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ABSTRACT

The prognostic value of copeptin in subarachnoid hemorrhage (SAH) has been reported, but
its role in poor-grade SAH is limited. | investigated the associations between copeptin and
outcomes in poor-grade SAH patients who are at a high risk of delayed cerebral ischemia (DCI)
and poor outcomes. | serially measured plasma copeptin on days 1, 3, 5, 7, and 9 using ELISA
in 63 patients to determine the association between copeptin and DCI, and the 3-month
outcome. | also compared the diagnostic accuracy of copeptin and transcranial Doppler
ultrasonography (TCD) in severe vasospasm related to DCI using area under receiver operating
characteristic curve (AUROC). The results are presented as the median and 25" - 75" percentile.
Plasma copeptin increased and peaked on day 7 and then declined. The differences were
prominent on days 5, 7, and 9 between the two groups [DCI, n=23 (36.5%); non-DCI, n=40
(63.5%)]: day 5, 423.70 (391.63-468.90) in DCI vs. 337.0 (317.75-347.50) in non-DCI; day 7,
498.40 (471.75-513.43) in DCI vs. 380.30 (338.20-397.35) in non-DCI; and day 9, 420.30
(401.28-459.75) in DCI vs. 360.70 (322.70-390.40) in non-DCI. Copeptin on day 7 was most
strongly correlated with poor neurological outcomes (p=0.021). Changes in plasma copeptin
were associated with better diagnostic accuracy than TCD (AUROC difference, 0.162, 95% CI:
0.008-0.315) for severe vasospasm. The serial sampling of plasma copeptin is a feasible option
to identify patients with high-risk DCI and poor outcome. Copeptin levels can facilitate risk

stratification of poor-grade SAH patients with vasospasm related to DCI better than TCD.
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1. Introduction

Delayed cerebral ischemia (DCI) is a clinical condition caused by an ischemic process
resulting in secondary or delayed neurological deterioration in aneurysmal subarachnoid
hemorrhage (aSAH) (Kumar G et al., 2016). DCI is the most important preventable cause of
mortality and poor neurological outcome (Francoeur et al., 2016). Most neurological specialists
try to detect impending DCI as soon as possible and do screen DCI routinely with transcranial
Doppler ultrasonography (TCD). TCD is described as a reasonable method to monitor for
development of arterial vasospasm but how TCD is interpreted and how it should influence
treatment decisions are not clear (Hollingworth et al., 2019). Especially in poor-graded SAH,
prompt medical management for DCI should be started and another ways or boosting tools to
find vasospasm should be considered.

Arginine vasopressin (AVP) is a cerebral vasoconstrictor, which acts on the V1 receptor
(Esposito et al., 2011). Copeptin is a 39-amino acid glycopeptides located at the C-terminal
portion of pre-provasopressin (pre-proAVP). Pre-proAVP comprises a signal peptide, AVP,
neurophysin II and copeptin (Jochberger et al., 2006, Katan et al., 2007). Although its function
is largely unknown, copeptin is regarded as a surrogate marker for vasopressin release due to
the instability of vasopressin (Zuo et al., 2019). Studies have suggested a prognostic value of
copeptin for neurological outcomes in SAH patients. However, most studies have focused on
the single measurements correlated with the diagnosis itself (SAH vs. healthy control group,
cerebral infarction or intracranial hemorrhage) or functional outcomes irrespective of their
clinical status at admission or surgical methods associated with outcomes (Zuo et al., 2019).
Here, we hypothesized that serial measurements of plasma copeptin are more effective in

screening for DCI and neurological outcomes in poor-grade SAH patients.



