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Foreword

We are pleased to present this 15th issue of the Erasmus  
Journal of Medicine. The Corona virus had a major impact on 
the educational and research programs within Erasmus MC.  
Nevertheless, we have received several nice articles, written by 
our medical students, which we were happy to accept. The topics 
that are being addressed vary largely, ranging from the influence 
of pregnancy on weight loss after bariatric surgery to screening 
for abdominal aortic aneurysm, and everything in between. We 
trust, you will enjoy reading.

The current issue appears at the start of a new academic year. 
Especially our first year bachelor students should be aware 
of the value of the Erasmus Journal of Medicine as an extra-
curricular educational instrument, aiming to awake and develop 
research skills. The doctor of the future not only applies state-
of-the art knowledge, but is, ideally, also capable to shift the 
border between the known and the unknown. That is why we 
encourage (even our bachelor) students to combine education 
with research, and to publish their research findings. The Eras-
mus Journal of Medicine provides a low-threshold platform in 
this respect.

We appreciate that Covid-related measures will continue to in-
fluence socio-educational life of our students, despite attempts 
to soften the effects. However, speaking of ‘unknowns’, Covid 
provides many opportunities for medical research, as the SARS-
CoV-2 virus affects multiple aspects of human health, which are 
yet not understood. Several of our (master) students are involved 
in Covid-related research at Erasmus MC. They are cordially 
invited to publish their findings in our Journal!

Prof. Maarten Frens, pro-dean Education

Prof. Eric Boersma, chair of the editorial board
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In this issue of the Erasmus journal of Medicine, a systematic 
review by De Lange et al. determined the effectiveness of in-
trathecal (IT) morphine compared to epidural (EP) morphine or 
intravenous Patient Controlled Analgesia ( i.v. PCA) morphine 
for postoperative analgesia after cesarean section (CS). Up until 
this moment, a lack of research into this topic on effectiveness 
and occurrence of adverse events prevents the development of 
a standardized guideline. This study found no difference in the 
effectiveness of IT morphine compared to EP morphine and i.v. 
PCA. IT morphine, however, seems to be more effective than i.v. 
PCA as postoperative analgesia after a CS. [1]

IT morphine is still considered to be the golden standard for the 
administration of neuraxial opioids for post-CS-pain manage-
ment. The main reason for this is the lower dosage that can be 
administrated through IT morphine, which results in a lower 
chance of neonatal drug transfer.

A study showed that the optimal dose of IT morphine for all pa-
tients has not been determined. EP morphine, on the other hand, 
has an optimal dose of 2 to 4 mg. [2] So, the likelihood of giving 
higher dosages than necessary can increase the risk of develo-
ping side-effects with the use of IT morphine. Morphine is a 
dangerous analgetic and there is little flexibility in the dosage 
that can be used. Therefore, the absence of an optimal dose of 
IT morphine influences the safety of it. In clinical practices this 
may translate in dosages with lots of variation and consequently 
negative side-effects. [3]

All the included studies were of high quality, only one of the 
included studies was of moderate quality. The definition of the 
VAS scores, however, was different among the included studies. 
For instance, one study used a 0-100 VAS, another study used 
a 1-4 VAS and another study looked at the 0-100 VAS score 
throughout the 24 hours observation period. This causes a higher 
(statistical) heterogeneity between studies. Because of this, only 
four studies were used in the meta-analysis, which is a relati-
vely small amount of studies. All these differences may have 
influenced the results of this study. We believe that the conclu-
sion of this study might have been different if all studies used a 
consistent definition of the VAS-scale. If the circumstances were 
kept the same, one type of morphine administration might have 

T.D.R.E. Williamsa, b, D.T.R.E. Williams a,b, R.J.M. Mijnster BSca, b

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

shown statistically better results than another type of morphine 
administration. Overall, this systematic review is a relevant 
study which explored the effectiveness and side-effects of three 
often used methods of morphine administration.
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Opinion Paper

Screening for Abdominal Aortic 
Aneurysm in Men aged 65+:  
Ethically Justified or  
Reprehensible? 
Renske van Rieta 
aMedical student, Erasmus MC University Medical Center Rotterdam, The Netherlands 

Correspondence: Renske van Riet, e-mail: 445318rr@student.eur.nl 

Dilemmas concerning screening 
“I have to choose between surgery, which can be life-threate-
ning, or no surgery, which can also be life-threatening,” says 
a man who was diagnosed with an abdominal aortic aneurysm 
(AAA) after screening.[1]
An AAA is a weakening of the aortic wall due to chronic de-
generation and inflammation. A ruptured aneurysm can have  
serious consequences. In the Netherlands, an AAA rupture has a 
mortality rate of approximately 50%.[2,3]
In Sweden, England and America, an ultrasound screening for 
AAA has been introduced for men aged 65+ in order to diagnose 
and treat AAAs at an early stage. Men this age are most at risk 
for AAA.[2,4]
Before AAA screening can be introduced in the Netherlands, a 
number of criteria must be met. For example, there must be evi-
dence of effectiveness, the benefits have to outweigh the disad-
vantages and there must be a balance between the costs and net 
benefits of screening.[5]
Screening also entails disadvantages such as overdiagnosis and 
overtreatment. Overdetection and overtreatment of aneurysms 
that would not have caused any symptoms or would not have 
been the cause of a person’s death, could lead to physical and 
mental consequences.[6-8] 
A number of ethical dilemmas play a role in the introduction 
of AAA screening. Do the health benefits outweigh the harmful 
consequences? Can patients make their own informed decision 
to participate or will their interests be ignored, leading to pa-
ternalism? Paternalism is an interference with a person’s liberty 
of action, expressly for the purpose of promoting their welfare, 
treating them as less than moral equals. At last: does offering 
screening to men aged 65+ lead to an optimal use of resources in 
health care or does this result in an uneven distribution of these 
resources? 
The question is: “Is it ethically justified to offer men aged 
65 and over a one-time ultrasound screening for AAA in the  
Netherlands?” 

Medical context of AAA
An AAA is an infrarenal aortic diameter of 3 cm or more.[9] 
Significant risk factors for the development of AAA are: family 
history of AAA, smoking, male gender and old age.[2,4] AAAs 

often remain undiagnosed because the majority is asymptoma-
tic. In some patients, an aneurysm rupture will occur, leading 
to symptoms as abdominal pain, passing out, rapid heart rate 
and shock. Ruptures are acute and usually fatal (59% to 83% 
dies before reaching the hospital).[10] In the Netherlands, the 
mortality rate of AAA ruptures is lower than in other countries, 
mostly because the risk of dying during or after surgery is lower 
and partly because more patients reach the hospital in time, since 
health care is well organized and the distance to reach hospitals 
is limited.[3]
Patients are eligible for surgery when the AAA has reached a 
diameter of 55 mm. There are two options for elective surgery, 
namely the insertion of a pant prosthesis into the aortic bifur-
cation (open surgery) or the insertion of a stent into the aorta 
(endovascular aortic repair, EVAR).[11]
According to a recently published report of the Dutch ‘Gezond-
heidsraad’, the prevalence of AAA in the Netherlands is 1-2% 
for men aged 65 and over, which is three to four times higher 
than the prevalence in women.[3]  
Ultrasound is the standard screening method for AAA, due to 
the sensitivity and specificity of 98%.[12] It is a relatively inex-
pensive, non-invasive screening method.[9] In the Netherlands, 
AAA screening costs €4817 for men aged 65+ per year of life 
gained. There is a 70% chance that screening will be cost-effec-
tive if a cost-effectiveness threshold of €20.000 is assumed.[13]

Effectiveness of AAA screening 
A reduction in disease-specific mortality was found by four ran-
domized studies.[14-17] After a single screening of men aged 
≥ 65 years, a significant reduction in AAA-related mortality of 
43% was found after 3-5 years of follow-up. After 13-15 years 
of follow-up, this reduction was 34%.[18] The greatest effect on 
survival gains can be seen in men aged 65 to 75, with an absolute 
risk reduction of AAA-related mortality of 0.16% and a number 
needed to screen of 625.[19] No reduction in overall mortality 
was found. [20,21]
When looking at AAA screening in women, there is insufficient 
evidence for the effectiveness of screening.[14,21] 

Individual patient care in the Netherlands 
Interestingly, by individual patient care, more AAA patients 
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are identified in the Netherlands compared to countries with a 
screening program for AAA. In the Netherlands, AAAs are de-
tected by the GP or a specialist, for example in patients with a 
high risk of developing AAA by smoking or having (a family 
member with) cardiovascular diseases. In the past 20 years, the 
amount of preventive surgeries is strongly increased in the Ne-
therlands and is higher than in other countries, even higher than 
in countries with a screening program for AAA, like England 
and Sweden. Since the fact the indication for surgery and the 
prevalence of AAA is nearly the same in these countries, the 
Dutch ‘Gezondheidsraad’ concludes that the detection rate of 
AAA in the Netherlands is higher.[3]

Negative consequences of AAA screening 
AAA screening doubles the number of preventive surgeries, of 
which the mortality rate is 1,7%.[3,20,22] Complications such 
as myocardial infarction, renal failure and respiratory failure oc-
cur in 3-5% of the surgeries.[3] 
Preventive surgery done after AAA screening in the Nether-
lands, will prevent a maximum of approximately 120-130 extra 
deaths per year. However, approximately 10-12 men will die 
because of the consequences of screening and 30 men will get 
serious complications.[3]

Psychological effects and quality of life 
The psychological effects of being diagnosed with an AAA by 
screening are less easy to quantify than the physical consequen-
ces. It has been shown that moderate psychological damage is 
caused by an AAA diagnosis after screening. Patients can expe-
rience shock, fear, insecurity, regret and the burden to prevent 
others (especially family members) from worrying. However, 
the current quantitative evidence is insufficient to estimate the 
frequency and severity of these psychological consequences pre-
cisely.[8]
Data on the influence of AAA screening on quality of life vary 
widely. According to Lindholt et al., the quality of life was 5% 
lower in men diagnosed with a narrow AAA after screening 
compared to the control group.[23] This decrease in quality of 
life is mainly due to the psychosomatic stress caused by less 
trust in one’s own body. According to Bath et al., diagnosing 
men with AAA by screening results in some mental health pro-
blems up to a year after diagnosis, after which recovery takes 
place again.[24]  

Screening criteria 
In 1968, The World Health Organization published criteria as a 
guideline for the introduction of screening methods.[5] These 
criteria must be met before AAA screening can be introduced in 
the Netherlands. The AAA screening seems to comply with the  
criteria for screening. First, AAA is an important health problem, 
with a prevalence of 1-2% in men aged 65+ in the Netherlands.
[3] It is a condition which can lead to serious consequences if an 
aneurysm rupture occurs.[10] When an AAA is detected early, 
elective surgery is designated to prevent AAA from rupturing, 
but only when the risk of rupture is thought to outweigh the 
operative risk.[2] Furthermore, ultrasound is a non-invasive and 
inexpensive screening method, so screening in the Netherlands 
appears to be cost-effective for men aged 65 and over.[9,13]  

Ethical aspects 
From a utilitarian perspective, screening is acceptable if it re-
sults in a net benefit for the population.[25] A number of ethical 
aspects have to be taken into consideration to determine whether 
the AAA screening complies with this. The question is whether 
the screening is proportional: does the health gain offset the ne-
gative consequences of screening? Does offering screening to 
asymptomatic men lead to paternalism, by interfering with their 
actions and decisions to increase their welfare? 

Beneficence vs. non-maleficence 
First of all, it has to be taken into consideration if the introduc-
tion of AAA screening is proportional, meaning that the positive 
effects outweigh the negative consequences. On the one hand, 
screening provides a minimal health gain, but on the other hand 
AAA results in a real risk of health loss. 
A physician has the duty to promote the health of patients where-
ver possible. Offering a single ultrasound screening to men aged 
65 and over leads to some health benefits. A reduction in AAA-
related mortality is seen.[18,19] However, the absolute risk 
reduction is small and there is no evidence that the screening 
reduces the overall mortality.[20,21] 
Screening can also lead to false positive results, resulting in 
unnecessary examinations, possible health damage and patient 
anxiety. This is contrary to the principle of non-maleficence. 
This principle means that there is an obligation not to inflict 
harm on others. 
There is also lead-time bias, since an earlier diagnosis of AAA 
leads to a longer period of ‘being sick’. 
Moreover, to avoid a single death with screening, 4 men are di-
agnosed with an aneurysm that otherwise would never have been 
detected or would never have caused health problems.[7] Over-
diagnosis leads to overtreatment, from which psychological and 
physical complications, and in some cases even death, can result. 

Autonomy vs. paternalism 
Secondly, there is a discrepancy between autonomy and motiva-
ting people to participate in screening. In the case of screening, 
autonomy means that patients must be able to make their own, 
well-informed decision whether or not to participate. More-
over, this decision must be entirely voluntary. It is important 
that the patient is provided with all the information they need 
to make this decision.[26] People must be informed about the 
consequences, such as follow-up examinations, psychological 
consequences, complications and the mortality risk of treatment. 
However, the frequency and severity of the psychological effects 
caused by screening have not been sufficiently quantified, which 
makes it impossible to inform people sufficiently about this.[8] 
From a paternalistic perspective, one can state that the govern-
ment is obliged to protect the well-being of its citizens. Offering 
a screening for AAA to prevent a rupture could be part of this. 
However, offering a screening is done without anyone having 
asked for it and forces people to make a choice. This can also 
cause people to feel obliged to participate in the screening. Of-
ten, one of the screening goals is to get as many participants as 
possible, while fully informing potential participants about the 
risks is insufficient. In this case, it could be stated that the inte-
rests of the patient are ignored. 
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Justice and cost-effectiveness 
Finally, it is important that the benefits of screening outweigh the 
costs. Justice in screening means that offering screening must 
lead to an optimal use of available health care resources. The 
introduction of screening may mean that fewer resources, such 
as money and the deployment of doctors, are available for other 
forms of health care.[26] 
In addition, according to the principle of justice, equal cases 
must be treated equally. However, this does not mean that eve-
ryone should be treated the same. Offering screening to only a 
certain part of the population can be justified if this group runs 
a demonstrably increased risk of the disorder. AAA screening 
only appears to be effective in men aged 65 and older, partly 
because this group has the highest risk factors.[21] Although 
cost-effectiveness analyses vary widely, AAA screening in the 
Netherlands therefore only appears to be cost-effective in this 
target group.[13] This makes offering screening to other target 
groups unlikely to be effective. 

Conclusions
In conclusion, there is insufficient evidence for the effectiveness 
of AAA screening in men aged 65 and over in the Netherlands. 
For this reason, it is not ethically justified to offer this type of 
screening. Although the screening results in a reduction of AAA-
related mortality, this health gain is very limited and it has se-
veral adverse consequences. This relative health gain does not 
outweigh the damage participants may experience as a result of 
screening, what makes the added value of screening too limited 
to compensate the negative consequences.  
Before the screening eventually can be introduced in the future, 
more extensive cost-effectiveness analyses are needed. In addi-
tion, more quantitative data must be obtained on the physical 
and mental consequences of AAA screening. Only by provi-
ding sufficient information on all important aspects and risks 
of screening, it is possible that potential participants are able to 
make an informed decision about their participation. 
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Abstract
Objective: Several factors may induce a difference in weight loss between pregnant and nonpregnant women who have under-
gone bariatric surgery. This study was performed to better understand the influence of pregnancy on weight loss of bariatric 
surgery.
Methods: Using our inclusion and exclusion criteria we searched for articles on the academic database PubMed. Studies 
that measured at least one outcome on weight loss between pregnant and non-pregnant women after bariatric surgery were 
included. Moreover, only women who delivered a life-born baby were considered in this study. Studies that focused on other 
organisms than humans, studies not in English, conference papers, review articles and studies without full text available were 
excluded from the review. The study defined two separate groups: the pregnant group which consisted of women who had 
been pregnant during the study and the nonpregnant group which consisted of women who not had been pregnant during 
the study. A significant effect means that the pregnant group lost less weight in comparison to the nonpregnant group. The 
retrieved articles were independently screened by all the researchers and this was followed by the screening of full-text articles. 
Thereafter, we assessed the studies using the ErasmusAge quality assessment tool, based on study design, study size, exposure, 
outcome and adjustments.
Results: A total of seven studies were included in this systematic review. The following four outcome measures for weight loss 
were compared: body mass index (BMI), current weight, excess weight loss (EWL%) and total weight loss. Therefore, all the 
studies that were carried out had different results as well because of the different follow-up the studies have. Five studies mea-
sured BMI after bariatric surgery multiple times in the follow-up. Four results within the five studies indicated a significant 
effect. The outcome current weight had one significant effect out of three results, the other two results were non-significant. 
The outcome EWL% has been investigated in six studies in which it has been measured multiple times. Of the nine results, 
three were significant. For the total weight loss, one study found a significant result and another found a non-significant result.
Conclusion: There may be a negative influence of pregnancy on the maximal postoperative weight loss after bariatric surgery. 
However, our study suggests that this is only a short-term effect as two studies with longer follow-up (≥ 60 months) did not 
show a significant effect in the maximal postoperative weight loss within pregnant and nonpregnant groups. Thus, the advice 
is to wait two months with stabilized weight or to wait twelve months after surgery, before pregnancy. Furthermore, it is re-
commended to raise awareness among women about the effects of bariatric surgery in the reproductive age and achieving the 
maximal postoperative weight loss. 

Keywords
Bariatric surgery; pregnancy; weight loss 

Introduction
The prevalence of obesity is a worldwide increasing problem 
and is affecting approximately one in five women of reproduc-
tive age.[1] People with a body mass index (BMI) above 30 kg/
m2 are classified as obese. Obesity has a negative effect on the 
hypothalamic pituitary adrenal axis and the menstrual cycle. [2, 
3] Moreover, obesity can cause adverse pregnancy outcomes 
such as reduced development of the oocyte concerning smaller 
size or stillbirth.[2, 3] As a result, some obese women are less 
fertile.[4] Weight loss through bariatric surgery can increase the 
fertility rate.[5, 6] At the same time, bariatric surgery has some 

negative effects on maternal and foetal outcomes.[7, 8] Therefo-
re, the recommendation for women who want to be pregnant af-
ter bariatric surgery is to wait two months with stabilized weight, 
or to wait twelve months before they become pregnant.[9] A lot 
of women become pregnant unexpectedly before or after this 
waiting advice.[10]
Many studies have researched the effect of bariatric surgery on 
pregnancy, maternal and foetal health. However, there are only 
a few studies that researched the effect of pregnancy on outco-
mes of bariatric surgery. Nevertheless, this can an important is-
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sue because of the hormonal influence of a pregnancy. This can 
change the eating behaviour of pregnant women. Women also 
have a faster metabolism during the pregnancy which can influ-
ence their eating behaviour and this may affect the strict eating 
regime after bariatric surgery.[11] Secondly, the gastric band of 
pregnant women who have undergone a gastric band surgery 
is usually loosened during the pregnancy.[12] This means that 
there is no gastric restriction anymore and women can therefore 
experience a longer time before feeling sated, which induces less 
restricted eating.[13]
Due to these reasons, women who have been pregnant and have 
undergone bariatric surgery may lose less weight in comparison 
to women who have never been pregnant during the study and 
have undergone bariatric surgery. In this case it would be im-
portant to better inform women about bariatric surgery in the re-
productive age and achieving the maximal postoperative weight 
loss. Due to these reasons, we postulate that pregnancy has a 
negative effect on the outcome of bariatric surgery regarding 
weight loss.
Therefore, to better understand the influence of pregnancy on 
weight loss after bariatric surgery, this systematic review was 
performed.

