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Association Between Copeptin and Six-Month Neurologic Outcomes in Patients With Moderate Traumatic Brain Injury
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Background: Copeptin has been reported as a predictive biomarker for the prognosis after traumatic brain injury (TBI). However, most of them were in patients with severe TBI and limited value in predicting outcomes in patients with moderate TBI defined as Glasgow Coma Scale (GCS) score from 9 to 12. We aimed to investigate the predictive value of copeptin in assessing the neurologic outcome following moderate TBI.

Methods: Patients were prospectively enrolled between May 2017 and November 2020. We consecutively measured plasma copeptin within 24 h after trauma, days 3, 5, and 7 using ELISA. The primary outcome was to correlate plasma copeptin levels with poor neurologic outcome at 6 months after moderate TBI. The secondary outcome was to compare the prognostic accuracy of copeptin and C-reactive protein (CRP) in assessing the outcome of patient.

Results: A total of 70 patients were included for the final analysis. The results showed that 29 patients (41.4%) experienced a poor neurologic outcome at 6 months. Multivariable logistic regression analysis revealed that increased copeptin (odds ration [OR] = 1.020, 95% CI: 1.005–1.036), GCS score of 9 or 10 (OR = 4.507, 95% CI: 1.266–16.047), and significant abnormal findings on CT (OR = 4.770; 95% CI: 1.133–20.076) were independent risk factors for poor outcomes. Consecutive plasma copeptin levels were significantly different according to outcomes (p < 0.001). Copeptin on day 7 exhibited better prognostic performance than CRP with an area under receiver operating characteristic curve (AUROC) difference of 0.179 (95% CI: 0.032–0.325) in predicting 6-month poor outcomes.

Conclusion: Plasma copeptin level can be a useful marker in predicting 6-month outcomes in patients with moderate TBI.
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INTRODUCTION

Traumatic brain injury (TBI) is a dynamic disease that can be rapidly exacerbated. In addition to initial direct trauma to the brain, secondary brain injury due to inflammation, disruption of blood-brain barrier (BBB), oxidative stress, and metabolic disturbance worsens the condition of the brain (1, 2). Accordingly, early detection of disease progression and exacerbation in high-risk TBI patients is critical for a good neurologic outcome. Many studies have been conducted to find biomarkers that predict disease progression following TBI. However, TBI is a fairly complex disease and the prognosis is largely determined by the initial injury severity. Thus, it may be difficult to accurately determine the usefulness of biomarkers due to heterogeneity and TBI severity. To study biomarkers that predict the disease prognosis following TBI, it is necessary to adjust for factors that greatly influence the outcome and the results should be analyzed differently according to the TBI severity. Severity of trauma is categorized into three groups by the score of Glasgow Coma Scale (GCS), mild (13–15), moderate (9–12), and severe TBI (3–8).

Few studies have been conducted with moderate TBI as the main focus. We believe that this is because the number of patients with moderate TBI is smaller than that of mild TBI in actual clinical filed and the clinical significance of moderate TBI is perceived to be less important than that of severe TBI. Patients with moderate TBI have more abnormal radiological findings on CT than those with mild TBI. However, they do not require surgical interventions as in those with severe TBI. In addition, most patients with moderate TBI have a tendency to expect good outcomes clinically. However, in the case of moderate TBI in the actual medical field, many cases show worsening of TBI. Thus, attention should be paid to it as much as severe TBI due to its clinical significance. Einarsen et al. (3) reported that more than 80% of the patients with moderate TBI had abnormal findings on CT and 60% of them were treated in the intensive care unit (ICU). Compagnone et al. (4) reported that the rate of emergency surgery was 22% and the rate of delayed surgery was 14% following moderate TBI. Therefore, it is necessary to monitor moderate TBI strictly using a robust biomarker for early detection of patients with a high risk of exacerbation (4).