2. Materials and Methods

2.1. Study population

The derivation cohort was based on two databases, the Jeju national university hospital stroke
database and Chuncheon Sacred Heart Hospital (CSH) stroke database, between March 2016
and August 2019. The cohort is a prospective and observational project in the regional centers
of Jeju Self-governing Province and the district of Chuncheon city, the capital city of Gangwon
Province in Korea(Cho et al., 2018, Jeon et al., 2019, Kim et al., 2018, Kim et al., 2019). This
database included SAH patients with the following conditions: 1) spontaneous SAH in adults
(> 18 years old); 2) saccular aneurysm; 3) poor-grade SAH patients with dense hemorrhage
greater than 1mm thickness; and 4) SAH patients who underwent endovascular coil
embolization. The exclusion criteria were as follows: 1) non-saccular aneurysms such as
fusiform or dissecting aneurysms; 2) traumatic or infectious aneurysms; 3) minimal or thin
SAH on initial radiologic tests; and 4) treatment with surgical clipping. To avoid inherent bias
of DCI development due to differences in initial levels of hemorrhage, the degree of early brain
injury and retraction during surgical clipping, we only included poor-grade SAH patients who
presented with Hunt and Hess grade 4 and thick amounts of hemorrhage compared with Fisher
scale grade Il in initial CT. Primary outcomes involved associations between plasma copeptin
level and DCI development and 3-month poor neurological outcomes. DCI was diagnosed
according to new neurological changes (e.g. dysphasia, motor weakness, sensory change, and
decreased level of consciousness) associated with severe cerebral vasospasm observed on
cerebral angiography (Kim et al., 2018). The secondary outcome included a comparison of
diagnostic accuracy between plasma copeptin and TCD to determine the role of severe

vasospasm in DCI associated with cerebral angiography as the reference value. Severe



vasospasm found on TCD was defined by a mean flow velocity higher than 200 cm/s in the
middle cerebral artery (MCA) or 85 cm/s in the basilar artery (BA) (Samagh et al., 2019, Sviri
et al., 2006, Vora et al., 1999). Nimodipine (20 ug/kg/hour; Samjin Pharmaceutical, Seoul,
Korea) was administered intravenously to prevent vasospasm (Jeon et al., 2018). Poor-grade
SAH was defined as Glasgow Coma Scale (GCS) score less than 13 or Hunt and Hess grade 4
and 5 (de Oliveira Manoel et al., 2016). Poor outcome was defined as a modified Rankin scale
(mRS) score of > 3 or Glasgow Outcome Scale (GOS) of < 4 at 3 months after SAH (Cho et
al., 2019). This study was approved by the Institutional Review Board (No. 2016-3, 2017-9,
2018-6, and 2019-5) and written informed consent was received from the patients or their

relatives.

2.2 Enzyme-linked immunosorbent assay (ELISA)

The levels of copeptin in blood plasma were determined using an ELISA assay Kit
(CUSABIO, Wuhan, china) according to the manufacturer’s instructions. The blood samples
were directly placed into serum separator tubes (SST) and allowed to clot overnight at 4°C,
before centrifugation at 1000 x g for 15 minutes. The plasma samples were removed and stored
at —70°C in deep freezer until assayed. The optical density values were measured at 450 nm

using a GIoMAX Discover System (Promega, W1, USA).

2.3. Statistical analyses

Continuous variables are expressed as the mean and + standard deviation (SD). A chi-square
or Student’s t-test was used. To evaluate the difference in continuous copeptin by DCI,

repeated variance measurements (ANOVA), Mauchly's Test of Sphericity and a lower-bound
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correction were used (Jeon et al., 2012). Comparative analysis of plasma copeptin was
performed using Mann-Whitney U test and the results were shown as medians and 25" — 75t
percentiles (Chou et al., 2017). In poor-grade SAH patients, the predicted value of severe
vasospasm contributing to DCI was determined using the area under the receiver operator
characteristic curve (AUROC) between plasma copeptin and TCD (Jeon et al., 2018).
Statistical analyses showed the statistical significance as p<0.05 using SPSS V.21 (SPSS,

Illinois, USA) and MedCalc (www.Medcalc.org).



http://www.medcalc.org/

3. Results

3.1. Patients’ clinical characteristics

A total of 63 poor-grade SAH patients were consecutively enrolled and their plasma copeptin
levels were measured on days 1, 3, 5, 7 and 9 after ictus. Among them, 23 patients (36.5%) had
DCI during the follow-up period. Differences in the number of variables such as female gender,
age, hypertension, diabetes mellitus, hyperlipidemia, smoking, aneurysm location and size did
not reach any statistical significance. DCI patients (n=12, 52.2%) were more likely to exhibit
poor clinical outcome at 3 months after ictus than non-DCI patients (n=12, 30.0%), but the
differences were not statistically significant (p=0.084). Nine out of 23 DCI patients (39.1%)

underwent chemical angioplasty to reverse severe cerebral vasospasm (Table 1).