Methods
Search strategy
We searched for articles on the academic database PubMed up 
until the 3rd of October 2019. The following search strategy was 
used:
(“Pregnancy”[Mesh]) AND (“WeightLoss”[Mesh] OR  “Weight
Reduction”[tiab] OR “Weight Loss”[tiab]) AND (“Bariatric 
surgery”[Mesh] OR “Bariatric surgery”[tiab] OR “Metabolic
Surgery”[tiab] OR “Bariatric Surgical Procedure”[tiab] OR 
“Stomach Stapling”[tiab]).

Inclusion criteria
Studies were required to have at least one outcome measure that 
focused on weight loss between pregnant and non-pregnant wo-
men after bariatric surgery. Moreover, only women who delive-
red a life-born baby were included.

Exclusion criteria
Studies that met the following criteria were excluded from our 
review:
i. Studies that focused on other organisms than humans;
ii. Studies not in English;
iii. Conference papers;
iv. Review articles;
v. Studies without full text available.

Outcome measures
This systematic review has compared BMI, current weight, ex-
cess weight loss % (EWL%), and total weight loss% (Table 3). 
Two groups were defined: the pregnant group which consisted 
of women who had been pregnant during the study. Then, the 
nonpregnant group which consisted of women who not had been 
pregnant during the study. However, it is unknown if pregnancy 
could have occurred before bariatric surgery. Furthermore, we 
distinguished short- and long-term results. Short term was de-

fined as < 60 months after bariatric surgery and long term as ≥ 60 
months after bariatric surgery. In this study, a significant effect 
means that the pregnant group lost less weight in comparison 
with the nonpregnant group.

Data extraction methodology
Once the literature search was completed, the retrieved articles 
were independently screened by all the researchers, based on the 
title and abstract. In doing so, the in- and exclusion criteria were 
applied. This was followed by the screening of full-text articles, 
which was done by all authors. Disagreement on the inclusion 
of an article was resolved by discussion between all the authors.

Study analysis
The features of each study were gathered and described in a table 
that was designed a priori.  This included the author’s name, year 
of publication, country, type of study, aim, patient characteristics 
including age at time of pregnancy and/or bariatric surgery, the 
number of patients and the weight loss of the patients, in- and 
exclusion criteria, time of follow-up, type of surgery, outcomes, 
limitations and conclusions. The quality of each study was as-
sessed with the ErasmusAge quality assessment tool 2013. This 
scoring system is based on five items concerning study size, 
study design, exposure and outcome measurement and whether 
key confounders were controlled. A total of 0-10 points can be 
scored, where 10 is representing the highest quality (Table 1).

Results
Search strategy
Our initial search provided 176 studies. In our final narrative 
analysis seven studies were included and analyzed. These arti-
cles were published between 2011 and 2018. The flow diagram 
of the study selection is shown in Figure 1. All characteristics of 
the different studies are shown in Table 2.

Quality assessment
Each study received points for study design, study size, expo-
sure, outcome and adjustment (Table 1.) The points were based 
on limitations the researches formed. More detailed information 
about the limitations are presented in the appendix.

Table 1 - ErasmusAge quality assessment tool 2013
  
  

 
 
  
  
 
 
 

 

Froylich et al.
Rottenstreich et al.
Papastathi et al.
Paham et al.
Alatische et al.
Musella et al.
Haward et al.

Study 
design:
1
0
1
1
1
1
1

Study
size:

0
1
1
1
0
1
2

Exposure:
51
2
2
2
2
2
2
2

Outcome:
51
2
2
2
2
2
1
2

Adjustments:
51
2
2
1
0
1
0
1

Total:
7
7
7
7
6
6
5
8
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Type of bariatric surgery
A total of 1662 patients were included in this systematic review.  
The type of bariatric surgery varied between the studies.  The 
following types of surgery were distinguished: adjustable gas-
tric banding, (Roux-en-Y) gastric bypass, sleeve gastrectomy, 
intragastric balloon insertion, and others. More than half of the 
patients (55%) underwent adjustable gastric banding. Gastric 
bypass and sleeve gastrectomy were also frequently used (res-
pectively 29% and 14%). Two groups had a small number of 
patients (1%) concerning intragastric balloon insertion and other 
types of bariatric surgery.

BMI
BMI is defined by the following formula: weight (kg)/length 
(m)2. It was used as an indicator of weight loss.  The BMI of 
in total 1270 patients was discussed in five studies.[14-18] Four 
studies found a significant effect, showing a significant lower 
BMI in the nonpregnant group, which indicates more weight 
loss.[14-17] The study of Froylich et al. showed an average BMI 
of 36.1 kg/m2 in the pregnant group versus 32.9 kg/m2 in the 
nonpregnant group after 43.9 months (p<.001).[14] Papastathi, 
et al. had also found a significant effect (p<.0001).[15] In this 
study, the pregnant group had an average BMI of 35.4 kg/m2 
versus 31.1 kg/m2 in the nonpregnant group after 36 months.
[15] Furthermore, pregnancy had a significant negative influence 
on the BMI (p=.025) in the study of Pham et al..[16] The average 
BMI in the pregnant group was 37.3 kg/m2 versus 35.1 kg/m2 
in the nonpregnant group. This result was only found after two 
years follow-up. After five years follow-up, the differences were 
nonsignificant (p=.960). In the pregnant group, the average BMI 
was 37.3 kg/m2 versus 37.4 kg/m2 in the nonpregnant group. 
The study of Musella et al. had a follow up of 30 months and 
found a significant result (p<.001). [17] The BMI in the pregnant 
group was 43.9 kg/m2 versus 34.2 kg/m2 in the nonpregnant 
group. In the study of Haward et al., two results were non-signi-
ficant. Before the surgery, the pregnant group had a BMI of 45.1 
kg/m2 versus 44.4 kg/m2 in the nonpregnant group (p=.31).[18] 
After six and half years, the BMI was 36.5 kg/m2 in the pregnant 
group and in the nonpregnant group, the average was 35.8 kg/
m2. This was also non-significant (p=.47). 

Current weight (kg)
Current weight is defined as the weight at a particular moment. 
In this case, it is at the end of the follow up of the studies. Only 
two studies have used current weight as outcome measure and 
675 patients were included. In these studies, only one significant 
result was found. This means that the pregnant group weigh-
ted significantly more than the nonpregnant group. Pham et al. 
found a significant effect at two years (p=.018).[16] The preg-
nant group had an average current weight of 102.5 kg and the 
nonpregnant group had an average current weight of 96.1 kg. 
However, at five years, this effect disappeared (p=.693). The 
pregnant group had 103.5 kg as current weight versus 101.8 
kg in the nonpregnant group. Haward et al. also found a non-
significant effect (p=.65).[18] The pregnant group had a current 
weight of 99.2 kg versus 97.6 kg in the nonpregnant group after 
six and a half years.

Excess weight loss % (EWL%)
Excess weight loss is an outcome measure which is measured 
by the following formula: (initial weight [kg]–current weight 
[kg])/(initial weight [kg]–ideal weight [kg])×100, with an ideal 
weight (kg)=25×(height [m])2. This method was used in six stu-
dies, with a total of 1552 patients. A significant effect means that 
the nonpregnant group had a significant higher EWL% than the 
pregnant group. The significant effects were found in Froylich et 
al., Papastathi et al. and Pham et al..[14-16] Froylich et al. men-
tioned an EWL% of 53% in the pregnant group and 68% in the 
nonpregnant group (p<.001).[14] This means that there is more 
weight loss in the nonpregnant group. Papasthati et al. found this 

Total articles retrieved 
through database search 

in Pubmed (n=176)

Title and abstract 
screening (n=176)

Articles identified 
for fulltext screening 

(n=8)

Total articles  
included for analysis 

(n=7)

Exclusion criteria 
(n=168)
• Review (n=74)
• Studies not mee-
ting inclusion criteria 
(n=77)
• Studies focussing on 
other organism than 
humans (n=6)
• Conference paper 
(n=1)
• Not English (n=17)

Full text not available 
(n=1)

Figure 1- Flow diagram of the search strategy and study selection   
*Inclusion criteria: studies that have at least one outcome measure that 
focused on weight loss between pregnant and nonpregnant women after 
bariatric surgery and women who delivered a life-born baby. 
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result as well (p<.0001).[15] The pregnant group had an EWL% 
of 64.7 %, while the nonpregnant group had an EWL of 43.6%. 
Pham et al. found similar results.[16] The study found a signifi-
cant effect of EWL% on the short term (p=.002). The pregnant 
group had an average EWL% of 37.3% versus 35.1% in the non-
pregnant group after two years. However, this effect diminished 
and was non-significant (p=.644). Then the EWL% was 45.9% 
in the pregnant group and 49.9% in the nonpregnant group. Only 
Haward et al. found no significant effect on both the long-term 
and short-term.[18] This study distinguished between weight 
loss after two, three and six and a half years. Two years after ba-
riatric surgery, the pregnant group had an EWL% of 46.2% ver-
sus 53.9% in the nonpregnant group (p=.76). Furthermore, there 
was no significant effect at three years (p=.76). In the pregnant 
group the EWL% was 47.9% and in the nonpregnant group the 
EWL% was 47.7%. At six and a half years the pregnant group 
had an EWL% of 44.0% and 45.8% in the nonpregnant group 
(p=.56). Also, Rottenstreich et al. found no significance after 
62.4 months (p=.77).[19] The EWL% was 74% in the pregnant 
group and 72% in the nonpregnant group. Finally, Alatische et 
al. found no effect (p-value not available).[20] The pregnant 
group had an EWL% of 70.4% versus 70% in the nonpregnant 
group after 30 months.

Total weight loss %
The last outcome measure is total weight loss. This was measu-
red by: (current weight–start weight)/start weight) x 100%. Only 
two studies have looked at this outcome measure, which makes a 
total of 314 patients. Rottenstreich et al. found a non-significant 
effect after 62.4 months (p=.77).[19] The pregnant group had a 
total weight loss of 31% versus 30% in the nonpregnant group. 
However, Froylich et al. found a different result.[14] The preg-
nant group had a total weight loss of 24% versus 31% in the non-
pregnant group after 43.9 months (p<.001). This is a significant 
result, which means that the pregnant group had less total weight 
loss than the nonpregnant group.

Discussion
This systematic review of seven articles and a total of 1662 pa-
tients shows the influence of pregnancy on weight loss after bari-
atric surgery. All these studies were compared by weight loss out-
comes using BMI, current weight, EWL% and total weight loss %.

Outcomes
We researched five articles about the BMI. Four articles showed 
a significant difference between the pregnant and nonpregnant 
group within a range of 3062.4 months. The study of Haward et 
al. did not show a significant difference between these groups af-
ter 6,5 years.[18] The significant difference of the BMI of Pham 
et al. at two years disappeared after five years.[16] It is important 
to keep an eye on the fact that BMI is depending on muscles 
and length, which influences the real weight. Therefore, BMI is 
unreliable in comparison with other outcome measures.
The current weight was discussed in two studies. The analyses 
of these articles suggest that there is a significant difference in 
current weight (kg) after two years, but this difference fade away 
after five and six and a half years.[16,18]
In six studies, the EWL% was reported. Three studies showed 
a significant difference in the time range of 36 months till 60 
months.[14-16] One study did not show a significant difference 
after five years.[19] Remarkably, two studies did not show a sig-
nificant difference of the EWL% after two/two and a half years.
[18,20] We first assumed that this was because in this study, 
only patients were included who had undergone gastric banding 
while in the other studies often more types of bariatric surgery 
were included. Nevertheless, the study of Papastathi et al. did 
show a significant difference and they also only included pa-
tients who underwent gastric banding.[15] Based on this, it is 
concluded that the kind of bariatric surgery has no impact on 
the influence of pregnancy on weight loss. It is still unclear what 
caused the non-significant difference at two years in this study, 
but it may be related to the generalization of the research group 
or sampling error.

Table 2 - Main characteristics of all included studies 
  
  
 

 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Authors 

Froylich et al. 

Rottenstreich et al. 

Papastathi et al. 

Pham et al. 

Alatishe et al. 

Musella et al. 

Haward et al. 

Title  

The effect of pregnancy before and/or after 
bariatric surgery on weight loss 

The long-term effect of pregnancy on weight 
loss after sleeve gastrectomy 

Impact of pregnancy on weight loss and 
quality of life following gastric banding 
Does pregnancy influence long-term results 
of bariatric surgery? 
Bariatric surgery in women of childbearing 
age 
Effect of bariatric surgery on obesityrelated 
infertility 
Does pregnancy increase the need for  
revisional surgery after laparoscopic  
adjustable gastric banding? 

Year of 
publication 

2016 

2018 

2015 

2015 

2013 

2012 

2011 

Country 
of research

United States 
United 

States/ Isreal 

France 

France 

England 

Italy 

Australia 

*For further information see the appendix 

Type of  
study  

Cohort study, 
retrospective 

Cross-sectional 
case-control 
study 
Cohort,  
prospective 
Cohort,  
retrospective 
Cohort,  
retrospective 
Restrospective  

Cohort study, 
prospective 

Time of 
follow-up
 
43.9 months 

62.4 months 

36 months 

24 and 60 
months 
30 months 

30 months 

78 months or 
24 months or 
36 months 

Nonpregnant 
(n=) 

92 

80 

270 

519 

211 

41 

189 

Pregnant (n=) 

total: 62,  
before surgery: 
34, after surgery: 
24, before and 
after surgery: 4 
80 

61 

84 

21 

69 

189 

ErasmusAge 
Score 
(points)*  
7 

7 

7 

6 

6 

5 
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Table 3 - W
eight loss am

ong patients w
ho w

ere pregnant and m
atched nonpregnant patients 

              
 

 
 

                  BM
I* 

(kg/m
2) 

(N=
1270) 

CW
* (kg) 

(N =
 675) 

EW
L%

* 
(N=

 1552) 

TW
L%

*(N
=

 314) 

Pregnant
Froylich et al. (14)

Nonpregnant

Pregnant vs. 
nonpregnant

3.66 yrs*: 
36.1 ±

 
6.6 

- 3.66 yrs: 
53.0 ±

 
25.0 

3.66 yrs: 
24.0 
±

11.0 

 3.66 yrs: 
32.9 ±

 
6.9 

- 3.66 yrs: 
68.0 ±

 
26.0 

3.66 yrs: 
31.0±

12.
0 

3.66 yrs: 
p<

 .001 

- 3.66 yrs: 
p<

 .001 

3.66 yrs: 
p<

 .001 

*BM
I = body m

ass index; CW
= current w

eight; EW
L%

 = percentage excess w
eight loss; TW

L%
 = percentage total w

eight loss 
*yrs = years, 3.66 yrs = 43.9 m

onths, 5.2 yrs = 62.4 m
onths, 3 yrs = 36 m

onths, 2 yrs = 24 m
onths, 5 yrs = 60 m

onths, 2.5 yrs = 30 m
onths, 6.5 yrs = 78 m

onths 

Rottenstreich et al. (19)

Pregnant

Nonpregnant

Pregnant vs. 
nonpregnant

- - 5.2 yrs: 
74%

 

5.2 yrs: 
31%

 

- - 5.2 yrs: 
72%

 

5.2 yrs: 
30%

 

 - - 5.2 yrs: 
p=

 .77 

5.2 yrs: 
p=

 .77 

Papastathi et al. (15)

Pregnant

Nonpregnant

Pregnant vs. 
nonpregnant

3 yrs: 
35.4 

- 3 yrs: 
43.6 

-

3 yrs: 
31.1

 - 3 yrs: 
43.6 

-

 3 yrs: 
p<

.0001 

- 3 yrs: 
p<

.0001 

-

M
usella et al. (17)

Pregnant

Nonpregnant

Pregnant vs. 
nonpregnant

2.5 yrs: 
34.2±

 
2.4

 - - -

2.5 yrs; 
41.5 ±

 
2.8 

- - -

2.5 yrs:  
p=

.001 

- - - 

Haw
ard et al. (18)

Pregnant

Nonpregnant

Pregnant vs. 
nonpregnant

6.5 yrs; 
36.5 ±

 
7.3 

6.5 yrs: 
99.2 ±

 
20.3 
2 yrs: 
46,2 
±

26.4; 
3 yrs: 
47.9 
±

 29.2; 
6,5 yrs: 
44.0 ±

 
28.6 
- 

6.5 yrs: 
35.8 ±

 
7.7 

6.5 yrs: 
97.6 ±

 
21.9 
2 yrs: 
53.9 ±

 
44.4; 
3 yrs: 
47.7 
±

 34.3; 
6,5 yrs: 
45.8 ±

 
32.7 
- 

6.5 yrs: 
p=

.47 

6.5 yrs:  
p=

 .65 

2 yrs: 
p=

.08  

3 yrs: 
p=

.76;  
6,5 yrs:  
p =

.56 

- 

Pham
 et al. (16)

Pregnant

Nonpregnant

Pregnant vs. 
nonpregnant

 2 yrs: 
37.3 ±

 
6.3;  5 
yrs: 
37.3 ±

 
6.9 
2 yrs: 
102.5 ±

 
19.1;  
5 yrs: 
103.5 ±

 
20.7 
2 yrs: 
45.9 ±

 
24.6%

;  
5 yrs: 
47.7 ±

 
27.7%

 
- 

 2 yrs: 
35.1 
±

7.8;  5 
yrs: 
37.4 
±

8.9 
2 yrs: 
96.1 
±

21.9;  
5 yrs: 
101.8 ±

 
25.2 
2 yrs: 
56.9 ±

 
28.6%

 
5 yrs: 
49.9 ±

 
28.9%

 
- 

 2 yrs:   
p=

.025  
5 yrs: 
p=

.960 

2 yrs:   
p=

.018  

5 yrs: 
p=

.693 
2 yrs: 
 p =

.002  
5 yrs:  p 
=

.644 

- 

Alatishe et al. (20)

Pregnant

Nonpregnant

Pregnant vs. 
nonpregnant

- - 2.5 yrs: 
70.4%
 - 

- - 2.5 yrs: 
70.0%

 

- 

- - 2.5 yrs: 
Non sig. 
(p≠available

-
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Furthermore, the sample size of the studies differed. The study 
of Alatische et al. investigated a small pregnant group in compa-
rison with the other studies.[20] In addition, Musella et al. had a 
small control group (n=41, pregnant group n=69).[17] This may 
have had an effect on the external validity of the results.

Long term versus short term effects
Another point of discussion is the long- and short-term effects of 
obesity. There are studies which assume that the pregnant group 
lose less weight on short term compared with the nonpregnant 
group. In that manner, women who have been pregnant have 
been more corpulent for a longer time. They have been exposed 
to the negative influences of obesity concerning, among others, 
cardio-vascular risks, high blood pressure and inflammation for 
a longer time than the nonpregnant group. [23-25] The conse-
quence could be that the pregnant group has more complications 
and side effects of being obese for a longer time. This has not 
been discussed in this systematic review, but it could be clini-
cally important. To show more clearly whether pregnant women 
have more side effects during this longer obese time and what 
consequences are related to this, more research concerning this 
topic is warranted.

