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Abstract

Purpose Biomarkers can aid in perioperative risk
stratification. While preoperative copeptin has been
associated  with  adverse  events, intraoperative
information is lacking and this association may rather
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reflect a baseline risk. Knowledge about correlations
between postoperative copeptin  measurements —and
clinically relevant outcomes is scarce. We examined the
association of perioperative copeptin concentrations with
postoperative all-cause mortality and/or major adverse
cardiac and cerebrovascular events (MACCE) at
12 months and 30 days as well as with perioperative
myocardial injury (PMI).

Methods We conducted a prospective observational
cohort study of adults undergoing noncardiac surgery
with intermediate to high surgical risk in Basel,
Switzerland, and Dusseldorf, Germany from February
2016 to December 2020. We measured copeptin and
cardiac troponin before surgery, immediately after surgery
(0 hr) and once between the second and fourth
postoperative day (POD 2—4).

Results A primary outcome event of a composite of
all-cause mortality and/or MACCE at 12 months
occurred in  48/502  patients (9.6%). Elevated
preoperative copeptin (> 14 pmol-L™'), immediate
postoperative copeptin (> 90 pmol-L™"), and copeptin on
POD 2—4 (> 14 pmol-L™") were associated with lower
one-year MACCE-free and/or mortality-free survival
(hazard ratio [HR], 2.89; 95% confidence interval [CI],
1.62 to 5.2; HR, 2.07; 95% ClI, 1.17 to 3.66; and HR, 2.47;
95% CI, 1.36 to 4.46, respectively). Multivariable analysis
continued to show an association for preoperative and
postoperative copeptin on POD 2-4. Furthermore,
elevated copeptin on POD 2—4 showed an association
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with 30-day MACCE-free survival (HR, 2.15; 95% CI,
1.18 to 3.91). A total of 64 of 489 patients showed PMI
(13.1%). Elevated preoperative copeptin
associated with PMI, while immediate postoperative
copeptin was modestly associated with PMI.

Conclusion The results of the present prospective
observational cohort study suggest that perioperative
copeptin concentrations can help identify patients at risk
for all-cause mortality and/or MACCE. Other identified
risk factors were revised cardiac risk index, body mass
index, surgical risk, and preoperative hemoglobin.

was not

Trial registration ClinicalTrials.gov (NCT02687776);
first submitted 9 February 2016.

Résumé

Objectif Les biomarqueurs peuvent aider da la

stratification du risque perioperatoire. Bien que la
copeptine  preoperatoire ait et€ associce da des
evenements indesirables, les informations peroperatoires
font defaut; plutot, cette association pourrait refleter un
risque de base. Les connaissances sur les correlations
entre les mesures postoperatoires de la copeptine et les
resultats cliniquement pertinents sont rares. Nous avons
examine [’association entre les concentrations de
copeptine perioperatoires et la mortalite’” postoperatoire
toutes causes confondues et/ou les evenements indesirables
cardiaques et cerebrovasculaires majeurs (EICCM/
MACCE) a 12 mois et 30 jours ainsi qu’en cas de lesion
myocardique perioperatoire (LMP/PMI).
Méthode Nous avons realise une etude
observationnelle prospective d’adultes beneficiant d’une
chirurgie non cardiaque d risque chirurgical intermediaire
a eleve d Bdle, en Suisse, et d Dusseldorf, en Allemagne, de
fevrier 2016 a decembre 2020. Nous avons mesure la
copeptine et la troponine cardiaque avant la chirurgie,
immediatement apres la chirurgie (0 h) et une fois entre le
deuxieme et le quatrieme jour postoperatoire (JPO 2-4).
Résultats Un  évenement
d’évaluation principal d’un composite de mortalite” toutes
causes confondues et/ou de MACCE d 12 mois est survenu
chez 48/502 patient-es (9,6 %). Une elevation de la
copeptine préopéeratoire (> 14 pmol-L™"), de la copeptine
postopératoire immediate (> 90 pmol-L™') et de la
copeptine aux JPO 2 d 4 (> 14 pmol-L™") était associee
d une survie sans MACCE et/ou sans mortalite’ d un an plus
faible (rapport de risque [RR], 2,89; intervalle de
confiance [IC] a 95 %, 1,62 a 5,2; RR, 2,07; IC 95 %,
1,17 a 3,66; et RR, 2,47, IC 95 %, 1,36 a 4,46,
respectivement). L’analyse multivarice a aussi montre
une association entre la copeptine preoperatoire et
postoperatoire aux JPO 2 a 4. De plus, un taux eleve de
copeptine aux JPO 2 d 4 a montre’ une association avec la
survie sans MACCE a 30 jours (RR, 2,15; IC 95 %,

de cohorte

constituant — un  critere

1,18 a 3,91). Au total, 64 des 489 patient-es presentaient
une LMP (13,1 %). Un taux eleve de copeptine
preoperatoire n’a pas ete associe’ d la LMP, tandis que
la copeptine postoperatoire immediate etait modestement
associee d la LMP.

