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Abstract

researches.

and progression of traumatic injuries.

Background Trauma has a significant impact on the overall health of individuals worldwide, being a leading cause
of morbidity and mortality with long-lasting effects. The identification of suitable biomarkers is crucial to predict
patient outcomes, providing information about the severity of a condition or the probability of a specific outcome.
Hence, in this study, we addressed a new biomarker, copeptin, and discussed its prognostic roles in various trauma

Main body Copeptin is a peptide derived from the precursor of the hormone vasopressin, which is released

in response to stress. Copeptin can serve as a valuable biomarker for determining the severity, prognosis, and out-
come of trauma patients. Elevated levels of copeptin are associated with increased mortality and poor clinical
outcomes in patients with severe injuries or bleeding. Implementing copeptin measurements in clinical practice can
enable healthcare providers to more accurately gauge the degree of trauma and predict patient mortality and mor-
bidity outcomes facilitating prompt interventions and personalized treatment.

Conclusion The measurement of novel biomarker copeptin can serve as a prognostic molecule for further outcomes
in trauma patients. Nevertheless, supplementary research is needed to fully comprehend its role in the development

Keywords Copeptin, Multiple traumas, Hemorrhagic shock, TBI, Vasopressin

Introduction

Trauma is a major cause of morbidity and mortality
worldwide, resulting from various sources including
motor vehicle accidents, falls, interpersonal violence,
and sports-related injuries [1]. According to the World
Health Organization, injuries are responsible for over 5
million deaths each year, with trauma being a significant
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contributor [2]. One of the biggest challenges in manag-
ing trauma is the unpredictability of patient outcomes.

Identifying early markers of poor outcomes can help
clinicians optimize treatment strategies and improve
patient outcomes [3]. Biomarkers are valuable tools for
predicting patient outcomes and can guide treatment
decisions. However, finding a biomarker that is simple,
accessible, and cost-effective is a matter of debate [3].
The ideal biomarker should identify high-risk patients for
worse outcomes and predict patient outcomes (mortality
and morbidity) with a high degree of accuracy [3]. Addi-
tionally, the biomarker should be easy to measure, and
the results should be available quickly [4].

Measuring the levels of hormones released by the
body during stress, such as corticotropin-releasing
hormone (CRH) and arginine vasopressin (AVP), can
provide medical experts with insights into a patient’s
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stress response and general state of health. However,
measuring the levels of these hormones in circulation
is challenging due to their pulsatile secretion, instabil-
ity, particularly at ambient temperature and rapid clear-
ance from the plasma [5].

Copeptin, a peptide derived from the precursor of
vasopressin, releasing in an equal ratio to AVP shows
great promise as a biomarker for predicting outcomes in
trauma patients [6]. Unlike AVP, copeptin is more stable
in circulation and can be easily determined [5]. Studies
have found that copeptin levels are elevated in patients
suffering from various types of traumas, such as severe
traumatic brain injury (TBI) and multiple traumas [7].
This suggests copeptin a valuable biomarker in trauma
care, as it can assist medical professionals in assessing the
extent of the injury and predicting patient outcomes.

This review study thoroughly explores the correlation
between copeptin and its potential applications in the
diagnosis, prognosis, and prediction of outcomes related
to traumatic events. By evaluating the potential of copep-
tin as a predictor of clinical outcomes, this review sheds
light on a promising avenue for medical research and its
implications for patient care.

Copeptin and the mechanism of its action

Copeptin, a polypeptide discovered by Holwerda et al.
in 1972, is a small molecule with a molecular weight of
5 kDa and contains a leucine-rich sequence. It is pro-
duced from the same precursor molecule as vasopressin
and neurophysin II [8]. When the body experiences stress
through osmotic, hemodynamic, and non-specific trig-
gers or in the case of high levels of AVP concentration in
the blood, the posterior pituitary gland secretes copep-
tin [8]. Copeptin plays a critical role in regulating blood
pressure and water balance, making it an essential hor-
mone for human health [9]. Although the exact mecha-
nism of copeptin action is not fully comprehended [10].
It is believed that it interacts with the same receptors as
AVP, namely the V1a and V2 receptors [11]. This interac-
tion leads to vasoconstriction and water retention, which
help sustain blood volume and pressure during stressful
times [11].

