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Background: Sepsis syndromes are a major burden in the ICU with very high mortality. Vasopressin and copeptin are release%
response to hypovolemia and have shown potential significance in diagnosing sepsis.

Objective: To investigate the levels of copeptin in patients with sepsis syndromes and evaluate its relation with patient prognosis
and mortality.

Methods: Four databases were searched for literature published from inception to the 8th of November 2022. Original research
articles where copeptin was measured in sepsis patients and compared with controls were included. Data extraction and synthesis:
study characteristics, levels of copeptin in the participants, and copeptin assay description were extracted. Levels of copeptin in
patients were pooled and compared with controls in terms of the standard mean difference (SMD) generated using a random-
effects model.

Results: Fifteen studies met the selection criteria. Copeptin levels were significantly higher in patients with sepsis, severe sepsis,
and septic shock as compared to controls [(SMD: 1.49, 95% Cl: 0.81-2.16, P < 0.0001), (SMD: 1.94, 95% Cl: 0.34-3.54, P=0.02),
and (SMD: 2.17, 95% Cl: 0.68-3.66, P = 0.004), respectively]. The highest copeptin levels were noted in septic shock patients. The
admission copeptin levels were significantly lower in survivors as compared to nonsurvivors (SMD: — 1.73; 95% Cl: —2.41 to — 1.06,
P <0.001).

Conclusion and Relevance: Copeptin was significantly elevated in sepsis, severe sepsis, and septic shock. Survivors had a
significantly lower copeptin during admission. Copeptin offered an excellent predictability to predict 1-month mortality. Measuring the
copeptin in sepsis patients can aid treating physicians to foresee patients’ prognosis.
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Introduction

Sepsis syndromes are a common syndromic response to infections
and are associated with physiological, biological, and biochem-
ical abnormalities!). They result in life-threatening organ
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HIGHLIGHTS

e Copeptin have shown potential significance in diagnosing
sepsis.

e Copeptin levels were significantly higher in patients with
sepsis, severe sepsis, and septic shock as compared to
controls.

e Copeptin was significantly elevated in sepsis, severe sepsis,
and septic shock. Survivors had a significantly lower
copeptin during admission.

dysfunction caused by a dysregulated host response to
infection®. The global incidence and death toll of sepsis is esti-
mated to be 48.9 million and 11 million, respectively. Sepsis
accounts for 1 in § global deaths, with half of the cases occurring
in children®!. Low-income and middle-income countries have a
disproportionately higher burden of sepsis-related mortality due
to the paucity of data and lack of resources for critical care!.
Immediate response for septic shock management at the emer-
gency department is a formidable challenge that can be hindered
due to difficulties in establishing a diagnosis quickly'!. With
years of practice and treatment experiences, the criteria for sepsis
syndromes categorization have changed over time. The updated
definition establishes sepsis as a suspected infection without the
requirement of a proven infection!l, Previously, as per Sepsis-1,
they were categorized into systemic inflammatory response
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syndrome (SIRS), sepsis, severe sepsis, and septic shock.
However, according to recent criteria (Sepsis-3), since SIRS could
be the result of several noninfectious etiologies such as pancrea-
titis and myocardial infarction, and additionally, symptomatic
overlap between sepsis and severe sepsis, only sepsis and septic
shock remain in the current criteria. Sepsis-3 defines sepsis as a
life-threatening organ dysfunction caused by a dysregulated host
response to infection'?!. Treatment initiatives at an early phase
with prompt diagnosis can improve the prognosis in these
patients! 7101,

The alarming statistics of mortality associated with sepsis,
especially in children, urge the clinicians for a rapid response in
sepsis management by monitoring the trajectories of the disease.
In the pathophysiology of sepsis, due to persistent hypovolemia,
neuroendocrine compensation through vasopressin is observed
for fluid and osmotic balance, regulation of blood pressure, and
endocrine stress responsel' "'?], Synthetic vasopressin serves as a
potent vasoconstrictor, eventually aiding in organ perfusion, and
for this reason, it is used to enhance perfusion in patients in the
state of shock. Endogenous vasopressin is synthesized from the
vasopressin gene and secreted from the posterior pituitary.
Initially, a preprohormone is formed from the vasopressin gene
that later undergoes post-translational modification producing
arginine vasopressin'>'*, Copeptin is a post-translational
modification product from the same gene and is synthesized in
stoichiometric equivalence to vasopressin, similar as insulin and
C-peptidel'>1¢l. Despite elevations, the utility of analyzing
plasma vasopressin concentration for sepsis monitoring in prac-
tice is restrained owing to its limitations of a shorter half-life,
instability in vitro, rapid clearance at low temperatures, adher-
ence to platelets, and most importantly, normalization to the
normal range within a short duration!*>!*, In contrast, copeptin
is stable with a longer half-life, remains elevated for several days
following sepsis, and assays with short turn-around times are
available. For this reason, copeptin has been extensively studied
for its possible utility in sepsis diagnosis. In normal individuals,
copeptin level ranges between 1.70 and 11.25 pmol/l and is
increased in a variety of inflammatory conditions!*”"'*!, Apart
from sepsis syndromes, copeptin concentration is also increased
in acute disorders such as stroke and acute myocardial infarction,
therefore rendering it as a nonspecific biomarker!®°!, In recent
research, copeptin has been proposed as a potential biomarker
for sepsis syndromes?!!. Hence, this is the first meta-analysis
which obtained the pooled estimate of the copeptin levels in sepsis
patients and aimed to provide an exhaustive assessment of the
diagnostic and prognostic value of copeptin as a biomarker in
sepsis syndromes.

