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Natriuretic peptides in intensive care units

Prognostic value of natriuretic peptides in intensive care units

Abstract
Aim: In this study, we aimed to investigate the relationship between the values of atrial natriuretic peptide (ANP) 
and C-type natriuretic peptide (CNP) measured in the first 24 hours and the disease severity and prognostic 
value of the patients who underwent mechanical ventilation in the intensive care unit.

Methods: Ninety-nine non-pregnant patients aged 18 years and older who underwent mechanical ventilation in 
the intensive care unit between 2011 and 2013 due to acute respiratory failure were included in this prospective 
study.

Results: The study included 99 mechanically ventilated patients whose mean ages were 71.73 (18—105) years. 
Of the patients, 56 (56.6%) were male and 43 (43.4%) were female. Assessment of patients was carried out with 
the worst data recorded in the first 24 hours. There was no statistically significant difference between the 
groups in age, gender, and additional diseases (p=0.311, p=0.456, and p=0.820 respectively). When the survivors 
(n=75) and the non-survivors (n=24) were compared, the values of GCS, APACHE II and SOFA were significantly 
different (p=0.031, p<0.001, and p<0.001 respectively). The median ANP values were 303 (46—51536) - 230 (173—
7370) (p=0.148), and the median CNP values were 88 (0—4795) - 86 (4—203) (p=0.419), respectively in survivors and 
non-survivors.

Conclusion: In our study, although a slight decrease was determined between the values of ANP and CNP 
measured, it wasn’t statistically significant. ANP and CNP can potentially determine the risk of death. It is 
still open to debate. Further researches are required for ANP and CNP in a longer time and in larger patient 
populations.
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Introduction
In the early 1980s, the humoral link between the heart and the kidney 
was discovered by De Bold and et al. and caused great excitement in 
the scientific world.1 This finding led many studies on the endocrine 
function of the heart for many years. Five natriuretic peptides (A, B, C, 
D, and urodilatin) that are similar in structure but coded by different 
genes were identified.2 All of those peptides have a ring structure 
of 17 amino acids with disulphide bonds between two cysteines, but 
they have different amino and carboxyl endings. The genes of atrial 
natriuretic peptide (ANP) and brain natriuretic peptide (BNP) are located 
on the first chromosome, while the gene of C-type natriuretic peptide 
(CNP) is located on the second chromosome. Natriuretic peptides 
have a role in the regulation of electrolyte balance, blood pressure, 
and volume status.3 It has been found that ANP has anti-hypoxic and 
anti-ischemic effects throughout almost all organs, thus their effects 
are not limited in homeostasis.4 Also in studies, it has been reported 
that ANP levels increase in Acute Lung Injury (ALI), Acute Respiratory 
Distress Syndrome (ARDS), and sepsis. CNP levels increase in sepsis.5 In 
this study, we aimed to investigate the relationship between the values 
of atrial natriuretic peptide (ANP) and C-type natriuretic peptide (CNP) 
measured in the first 24 hours and the disease severity and prognostic 
value of the patients who underwent mechanical ventilation in the 
intensive care unit.

Materials and Methods
The present study was carried out in the emergency unit of the 
emergency medicine department of a tertiary university hospital 
between November 2011 and October 2013. All procedures performed 
in studies involving human participants were in accordance with 
the ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. Ethics committee 
approval was received for this study from the ethics committee of 
local University. All the participants who are legally responsible or 
first-degree relatives of the patient in the study gave their informed 
consent prior to the commencement of the research. Written informed 
consent was obtained from the patient’s legal custodian or first-degree 
relatives for publishing the individual medical records.
Study Population
A total number of 99 consecutive patients, 27 of which constituted the 
control group and 72 of which were connected to MV in the emergency 
critical intensive care unit of a tertiary university hospital due to acute 
respiratory failure were included to this prospective study. Patients
with congestive heart failure, cardiomyopathy, patients who recently 
had a myocardial infarction, patients under the age of 18 years, patients 
with a neuromuscular disease and pregnant patients were excluded 
from the study.
Study Protocol
The demographic characteristics of the patients, Glasgow Coma Score 
(GCS), Acute Physiology and Chronic Health Evaluation II (APACHE II) 
and Sequential Organ Failure Assessment (SOFA) values, vital signs, 
complete blood count, biochemistry and blood gas studies were 
recorded. ANP and CNP values were measured.  For APACHE II and SOFA, 
the scores were calculated by taking the worst parameters recorded 
within the first 48 hours into account. Although the criteria defined by 
Christie HA et al. were used in order to start MV, these criteria alone 
were not considered as the definite indication.6 The decision to start MV 
was given by taking into consideration not only the respiratory factors 
but also the specific clinical factors relevant to other body systems, 
especially circulatory, central nervous and hemopoietic systems. 
Synchronized Intermittent-Mandatory Ventilation (SIMV) mode was 