Conclusion Les resultats de la presente etude de cohorte
observationnelle  prospective  suggerent  que les
concentrations perioperatoires de copeptine peuvent
aider a identifier les personnes d risque de mortalite
toutes causes confondues et/ou de MACCE. Les autres
facteurs de risque identifies etaient 'indice de risque
cardiaque revise, l'indice de masse corporelle, le risque
chirurgical et I’hemoglobine preoperatoire.
Enregistrement de I’étude ClinicalTrials.gov
(NCT02687776); premiere soumission le 9 fevrier 2016.

Keywords

major cardiovascular and cerebrovascular events
(MACCE) - perioperative copeptin -
perioperative myocardial injury -

perioperative risk stratification

Cardiac complications are a common cause of
postoperative morbidity and mortality."* In addition,
perioperative myocardial injury (PMI) has emerged as a
relevant adverse event with a 30-day mortality of 7.8%
despite most of these patients being asymptomatic.”™ In
this context, the role of biomarkers has greatly increased.”
Preoperatively, biomarkers may be useful in detecting
subclinically manifest disease or risk; intra and
postoperatively, they may indicate an early state of
pathology or beginning of cardiac ischemia or
decompensation.

Several established biomarkers have been examined
with a primary focus on cardiac troponin and natriuretic
peptides.””'" Copeptin, however, may be a promising early
marker of cardiac risk as it is secreted in a 1:1 fashion with
vasopressin on account of a common precursor peptide.'?
Together with troponin, copeptin has been suggested for
the early rule-out and diagnosis of cardiac events in the
nonsurgical population,'*~'? leading to the endorsement of
a dual biomarker strategy.'® Compared with cardiac
troponin  representing manifest damage, copeptin
representing distress may be more sensitive and
detectable earlier on.?’

Data regarding the utility of copeptin in the
perioperative period is not firmly established. Although
some data have suggested an association of copeptin and
cardiac injury,”’*® the association of perioperative
(particularly postoperative) copeptin concentrations and
12-month morbidity and mortality and PMI are much less
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clear. Furthermore, the timing of measurements remains
uncertain.

We hypothesized that copeptin concentrations measured
prior to surgery, immediately after surgery, and after
postoperative days 2-4 (POD 2—4) are associated with the
composite of major adverse cardiac and cerebrovascular
events (MACCE) and/or all-cause mortality within
12 months.

Methods
Study design, setting, and patients

Ethical approval for the study in Basel (approval
number, 2015-275) was provided by Ethikkommission
Nordwest- und Zentralschweiz, Basel, Switzerland
(Chairperson Prof A. Perruchoud, 13 October 2015).
Ethical approval for the study in Diisseldorf (approval
number, V7) was provided by Ethikkommission der
Heinrich Heine Universitit Diisseldorf, Diisseldorf,
Germany (Chairperson Prof T. Hohlfeld, 1 October 2018).

Written informed consent was obtained from all
patients. This prospective dual centre cohort study
adheres to the Strengthening the Reporting of
Observational  Studies in Epidemiology (STROBE)
guidelines for the reporting of observational studies.?*

Consecutive adult patients undergoing elective surgery
at two university hospitals (Basel and Diisseldorf) from
February 2016 to December 2020 were included. Patients
undergoing emergent surgery or presenting with either an
acute coronary syndrome or congestive heart failure (both
identified by clinical assessment or documentation in the
clinical record) were not eligible. Patients with kidney
dysfunction (creatinine clearance < 50 mL'minfl), severe
aortic stenosis (valve area documented < 1 cmz), or an
ejection fraction below 40% (documented) were also
excluded. These inclusion and exclusion criteria were
applied to reduce the effect of possible confounders.

The primary aim of this study was to examine whether
elevated immediate postoperative copeptin concentrations are
associated with 12-month all-cause mortality and MACCE in
patients undergoing elevated risk surgery (intermediate- and
high-risk as defined by the European Society of
Anaesthesiology guidelines based on Glance ef al.’>°).

Biomarker measurements

Copeptin and high-sensitive cardiac troponin T (hsTnT)
were each sampled at three perioperative time points: at
induction of anesthesia, immediately after surgery, and on
POD 2-4. The sampling time on POD 2—-4 was selected for
two reasons: 1) many patients are discharged on these days,
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and 2) the vast majority of PMI are observed during this
426
time.

