
intra-operator variation. What measures were taken to ensure 
quality and consistency in the delivery of the intervention 
e.g. independent observers, lymph node counts, etc 

4j)  Post-intervention considerations e.g. post-operative instruc-
tions and place of care. Important follow-up measures - diag-
nostic and other test results. Future surveillance requirements 
- e.g. imaging surveillance of endovascular aneurysm repair 
(EVAR) or clinical exam/ultrasound of regional lymph nodes 
for skin cancer. 

results
5a)  Participants - reports numbers involved and their characte-

ristics (comorbidities, tumour staging, smoking status, etc). 
5b)  Any changes in the interventions during the course of the 

case series (how has it evolved, been tinkered with, what 
learning occurred, etc) together with rationale and a diagram 
if appropriate. Degree of novelty for a surgical technique/de-
vice should be mentioned and a comment on learning curves 
should be made for new techniques/devices. 

5c)  Outcomes and follow-up - Clinician assessed and patientre-
ported outcomes (when appropriate) should be stated with 
inclusion of the time periods at which assessed. Relevant 
photographs/radiological images should be provided e.g. 12 
month follow-up. 

5d)  Where relevant - intervention adherence/compliance and 
tolerability (how was this assessed). Describe loss to follow-
up (express as a percentage) and any explanations for it. 

5e)  Complications and adverse or unanticipated events. Des-
cribed in detail and ideally categorised in accordance with 
the ClavienDindo Classification. How they were prevented, 
diagnosed and managed. Blood loss, operative time, wound 
complications, reexploration/revision surgery, 30-day post-
op and long-term morbidity/mortality may need to be spe-
cified. 

 
discussion 
6a) Summarise key results  
6b)  Discussion of the relevant literature, implications for clinical 

practice guidelines, how have the indications for a new tech-
nique/device been refined and how do outcomes compare 
with established therapies and the prevailing gold standard 
should one exist and any relevant hypothesis generation. 

6c) Strengths and limitations of the study 
6d) The rationale for any conclusions?  

Conclusions
7a) State the key conclusions from the study   
7b)  State what needs to be done next, further research with what 

study design. 
 
additional information 
8a) State any conflicts of interest  
8b) State any sources of funding 
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Systematic Review

Exclusion criterion 
Not available

Reviews

Animal studies

Duplicates

Articles with another 
primary outcome than the 
effect of Impella

Impella placed left-sided

Impella for congenital heart 
disease

Biventricular Impella 
(Bipella)

Impella accompanied with 
another device for RVF

Case reports with less than 
5 patients

Full-text articles excluded, 
with reasons
- duplicate 
-  articles with another 

primary outcome than the 
effect of impella + impella 
placed left-sided 

- animal study 

Excluded articles 
2.6

4.19.30.31.38.43

24.37.40

32.33

1.6.9.12.18.19.21.23.24.25.
39.40.44.47

7.11.12.15.18.23.24.25.35.
39.40.44.47
21.29.30.42

10.11.13.17.49

6.18.37.44

1.5.6.10.11.14.16.17.18.2
0.21.22.23.27.35.36.41.4
2.44.48

3
26

50

reasons for exclusion
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introduction
On the 6th of May 2017 Tim Reynders, a 16-year-old boy from 
Arkel (the Netherlands), dies under suspicious circumstances 
showing signs of asphyxia.[1] One year later a similar case takes 
place in The Hague and a 15-year-old boy named Clay Haimé 
dies.[2] In both cases parents and local authorities first suspect 
suicide, but then a video of Tim performing the so-called “cho-
king challenge” is found.
 
The choking challenge is only one of the many dangerous on-
line challenges (DOC) that circulate on the internet. These on-
line challenges have become more and more popular over the 
past years. The goal of such challenges is to perform a set task, 
videotaping the person performing the task and subsequently 
publishing the video on an online social media platform. These 
videos are then shared among contacts and motivate or even 
challenge others to do the same.[3] Online challenges are 
very diverse in execution as well as result, which immediately 
prompts an issue: not every online challenge is dangerous. The 
choking challenge performed by the aforementioned children 
can be categorized as a non-oxygenative challenge.[4] In total 
DOC can be divided into three categories: non-oxygenation 
challenges, dare challenges and aggression challenges.[5] 

Non-oxygenation challenges
In this type of challenge the participant tries to prevent blood 
flow to the brain by compressing the carotid artery. This leads 
to oxygen deprivation of the brain and the buildup of carbon 
dioxide concentrations, which is experienced as a short-term 
‘high’.[4] However, if blood flow is restricted for too long, the 
oxygen deprivation may cause cerebral ischemia which can re-
sult in damage of brain tissue or even death. The risk of death 
increases as young people subsequently begin to carry out the 
challenge alone.[5] A survey among primary school students in 
France demonstrated that at least 19% of children aged 8 to 11 
have participated in a non-oxygenation challenge.[3] 

Dare challenges
This category concerns challenges in which an individual per-
forms a certain task under group pressure. They can be relatively 
harmless, for example jumping into a ditch while it is freezing, 
but they can also be very dangerous. The Blue Whale Challenge 
(BWC) is an example of a life-threatening dare challenge. In 
this challenge, individuals must perform assignments imposed 
by an unknown ‘master’. These assignments are initially quite 
innocent, but increasingly contain elements of self-mutilation 
and eventually suicide.[8]   
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abstract
Objective: Online challenges are a phenomenon with increasing popularity. Despite the innocence of most challenges, the con-
sequences can be fatal. Because of this, it is relevant to educate children about the risks of dangerous online challenges (DOC) 
such as the choking challenge where self-strangulation is performed. The aim of this research is to investigate the possibilities for 
prevention of participation in DOC by young people.
Methods: Literature research on DOC and the possibilities for primary prevention was conducted. Furthermore, interviews with 
primary school students and (experience) experts and surveys among parents and teachers were carried out.
Results: Based on the literature, more than 75% of children are familiar with DOC and more than 10% has participated in a 
DOC. In literature regarding binge drinking, a similar dangerous youth phenomenon, theory of planned behavior (TPB) has 
shown to be important for the development of interventions to change health behavior. Furthermore, online-, school- and parent-
based interventions have been shown to be effective in binge drinking. Therefore, these interventions may provide a useful basis in 
the primary prevention of DOC. A total of 34 students were interviewed, 215 teachers and 65 parents submitted an online survey. 
Interviewed students all participated in at least one online challenge and 85% of them informed their parents about this. The most 
effective preventative method, according to students and teachers (62% and 61% respectively), is education by an (experience) 
expert, which would be more effective than conventional educational methods. 
Conclusion: Education by an (experience) expert concerning DOC and child health, combined with improved information provi-
sion for parents, could be used as a prevention measure against participation in DOC by young people.
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Aggression challenges
During an aggression challenge, one party forces the other to 
perform a certain task. These challenges involve physical or 
psychological violence.[5]