used as the start mode in patients connected to mechanical ventilation. 
Other parameters were adjusted by treating physicians individually for 
each patient. When deemed necessary, patients were sedated at the 
onset of mechanical ventilation.
Laboratory Measurements
Blood was collected from the patients during hospitalization days. It 
was centrifuged at room temperature for 10 minutes and at 720 g, 
and serum was obtained. Samples were aliquoted and stored at −80°C 
to analyze the ANP and CNP concentrations. All measurements were 
made according to the manufacturer’s instructions by commercially 
available immunolumometric assays from BRAHMS Diagnostica GmbH 
(Hennigsdorf, Germany).
Statistical Analysis
All data were transferred into Statistical Package for Social Sciences 
version 18 (SPSS v18) (IBM Corp., Chicago, IL, USA). Package software 
was used for data analysis. For the assessment of mortality, statistical 
analysis of normally distributed numeric data was performed by the 
Student’s T-test; data that did not fit the normal distribution were 
analyzed by the Mann-Whitney U Test. Patients were divided into 
two groups as the survivors and the deceased, and the differences 
between two groups were analyzed for all parameters. The confidence 
interval was considered as 95% in all statistical analyses and p-values < 
0.05 (two-way) were accepted statistically significant. Written informed 
consent was obtained from the patient’s legal custodian for publishing 
the individual medical records.

Results
The study included 99 mechanically ventilated patients whose mean 
age was 71.73 (18—105) years. Of the patients, 56 (56.6%) were male and 
43 (43.4%) were female. Assessment of patients was carried out with 
the worst data recorded in the first 24 hours (Table 1). There was no 
statistically significant difference between the groups in age, gender, 
and additional diseases (p=0.311, p=0.456, and p=0.820 respectively). 
When the survivors (n=75) and the non-survivors (n=24) were compared, 
the values of GCS, APACHE II, and SOFA were significantly different 
(p=0.031, p<0.001, and p<0.001 respectively) (Figure 1). Other significant 
differences were observed in the mean arterial pressure, creatinine, 
FiO2, pH and the expected increase of O2 gradient (p=0.028, p=0.015, 
p<0.001, p<0.001, and p=0.023; respectively). The median ANP values 
were 303 (46-51536) - 230 (173-7370) (p=0.148), and the median CNP 

Table 1. Comparison of parameters in terms of 24 hours mortality

GCS:  Glasgow Coma Score, APACHE II: Acute Physiology and Chronic Health Evaluation,  
SOFA: Sequential Organ Failure Assessment, ANP:  Atrial Natriuretic Peptide, CNP: C-type 
natriuretic peptide
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values were 88 (0-4795) - 86 (4-203) (p=0.419), respectively in survivors 
andnon-survivors. (Table 1, Figure 2)

Discussion
Critically ill patients with multiple organ failure who require more 
sophisticated management strategies are followed and treated in an 
intensive care unit (ICU). MV is commonly used in the ICUs. With the 
increasing life expectancy worldwide, it causes a high rate of chronic 
diseases. Up to 20 million people worldwide are admitted to ICUs and 
require MV.7 Only 30.000 patients undergo mechanical ventilation in the 
United Kingdom and 500.000 in the United States annually.8,9

In the USA, the total cost of ICU beds is four-fold compared to the 
cost of total hospital beds.7 The incidence may even differ between 
countries and even between regions in the same country. The extent 
of the incidence rate is bound to local risk factors such as etiology 
prevalence, equipment and the number of ICUs. 
High incidence can be seen in countries with high ICU bed capacity and 
populations at risk.8,9

MV is “a necessary evil”: a lifesaving treatment but with important 
potential complications, it can cause or deteriorate lung damage 
through mechanisms such as barotrauma, volutrauma or atelectrauma, 
which is also called ventilator-associated lung injury and represents 
the human counterpart of the ventilator-induced lung injury observed 
in lab animals.10,11 
In addition to giving direct structural damage, these mechanical forces 
can trigger a local and systemic inflammatory response (biotrauma) 

and a series of complex inflammatory mediators, which result in 
multiple organ system dysfunctions and eventually cause death.12