Samples were sent to the internal university hospital
laboratories for analysis. Copeptin was measured by a
time-resolved amplified cryptate emission immunoassay
with a lower detection limit of 0.4 pmol-L™' (Thermo

Fisher Scientific Clinical Diagnostics B.R.A.H.M.S.
GmbH, Henningsdorf, Germany), hsTnT by a high-
sensitivity  assay  (Elecsys®; Roche Diagnostics,

Rotkreuz, Switzerland) with a 99" percentile or upper
limit of normal of 14 ng-L™" with a coefficient of variation
of 9%.%"*® Treating clinicians and study personnel were
blinded to biomarker measurements.

Outcomes

The primary outcome was a composite of MACCE and/or
all-cause mortality at 12 months. MACCE was predefined
to include nonfatal cardiac arrest, acute myocardial
infarction, congestive heart failure requiring
hospitalization or transfer to a higher-level care unit, and
stroke as previously defined.”” The secondary outcome was
PMI, defined as an increase in cardiac
troponin > 14 ng-L™' from a baseline cardiac troponin
by POD 2—4 presumably due to myocardial ischemia (i.e.,
no evidence of a nonischemic etiology). An ischemic
feature was not required.’® We also evaluated MACCE
and/or all-cause mortality at 30 days.

Routine electrocardiograms (ECGs) were performed in
all patients before surgery and on POD 2-4 to identify
possible signs of ischemia including new left branch
bundle block or ST-segment elevation, ST-depression, or
T-wave inversion in two continuous leads.’’ Two
independent blinded assessors adjudicated ECG with
initial differences resolved by consensus.

Patients were followed up after 12 months by a mailed
questionnaire. In the absence of a response, patients, their
next of kin, or their primary care physician were contacted
by phone.*” Hospital charts were used to extract in-hospital
complications, and postdischarge events were confirmed by
the patient’s primary care physician or treating hospital.

Statistical analyses

Data are presented as mean (standard deviation) for
normally  distributed  continuous  data,  median
[interquartile range (IQR)] for nonnormally distributed
continuous data, and number (%) for count data.

For the primary endpoint all-cause mortality and/or
MACCE at 12 months, we plotted Kaplan—-Meier curves
and performed a log-rank test for elevated copeptin.
Elevated copeptin was defined as > 14 pmol-L™" for
preoperative measurements, by Youden’s optimum of a
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receiver operator characteristics curve for immediate
postoperative copeptin, and as > 14 pmol-L*l for
measurements on POD 2-4. Although previous
measurements had suggested that copeptin levels return
to near normal on POD 2—4, we examined this by Youden’s
optimum for all-cause mortality and/or MACCE at
12 months. We also plotted Kaplan—Meier curves and
performed a log-rank test for elevated copeptin and
all-cause mortality and/or MACCE at 30 days.

We furthermore examined a possible association of
elevated copeptin concentrations and all-cause mortality
and/or MACCE at 12 months by univariable hazard ratios
(HRs). Then, in the event of a significant association, we
adjusted elevated copeptin for the revised cardiac risk
index (RCRI)"' as predefined and for all significant
variables in the univariable analysis (not predefined). All
models were described with events and the Akaike
Information Criterion (AIC). For the analysis on POD
2-4, patients with events prior to blood withdrawal were
excluded.

For the secondary outcome, PMI, we examined a
possible association of preoperative and immediate
postoperative copeptin using logistic regression. Copeptin
concentrations on POD 2—4 were not examined as PMI was
determined at the same time. Again, we first performed a
univariable analysis and then a multivariable analysis as
described above.

We performed a Bonferroni P adjustment for each of the
three time points (P = 0.05/3) with P < 0.017 considered to
be significant for the primary outcome. No adjustment was
made for secondary and explorative analyses.

Our sample size analysis was based on the rule of thumb
that 10-12 events are required per estimator in the
multivariate Cox regression.”> We estimated the event
rate to be 10% based on published and own data, yielding
some 50 events and allowing for up to four estimators in a
multivariable analysis. Although literature published after
our sample size estimation has suggested that more events
per predictor may be required,’*> our analysis still allows
for a multivariable analysis.

Results
Descriptive analysis

A total of 517 patients undergoing elevated risk surgery
were enrolled. Two patients (< 1%) were lost to follow-up,
12 (2%) were excluded because of missing immediate
postoperative copeptin, and one was erroneously included
(< 1%). This left 502 patients for inclusion in the analysis
(Fig. 1). Copeptin measurements were available
preoperatively in 490 patients (97.2%), immediately

postoperatively in 502 patients (100%), and on POD 24
in 463 patients (91.9%).

A primary outcome event of a composite of all-cause
mortality and/or MACCE at 12 months occurred in 48/502
patients (9.6%). The first MACCE were 33 (7%) all-cause
mortalities, four (1%) cases of congestive heart failure,
six (1%) acute myocardial infarctions, and five (1%)
strokes.