The true prevalence of DOC is difficult to determine, because 
most cases do not end in hospital admission or death. On top of 
this, death due to the choking challenge may be confused with 
suicide and is therefore not always documented as the correct 
cause of death. A troubling trend is that children are participa-
ting in online challenges at an increasingly young age. A French 
study shows that 84% of interviewed children is familiar with 
the term DOC, and that 12% has participated in a DOC (5). 
According to Vinge, nearly 50% of children are familiar with 
DOCs and 19% of children between 8 and 11 have taken part 
in a non-oxygenative challenge.[3] Although the number of stu-
dies that have analyzed the prevalence of DOC is very limited, 
the numbers of children that participate in it call for action.

At this time the possibilities for prevention of participation in 
DOC by children and adolescents have not yet been studied to 
our knowledge. Due to the increasing prevalence of DOC and 
its potential lethal outcome, research into prevention is highly 
necessary. Therefore, our goal is to find an effective method of 
prevention against participation in DOC.

 
Methods
Literature review

What is the definition of a DOC and what is known about this 
phenomenon?
To find relevant literature, the following search query was used: 

“E-gaming”[TiAb] OR (“challenge”[TiAb] AND “blue whale” 
[TiAb])

The term Blue Whale is used for a specific DOC where the chal-
lenged performs increasingly difficult tasks which end in self-
harm. Articles found were screened based on title and abstract. 
Selected articles were then read in its entirety. Articles were ex-
cluded if they [1] did not cover DOC, [2] were a reaction to an 
earlier study or [3] were a case report. Publications that were 
not fully available through the Erasmus MC portal were also 
excluded.

What are the possibilities for primary prevention for DOC 
among children and young adults?
A limited amount of scientific literature is currently available 
on the subject of DOC prevention. However, one French article 
was found regarding the subject. Due to the limited amount of 
available literature on DOC, the link between binge drinking 
and DOC has been drawn. Prevention strategies for binge drin-
king have been widely researched. In addition, the intrinsic re-
fractors in binge drinking are quite similar to those of DOC. 
Both deal with social interactions between young adults, such 
as peer pressure and the risk-taking nature of children. On top 
of this, both focus on addictive aspects. Non-oxygenative DOCs 

can become addictive due to the temporary ‘high’ that partici-
pants experience. Finally, in both cases, parents seem to have 
limited knowledge about their child’s behavior, since both are 
performed without parents’ approval and are conducted out of 
their sight. 

To find relevant literature on binge drinking, the following 
search query was used:
(“Risk-Taking/prevention and control”[Majr] OR “Binge Drin-
king/prevention and control”[Majr]) AND (“adolescent”[MeSH] 
OR “child”[MeSH] OR “young people”[TiAb])

Articles found were screened based on title and abstract. Selec-
ted articles were then read in its entirety. Articles that were [1]
not a systematic review, [2] not focused on primary prevention 
of binge drinking, [3] suggested method proven not effective or 
[4] specific participants were excluded. Publications that were 
not fully available through the Erasmus MC portal were also 
excluded.

Fieldwork
Interviews with students
Interviews took place in Dutch elementary schools in grade 7 
and 8. Prior to the one-on-one interviews, children were asked 
in groups if they had ever performed a DOC. Those that did 
were selected for an interview. In these interviews the know-
ledge of children and their suggestions for preventive measures 
regarding DOC were explored. Our goal was at minimum two 
school classes and a total of 25 willing participants. This with a 
preference for one elementary and one middle school class (the 
Dutch name for high school). However due to unwillingness to 
cooperate, especially middle schools, (further data can be found 
in the discussion section) only children from elementary school 
classes were interviewed. Parental consent for the interview was 
obtained through an informed consent form. 

Survey among parents 
An online survey was distributed to determine the extent of 
knowledge of parents about the topic of DOC and their sug-
gestions for prevention strategies. This survey consisted of 
multiple-choice questions with an additional open space to 
answer the question, if the multiple-choice answers were not 
sufficient for the participant. The survey was aimed at parents 
with children of the age of 18 years and less. This difference 
between the survey and the interview to increase the number of 
survey participants. The online link was distributed to several 
Facebook groups. Survey results were analyzed quantitatively 
and qualitatively.

Survey among teachers
Another survey was targeted specifically at elementary and high 
school teachers. These surveys were distributed personally and 
were available in paper format as well as online. The link to the 
online survey was published on Facebook and emailed directly 
to the schools that were willing to participate in our study. Paper 
versions were collected one week after the drop off of the forms. 
The structure of the survey is comparable to that of the survey 
for parents. 
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Interviews (experienced) experts
The interviews with experts were conducted in person as well as 
via telephone contact. The topics discussed include preventive 
measures, pediatric medicine and 
internal motivation to participate in potentially dangerous ac-
tivities. The interviewed experts were dr. van der Lely (pedia-
trician), dr. Oosterhof (pediatrician), dr. Bonekamp-Verbrugge 
(physician GGD) and dhr. Reynders (founder of stichting Tim). 
Experts were approached via email and selected based on their 
expertise. A semi-structured interview style was used.[7] Ini-
tially standard questions were asked in every interview, while 
further along in the interview, the questions were based on the 
response of the interviewee.

Data collection
For the one-on-one interviews with children, a semi-structured 
interview style was used.[7] Initially standard yes or no questi-
ons were asked in every interview, after which the interviewee 
was asked to elaborate. Their answers were documented and 
categorized. Later in the interview the interviewed were asked 
for their opinion on topics such as preventative measures, and 
again to elaborate this opinion (table 1). For the surveys data 
was collected via the online program and combined with the fil-
led in paper version. The results of the multiple choice questions 
were then analyzed. Subsequently, the  answers of the open style 
questions were first categorized and then the results analyzed. 

results
Literature Review

What does a DOC entail and what is already known about this 
phenomenon?
Our PubMed search yielded 12 articles. Four articles were not 
fully available through the Erasmus MC portal. After exclusion 
according to the criteria mentioned above, three articles were 
eligible, but one of these articles was later found inapplicable 
for our literature review. In addition, three French articles about 
DOC that have not been published on PubMed were found via 
the Jeudufoulard foundation. This organization collects literatu-
re on the subject of DOC. The three articles were translated and 
found to be eligible. Hence, a total of five articles was included 
in the final analysis (figure 1). 