Study limitations
Our study itself had some limitations. The included articles were 
restricted to articles written in English and that were full text free 
for Erasmus MC. Therefore, eighteen studies were unreadable 
for the authors. Also, we may have missed articles that matched 
our criteria due to the use of only one database (Pubmed). It may 
be possible that missed studies had different weight loss results.
Moreover, the quality assessment (Table 1) in the results is sub-
jective. It is based on the ErasmusAge tool 2013 but was applied 
subjectively by the researchers.
Furthermore, a meta-analysis was not performed due to the he-
terogeneity of the data. We recommend to do a statistic analysis 
such as a meta-analysis, to confirm our thoughts and to streng-
then the result this systematic review has.

Conclusion
There may be a negative influence of pregnancy on the maximal 
postoperative weight loss after bariatric surgery. However, our 
study suggests that this only takes place on the short, as two 
studies with longer follow-up (≥ 60 months) did not show a sig-
nificant effect in the maximal postoperative weight loss within 
pregnant and nonpregnant groups. This means that our hypo-
thesis is partly substantiated by the results. Thus, based on our 
result, the current advice for women in the reproductive age who 
want to undergo a bariatric surgery suffices. This means that wo-
men have to wait two months with stabilized weight or have to 
wait twelve months after surgery, before they become pregnant. 
Adding to the current advice, it is recommended to raise aware-
ness of the importance of knowledge about bariatric surgery in 
the reproductive age and achieving the maximal postoperative 
weight loss.
 

An analysis of two studies reported the total weight loss %. One 
study of Froylich et al. represented a significant difference after 
43.9 months.[14] Rottenstreich et al. did not show a significant 
difference after 62.4 months.[19] This indicates that the effect 
disappeared by time.

Study differences
It is important to consider the differences between the studies. 
The differences in studies are: outcome measures, patients’ cha-
racteristics, time of pregnancy after bariatric surgery duration of 
the study and sample size differed between the included studies.
The seven studies used different weight outcome measures. 
Because of the difference in outcome measures, not all results 
were comparable. Due to the fact that in six of the seven studies 
EWL% is measured, the EWL% is considered as the most ap-
propriate outcome measure.
There are several factors that have an influence on the validity, 
such as patients’ characteristics. The pregnant group was signifi-
cantly younger than the nonpregnant group in some studies, but 
not every study took this into account.[15,16,18,20] In the study 
of Piers et al., the basal metabolic rate (BMR) was significantly 
lower in older subjects.[21] This means they had a lower energy 
consumption, which may indicate less weight loss. However, we 
do not think this would have changed the results, because Piers et 
al. study had a larger range of age within their subjects in compari-
son with the women in our study.[21] All women in our study were 
in reproductive age and differ less in age range (data not shown).
Remarkably, the study of Froylich et al. showed a significant 
difference.[14] However, their pregnant study group consisted 
of patients who became pregnant within three years after or three 
years before the bariatric surgery. After univariate analysis, this 
study showed that the only influencing factor for significance 
was pregnancy before surgery. Thus, women who were pregnant 
before bariatric surgery lost less weight in comparison with the 
nonpregnant group. This indicates an effect of pregnancy before 
bariatric surgery on the maximal postoperative weight loss. In 
this study, it is unclear what the time range was between moment 
of pregnancy and surgery. If women became pregnant relatively 
shortly after bariatric surgery, fluctuating hormone levels may 
still be influencing the fat cell, which might influence the weight 
loss. If there was a long period between pregnancy and surgery, 
weight loss is probably more influenced by the lower physical 
activity.[22] Furthermore, women could have less motivation 
and focus on themselves after pregnancy and more focus on 
their child. These reasons could explain why pregnancy before 
bariatric surgery would have a negative effect.  Still, further in-
vestigation is recommended to better understand the effect of 
pregnancy before surgery. Presumably, women have to wait with 
surgery if they were pregnant in a certain time range.
The duration of the studies varied between 24 months follow-up 
and 78 months follow-up, which seemed to influence the results. 
Studies with a longer follow-up (≥ 5 years) did not show a sig-
nificant difference between the pregnant group and nonpregnant 
group while four of six studies with a shorter follow up did re-
present a significant difference as mentioned above. Because of 
the elaborated results, we believe that pregnancy can have a ne-
gative effect on the maximal postoperative weight loss for short 
term, but this effect attenuated over time.
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Table 1 - ErasmusAge quality assessment tool 2013
  
  

 
 
  
  
 
 
 

 

Froylich et al.
Rottenstreich et al.
Papastathi et al.
Paham et al.
Alatische et al.
Musella et al.
Haward et al.

Study 
design:
1
0
1
1
1
1
1

Study
size:

0
1
1
1
0
1
2

Exposure:
51
2
2
2
2
2
2
2

Outcome:
51
2
2
2
2
2
1
2

Adjustments:
51
2
2
1
0
1
0
1

Total:
7
7
7
7
6
6
5
8

Studies with a research group larger than 150 patients in the 
pregnant group after bariatric surgery received two points.
Exposure:
Every study had a pregnancy group, because of this all the  
studies received two points
Outcome:
If a study had no weight loss outcome measure, the study  
received zero points. The studies who had one weight loss  
outcome measure received one point. Studies with more than 
two weight loss outcomes measures received two points.
Adjustment:
If the studies did not match on characteristics, they received zero 
points. If studies matched on characteristic, but had a signifi-
cance difference in age, they received 1 point. The studies who 
had no significance difference and matched on characteristics, 
received 2 points.

The points were based on limitations the researches formed. The 
limitations used are described below.
Study design:
If the study is a cross sectional data selection the study received 
zero points. Studies with a cohort as study design received one 
point. There were no randomized control trials in this review, so 
no study received two points.
Study size:
The studies with less than 60 patients in the pregnant group 
after bariatric surgery received zero points. If studies included 
between 60 and 150 pregnant patients, they received one point. 
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Abstract
Somatic mutations in isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2) occur in 10-20% cases of acute myeloid leukemia 
(AML). IDH1 and IDH2 are genes expressing key metabolic enzymes and convert isocitrate to alpha-ketoglutarate (αKG). 
Somatic point mutations in IDH change the enzyme in a way that a NADPH-dependent conversion of αKG to the ‘oncome-
tabolite’ D-2-hydroxyglutarate (2-HG) occurs. The aim of this systematic review and meta-analysis is to investigate to what 
extent serum 2-HG levels are elevated in AML patients with IDH1/2 mutations compared to IDH1/2 wildtype patients. We 
performed a literature search and carried out a meta-analysis of published studies. The primary outcome was serum 2-HG 
levels. Six published articles are retrieved, describing 693 patients. The meta-analysis shows that AML patients with IDH1/2 
mutations have significantly higher serum 2-HG levels with a mean difference of 17.45 µmol/L [95% CI 6.73, 28.16]) as 
compared to IDH1/2 wildtype patients.  Further research on the clinical application of measuring serum 2-HG levels as a 
predictor of treatment response or prognosis in AML is needed.

Keywords
acute myeloid leukemia; isocitrate dehydrogenase; 2-hydroxyglutarate; biomarker; survival

Introduction
Acute myeloid leukemia (AML) is a clonal hematopoietic  
malignancy of progenitor cells with substantial diversities in 
biological and clinical characteristics (1). AML has an incidence 
rate of 3.7 cases per 100,000 in Europe and is the most common 
type of acute leukemia in adults (2). Unfortunately, AML is a 
disease with a high mortality and poor survival rates (2). Given 
the poor prognosis, the need for better treatment options is im-
perative. Beside age, comorbidities and white blood cell counts 
(WBC), several characteristic gene mutations have shown 
to be predictive for the prognosis of AML. A number of gene  
mutations in leukemia cells that contribute to oncogenesis, 
for instance nucleophosmin (NPM1), have been discovered in  
recent years (3). Somatic heterozygous mutations in isocitrate 
dehydrogenase 1 and 2 (IDH1 and IDH2) occur in 10-20% 
AML-cases and are commonly associated with a normal karyo-
type (4, 5). Suggesting that IDH mutations are not directly rela-
ted to AML pathogenesis (6) IDH mutations are not only found in 
AML, but also in myelodysplastic syndromes and glioma (7-10)
IDH1 and IDH2 are genes expressing key metabolic enzymes, 
and convert isocitrate to alpha-ketoglutarate (αKG). Within the 
group of IDH mutations, there are different hot spots for IDH1 

and IDH2 mutations, i.e. IDH1 R132, IDH2 R172 and IDH2 
R140 (3). Somatic point mutations in IDH change the enzyme 
in a way that a NADPH-dependent conversion of αKG to the 
‘oncometabolite’ D-2-hydroxyglutarate (2-HG) occurs, see  
Figure 1. (6, 11-13). 2-HG inhibits a number of enzymes 
whereby tumor growth is stimulated, cellular differentiation is  
impaired and tumor suppressor proteins are disabled (14-16).

IDH: Isocitrate 
Dehydrogenase; 
2HG: 2-Hydroxy-
glutarate; αKG: 
Alpha-Ketoglutaric 
acid; GLS:  
Glutaminase

Figure 1. Intracellular conversion of citrate to 2-Hydroxyglutarate by  
Isocitrate Dehydrogenase mutations (37). 

Elevated Serum 2-Hydroxy-
glutarate Levels in Acute Myeloid 
Leukemia patients with IDH1/2 
Mutations:  
a Systematic Review and Meta-analysis
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Inhibition of mutated IDH proteins with specific IDH1 and 
IDH2 inhibitors leads to a decrease of 2-HG serum levels (17) 
and induces cellular differentiation of leukemia cells (18). As 
such ivosidenib and enasidenib inhibit respectively mutated 
IDH1 and IDH2 leading to cell differentiation in AML patients 
and resulting in clinical response (19). In Europe, application of 
these IDH1 and IDH2 inhibitors is still investigated and evalua-
ted by the European Medicines Agency (EMA) before complete  
implementation in practice is possible (20). Other targeted inhi-
bitors of mutant IDH1 and IDH2 nowadays are developed.
To date, several studies have shown increased levels of serum 
2-HG in IDH1/2 mutated AML patients as compared to wildtype 
patients but series were small and results differed substantially. 
Therefore, we performed a systematic review and meta-analysis 
to evaluate the precise extent to which serum 2-HG levels are 
elevated in an extensive group of IDH1/2 mutated AML patients 
compared to IDH1/2 wildtype AML patients.

Methods
Research Question
The research question was devised using the Population, Inter-
vention, Comparison and Outcome (PICO) elements (21) and 
follows: ‘To what extent are the blood serum 2-Hydroxygluta-
rate  (2-HG) levels elevated in acute myeloid leukemia patients 
(AML) with IDH1/2 mutations compared to  IDH1/2 wildtype 
AML patients?’

Search Strategy
For this systematic review and meta-analysis electronic litera-
ture searches were conducted using the databases of Embase, 
Medline Ovid, Web of Science, Cochrane Central and Google 
Scholar on 7th of June 2019. The publications were restricted to 
those in English language. The detailed search strategy is presen-
ted in Appendix 1. Based upon the selection criteria, titles and 
abstracts of the search results were screened by two researchers 
independently and eventually the full-text articles screening was 
carried out. A manual search of the reference lists of the selected 
studies was also conducted for additional relevant articles. 

Data Extraction and Selection Criteria
For this systematic review, eligible studies met the following 
inclusion criteria: (1) measurement of blood serum 2-HG levels 
at diagnosis in patients with AML; (2) IDH1/2 mutations were 
found in the case group using molecular diagnostics and the con-
trol group did not have the IDH1/2 mutations confirmed by the 
molecular diagnostics; (3) serum 2-HG levels were measured 
using mass spectrometry, as this is considered as the most re-
liable measuring method (22); (4) serum 2-HG levels were re-
ported as a median value with upper and lower limits (range). 
The exclusion criteria were as follows: (1) animal studies, letters 
and reviews; (2) serum 2-HG values were not categorized into 
specific mutations but combined with mutations other than IDH.

Unit Conversions
We present the serum 2-HG levels in µmol/L to compare studies 
among each other. If studies reported the results in a different 
unit of measurement, such as ng/mL, the values were converted 
using the molecular mass of 2-HG (MW =148.114 g/mol) (23).

Statistical Analysis
In all studies the serum 2-HG levels were reported as medians 
with lower and upper limits (range). This made it impossible to 
perform a meta-analysis because no statistical tests were availa-
ble to analyze the difference between medians. Thus, we deci-
ded to estimate the mean and standard deviation using a method 
by Hozo et al. for each individual study (24). Subsequently, we 
performed a meta-analysis using  Review Manager Software 5.3 
empowered by Cochrane Library. We constructed a forest plot 
using the random effects model to determine mean differences 
and corresponding confidence intervals (CI) for serum 2-HG 
levels. Heterogeneity between included studies was determined 
using I2 statistics. A funnel plot was also constructed. Values of 
p < 0.05 were considered statistically significant.  

Quality Assessment
Quality assessment was done individually by the two resear-
chers and in case of discrepancy a final decision was made 
through consensus. We modified the QUADAS-2 tool (25) as 
it did not completely match the required criteria, because it only 
assesses diagnostic accuracy studies. The adjusted quality sco-
ring system was based on three categories and a maximum score 
of five points could be given (figure 2). First, we assessed the pa-
tient selection by respectively rating the age variation, the male/
female ratio, the cytogenetic risk and the IDH mutated/IDH 
wildtype patient ratio. The second category required the studies 
to have specified inclusion and exclusion criteria. The final ca-
tegory assessed the reproducibility by determining whether the 
serum 2-HG determinations were done with the same analytical 
method and whether the patients were all measured at the same 
time during treatment. By applying the quality assessment me-
thod, it was possible to rate the suitability of the selected articles 
based on criteria important for our research question. Articles 
that scored 0 to 1 point were considered to be of poor quality, 2 
to 3 points were of moderate quality and 4 to 5 points were of 
good quality.  Details of the quality assessment are available in 
Appendix 2. 

Results
Literature Search
The literature search resulted in a total of 589 unique articles. 
After screening the articles by title and abstract, 551 articles 
were excluded. The remaining 38 articles were fully analysed 
for eligibility using the inclusion and exclusion criteria. This re-
sulted in an exclusion of 32 articles. For instance, multiple muta-
tions and not only IDH mutations were studied in two articles (4, 
26). Eventually, six studies were included. Figure 3 shows how 
the articles were selected for this systematic review. 

Figure 2. Quality assessment.

1. Patient selection?  0 / 1 / 2

2. Inclusion and exclusion criteria? 0 / 1

3. Reproducibility?    0 / 1 / 2
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Study Characteristics
Studies were published from 2012 to 2019 and conducted in 
Germany, United States and France. The number of patients in 
the studies varied between eight and 223. This resulted in a total 
pool of 693 patients, from which 236 patients were IDH1/2 mu-
tated and 457 patients were IDH1/2 wildtype. The details of the 
six included studies are shown in Table 1. Some studies reported 
the results in µmol/L (27-29) and some studies in ng/mL (17, 30, 
31). We converted the results in nl/mL to µmol/L, as described 
in the method section. 

Serum 2-HG Levels
In all included publications measurement of serum 2-HG levels 
of IDH1/2 mutated patients and of IDH1/2 wildtype patients was 
performed at diagnosis. A significant mean difference in serum 
2-HG levels between the IDH mutated and IDH wildtype groups 
(MD 118.08 µmol/L [CI 25.18, 210.97], MD 31.90 µmol/L [CI 
0.65, 63.15] and MD 19.87 µmol/L [CI 6.70, 33.04]) was shown 
in three studies. (resp. (17, 27, 31)) The other three studies did 
not show a significant mean difference in median serum 2-HG 
levels between the IDH mutated and IDH wildtype groups (MD 
8.24 µmol/L [CI -22.72, 39.20], MD 9.00 µmol/L [CI -0.72, 
18.72] and MD 20.00 µmol/L [CI -0.43, 40.43]). (resp. (28-30)) 
Although the results were not statistically significant, the dif-
ference was found to be in the same direction. Figure 4 shows 
the forest plot of the mean differences in serum 2-HG levels 
between the IDH mutated and IDH wildtype groups. There was 
a significant mean difference in serum 2-HG level between both 
groups (MD 17.45 µmol/L [95% CI 6.73, 28.16], p = 0.001). The 
heterogeneity in the articles was moderate (I2 = 39%). Figure 5 
shows the funnel plot of the included studies.

We used the method of Hozo et al. (24) to estimate the means 
and standard deviations from the reported median values. This 
study showed that the median can be used to estimate the mean 
when the sample size is larger than 25. For smaller populations a 
distinct formula was devised. Means in Fathi et al. (17) and Wil-
lekens et al. (28) were determined using this formula.
We also performed a meta-analysis without these two small stu-
dies to test the effect of this formula (figure 5). In this case, the 
meta-analysis showed a significant mean difference in serum 
2-HG level between both groups as well (MD 19.92 µmol/L 
[95% CI 10.03, 29.81], p < 0.0001.

Systematic Review

Table 1 - Summary of included studies measuring serum 2-HG levels.
  
  

 
 
  
  
 
 
 
 

 Author

Balss et al. (2016)
Brunner et al. (2019)
DiNardo et al. (2013)
Fathi et al. (2012)
Janin et al. (2014)

Willekens et al. 
(2015)

Journal
1
Leukemia
Cancer
Blood
Blood
J Clin 
Oncol
Blood

Total  
patients

143
195
223
42
82

8

IDH1/2  
mutated

59
50
62
9
53

3

IDH1/2 
wildtype
84
145
161
33
29

5

Disease
1
AML
AML
AML
AML
AML

MS

Quality  
Assessment
4
4
4
3
4

3

Abbreviations: IDH: Isocitrate Dehydrogenase; AML, acute myeloid leukemia;  
MS, myeloid sarcoma.  

Records identified 
through database  

searching (n=599)

Records screened by  
title and abstract 

(n=589)

Records after duplicates 
removed (n=589)

Full-text articles 
screened for eligibility 

(n=38)

Studies included in 
systematic review 
and meta-analysis 

(n=6)

Full text article exclu-
ded, with reasons (n=32)
• Animal studies, letters 
and reviews (n=4)
• Combination of multi-
ple mutations (n=2)
• No 2-HG measurement 
in AML patients (n=11)
• Not measured with 
mass spectrometry (n=1)
• No control group 
(n=3)
• No median value 
(n=11)

Records excluded 
(n=511)

Figure 3- Flowchart of the study selection.

Figure 4- Forest plot: serum 2-HG levels of IDH mutated patients compared to IDH wildtype patients, outcome: Mean Difference.
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Differences between IDH Hot Spots
Four studies analyzed the differences in serum 2-HG levels 
between the three different IDH mutation hot spots (27, 29-31). 
IDH hot spots included were IDH1 R132, IDH2 R172 and IDH2 
R140. Janin et al. (29) reported that total 2-HG serum levels in 
IDH2 R172 were increased compared to IDH2 R140 and IDH1 
R132 (respectively p = 0.02 and p = 0.04). However, Balss et al. 
(27) found that 2-HG serum levels in patients with IDH2 R172 
were lower than in patients with IDH1 R132 and IDH2 R140 
mutations, with a trend to significance (p = 0.06). Brunner et al. 
(30) and DiNardo et al. (31) found no  difference in 2-HG levels 
among patients with IDH mutations based on specific mutation 
hot spots.