Materials and methods

Protocol and registration

The protocol for this systematic review and meta-analysis was
prospectively registered in the international prospective register
of systematic reviews. This systematic review was performed with
respect to the Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA, Supplemental Digital Content 1,
http:/links.lww.com/JS9/B671, Supplemental Digital Content 2,
http:/links.lww.com/JS9/B672) updated guidelines 2020 and
Assessing the methodological quality of systematic reviews

International Journal of Surgery

(AMSTAR, Supplemental Digital Content 3, http:/links.Iww.
com/JS9/B673) guidelines**>3!,

Search strategy and study selection

We systematically searched the databases PubMed, Scopus, Web
of Science, and Embase for relevant studies published from the
inception of these databases to the 8th of November 2022. The
keywords used were ‘copeptin’, ‘sepsis’, ‘severe sepsis’, and
‘septic shock’. These keywords were connected using the Boolean
operators ‘AND’ and ‘OR’ for a systematic search.

The search results were exported into Mendeley Desktop
version 1.19.8 and duplicates were removed. Studies were then
screened by title and abstract followed by full-text screening
based on the selection criteria. Those studies that met the selec-
tion criteria were included in the review. The citations of the
included studies were also checked for any eligible studies. Any
discrepancies during the study selection were solved via discus-
sion between the authors.

Selection criteria

All studies that fulfilled the following selection criteria were
included: Full-text available in English language; Original
research where copeptin was measured in human participants
with sepsis syndromes; Control population was defined and not
assigned to patients with SIRS.

The studies clarified if patients with hypothalamic-pituitary-
adrenal axis disorders were excluded. The copeptin assay
description was elaborated.

We excluded all studies that did not include a control popu-
lation. Likewise, case reports, review articles, research letters,
correspondences, commentaries, and expert perspectives were
excluded.

Risk of bias assessment

Considering the nonrandomized design of the included studies,
the quality assessment was performed using the ROBINS-I (Risk
of bias in nonrandomized studies-I) bias assessment tool**!. The
tool assesses the potential risk of bias in studies under six
domains: (1) selection of comparison groups; (2) bias due to
confounding; (3) ascertainment of exposure; (4) measurement of
outcomes; (5) missing data; and (6) reporting of results. The risk
of bias of a study was considered to be low if at least five domains
possessed low risk, moderate if any two domains possessed
moderate risk, serious if at least one domain possessed serious
risk, and critical if at least one of the domains possessed critical
risk of bias. Two reviewers (R.T. and S.S.) independently per-
formed a blinded risk of bias assessment. A third reviewer (S.B.)
created a PDF document of the included studies with author
identity and affiliations removed.

Outcomes of interest

Our primary outcomes of interest included evaluation the levels
of copeptin in patients with sepsis syndromes as compared to
controls devoid of any infective symptoms and to compare the
copeptin levels between survivors and nonsurvivors. Secondary
outcomes of interest include comparing the copeptin levels in
different severities of sepsis and evaluation of copeptin levels for
predicting mortality in patients during follow-up.
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Data extraction

Two reviewers (A.B. and R.T.) extracted data to a prespecified
Excel sheet. The following data items were extracted: (1)
descriptive characteristics of studies included (author, year, sepsis
syndromes studied, number of patients and controls, age, sex,
and overall study findings); (2) patient characteristics (sepsis
diagnostic criteria, health and organ status scores, sepsis origin,
and undergoing treatment); (3) assay description (methodology,
sampling, sample handling, and assay sensitivities variability);
and (4) predictability (area under curve (AUC) values, cut-off
values, sensitivity, and specificity).

Data synthesis

Ratios and percentages were used to express discrete variables.
Continuous variables were expressed as mean and SD, or median
and interquartile range or range. Since meta-analysis from con-
tinuous data requires data in terms of mean and SD, the data from
studies reporting copeptin levels in terms of median and inter-
quartile range were converted into mean and SD following the
conversion formula proposed by Hozo et al.”**! for variables with
an unknown distribution.

Statistical analysis

Six distinct analyses were performed: comparison of copeptin levels
between (1) sepsis and controls, (2) severe sepsis and controls, (3)
septic shock and controls, (4) sepsis and severe sepsis, (5) severe
sepsis and septic shock, and (6) survivors and nonsurvivors. Since
the diagnostic criteria for sepsis varied and consequently the
copeptin levels could differ based on each criteria’s patient selec-
tion, subgroup analysis was performed where studies utilizing
Sepsis-1, Sepsis-2, and Sepsis-3 definitions were placed into distinct
subgroups. The objective of the results from our meta-analysis was
determined to be more generalizable, and therefore, with reference
to a relevant research, standardized mean difference (SMD) was
used to express the pooled difference in the copeptin levels between
the aforementioned comparison groups?®.. SMD was generated
using the inverse-variance method and expressed along with a 95%
CI. Statistical significance was set for a P-value <0.05. The het-
erogeneity was estimated using Cochran’s O and I* statistics. A
low, moderate, high, and substantial heterogeneity was considered
for I* <40%, I>=40-69%, I* =70-90%, and I* >90%, respec-
tively. Considering the variation in the population demographics
and moderate to substantial heterogeneity, a random-effects model
was employed to conduct a meta-analysis using Review Manager
(RevMan) version 5.4.1. To test for the influence of the findings of
individual studies on the pooled effect, sensitivity analyses were
performed by omitting each study at a time from the analysis. The
publication bias among the included studies was assessed by con-
structing funnel plots and using Egger’s and Begg’s tests to check for
funnel plot asymmetry. A P-value <0.05 indicated that publication
bias is present.