Median  [IQR] copeptin  concentrations  were
7.2 [4.0-12.6] preoperatively (elevated > 14 pmol-L™",
107/490 [21.8%]), 64.0 [23.4-145.1] immediately
postoperatively (elevated > 90 pmol-L™', 199/502
[39.5%]), and 9.3 [5.6-192] on POD 24
(elevated > 14 pm01~L_1, 159/463 [34.3%)).

The Youden’s optimum values for copeptin and
MACCE were 9 pmol-L™" preoperatively, 90 pmol-L™"
immediately postoperatively, and 11 pmol-L™' on POD
2-4 (Electronic Supplementary Material eFigure).

Table 1 shows patient characteristics stratified by
patients with MACCE and/or all-cause mortality. Patients
showing MACCE and/or all-cause mortality at 12 months
tended to exhibit a higher surgical risk, a higher American
Society of Anesthesiologists Physical Status score,*® a
higher RCRI," and lower preoperative hemoglobin levels,
and were more likely to receive continuous norepinephrine
in the operating theatre. Postoperative characteristics also
differed.

Figure 2 shows the Kaplan—-Meier survival curves for
12-month MACCE-free survival for elevated preoperative
copeptin (> 14 pmol-L™"), immediate postoperative
copeptin (> 90 pmol-L™"), and copeptin on POD 2-4
(> 14 pmol-L™"). Elevated copeptin concentrations were
associated with lower MACCE-free survival at each of the
time points (P = 0.001, P = 0.010, and P = 0.002;
P < 0.017 considered to be significant). Exploratively,
elevated copeptin at both postoperative timepoints showed
a possible relationship with 30-day MACCE-free survival,
while elevated preoperative copeptin did not.

Table 2 shows univariable hazard ratios (HRs), and
adjusted HRs for copeptin (preoperative, immediate
postoperative, and POD 2-4) as well as for other
preoperative and intraoperative variables. An elevated
preoperative copeptin concentration of > 14 pmol-L™'
was significantly associated with all-cause mortality and/or
MACCE at 12 months when adjusting solely for the RCRI
(Model 1A: HR, 2.55; 95% confidence interval [CI],
1.42 to 4.58) as well as when adjusting for the RCRI, body
mass index (BMI), surgical risk, and preoperative
hemoglobin (Model 1B: HR: 2.54; 95% CI, 1.41 to 4.58).
Model improvement from 1A to 1B was modest (AIC,
549 vs 543). Immediately postoperatively, elevated
preoperative copeptin concentrations > 90 pmol-L ™"
showed a significant association when adjusting solely
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Potentially eligible patients from Feb 2016 to Dec 2020
(n=738)

\

!

Not enrolled (n = 221; 29.9%)

* No consent/refusal (n=98; 13.3%)

¢ Enrolled in other study (n = 6; 0.8%)
* Entry on day of surgery (n = 34; 4.6%)
* Surgery cancelled (n= 3; 0.4%)

* Language issues (n=59; 8.0%)

* Missed (n=21; 2.8%)

Enrolled (n =517;70.1%)

v

Patients included in the analysis(n = 502; 68.0%)

Suffering all-cause mortality and/or MACCE (n = 48; 9.6%)
* Congestive heart failure(n=4; 1%)
* Acute coronarysyndrome (n =6; 1.2%)
® Stroke (n=5; 1.0%)
* Death (n=33;7.0%)
— Non-cardiac (n=20; 4.0%)
— Cardiac(n=3;0.6%)
— Unknown (n =10; 2%)

Suffering PMI (n = 64 of 489; 13.1%)

Drop-outs (n = 15; 2.9%)

* No blood sampling immediately postoperatively
(n=12; 2.3%)

* Lost to follow-up (n= 2; 0.4%)
* Erroneous inclusion (n=1; 0.2%)

Fig. 1 Study flow diagram

for the RCRI (Model 2A: HR, 2.84; 95% CI, 1.33 to 6.1),
but not when adjusting for the RCRI, BMI, surgical risk,
preoperative hemoglobin, and the intraoperative need for
continuous norepinephrine (Model 2B: HR, 1.73; 95% ClI,
0.97 to 3.09). After 24 postoperative days, elevated
preoperative copeptin concentrations > 14 pmol-L™'
showed a significant association when adjusting solely
for the RCRI (Model 3A: HR, 2.15; 95% CI, 1.18 to 3.91)
as well as when adjusting for the RCRI, BMI, surgical risk,
preoperative hemoglobin, and the intraoperative need for
continuous norepinephrine (Model 3B: HR, 1.88; 95% CI,
1.02 to 3.46).

