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Objective: Peripartum cardiomyopathy (PPCM) is left ven-
tricular (LV) systolic dysfunction with an ejection fraction of 
≤45% occurring in the later stages of pregnancy or soon after 
delivery. Although various risk factors have been identified, 
the exact cause of the disease is unknown. Unlike most coun-
tries in the European region, Turkey has yet to determine the 
current PPCM burden. A registry for this purpose does not ex-
ist. To close this gap, the A RegisTry of pEripartuM cardIomy-
opathy in Turkish patientS (ARTEMIS-I and ARTEMIS-II), was 
planned and endorsed by the Turkish Society of Cardiology. 
The aim of this manuscript is to describe the rationale and 
design of the ARTEMIS-I and ARTEMIS-II registries.
Methods: ARTEMIS was designed to be the nationwide PPCM 
registry of Turkey, with the goal of identifying problems and 
opportunities while improving quality and consistency in the 
medical care of PPCM patients. A second goal is to determine 
the clinical characteristics pertinent to patients in this region. 
The ARTEMIS registry will consist of 2 arms. All secondary 
and tertiary cardiology centers have been electronically in-
vited to participate in ARTEMIS-I, which will be conducted to 
assess the current standard of care and outcome measures. 
Centers will be asked to enroll PPCM patients admitted to 
their clinic in last 5 years retrospectively. Eligibility criteria 
will consist of pregnant or early postpartum woman without 
a previous history of heart failure (HF) or known pathology 
associated with HF, LV ejection fraction ≤45%, and exclusion 
of other causes of LV systolic dysfunction. ARTEMIS-II will 
consist of the prospective enrollment of patients.
Conclusion: The nationwide PPCM registries, ARTEMIS-I 
and ARTEMIS-II, are designed to determine the current status 
of medical care, provide insights into nature of the disease, 
and suggest solutions on how to improve care and outcomes 
in these patients.

Amaç: Peripartum kardiyomiyopati (PPKM) gebeliğin ilerle-
yen safhalarında ya da lohusalığın ilk aylarında gelişen ve sol 
ventrikül (SolV) ejeksiyon fraksiyonunun ≤%45 olduğu SolV 
sistolik işlev bozukluğudur. Birçok farklı risk faktörü belirlenmiş 
olmakla birlikte hastalığın kesin nedeni bilinmemektedir. Bu 
boşluğu doldurmak amacıyla, Türk Kardiyoloji Derneği deste-
ğiyle, Türk PPKM kayıt çalışmaları ARTEMIS-I ve ARTEMIS-II 
planlanmıştır. Bu yazı ARTEMIS-I ve II çalışmalarının temel 
ve tasarımını tanımlamayı amaçlamaktadır.
Yöntemler: ARTEMIS çalışmasında PPKM hastalarının tıbbi 
bakımında yaşanan sorunlar tespit edilirken aynı zamanda bu 
hastalığın bakımında kalite ve tutarlılığın iyileştirilmesi amacıy-
la, Türkiye’nin ulusal PPKM kayıt çalışması olarak tasarlandı. 
Bölgedeki hastalara özgü klinik karakteristiklerin saptanması 
da ek olarak amaçlandı. ARTEMIS kayıt çalışmasının iki kol-
dan oluşması planlanmaktadır. ARTEMIS-I’de mevcut bakım 
standartlarının ve sonlanım ölçütlerinin değerlendirilmesi ama-
cıyla ikinci ve üçüncü basamak bütün kardiyoloji merkezleri 
elektronik olarak çalışmaya davet edilecektir. Bu merkezler-
den, son 5 yılda başvuran tüm PPKM hastalarını geriye dö-
nük olarak dahil etmeleri istenecektir. Uygunluk kriterleri: gebe 
veya yeni doğum yapmış kadın olması, daha önceden bilinen 
kalp yetersizliği (KY) veya KY ile ilişkilendirilmiş bilinen patoloji-
si olmaması, SolV ejeksiyon fraksiyonunun ≤%45 olması, SolV 
sistolik işlev bozukluğunun diğer nedenlerinin dışlanmasından 
oluşacaktır. ARTEMIS-II’de ise hastaların ileriye dönük olarak 
çalışmaya dahil edilmesi amaçlanmıştır.
Sonuç: Ulusal PPKM kayıt çalışmaları ARTEMIS-I ve 
ARTEMIS-II, tıbbi bakımın mevcut durumunu belirlemek, has-
talığın doğasına ilişkin içgörü sağlamak ve bu hastaların ba-
kımının ve sonlanımlarının iyileştirilmesine yönelik çözümler 
geliştirmek amacıyla tasarlanmıştır.
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Peripartum car-
d i o m y o p a t h y 