Results

Study search and study selection

The database search retrieved a total of 1650 studies. After
removing duplicates and screening by title and abstract, 117
studies were subjected for full-text screening in accordance to the
selection criteria. Finally, 15 studies that met our selection criteria

were included for qualitative and quantitative synthesis of this
systematic review (Fig. 1).

Risk of bias assessment

The result of the blinded risk of bias assessment is displayed in
Supplementary Table 1 (Supplemental Digital Content 4, http:/links.
Iww.com/]S9/B674). Briefly, four studies possessed a moderate
overall risk of bias while the rest possessed a low overall risk of bias.

Descriptive characteristics of the included studies

The detailed descriptive characteristics of the included studies are
shown in Table 1. Briefly, 15 studies were included in this meta-
analysis’?"*"*% The studies were conducted in different geo-
graphical locations: North America, Europe, and Asia. Five studies
reported the copeptin levels in all three sepsis syndromes, sepsis,
severe sepsis, and septic shock, whereas others reported in at least
one of them. The number of patients with sepsis syndromes ranged
from 15 to 186. The patients were adults except for two studies that
studied the pediatric population®*3”), The number of controls
ranged from 15 to 155 individuals. In most of the studies, healthy
individuals were assigned as controls. Battista et al. assigned the
patients with gastrointestinal bleeding as controls and Lee et al.
assigned the controls to hospitalized patients with nonsepsis cases.
Overall, a majority of studies found significantly elevated copeptin
levels in patients with sepsis syndromes as compared to controls. All
studies relating copeptin levels with survival outcomes found lower
levels in survivors as compared to nonsurvivors. The diagnostic
criteria for sepsis syndromes; however, differed. A majority of
studies used the 2001 Sepsis-2 (SCCM/ESICM/ACCP/ATS/SIS
international sepsis definitions conference) definition to select and
classify patients with sepsis syndromes. A few studies reported the
Sequential Organ Failure Assessment (SOFA) and Acute Physiology
and Chronic Health Evaluation II (APACHE 1I) scores of the
patients. The source of sepsis infection was respiratory infections in
the majority of studies. Two studies reported that the patients were
being treated with fluid resuscitation and a vasoactive drug, nor-
epinephrine (Supplementary Table 2, Supplemental Digital Content
4, http://links.lww.com/]S9/B674).

Copeptin assay performance and predictability

The majority of studies performed copeptin measurement using
enzyme-linked immunosorbent assay (ELISA). Three studies uti-
lized chemiluminescence immunoassay, two studies utilized fluor-
escent immunoassay, one utilized high-performance liquid
chromatography, and another utilized Time-resolved Amplified
Cryptate Emission (TRACE). In most studies, venous blood sam-
pling was performed on an ethylene-diamine tetra acetic acid
(EDTA) anticoagulated vial. For neonates, umbilical cord blood
was sampled. The blood samples obtained ranged from
immediate admission to at most 72 h after admission. A few
studies reported that the sampling was performed prior to the
initiation of therapy. Serum or plasma was generated by cen-
trifugation and cryopreserved at temperatures of -4°C to
-80°C prior to analysis. Numerous studies also reported the
assay detection limit and variability. The lowest detection limit
observed was 0.24 pmol/l using ELISA in the study of Lee et al.
with an inter-assay variability of <15%. The lowest interassay
variability noted was <12% using TRACE in the study of
Battista ef al. with a detection limit of 0.9 pmol/l. No
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significant differences were observed in the assay performance
with sample storage temperature (Table 2).

We further investigated the predictability of admission
copeptin levels with mortality outcomes via the AUC values of the
receiver operating characteristics analysis performed by the stu-
dies that we included (Table 2). An excellent AUC value of 0.951
was observed in the study of Jiang et al. in relation to predicting
mortality up to 28 days of admission. Similar AUCs were
observed for studies investigating copeptin predictability for 1-
month mortality (AUC= 0.826-0.880). However, the AUC was
only satisfactory in the case of Assaad et al.’s study, which ana-
lyzed the predictability of copeptin for mortality within 10 days
of admission (AUC =0.660). Thus, copeptin levels measurement
in patients with sepsis syndromes at admission was found to
predict 1-month mortality well. For mortality risk assessment,
different cut-offs were established. Sobhy et al. found that a
copeptin level cut-off of 58.1 pmol/l at admission predicted
mortality with 96.6% sensitivity and 61.3% specificity. A lower
cut-off of 11 pmol/l offered a lower sensitivity of 57.89%. The
highest specificity (87%) was observed at a cut-off of 23.2 pmol/l.

International Journal of Surgery

Copeptin levels between sepsis patients and controls

Eleven studies reported the copeptin levels in sepsis patients and
controls. There were altogether 1164 participants with 590 being
sepsis patients and 574 being controls. The pooled copeptin levels
were significantly higher in sepsis patients as compared to con-
trols (SMD: 1.49, 95% CI: 0.81-2.16, P <0.0001) as shown in
Figure 2. No significant publication bias was detected [Egger’s
test (P=0.0844), Begg’s test (P=0.3115)]. In the sensitivity
analysis, no significant changes in the direction of pooled effect
were noted on the omission of each of the 11 studies from
the analysis, one at a time, thus indicating the robustness of the
finding. Upon the omission of the pediatric subgroup from the
overall analysis, the results did not change. These findings did not
vary based on the different sepsis definitions used in the included
studies. Interestingly, we specifically found in the pediatric
population that copeptin levels did not significantly differ
between cases and controls (SMD: 0.68, 95% CI: - 0.14-1.50,
P=0.10). Only adult sepsis patients diagnosed based on Sepsis-1,
Sepsis-2, and Sepsis-3 had significant differences.