Table 1 - Outcomes of interviews with students

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable

Number of interviews conducted
            Age of the students
            Male
            Female
Fulfillment of the challenge
            Performed a challenge (at least 1)
            Cinnamon challenge 
Location of the fulfillment of the challenge
            On the street
            On vacation
            At home/In friends’ home
            Alone 
Response to parental authority
             Positive if parents would  

disapprove
             Negative if parents would  

disapprove
            Unsure
             Reported to parents prior to 

performing the challenge
Prevention measures
            Provide information
            Information by an expert
             Information by a well-known 

person
            Information by a victim of DOC
            No permission from parents

Number and share of  
interviewed students (n=34)

34
10-12
12
22
 
34 (100%)
7 (21%)
 
4 (12%)
3 (9%)
28 (82%)
6 (18%)
 
28 (82%)

3 (9%)

3 (9%)
29 (85%)

29 (85%)
21 (62%)
9 (26%)

9 (26%)
15 (44%)

PubMed Search
“E-gaming”[TiAB] OR

(“challenge”[TiAB] AND 
“blue whale”[TiAB]

(n=12)

Eligible articles PubMed:
• Sumner et al 2018
• Mahadevaiah et al 2018
• Mukhra et al 2017 
(n=3)

Included articles:
• Sumner et al 2018
• Mukhra et al 2017
• Vigne (2017)
• Vigne (2015)
• French Ministry of  
Education (2011) 
(n=5)

Articles screened by title  
and abstract (n=8)

No full-text available for  
Erasmus MC (n=4)

Unsuitable:
Mahadevaiah et al (2018)

Exclusioncriteria:
• Not about online  
challenges (n=2)
• Responses on other 
articles (n=1)
• Case-reports (n=2)

Additional literature:
• Vigne (2017)
• Vigne (2015)
• French Ministry of  
Education (2011)

Figure 1- Flowchart of literature LOC
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In France at least four in five children are familiar with DOC 
and more than 10% have participated in a DOC (5). Knowledge 
of the existence of DOC appears to occur more often in secon-
dary school than in primary school (40% compared to 27%). 
Approximately 40% of the children who know what a non-oxy-
genation DOC entails have never discussed this experience with 
an adult. One in four children have witnessed a DOC. 92% of 
DOC appeared to have been performed on the school yard.[3] 
Another study by Vigne has confirmed the finding that DOC are 
mainly performed on school terrains. 

What are the options for primary prevention of participation in 
DOC by young people?

Our PubMed search yielded 78 articles on this matter. Ten ar-
ticles were not fully available through the Erasmus MC portal. 
After exclusion, seven items were found to be eligible. In ad-
dition, one French article that was used for the previous sub-
question was also eligible for this sub-question. Accordingly, a 
total of eight articles was included (figure 2). 

All prevention measures discussed in the included articles of 
PubMed are based on the theory of planned behavior (TPB). Ac-
cording to TPB, the intention is the most important determinant 
of behavior. The intention is determined by the attitude (pros 
and cons of behavior), the subjective norm (exemplary behavi-
or, the opinion of others about the behavior and social support) 
and perceived behavioral control (assessment of confidence in 
the feasibility of healthy behavior).[8,9] TPB was found to be a 
strong theoretical framework for the development of interventi-
ons in order to change health-related behavior.[10]  

Parent-based interventions
Parent-based interventions have been described to reduce binge 
drinking among young people.[11-13] Parenting behavior that 
has been determined to be related to alcohol use among young 
people includes general parenting strategies, alcohol-specific 
parenting strategies (including communication), parental drin-
king behavior and the relationship between parents and their 
children.[11]

Interventions that focus on alcohol-specific parenting strategies 
have smaller effect sizes compared to interventions that focus 
on both general and alcohol-specific parenting strategies.[11] 
An interactive feedback session, in which parents were motiva-
ted to adjust their alcohol-related communication by correcting 
misperceptions about alcohol, proved to be very effective. Pre-
dicted changes of binge drinking among students were found to 
be significantly lower after the intervention.[12,13] 

School interventions
One study described school interventions as a preventative mea-
sure against binge drinking.[14] During the universal interven-
tion (Climate), all students were given courses on alcohol and 
cannabis use at school. During the selective intervention (Pre-
venture) only high-risk students participated twice in a group 
session. Long-term effects on binge-drinking were observed for 
the Climate-intervention alone, the Preventure-intervention al-
one and for a combination of both interventions. Combination 
of the two interventions proved to be no more effective than the 
Climate-intervention alone.[14] However, the Preventure me-
thod appears to be ineffective in the Netherlands.[15] 

Online interventions
Most studies described online interventions to reduce binge 
drinking among young people .[10, 13, 16, 17]
A brief online intervention consisted of a combination of messa-
ges that focused on [1] the main TPB beliefs that underlie binge 
drinking, [2] self-affirmation manipulation to reduce defensive 

(Risk-Taking/prevention and 
control”[Majr] OR “Binge 
Drinking/prevention and 

control”[Majr] AND
(“adolescent” [MeSH] OR

“child” [MeSH] OR “young 
people”[TiAb] (n=78)

Eligible articles PubMed:
• Bo et al (2018)
• Norman et al (2017)
• Teesson et al (2017)
• LaBrie et al (2016)
• Jander et al (2016)
• Dietrich et al (2015)
• McCambridge et al (2013)

Included articles:
• Bo et al (2018)
• Norman et al (2017)
• Teesson et al (2017)
• LaBrie et al (2016)
• Jander et al (2016)
• Dietrich et al (2015)
• McCambridge et al (2013)

Articles screened by title  
and abstract (n=68)

No full-text available for  
Erasmus MC (n=10)

Exclusioncriteria:
• Not a RCT or SR (n=32)
• Not about the primary 
preventation of binge drin-
king. (n=26)
• The intervention was 
not proven effective or 
was proved unsuccessful. 
(n=2)
• Due to the specification 
of the participants, was the 
intervention not applicable 
to online challenges (n=1)