Table 1. Clinical and radiologic characteristics in patients with delayed cerebral ischemia

(DCI) in poor-grade subarachnoid hemorrhage (SAH)

Variables Non-DCI (n=40) DCI (n=23) p-value
Female 23 (57.5%) 15 (65.2%) 0.550
Age, years 63.3+13.2 60.3+10.2 0.342
Hypertensi 11 (27.5% 4.8% 54
Clinical ypertension (27.5%) 8 (34.8%) 0.548
findings Diabetes mellitus 5 (12.5%) 2 (8.7%) 0.646
Hyperlipidemia 9 (22.5%) 4 (17.4%) 0.632
Smoking 5 (12.5%) 4 (17.4%) 0.596
o Anterior location 35 (87.5%) 19 (82.6%) 0.596
Radiologic
findings Size (mm) 5.4%1.2 5.6x1.2 0.383
Chemical - 9 (39.1%) -
Treatment angioplasty
outcome Poor outcome 12 (30.0%) 12 (52.2%) 0.084

a Data show the numbers of subjects (percentage) for discrete and categorical variables and mean + standard

deviation.
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3.2. Association between plasma copeptin and DCI

Serial plasma copeptin levels in poor-grade SAH patients with or without DCI are described in
Figure 1. The plasma copeptin level increased and peaked on day 7 after ictus and decreased
thereafter. Mauchly’s test of sphericity and Huynh-Feldt sphericity correction revealed
significance (p<0.001). These results indicated significant differences in the plasma copeptin
levels between the two groups. More specifically, the differences in copeptin level were
prominent on days 5, 7, and 9: day 5, 423.70 (391.63-468.90) in DCI vs. 337.0 (317.75-347.50)
in non-DCI patients; day 7, 498.40 (471.75-513.43) in DCI vs. 380.30 (338.20-397.35) in non-
DCI patients; and day 9, 420.30 (401.28-459.75) in DCI vs. 360.70 (322.70-390.40) in non-
DCI patients. Using the rate of increase in plasma copeptin with the first-day results as a
reference value, we created an ROC curve (AUC=0.964, 95% CI: 0.883-0.995). A rate of
plasma copeptin increase > 71.7% yielded the most favorable outcome with a sensitivity of
95.65% (95% CI: 78.1%-99.9%) and a specificity of 87.50% (95% CI: 73.2%-95.8%) (Figure

2).

11



600 7 - Non-DCI -©- DCI

E 550 -
B
& 500 -
g 450 -
o] -
= 400
2 350 -
g 300
= 250 -
B 200 -
g 150
100

1d 3d Sd 7d 9d

Figure 1. Serial changes in plasma copeptin levels of patients with poor-grade SAH

according to DCI.

Plasma copeptin levels were serially checked on days 1, 3, 5, 7, and 9 after ictus. DCI
patients showed a significant increase in copeptin level compared with non-DCI patients on

days 5, 7, and 9. The bar indicates the median value and the 25th _ 75t percentile.
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Figure 2. The ROC curve for plasma copeptin level in DCI.

The area under the receiver operator characteristics curve is 0.964. The increased rate of plasma
copeptin levels higher than 71.7% revealed a sensitivity of 95.65% (95% CI: 78.1%-99.9%)

and a specificity of 87.50% (95% CI: 73.2%-95.8%). CI= confidence interval.
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3.3. Plasma copeptin and neurologic outcome

The association between plasma copeptin and neurological outcomes at 3 months was
evaluated. Copeptin levels on day 7 in patients with poor outcome were significantly elevated
than in those with favorable outcome (442.90 (385.00-500.05) in patients with poor outcome
vs. 380.60 (352.98-430.73) in those with favorable outcome; p=0.021) (Figure 3). Plasma
copeptin levels on days 1, 3, 5, and 9 were higher in patients with poor outcomes than in those
with favorable outcome, but were not statistically significant: day 1, 251.50 (237.00-268.90)
in patients with poor outcome vs. 239.40 (226.63-255.60) in those with favorable outcome
(p=0.170); day 3, 289.50 (275.95-301.45) in those with poor outcome vs. 286.90 (279.50-
291.48) in those with favorable outcome (p=0.400); day 5, 374.45 (338.70-417.50) in patients
with poor outcome vs. 340.40 (318.08-387.40) in those with favorable outcome (p=0.053); and
day 9, 400.40 (355.50-422.50) in patients with poor outcome vs. 389.70 (332.35-400.68) in

those with favorable outcome (p=0.128).