ldentification of new studies via databases and registers

5 Records removed before screening:
= ; = = Duplicate records (n=172)
= RDecords identified from: Records marked as ineligible by automation
= atabases (n = 1,650)
S tools (n =0)
i=] Records removed for other reasons (n = 0}
Records screened | Records excluded
(n=1,478) {n=1361)
¥
= Reports sought for retrieval Reports not retrieved
= (n=117) (n=0)
]
)
Reports excluded:
Duplicates (n = 10)
Nao relevant data (n = 26)
Reports assessed for eligibility | Animal Model studies (n= 1)
(n=117) Reviews (n = 52)
Full-text unavailable {n = 9)
Not available English (n = 2)
SIRS patients assigned as controls (n = 2)
o New studies included in review
> (n=15)
2 Reports of new included studies
£ (n=0)

Figure 1. PRISMA guidelines.
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Descriptive characteristics of the included studies.

Sepsis Patients with sepsis Sex of
S.N. References Study country definition syndromes (Cases) Controls Age of patients patients Overall findings
1. Ameen et a/®® Saudi Arabia Sepsis-2 39 NR 61.2 (5) 21:18 Significantly lower copeptin in survivors (P=0.001).
2. Assaad et al® Egypt Sepsis-2 $=20 20 Healthy individuals S =495(19.28), SS=  S= 13:7  Significantly elevated copeptin in patients with sepsis
SS=20 56.8 (13.16)SPS= 58.7 SS= 9:11 syndromes as compared to controls (P< 0.001)
SPS=20 (12.1) SPS= 119

3. Battista et al*” Italy Sepsis-2 S=24 15 Gl bleeding= 15 S= 67.1 (20-85) S= 13:11  Copeptin levels differed in sepsis, severe sepsis, and septic
SS=25 SS = 68.8 (50-83) SS= 9:16 shock as compared to controls (P< 0.05).
SPS=15 SPS= 77.5(66-93)  SPS= 4:11

4. Jiang et alB" China Sepsis-2 41 NR 62.07 (11.89) 25:16 Significantly lower admission copeptin in sepsis survivors
(P<0.05).

5. Jochberger et al?"! Austria Sepsis-2 25 70 Healthy individuals 60 (12) 16:9 Significantly elevated copeptin in patients with sepsis as
compared to controls (P< 0.001)

6.  Koch et al®? Germany Sepsis-3 145 66 Healthy individuals 64 (18-90) 133:85 Significantly elevated copeptin in patients with sepsis as
compared to controls; however, no significant
differences in the copeptin levels between sepsis and
nonsepsis patients.

7. Koter et al®® Switzerland, Sepsis-3 645 NR 61 (20.3) 56: 44 Copeptin significantly associated with mortality (P= 0.002)

France, USA
8. Lee etal®® Singapore Sepsis-2 S= 53 70 Nonsepsis patients (oreviously well S= 52.6 (42.6) S= 27:26 No difference in the copeptin levels between sepsis, septic
SPS= 13 children admitted for GI endoscopy, ~SPS= 100 (58.4) months SPS= 6:7 shock, and controls.
circumeision and chronic orthopedic
conditions)

9. Lesur et all® Canada Sepsis-2 37 14 Healthy individuals 59.8 (17) 22:15 Significantly higher copeptin in sepsis patients as compared
to non-septic and healthy participants.

10.  Morgenthaler et al® Switzerland Sepsis-1 S=22 84 Healthy individuals 57 (15) 1.2:1 Copeptin levels significantly elevated in sepsis syndromes.

SS= 15
SPS= 16

1. Pamiere etal®®  Switzerland Sepsis-1 28 28 NR NR Copeptin levels significantly elevated in sepsis patients as
compared to controls (P< 0.001).

12.  Schlapbach et al®”  Switzerland NR 30 155 31.5 (29-34) gestational 38 (32-40)  No significant difference in the copeptin levels in sepsis and

weeks controls (P=0.30).

13.  Sobhy et al”! Egypt Sepsis-2 §$=20 10 Healthy individuals S= 60.8 (13.5) S= 2:3  Copeptin levels significantly elevated in sepsis syndromes

SS=20 SS= 59.8 (11.6) SS= 9:11 as compared to controls (P< 0.001).
SPS=20 SPS= 50.3 (15.5) SPS= 119

14.  Struck et al*® Germany Sepsis-1 35 50 NR NR Significantly elevated copeptin levels in septic shock as
compared to controls (P< 0.0001).

15.  Zhang et al® China Sepsis-2 S= 186 50 Healthy individuals S= 71 (59-78) S= 61:39 Significantly elevated copeptin levels in sepsis syndromes

SS= 97 SS= 73 (60-78) SS= 63: 37 as compared to controls (P< 0.001).
SPS= 95 SPS= 73 (65-78) SPS= 58:42

Age is expressed as mean (SD) or median (IQR), Sex is expressed as ratio; Gl, gastrointestinal; NR, not reported.
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Copeptin performance and predictability.