Additional literature:
• French Ministry of  
Education (2011)

Figure 2- Flowchart of literature primary prevention

Research article
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processing of the information and [3] implementation intentions 
(if-then plans to prevent binge drinking, so that positive inten-
tions are translated into behavior). The TPB messages caused a 
significant reduction in the frequency of binge drinking. There 
were no significant effects on self-affirmation and implementa-
tion intentions.[10] 

Two studies described a serious game with feedback as an 
online intervention. The focus of the feedback was to clarify 
general and personal consequences of alcohol consumption, in 
an attempt to change attitudes towards binge drinking. This in-
tervention reduced binge drinking among young people.[13,16] 

The timing of the interventions is important for their effective-
ness. If the social and physical environment of the participants 
are in a state of change, it is easier to change certain beliefs. An 
example of such a period is the transition from high school to 
university.[10] 

Prevention measures DOC
The guide on dangerous games and violent practices of the 
French Ministry of National Education recommends that the 
prevention of DOC should be part of a broader policy drafted by 
educational institutions, for the prevention of different types of 
risky behavior. The possible prevention measures must concern 
the entire community. The aim of prevention is to provide infor-
mation about the existence of DOC, signs of participation and 
possible health risks. It is important that school principals warn 
other schools and institutions about DOC. Interventions should 
promote the self-respect of young people and the expression of 
emotions. According to the Ministry of National Education, va-
rious parties should offer support, such as doctors, school secu-

rity, the Ministry of Internal Affairs and the National Federation 
for Victim support.[5]

Fieldwork
Interviews with students
Of the total 23 schools approached, 2 were cooperative in con-
ducting interviews among the children. A total of 34 children -- 
12 boys and 22 girls -- between the ages of 10 and 12 have been 
questioned using a semi-structured interview style (table 1).
 
Online challenges performed
All of the children had performed at least one (non-DOC) chal-
lenge, and 21% had performed the cinnamon challenge. In 82% 
of the cases the challenge was carried out in the home of the 
interviewee or in a friend’s home. Moreover, 82% performed 
the challenge in the company of friends and/or family members, 
while the remaining 18% was alone. 82% of the interviewees 
noted that they would not have carried out the challenge in case 
their parents would have disapproved of the challenge in ad-
vance. Furthermore, 85% had informed their parents prior to 
performing the challenge. Luckily none of the interviewed had 
performed a true DOC, ignoring the debatable safety of the cin-
namon challenge.

Possibilities for prevention
Of the interviewees who indicated that a school-based informa-
tion session would be an effective preventive measure against 
participation in DOC (85%), 72% was convinced that this infor-
mation session should be given by an expert or by an individual 
with personal experience with DOC. 27% of the interviewees 
proposed another preventive measure, namely spreading the 
stories of children who have suffered serious consequences or 
even death after performing a DOC. In addition, 44% of the 
interviewees believed that parents should not give their children 
permission to carry out a DOC.

Survey among parents
A total of 65 surveys have been completely filled in by parents 
(table 2). Of the participating parents, 37% was not familiar with 
the term ‘online challenges’ in general. 23% knew at least one 
person who had participated in a DOC, and within this group, 
20% was aware of a death as a result of a DOC. Moreover, 42% 
of the parents indicated that they had discussed the topic DOC 
with their child(ren). De main reason for this was to discuss 
the potential dangers of DOC. Within the group of parents who 
had not discussed DOC with their child(ren), 18% specified that 
they did not believe that their child(ren) would participate in a 
DOC. Lastly, 55% of the parents responded that discussing the 
topic and making sure that talking about DOC is acceptable are 
important preventive measures.

Table 2 - Outcomes of the survey among parents

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable

Number and age of the children
             Median number of children in the 

household
             Average age of the children
Knowledge among parents
           Familiar with online challenges
            Knowledge about the participation 

of their children in a DOC
           Person in environment participated
             Familiar with a victim of DOC 
             Of which deadly
           DOC discussed with own children
Reasons for discussing
            Potential hazards
            An event related to DOC
            Other reasons
Reasons for not discussing
           Unaware of existence of DOC
           Unaware of the hazards of DOC
            Thinks that own child will not 

participate in a challenge
             Other reasons
Methods for prevention
            Make it discussable
            Provide information

Number and share of  
completed surveys (n=65)                          

2

13,8
 
41 (63%)
3 (5%)

15 (23%)
4 (6%)
3 (5%)
27 (42%)
 
22 (34%)
3 (5%)
2 (3%)
 
12 (18%)
4 (6%)
12 (18%)

10 (15%)
 
36 (55%)
16 (25%)

Research article



Erasmus Journal of Medicine • 14th issue - February 202046

Survey among teachers
In this study, 215 surveys have been filled in by teachers (table 
3); 95% of these teachers were familiar with the term ‘online 
challenges’, of which 37% were familiar with the term ‘non-
oxygenation challenges’ (figure 3).
According to the responding teachers, the main motive to parti-
cipate in DOC is social pressure (50%). 6% of the teachers were 
aware of a death as a result of a DOC. In cases of injury or death 
as a result of a DOC, 59% was the result of a non-oxygenation 
challenge. Almost half of the teachers (47%) had discussed the 
subject of DOC with students, mainly due to its topicality.

According to 56% of the responding teachers, not a single mea-
sure to prevent DOC was available through the school at which 
they work. 13% agreed that prevention is the responsibility of 
the parents. 61% of the teachers noted that information sessions 
given by an expert or by an individual with personal experience 
with DOC would be the most effective preventive measure (fi-
gure 5).

According to the survey responses, counterproductive preven-
tive measures would be prohibition of DOC (56%) and making 
discussion about the topic a taboo (11%).

Interviews with experts
Three medical professionals (dr. van der Lely, dr. Oosterhof, dr. 
Bonekamp-Verbrugge) and one expert on the basis of personal 
experience with DOC (Mr. Reynders) have been interviewed in 
this study. All agreed that knowledge among adolescents about 
DOC should be improved. According to dr. van der Lely, dr. 
Bonekamp-Verbrugge and Mr. Reynders, parents are not suf-
ficiently aware of the existence and the dangers of DOC. Howe-
ver, both dr. van der Lely and dr. Bonekamp-Verbrugge noted 
that parents should be the ones to inform their children about 
DOC and its dangers. On the contrary, dr. Oosterhof and Mr. 
Reynders mentioned that it should not be the task of parents to 
inform their children, but rather the task of health professionals, 
experts or an authority. In addition, dr. Bonekamp-Verbrugge 
and dr. van der Lely argued that the government also has a res-
ponsibility in controlling participation in DOC, by providing 
information and enforcing regulations.
 