(PPCM) is the devel-
opment of heart failure 
(HF) during the late 
stages of pregnancy or 
early puerperium in a 
previously asympto-
matic woman, provided 
that alternative causes 
of myocardial dysfunction are excluded. Left ven-
tricular (LV) ejection fraction is often reduced to well 
below 45%.[1] Mortality rates of up to 1 in 10 cases 
and recurrence rates up to half have been reported. 
There is a substantial risk of residual LV dysfunction, 
and pregnancy is deemed World Health Organization 
Grade IV, hence contraindicated, in these cases, due to 
a dismal prognosis.[2]

There is considerable variation of PPCM frequency 
in different populations. While the estimated incidence 
in the USA is roughly 1 in 3189 live births, incidences 
up to 1 in 300 live births have been reported.[3,4] 

Considering the scarce data on this condition, a 
PPCM working group of the Heart Failure Associa-
tion of the European Society of Cardiology (ESC) 
started collecting data with a standardized survey 
questionnaire under the EURObservational Research 
Programme. This registry had the goal of defining 
demographic and clinical characteristics, as well as 
outcome data for 1000 women all around the world. 
Turkey was represented by only a few patients in this 
cohort.[5] While the EURObservational survey is look-
ing into comparable characteristics of PPCM patients 
from all around the world, another registry program, 
also endorsed by ESC, has been designed to enroll 
patients prospectively.[6] Recently published initial re-
sults of this registry revealed a significantly high rate 
of embolic events in the overall cohort, a significantly 
increased frequency of HF at 1 year following the first 
episode, and significant differences between EU and 
non-EU countries with respect to several parameters.[7]

A RegisTry of pEripartuM cardIomyopathy in 
Turkish patientS (ARTEMIS) program was designed 
to be a conjoint PPCM registry for Turkey, planned 
under the umbrella of the worldwide PPCM registry, 
and was endorsed and sponsored by the Turkish So-
ciety of Cardiology. The aim of this manuscript is to 
define the rationale and design of the ARTEMIS-I and 

ARTEMIS-II studies, which are, respectively, the ret-
rospective and prospective arms of ARTEMIS.

METHODS

The main goal of the ARTEMIS studies is to evaluate 
the current standard of care and clinical properties of 
PPCM patients in Turkey. Women older than 18 years 
of age, presenting with HF with a LV ejection fraction 
≤45% during the last months of pregnancy or first 6 
months of puerperium will be enrolled, if alternative 
causes of LV systolic dysfunction are ruled out.[8] The 
diagnostic criteria of PPCM are summarized in Table 1.

ARTEMIS-I, is a retrospective, national, multi-
center, observational study, which was designed to 
provide insight into the clinical status of women with 
PPCM in Turkey. The primary objective is to iden-
tify the real-life clinical characteristics of PPCM, in-
cluding the demographic and possible etiological and 
prognostic factors. Additionally, defining the short- 
and long-term outcomes, management, and diagnos-
tic work-up are among the objectives of ARTEMIS-I. 
The inclusion criteria include age ≥18 years, diagno-
sis of PPCM (unexplained HF symptoms developed 
toward the end of pregnancy or in the first 6 months of 
the postpartum period with an ejection fraction <45% 
documented with echocardiography). Patients with 
any other known cardiac pathology will be excluded. 
The study will enroll all PPCM patients admitted to 
participating centers within the last 5 years. All car-
diology centers have been invited to participate in the 
ARTEMIS-I study by electronic letter. An invitation 
was also presented on the website of the Turkish Soci-
ety of Cardiology. Several sociodemographic, clinical 
parameters of the mother and the newborn, as well 
as laboratory and imaging results, pharmacotherapy 
during initial diagnosis, and follow-up will be col-
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Abbreviations:

ARTEMIS	 A RegisTry of pEripartuM
	 cardIomyopathy in Turkish 	
	 patientS 
HF	 Heart failure
ICD	 International Classification
	 of Diseases
IRB	 Institutional review board
LV	 Left ventricular
PPCM	 Peripartum cardiomyopathy
QOL	 Quality of life