Serum Levels at Complete Remission
In three studies measurement of the serum levels of 2-HG at 
complete remission (CR) was performed. The studies reported 
the difference between the serum levels at diagnosis and the se-
rum levels at CR. Janin et al. (29) showed that median serum 
2-HG levels at CR (1.3 µmol/L) were significantly lower than at 
diagnosis (22.4 µmol/L) (p < 0.01). DiNardo et al. (31) calcula-
ted a median change in 2-HG level from diagnosis to remission 
of 20.85 µmol/L (range, +0.29 to −90.22 µmol/L). Decreased 
serum 2-HG levels were also described by Fathi et al. (17) Me-
dian serum 2-HG levels at baseline were 12 58 µmol/L and in 
all evaluated patients who reached complete remission, serum 
2-HG levels decreased to <3.38 µmol/L by day 30 and <1.35 
µmol/L by day 60.

Systematic Review

Prognostic Value
The prognostic value of serum 2-HG was studied in three arti-
cles. They followed the patients over a longer time to determine 
the progression free survival (PFS) and overall survival (OS). 
In the study of Janin et al. (29) AML patients were treated with 
standard AML therapy with the addition of gemtuzumab ozoga-
micin (GO). They found that the serum 2-HG levels (> 2 µmol/L 
vs ≤ 2 µmol/L) at CR had an impact on the progression free 
survival as the HR is 4.37 ([1.14-16.8], p = 0.032). In the study 
of Balss et al. (27) patients were treated with chemotherapy fol-
lowed by allogeneic stem cell transplant. They also found a sig-
nificant HR for event free survival with 2-HG as a prognostic 
variable (HR = 1.32 [1.02-1.72], p = 0.04). They did not find a 
significant impact on the OS. Finally, the study of DiNardo et al. 
(31), where patients were treated with induction chemotherapy 
followed by consolidation and autologous transplant, also found 
a non-significant HR of 0.72 ([0.49 – 1.06], p = 0.09) for the OS.

Cut Off Value
A cut off value at which serum 2-HG level could be useful as a 
biomarker test to distinguish between AML patients with or wit-
hout IDH1/2 mutations was tried to be determined in three stu-
dies. Janin et al. (29) found a cut-off value of 2.0 µmol/L, where 
they achieved 100% sensitivity and 89% specificity. DiNardo et 
al. (31) identified an optimal cut off value of 4.73 µmol/L where 
the sensitivity and specificity were 86.9% and 90.7%, respecti-
vely. A cut off value determined by Brunner et al. (30) of 3.61 
µmol/L was reported, with a sensitivity of 80.4% and a specifi-
city of 98.8%. 

Discussion
In this systematic review and meta-analysis, we aimed to inves-
tigate to what extent blood serum 2-Hydroxyglutarate levels are 
elevated in all AML patients so far described in literature with 
IDH1/2 mutations compared to IDH1/2 wildtype AML patients. 
The meta-analysis of 6 clinical studies showed that blood serum 
2-HG levels are significantly higher with a mean difference of 
17.45 µmol/L in AML patients with an IDH1/2 mutation in com-
parison to IDH1/2 wildtype AML patients. 
Furthermore, Janin et al. (29) showed that serum 2-HG levels 
at complete remission are of prognostic value for progression 
free survival (PFS). Serum 2-HG levels are not clearly diffe-
rent for the three different IDH mutation hot spots (IDH1 R132, 
IDH2 R172 and IDH2 R140). Finally, a diagnostic cut off va-
lue was tried to be determined for identifying an IDH mutation. 
However, such a conclusive diagnostic cut off value is not yet 
determined. The cut off values found in the three studies varied 
substantially among each other.  

Figure 5- Funnel plot of the included studies.

Figure 6- Forest plot: serum 2-HG levels of IDH mutated patients compared to IDH wildtype patients, outcome: Mean Difference sub-analysis. 
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The included studies in this review and meta-analysis were ra-
ted with a quality assessment. A total of four studies were of 
good quality as they scored 4 points. The remaining two studies 
were of moderate quality with a total score of 3 points. This was 
caused by a smaller study population. In the quality assessment, 
one of the assessed categories was the study population in order 
to determine if the study populations were representative. We te-
sted on age variation, male/female ratio, cytogenetic risk profile 
and IDH mutated/IDH wildtype ratio, to estimate the risk of con-
founders. One study (17) did not report on details of the included 
patients. The other studies had homogenous study populations. 
One study (28) only included patients with myeloid sarcoma in-
stead of patients with acute myeloid leukemia. We included this 
study as MS is considered a manifestation of AML (1). The total 
included patients highly differed between the studies. Willekens 
et al. (28) only included eight patients, whereas the largest study 
(31) included a total of 223 patients. The heterogeneity in the 
articles was moderate (I2 = 39%). A funnel plot was constructed 
to assess the risk of publication bias. One study (17) deviated 
from the funnel plot, as the mean difference is much larger than 
the other studies. Apart from that study, there is no indication for 
publication bias. 
All outcomes of the individual studies were given in medians 
with lower and upper limits. This was done because the data 
were skewed as there was not a normal distribution. However, 
this made it impossible to perform a meta-analysis as there were 
no statistical tests available to perform a meta-analysis with 
medians with lower and upper limits. Therefore, we considered 
the possibilities to convert the medians to means with standard 
deviations. We used the study of Hozo et al. (24) as we found 
it the most used method to obtain a reliable approximation of 
the mean. This made it possible to perform a meta-analysis with 
a scientifically reliable method. They found that the median in 
groups of more than 25 participants is a good estimation of the 
mean. This was the case in all but two studies. In the remaining 
two studies with less than 25 participants a formula given by 
Hozo et al. (24) was used to estimate the mean. We also did a 
sub-analysis without the two studies with less than 25 partici-
pants to test the effect of this tool on the outcome. However, 
we found that the mean difference in serum 2-HG levels still 
remained significantly higher in favor of the IDH1/2 mutated 
group. It is to be noted that in groups of more than 25 partici-
pants with a skewed distribution, the median either over-or un-
derestimates the mean.
We contacted the authors of two articles (8, 12) that did not 
report median values if they could provide us with the median 
value. We did not receive an answer, however. We may have 
missed some usable data by excluding these articles. 
We only included studies that measured the serum 2-HG levels 
by mass spectrometry. We did not however distinguish between 
different types of mass spectrometry. This could have caused a 
larger difference between the measured serum 2-HG levels as 
different studies used other forms of mass spectrometry. 
As a secondary outcome three studies (27, 29, 31) investigated 
the prognostic value of serum 2-HG levels and followed the pa-
tients over a longer time to determine the progression free sur-
vival (PFS) and overall survival (OS). They found that serum 
2-HG levels are a prognostic variable for progression free sur-

vival, but not for overall survival. However, treatments differed 
between studies which could have affected the results. There 
was a slight difference between induction therapy given to the 
patients in each study, which could be a potential cause of the 
differences between serum 2-HG levels.

Clinical Relevance
IDH1/2 mutations are found in approximately 20% of the AML 
patients (4, 5). Previous studies have shown that serum 2-HG 
levels in AML patients are elevated when an IDH1/2 mutation is 
present. However, patient series were small and results differed 
substantially. This systematic review shows the mean difference 
of serum 2-HG levels between IDH1/2 mutated and IDH1/2 
wildtype AML patients in an extensive group. However, some 
included studies were small and the mean values were estimated 
on the basis of reported medians. Despite the fact that this could 
have affected the results, our findings can serve as a guide for 
further research before measuring serum 2-HG levels could be 
implemented in practice as a minimal invasive and fast way to 
monitor IDH1/2 targeted therapies. 
Measuring serum 2-HG levels could also be of value to monitor 
and predict the efficacy of IDH inhibitors (32). Targeted inhi-
bitors of mutant IDH1 and IDH2, like enasidenib and ivoside-
nib, are nowadays developed and are already used in practise 
after approval of the FDA (33-35). A recent study of Stein et al 
(36) showed that serum 2-HG levels decreased after treatment 
with enasidenib. However, 2-HG reductions were significantly 
greater when CR was achieved. Therefore, measuring serum 
2-HG levels could be of great value to monitor the therapy ef-
fect through for instance measuring Minimal Residual Disease 
(MRD) or drug resistance (29). However, before measuring 
serum 2-HG levels could be implemented in the clinic a safe 
threshold should be determined. Based on our findings, we have 
not yet found a cut-off value that could be used as a threshold. 
Further research in a larger group of patients is needed to de-
termine a safe threshold where a differentiation between IDH 
mutated patients and IDH wildtype patients can be made. Based 
on the three studies (29-31) that estimated a cut-off value, we ex-
pect the cut-off value to be between approximately 2-4  µmol/L. 
In conclusion, serum 2-HG levels are significantly elevated with 
a mean difference of 17.45 µmol/L in acute myeloid leukemia 
patients with IDH1/2 mutations compared to IDH1/2 wildtype 
patients. More research is needed to investigate the potential 
for a clinical application of serum 2-HG measurement in AML 
patients and an exact diagnostic cut off point needs to be deter-
mined before it could be used for diagnostic purposes.
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droxyglutar* OR Hg OR 2hg OR αhg OR d2hg OR r2hg OR 
l2hg OR glutaric-acid* OR glutarate*):ab,ti)

Google Scholar
leukemia|leukaemia|erythroleukemia|erythroleukaemia|aml 
“isocitrate dehydrogenase”|”isocitric acid dehydrogenase”|idh|
midh|idh1|midh1|idh2|midh2 hydroxyglutarate|”hydroxyglutar
ic acid”|Hg|2hg|αhg|d2hg|r2hg|l2hg|”glutaric-acid”|glutarate

Appendix 2
Explanation Quality Assessment

(1) Patient selection: age variation is well distributed and repre-
sentative for AML; male/female ratio is representative for AML; 
cytogenetic risk profiles between patients are not significantly 
different; IDH mutated/IDH wildtype ratio is representative. 

• 0 points: no items are sufficient.
• 1 point: 1 or 2 items are sufficient.
• 2 points: 3 or 4 items are sufficient.

(2) Inclusion and exclusion criteria are specified.

• 0 points: inclusion and exclusion criteria are not specified.
• 1 point: inclusion and exclusion criteria are specified.

(3) Reproducibility of the method: serum 2-HG determinations 
were done with the same analytical method at all patients. Also, 
the point of measurement was for all patients at the same time in 
treatment.  

• 0 points: no items are fulfilled.
• 1 point: 1 item is fulfilled.
• 2 points: all items are fulfilled.

Articles that score 0 to 1 points are considered to be of poor 
quality, 2 to 3 points are of moderate quality and 4 to 5 points 
are of good quality.
The maximum score is 5 points. 
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Appendix 1
The following databases were searched:
• Embase
• Medline Ovid
• Web of Science
• Cochrane Central
• Google Scholar

Embase (434 items found)
(‘hematologic malignancy’/de OR ‘leukemia’/exp OR (leu-
kemi* OR leukaemi* OR erythroleukem* OR erythroleukaem* 
OR aml OR ((hemato* OR haemato*) NEAR/3 (malignan* OR 
neoplas* OR cancer*))):ab,ti) AND (‘isocitrate dehydrogenase’/
de OR ‘isocitrate dehydrogenase (NADP)’/de OR ‘isocitrate 
dehydrogenase (NAD)’/de OR ‘isocitrate dehydrogenase 1’/
de OR ‘isocitrate dehydrogenase 2’/de OR ‘idh1 gene’/de OR 
‘idh2 gene’/de OR ((isocitr* NEAR/3 dehydrogenas*) OR idh 
OR midh OR idh1 OR midh1 OR idh2 OR midh2):ab,ti) AND 
(‘2 hydroxyglutaric acid’/de OR ‘glutaric acid derivative’/de OR 
‘glutaric acid’/de OR (hydroxy-glutar* OR hydroxyglutar* OR 
Hg OR 2hg OR αhg OR d2hg OR r2hg OR l2hg OR glutaric-
acid* OR glutarate*):ab,ti)

Medline Ovid (162 items found)
(Hematologic Neoplasms / OR exp Leukemia/ OR (leukemi* 
OR leukaemi* OR erythroleukem* OR erythroleukaem* OR 
aml OR ((hemato* OR haemato*) ADJ3 (malignan* OR neo-
plas* OR cancer*))).ab,ti.) AND (Isocitrate Dehydrogenase/ OR 
((isocitr* ADJ3 dehydrogenas*) OR idh OR midh OR idh1 OR 
midh1 OR idh2 OR midh2).ab,ti.) AND (alpha-hydroxyglutara-
te.nm. OR Glutarates/ OR (hydroxy-glutar* OR hydroxyglutar* 
OR Hg OR 2hg OR d2hg OR r2hg OR l2hg OR glutaric-acid* 
OR glutarate*).ab,ti.)

Web of science (304 items found)
TS=(((leukemi* OR leukaemi* OR erythroleukem* OR erythro-
leukaem* OR aml OR ((hemato* OR haemato*) NEAR/2 (ma-
lignan* OR neoplas* OR cancer*)))) AND (((isocitr* NEAR/2 
dehydrogenas*) OR idh OR midh OR idh1 OR midh1 OR idh2 
OR midh2)) AND ((hydroxy-glutar* OR hydroxyglutar* OR Hg 
OR 2hg OR αhg OR d2hg OR r2hg OR l2hg OR glutaric-acid* 
OR glutarate*)))

Cochrane Central (17 items found)
((leukemi* OR leukaemi* OR erythroleukem* OR erythrole-
ukaem* OR aml OR ((hemato* OR haemato*) NEAR/3 (ma-
lignan* OR neoplas* OR cancer*))):ab,ti) AND (((isocitr* 
NEAR/3 dehydrogenas*) OR idh OR midh OR idh1 OR midh1 
OR idh2 OR midh2):ab,ti) AND ((hydroxy-glutar* OR hy-
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Abstract
In the paediatric population, appendectomy remains the standard approach for treating acute appendicitis, but in recent 
years, interest in antibiotics as an alternative to appendectomy has been growing. In this systematic review, we aimed to pro-
vide an overview of the current literature on the clinical effectiveness of nonoperative management (NOM) of acute uncom-
plicated appendicitis in children.
A systematic literature search on PubMed was conducted to find available literature from the period August 2017 to Septem-
ber 2019. Only studies written in English or Dutch, which compared nonoperative treatment to appendectomy in children 
with acute uncomplicated appendicitis, were included. The quality of the articles was assessed using a quality scoring tool. 
Additionally, we performed a meta-analysis on the recurrence and complications rates.
Six studies were included in this systematic review. Only one of the six studies suggested a significant difference in the sub-
sequent appendectomy rate between the NOM and appendectomy group. Our meta-analysis showed 11.2% (95%CI (0.2-
20.8%)) of the patients treated nonoperatively had a recurrence compared to 5.4% (95%CI (0.4-6.3%)) of the patients who 
had an appendectomy. Complications occurred in 16 of the 169 patients (9.5%) who were treated nonoperatively compared 
to 16 of 186 patients (8.6%) who were treated with appendectomy. The difference in both rates between the two groups was 
not significant.
We found no significant difference in NOM or appendectomy as treatment for acute paediatric uncomplicated appendicitis 
with recurrence rate, subsequent appendectomy rate and complication rate as the outcomes. On the basis of our findings we 
can conclude that nonoperative management (NOM) for acute uncomplicated appendicitis in children is not inferior to an 
appendectomy. 

Keywords 
Paediatrics, acute appendicitis, nonoperative management

Introduction
Acute appendicitis is an inflamed and painful (cecal) appendix. 
With a lifetime risk of 7-8% and a peak incidence in the teenage 
years, acute appendicitis is a frequent cause of abdominal pain in 
children (1,2). Moreover, acute appendicitis is the most common 
surgical emergency among children (1). Traditionally, removal 
of the inflamed appendix, named appendectomy, is the standard 
treatment for acute appendicitis in both children and adults (3). 
Although appendectomy is an effective treatment and generally 
well tolerated, it is a surgical intervention and is therefore asso-
ciated with mortality and morbidity, such as intestinal obstruc-
tion and wound infection (4,5). Readmission for complication(s) 
after appendectomy is needed in 7.4% of the children (4).

However, the necessity of an appendectomy can be debated 
when the appendicitis is uncomplicated (appendicitis without 
an abscess, and not appendicolith or perforated or gangrenous 
appendicitis). In recent years, interest in antibiotics as an alter-
native to appendectomy has been growing. In various studies 
adults with uncomplicated appendicitis have been treated with 
nonoperative management (NOM), antibiotics, and this was 
compared to appendectomy as conservative treatment. These 
studies have shown the benefits of NOM in comparison to ap-
pendectomy (5-9). With conservative treatment, anaesthesia and 
surgery including the risks of associated complications can be 
avoided.
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Figure 1 - Flow diagram of article selection
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In the paediatric population, appendectomy remains the standard 
approach for treating acute appendicitis. To date, a few rando-
mized controlled trials that investigated conservative treatment 
as alternative to appendectomy have been published. In recent 
years, some systematic reviews and meta-analysis have been 
published. However, the most recent systematic review is dates 
from August 2017 (10). In previous systematic reviews, very 
few studies were included that focused only on children, and a 
significant amount of studies were retrospective reviews (10,11). 
Some studies about appendectomy versus NOM of appendicitis 
have recently been published after the latest systematic review. 
On account of this recent studies, another new evidence-based 
view can be found about the treatment of an uncomplicated ap-
pendicitis in children in this systematic review.
With the knowledge of the successful conservative treatment of 
acute appendicitis in adults, the aim of our study was to provide 
an overview of the current literature on the clinical effectiveness 
of NOM of acute appendicitis in children. In this systematic re-
view, we analysed the recurrence rate defined as the recurrence 
of appendicitis or a related diagnosis and the subsequent appen-
dectomy rate defined as the need for appendectomy after initial 
antibiotic treatment. In addition, we focused on the complicati-
ons of both treatments of acute appendicitis.
 
Methods
We searched the database PubMed using the search term: 
(“Appendicitis/drug therapy”[Mesh] OR “Anti-Bacterial 
Agents”[Mesh] OR “Conservative Treatment”[Mesh] OR 
nonoperati*[tiab] OR non-operati*[tiab] OR nonsurg*[tiab] 
OR non-surg*[tiab] OR antibioti*[tiab]) AND (“Child”[Mesh] 
OR “Pediatrics”[Mesh] OR child*[tiab] OR pediatri*[tiab] OR 
infant*[tiab] OR neonat*[tiab] OR teenage*[tiab]) AND (“Ap-
pendicitis/surgery”[Mesh] OR “Appendectomy”[Mesh] OR 
appende*[tiab]) AND (uncomplic*[tiab] OR unperfora*[tiab] 
OR nonperfora*[tiab] OR non-perfora*[tiab] OR “simple”[tiab] 
OR “acute”[tiab]) NOT “Abscess”[Mesh] NOT “Preoperative 
Period”[Mesh] NOT “Antibiotic Prophylaxis”[Mesh] . 
We performed the search on September 19, 2019. The results of 
this search were independently assessed by three authors on in-
clusion and exclusion criteria by reading the titles and abstracts.

Study selection 
Our review is limited to the treatment of appendicitis in child-
ren (aged 18 years and younger) and original studies to improve 
the reliability of the conclusion of this systematic review. We 
included articles written in English or Dutch. Additionally, only 
studies which compared surgical intervention to antibiotic tre-
atment in children who had a diagnosis of acute uncomplicated 
appendicitis were included. Furthermore, the articles had to be 
original research articles.
Moreover, we excluded studies that focused on appendectomy 
versus antibiotics in patients with complicated appendicitis or 
studies which did not have a separate group of paediatric pa-
tients with uncomplicated appendicitis, or studies that looked at 
antibiotic as surgical prophylaxis, diagnostic tests for detecting 
appendicitis or reducing symptoms. We also excluded articles 
that were not full text available for Erasmus MC students.