Furthermore, dr. Oosterhof indicated that there is currently an 
underestimation of the problem of DOC among physicians. She 
suggested that this underestimation is caused by a lack of educa-
tion on online behavior in the training of physicians. Dr. Bone-
kamp-Verbrugge specified that further training for physicians on 
online problems among adolescents exists, but that it is mainly 
focused on the medical issues and not on the social aspects of 
DOC. In addition, this further training is non-compulsory and 
therefore, not all physicians choose to follow this training.
Both dr. Bonekamp-Verbrugge and Mr. Reynders mentioned 
that it is essential that schools do not avoid the topic of DOC, 
but work to make this topic a point of discussion. Mr. Reynders 
indicated that schools are unjustifiably apprehensive to discuss 
DOC with their students, in fear of potential adverse effects. 
However, providing information is essential to make adoles-
cents aware of the risks of participation in DOC.
 
Lastly, dr. van der Lely suggested that an epidemiological ana-
lysis of the incidence of participation and injuries after DOC 
is necessary, prior to the development of preventive measures.

Figure 3 - Most mentioned online challenges by teachersTable 3 - Outcomes of the survey among teachers

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variable

Teachers
Primary school teachers
            Secondary school teachers
            Median age students
Knowledge among teachers
            Familiar with online challenges
             Familiar with non-oxygenation 

challenges
             Familiar with a death due to DOC
             Familiar with injury due to  

non-oxygenation challenges
Discussability of the topic and respective 
reasons
            Discussed with students
            Topical issue
            Safety of the students
            Alert role teacher
            Experience with DOC
            Routine
            Other reasons
Motives of DOCs known to teachers
            Social pressure
            To act tough
            Curiosity
            Ignorance of the dangers
            Fear/uncertainty
Prevention measures
            No prevention available
            Seen as task of the parents
             Information by an (experience) 

expert should be provided
Adverse prevention measures
            Prohibition
             To provide too much attention to 

the problem
             Treated as topic not open for 

discussion
            Punishment
            To frighten about DOC

Number and share of  
completed surveys (n=215)

95 (44%)
120 (56%)
11-15
 
 205 (95%)
78 (36%)

12 (6%)
7 (3%)
 

102 (47%)
37 (17%)
24 (11%)
11 (5%)
7 (3%)
12 (6%)
11 (5%)
 
108 (50%)
54 (25%)
34 (16%)
13 (6%)
6 (3%)
 
121 (56%)
27 (13%)
130 (61%)
 

120 (56%)
28 (13%)

24 (11%)

18 (8%)
13 (6%)
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Approach of schools
A total of 23 schools have been contacted for participation in 
this study, of which 14 schools have been visited in person. 
Only two of these schools were willing to participate in the 
individual interviews with students. The remaining 21 schools 
did not agree to be part of our study. The 23 schools were se-
lected at random, and after making contact it was discovered 
that three students who had attended these schools had died af-
ter participating in a DOC. These three schools in question re-
fused to partake in this study, stating the delicacy of the topic to 
both students and teachers as the primary reason. Overall, four 
schools refused participation in this study due to the delicacy of 
the topic, while five other schools stated that they were too busy 
with ongoing studies and six schools did not reply after multiple 
attempts to contact them. Six schools agreed to distribute the 
survey for teachers among their employees. 

discussion
This is, to our knowledge, the first study in which prevention of 
DOC among young people is studied. The results of this analy-
sis show that education by an (experience) expert concerning 
DOC and child health, combined with improved information 
provision for parents, could contribute to prevent the partici-
pation of young people in DOC. This conclusion is supported 
by the literature about proven effective prevention measures 
against binge drinking among young people. In addition, the li-
terature suggests that education should be supported with online 
interventions and parenting strategies.

The results from the interviews with primary school students 
and from the surveys among parents and teachers show that 
education by an (experience) expert is considered to be the most 
effective prevention measure. This is in line with the vision of 
some of the interviewed (experience) experts themselves. The 
education needs to emphasize the fact that participating in a 
DOC is very dangerous, especially when the DOC is performed 
by a person alone. Another conclusion is that parents are insuf-
ficiently familiar with DOC. The survey among parents shows 
that 37% of the parents has never heard of the term ‘online chal-
lenges’ in general. Moreover, a significant share of the parents 
that were aware of the phenomenon decided not to discuss it 
with their child(ren). Parents underestimate the chance that their 
child participates in a DOC and are generally unaware of the 
risks of DOC. However, our fieldwork, conducted based on in-

terviews and surveys, demonstrates that a majority of the child-
ren has participated in at least one online challenge. The chal-
lenges were performed at home in 82% of the cases. In addition, 
82% of the interviewed children stated they would listen to their 
parents if they would forbid them to participate in DOC. These 
results show that increasing the parents’ knowledge and impro-
ving the communication between parents and their child(ren) 
about the topic are important bases for prevention measures. 
This could be accomplished through parent-based interventions.

In contrast to the limited knowledge of parents about DOC, tea-
chers often appear to be well informed about the existence of 
this phenomenon. Some teachers stated that too little is being 
done to prevent participation in DOC. This shows that there in-
deed is support among teachers for the implementation of pre-
vention measures. However, the generally rejective attitude of 
schools towards our request to conduct interviews among their 
students was striking (figure 6) and could be seen as a limitation 
of this study. Of the 23 approached schools, 41% indicated that 
they were not willing to participate in this study and 27% did 
not respond after multiple inquiries. None of the approached 
middle schools were willing to participate in an interview. The 
reasons stated to refuse participation in this study were similar 
to the issues the experts Mr. Reynders and dr. Oosterhof indi-
cated, namely that the subject is too delicate. In addition, 55% 
of the schools stated that they did not prioritize this study due 
to a busy schedule. Three of the approached schools had expe-
rienced a death among their students as a result of participation 
in a DOC. 