Copeptin can be easily measured with a sandwich
immunoassay and serves as an indirect indicator of AVP
levels in circulation [12]. Elevated levels of copeptin may
serve as a useful prognostic tool for predicting the onset
of various medical conditions such as sepsis, stroke,
polycystic kidney disease, and heart failure [13-15].
Additionally, it can help differentiate primary polydipsia
from hypovolemic hyponatremia. Furthermore, it has
been found to be effective in ruling out acute myocardial
infarction in its early stages [16, 17].
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Copeptin and multiple traumas

Multiple traumas refer to the occurrence of two or more
injuries to the body, either concurrently or within a
short time frame. Patients with multiple traumas require
immediate attention and intensive care due to the sever-
ity and complexity of their injuries [18]. The presence of
multiple injuries increases the risk of complications such
as hemorrhagic shock, secondary infections, and organ
failure. As a result, healthcare providers face a significant
challenge in managing multiple trauma patients, requir-
ing a multidisciplinary approach to ensure the best pos-
sible outcomes [18].

Effective care for multiple trauma patients involves
rapid identification of injuries and prompt resuscitation
to stabilize the patient’s condition. A thorough assess-
ment and evaluation are necessary to ascertain the
extent and seriousness of the injuries. Treatment options
depend on the nature and site of the injuries may include
surgical intervention, blood transfusion, and medication
administration. Timely intervention and appropriate care
are crucial to prevent further injuries and minimize the
risk of complications.

Recent studies have highlighted the usefulness of bio-
markers such as copeptin and AVP in detecting patients
who are vulnerable to hemorrhagic shock and other
complications. These biomarkers can offer early warning
signs of injury severity and assist in selecting the most
appropriate treatment alternatives. A study conducted
by Westermann et al. showed the levels of endogenous
AVP in patients with multiple traumas were considerably
higher than in controls. However, AVP levels decreased
within 24 h of ED admission [18]. The results showed
that AVP plays an important role in the neuroendocrine
response to severe injury in trauma patients. Meanwhile,
there was no correlation between AVP and survival in
trauma [18]. According to a study conducted by Ipekci
et al,, patients with multiple traumas and an Injury Sever-
ity Score (ISS) greater than 15 had significantly higher
levels of blood copeptin on emergency department
admission than control group [19]. In addition, non-sur-
vivors had higher levels of copeptin, a higher mean ISS
and New Injury Severity Score (NISS), and lower Glas-
gow Coma Scale (GCS) scores than survivors [19]. The
study also found a positive correlation between copep-
tin levels on admission and blood lactate levels, ISS, and
NISS, while a negative correlation was found between
copeptin levels and GCS. However, the levels of copep-
tin in patients with head trauma were found to be signifi-
cantly higher than those without head trauma [19]. These
findings suggest that copeptin may be useful in deter-
mining the severity, prognosis, and outcome of injury in
patients with multiple traumas. Other studies has also
demonstrated that mortality rate of patients with severe
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head trauma was significantly high and determined an
inverse correlation between the GCS and mortality [20].

Another study conducted by YC Hsein et al. showed
that patients who passed away within 30 days or were
admitted to intensive care units exhibited a significant
increase in copeptin levels [21]. By integrating copeptin
levels with two established trauma severity scores, the
trauma-related ISS and the Modified Glasgow Admis-
sion Prognostic, researchers were able to more precisely
identify adverse outcomes of trauma in patients [21].
This exciting finding may enable medical professionals to
detect potential risks earlier and provide more effective
treatments for those who are at high risk [21].

In a study by Fulvio Salvo et al.,, copeptin was found
to outperform lactate in identifying major trauma in a
mixed group of trauma patients with ISS scores higher
than 15 [4]. The study revealed that on-arrival levels of
copeptin were more reliable than lactate in identifying
patients with such ISS, predicting hospital admission,
and determining blood transfusion requirements [4].
These finding suggest that copeptin could be a valuable
biomarker for managing trauma patients [4]. However, a
separate study showed no significant difference in serum
copeptin levels between patients with multiple blunt
trauma and the control group during the first 24 h fol-
lowing their injury [22]. Therefore, further research is
necessary to confirm these results.

Copeptin and hemorrhagic shock

Hemorrhagic shock is a serious medical condition
that occurs due to significant blood loss, often caused
by injury or trauma. It can lead to reduced oxygen and
nutrient supply to the body’s organs and tissues, which
can be life-threatening. Common symptoms of hemor-
rhagic shock include rapid heartbeat, breathing difficul-
ties, confusion, reduced urine output, and anxiety [23]. If
left untreated, the condition can cause organ failure and
even death. Treatment usually involves administrating
IV fluids, blood transfusions, and medication to improve
blood pressure and flow. In some cases, surgery may be
necessary to address the root of the bleeding [24].

