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Abstract
Background

There are two central dogmas between the pathophysiology of preeclampsia, the placental origin and the
extra-placental origin. Recent �ndings found that women with a history of preeclampsia are at higher risk
of cardiovascular disease and death because of cardiovascular disease. This �nding leads to the extra-
placental origin. During normal pregnancy, the maternal cardiovascular system undergoes modi�cation.
However, hemodynamic and vascular modi�cation are disrupted in women who develop preeclampsia.
NT-proBNP is a biomarker that indicates the disruption of the cardiovascular system and can predict the
complication of preeclampsia. Based on that information, we would like to investigate the roles of NT-
proBNP plasma levels in predicting maternal and fetal complications of preeclampsia women. Besides,
we also investigate the roles of NT-proBNP plasma levels in predicting the severity and onset of
preeclampsia women and the sensitivity and speci�city of NT-proBNP plasma levels in preeclamptic
women.

Methods

We designed and registered a study protocol for a systematic review. This study aims to investigate the
roles of NT-proBNP plasma levels in predicting maternal and fetal complications of preeclampsia women.
The Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy was used to structure our
methodological approach and the Preferred Reporting Items for a Systematic Review and Meta-Analysis
Protocols guidelines in reporting the �ndings of this review. We will search literature in Hinari, Cochrane
Library, ScienceDirect, and Scopus database. Then, we will search the grey literature in OCLC’s OAISTER.
Randomized controlled trials and observational studies will be included in the analysis. Three reviewers
will independently screen articles, extract data, and evaluate for quality and bias using Newcastle-Ottawa
Scale. Studies were included according to the following procedures: (1) Identi�cation, Duplication of
articles and non-original research articles will be excluded; (2) Title and Abstract Screening, RCT and
observational studies and focused on NT-proBNP levels in preeclampsia; (3) Full-text availability; and (4)
Full-text screening based on PICO criteria. Each outcome is synthesized by a qualitative or narrative
approach. The results will be divided into certain points, namely (a) Selection of the studies, (b)
Characteristics of the Eligible Studies, (c) Data Extraction of the Eligible Studies, and (d) Risk of Bias
Analysis Results.

Discussion

A systematic review of the role of NT-proBNP as predicting biomarkers for preeclampsia complications
will be conducted. This study can help predict the severity, onset, and complication of a pregnant woman
with preeclampsia. 

Background
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Preeclampsia is a complication of pregnancy manifesting as hypertension and proteinuria. It is
responsible for around 14% of global maternal deaths and is a leading cause of morbidity and mortality
in pregnant women (1). Clinically, the American College of Obstetrics and Gynecology (ACOG) de�nes
preeclampsia as the presence of hypertension and proteinuria or severe features that occur at more than
20 weeks of gestation in a previously normotensive patient (2). Based on the severity and type of
symptoms, preeclampsia can be divided into mild and severe forms. The mild form of preeclampsia is
characterized by systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg, and
proteinuria >300 mg/24 hours (3). Meanwhile, severe forms of preeclampsia are characterized by severe
hypertension (systolic blood pressure> 160 mmHg or diastolic blood pressure> 110 mmHg), or severe
proteinuria (> 2 g/24 hours), or signs and symptoms of target organ damage (4). Based on the disease
onset, preeclampsia has two subtypes, early-onset and late-onset preeclampsia. Early-onset preeclampsia
occurring before or at 33 weeks gestation, and late-onset preeclampsia occurs at 34 weeks gestation or
later (5).

The etiology of preeclampsia remains elusive, but there are two colliding central dogma. The two central
dogma of preeclampsia etiology is the placental origin and the extra-placental origin. The placental origin
is caused by abnormal placentation and is followed by an excess of antiangiogenic factors (2). Abnormal
placentation is characterized by the triad of inadequate placentation, placental insu�ciency, and vascular
reactivity cascade, which caused placental ischemia (6). Antiangiogenic factors and in�ammatory
cytokines are produced due to placental ischemia, and then they cause systemic vascular dysfunction. 
Systemic vascular dysfunction can cause proteinuria, hypertension, coagulation abnormalities, and
preeclampsia complications such as eclampsia and HELLP syndrome (2). The drawback of this theory is
that it fails to explain the postpartum cardiovascular complication of preeclampsia women.

Research has shown an association between preeclampsia and cardiovascular complication during
pregnancy or later life. This �nding leads to the extra-placental origin of preeclampsia. During pregnancy,
the maternal cardiovascular system undergoes modi�cation. However, hemodynamic and vascular
modi�cation are disrupted in women who develop preeclampsia. Placental dysfunction occurs as a result
of maternal cardiovascular maladaptation in pregnancy (7).  The concept of preeclampsia as a placental
dysfunction caused by maternal disorders is considered clinically similar to gestational diabetes. Both of
them are caused by pregnancy and cured by birth (8). The extra-placental origin theory is possible
because the placenta function depends on the need for adequate perfusion from the maternal circulation.