Figure 4: Reasons to discuss DOC with students

Figure 5: Effective prevention measures according to teachers

Figure 6: Results of approach schools
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However, none of these schools were willing to participate in 
this study. A likely explanation of the high number of rejecti-
ons received after approaching schools for this study, is that the 
management of these schools feared that bringing up the topic 
would only encourage students to participate in a DOC. Howe-
ver, as stated by Mr. Reynders, this is an unsubstantiated fear. It 
is important that schools are well informed about the expected 
positive effect of education about DOC. 

Another limitation of this study is the small amount of availa-
ble literature about DOC. Therefore, our literature review was 
primarily focused on the already extensively investigated pre-
vention of binge drinking. These prevention measures, however, 
could form the basis for the prevention of DOC. Despite the fact 
that there are differences between these two subjects, such as 
in terms of age and level of awareness about the risks among 
parents and schools, there are also some important similarities: 
peer pressure, uninformed parents and health hazards apply to 
both subjects. These similarities may make it possible to use the 
prevention of binge drinking as a guideline for the development 
of prevention measures against DOC.

The literature research shows that the TPB offers a strong the-
oretical basis for the development of interventions to change 
behavior.[10] This theory can be used as a starting point for the 
development of prevention measures against DOC. Some of the 
prevention measures against binge drinking could clearly also 
be suitable for the prevention of DOC, such as parent-based in-
terventions focused on parenting strategies and communication 
between parent and child on the topic. Short online interventi-
ons could also be successful, because these interventions have 
the potential to reach a large group of young people from dif-
ferent social classes and of different age groups. Lastly, school 
interventions such as educational courses about DOC should be 
developed. Participation in DOC happens more often in secon-
dary school than in primary school.[3] Moreover, the timing of 
the interventions has proven to be important for their effective-
ness.[10] During significant life transitions, the beliefs of young 
people are more amenable to change. It is therefore desirable 
to carry out school interventions during the period of transition 
from primary to secondary school.
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abstract 
Acute pancreatitis is an acute inflammatory disease of the pan-
creas, which can be complicated by pseudocysts or walled-
off pancreatic necrosis. Most pseudocysts are asymptomatic, 
but some may present with abdominal pain, weight loss and/
or jaundice. If the pseudocyst is symptomatic, treatment is in-
dicated. The European Society of Gastrointestinal Endoscopy 
(ESGE) guidelines recommend a step-up approach with per-
cutaneous or endoscopic drainage as first treatment option.[1] 
Endoscopic drainage consists of transmural placed pigtail stent 
with one side in the fluid collection, and the other side in the lu-
men. The goal of this treatment is to facilitate a way to drain the 
fluid collection or pseudocyst into the lumen.  Complications of 
this treatment can be stent occlusion, migration, recurrence of 
the fluid collection and secondary infection.[2] The ESGE re-
commends that these stents should be left long-term in-situ.[1] 

Case presentation
A 84-year old male presented to the emergency department with 
nausea, vomiting and dysphagia since four days. He had a me-
dical history of pancreatitis five years earlier which was com-
plicated by recurrent fluid collections, for which he underwent 
trans-gastric drainage. Endoscopically placed pigtail stents were 
left indwelling since then. 

On admission, patients vital signs were normal. Laboratory 
tests showed an elevated CRP of 74 mg/L, increased leukocyte 
count of 10.6 x 109/L,  and a lipase of 84 U/L. Computed tomo-
graphy (CT) of the abdomen demonstrated a small remaining 
peripancreatic fluid collection (figure 1), with the distal ends 
of two double pigtail plastic stents positioned in the collection. 
However, the proximal end of the plastic pigtail stents were lo-
cated at the height of the lower esophageal sphincter (figure 2 
and 3). Subsequently an upper gastrointestinal endoscopy was 
performed. The proximal ends of the plastic pigtail stents were 
seen in the lower part of the esophagus (figure 4), and the stents 
were removed by a grasping forceps. Immediately after remo-
val of the stents the patient was free of symptoms and the day 
after could be discharged from the hospital. Further treatment 
was not indicated on the short term, as the patient was asymp-
tomatic. However, three months after removal of the stents, the 
patient had to undergo an open marsupialization of the cyst. In-
formed consent was obtained after the surgery. 

an uncommon cause of dysphagia
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Figure 1: CT scan of fluid collection

Figure 2: CT scan of stents in esophagus
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discussion
Although migration of pigtail stents occurs frequently (5.1-
16.6%), this is the first case report to describe proximal stent 
migration to the esophagus causing dysphagia.[3,4] This case 
report shows that besides the more common causes of dyspha-
gia migrated pigtail stents should be included in the differential 
diagnosis in patients with a history of endoscopically drained 
pancreatic fluid collections. 
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Figure 3: CT-scan showing the double pigtail stent

Figure 4: Image of gastroscopy showing the proximal end of the double 
pigtail in the lower part of the esophagus
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Instructions for EJM authors

General
The instructions that follow have several purposes. First, we 
want to make life easy for you, the authors, and for the editors 
and peer reviewers, the layout (prepress) people, and the  
journal readers.
 The section Authors instructions storyline, on the website 
(www.erasmusmc.nl/erasmusjournalofmedicine) will help you 
to organize your article in a logical, credible and readable way. 
This will help you - it tells you what goes where—and, thus, 
save you time. It will help the editors and peer  
reviewers—they will easily see the credibility and relevance 
of your work— and, thus, save them from writing rejection 
letters. And, it will help readers to quickly and easily read and 
understand your work and see its value.
 The section entitled Formatting Instructions will help 
you as well; the basic idea is to keep the formatting as simple 
as possible, so you can focus on content and not get involved 
with layout. The language editor and the prepress people will 
also be able to more efficiently do their jobs. Please follow 
these instructions. 
Please be aware that we will have to return papers that do not 
conform to these instructions to the authors.

What you can enter
Research news - Research articles describe one study or 
analysis, usually from an elective research project or one 
of the masters programs. Number of words: max. 3500 + 4 
figures or tables.
Extended abstracts - Extended abstracts consist of a 
condensed presentation of final or preliminary results of a 
study. Extended abstracts can concern ongoing research that 
is not yet published elsewhere which is comparable with a 
congress presentation thus does not require copyright transfer. 
An extended abstract can also be submitted after publication in 
another Journal if possible with extra figures, this does require 
proper referencing. Number of words: 350 words + 1 figure or 
table. 
Research papers - Here researchers or teachers describe 
ongoing research projects at the Erasmus Medical centre for 
which they want to invite students to participate. Number of 
words: 350. 
Systematic reviews - A systematic review is a literature 
review focused on a research question that tries to identify,  
appraise, select and synthesize all high quality research  
evidence relevant to that question in a quantitative way.  
Systematic reviews of high-quality randomized controlled 
trials are crucial to evidence-based medicine, and are  
considered very important by the editorial board of EJM. 
Besides health interventions, systematic reviews may concern 
clinical tests, public health interventions, social interventions, 
adverse effects, and economic evaluations. Number of words: 
3000 + 3 figures or tables. 