As previously noted, AVP plays a crucial role in main-
taining vasomotor tone, and its depletion can lead to
irreversible shock. Sims et al. found elevated AVP and
copeptin levels in hypotensive (with a systolic blood pres-
sure less than 90 mmHg) or potentially bleeding trauma
patients upon admission, which decreased over time [25].
The study also identified a positive correlation between
AVP and copeptin levels and admission to the intensive
care unit. These findings suggest that AVP and copeptin
could serve as useful biomarkers for identifying at-risk
patients and monitoring their response to treatment [25].
Moreover, the study found that initial AVP and copeptin
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levels were predictive of the need for a blood product
transfusion of 10 units or more. Trauma patients fre-
quently experience a relative deficiency of AVP, which
subsequently increases their requirement for blood
product transfusion [25], suggesting initial copeptin and
AVP levels could serve as useful predictors for massive
transfusions in trauma patients [25]. Copeptin has the
potential to be a valuable clinical biomarker for diagnos-
ing hemorrhagic shock [25]. Yang et al. also found that
plasma copeptin levels evaluated upon admission were
independent predictors of both progressive hemorrhagic
injury and acute traumatic coagulopathy within 6 h of
injury [26].

Copeptin and traumatic brain injury (TBI)

Traumatic brain injury (TBI) can occur as a result of
an external force that damages the brain such as falls,
car accidents, or blows to the head, causing the brain to
move rapidly within the skull. TBI can cause physical,
cognitive, and emotional symptoms ranging from mild to
severe [27]. Mild TBI, like a concussion, can cause tem-
porary symptoms such as headache, dizziness, and con-
fusion [28]. Moderate-to-severe TBI can lead to more
significant symptoms such as loss of consciousness, per-
sistent headaches, seizures, and cognitive deficits. Severe
TBI can cause long-term disability, including a coma,
vegetative state, or death [28]. Diagnosis of TBI requires a
thorough medical evaluation, including imaging tests like
computerized tomography (CT) or magnetic resonance
imaging (MRI). Treatment for TBI varies depending on
the severity of the injury and may involve medication,
surgery, and rehabilitative therapy to help the patient
regain function and independence [28]. Recent research
suggests that copeptin levels can assist in the identifica-
tion of TBI.

According to a study by Dong et al., patients with TBI
had significantly higher plasma copeptin levels immedi-
ately after the injury [29]. The levels peaked at 24 h and
remained elevated for the next seven days compared to
healthy individuals. The study also found a positive cor-
relation between copeptin levels and the risk of 1-month
mortality in TBI patients, as well as a negative correlation
with the GCS [29]. These findings suggest that copep-
tin levels may serve as a valuable biomarker for assess-
ing the severity of TBI and predicting patient outcomes.
Based on the study, a plasma copeptin cutoff level of
451.8 pg/mL has been established as a reliable predictor
of 1-month mortality in TBI patients. Elevated plasma
copeptin levels could be considered a potential marker to
predict patient outcomes (mortality and morbidity) [29].

A recent meta-analysis was conducted to assess the
effectiveness of plasma copeptin levels in diagnosing
and predicting outcomes in patients with TBI [30]. The
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analysis revealed that elevated plasma copeptin levels
were significantly associated with TBI, mortality, and
poor outcomes [30]. In a comparison study by Zhang
et al., plasma concentrations of several biomarkers were
found to be significantly higher in severe TBI patients
compared to healthy controls and non-survivors com-
pared to survivors. However, only plasma copeptin
concentration was found to significantly improve the
prognostic value of the GCS score [31]. As a result, the
study suggests that plasma copeptin concentration could
be a valuable tool in TBI diagnosis and prognostication,
aiding in predicting long-term clinical outcomes fol-
lowing severe TBI [31]. According to a different meta-
analysis by Choi et al., patients who passed away due to
TBI had significantly higher initial plasma copeptin lev-
els than those who survived. Additionally, patients with
unfavorable outcomes had considerably higher copeptin
levels compared to those with favorable outcomes. These
findings highlight the potential utility of plasma copeptin
levels for predicting mortality and unfavorable neurologi-
cal outcomes [32].

Cavus et al. conducted a study and found although
there was no significant difference in copeptin levels
between TBI patients and the control group upon admis-
sion and 6 h after trauma, patients who passed away
within a month of TBI had higher A-Copeptin levels,
indicating a difference between the copeptin level at the
6th hour after trauma and that at admission [33]. Patients
with no improvement in the modified Rankin score
also had higher A-copeptin levels compared to those
who showed improvement [33]. The study identified a
A-copeptin level of 0.51 ng/mL as the best cutoft point
for predicting mortality, while a level of 0.23 ng/mL was
identified as the best cutoff point for predicting improve-
ment in the modified Rankin score. Therefore, plasma
A-copeptin levels could be a useful tool in predicting the
prognosis of TBI patients [33].