Quality assessment
After including and excluding studies, we used a quality scoring 
tool based on the Newcastle-Ottawa Scale and GRADE crite-
ria (Appendix 1) developed for the purpose of this systematic 
review to assess the quality of the residual articles and exclude 
unreliable studies. We scored each article according to ten ques-
tions in our quality scale. Articles that scored 6 or less points 
were considered to have a low quality. Those articles were ex-
cluded from the selection. 

Outcomes     
Our primary outcome is the recurrence rate with recurrent appen-
dicitis defined as diagnosis of appendicitis after completing initial 
treatment with antibiotics, a diagnosis of stump appendicitis (in-
flammation of the remaining appendiceal stump) after appendecto-
my, or a diagnosis potentially related to appendicitis (e.g., abdomi-
nal pain, (complicated) appendicitis, colitis, intestinal obstruction, 
diarrhoea, vomiting, dehydration), during the follow-up period.
Our secondary outcomes are subsequent appendectomy and the 
rate of complications or adverse outcomes of treatment. Subse-
quent appendectomy is defined as the need for appendectomy 
after initial treatment, during the follow-up period. Even after an 
appendectomy, children can get a second appendicitis, because 
the remaining stump can be infected.
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Hypothesis
Our hypothesis is that the recurrence rate of appendicitis and the 
subsequent appendectomy rate in children who received NOM 
of acute appendicitis will be low, so the majority of this group 
will be successfully treated with antibiotics. Besides, we expect 
that the number of complications will be higher in the operative 
management group.

Statistical Analysis 
In order to enlarge the clinical relevance and to bypass possible 
bias, we pooled the data from the five studies we included. We 
exclude studies which did not report results for both groups and 
also for both outcomes. We performed a meta-analysis on two 
specific outcomes, namely recurrence and complication rate. 
Excel Common license Attribution 3.0 Unported (CC BY 3.0) 
program was used to perform the meta-analysis. By comparing 
these datasets for the outcomes we selected, we could analyse 
the incidence rate of each outcome for both appendectomy and 
NOM. The pooled data were used to generate Forest plots which 
show the recurrence and complications rate by study and by 
group. In addition, the forest plots provide an overview of those 
pooled data for the recurrence and complication rate.  

Results
Literature search 
Our search in PubMed resulted in 304 publications. Eight stu-
dies met our inclusion criteria (Figure 1). 
Among these eight studies, one study is a pilot randomized con-
trolled trial (12), one study is a prospective multicentre rando-
mised study (13), two are prospective patient-preference cohort 
studies (14,15), another two studies are non-randomized pros-
pective studies (16,17), one nonrandomized follow-up study 
(18), and one study is retrospective (11).
 
Study characteristics    
The results of the quality scoring tool are shown in Table 1. 
Of the eight included studies, six had a high-quality score (six 
points or more), whereas two studies had a low-quality score 
(five points or less). We excluded those two studies. 
Main characteristics of the included studies are shown in Table 
1. The number of patients in the studies varied from 44 to 99001. 
Median age differed from 8 to 14 years. All six studies repor-
ted data on children treated with antibiotics and children treated 
with appendectomy. 

Table 1 - Characteristics of the studies
  
  

 
 
  
 
 
  
 
 
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
 

Authors and 
year
Bachur et al. 
(2017) (11)
Hall et al. 
(2017) (12)

Minnec et al. 
(2016) (13)

Svensson et al. 
(2015) (14)

Gorter et al.  
(2017) (16)

Lee et al.
(2017) (18)

Country

United States of 
America
United Kingdom 

United States of 
America

Sweden 

The Netherlands

United States of 
America

Study design

Retrospective 
study 
Prospective, 
multicentre 
randomised 
study 
Prospective 
patient-prefe-
rence cohort 
study

Pilot Randomi-
zed Controlled 
Trial 

Follow-up study

Prospective 
patient-prefe-
rence cohort 
study

Included 
patients
99001

106

102

50

44

83

Follow  
up (years
1

1

1

1

1,25-3

1

Patient cate-
gory (years
 <19

3-15 

7-17 

5-15 

7-17 

3-17 

Intervention

NOM

Active observation (AO)
- Broad spectrum IV AB
- Reviewed every 3 months for a year

NOM
- 24 hours of inpatient observation while re-
ceiving IV AB (piperacillin sodium-tazobactam 
sodium or ciprofloxacin hydrochloride and 
metronidazole hydrochloride if allergic)
- After that 10 days of treatment with oral AB 
- Follow up: at 2 to 5 days, 10 to 14 days, 30 
days, 6 months, and 1 year after discharge. 
NOM
-  IV meropenem (10 mg/kg × 3 per 24 hours) 
and metronidazole (20 mg/kg × 1 per 24 
hours) for at least 48 hours
-  Child clinically well and tolerating oral 
intake: oral ciprofloxacin (20 mg/kg × 2 per 
24 hours) and metronidazole (20 mg/kg × 1 
per 24 hours) for another 8 days 
Initially nonoperative treatment 
- IV administration of AB with in-hospital mo-
nitoring, diet restriction and pain medication 
as needed.  
NOM
-  IV AB (ceftriaxone/metronidazole or ci-
profloxacin /metronidazole if penicillin allergic 
- Tolerating a diet and having completed at 
least one dose of IV AB -> oral amoxicillin-
clavulanate, ciprofloxacin/Flagyl, or cefdinir/
Flagyl for a total of 10 days
- Follow up: at 10 to 14 days, 30 days, 3 
months, and 1 year after discharge. 

Controle 

Appendectomy

Interval appendectomy (IA)
- Open or laparoscopic
- Reviewed after 6 weeks 
and 1 year 
Appendectomy 
- Laparoscopic within 12 
hours
- Follow up: at 30 days and 
1 year

Appendectomy
-  Preoperative AB prop-
hylaxis with 20 mg/kg of 
metronidazole 
- Open or laparoscopic 

Immediate appendectomy

Appendectomy
- Laparoscopic
- Initiation of IV AB
- Follow-up: at 30 days, 3 
months and 1 year 

Quality  
assessment
9/10

8/10

8/10

9/10

6/10

8/10

NOM: nonoperative management. IV: intravenous. AB: antibiotics
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Three studies (12,14,15) had a control group of children under-
going laparoscopic appendectomy, children in the control group 
of another study (13) underwent open or laparoscopic appendec-
tomy, and the other two studies (18,19) did not describe the type 
of (immediate) appendectomy in the control group. Five studies 
(12-15,19) had a one year follow-up and one had a follow-up 
of 1.25 to 3 years (18). The recurrence rate of appendicitis or 
a related diagnosis and the subsequent appendectomy rate was 
analysed in all six studies. Data about the complications rate or 
adverse outcomes were reported in five studies (12-15,18).
 
Table 2 shows the six studies that examined the recurrence rate 
of appendicitis or a related diagnosis. In Minneci et al. (13) the 
success rate of NOM was 75.7% (95% CI:58.9%-88.2%) at 1 
year (28 of 37 children). None of the studies found a signifi-
cant difference for the rate of recurrent appendicitis, the number 
emergency department visits or the rate of complicated appendi-

citis between the NOM and appendectomy group, but only two 
of the six studies provided a p-value. However, in Gorter et al. 
(9) the 95% confidence interval of the 12% recurrence rate is 
4-30% implying a significant difference. 
 
Subsequent appendectomy 
Table 3 shows the six studies that examined the number of sub-
sequent appendectomies. None of the studies found a significant 
difference in the subsequent appendectomy rate for the NOM 
and appendectomy group, but only one of the six studies pro-
vided a p-value. The prevalence rates of a needed subsequent 
appendectomy in the NOM group vary from 5.4% to 37.5%, 
compared to 0% to 4.5% in the group of children who under-
went appendectomy. 
 

*Not available/applicable/announced
Table 2 shows the 6 studies that examined the recurrence rate of appendicitis or a related diagnosis. In Bachur et al. 2628 patients in the NOM group and 18613 patients in the 
appendectomy group visit the emergency department once or more in the one-year follow-up period. In Hall et al. six of the fifty-one children received antibiotics during the 
study period developed recurrent acute appendicitis, and two of the forty-four children in the appendectomy group developed recurrent appendicitis prior to their planned ap-
pendectomy. Minneci et al. shows the rates of complicated appendicitis. In Minneci et al. the success rate of nonoperative management was 75.7% (95% CI, 58.9%-88.2%) 
at 1 year (28 of 37 children) and in Svensson et al. the success rate was similar in each group [nonoperative treatment group 22/24 (92%) vs appendectomy group 26/26 
(100%); P=0.23]. Gorter et al. and Lee at al. show the rate of recurrent appendicitis. None of the studies found a significant difference between the NOM and appendectomy 
group, but only two of the six studies showed a p-value. 

Table 2 - Comparison of study characteristics for the recurrence rate in the NOM versus appendectomy treatment group
  
  

 
 
  
 
  
 

Author(s)

Bachur et al.
Hall et al.
Minneci et al.
Svensson et al.
Gorter et al.  
Lee et al.

Sample size (NOM group; 
appendectomy group)
99001 (4190; 61522)
106 (51; 44)
102 (37; 65)
50 (24; 26)
44 (25; 19)
83 (51; 32)

Follow-up 
period
1 year
1 year
1 year
1 year
1.25-3 years
1 year

NOM group

2628 (29.9%)
6 (15.4%)
1 (2.7%)
2 (8.3%)
3 (12%)
9 (17.6%)

Appendectomy 
group
18613 (18.6%)
2 (4.5%)
8 (12.3%)
0 (0%)
0 (0%)
0 (0%)

p-value

N.A.*
N.A.
0.15
0.23
N.A. 
N.A. 

Table 3 shows the 6 studies that examined the number of subsequent appendectomies. Bachur et al., Hall et al., Svensson et al., Gorter et al., and Lee et al. show the number 
of subsequent appendectomies for recurrent appendicitis or abdominal pain. Minneci et al. shows the rate of appendicitis-related surgery or other invasive procedure within 
30 days. None of the studies found a significant difference between the NOM and appendectomy group, but only one of the six studies showed a p-value. 

Table 3 - Comparison of study characteristics for subsequent appendectomy in the NOM versus appendectomy treatment group
  
  

 
 
  
 
  
 

Author(s)

Bachur et al.
Hall et al.
Minneci et al.
Svensson et al.
Gorter et al.  
Lee et al.

Sample size (NOM group; 
appendectomy group)
99001 (4190; 61522)
106 (52; 44)
102 (37; 65)
50 (24; 26)
44 (25; 19)
83 (51; 32)

Follow-up 
period
1 year
1 year
1 year
1 year
1.25-3 years
1 year

NOM group

1032 (24.6%)
8 (15.4%)
2 (5.4%)
9 (37.5%)
6 (24%)
8 (15.7%)

Appendectomy 
group
N.A.
2 (4.5%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

p-value

N.A.
N.A.
0.15
N.A.
N.A. 
N.A. 

Table 4 shows the five studies that examined the incidence of complication or adverse outcomes after treatment with antibiotics and (subsequent) appendectomy. Compli-
cations such as allergic reaction, readmission for gastroenteritis, urinary tract infection, and reoperation, occurs in all five studies. Bachur et al. does not report data about 
complications. None of the studies found a significant difference between the NOM and appendectomy group, but only one of the five studies showed a p-value.

Table 4 - Comparison of study characteristics for the complication rate in the NOM versus appendectomy treatment group
  
  

 
 
  
 
 

Author(s)

Hall et al.
Minneci et al.
Svensson et al.
Gorter et al.  
Lee et al.

Sample size (NOM group; 
appendectomy group)
106 (51; 44)
102 (37; 65)
50 (24; 26)
44 (25; 19)
83 (51; 32)

Follow-up 
period
1 year
1 year
1 year
1.25-3 years
1 year

NOM group

2 (3.9%)
0 (0%)
2 (8.3%)
3 (12%)
9 (17.6%)

Appendectomy 
group
3 (6.8%)
5 (7.7%)
0 (0%)
2 (10.5%)
6 (18.8%)

p-value

N.A.
N.A.
0.23
N.A. 
N.A. 
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Complications
Table 4 shows the five studies that examined the complication 
rate or adverse outcomes after treatment with antibiotics and 
(subsequent) appendectomy. Complications such as allergic re-
action, readmission for gastroenteritis, urinary tract infection, 
and reoperation, occurred in all five studies. Bachur et al. (11) 
does not report data about complications. None of the studies 
found a significant difference between the NOM and appendec-
tomy group, but only one of the five studies provided a p-value. 
However, in Gorter et al. (9) the 95% confidence interval of the 
12% complication rate in the NOM group is 4-30% and 95% 
confidence interval of the 11% complication rate in the appen-
dectomy group is 3-31%, implying no significant difference.

Meta-analysis
Recurrence rate
 A total of five studies consisting of a total of 385 patients have 
been incorporated in the meta-analyse. Within the NOM group, 
21 of the total 188 (11.2%) patients had a recurrence. The recur-
rence rate in the appendectomy group was 10 out of 186 (5.4%) 
patients. The recurrence rates are shown in figure 2. The diffe-
rence in overall recurrence rate between both groups is not signi-
ficant for respectively the NOM and appendectomy group (95% 
CI [0.2-20.8%] and [0.4-6.3%]).  
  
Complications
 A total of five studies consisting of 385 patients has been incor-
porated in the meta-analysis. Patients treated nonoperatively had 
a total of sixteen events of complications of the total 169 (9.5%). 
In the appendectomy group, there was a total of sixteen com-
plications from the total of 186 (8.6%). The complication rates 
are shown in figure 3. The overall complication rate was lower 

in the appendectomy group, though the difference between both 
groups was not significant (95% CI [9.6-11.4%] and [7.8-9.7%]) 
for respectively the NOM and appendectomy group.
 
The complications rate for NOM ranges from 0.0% to 28.1% 
(resp. 14 and 15). For appendectomy, these values vary from 
0.0% to 18.8% (resp. 12 and 15). An overview of the values is 
shown in the pooled data analyses, in the figure the total preva-
lence. The mean complication rate for NOM is 10.5% (95%CI: 
9.55-11.4%), in comparison to the appendectomy group where 
the percentage is 8.76% (95%CI: 7.84-9.67%). In conclusion 
there is no significant difference in complication rate between 
both groups 
 
Discussion 
In this systematic review we evaluated six studies to compare 
conservative and surgical treatment of acute uncomplicated 
appendicitis in children. There was no significant difference 
between therapies. 
Firstly, the recurrence rate was higher for NOM than for ap-
pendectomy, though this difference in recurrence rate was not 
significant. Secondly, the complication rate was approximately 
the same for the NOM and appendectomy group. Thirdly, subse-
quent appendectomy occurred more frequent after conservative 
treatment, but differed not significantly from treatment with ap-
pendectomy.  
Due to the partly the same CI for the pooled data analyses, we 
can conclude that the complication rate for both treatments is not 
significantly different. We can say that the pooled data slightly 
increases the complication rate. In both cases, one study showed 
significantly a higher prevalence of complications, so the overall 
complication rate is higher as well.

Figure 2- The recurrence rate for antibiotics and appendectomy 

Recurrence rate NOM Recurrence rate appendectomy 

Forest plot of pooled recurrence rate in the NOM group Forest plot of pooled recurrence rate in the  appendectomy group
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One of the previous reviews about the treatment of appendicitis 
in children studied the difference in outcomes (20). They conclu-
ded that there was a broad heterogeneity for the outcomes and 
definitions of outcomes of systematic review and randomized 
controlled trials about this subject. Therefore, we carefully se-
lected articles with the same outcomes in order to compare those 
studies and draw a conclusion in this systematic review. Other 
reviews can partly be compared to our results although they did 
not include studies with a large population (10,18,21,22). In our 
review, we included a study with a large group of participants 
which provides our review of stronger power (11). Our findings 
are conform to the results in another review which found that 
there are no significant differences in occurrence of outcome 
between NOM and appendectomy (10). 

Subsequent appendectomy
When interpreting the findings, it should be noted that the recur-
rence rate and subsequent appendectomy rate is always low in 
the group of patients treated with appendectomy. This can be 
explained by the fact that the appendix of these patients is re-
moved. As a result, the recurrence rate tends to be greater in the 
group of patients treated nonoperatively. Our review showed a 
recurrence rate that is greater in the NOM group, but the dif-
ference between the two groups is not significant. In addition, 
the complication rate differs not significantly between both 
groups. Therefore, NOM does not seem to be inferior to an ap-
pendectomy in children with acute uncomplicated appendicitis. 
For future cases of appendicitis, we advise to provide evidence-
based information for both children and parent about possible 
treatments and potential complications, so they can choose the 
treatment they prefer.  

However, there is a stump of the appendix remaining after ap-
pendectomy, which could become inflated as well. People with 
stump appendicitis need reoperation to remove the remaining 
inflated stump. Table 3 shows 5.4% of those who underwent 
appendectomy get stump appendicitis and needed a subsequent 
appendectomy. However, because of the small population of the 
study 5.4% corresponds to only two children (14). So, the rate 
of subsequent appendectomy is particularly low, but these two 
children are exposed to all risks of surgery again. 
Four studies showed 0% needed subsequent appendectomy. 
Despite their particularly high recurrence rate, Bachur et al (11) 
unfortunately did not report data about the number of subse-
quent appendectomies. 

Limitations of the included studies 
 We included six studies. Despite the high-quality score of these 
studies, there are some limitations. For example, the randomi-
zation of children with acute appendicitis for treatment with 
NOM or appendectomy was absent. Because appendectomy is 
the worldwide gold standard treatment for acute appendicitis, 
the young patients or their parents have the right to choose the 
way of therapy themselves (3). Not randomizing the patients can 
cause a bias in the review because children who are in more pain 
maybe choose for a surgery because of the instant pain relief. 
On the other hand, children who cannot withstand the idea of 
surgery choose for antibiotics. 
None of the studies included in our meta-analysis reported child-
ren below three years of age. Moreover, results were not repor-
ted according to age categories. Children younger than five years 
have an increased risk of perforated appendicitis (23). Therefore, 
nonoperative treatment for those children may be more hazar-
dous and less efficacious than for older infants. 

Figure 3- The complications for antibiotics and appendectomy

Complications NOM Complications appendectomy 

Forest plot of pooled analysis of complication rate in the NOM group Forest plot of pooled analysis of complication rate in the appendectomy group
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In addition, the median age is ten years or more in four of the 
five studies, and children of that age are structurally more si-
milar to adults. Taking this into account, the complication rate 
we found in this review might be an underestimation and not 
representative for children of any age, but only for the older aged 
children. 
One outcome, subsequent appendectomy was not included in 
our meta-analysis because of the debatable cases of subsequent 
appendectomy in the appendectomy group. As expected, in al-
most all studies, no subsequent appendectomies were mentioned 
in the appendectomy group, though one study mentioned two ca-
ses of the appendectomy group who had undergone subsequent 
appendectomy (13). Further research led us to the conclusion 
that those two cases were caused by the fact that two children re-
fused the initial appendectomy. Later on, an appendectomy was 
needed due to a reinfection of the appendix. These cases were 
defined as subsequent appendectomy, but it did not fit our defini-
tion of subsequent appendectomy, so we decided to exclude this 
outcome from the pooled evidence analysis.
 