Table 3 shows the association of copeptin with PMI,
which a total of 64/489 patients showed (13.1%). Of these,
25 fulfilled the criteria of PMI during immediate
postoperative  sampling and 39 developed PMI
afterwards. Preoperative elevated copeptin was not
associated with any postoperative PMI, while immediate
postoperatively elevated copeptin was associated with any

@ Springer

postoperative PMI. Body mass index, preoperative
hemoglobin, and the need for continuous intraoperative
norepinephrine were also associated with any postoperative
PMI (n = 64; odds ratio [OR], 1.08; 95% CI, 1.01 to 1.15).
In the multivariable model, the OR of elevated
postoperative copeptin and PMI remained statistically
significant, but of modest magnitude (adjusted OR, 1.08;
95% CI, 1.01 to 1.15).

Discussion

In this prospective observational cohort study, elevated
copeptin measured preoperatively, immediately after
surgery, and on POD 2-4 were all associated with
12-month mortality and morbidity. Elevated copeptin
measured preoperatively and on POD 2-4 remained
significantly associated when adjusting for other
variables. Immediate postoperative copeptin  was
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Table 1 Patient characteristics (preoperative, intraoperative, postoperative)

Preoperative characteristics All patients Event free survival Death or MACCE P value SMD

N =502 N =454 N =48

Age (yr), mean (SD) 73 (8) 73 (8) 74 (7) 0.36" 0.141
Sex (male) 303/502 (61%)  276/454 (60.8%) 27/48 (56.2%) 0.65° 0.092
BMI (kg-m~?), mean (SD) 26 (5) 26 (5) 25 4) 0.05% 0.319
Surgical risk

High 135/502 (26.9%) 112/454 (24.7%) 23/48 (47.9%) 0.002° 0.502

Intermediate 367/502 (73%)  342/454 (75.2%) 25/48 (52.1%)

LVEF known 232/502 (46.2%) 209/454 (46.0%) 23/48 (47.9%) 0.92° 0.038
LVEF (%), median [IQR] 60 [55-64] 60 [55-64] 60 [50-62] 0.37° 0.038
PAOD 103/502 (20.5%) 92/454 (20.3%) 11/48 (22.9%) 0.87° 0.092
Previous CVA/TIA 70/502 (13.9%)  60/454 (13.2%) 10/48 (20.8%) 0.22° 0.204
Arterial hypertension 349/502 (69.5%) 313/454 (68.9%) 36/48 (75%) 0.48° 0.135
CHD 119/502 (23.7%) 109/454 (24.1%) 10/48 (20.8%) 0.75° 0.076
Previous myocardial infarction 43/502 (8.6%) 40/454 (8.8%) 3/48 (6.2%) 0.82° 0.101
Therapeutical intervention 82/502 (16.4%)  76/454 (16.7%) 6/48 (12.5%) 0.74° 0.123
CABG 25/502 (5.0%) 23/454 (5.1%) 2/48 (4.2%) 0.88° 0.077
ASA Physical Status

1 5/502 (1.0%) 5/454 (1.1%)

I 81/502 (16.1%) 78 /454 (17.2%) 3/48 (6.2%)

I 383/502 (76.3%) 346/454 (76.2%) 37/48 (77.1%)

1AY 33/502 (6.6%) 25/454 (5.5%) 8/48 (16.7%) 0.007° 0.501
RCRI

0 185/502 (37.0%) 177/454 (39.2%)

1 208/502 (41.6%) 184/454 (40.7%) 8/48 (16.7%)

2 87/502 (17.4%)  74/454 (16.4%) 24/48 (50%)

3 19/502 (3.8%) 16/454 (3.6%) 13/48 (27.1%)

4 1/502 (0.2%) 1/454 (0.2%) 3 (6.2%) 0.03° 0.541
Preoperative creatinine clearance (mL-min~"), median [IQR] 79 [64-89] 79 [64-90] 78 [67-86] 0.61°¢ 0.054
Preoperative hemoglobin (g-del), median [IQR] 134 [121-146] 135 [122-146] 126 [109-141] 0.03° 0.349
Preoperative ECG with signs of prior infarction 25/502 (5.0%) 23/454 (5.1%) 2/48 (4.2%) 0.02° 0.325
Medication 0.208

Acetylsalicylic acid 213/502 (42.4%) 197/454 (43.4%) 16/48 (33.3%) 0.24° 0.012

Insulin 22/502 (4.4%) 20/454 (4.4%) 2/48 (4.2%) 1.00° 0.071

Oral antidiabetic drug 85/502 (16.9%)  78/454 (17.2%) 7/48 (14.6%) 0.80° 0.151

Oral anticoagulant 69/502 (13.7%)  60/454 (13.2%) 9/48 (18.8%) 0.40° 0.026

ACEI/ARB 245/502 (48.8%) 221/454 (48.7%) 24/48 (50.0%) 0.98° 0.122

Beta blocker 172/502 (34.3%) 153/454 (33.7%) 19/48 (39.6%) 0.51° 0.142

Nonstatin cholesterol lowering drug 22/502 (4.4%) 21/454 (4.6%) 1/48 (2.1%) 0.65° 0.142