Table 1. Definition of PPCM by HFA of the ESC 

•	 Idiopathic cardiomyopathy 
•	 Presenting with heart failure secondary to left ventricular 	
	 systolic dysfunction with a LVEF of less than 45%
•	 Towards the end of pregnancy or in the months
	 following delivery
•	 Where no other cause of heart failure is found
ESC: European Society of Cardiology; HFA: Heart Failure Association; 
LVEF: Left ventricular ejection fraction; PPCM: Peripartum cardiomyopathy.
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lected by the investigators from the patients’ medical 
records. The data to be collected in ARTEMIS-I are 
summarized in Table 2. 

ARTEMIS-II will prospectively enroll at least 500 
PPCM patients from 50 cardiology centers represent-
ing the 24 statistical regions in Turkey based on the 
European Union nomenclature of territorial units for 
statistics classification and proportional to the latest 
population distribution of Turkey.[9] Primary objec-
tives will be also an evaluation of the management 
and clinical outcomes in PPCM patients. As sec-
ondary goals, the utilization of diagnostic modalities 
and medical treatment and outcome variables will be 
examined in comparison with the ARTEMIS-I reg-
istry. Another aim of this study is the foundation of 
an ongoing electronic database for the enrollment of 
virtually all future patients presenting at participating 
institutions, enabling big-data analysis in the coming 
years. In addition, quality of life (QOL) and follow-up 
data will be collected (Table 2). Two documents will 
be completed for the ARTEMIS-II registry. The first 
form will be completed by the investigator, and will 
consist of clinical, demographic, and outcome data to 
be completed as the follow-up progresses. The sec-
ond form will be completed by the patient and will 
consist of quality of life (QOL)-14 questionnaire and 
the Hospital Anxiety Depression Score, and a third, 
custom questionnaire to assess the knowledge and 
attitude of the patient regarding the disease. Primary 
goals will be freedom from persistent HF, evaluation 
of cardiovascular outcomes occurring during follow-
up, and the utilization of advanced HF treatments, 
such as cardiac resynchronization therapy, extracor-
poreal membrane oxygenation, an LV assist device, 
or heart transplantation. Secondary goals consist of 
increasing awareness about the disease and promoting 
early diagnosis.

Both registry protocols have been reviewed by the 
Ege University Institutional Review Board (IRB). The 
ARTEMIS-I protocol was approved with reference 
number 17-5.1/15 on June 20, 2017, and approval of 
ARTEMIS-II is currently pending. ARTEMIS-I is reg-
istered with www.clinicaltrials.gov (NCT03364140). 
Written informed consent will be obtained from all 
participants of ARTEMIS-II. The main IRB approval 
document was provided to centers upon acceptance 
of the invitation to the study. Investigators from each 
center obtained written permission from their local 

institutional authorities and/or their local IRB for 
ARTEMIS-I, when requested. Informed consent will 
be obtained from all patients in the prospective arm 
(ARTEMIS-II). No interventional diagnostic or ther-
apeutic approaches will be carried out in these pro-
grams. 

The accuracy of the collected data will be verified 
by source document control by a data safety monitor-
ing board using a random sample corresponding to 5% 
of the data collected in the respective center. Standard, 
commonly used statistical methods will be applied. 
A P value of less than 0.05 will be set for statistical 
significance. Descriptive measures will constitute the 
basis of the statistical analysis in the study cohort. The 
Student’s t-test will be used for continuous variables, 
analysis of variance will be used for categorical vari-
ables, and Pearson’s chi-square test will be used for 
binominal variables. Univariate analysis and logistic 
regression analysis will be used in the assessment of 
factors associated with outcomes. Survival analysis 
with selected statistical methods will be carried out 
to interpret the outcome data. A log-rank test will be 
used as needed when assessing the effect of factors 
associated with hazard and survival rates.