Copeptin performance

Author Copeptin assay Clinical sample Sampling point Sample storage Detection limit Variability
Ameen et al? ELISA Venous blood, EDTA <24 h of admission —-20°C NR NR
Assaad et al.”! ELISA Blood <48 h of admission —-20°C NR NR
Battista et a/®” TRACE Plasma Up to 72 h of admission —70°C 0.9 pmol/l Inter-assay variation <12%
Jiang et al®! ELISA Venous blood Up to 72 h of admission —4°C NR NR
Jochberger et al 2" CLIA EDTA plasma 24 h of admission —80°C 1.7 pmol/| Inter-assay variation <20%
Koch et al @ Fluorescent immunoassay EDTA Plasma At admission —80°C NR NR
Kloter et all* CLIA Blood NR —20°C 0.4 pmol/| NR
Lee et al?® ELISA Arterial/ venous blood < 24 h of admission —-20°C 0.24 pmol/! Inter-assay variation <15%
Lesur et al®" ELISA Blood NR NR Upper limit 248 pmol/l NR
Morgenthaler et a/.® CLIA Arterial/ venous blood On admission —70°C 1.7 pmol/I Inter-assay variation <20%
Palmiere et a/.l*®! ELISA Venous blood Prior to autopsy —70°C 3.9 pmol/l Inter-assay variation <20%
Schlapbach et a/?”! Fluorescent immunoassay  Umbilical blood As soon as birth —80°C 4.8 pmol/l NR
Sobhy et al*”! ELISA Serum On admission —80°C NR NR
Struck et al*®! HPLC Serum/plasma NR —-20°C NR NR
Zhang et al NR
Copeptin predictability
Author Outcome Cut-off AUC AUC 95% Cl Sensitivity Specificity

Ameen et al?® Mortality within 28th day NR 0.845 0.724-0.966 NR NR

Assaad et al?°! Mortality within 10th day > 11 pmol/l 0.660 NR 57.89% 76.19%

Battista et a/.*" Mortality within 30th day 23.2 pmol/| 0.845 NR 74% 87%

Jiang et alB" Mortality within 28th day NR 0.951 NR NR NR

Jochberger et al®"  NR

Koch et a/1%2 NR

Kloter et al®® Mortality within 30th day 0.820 0.76-0.89 NR NR

Lee et al®d NR

Lesur et al®* NR

Morgenthaler et a/®®  Not defined 96 pmol/l 0.750 0.610-0.860 61.5% 83.8%

Palmiere et al.l*®! NR

Schlapbach et al®”  NR

Sobhy et al%" Mortality 58.1 pmol/| 0.880 NR 96.6% 61.3%

Struck et al*® NR

Zhang et al® Mortality within 28th day 21.5 pmol/l 0.826 0.780-0.871 85.3% 59.8%

Copeptin levels between severe sepsis patients and controls

Five studies with 177 patients with severe sepsis and 179 controls
measured copeptin levels. Severe sepsis patients had significantly ele-
vated pooled copeptin levels as compared to controls (SMD: 1.94,
95% CI: 0.34-3.54, P=0.02) as shown in Figure 2. There was no
significant publication bias [Egger’s test (P=0.0780), Begg’s test
(P=0.1416)]. The pooled effect was similar in studies based on Sepsis-
1 and Sepsis-2 criteria. In the sensitivity analysis, the pooled effect
became insignificant when the study of Sobhy et al. was excluded.

Copeptin levels between septic shock patients and controls

Seven studies reported the copeptin levels in altogether 214 septic
shock patients and 299 controls. The pooled copeptin levels were
significantly higher in septic shock patients as compared to controls
(SMD: 2.17, 95% CI: 0.68-3.66, P =0.004) as shown in Figure 3.
Specifically, in studies based on the Sepsis-1 definition, the results
were not significant (P=0.10). In studies whose patient selection
was based on Sepsis-2, the copeptin levels were significantly higher
(P=0.006). In one study performed in the pediatric population, it
was found that septic shock patients had significantly lower
copeptin than controls (P =0.0008). No significant publication bias
was detected [Egger’s test (P =0.4567), Begg’s test (P =0.4527)]. In
the sensitivity analysis, no significant changes in the direction of the

pooled effect were noted on the omission of each of the seven
studies from the analysis, one at a time.

Copeptin levels between survivors and nonsurvivors

Five studies studied the copeptin levels in accordance with survi-
val. Out of 708 patients, 119 died while 827 survived. Copeptin
levels were measured within 72 h of admission and follow-up was
performed for a survival outcome to at most 30 days. The
copeptin levels were significantly lower in survivors as compared
to nonsurvivors (SMD: -1.73; 95% CI: -2.41 to -1.06,
P <0.00001) as shown in Figure 3. No significant publication bias
was observed [Egger’s test (P =0.6960), Begg’s test (P =0.1416)].