14
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Figure 3. Association between plasma copeptin and neurological outcomes at 3 months

after SAH.

The copeptin level on day 7 was most strongly correlated with poor neurological outcomes
(p=0.021). Copeptin levels measured on days 1, 3, 5, and 9 were higher in patients with poor
outcomes than those with favorable outcome, but were not statistically significant. The bar

indicates the median value and 25" — 75 percentile.
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3.4. Diagnostic comparison of plasma copeptin and TCD velocity

We further evaluated the diagnostic accuracy of plasma copeptin changes (>70%) and
compared with TCD (MCA velocity > 200 cm/s or BA > 85 cm/s) in patients with severe
angiographic vasospasm progressing to DCI. Seven out of 63 poor-grade SAH patients (11.1%)
were excluded for diagnostic comparison due to poor bone window. Accordingly, 56 patients
were enrolled in the analysis. For the identification of severe angiographic vasospasm, TCD
showed a sensitivity of 71.4% (95% CI: 47.7%-87.8%), specificity of 65.7% (47.8%-80.3%),
and negative predictive value of 79.3% (59.7%-91.3%). As shown in Figure 4, plasma copeptin
changes yielded better diagnostic accuracy than TCD with a difference between areas of 0.162

(95% CI: 0.008-0.315; p<0.039) in cases of severe vasospasm presenting with poor-grade SAH.
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Figure 4. A comparison of ROC curves between plasma copeptin changes and TCD

velocity for the detection of severe vasospasm seen on cerebral angiography.

The difference between AUROC curves was 0.162 (95% CI: 0.008-0.315; p=0.039). AUROC,

Area under the ROC curve; CI, confidence interval; SE, standard error.

17



4. Discussion

In this study, I found that the serial measurement of plasma copeptin facilitates risk
stratification in DCI and identify poor outcomes in patients presenting with poor-grade SAH.
Plasma copeptin levels on days 5, 7, and 9 were used to successfully predict DCI in poor-grade
SAH. In particular, the prognostic performance of plasma copeptin was better than TCD in case
of severe vasospasm.

Copeptin, a 39-amino acid glycopeptide, has been investigated as a direct marker of AVP
secretion in various cerebrovascular diseases as well as myocardial infarction, pulmonary
diseases, shock, and sepsis (Dobsa et al., 2013). Aksu et al. compared copeptin levels among
patients with cerebral infarction, intracranial hemorrhage, SAH and healthy volunteers in the
emergency room (Aksu et al., 2016). Copeptin levels were significantly higher in patients with
cerebrovascular diseases compared with healthy volunteers, but not significantly different
among patients with infarction, hemorrhage or SAH. Zouetal et al. reported that initial copeptin
levels at admission were related to SAH severity and poor functional outcome at 3 months (Zuo
et al., 2019). In their study, mortality rate and poor outcomes were increased by 6% and 9%,
respectively, with every 1 pmol/l increase in plasma copeptin level. Zheng et al. also showed
that SAH patients with symptomatic vasospasm carried higher copeptin levels than those
without symptomatic vasospasm (Zheng et al., 2017). The copeptin concentration was strongly
correlated with the World Federation of Neurological Surgeons subarachnoid hemorrhage scale
(WFNS) score or the National Institutes of Health Stroke Scale (NIHSS), suggesting its role as
a robust indicator of neurological outcomes following SAH. Nevertheless, in daily practice,
copeptin was not used to monitor DCI or predict neurological outcomes because previous

studies focused on the association between single measurements of copeptin and the initial
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diagnosis at admission or clinical outcomes without considering inherent biases such as SAH
severity and treatment methods.