Statin 235/502 (46.8%) 216/454 (47.6%) 19/48 (36.6%) 0.37° 0.162

Clopidogrel or similar 44/502 (8.8%) 39/454 (8.6%) 5/48 (10.4%) 0.88° 0.062

Calcium channel blocker 116/502 (23.1%) 104/454 (22.9%) 12/48 (25.0%) 0.88° 0.049
Type of surgery <0.001° 1.020

Orthopedic
Vascular
General
Thoracic

Urogenital and gynecological

158/502 (31.4%)
155/502 (31%)
94/502 (18.6%)
53/502 (10.6%)
42/502 (8.4%)

151/454 (33.2%)
142/454 (31.4%)
76/454 (16.6%)
44/454 (9.7%)
41/454 (9.1%)

7/48 (14.6%)
13/48 (27.1%)
18/48 (37.5%)
9/48 (18.8%)
1/48 (2.1%)
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Table 1 continued

Intraoperative characteristics All patients Event free survival Death or MACCE P SMD
N =502 N =454 N =48
Operation length (min), median [IQR] 165 [109-243] 167 [110-243] 155 [104-2438] 0.88¢ 0.201
Intraoperative blood loss (mL), median [IQR] 300 [100-500] 300 [100-500] 300 [150-625] 0.37¢ 0.188
Sum of fluids administered in theatre (mL), median [IQR] 1,474 [983-2,333] 1,491 [0-2,334] 1,270 [800-2,000] 0.34° 0.102
Blood transfusion in theatre 34/502 (6.8%) 27/454 (5.9%) 7148 (14.6%) 0.07° 0.295
Volume of blood administered (mL), median [IQR] 435 [300-600] 400 [300-600] 540 [300-1,218] 0.33¢ 0.614
Continuous norepinephrine infusion in theatre 310/502 (61.8%) 268/454 (59.0%) 42/48 (87.5%) 0.001° 0.679
Postoperative characteristics All patients Event free survival Death or MACCE P SMD
N =502 N =454 N =48
Postoperative ICU 250/502 (49.8%) 213/454 (46.9%) 37 (77.1) < 0.001° 0.701
Length of ICU stay (days), median [IQR] 1[1-1] 1 [1-1] 1 [1-3] < 0.001°¢ 0.463
Postoperative continuous norepinephrine infusion 84/502 (16.7%) 69/454 (15.2%) 15/48 (31.2%) <0.001° 0.387
Volume of fluids administered in ICU (mL), median 1,796 [1157-2471] 1,752 [1,176-2,449] 2,003 [1,032-3,039] 0.32° 0.266
[IQR]
Postoperative blood transfusion 26/502 (5.2%) 20/454 (4.4%) 6/48 (12.5%) 0.04° 0.294
Volume of blood administered (mL), median [IQR] 300 [300-600] 300 [300-600] 510 [300-855] 0.33¢ 0.288
Length of hospital stay (days), median [IQR] 9 [6-14] 9 [6-13] 13 [8-22] < 0.001°¢ 0.361

Numbers are n/group N (%) unless otherwise specified

“Student’s 7 test

PChi square test (in instances where one variable < 5 cases, Fisher’s exact test)
“Wilcoxon rank sum test

ACEI = angiotensin-converting enzyme inhibitors; AF = atrial fibrillation; AFL = atrial flutter; ARB = angiotensin receptor blockers;
ASA = American Society of Anesthesiologists; BMI = body mass index; CABG = coronary artery bypass grafting; CHD = coronary heart
disease; CVA = cerebrovascular accident; ECG = electrocardiogram; ICU = intensive care unit; LVEF = left ventricular ejection fraction;
MACCE = major adverse cardiac and cerebrovascular events; PAOD = peripheral artery occlusive disease; PM = pacemaker; RCRI = revised

cardiac risk index; SD = standard deviation; SMD = standardized mean difference; SR = sinus rhythm; TIA = transient ischemic attack

modestly associated with PMI, while preoperative copeptin
was not. Other risk factors associated with MACCE and/or
all-cause mortality were a higher RCRI, BMI, surgical risk,
and preoperative hemoglobin. Body mass index,
preoperative hemoglobin, and the need for continuous
intraoperative norepinephrine were also associated with
PML.