DISCUSSION

PPCM is a rare disease of young women, and has a 
poor prognosis. A wide range of prevalence values 
has been reported in different populations, such as 1 
in 1149–4350 in the USA, 1 in 1000 in South Africa, 
and 1 in 300 in Haiti.[3,10–18] The prognosis of PPCM 
also demonstrates geographic variations. Therefore, a 
genetic basis is one of the most suggested mechanisms 
in the etiopathogenesis of PPCM.[19] Other etiologies, 
including inflammation, viral myocarditis, abnormal 
immune or hemodynamic response to pregnancy, in-
creased oxidative stress, and malnutrition, have also 
been proposed.[20]

For Turkey, there are only a few studies investigat-
ing PPCM, and its incidence is not known. Duran et 
al.[21] reported a mortality rate of 30% over a 4-year 
follow-up period of 32 patients from a single tertiary 
center. Biteker et al.,[22] found a mortality rate of 25% 
in 24 patients during a mean follow-up period of 
20.9±9 months. Akil et al.[23] reported a 15% mortality 
rate in 58 patients with PPCM during a mean follow-
up of 32±22 months from 3 tertiary centers located 
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and possible side effects in a real clinical approach to 
PPCM patients. There is conflicting evidence whether 
discontinuation of breastfeeding is beneficial or not 
in patients with PPCM.[36,37] The ARTEMIS registries 
will also look into this question.

While ARTEMIS-I will consist of a cross-sectional 
sample from participating institutions, ARTEMIS-
II will use a more comprehensive sampling, and the 
study cohort will be a more representative sample of 
Turkish PPCM patients. As a result, it is expected to 
be more reflective of where we stand in the clinical 
management of this disease. Both studies are prone to 
errors related to the validity and completeness of the 
information recorded in the medical files, especially 
in the retrospective arm. The International Classifica-
tion of Diseases (ICD) codes will be used to locate 
cases, and unfortunately ICD codes may not cover 
all PPCM patients. As PPCM is a diagnosis of exclu-
sion, a mal-workup may also mask the real number of 
PPCM patients. Preliminary data point out that there 
are many parameters missing in the medical records 
of these patients; however, retrospective data collec-
tion will reflect the real-life clinical approach to this 
rare, but mortal disease of young women.

Conclusion

In conclusion, the ARTEMIS studies, as the first na-
tional registries of PPCM patients in Turkey, will 
provide many benefits to understanding the multiple 
dimensions in the clinical management of the disease, 
and will guide the establishment of a national strategy 
for the diagnosis and treatment of PPCM.
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in eastern Turkey. None of these studies investigated 
the incidence of PPCM. However, a well-known high 
rate of consanguinity of 23.2% in the general Turk-
ish population, might contribute to a high prevalence 
of PPCM in the country.[24] Moreover, due to the dif-
ferent clinical profile of PPCM reported in different 
populations, defining the characterization of the ge-
ographical and the racial presentation of PPCM is 
extremely important to illuminate the etiopathogen-
esis and to improve the approach to these patients.
[16] Therefore, a national registry of PPCM patients is 
urgently needed in Turkey.

Diagnosis might be shadowed by the fact that dys-
pnea, palpitations, and lower extremity edema, which 
are the classic findings in PPCM, are relatively com-
mon in pregnant or lactating women.[25] Making the 
diagnosis of PPCM is simply an area of debate, be-
cause it is suggested that many cases with a diagnosis 
of PPCM are simply exacerbation of previously sub-
clinical LV systolic dysfunction due to other causes 
of dilated cardiomyopathy or myocarditis, since 
pregnancy is associated with increased intravascular 
volume, salt and water retention, and altered hemo-
dynamic demand. Administration of conventional HF 
treatments is challenging, most of the time due to con-
cerns about the fetal health in the prenatal period and 
transmission of medications to breastmilk in the post-
natal period.[26] Use of other drugs, such as ivabradine, 
levosimendan and cabergoline, is suggested in the lit-
erature, though the benefit of these agents needs to be 
proven by randomized controlled trials.[27,28] Delayed 
recovery is observed frequently, but proper recogni-
tion and management of the disease is vital.[29] The 
ARTEMIS registries are expected not just to oversee 
the current prevalence and incidence of PPCM, but 
also to improve outcomes of the disease by increasing 
awareness and knowledge.

An important proposed treatment modality for 
PPCM is inhibition of prolactin release, either by 
bromocriptine or cessation of lactation.[30] The bene-
fit of bromocriptine treatment, which was previously 
only supported by a few observational studies,[31–33] 
was proven in a recent randomized controlled trial.[34] 
Provisional experience suggests an underutilization 
of bromocriptine and other conventional, potentially 
protective heart failure regimens in this patient group, 
which might be associated with potentially life-threat-
ening outcomes.[35] The Turkish PPCM registries will 
clarify the rate of use of bromocriptine, its efficacy, 
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