Opinion papers - These are papers that reflect the opinion 
of the author on a scientific topic. The author should be clear 
where evidence ends and personal opinion starts. A paper 
typically has a length of about 1000 words.
Clinical lesson/question - A clinical lesson should present 
a scenario and a concrete related question about a disease or 
condition, the article should elaborate on possible approaches 
or treatment options for this disease or condition. Conclusion 
should provice a solid evidence based conclusion on the  
preferred approach or treatment. Number of words: 1000 + 1 
figure or table. 
Case reports - A case report consists of the initial  
presentation, medical history, examination, tests performed, 
eventual outcome and discussion on the case backed up by 
scientific literature. Number of words: 900 + 1 figure or table. 

Clinical quiz - A clinical quiz should present a scenario and 
a concrete related question about the disease or condition, 
preferably accompanied by a clinical image, and four plausible 
treatment options or courses of action. Conclusion should 
elaborate on which is the correct option and why. Number of 
words: 600 + 1 figure or table. 
Clinical images - Clinical images should present a typical  
abnormality on a photograph/imaging tests of a patient or on 
an additional investigation. It must be accompanied by an  
elaboration on the clinical diagnosis. Number of words: 350 
+ 1 figure. Make sure that the patient is not identifiable or 
that the data presented traceable to the patient. Additionally, 
written consent should be obtained from presented patient. 
We expect the author to refer to scientific literature to back up 
their case presentations.
Comments - In this section editors, or faculty staff, as well 
students are invited to write a short critical comment on a 
paper, putting it into perspective for a broader medical public 
readership. Number of words: 350.
Letters to the editor - The editorial board encourages 
students to write a letter to the editor to comment on published 
papers, or on the journal in general. These will be published 
on the website of the journal. Letters should not exceed 200 
words and may be abbreviated by the editor. 

The review process
Papers may be submitted to the editorial office. Please indicate 
which author will act as corresponding author. We expect this 
author to maintain contact with the other authors and to speak 
and decide on their behalf.
 Each paper will be assigned to a team consisting of a  
managing editor and an associate editor. Each submitted paper  
will be checked for compliance with the author instructions. If 
this is not the case, the paper may be returned to the author. 
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Instructions for EJM authors

 When the paper is taken into review, it will be sent out 
to two external reviewers, a student and a staff member of 
Erasmus MC. Based upon these reviewers comments, their 
recommendations and the opinion of the editorial team, a 
decision will be made: reject, major revision, minor revision, 
accept with or without minor changes.
 The paper will then be returned to the corresponding  
author, along with the recommendation. We try to return 
papers within 3 weeks after submission. When a paper is 
rejected, it cannot be resubmitted, but we encourage  
resubmissions when we recommend major or minor changes 
to a paper. Resubmitted paper will be reviewed again by the 
same reviewers and editorial team.
 Before a paper can be accepted for publication, we will 
need a statement that the staff member that supervised your 
work agrees with the submission of your paper. Moreover, 
we need a signed Copyright Transfer Agreement (CTA) and 
a signed Conflict of Interest statement. When your research 
project involves patients or volunteers, we need a statement 
in the paper that the research protocol has been reviewed by a 
Medical Ethics Committee. Failure to provide this information 
at an early stage of the submission may impair the review 
process. 
 When a paper is accepted for publication, it will often  
be forwarded to our language editing and restructuring  
editors. They will each in turn give recommendations and ask 
the author adapt the paper accordingly. When this phase is 
completed, the paper will be forwarded to the publisher.  
Page proofs will be sent to the author for a final check.

Formatting instructions
Entry format - Papers should be submitted by email, to
ejm@erasmusmc.nl. Word 2007 files are preferred for the  
initial submission. The file should include all figures and 
tables. 
Title page - The title page should clearly identify the 
authors, the institute where the research project was carried 
out, as well as the staff member who supervised the project. 
The corresponding author name (first name and family name), 
email address, student id, should be clearly indicated. In case 
of multiple authors, state functions and departments only in 
superscript in alphabetical order.

Example:
First name A.G. Family namea and First name W.F. Family 
namea Supervisor: First name R. Lastnameb

a   Medical students, Erasmus MC University Medical Center  
Rotterdam, the Netherlands

b   Dept. of Internal Medicine, Erasmus MC University Medical 
Center Rotterdam, the Netherlands

Correspondence: First name A.G. Family name,  
email: FirstnameFamilyname@me.com.

Structure - Please use the following sections in all papers 
(except in comments and opinion papers): Abstract,  
Introduction, Methods, Results, Discussion, References, 
Tables, Figures.
References - Number references in order of appearance.
References should have the following format:
Rothwell, P. M. Medical and surgical management of  
symptomatic carotid stenosis. Int J Stroke. 2006; 1: 140-149. 
(I.e. year;vol:ppp-ppp) In case of more than 3 authors, name 
the first 3 and insert “et al.”. Limit the number of references 
to 30. References should appear in the text as follows: “… 
treatment is of proven benefit.[1]”
Tables and figures - Tables and illustrations (both  
numbered in Arabic numerals) should be prepared on separate 
pages. Number tables and figures separately and consecutively. 
Tables require a heading and figures a legend, also prepared 
on a separate page and should be formatted with a text editor 
(example). Figures should be submitted electronically. B/w 
half-tone and color illustrations must have a final resolution of 
300 dpi after scaling, line drawings one of 800-1,200 dpi (jpg 
and tiff is an acceptable format). Please note that all  
color-figures will be converted to gray tones. Please adapt 
graphs to suit this format, i.e. make use of dotted and dashed 
lines and hatched bars instead of colored items.. The final 
submission should contain figures as JPG or TIFF files.