The lungs are the first organ to show signs of failure and this failure 
is a reason to start or continue MV.13 Mortality among these patients 
depends on many factors. It is difficult to estimate the prognosis 
in a patient only based on certain parameters if the patient has 
concomitant cardiovascular, renal, hematological, neurological or 
infectious complications, all of which strongly affect the prognosis.10

Intensive care scoring systems are used to estimate the recovery and 
severity of the disease and the level of organ dysfunction, to evaluate 
treatment outcomes, to standardize the patient care and to compare 
the performances between intensive care units.14 For this purpose, 
patient data obtained from daily specific measurements are used. 
Scoring systems are divided into two groups: prognostic (estimates 
mortality) and organ failure scoring systems (measures morbidity). 
However, the level of organ failure is not only related to morbidity, but 
it also has a considerable correlation with mortality.
Scoring systems that assess both mortality and morbidity were used 
in our study. The factors that determine the mortality in intensive 
care patients include the patients’ physiological reserve, type, and 
severity of their disease, and their response to the treatment. 
Moreover, chronological age and chronic disorders can affect patients’ 
physiological reserve by impairing functions of organ systems. The 
severity of the disease can be evaluated according to the anatomical 
trauma or through functions.15 Mortality can be a result of many 
different factors, thus the evaluation of respiratory parameters in ICU 
patient is usually not enough for predicting the prognosis.7 For this 
reason, new prognostic parameters should be identified.
Although the activity of natriuretic peptides in heart failure has been 
known for forty years, the therapeutic effects of them have been 
identified over the last two decades. These peptides maintain the 
homeostasis, also they have vasodilator, natriuretic, antiproliferative, 
and anti-ischemic effects.3 Although ANP levels increase in ALI, ARDS, 
and sepsis, CNP levels increase only in sepsis and septic shock.5 
While the increase in ANP levels is associated with hemodynamic 
disturbances and decreased organ perfusions, the increase in CNP 
levels is associated with humoral immune mediators like tumor 
necrosis factor alpha.
In available literature, there is only one study on natriuretic peptides 
and ICU scores. It was reported that there was no relationship between 
APACHEII score and ANP-BNP. In this study, ANP and BNP also failed to 
predict mortality.5 Although our findings in this study seem to be in 
compliance with the literature, this result should be interpreted with 
caution due to a limited number of study patients, the presence of 
surgical patients, and the only used score was APACHEII.
In contrast to the literature, ANP and CNP levels of survivors were 
higher than the levels of non-survivors in our study. Portier and et 
al. had found that systolic blood pressure and serum sodium levels 
of non-survivors were lower than levels of survivors in mechanically 
ventilated patients.16 In our study, MAP of non-survivors was statistically 
significantly lower than the MAP of survivors, but there was no 
difference between survivors and non-survivors in terms of serum 
sodium levels. We suggest that arterial blood pressure affect ANP and 
CNP levels in our study population.
Like any study, our study has some limitations. The first point is that it is 
a single center and a tertiary step, relatively limited and low number of 
patients, non-gender equality, a short period of time; and the common 
point in almost all studies conducted in our country is the lack of 
knowledge about the long-term results of the patients due to lack of 
follow-up and medical records. In particular, the prospective nature 
of the study and potential for era bias can be considered limitations.

Figure 1. Comparison of APACHE II, SOFA and GCS scores
GCS: Glasgow Coma Score, APACHE II: Acute Physiology and Chronic Health Evaluation, 
SOFA: Sequential Organ Failure Assessment,

Figure 2. ANP and CNP values of survivors and non-survivors
ANP: atrial natriuretic peptide, CNP: C-type natriuretic peptide
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Conclusion
The mortality of the patients in intensive care units is decreasing 
starting from the 1990s. However, there are conflicting data on the 
biomarkers of the potential mortality rate in patients undergoing 
ICU and ventilation. In our study, although a slight decrease was 
determined between the values of ANP and CNP measured within 
the first 24 hours, it was not statistically significant. ANP and CNP can 
potentially determine the risk of death. The outcome estimate based 
on these biomarkers may have sound clinical effects. It is still open to 
debate. Further researches are required for ANP and CNP in a longer 
time and in larger patient populations.
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