After experiencing a TBI, individuals may face various
health complications that can be broadly categorized into
two types: physical and mental diseases [34]. Physical
complications may include seizures, chronic pain syn-
dromes, balance problems, and sleep disorders such as
insomnia or sleep apnea. These complications can last for
weeks, months, or even years [34]. Mental diseases that
can develop after TBI include depression, anxiety, post-
traumatic stress disorder, chronic traumatic encepha-
lopathy, and cognitive impairment [34]. Although not
everyone who experiences TBI will develop a disease, it
is important to seek medical attention for any physical
or mental symptoms. Researchers have also studied the
role of copeptin in predicting the development of dis-
eases that may follow a TBI. Cardoso et al. investigated
the biomarkers of impulsivity in mild TBI (mTBI) and
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found that serum levels of copeptin had a correlation
with impulsivity in individuals with mTBI [35]. This high-
lights the potential value of copeptin as a biomarker that
not only predicting outcomes but also identifies potential
health concerns that may arise following a TBL

Copeptin and pediatric trauma
Pediatric trauma refers to physical injuries experienced
by individuals under the age of 18 years, with head inju-
ries, fractures, and soft tissue injuries being the most
typical forms [36]. Managing pediatric trauma is complex
and requires a multidisciplinary approach involving spe-
cialists, surgeons, and other healthcare professionals [36].
Studies by Chao Lin et al. have confirmed the signifi-
cance of copeptin in cases of pediatric TBI [37]. It was
found that plasma copeptin levels were higher in TBI
children than in healthy children [37] and were identified
as an independent predictor of 6-month mortality and
long-term clinical outcomes [37]. Additionally, a study
investigating the value of serum copeptin and S100B
protein in combination with uric acid in the prognosis
of children with TBI showed that children with more
severe TBI had higher levels of copeptin, S100B protein,
and uric acid levels. These molecules were also associated
with the prognosis of TBI, specially on the third day of
admission and had a stronger predictive value for mortal-
ity [38]. Furthermore Baumann et al. explored the role of
copeptin in arterial hypotension and its association with
severity of disease in critically ill children. They showed
that copeptin levels were notably higher in critically ill
children compared to the levels typically observed in
healthy children. They also showed a positive correla-
tion between copeptin and clinical indicators that reflect
the severity of the disease, suggesting its potential as a
marker for predicting short-term outcomes [39].

Copeptin: the superior marker for clinical assessment
Copeptin, a stable biomarker, has several advantages over
other markers like base excesses or lactate in trauma con-
ditions. Here are a few key advantages:

o Early detection: Copeptin levels rise rapidly in
response to stress [40, 41], making it useful for the
early diagnosis and monitoring of trauma conditions.
This can potentially allow for prompt medical inter-
ventions.

+ Stability: Copeptin is a stable peptide, meaning it
does not degrade easily and can be reliably measured
in blood samples even if there are delays in transpor-
tation or processing [6].

« Predictive value: Copeptin has been found to have a
higher specificity for detecting trauma-related com-
plications, such as sepsis or acute kidney injury, com-
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pared to lactate. This means that copeptin can pro-
vide more accurate information about the presence
and severity of these conditions [4].

o Versatility: Copeptin is easy to measure. It can be
measured using various laboratory techniques,
including immunoassays and point-of-care testing,
whereas measuring lactate levels requires specialized
equipment and is more time-consuming [6].

When considering the potential benefits of copeptin,
it is crucial to remember that it should not be the sole
basis for accurate assessments. It should be used along-
side other clinical information. Additionally, copeptin is
still under investigation, and its role in clinical practice
is constantly evolving. Nevertheless, the early findings
regarding its stability, correlation with trauma sever-
ity, and predictive abilities make it an intriguing area of
research.

Conclusion

Trauma has a significant impact on global health being a
leading cause of morbidity and mortality worldwide. Its
effects can be long-lasting making it essential to improve
patient care and identify biomarkers that can predict
patient outcomes. Although the correlation between
copeptin and trauma outcomes is still a topic of ongo-
ing debate, there is growing evidence of its potential as a
biomarker for trauma and post-trauma diseases to assist
in determining the severity, prognosis, and outcome of
trauma patients. Elevated levels of copeptin have been
associated with increased mortality, severe injuries, and
bleeding. Therefore, the use of copeptin as a biomarker in
trauma cases provides promising possibilities for improv-
ing patient care and optimizing treatment approaches.
However, further research is necessary to fully under-
stand copeptin’s potential as a biomarker in trauma
management.
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NISS  New injury severity score
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