Page layout
• Standard margins
• no headers or footers
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• left align (ragged right)
• font: 12pt Arial
• single line spacing
• main headings 14 pt bold; subheading 12 point italic
•  indent every paragraph, except after headings, tables, bul-

leted lists or figures

Other formatting
•  number all tables and figures sequentially
•  place tables and figures at the end of article; insert captions 

at correct locations in body text
• no text boxes
• no footnotes or end notes
•  do not submit figures with text as drawing objects (they  

cannot be edited)
•  limit the use of italics and do not use italics for simple 

emphasis; do not italicize quotations; quotation marks are 
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•  do not use italics for commonly understood Latin  
expressions such as “in vitro”

•  use italics for other foreign words, such as expressions in 
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Instructions for EJM authors

introduction
1.  What is the health-related problem that your  

research helps to solve?

2. What is your strategy to solve the problem?

3. What is your research question/hypothesis?
  Whether a question or a hypothesis, state it in terms of  

2 items:
 •  variables: the measurable/observable independent and 

outcome variables that you measured/observed and 
  •  relationships: the relationships between those variables 

that your data analyses were designed to determine.

4.  The core concept of the methods you used to answer the 
research question

  Briefly describe the core concept of the methods at the  
end of the Introduction section. This helps readers to 
understand the complex details that are then presented in 
the Methods section

Methods section 
Organize the details of the Methods section under subheadings.
Possible subheadings:

What was studied and study design (subheading)
Describe the details of 
−  what was studied: sample from a patient/animal  

population, and 
−  the design of the study: case-series, cohort study,  

case-control study, randomized trial, etc.

Data collection (subheading)
Describe the details of how the data was collected/observed
 Note
  Observable variables will be credible only if qualified 

observers and validated instruments were used to assess 
them. Examples of observable variables include patient 
symptoms, subject responses to open interviews/ 
questionnaires, ultrasound/MRI/CT images, assessments 
of articles in a literature review etc. In such cases, build 
credibility in the Methods section; report “who” observed 
and interpreted the data. For example, “An experienced 
radiologist interpreted the images.”

 Note 
  When reporting on decisions/judgments that were made, 

use the “we” form—take responsibility for what you did. 
 Note 
  The Methods section reports historical facts and must be in 

past tense. 

Data analysis (subheading)

results section
5. The core concept of the Results
  Briefly describe the core concept of the results in a short 

paragraph at the beginning of the Results section. This 
helps readers to understand the details that follow. Note 
just as in the Methods section, this section reports  
historical facts and must be in past tense.

Then organize the details of your Results under sub-headings, 
for example:

Patient/animal characteristics 
Data 
Statistical results 

discussion section
Structure your Discussion to focus on 4 core concepts  
(6, 7, 8, and 9 below).
6. The answer to your research question 
   Present this right at the top of the Discussion section—the 

very first sentence,  a present tense statement that  
expresses—to the best of your knowledge—how the world 
works as related to your research question/hypothesis. It 
is a direct answer to the question/hypothesis stated in the 
Introduction. 

7. Support that answer?
 a)  how your factual findings, (expressed in past tense), 

support your answer. 
 b) relating the findings of others to your answer.  
 c)  theoretical considerations that support your  

answer. 

Limitations (subheading)
8. The limitations to that answer 
  Focus explicitly on limitations related to possible confoun-

ders:  
 • sample size
 • specific locations/medical centers of your study, 
 • possible ethnic/cultural variables, 
 • uncontrolled patient/subject characteristics and 
 • underlying assumptions.

Conclusions (subheading) 
The Conclusion is not a summary, but should focus on the 
consequences of your work. Structure this subsection using 
separate paragraphs that state 2 main messages (9 and 10)

9.  What are the practical/theoretical consequences of your 
answer?

  The value—relevance— of your work: how it helps to 
solve the problem described at the beginning of the  
Introduction. 

10.  What is a next step to help solve the original problem?
 • a new research question to be answered 
 •  a refinement of the present study to reduce limitations 
 • a protocol to implement the findings in the clinic 
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Instructions for EJM reviewers

For the convenience of our future contributors and 
our readers, we publish here the advice we give to 
our reviewers.

In the process of reviewing a paper, please refer to the  
following points:

•  Your first step should be to evaluate your relationship  
with the authors. To ensure the credibility of the process, 
reviewers should not have a conflict of interest with the  
authors. If this is a case, the paper should be appointed to 
other reviewers. Please keep us informed whether conflict  
of interest is an issue for you as an appointed reviewer.

• Is this work relevant and interesting for EJM? 
• Are the objectives appropriate and clearly stated?
• Are the data valid?
• Are the conclusions valid and properly supported?
• Is the already existing work described adequately?
• Paper structure/organization; is this logical?
• Does abstract clearly convey meaning of the paper?
•  Is the paper well written and can be easily understood? 

(Please keep in mind that students don’t have the experience 
to reed throughout the paper very quickly and to understand 
everything in a research paper at the first glance)

• Are all sections really needed, or could they be shortened?
•  Is the science reliable? Please, be aware of ethical issues 

such as plagiarism!
 Comments should be detailed and specific. Mentoring the 
authors includes helping authors improve their paper under 
review even if these papers will/could not be accepted for 
publication in our journal. By careful reviewing, you will help 
improving the quality of papers published elsewhere too. Avoid 
vague complaints and provide appropriate citations if authors 
are unaware of the relevant work. 

 Please consider a manuscript received for reviewing as a  
confidential document and do not discuss the content of this 
paper with others. To maintain the validity of this process, you 
should never contact the authors about the paper under review. 
 The review process serves two important goals: providing 
guidance to the authors to improve the quality of their paper,  
and providing the editor or editorial board with valuable  
recommendations regarding the acceptance or rejection of the  
peer-reviewed papers (along the whole spectrum of major  
revision- minor revision- rejection). So it is important that you 
give comments to the authors, and to the editor in separate 
sections. Please use the provided form, because this makes life 
easier for you, the editor and the authors.
 EJM is committed to rapid editorial decisions and  
publication. We request that reviewers return their comments 
within the time indicated at invitation. If any unanticipated  
difficulties arise that may prevent you from submitting the 
review on time, contact us by sending an email to the editorial 
office at ejm@erasmusmc.nl. You are welcome to contact us if 
you have any questions. 
 For more information about guidelines for the review 
process, please visit our website: www.erasmusmc.nl/ejm.  
We also recommend you to view the presentations of the EJM  
workshop on our website. Here you can find instructions about 
how to scan through a paper and grab its essence, and how to 
structure your comments to the authors and to the editor. 
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