Comparison with previous studies
PREOPERATIVE COPEPTIN3

Our study shows that there was an association between
preoperatively elevated copeptin and MACCE and/or all-
cause mortality at 12 months. Prior studies have shown that
elevated preoperative copeptin values are associated with
poor postoperative outcomes.”*"**

In terms of mortality and MACCE, Jarai et al?!
examined 198 patients undergoing vascular surgery and
concluded that a preoperative copeptin threshold of
14 pmol-L™" was associated with a two-year incidence of

@ Springer

MACCE with an HR of 2.8 (95% CI, 1.5 to 5.5) when
accounting for type of surgery, history of myocardial
infarction, preoperative cardiac troponin, and preoperative
N-terminal pro-B-type natriuretic peptide (NT-proBNP).
Investigating the incremental value of copeptin in addition
to NT-proBNP, subgroup analyses revealed that especially
patients at low estimated risk according to plasma NT—pro-
BNP levels were at significantly higher risk for worse
outcomes with higher copeptin levels (HR, 5.983; 95% CI,
not reported). Schrimpf et al.** examined 477 patients
undergoing vascular surgery and found preoperative
copeptin to be associated with 30-day MACCE (n = 41)
defined as cardiac death (n = 1) or perioperative myocardial
infarction, or elevation of cardiac troponin with
measurements prompted by clinical suspicion (n = 46,
subdivision unclear). The breakdown of MACCE supports
an association with myocardial injury, but not necessarily
with mortality. Preoperative copeptin concentrations were
higher in patients with MACCE than in those without
(median [range], 18.89 [< 4.8-180.7] vs 9.75 pmol~L71
[< 4.8-321.6]; P < 0.001; 95% CI not reported). The area
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ASSOCIATION OF COPEPTIN AND MACCE-FREE SURVIVAL
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Fig. 2 Kaplan—Meier survival curves for major adverse cardiac and
cerebrovascular event-free survival of preoperative copeptin,
immediate postoperative copeptin and copeptin on postoperative
days 2-4

under the receiver operating characteristic of postoperative
copeptin and the RCRI for predicting MACCE was 0.752
(95% CI not reported) (RCRI only, 0.714; DeLong
P =0.04; 95% CI not reported).

In terms of myocardial injury, an earlier study’ of
190 adult patients undergoing elevated risk noncardiac
surgery (general, orthopedic, and vascular), showed that
preoperative  copeptin  concentrations  greater than
10 pmol-L™" were associated with significantly higher
rates of myocardial injury with an OR of 4.67 (95% CI,
2.06 to 11.19) when adjusted for age, sex, and the RCRI.
Even when additionally accounting for (NT-proBNP),
copeptin remained similarly predictive of myocardial
injury. This study, which used a slightly higher cut-off
(14 pmol-L™" as employed in the Jarai study) in another
population but largely at the same institution, and with a
more stringent definition of ischemia, failed to find as
association of preoperative copeptin with PMI.

In comparison with other studies, the patients in our
study had no significant differences in the baseline
characteristics. Unfortunately, the baseline characteristics
in the other studies were not as detailed as in the current
study, so a lot of factors could not be compared. For
example, the mean age of participants in the studies was
between 69 and 73 yr, most of the population were male,
and the operations lengths were more or less the same. The
study of Mauermann et al. included significantly more
patients with a history of coronary heart disease and in the
study of Schrimpf ef al. the mean preoperative creatinine
clearance was lower compared with the others. Our study
was more heterogenous in terms of the types of surgery
included.”?"??

Taken together with the above studies, our study
suggests that preoperative copeptin is indeed associated
with midterm cardiac events in a wide variety of patients.
Although only an explorative outcome, the lack of a
difference in 30-day survival for elevated preoperative
copeptin may be due to a limited number of events and/or
may suggest that copeptin is a marker of underlying disease
and disease severity rather than of postoperative risk. This
interpretation may also explain why preoperative copeptin
in this study was not associated with PMI (defined as a
delta increase in this study, i.e., a dynamic increase from
surgery), while previous studies had found preoperative
copeptin to be associated with myocardial injury after
noncardiac surgery (defined as an elevated postoperative
troponin regardless of preoperative measurements, i.e., also
including patients with troponinemia, i.e., a baseline state).

POSTOPERATIVE COPEPTIN AND TIMING OF MEASUREMENT

Unlike preoperative measurements, uncertainty remains
regarding the value and timing of postoperative copeptin in

@ Springer
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Table 3 Association of copeptin and perioperative myocardial injury

Variables Univariable OR Immediate postoperative models
N = 489, All sign variables
64 PMIs Adjusted OR (AIC = 317)
N = 489, 64 PMIs
PREOPERATIVE

Elevated copeptin (> 14 pmol-L™")
Elevated troponin (> 14 ng-.L™")
RCRI > 2

BMI (kg-m™2)

High surgical risk high

ASA Physical Status > III
Hemoglobin (g-dL™")

INTRAOPERATIVE

Continuous norepinephrine infusion

POSTOPERATIVE
Elevated copeptin (> 90 pmol'L_l)

1.38 (0.74 to 2.49) -
1.28 (0.75 to 2.17) -
1.15 (0.67 to 2.03) -
0.95 (0.89 to 1.01) 0.996 (0.990 to 1.002)
1.50 (0.85 to 2.60) -