Comparison of copeptin levels with sepsis severity

There were no significant differences in the copeptin levels
between sepsis and severe sepsis patients in studies based on both
Sepsis-1 and Sepsis-2 definitions (SMD: 0.48, 95% CI:
-0.60-1.55, P=0.39). In contrast, septic shock patients had
significantly elevated copeptin levels as compared to severe sepsis
patients in both the definitions (SMD: 1.42, 95% CI: 0.40-2.43,
P=0.006) (Fig. 4).
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Sepsis Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
1.1.1 Sepsis-1
Morgenthaler et al. 2007 941 649 22 41 21 84  91% 3.06 [2.43, 3.69) ——
Palmiere et al. 2014 523 147 28 142 5 28 86% 3.42(2.58, 4.26) ——p
Subtotal (95% CI) 50 112 17.7% 3.19 [2.68, 3.69] ’
Heterogeneity: Tau®= 0.00; Chi*= 0.46, df=1 (P = 0.50); F= 0%
Test for overall effect Z=12.40 (P < 0.00001)
1.1.2 Sepsis-2
Assaad etal 2017 6.7 22 20 19 1:2 20 8.5% 2.65[1.78,3.53] I
Battista et al. 2016 741 53 24 1808 1784 15  9.0% -0.89[-1.57,-0.21] —
Jochberger et al. 2006 52 30 35 6 3 62 93% 252(1.97,3.07) I
Lesuretal 2010 70 70 37 625 8.1 14  92% 012[-0.49,0.74) T
Sobhy et al. 2016 484 151 20 8 43 10 7.7% 310(1.97,4.23) EESS———
Zhang etal. 2014 50 432 186 41 3.2 50 9.7% 1.19(0.86, 1.52) -
Subtotal (95% CI) 322 171 53.4% 1.41[0.34, 2.48] e ol
Heterogeneity: Tau®*= 1.64, Chi*= 91.90, df= 5 (P < 0.00001), F= 95%
Test for overall effect Z= 259 (P=0.010)
1.1.3 Sepsis-3
Koch et al. 2018 459 1311 145 4.7 09 66 9.7% 0.38(0.08, 0.67) ==
Subtotal (95% CI) 145 66 9.7% 0.38[0.08, 0.67] L 3
Heterogeneity. Not applicable
Test for overall effect Z= 252 (P=0.01)
1.1.4 Pediatrics
Lee etal. 2013 373 745 53 298 622 70 96% 1.10(0.72,1.48] -
Schlapbach etal. 2011 35 51 30 21 532 155 96% 0.26 [-0.13, 0.66) T
Subtotal (95% CI) 83 225 19.2% 0.68 [-0.14, 1.50] i
Heterogeneity: Tau®= 0.31; Chi*= 8.94, df=1 (P=0.003), F=83%
Test for overall effect Z=1.63 (P=0.10)
Total (95% CI) 600 574 100.0% 1.49[0.81, 2.16] it
Heterogeneity: Tau®=1.20; Chi*=199.22, df=10 (P < 0.00001); F= 95% t t t t
Testfor overall effect Z= 4.32 (P < 0.0001) -4 -2 0 2 4
Test for subaroup differences: Chi*= 90.59, df= 3 (P < 0.00001), F=96.7% Lower levels Higher levels
Severe sepsis Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Sepsis-1
Morgenthaleretal. 2007 1199 911 15 41 24 84 20.3% 3.31[2.59, 4.04) =
Subtotal (95% CI) 15 84 20.3% 3.31[2.59, 4.04] L3
Heterogeneity: Not applicable
Test for overall effect. Z=8.98 (P < 0.00001)
2.1.2 Sepsis-2
Assaad etal. 2017 105 5.1 20 19 1.2 20 201% 2.28(1.48, 3.09] -
Battista et al. 2016 1634 1313 25 1808 1784 15 205% -0.11 [-0.75, 0.53] =
Sobhy etal. 2016 692 154 20 8 43 10 18.0% 4.61(3.15,6.07) ——
Zhang et al. 2014 36 503 97 41 3.2 50 21.0% -0.01 [-0.35, 0.33] G i
Subtotal (95% CI) 162 95 79.7% 1.55[0.02, 3.08] il
Heterogeneity: Tau®= 2.23; Chi*= 60.32, df= 3 (P < 0.00001); F=95%
Test for overall effect Z=1.99 (P = 0.05)
Total (95% CI) 177 179 100.0% 1.94[0.34, 3.54) -
Heterogeneity: Tau®= 3.14; Chi*= 114,60, df= 4 (P < 0.00001), F= 97% t + + t
-10 -5 0 5 10

Test for overall effect Z= 2.37 (P=0.02)
Test for subaroup differences: Chi*=4.19,df=1 (P=0.04), F=761%

Lower levels Higher levels

Figure 2. Copeptin levels between sepsis, severe sepsis patients, and controls stratified with sepsis definition.

Discussion

This meta-analysis aimed to analyze the copeptin levels in
patients with sepsis syndromes. Patients categorized as sepsis,
severe sepsis, and septic shock were evaluated and all presented
with significantly elevated copeptin levels. The copeptin levels

were the highest in patients with septic shock. We further found
that the admission copeptin levels were significantly lower in
survivors as compared to nonsurvivors. These findings were
consistent throughout the studies and did not vary based on the
sepsis diagnostic criteria. However, from two studies measuring
copeptin in healthy and sepsis infants, no significant differences
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Septic shock Controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Sepsis-1
Morgenthaler etal. 2007 2995 117.22 16 41 21 84 139% 6.39[5.34, 7.44] -
Struck et al. 2005 375 378.25 35 088 44 50 147% 1.53[1.04,2.02] -
Subtotal (95% CI) 51 134 28.6% 3.94 [-0.82, 8.69] RS e——
Heterogeneity: Tau*=11.61; Chi*= 67.40, df= 1 (P < 0.00001); F= 99%
Testfor overall effect Z=1.62 (P=0.10)
3.1.2 Sepsis-2
Assaad etal 2017 16.8 11.2 20 19 1:2 20 144% 1.83(1.08, 2.58] ==
Battista et al. 2016 1736 122 15 1808 1784 15 14.4% -0.05 [-0.76, 0.67] -
Sobhyetal. 2016 1209 N2 20 8 43 10 132% 4.25(2.87,5.64] -
Zhang etal. 2014 1715 7841 95 41 32 50 147% 263(2.17,3.09] bl
Subtotal (95% CI) 150 95 56.8% 2.10[0.61, 3.58] i
Heterogeneity: Tau*= 2.11, Chi*= 48.97, df= 3 (P < 0.00001), F=94%
Test for overall effect Z= 2.77 (P = 0.006)
3.1.3 Pediatric
Lee etal 2013 236.2 29.4 13 298 622 70 146% -1.05[-1.66,-0.43] -
Subtotal (95% CI) 13 70  14.6% -1.05 [-1.66, -0.43] &
Heterogeneity: Not applicable
Test for overall effect. Z= 3.34 (P = 0.0008)
Total (95% CI) 214 299 100.0% 2.17 [0.68, 3.66] <l
Heterogeneity: Tau*= 3.87, Chi*= 205.37, df= 6 (P < 0.00001), F=97% t t t t
-10 -5 0 5 10