SAH outcomes and DCI development are strongly correlated with initial brain injury, clinical
severity, and degree of hemorrhage at admission (Kramer et al., 2008). Good-grade SAH
patients with lesser hemorrhage showed a lower incidence of DCI and a lower mortality than
poor-grade SAH patients with thick hemorrhage (Komotar et al., 2009). Accordingly, clinicians
may have greater interest in improving outcomes in poor-grade SAH patients than in SAH
patients with a favorable grade. Copeptin levels alleviate even mild-to-moderate stress
situations (Dobsa et al., 2013), suggesting dynamic secretion requiring serial monitoring in
DCI patients. In this study, the plasma copeptin level increased and peaked on day 7 and then
decreased. The copeptin level on day 1 or day 3 did not differ significantly between the two
groups: day 1, 252.30 (220.18-277.75) in the DCI vs. 239.50 (227.30-254.90) in the non-DCI
patients; day 3, 290.70 (271.40-304.93) in the DCI vs. 284.80 (279.50-291.25) in the non-DCI
patients. Fernandez et al. also showed varying CSF levels of serial copeptin between DCI (n=10)
and non-DCI (n=6) patients (Fernandez et al., 2018). In their study, copeptin levels in DCI
patients continued to rise between days 6 and 10 after ictus, but copeptin levels in non-DCI
patients peaked on days 7 or 8 and decreased thereafter. Therefore, the copeptin level measured
at admission or within 24 hours after ictus cannot accurately predict outcomes in SAH patients.

The rapid recognition and treatment of DCI starting from day 3 of post-ictus has a profound
effect on prognosis. Most neurointensivists and neurosurgeons prescribe preventive medication
for DCI according to Fisher grade and begin a triple therapy if there is a neurological change
and no other reasons are found through minimally rapid examinations. These minimum tests
are laboratory results, brain CT, TCD for hydrocephalus, rebleeding, electrolyte imbalance, etc.
In a state of strong suspicion of vasospasm, TCD can provide important clues to deciding

treatment. However, inadequate TCD levels are showed in seven patients in our cohort (11.1%)
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and TCD level is not obtained due to poor temporal window. Therefore, the serial measurement
of copeptin was less than TCD (AUROC difference = 0.162, p <0.039) in patients presenting
with poor-grade SAH.

Although the mechanism of copeptin is not known in DCI or worse neurological outcomes,
copeptin may be a remarkable marker in stress, especially SAH. The hypothalamic-pituitary-
adrenalaxis is disrupted by the initial surge of intracranial pressure in acute SAH and pituitary
deficiency can occur in up to one-third of SAH patients (Vespa et al., 2011). Copeptin is co-
synthesized with arginine vasopressin in the hypothalamus and is released into the portal
circulation of the neurohypophysis (Zuo et al., 2019). Inappropriate AVP is released and induce
sodium imbalance by diminishing water permeability of the brain. Greater differences between
the copeptin concentrations of DCI and non-DCI patients started to occur from days 6—7 after
aSAH (Fernandez et al., 2019). Also, administration of intracisternal AVP antiserum prior to
SAH prevented acute vasospasm (Dobsa et al., 2013).

The study limitations are as follows. First, I serially measured the plasma copeptin level until
9 days after ictus. Although most DCI can occur between days 4 and 8 after SAH (Francoeur
etal., 2016), it can be developed more than 10 days later. Second, I only included SAH patients
who underwent coil embolization. Mees et al. reported that DCI was more common after
surgical clipping than after coil embolization, although the impact of DCI on neurological
outcomes did not differ between the two treatment groups (Dorhout Mees et al., 2012).
Accordingly, the results of this study may not be suitable for prediction of DCI in SAH patients

with surgical clipping.
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5. Conclusion

Serial measurements of plasma copeptin enable screening and diagnosis of patients with
high-risk DCI and poor neurological outcomes following SAH. Copeptin can be used to
facilitate risk stratification of severe vasospasm in poor-grade SAH patients than TCD. Further
studies involving larger cohorts of SAH patient populations are required to reveal the
diagnostic accuracy and to establish the optimal cut-off value depending on various clinical

conditions.
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SUPPLEMENTAL DATA
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Figure 1. Standard curve of Human Copeptin ELISA
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