1.50 (0.72 to 3.52) -

0.98 (0.97 to 0.99) 0.998 (0.996 to 0.999)

2.04 (1.08 to 3.72) 1.07 (0.99 to 1.16)

1.08 (1.01 to 1.15) 1.08 (1.01 to 1.15)

Shown are the univariable and adjusted odds ratios as well as their 95% confidence intervals

AIC = Akaike Information Criterion; ASA = American Society of Anesthesiologists; BMI = body mass index; OR = odds ratio;
PMI = perioperative myocardial injury; RCRI = revised cardiac risk index

predicting adverse events. Only the study by Schrimpf
et al.*> examined postoperative copeptin concentrations
(on POD 1) in vascular patients. They found copeptin
concentrations to be higher on POD 1 than preoperatively
(median [IQR], 23.55 [11.50-59.9] vs 10.16 pmol-L_1
[5.67-18.07], 95% CI not reported), which is also
supported by our data. The results of this study also
confirm that copeptin levels generally return to near
preoperative levels by POD 2—4.

In terms of mortality and MACCE, this study also shows
that implementing the preoperative copeptin cut-off of
14 pmol-L™" on POD 2—4 may be justified. For simplicity,
we used the preoperative cut-off in this study, which was
very similar to our Youden’s optimum for copeptin on
POD 2-4 and all-cause mortality and/or MACCE. In
addition, while the association with MACCE and/or
all-cause mortality at 12 months was similar between
preoperative and postoperative measurements, only
postoperative copeptin was associated with MACCE
and/or all-cause mortality during the first 30
postoperative days. Although there were a limited
number of events, this finding may also underscore that
postoperative measurements dynamically reflect changes
occurring during the perioperative period (e.g., blood loss,
fluid administration, surgical time, use of vasoactive
agents, transfusion, hypotension, osm0121lity,'2'37’38
physiologic stress,'® etc.).

In terms of myocardial injury, we had previously
measured copeptin and cardiac troponin at O hr, 2 hr,

4 hr, 6 hr, 8 hr, and on POD 1 and 3 in a small pilot study.20
This pilot study suggested copeptin immediately after
surgery to be most promising for identifying myocardial
injury. As suggested by the pilot, we found a statistically
significantly higher OR for PMI in immediate
postoperative copeptin, but not for preoperative copeptin.
Nevertheless, the magnitude of effect was modest and
based on an internally derived cut-off, which may have led
to overfitting.

Clinical relevance

This study clearly shows that copeptin measured
preoperatively, immediately postoperatively and on POD
2-4 may be used to risk stratify a broad group of patients
for MACCE-free survival at 12 months. This association
remained robust when adjusting for a number of variables,
particularly for preoperative copeptin and copeptin on POD
2-4. Interestingly, postoperative measurements were
associated with 30-day MACCE-free survival, suggesting
that these may better reflect perioperative factors, while
preoperative copeptin may better mirror baseline risk.
Additionally, we showed that the preoperative cut-off of
14 pmol-L™' may be justified for postoperative
measurements on POD 2—4.

No robust association between perioperative copeptin
and PMI was found, suggesting that PMI may be a different
rather than a surrogate endpoint for all-cause mortality
and/or MACCE. The clinical utility of immediate
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postoperative copeptin for predicting myocardial injury
was limited in this study.

Limitations

While our study had several strengths (size, mixed
population, high degree of completeness, hard outcomes),
it also has some important limitations.

First, despite being a prospective study with the largest
sample and event sizes examining copeptin, data were only
collected in two centres and extrapolation to other settings
may be difficult. As a result, findings should be
extrapolated to other patient populations with caution and
further studies are needed to confirm our findings.

Second, some other useful indicators of surgical stress
(such as C-reactive protein or the neutrophil-lymphocyte-
ratio) as well as some other biomarkers of cardiac stress
(NT-proBNP) were not uniformly collected. Nevertheless,
our intention was to evaluate the prognostic value of
copeptin in addition to routinely measured clinical values.

Third, our model was powered to adjust for the RCRI
and up to two other variables (models 1A, 2A, and 3A),
which seemed reasonable given the clinical value of the
RCRI as in line with previous copeptin publications.
Nonetheless, the association was robust even when adding
a number of additional variables (models 1B, 2B, and 3B).

Fourth, the timing of postoperative copeptin in this
study (POD 2-4) was broadly defined as we wanted to
attain the last reasonable measurement prior to discharge
rather than define a specific timepoint.

Summary and conclusion

The results of the present prospective observational cohort
study suggest that perioperative copeptin concentrations
can help identify patients at risk for all-cause mortality
and/or MACCE. Other identified risk factors were revised
cardiac risk index, body mass index, surgical risk, and
preoperative hemoglobin.
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