Strengths of the systematic review
 This extensive review was possible because we have chosen to 
limit ourselves to children only. In addition, many studies have 
been done to analyse the effect of NOM on treatment outcomes 
in adults with appendicitis, but the optimum treatment in child-
ren with acute uncomplicated appendicitis is still unclear. This 
allows us to make a specific recommendation on this subject. 
Our review included a selection of high rated studies and a total 
group size that is representative. 
 
Limitations of the systematic review
There are several limitations of our systematic review. These li-
mitations prevent us from drawing strong conclusions. Firstly, 
we studied a limited number of articles and treatment outcomes. 
Studying only these three outcomes results in an incomplete 
view about all the other outcomes that can occur during/after 
treatment of acute appendicitis in children. So, it urges to con-
duct another study that includes other outcomes before a definite 
advice can be formulated about how to treat children with acute 
uncomplicated appendicitis. However, studying these three spe-
cific outcomes accurately resulted in a reliable conclusion. 
Secondly, we focused on a follow-up of one year after treatment 
because these intervals were used in the most articles we found. 
This is a limitation of our study because a longer follow-up of 
more than three years could have given other significant results, 
which we overlook now. We can imagine recurrent appendicitis 
will occur more frequent after nonoperative treatment when the 
children are followed for more than three years compared to one 
year. However, today there are no studies with a follow-up lon-
ger than three years. 
Thirdly, the use of different definitions of nonoperative treatment 
(also see table 1) between the studies may affect our findings. 
For instance, active observation reviewing patients each three 
months during one year, hospital observation and intravenous 
antibiotics for a minimum of 24 hours, intravenous meropenem 
and metronidazole for at least 48 hours, intravenous antibio-
tics ceftriaxone/metronidazole (resp. 13, 14, 12, 15). This can 
lead to differences in effectiveness of nonoperative treatment. 

Therefore, in future studies it is important that the same policy of  
nonoperative management will be used. 
Finally, we did not take account of confounders. For example, 
incomplete adjustment by our included studies for confoun-
ders such as comorbidities in and exposures to the children (for 
example nutrition) may have played a role in the findings. Mo-
reover, the studies vary in study design and were performed in 
different countries. We think that the different countries could 
have a big difference in policy. For example, the procedure of 
appendectomy and antibiotic prophylaxis, and the aftercare, are 
different between countries (24,25). The high variation in study 
design and country makes that it is more difficult to compare 
the six studies. When all the studies were randomized controlled 
trials and were performed in the same country, we would have 
good-quality, comparable studies and probably be able to pro-
vide a more reliable result. 

Further research  
In future studies, we recommend to research additional outco-
mes in addition to the three outcomes in this review. Additional 
outcomes such as the length of stay, disability days, health-rela-
ted quality of life, days of pain medication, number of patients 
who develop a complicated or perforated appendicitis, imaging 
studies of the abdomen after discharge and health costs are es-
pecially of interest. 
Moreover, in future studies we could use a follow-up longer than 
three years, to detect later complications (such as adhesion ob-
struction) and more cases of recurrent appendicitis and subse-
quent appendectomy. 
When sufficient evidence has been generated, paediatric patients 
together with their parents and clinicians are able to make a well-
informed decision. 
In addition, the exact pathogenesis of appendicitis is still unre-
solved. It is thus not surprising that it remains unclear whether it 
is better to treat children with uncomplicated appendicitis con-
servatively or surgically. To resolve this issue, further analysis of 
pathophysiological aspects of appendicitis, more specifically in 
children, is necessary. 
One could suggest that the antibiotic treatment is less invasive 
for children. Therefore, our recommendation is to include the 
more patient-centred outcomes for further research instead of 
the clinical outcomes. The experience of children with the tre-
atment of antibiotics can prove significantly different, because 
this systematic review states that there is no difference in clini-
cal outcomes for the treatment of uncomplicated appendicitis in 
children.  

Conclusions 
This systematic review provides a high-level summary for treat-
ment of a paediatric appendicitis. On the basis of our results, we 
can conclude antibiotic treatment is not inferior to appendecto-
my for acute uncomplicated appendicitis in children. For future 
cases, we recommend doing more research to prove treatment 
with antibiotics is as effective as appendectomy for all three; 
medical outcomes, patient-related outcomes and cost-effective-
ness in children with uncomplicated appendicitis. 
 
 

Systematic Review
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Criteria- articles with a score ≤ 6 were seen 
as weak articles and were excluded

1. The study aim is clearly formulated
2. A hypothesis has been formulated
3.  The allocation of patients into the interven-

tion and control group is randomized
4.  It is clearly described how the groups are 

classified
5.  There is clear description of the treatment in 

both intervention group and control group 
6.  The intervention and control group are com-

parable or it has been corrected for 
7.  The number of included patients is more than 

or equal to 50 
8.  The study has one or more of the following 

as (primary or secondary) outcome:
    -  Length of stay (LOS)
    -  ED visits / hospitalizations
    -    Recurrent appendicitis / frequency of 

appendectomy after discharge from the 
index visit

    -   Disability days / treatment associated 
disability / days to normal activity, com-
plications

9.  The description of the method is clear and 
replicable for other researchers

10.  The results of all outcomes are clearly 
shown

Score

1
1
1

1

1

1

1

1

1

1

Appendix 1- Quality assessment 
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Introduction
The incidence of cesarean section (CS) for childbirth has in-
creased in the last few decades. Of all childbirths, 18.6% are 
currently performed using CS.[1] Postoperative analgesia is im-
portant after CS to provide the most optimal conditions for the 
mother to bond with and take care of her child. It also contri-
butes to early ambulation and discharge, supporting the mother 
in her recovery. Morphine is an effective drug for postoperative 
analgesia, which effects can last up to many hours after injection 
during spinal or epidural anesthesia.[2,3] For the administration 
of morphine, epidural (EP) and intrathecal (IT) analgesia and 
intravenous patient-controlled analgesia (i.v. PCA) are common 
methods.[4] IT administration of morphine requires a small 
dosage for long-lasting and adequate patient-satisfaction and is 
found to be cost-effective.[5] However, there is no clearly su-
perior method of morphine administration when comparing IT, 

EP and i.v. PCA in effectiveness and occurrence of side-effects.
[6] Therefore, the primary aim of this review is to determine 
the effectiveness of IT morphine compared to EP or i.v. PCA 
morphine as postoperative analgesia after CS. Our secondary 
outcome is the occurrence of side-effects with IT versus EP or 
i.v. PCA morphine as postoperative treatment after CS.

Methods
Search Strategy
On the 1st of May 2020 we searched the following databases: 
Embase, Medline ALL, Web of Science Core Collection, Co-
chrane Central Register of Controlled Trials and Google Scho-
lar. We searched for English articles, excluding non human 
research and conference abstracts. We used the following key 
terms for the search string: Morphine, Intrathecal, Epidural, Pa-
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Abstract
Objective: The primary aim of this review is to determine the effectiveness of intrathecal (IT) morphine compared to epidural 
morphine (EP) or intravenous Patient Controlled Analgesia (i.v. PCA) morphine for postoperative analgesia after cesarean sec-
tion (CS).
Methods: We searched five databases including studies on IT, EP and i.v. PCA morphine after cesarean section, which compare 
either IT and EP or IT and i.v. PCA morphine. 
Eligible articles were screened based on our exclusion criteria. We also assessed the found articles on quality using a self-altered 
Newcastle Ottawa Scale. We collected the patients’ maternal age, American Society of Anesthesiologist (ASA) classification, weight 
and parity and looked at mean pain scores and incidence of side-effects. After data extraction, we performed a meta-analysis.
Results: Of the 964 found articles, nine articles were included. One article considered i.v. PCA morphine versus IT morphine and 
all articles investigated EP morphine versus IT morphine. We calculated the Standardized Mean Differences (SMD’s) for the vi-
sual analogue scale (VAS) outcomes of the studies which compared IT and EP morphine, as the use of the VAS differed per study.  
I.V. PCA morphine was associated with a higher pain score than IT morphine [0.14 (0.06) vs. 0.04 (0.01)].
Our meta-analysis showed no significant difference in pain score between patients who received EP or IT morphine: SMD -0.05 
(-0.30;0.19). This was overall supported by the outcomes of the articles which were not included in our meta-analysis.
Discussion: There is no difference in the effectiveness of IT morphine compared to EP morphine as postoperative analgesia after 
CS based on our systematic review. IT morphine seems to be more effective than i.v. PCA morphine as postoperative analgesia 
after CS. However, more research on EP and i.v. PCA morphine compared to IT morphine is necessary to draw a definitive con-
clusion.
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tient-Controlled Analgesia and Cesarean section. All full search 
strings are attached in Appendix I.

Study selection
We independently reviewed the titles and abstracts of the found 
articles for eligibility. We used the following exclusion criteria:
• Reviews
• Not considering IT administration of morphine
• Not comparing EP or i.v. PCA to IT administration 
•  Comparing IT morphine to EP/ i.v. PCA analgesia other than 

morphine
• Not using a pain score as outcome
• Not considering patients undergoing CS
• Duplicates
We chose not to select articles based on their study type. 

Quality assessment
To assess the quality of the articles, we altered the Newcastle-
Ottawa scale (NOS) for cohort studies to be relevant for our 
review. [7] For our full quality assessment scale, see Appen-
dix II. The maximum amount of points to be received is seven, 
wherein 1-3 points is rated low quality, 4-5 points moderate 
quality and 6-7 points high quality. 
Looking at selection, one point was given if the IT cohort was 
similar to the average post-CS patient, if the EP/ i.v. PCA cohort 
was drawn from the same community as the IT cohort and when 
the ascertainment of administration type was from secured re-
cords or structured interviews. 
As for comparability, studies received a point when there were 
no significant differences in baseline demographics between the 
study groups or significant differences were accounted for and 
did not influence the study results. 
Lastly, we assessed outcome. Studies received a point when as-
sessment of pain score came from self-reports or record linkage, 
when the follow-up was at least 24 hours after CS and when the-
re was complete follow up or description of those lost provided.

Data extraction
We looked at the different patient characteristics in the study 
cohorts, including maternal age, the American Society of An-
esthesiologist (ASA) classification, weight and parity.  We ex-
tracted the mean pain scores and the incidence of pruritus and 
postoperative nausea and vomiting (PONV) in the IT, EP and 
i.v. PCA groups. 

Analysis
We calculated the standardized mean differences (SMD) for 
the primary outcome using a SMD calculator.[8] For both the 
primary and secondary outcome, we used the Meta-Essentials: 
Workbooks for meta-analysis to perform the meta-analysis on 
the found data.[9] We based the model of the meta-analysis on 
the percentage of heterogeneity of our studies. If the I2 percen-
tage was above 50%, we used a random effects model. If the 
percentage was under 50%, we used a fixed effects model. 

Results
Study search and selection

The search produced 964 articles, of which 385 were duplicates. 
After applying the exclusion criteria, 19 articles remained. 
5 articles were not available to us in full text. After full text 
screening, 9 articles were finally included. For the full search 
selection, see figure 1.

964 articles found

579 articles

19 articles on IT 
morphine compared to 
EP or PCA morphine 

after CS

9 articles finally 
included

560 articles excluded 
based on title and 
abstract screening
1. Reviews: 56
2. Not considering IT 
administration of mor-
phine: 159
3. Not comparing EP or 
PCA to IT administra-
tion: 298
4. Comparing IT mor-
phine to different EP/
PCA analgesia: 6
5. Not using pain score 
as outcome: 9
6. Not CS: 17
7. Duplicates: 15

5 articles excluded 
based on full text 
screening
1. Not comparing EP or 
PCA to IT administra-
tion: 1
2. Comparing IT mor-
phine to different EP/
PCA analgesia: 3
3. Not using a pain score 
as outcome: 1

Duplicates: 385

Full text not available: 5

Figure 1 - Flowchart of selection process. IT = intrathecal, EP = epidural, 
PCA = patient-controlled analgesia, CS = cesarean section
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Description of studies
In table 1a and 1b, the baseline characteristics of the included 
studies are reported. The studies were published between 1988 
and 2016. All of them were prospective cohort studies with a 
number of patients ranging from 35 to 949.
Different patient characteristics were described for. Average 
maternal age ranged from 26 to 33 across the studies. The in-
cluded American Society of Anesthesiologist (ASA) score was 
mostly ASA I-II. Caranza et al. only included patients with ASA 
score I and Kaufner et al. included patients with ASA score I-
III. Bloor et al. did not specify the ASA scores. The parity of 
the patient differed between studies. Average maternal weight 
varied from 65 to 83.8.

One study investigated the effectivity of i.v. PCA morphine and 
all studies investigated the effectivity of EP and IT morphine. 
All studies used a Visual Analogue Scale (VAS) as measurement 
for postoperative pain, but they differed slightly. For example, 
Chadwick et al. used a 0-100 mm VAS, Lim et al. used a 1-4 
VAS and Dualé et al. looked at the 0-100 VAS score throughout 
the 24 hours observation period and calculated the area under 
the curve (AUC). Different side-effects were investigated, but 
all studies looked at pruritus and postoperative nausea and vo-
miting (PONV). Therefore, we choose to analyze these two side 
effects only. The dosage of morphine which patients received 
differed per study.

Table 1a - Baseline characteristics of the included studies
  
  

 
 
  
 
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 

Studies

Chadwick et al. 
1988 [12]
Lim et al. 2005 
[13]
Dualé et al. 2003 
[14]
Bloor et al.
2000 [15]
Caranza et al.
1999 [16]
Eskander et al. 
1994 [17] 
Hallworth et al.
1999 [18]

Kaufner et al. 
2016 [19]
Sarvela et al.
2002 [20] 

Type of study

Prospective 
cohort study
Prospective 
cohort study
Prospective 
cohort study
Prospective 
cohort study
Prospective 
cohort study
Prospective 
cohort study
Prospective 
cohort study

Prospective 
cohort study
Prospective 
cohort study

Number of 
patients
399

949

53

60

55

35

48

199

146

Location

United States

Singapore

France

United Kingdom

United Kingdom

United Kingdom

United Kingdom

Germany

Finland

Administration  
type
EP/IT

EP/IT/PCA

EP/IT

EP/IT

EP/IT

EP/IT

EP/IT

EP/IT

EP/IT

Type of results

VAS 0-100. Pruritus, PONV, urinary retention, respiratory 
depression
VAS 0-4. Pruritus, PONV, backache, headache
 
VAS 0-100. Consumption of IV morphine. Sedation, 
pruritus, PONV
Pain/pruritus/PONV: VRS (verbal rating scale) 0 (nil), 1 
(mild), 2 (moderate) tot 3 (severe) 
VAS 0-100.
Pruritus, PONV, respiratory depression.
VAS.
Pruritus, nausea, vomiting.
VAS 0-100.
VRS 0-3.
Pruritus, ventilation frequency, PONV.
VAS 0-100.
Nausea, pruritus.
VAS 0-10.
Pruritus, PONV, respiratory depression

Table 1b - Baseline characteristics of the included studies - Continued
  
  

 
 
 
 
  
 
 
  
 
 
 
 
 
 
 
  
 
 
 
 
 

Studies

Chadwick et al. 
1988 [12]

Lim et al. 2005 
[13]

Dualé et al. 2003 
[14]
Bloor et al.
2000 [15]
Caranza et al.
1999 [16]
Eskander et al. 
1994 [17] 
Hallworth et al.
1999 [18]
Kaufner et al. 
2016 [19]
Sarvela et al.
2002 [20] 

Maternal age

IT: 26 ± 5
EP: 26 ± 6

Unknown

IT: 32 (29-32)
EP: 32.5 (28-35.5)
IT: 31.7 ± 5.2
EP: 31.4 ± 5.2
IT: 30.19 ± 3.83
EP: 31.04 ± 4.78
IT and EP similar

IT: 31.3 (21-40)
EP: 31.6 (20-40)
IT: 31 ± 5.4
EP: 31.7 ± 6.3
IT: 32 ± 6
EP: 33 ± 4

ASA

I-II

I-II

I-II

Unknown

I

I-II

I-II

I-III

I-II

Parity

IT: 17% primagravida 
70% multigravida
EP: 38% primigravida 
50% multigravida
Unknown

IT: 1 (0-1)
EP: 1 (0-2)
IT: 1 (0-3)
EP: 1 (0-5)
IT: 46% primiparous
EP: 34% primiparous
Unknown

IT: 1.4 ± 1.1
EP: 1.5 ± 1.0
IT: 1 (0-1)
EP: 1 (0-1)
IT: 2 (1-5)
EP: 2 (1-6)

Maternal
weight
IT: 77 ± 19
EP: 82 ± 24

Unknown

IT: 65 (61.5-72.5)
EP: 69.5 (62.5-79.5)
IT: 83.8 ± 15.7
EP: 76.5 ± 15.9
IT: 69.9 ± 9.5
EP: 71.0 ± 10.1
IT and EP similar

IT: 79.3 ± 15.1
EP: 76.1 ± 11.7
IT: 82.8 ± 20.2
EP: 83.2 ± 14.2
IT: 79 ± 11
EP: 76 ± 10

Dosage of morphine

IT: 0.4 ± 0.1 mg
EP: 4.3 ± 0.5 mg

IT: 0.1 mg
EP: 3-4 mg
PCA: 1 mg bolus, maximum 8-12 mg/h
IT: 0.075 mg
EP: 2 mg  
IT: 0.3 mg
EP: 3 mg
IT: 0.2 mg
EP: 3 mg
IT: 0.75 mg
EP: 3.3 mg
IT: 0.25 mg
EP: 5 mg
IT: 0.1 mg
EP: 3 mg
IT: 0.2 mg
EP: 3 mg
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All studies scored high quality in our quality assessment, except 
for one study. Lim et al. scored moderate quality. There were no 
articles which scored low quality. For the full outcome of our 
quality assessment, see Appendix III.

IT versus i.v. PCA morphine
Only one study investigated the effectivity and side effects of 
i.v. PCA morphine. Lim et al. compared pain scores at rest and 
on movement when pain was managed with IT, EP or i.v. PCA 
morphine. The mean pain score was significantly higher in the 
i.v. PCA group compared to the IT group at rest: i.v. PCA 0.14 
(0.06) vs. IT 0.04 (0.01) and on movement: i.v. PCA 0.84 (0.11) 
vs. IT 0.26 (0.1).
Lim et al. also investigated the occurrence of pruritus, PONV, 
backache and headache in the IT, EP and i.v. PCA group. Pru-
ritus occurred significantly more in the IT group than in the i.v. 
PCA group (50% vs. 21%). The other side effects did not occur 
significantly more in either group.

IT versus EP morphine - VAS score
Because only four of the included studies have comparable VAS 
results, we only analysed these four in our meta-analysis. Be-
cause the studies used VAS scales differently, we calculated the 
SMD’s in order to perform the meta-analysis. The calculated 
SMD’s are given in table 2. For the calculation of the SMD’s, see 
Appendix IV. There was little chance of heterogeneity between 
these four studies, because the I2 value is 27.98%. Therefore, 
we used a fixed effects model for this meta-analysis. All four 
studies showed no significant difference in VAS between EP 
and IT administration of morphine. When pooled together, the 
studies therefore did not show a significant difference in pain 
management: SMD -0.05 (-0.30;0.19) (see figure 2).
The other five articles did not provide sufficient information for 
inclusion in the meta-analysis, but did discuss the VAS results 
of the IT and EP groups. Bloor et al. categorised pain as ‘nil’, 
‘mild’, ‘moderate’ and ‘severe’ and found no significant diffe-
rence in pain scores between the IT and EP group. Hallworth et 
al. stated that there were no significant differences in VAS at any 
of their measured time intervals. Caranza et al. also measured 
VAS at different points in time and found no significant VAS 
differences between their IT and EP group. The fourth study, Es-
kander et al., observed significantly lower VAS scores in the IT 
group compared to the EP group on four different time points. 
Lastly, Sarvela et al. found significantly lower VAS scores at 
24 hours after surgery in the EP group, but found no significant 
difference in VAS scores between the groups within the first 21 
hours after surgery.