Test for overall effect Z= 2.85 (P =0.004)
Test for subaroup differences: Chi*=18.10, df= 2 (P = 0.0001), F=89.0%

Lower levels Higher levels

Survivors Non-survivors Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ameen et al. 2016 64 98 22 145 335 17 161% -3.42[-4.43,-240) ¥
Assaad etal. 2017 1" 56 21 165 115 19 208% -0.61[-1.24,003] ——
Jiang etal. 2015 1161.3 1,265.7 15 4,200 16487 26 191% -1.96[2.73,-1.18] —
Kloter et al. 2013 46.6 77.2 609 200 2047 45 241% -1.67 [-1.99,-1.36) -
Morgenthaler et al. 2007 59.1 94.4 41 2096 1374 12 20.0% -1.41[2.11,-0.711) ——
Total (95% CI) 708 119 100.0% -1.73[-2.41, -1.06) ’-
Heterogeneity: Tau®= 0.47; Chi*= 22.85, df= 4 (P = 0.0001); F=82% t + + +
Test for overall effect: Z= 5.02 (P < 0.00001) -4 -2 0 2 4

Lower levels Higher levels

Figure 3. Copeptin levels between septic shock patients and controls (up) and survivors and nonsurvivors (down).

were detected, which implies the need for more studies on
copeptin in newborns in order to diagnose and monitor neonatal
sepsis.

Numerous studies have also found that the
copeptin levels are significantly elevated during septicemia and
increase proportionally with sepsis progression and severity.
Likewise, studies have also reported lower admission copeptin
levels in sepsis patients who survived?”*%3%1 and these findings
are similar to the findings that this meta-analysis produced. In
contrast, the findings of Battista et al. and Schlapbach et al. are
conflicting. They found that the copeptin levels in sepsis did not
differ significantly as compared to controls. Overall, our findings
suggest that measuring copeptin at the admission of patients with
sepsis syndromes significantly aids in monitoring severity, pro-
gression, and predicting the risk of mortality. Reports of higher
copeptin levels in patients with multi-organ dysfunction syn-
drome (MODS) as compared to non-MODS patients further
validate the association of copeptin with sepsis severity.

The possible underlying mechanism of copeptin elevation
underlies the fact that it is a surrogate marker for vasopressin. A
lowered blood pressure and volume trigger the release of stress

[28,2935,39,40]

hormones including cortisol and vasopressin. This is accom-
plished by a closely regulated baroreceptive and osmoreceptive
mechanisms. Diminishing blood pressure and volume depolarizes
the supraoptic nuclei (SON) and/or paraventricular nuclei (PVN),
which generates action potential through the hypothalamic-
neurohypophyseal tract resulting in the release of vasopressin via
exocytosis of neurosecretory granules, secreting vasopressin into
the blood!"?!. The longer half-life of copeptin has allowed easier
production and harvest of anti-copeptin antibodies in rabbits for
in vitro diagnostic use. A majority of the studies we included
measured copeptin via ELISA. We detected no significant differ-
ences in the assay results in accordance to sample storage.
Morgenthaler ef al.®%! studied the sandwich immunoassay to
estimate copeptin and observed a precisely linear copeptin mea-
surement within the range of 2.25-1215 pmol/l. Overall, the
assays for copeptin demonstrated a good detection limit, a wide
linearity range, and low inter-assay result variability, therefore,
suggesting easier access to the testing in clinical practice. We
further investigated the utility of copeptin in predicting mortality
and found that the 1-month mortality risk prediction was excel-
lent; however, the 10-day mortality was only satisfactory as
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Severe sepsis Sepsis

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 Sepsis-1

Morgenthaleretal. 2007 119.9 911 15 941 649 22 197% 0.33[-0.33,0.99] = —
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Heterogeneity: Not applicable

Test for overall effect. Z=0.98 (P = 0.33)
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Subtotal (95% CI) 162 250 80.3% 0.52[-0.81, 1.84] B oo
Heterogeneity: Tau*=1.75; Chi*= 79.31, df= 3 (P < 0.00001), F= 96%

Test for overall effect: Z= 0.76 (P = 0.45)

Total (95% CI) 177 272 100.0% 0.48 [-0.60, 1.55] ?