NT-proBNP is a BNP inactive form produced by cardiomyocytes due to heart muscle stretching and an
increase of afterload volume (9). The NT-proBNP level increases in line with the increase of left ventricular
diastolic dysfunction (9). Increased levels of NT-proBNP re�ect ventricular stress and subclinical cardiac
dysfunction (9). The NT-proBNP level is signi�cantly increased in preeclampsia women compared to
patients with normal pregnancy (10). The NT-proBNP level also continues to increase during the 3 to 6
months postpartum (11). This makes NT-proBNP can be used as a biomarker to screen for preeclampsia
cardiovascular complication before and after labor.   
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Methods/design
This is a protocol for a systematic review on the prognostic of NT-proBNP plasma levels in predicting the
severity, onset, and complication of preeclampsia women. We will adhere to Preferred Reporting Items for
Systematic Reviews and Meta-analysis Protocol (PRISMA-P) in reporting the �ndings of this review.

Objectives

Objectives

Primary objective

To investigate the roles of NT-proBNP plasma levels in predicting maternal and fetal complications of
preeclampsia women.

Secondary objective

To investigate the roles of NT-proBNP plasma levels in predicting the severity and onset of preeclampsia
women, and the sensitivity and speci�city of NT-proBNP plasma levels in preeclamptic women.

Criteria for studies included in this review

Type of studies

We will include all reports on NT-proBNP plasma levels in predicting preeclampsia complications among
maternal and fetal. Moreover, the study will be conducted by observational (cohort, cross-sectional, or
case-control) studies or secondary analysis of randomized controlled trials.

Participants

The target participants are as follows:

Preeclampsia patients with HELLP syndrome, pulmonary edema, and poor cardiac function.

Fetal complications of preeclampsia (IUGR and prematurity)

Index test

The index tests are plasma NT-proBNP assays using any method. NT-proBNP is an index widely used to
evaluate cardiac function (11). Elevated NT-proBNP plasma levels are associated with preeclampsia and
its complication (11).

Search methods used to identify studies

Electronic searches
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We will search on Hinari, Cochrane Library, ScienceDirect, Scopus, and OCLC’s OAISTER (for the grey
literature) to identify all observational studies or randomized controlled trials. We restrict the language
publication, only English, and with a time restriction of at least 15 years (April 2006 - April 2021). We have
outlined the search strategy in Appendix 1.

Data collection and analysis

Selection of studies

The selection process will be done by three independent reviewers, and studies were included according
to the following procedures: (1) Identi�cation, Duplication of articles and non-original research articles
will be excluded; (2) Title and Abstract Screening, RCT and observational studies and focused on NT-
proBNP levels in preeclampsia; (3) Full-text availability; and (4) Full-text screening based on PICO criteria.
The PICO criteria are:

Patient: Pregnant women diagnosed with preeclampsia

Indicator: NT-proBNP plasma level

Comparison: Low vs. High NT-proBNP plasma level

Outcome: Severity, Onset (early or late), and Complications (Maternal & Fetal) of Preeclampsia

Data extraction and management

The general information including the �rst author's name, published year, country, the number of patients,
patient age, pregnancy age, sample extraction time, time of delivery, preeclampsia severity or onset,
complications occurred, and level, speci�city, sensitivity, and/or cut-off-point of NT-proBNP plasma, and
fetal birth weight. Data were extracted using Microsoft Excel (Tabulation method) from study results
graphs or tables. Three independent reviewers did data extraction. The quality of the included study was
assessed with the Newcastle-Ottawa Scale (NOS) tool (12).

Assessment of methodological quality

Three investigators will independently evaluate and report the risk of bias using the NOS tool (12). We will
assess three domains for the risk of bias: selection, comparability, and outcome. The three domains will
contain a total of 9 scoring checklists (12).

Statistical analysis and data synthesis

Each outcome is synthesized by a qualitative or narrative approach. The results will be divided into
certain points, namely (a) Selection of the studies, (b) Characteristics of the Eligible Studies, (c) Data
Extraction of the Eligible Studies, and (d) Risk of Bias Analysis Results.

Discussion
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This systematic review will summarize existing knowledge on the role of NT-proBNP as a biomarker for
predicting the severity, onset, and complication of preeclampsia among pregnant women. Any
modi�cation made to our protocol during the review will be reported in the �nal paper. We plan to submit
the review in a peer-reviewed journal. This protocol can help physicians select an alternative way for
predicting maternal and fetal complications of preeclampsia women.

Abbreviations
ACOG: American College of Obstetrics and Gynecology

BNP: Brain Natriuretic Peptide

HELLP: Haemolysis Elevated Liver Enzymes Low Platelet
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NOS: Newcastle-Ottawa Scale

NT-proBNP: N-Terminal pro-Brain Natriuretic Peptide

PICO: Patient, Index, Comparison, Outcome

PRISMA-P: Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocol
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