IT versus EP morphine - Side-effects
The odds ratios (OR) and incidence of pruritus in the IT and 
EP group per study are given in table 3. In four studies, pa-
tients in the IT group experienced significantly more pruritus 
than patients in the EP group. However, the other four studies 
did not find a significant difference in the occurrence of pruritus 
between the IT and EP groups. When pooled together, we did 
not find a significant difference in the occurrence of pruritus 
between the groups: OR 1.87 (0.87;4.05) (see figure 3). There 
was a chance of heterogeneity between these eight studies, be-
cause the I2 value is 63.57%. Therefore, we used a random ef-
fects model for this meta-analysis. Kaufner et al. recorded the 
incidence of pruritus in the IT and EP group at several points in 
time and found no significant difference between the groups.
Table 4 shows the OR’s and occurence of PONV in the patient 
groups per study. Only Lim et al. shows that patients in the EP 
group experienced significantly more PONV than the patients in 
the IT group (OR 0,32 (0,17; 0,57)). The other seven studies did 
not find a significant difference between the groups. We used 
a random effects model for this meta-analysis, as the I2 value 
is 74.07%. When pooled together, we did not find a significant 
difference in the occurrence of PONV between the EP and IT 
group: OR 0.91 (0.42;1.98).

Table 2 - Outcome measures of VAS

  
 

 
 
 
 
 

Studies

1. Chadwick et al.
2. Lim et al.
3. Dualé et al.
4. Kaufner et al.
5. Total

IT group  
(mean)
23
0.04
205
10

EP group 
(mean)
24
0.05
165
20

VAS (SMD)

-0.0433
-0.8295
0.2477
-0.8099
-0.05

Confidence 
interval (95%)
(-0.02396;0.153) 
(-0.5469;1.1121)
(-0.2986;0.7839) 
(-1.6974;0.0775)
(-0.30;0.19)

I2

27.98%

Table 3 - Outcome measures of pruritus

  
 

 
 
 
 
 
 
 
 
 

Studies

1. Chadwick et al.
2. Lim et al.
3. Dualé et al.
4. Bloor et al.
5. Hallworth et al.
6. Caranza et al.
7. Eskander et al.
8. Sarvela et al.
9. Total

IT group 
(n)
155
422
9
29
21
23
13
42
714

EP group 
(n)
136
30
13
20
19
20
6
35
279

OR

1.60
0.72
0.65
14.50
1.84
3.45
4.77
3.60
1.87

Confidence 
interval (95%)
(1.02;2.50)
(0.41;1.27)
(0.21;2.01)
(1.64;128.09)
(0.37:9.14)
(0.79;15.02)
(1.08;21.10)
(1.17;11.05)
(0.87;4.05)

I2

63,57%

Figure 2 - Forest plot of the VAS scores (SMD) of IT group compared to EP group per study. The positive horizontal axis represents higher VAS scores in the 
IT group and the negative horizontal axis represents higher VAS scores in the EP group.
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Discussion 
We performed a review and meta-analysis, comparing the effec-
tiveness and occurrence of side effects in post-CS patients who 
received either IT, EP or i.v. PCA morphine. We compared IT to 
EP administration and IT to i.v. PCA administration.
There was a significantly higher mean VAS score in the i.v. PCA 
group compared to the IT group in one study, which also found 
significantly more occurrence of pruritus in the IT group com-
pared to the i.v. PCA group. Other side effects, including PONV, 
did not show a significant difference in the occurrence between 
the groups. 

Figure 3 - Forest plot of the occurrence of pruritus of the IT group compared to EP group per study. Effect size >1 represents more occurrence in the IT group 
and effect size <1 represents more occurrence in the EP group.

When looking at VAS scores, our meta-analysis showed no sig-
nificant differences in the effectiveness of IT morphine com-
pared to EP morphine. Most of the other reviewed studies sup-
port these findings. Looking at side-effects, our analysis shows 
no significant difference in the occurrence of pruritus in the IT 
groups compared to the EP groups. We draw the same conclu-
sion for PONV.
Based on our findings, we cannot recommend one type of mor-
phine administration over the other when looking at effective-
ness and side-effects.
Current guidelines recommend neuraxial opioids for post-CS 
pain management [10] , in which intrathecal morphine is the 
gold standard. [11] Our meta-analysis showed no difference 
between EP and IT morphine effectiveness and side-effects, but 
the guideline preferes intrathecal morphine because of lower 
dosages and therefore lower chance of neonatal drug transfer. 
[11]
Eskander et al. was the only study to find significantly lower 
VAS scores in the IT group. However, this study had a small 
sample size, which might have been a limitation. Concluding 
from the results of our quality assessment scale, we can say that 
all articles were at least of moderate quality. So, we conclude 
that there were no limitations because of the quality of the ar-
ticles.

Figure 4 - Forest plot of the occurrence of PONV of the IT group compared to EP group per study. Effect size >1 represents more occurrence in the IT group 
and effect size <1 represents more occurrence in the EP group.

Table 4 - Outcome measures of PONV

  
 

 
 
 
 
 
 
 
 
 

Studies

1. Chadwick et al.
2. Lim et al.
3. Dualé et al.
4. Bloor et al.
5. Hallworth et al.
6. Caranza et al.
7. Eskander et al.
8. Sarvela et al.
9. Total

IT group 
(n)
65
131
11
5
1
19
7
13
252

EP group 
(n)
49
19
10
7
6
12
7
13
123

OR

1.47
0.32
1.41
0.60
0.13
3.85
0.91
1.09
0.91

Confidence 
interval (95%)
(0.95;2.29)
(0.17;0.57)
(0.46;4.39)
(0.16;2.23)
(0.01;1.26)
(1.20;12.33)
(0.22;3.70)
(0.44;2.70)
(0.42;1.98)

I2

74.07%
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Our review has several strengths: we used multiple databases 
to find our set of included articles, we performed three meta-
analysis and we altered the NOS to comply with our subject.
However, our article also had several limitations. Despite 
screening a considerable amount of articles, the amount of arti-
cles which we finally included is relatively small. We could not 
include several of these articles into our meta-analysis, because 
a limited amount of data was given. Also, VAS scores are used 
differently in different studies, which made it more difficult to 
compare.
Based on our findings which show no significant difference in 
VAS scores and side-effects between the EP and IT groups, we 
conclude that neither IT and EP morphine is preferred over the 
other as postoperative analgesia after CS.
More research is necessary to determine if IT morphine is ac-
tually superiorly effective to i.v. PCA morphine. We also re-
commend more research to be done on comparing IT and EP 
morphine, in order to able to advise on an administration type 
for clinical practice. This is based on the fact that we were able 
to include only a small amount of articles, despite our large set 
of found articles. It is also advisable to research more severe 
side effects, such as respiratory depression in the mother and the 
child (via breastfeeding) after administration of IT, i.v. PCA or 
EP morphine. There were some articles which investigated the 
incidence of respiratory depression, but to limited extent. The 
occurrence of these events can weigh more heavily in the re-
commendation for an administration type of morphine as posto-
perative pain treatment. We believe prospective cohort studies, 
similar to the ones included, will be appropriate.
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Appendix I
Embase – 221 articles
(‘cesarean section’/exp OR (cesarea* OR cesaria* OR caesarea* 
OR caesaria* OR ((abdom*) NEAR/3 (deliver*))):ab,ti,kw) 
AND (‘diamorphine’/de OR (diamorphine* OR 
morphin*):ab,ti,kw) AND ((‘intrathecal drug administration’/
de AND (‘epidural anesthesia’/de OR ‘patient controlled an-
algesia’)) OR ((intrathecal* AND (epidural* OR extradural* 
OR peridural* OR epi-dural* OR extra-dural* OR peri-dural* 
OR ((patient* OR self) NEAR/3 (analges* OR anasthes* OR 
anesthes* OR anaesthes*))))):ab,ti,kw) NOT ((animal/exp OR 
animal*:de OR nonhuman/de) NOT (‘human’/exp)) AND [en-
glish]/lim NOT ([Conference Abstract]/lim) 

Medline – 128 articles
(exp Cesarean Section/ OR (cesarea* OR cesaria* OR caesarea* 
OR caesaria* OR ((abdom*) ADJ3 (deliver*))).ab,ti,kw.) AND 
(Morphine/ OR (diamorphine* OR morphin*).ab,ti,kw.) AND 
((Injections, Spinal/ AND (Injections, Epidural/ OR Analgesia, 
Epidural/ OR Anesthesia, Epidural/ OR Analgesia, Patient-Con-
trolled/)) OR ((intrathecal* AND (epidural* OR extradural* OR 
peridural* OR epi-dural* OR extra-dural* OR peri-dural* OR 
((patient* OR self) ADJ3 (analges* OR anasthes* OR anesthes* 
OR anaesthes*))))).ab,ti,kw.) NOT ((animal/ OR animal*:de 
OR nonhuman/) NOT (human/)) AND english.la. NOT (news 
OR congres* OR abstract* OR book* OR chapter* OR disser-
tation abstract*).pt. 

Cochrane – 183 articles
((cesarea* OR cesaria* OR caesarea* OR caesaria* OR ((ab-
dom*) NEAR/3 (deliver*))):ab,ti,kw) AND ((diamorphine* OR 
morphin*):ab,ti,kw) AND (((intrathecal* AND (epidural* OR 
extradural* OR peridural* OR epi-dural* OR extra-dural* OR 
peri-dural* OR ((patient* OR self) NEAR/3 (analges* OR ana-
sthes* OR anesthes* OR anaesthes*))))):ab,ti,kw) 

Web of Science – 332 articles 
TS=(((cesarea* OR cesaria* OR caesarea* OR caesaria* OR 
((abdom*) NEAR/2 (deliver*)))) AND ((diamorphine* OR 
morphin*)) AND (((intrathecal* AND (epidural* OR extradu-
ral* OR peridural* OR epi-dural* OR extra-dural* OR peri-
dural* OR ((patient* OR self) NEAR/2 (analges* OR anasthes* 
OR anesthes* OR anaesthes*)))))) NOT ((animal* OR rat OR 
rats OR mouse OR mice OR murine OR dog OR dogs OR ca-
nine OR cat OR cats OR feline OR rabbit OR cow OR cows 
OR bovine OR rodent* OR sheep OR ovine OR pig OR swine 
OR porcine OR veterinar* OR chick* OR zebrafish* OR ba-
boon* OR nonhuman* OR primate* OR cattle* OR goose OR 
geese OR duck OR macaque* OR avian* OR bird* OR fish*) 
NOT (human* OR patient* OR women OR woman OR men 
OR man))) AND DT=(Article OR Review) AND LA=(English) 

Google Scholar – 100 articles (top-100) 
cesarean|cesarian|caesarean|caesarian morphine intrathecal epid
ural|extradural|peridural|”patient|self analgesia”

Appendix II
NEWCASTLE - OTTAWA QUALITY ASSESSMENT 
SCALE, COHORT STUDIES
Altered by Iris de Lange and Aletta van Opstal.
Note: a study can be awarded a maximum of one point for each 
numbered item within the categories.

Selection
1) Representativeness IT group
a) Truly representative of the average  1 point
    post-CS patient    
b) Somewhat representative of the average  1 point
    post-CS patient   
c) Selected group of users
d) no description of the derivation of the cohort

2) Selection of EP/ i.v. PCA group
a) Drawn from the same community as the IT 1 point
    cohort 
b) Drawn from a different source
c) No description of the derivation of the EP/ i.v. PCA cohort   

3) Ascertainment of administration type
a) Secure records 1 point  
b) Structured interview 1 point
c) Written self-report
d) No description

Comparability
4) Comparability of IT group and EP/ i.v. PCA group
a)  No significant differences in baseline  1 point
    demographics between the study groups
b)  Significant difference(s) in baseline  1 point
    demographics between the study groups accounted 
    for and no influence on the study results 
c) Significant difference(s) in baseline demographics 
    between the study groups not accounted for/accounted 
    for and influence on the study results
d) No description

Outcome
5) Assessment of pain score/side-effects
a) Self-report  1 point  
b) Record linkage  1 point  
c) No description

6) Follow-up at least 24h after CS
a) Yes 1 point
b) No

7) Adequacy of follow up of cohorts
a) Complete follow up - all subjects accounted for 1 point
b) Subjects lost to follow up - those lost accounted  1 point
    for    
c) Subjects lost to follow up - those lost not accounted for
d) No statement

Maximum of 7 points:
1-3 points = low quality; 4-5 points = moderate quality; 6-7 
points = high quality.
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Table 5 - Outcome of quality assessment

  
 

 
 
 
 
 
 
 
 
 

Studies

Chadwick et al.
Lim et al.
Dualé et al.
Bloor et al.
Hallworth et al.
Caranza et al.
Eskander et al.
Sarvela et al.
Kaufner et al.

1

a
a
a
b
a
a
a
a
b

2

a
a
a
a
a
a
a
a
a

3

a
b
a
a
a
a
a
a
a

4

c
d
a
a
a
a
a
a
a

5

a
a
a
a
a
a
a
a
a

6

a
a
a
a
a
a
a
a
a

7

a
d
b
d
b
b
d
b
b

Total

6
5
7
6
7
7
6
7
7

Low/ moderate/ 
high
high
moderate
high
high
high
high
high
high
high

* Calculated from 0-100 VAS scale where 100 represents perfect analgesia

Table 6 - Standardized mean difference (SMD) calculation

 

 
 

Chadwick et al.
Spinal
Epidural

Mean                          

23*
24*

SD                          

25
21

N                          

200
199

SMD (95% CI)                         

-0.0433 (-0.02396;0.153)

Table 7 - Standardized mean difference (SMD) calculation

 

 
 

Dualé et al.
Spinal
Epidural

Mean                          

205
156

SD                          

233.75
52.5

N                          

25
28

SMD (95% CI)                         

0.2427 (-0.2986;0.7839)

Table 8 - Standardized mean difference (SMD) calculation

 

 
 

Lim et al.
Spinal
Epidural

Mean                          

0.04
0.05

SD                          

0.01
0.03

N                          

850
52

SMD (95% CI)                         

-0.8295 (-0.5469;-1.1121)

Table 9 - Standardized mean difference (SMD) calculation

 

 
 

Kaufner et al.
Spinal
Epidural

Mean                          

10
20

SD                          

13
10

N                          

20
7

SMD (95% CI)                         

-0.8099 (-1.6974;0.0775)

Appendix III

Appendix IV
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Introduction
Since 1975 the incidence of obesity has nearly tripled. In 2016, 
39% of the world population was overweight and 13% of the 
population was obese, making obesity a serious upcoming 
worldwide health problem.[1]  
Evidence shows that obesity is associated to an elevated se-
rum cortisol level.[2] Some studies have found an association 
between high cortisol levels and the prevalence of comorbidities, 
such as components of the metabolic syndrome [3-5], a greater 
risk of cardiovascular diseases and depression.[6,7] Accordingly, 
it seems favorable to measure serum cortisol levels in obese pa-
tients, firstly to diagnose underlying causes of obesity and se-
condly to monitor the effects of obesity. However, although as-
sociations between serum cortisol and comorbidities have been 
found in population studies or certain subgroups, evidence-based 
cut-off values with clinical consequences are very hard to deve-
lop for such a dynamic parameter as serum cortisol.[8]
Measuring cortisol levels can be done in numerous ways but 
proves to be difficult. Measuring cortisol levels through veni-

puncture could cause a stress reaction which makes cortisol 
levels rise.[9] Long-period cortisol levels could be measured 
by hair analysis, but this is not appropriate for all patients with 
short hair, as a minimum hair length of three centimeters is nee-
ded and even though it is a good indicator for chronic stress, ab-
normalities in the cortisol day rhythm cannot be identified.[10] 
Moreover, although more and more used in research over the 
world, hair steroid analyses can only be performed in few en-
docrinology laboratories and no clinical cut-off values yet exist 
other than for Cushing’s Syndrome.[8] Also, measuring saliva 
cortisol poses some issues. Saliva cortisol is a good technique 
to monitor the cortisol day-rhythm but could also give a wrong 
impression of cortisol levels if not measured during a complete 
day.[11] 
The golden standard for identifying imbalances in the HPA-axis 
at this moment is measuring cortisol in 24-hour urine. The level 
of cortisol in 24-hour urine is only slightly elevated if the patient 
has underlying pathology in the Hypothalamic-Pituitary-Adre-
nal (HPA) axis. Although it is a good technique for identifying 
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Abstract
Introduction: Obesity is related to an elevated serum cortisol level but interpreting cortisol levels proves to be difficult. Assessment 
of a combination of (urinary) cortisol and cortisone could offer a more detailed image of the Hypothalamic-Pituitary-Adrenal 
(HPA) axis regulation. Approximately half of the patients with obesity show HPA-axis disbalances. The aim of this systematic 
review is therefore to investigate the value of 24-hour urine cortisone levels and the urinary cortisol/cortisone ratio in otherwise, 
apart from diabetes mellitus, healthy individuals with obesity.
Methods: We used PubMed to search the database of MEDLINE for studies measuring the urine cortisone concentration. We 
defined the urinary cortisone concentration as our primary outcome parameter and the urinary cortisol/cortisone ratio as our 
secondary outcome parameter. We did a meta-analysis of the regression between Body Mass Index (BMI) and urinary cor-
tisone concentration and/or the urinary cortisol/cortisone ratio to determine the presence of a correlation between these different  
markers.
Results: We included 5 articles with a total of 314 subjects. The regression analysis showed a significant relation between obesity 
and the 24-hour urinary cortisone concentrations in otherwise, apart from diabetes mellitus, healthy obese adults (p < 0,01), but 
no significant relation between obesity and the 24-hour urinary cortisol/cortisone ratio (p = 0,36). 
Conclusions: These results indicate that cortisone concentrations in urine could be used as an easy and non-invasive way to  
identify HPA axis disbalances caused by obesity in otherwise, apart from diabetes mellitus, healthy individuals.
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Obesity, cortisone, urine analysis, adrenal cortex hormones
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big deflections in the HPA axis, it might not be sensitive for 
subtle changes in the HPA axis.[12] 
Cortisone is a non-active hormone, produced from cortisol by 
11beta-hydroxysteroid dehydrogenase (11β-HSD).[13] Cortisol 
and cortisone can be converted in one another by 11β-HSD 
type 1 and 2, but not into any other active metabolite than 
cortisol. This makes that cortisone represents the bio-inactive 
pool of cortisol. Together these two hormones represent the ‘to-
tal glucocorticoid bioactivity’, unlike other metabolites in the 
cortisol synthesis that still contribute to the production of other 
glucocorticoid hormones in the adrenal gland.[14,15] This pool 
of cortisol and cortisone functions as a reinforcement of cortisol 
measurement to give a complete image of the HPA axis functi-
on, as reported by Nomura et al. [16] However, serum cortisone 
levels are much lower than serum cortisol levels, which makes it 
harder for measurement and comparison.[17] For hair cortisone 
measurement the same problems arise as with hair cortisol mea-
surements.[10] An easy, non-invasive measurement of cortisone 
could be through saliva. Our initial plan was to study salivary 
cortisone excretion, but unfortunately our PubMed search did 
not deliver enough useful material to write a systematic review 
(search: “Cortisone”[Mesh] AND “Saliva”[Mesh], filters: ‘Lan-
guage: English’, performed at 01-10-2019).
Accordingly, in order to explore the use of monitoring cortisone 
to interpret disbalances in the HPA axis, we investigated the use 
of 24-hour urine cortisone. As the 24-hour cortisol value is the 
standard for monitoring cortisol, cortisone could easily additi-
onally be measured. Next to this, other bodily materials pose 
some issues. 
As there are many issues with measuring cortisol levels, we 
were wondering if testing another metabolite could enhance the 
function of 24-hour urine cortisol levels as a marker for HPA 
axis disbalances in patients with obesity. For this review, we 
will discuss the available literature about the possibilities of 
using cortisone as an indicator of HPA axis disbalances. In in-
dividuals with obesity this combination of tests could help with 
identifying underlying pathology or monitor interventions.
We have therefore chosen to investigate the potential of 24-
hour urine cortisone levels in relation to BMI as an indicator for 
raised cortisol levels in order to find if cortisone measurements 
could help in identifying and monitoring imbalances in the HPA 
axis in otherwise, apart from diabetes mellitus, healthy obese 
adults. 