Heterogeneity: Tau®=1.42, Chi*= 82.88, df= 4 (P < 0.00001); F=95%
Test for overall effect: Z= 0.86 (P = 0.39)
Test for subaroup differences: Chi*=0.06, df=1 (P=0.81). F=0%

Septic shock Severe sepsis

-4 -2 0 2 4
Lower levels Higher levels

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

6.1.1 Sepsis-1

Morgenthaler etal. 2007 2995 117.22 16 1199 911 15 191% 1.66 [0.83, 2.49] =

Subtotal (95% CI) 16 15 19.1% 1.66 [0.83, 2.49] &

Heterogeneity. Not applicable

Test for overall effect: Z= 3.91 (P < 0.0001)

6.1.2 Sepsis-2

Assaad etal. 2017 16.8 1.2 20 105 5.1 20 201% 0.71[0.07,1.35) a3

Battista et al. 2016 1736 122 15 1634 1313 25 201% 0.08 [-0.56,0.72] = o

Sobhy etal. 2016 1209 31.2 20 692 154 20 19.4% 2.06[1.28,2.84] -
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Subtotal (95% CI) 150 162 80.9% 1.36 [0.11, 2.60] B

Heterogeneity: Tau®*=1.51; Chi*= 53.63, df= 3 (P < 0.00001); F= 94%

Testfor overall effect Z=2.14 (P=0.03)

Total (95% CI) 166 177 100.0% 1.42[0.40, 2.43) ‘

Heterogeneity: Tau®=1.23; Chi*= 53.64, df= 4 (P < 0.00001); F=93% + + t t
Test for overall effect Z= 2.73 (P = 0.006) -10 -5 0 5 10

Test for subaroup differences: Chi*= 0.16. df=1 (P = 0.69). F=0%

Figure 4. Copeptin levels between sepsis, severe sepsis, and septic shock.

Lower levels Higher levels

found in Assaad et al.’s study. This implies the possible utility of
measuring copeptin at the admission of the patients, which aids to
foresee the patient’s prognosis and the risk of poor outcomes. In
patients presenting to the emergency department with sepsis
symptoms, a high copeptin level indicates the requirement of
utmost attention, and appropriate therapy in order to secure
survival. In contrast, the continuous monitoring of copeptin has
not been shown to hold greater significance since copeptin levels
fall inappropriately low in late sepsis with advanced vasodilatory
shock. This is attributed to the diminished baroreceptor-induced
vasopressin release. In such patients, the vasoconstrictors were
found to produce a poor response due to the desensitization of
vasoconstricting receptors!”].

Numerous studies have concluded that analysis of copeptin in
combination with health evaluation schemes including SOFA and
APACHE 1I scores offered a greater sensitivity and specificity to
predicting prognosis and mortality. Jiang et al.*®! found a sig-
nificant positive correlation between the serum copeptin levels
and the APACHE II scores of sepsis patients. Supportively, Zhang
et al®*1. found the highest AUC value for copeptin combined with

cortisol, mortality in emergency department sepsis (MEDS) score,
and procalcitonin in predicting septic shock and mortality.
Furthermore, the MODS score has been shown to vary sig-
nificantly based on sepsis severity (42). These risk scores does add
significant value in predicting prognosis alongside copeptin.
Several other biomarkers have been emerging to diagnose and
monitor sepsis prognosis, which include procalcitonin and pre-
sepsin. Procalcitonin is known to increase in the early stages of
bacterial infection and higher concentrations have been shown in
infection from gram-positive bacteria therefore aiding in anti-
microbial stewardship ). Similarly, presepsin is a soluble CD14
molecule that acts as a receptor of the lipopolysaccharide com-
plex of bacterial endotoxins and are found to significantly elevate
in sepsis. These biomarkers too have shown strong correlation
with SOFA scores of Sepsis-31*11, Clinicians dealing with sepsis
should therefore relate all diagnostic parameters including
copeptin when predicting prognosis and assessing the risk of
mortality.

Copeptin’s use as a diagnostic and prognostic tool has been
practiced in a wide variety of diseases apart from sepsis
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syndromes. Copeptin has been found to elevate significantly in
acute myocardial infarction, heart failure, lower respiratory tract
infections, diabetes, renal disease, and central nervous system
disorders. Copeptin has further been implicated in distinguishing
between inappropriate and appropriate vasopressin secretion.
When plasma copeptin is combined with urine sodium as a ratio,
it has been shown that copeptin can differentiate hyponatremia
from normovolemia and hyponatremia from hypovolemia.
Therefore, when interpreting copeptin levels, clinicians should
keep in mind that it is a nonspecific marker and elevations could
result from aforementioned overlapping conditions and not
solely due to prevailing sepsis.

Our study holds both strengths and limitations. This is the first
meta-analysis investigating the potential biomarker role of
copeptin in sepsis syndromes. We investigated copeptin levels in
all sepsis categories and compared it in accordance with the
severity and survival of the patient. Importantly, we stratified our
analysis based on different sepsis diagnostic criteria. The dis-
tribution of male and female patients was similar in all studies,
which diminished the bias that copeptin is slightly higher in
female subjects. The health evaluation scores including SOFA and
APACHE II were assessed. We further analyzed the predictability
of copeptin to mortality outcome along with appropriate cut-off
values and corresponding sensitivities and specificities. One lim-
itation of this study is that the ongoing treatment of the patients
could not be accessed due to unavailability. Similarly, most of the
studies did not report the health evaluation score. Lastly, due to
our stringent selection criteria to achieve homogeneity, the
omission of studies with relevant data might have occurred.

Conclusions

Overall, patients with all categories of sepsis syndromes irre-
spective of different sepsis definitions had elevated copeptin
levels. Survivors had a significantly low copeptin level during
admission. Measuring the copeptin levels of patients suspected or
diagnosed with sepsis can prove to be beneficial in foreseeing the
patient’s prognosis and risk of mortality. However, more studies
with a larger population size should be performed and the find-
ings should be evaluated before incorporating the testing of
copeptin in routine intensive care practice.
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