Methods
Search strategy
For this study we used PubMed to search the database of MED-
LINE with the following search terms: “Overweight” [Mesh] 
AND “Cortisone” [Mesh]. We conducted the search on October 
1, 2019.

Inclusion criteria
We included studies that reported data about urine cortisone in 
adults with obesity. We only included studies written in English 
and performed on humans. We used the filters provided by Pub-
Med to filter the studies found by our search terms for studies 
not written in English or performed on humans. The search was 
not limited by publication date.

Exclusion criteria
We excluded 1) studies that did not report any data about the 
direct relation between urine cortisone and obesity, 2) studies 
that included patients having an underlying pathology of the 
HPA-axis (including pregnancy) and 3) studies that were an in-
tervention trial involving medication.

Study selection 
We independently assessed the titles and abstracts of all studies 
found with the search terms in order to include or exclude the 
articles according to our inclusion and exclusion criteria. We 
assessed the full text articles if necessary. 

Quality assessment
The quality of the included studies was independently assessed 
by three reviewers using an adjusted form of the Newcastle-Ot-
tawa Quality Assessment Form for Cohort Studies. All articles 
were assessed in three domains (selection, comparability and 
outcome). Not all items of the quality assessment were suitable 
for all articles due to the different study designs, so certain items 
were left out. Based on the total score of all domains each article 
was given a GOOD, FAIR or POOR (see appendix).

Data extraction 
Three reviewers independently extracted the following data 
from the included articles: baseline characteristics including 
age, sex and BMI of the participants, study design, urinary 
free cortisol, urinary free cortisone and the urinary cortisol/
cortisone ratio. We defined the urinary cortisone concentration 
as our primary outcome parameter. We defined the urinary cor-
tisol/cortisone ratio as our secondary outcome parameter. If the 
urinary cortisol/cortisone ratio was not mentioned by a study, 
we calculated the urinary cortisol/cortisone ratio by dividing 
the urinary free cortisol by the urinary free cortisone. We used 
the urinary 5α-tetrahydrocortisol (5αTHF) plus the urinary 
5β-tetrahydrocortisol (5βTHF) divided by the urinary tetra-
hydrocortisone (THE) ((5αTHF + 5βTHF)/THE) when studies 
mentioned neither the urinary cortisol/cortisone ratio, nor the 
urinary free cortisone and the urinary free cortisol (see discus-
sion for elaboration). We used a meta-analysis to determine the 
presence of a significant correlation between the BMI and the 
urinary cortisol/cortisone ratio or the urinary cortisone. 

Statistical analysis
We used Interactive Data Language (IDL) 7.0 (2008) retrieved 
from (www.exelisvis.com/ProductsServices/IDL.aspx) to per-
form our data analysis. We have entered the data of the BMI, 
cortisone and cortisol concentrations and performed a linear re-
gression analysis. A 95% confidence interval was selected.

Systematic Review
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Results
Search
The PubMed search resulted in 110 articles. 33 articles remained 
after applying our inclusion criteria through the selected Pub-
Med filters. 5 articles remained after applying our exclusion 
criteria (figure 1).

Baseline characteristics
Our included studies were published between 1998 and 2013. 
The included studies have a total of 314 participants with an age 
that varied from 26,5 to 59,1 years (table 1). 

Quality assessment
The quality assessment of these articles resulted in FAIR’s for 
Andrew et al. 1998, Mussig et al. 2009 and Rask et al. 2013, 
GOOD for Mussig et al. 2008 and POOR for Rask et al. 2001 
(see appendix for the full table).[18-22] We did decide to in-
clude Rask et al. 2001 in our results, even though it was given a 
POOR.[22] We were not able to score all the criteria of the qua-
lity assessment in Rask et al. 2001 due to missing data, which 
resulted in a low score.[22] To see how much Rask et al. 2001 
influenced the results, we conducted a sensitivity analysis.[22] 
This showed that the omission of the data from Rask et al. 2001 
had no effect on the significance of both outcome measures.[22] 
The p-value of the correlation between BMI and the cortisone 
concentration remained the same, the p-value of the correlation 
between BMI and the cortisol/cortisone ratio went from 0,38 
to 0,5.  

BMI versus urinary cortisone and the urinary cortisol/cortisone 
ratio
Table 3 shows the BMI, urinary cortisone, urinary cortisol and 
urinary cortisol/cortisone ratio of all participants. In order to 
determine if a significant correlation between BMI and the uri-
nary cortisone was present, we did a linear regression analysis 
in (figure 2A). The slope in the trend line was 0,00234 (95% 
confidence interval (CI), 0,0014 to 0,0033). The p-value of 
the regression was <0,01. This suggests that the urine of obese 
subjects contains significantly more cortisone than the urine 
of the lean subjects. Additionally, we performed a regression 
analysis of the correlation between BMI and the urinary cor-
tisol/cortisone ratio (figure 2B). The slope in the trend line was 
-0,00494 (95% CI, -0,016 to 0,0062). The p-value was 0,38. The 
significant higher cortisone concentration and the unchanged 
cortisol/cortisone ratio suggest that the cortisol concentration 
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PubMed search  
“Overweight” [Mesh] 

AND “cortisone” 
[Mesh] 

110 articles

33 articles

20 articles

5 articles included

29 articles non-English
16 articles non-human
28 articles with no 
data available on urine 
cortisone
4 articles with research 
on children

5 articles with no data 
on the direct relation 
between urine cortisone 
and obesity
7 articles with patients 
included have underly-
ing pathology in the 
HPA axis (including 
pregnancy)
3 articles with interven-
tion trial

13 articles not available

Figure 1 - Flowchart of the PubMed search

Table 1 - Baseline characteristics and study designs
  
  

 
 
 
 
  
 
 
 
 
 
 
 
 
 

Study

Rask et al.  
2013 [20]
Müssig et al. 
2009 [19]
Müssig et al. 
2008 [21]
Rask et al.  
2001 [22]

Andrew et al. 
1998 [18]

Study design

Prospective 
cohort study
Case control 
study
Case control 
study
Prospective 
cohort study

Cross- sectional 
study

Age in years 
(control group)
42,4 (± 8,7)

31,5 (± 5)

30,3 (± 1,0)

Lowest tertile of 
BMI: 46,8 (± 8,7)
Middle tertile of 
BMI: 49,6 (± 8,5)
Males: 51,9  
(± 2,6)
Females: 52,0 
(± 2,5)

BMI in kg/m2
(control group)
30,3 (± 5,1)

22,1 (± 1,8)

22,3 (± 0,3)

Lowest tertile of BMI: 
22,9 (± 1,4)
Middle tertile of BMI: 
26,4 (± 0,7)
Males: 26,6 (± 3,4)
Females: 25,2 (± 4,1)

Number of participants 
(control group)
31*

20

30

Lowest tertile of BMI: 11
Middle tertile of BMI: 11

Males: 31
Females: 37

Age in years  
(obese group)
40,0 (±8,5)

40 (± 13)

39,3 (± 1,4) 

Highest tertile  
of BMI: 51,9 
(± 12,1)

N/A

BMI kg/m2 
(obese group)
44,6 (± 4,5)

45,3 (± 8,9)

45,5 (± 1,1)

Highest tertile 
of BMI: 31,7 
(± 4,0)

N/A

Number of partici-
pants (obese group)
31*

59

72

Highest tertile of 
BMI: 12 

N/A

N/A = Not available. *Participants in the control group are the same participants as in the obese group but after weight loss. 
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was elevated as well. This might indicate that 11β-HSD1 and 
11β-HSD2 are more active in obese patients. The literature does 
not provide a clear picture of cortisol elevation at a higher BMI, 
although it is thought that a high cortisol level is more common 
in people with obesity.[2,23-25]  

Discussion
Conclusion
In this study we tried to determine if the urinary cortisone is a 
relevant parameter to identify and monitor underlying HPA axis 
disbalances in subjects with obesity. Our analysis showed a sig-
nificant relation between obesity and the urinary cortisone con-
centrations in otherwise, apart from diabetes mellitus, healthy 
adults with obesity, but no significant relation between the uri-
nary cortisol/cortisone ratio and obesity. These results indicate 
that cortisone concentrations in urine could be used in addition 
to cortisol concentrations in urine to determine HPA axis disba-
lance in relation with obesity. It is important to determine the 
biological glucocorticoid activity (and thus the clinical burden) 
and to understand where the problem in the HPA-axis occurs. 
After all, a HPA-axis disbalance can result from differences in 
production, metabolism and breakdown. Cortisone has the po-
tential to be a more stable predictor for HPA-axis disturbances 
and might therefore offer additional information to cortisol in 
urinary analyses of patients with obesity.[8] If these measure-
ments proof to be useful in the clinical practice, cortisone levels 
could be measured relatively easy because the equipment for 
measuring cortisone and cortisol is the same and the measure-

ments can be done simultaneously. While more and more pa-
tients with obesity get offered therapy all over the country, this 
might be a feasible predictor in personalized diagnostics and 
treatment.

Limitations of our study
The measuring methods in the included studies differed. Rask 
et al. 2013 used gas liquid chromatography (GLC), Müssig 
et al. 2009 and Müssig et al. 2008 used a radioimmunoassay 
(RIA), Andrew et al. 1998 used electron impact gas chromato-
graphy/mass spectrometry and Rask et al. 2001 used gas chro-
matography and electron impact mass spectrometry.[18-22] A 
recent study reviewed different methods of measuring steroids 
and concluded that mass spectrometry is more reliable compa-
red to immunoassays.[26] It is therefore expected that the data 
from Müssig et al. 2009 and Müssig et al. 2008 is less accurate.
[19,21] Furthermore, we assumed a linear correlation between 
the cortisone concentration and cortisol/cortisone ratio. To con-
firm you would ideally do a cross-sectional cohort study with a 
chi-squared regression analysis but given the limited amount of 
data this was not feasible. We were not able to take all baseline 
characteristics into consideration for our meta-analysis. We ad-
vise future studies to take them into account.   
  
Only Mussig et al. 2008 corrected their data for age and gender, 
whereas the others have not.[21] The data may therefore not be 
representative. Furthermore, Mussig et al. wrote two articles, 
one in 2008 and one in 2009. Both articles use a study popula-
tion of obese patients from the same hospital and it is therefore 
likely that this is partly the same group of patients, although this 
is not further discussed in the articles. To see if the exclusion of 
one of these articles influenced the results, we did a sensitivity 
analysis in which Mussig et al. 2009 (the article with the lo-
west quality assessment) was omitted.[19] The analysis showed 
that the omission has no influence on the significance of the re-
gressions. The p-value of the correlation between BMI and the 
cortisone concentration remained the same, the p-value of the 
correlation between BMI and the cortisol/cortisone ratio went 
from 0,38 to 0,91.   

Rask et al. 2001 was valued as POOR in the quality assessment, 
mainly due to a lack of: 1) correction for gender, 2) follow-up 
and 3) ‘Demonstration that outcome of interest was not present 
at start of study’ (see appendix).[22] We nevertheless decided to 
include this study, because the raw data Rask et al. 2001 provi-
ded was useful for our analysis.[22] However, there is a chance 
that the data from this study is not representative. In addition, 
Rask et al. 2001 used different metabolites to measure the cor-
tisol/cortisone ratio, namely (5αTHF + 5βTHF) / THE.[22] We 
used this ratio after discussion, because research showed that 
these two ratios do match.[27]  
 
In Andrew et al 1998 the data for the 24-hour urinary cortisol 
and cortisone was provided, as was the cortisol/cortisone ratio.
[18] However, the given ratio did not match the outcome of di-
viding the cortisol and cortisone concentrations given in the ar-
ticle. Because Andrew et al. gave no explanation about this dif-
ference, we decided to use our manually calculated ratio, since 
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Figure 2a - Regression analysis of the BMI plotted against cortisone 
concentration in 24h urine

Figure 2b - Regression analysis of the BMI plotted against cortisol/ 
cortisone ratio in 24h urine
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COMPARABILITY

Comparability of cohorts on the basis of the 
design or analysis controlled for confounders
a)  The study controls for age, sex and marital 

status (one star)
b) Study controls for other factors (one star)
c)  Cohorts are not comparable on the basis 

of the design or analysis controlled for 
confounders
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Table 2 - Quality assessment of the included articles
  
  
  
  

  
 
 
  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Article

SELECTION

Representativeness of the exposed cohort
a) Truly representative (one star)
b) Somewhat representative (one star)
c) Selected group
d) No description of the derivation of the cohort

Selection of the non-exposed cohort
a)  Drawn from the same community as the 

exposed cohort (one star)
b) Drawn from a different source
c)  No description of the derivation of the non 

exposed cohort

Ascertainment of exposure
a)  Secure record (e.g., surgical record) (one 

star)
b) Structured interview (one star)
c) Written self report
d) No description
e) Other

Demonstration that outcome of interest was not 
present at start of study
a) Yes (one star)
b) No

SELECTION TOTAL
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Rask et al.  
2013 [19]
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1
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1
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Adjusted Newcastle-Ottawa Quality Assessment Form for Cohort Studies
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this was the same method as we used on the other studies where 
they only provided the urinary cortisone and cortisol concentra-
tions.[18]  

In addition, we only searched the MEDLINE database for arti-
cles. We have done a snowball search with the references of the 
included articles and nothing relevant came out of this. Never-
theless, it is possible that we may have missed articles that were 
only available through other databases such as EMBASE and 
Cochrane. Also, by only including articles written in English we 
may have missed articles that were written in another language.          

The final point of criticism of our research relates to the ana-
lysis of the cortisol/cortisone ratio. The study of Mussig et al. 
2008 has the smallest standard error. The difference between the 
cortisol/cortisone ratio in lean and obese subjects is significant 
in the analysis of Mussig et al. 2008.[21] However, when we 
added the data from the other included studies in our analysis, 
this correlation disappeared. The study of Mussig et al. 2008 is 
the most reliable, based on both the number of participants and 
our quality assessment.[21] It is therefore likely to assume a 
correlation between the urinary cortisol/cortisone ratio and the 
BMI, although our analysis does not show it.
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OUTCOME

Assessment of outcome
a) Independent blind assessment (one star)
b) Record linkage (one star)
c) Self report
d) No description
e) Other

Was follow-up long enough for outcomes to 
occur
a) Yes (one star)
b) No

Indicate the median duration of follow-up and a 
brief rationale for the assessment above:

Adequacy of follow-up of cohorts
a)  Complete follow up- all subject accounted for 

(one star)
b)  Subjects lost to follow up unlikely to intro-

duce bias- number lost less than or equal to 
20% or description of those lost suggested no 
different from those followed. (one star)

c)  Follow up rate less than 80% and no descrip-
tion of those lost

d) No statement

OUTCOME TOTAL

OVERAL TOTAL

QUALITY
 (0-3 = POOR / 4-6 = FAIR / >6 = GOOD)

1
 
x
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N/A
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4
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1
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1
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1
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1
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1
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Two years after 
gastric bypass

1
 

x
 
 

3

6

FAIR

Table 3 - BMI, urinary cortisone, urinary cortisol and urinary cortisol/cortisone ratio of the participants
  

 
 
 
 
  
 
 
 
 
 
 

Study
Rask et al. 2013 [20]

Müssig et al. 2009 [19]

Müssig et al. 2008 [21]

Rask et al. 2001 [22]

Andrew et al. 1998 [18]

BMI (kg/m2)
30,3 (± 5,1)
44,6 (± 4,5) 
22,1 (± 1,8) 
45,3 (± 8,9) 
22,3 (± 0,3) 
45,5 (± 1,1) 
22,9 (± 1,4) 
26,4 (± 0,7) 
31,7 (± 4,0) 
25,2 (± 4,1) 
26,6 (± 3,4) 

Cortisone (mg/24h urine)
N/A
N/A
0,0772 (± 0,0347) 
0,135 (± 0,056) 
0,0776 (± 0,0062) 
0,1319 (± 0,0091) 
N/A
N/A
N/A
0,213 (± 0,208)
0,078 (± 0,031) 

Cortisol (mg/24h urine)
N/A
N/A
0,0369 (± 0,0196)
0,036 (± 0,019)
0,0401 (± 0,0036)
0,0399 (± 0,0028)
N/A
N/A
N/A
0,218 (± 0,144)
0,095 (± 0,049)

Cortisol/cortisone
0,63 (± 0,15)
0,72 (± 0,19)
0,4780 (± 0,48)*
0,2667 (± 0,18)*
0,5168 (± 0,06)*
0,3025 (± 0,21)*
1,18 (± 0,28)**
1,29 (± 0,58)**
0,87 (± 0,37)**
1,023 (± 1,15)*
1,218 (± 0,79)*

N/A = Not available. *Calculated based on the urinary cortisol and cortisone. **(5αTHF + 5βTHF) / THE
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Recommendations
We suggest further research into this possible connection 
between urinary cortisone, cortisol and obesity with a cross-
sectional cohort study with a larger number of healthy (e.g. no 
HPA disbalances), adult participants and complete correction 
for baseline characteristics to increase the power of the study. 
With the BMI, urinary cortisone and cortisol concentration, a 
chi-squared regression analysis can be performed to more ac-
curately analyze the relationship between them. We additio-
nally suggest mass spectrometry as the measuring method of 
the urinary cortisone and cortisol concentration given it is the 
most reliable method for steroids.[23] We also suggest further 
research in the relation between the salivary cortisone/cortisol 
ratio and obesity, as collecting saliva is more practical compa-
red to collecting 24-hour urine. Eventually these investigations 
could lead to implementation of salivary and urinary cortisone 
as a diagnostic test or monitoring tool in the clinical guidelines 
for obesity, not only at academic level but also by a general 
practitioner. 
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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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 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
• no columns
• 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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• no hyphenation (afbreking)
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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 

The template for authors
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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. 

Januari 2017, Editorial board of Erasmus Journal of Medicine.

Advice to the reviewers of EJM





Erasmus Journal of Medicine