Among various biomarkers, copeptin which is the C-terminal part of arginine vasopressin (AVP) is considered to be a product of the stress response of hypothalamus-adrenal axis after TBI and thought to be a specific biomarker related to TBI severity and prognosis (5–7). A recent meta-analysis (8) revealed that increased plasma copeptin levels was independent risk factor for poor neurologic outcomes [standard mean difference (SMD) = 1.44; 95% CI: 1.20–1.68] and mortality (SMD = 1.37; 95% CI: 1.16–1.58). However, most of the studies used in the meta-analysis targeted patients with severe TBI, thus, there can be a limit to apply the results in patients with moderate TBI. Here, we consecutively measured plasma copeptin and compared its association with the outcome to demonstrate whether copeptin can be reliable prognostic factor in predicting outcomes in patients with moderate TBI.



MATERIALS AND METHODS


Study Population

This study was approved by the Institutional Review Board (No. 2016-3 and No. 2019-06-006) as a retrospective cohort study. Written informed consent was received from the patients or their relatives. This study was based on data from five university hospitals that have prospectively collected data of brain diseases, such as TBI and stroke by the establishment of cohort since 2015 (9). Among these patients, we enrolled patients with TBI to assess the association between copeptin and outcomes for patients with moderate TBI from May 2017 to November 2020. The inclusion criteria were as follows: (1) patients with moderate TBI with a GCS score of 9–12 at initial neurologic examination; (2) adult patients 18 years of age or older; and (3) patients who were hospitalized for TBI. We excluded patients with following conditions: (1) severe TBI patients with a GCS score ≤ 8; (2) patients who did not receive hospitalization; (3) in case of accompanying spinal cord injury, penetrating injuries, or other injuries requiring surgical intervention; (4) when patient follow-up was not possible; (5) insufficient medical records; (6) GCS score were not accurately checked with drugs used in other hospitals; and (7) patients with severe systemic inflammation within 72 h due to exacerbation of existing medical conditions (4).



Clinical Assessments

For statistical analysis, the GCS score in patients with moderate TBI was divided into two groups of low GCS score (9 or 10) and high GCS score (11–12) (4). Neuroworsening was defined as the GCS score decreased by more than 2 points compared with that at the time of admission, motor GCS score decreased by more than 1 point, or changes in pupil size or pupil light reflex after admission concomitant with worsening findings on CT (e.g., increased hematoma and progression of cerebral edema) (4, 10). Based on CT findings, it was classified whether there was a significant abnormal findings or not. Significant abnormal findings were defined as diffuse injury type III and IV with intracranial hematoma (4). In addition, laboratory results and accompanying physical injuries were reviewed.



Study Outcomes

The primary outcome was to correlate plasma copeptin levels with poor neurologic outcome at 6 months after TBI. Poor outcome was defined as Glasgow Outcome Scale Extended (GOSE) score ≤ 6, indicating moderate, severe disability, vegetative state, or death (3). The secondary outcome was to compare the prognostic accuracy of copeptin and C-reactive protein (CRP) in predicting the outcome of patient since CRP is known to be associated with TBI outcome and can be easily measured in hospitals (11, 12).



Copeptin Measurement

Venous blood samples were collected within 24 h after trauma on 3rd, 5th, and 7th day. The blood samples were directly transferred into serum separator tubes and allowed to clot overnight at 4°C, before centrifugation at 1,000 x g for 15 min. The plasma samples were removed and stored at −70°C in a deep freezer until assayed. The optical density was measured at 450 nm using a GloMAX Discover System (Promega, WI, USA). The plasma copeptin levels were determined using an ELISA assay (CUSABIO, Wuhan, China) according to the instructions of manufacturer (12).



Statistical Analysis

Chi-square or Fisher's exact test was performed for categorical variables and expressed as number of subjects and percentage. Paired T-test or Student's t-test was used for continuous variables and expressed as mean ± SD. Copeptin and CRP levels are presented as median and interquartile range (IQR). Mann–Whitney U-test was used for comparing copeptin and CRP levels based on the neurological outcome (13). Cohen's kappa coefficient was used to calculate the degree of agreement between investigators (Supplementary Table S1) (14). Univariate analysis was performed to find relevant factors for neurologic outcomes following moderate TBI. A multivariable logistic regression analysis was performed further to confirm the statistical independence of the variables with p < 0.10 (15). Repeated measures ANOVA and Mauchly's test of sphericity were carried out to assess the relationship between consecutively measured copeptin and CRP and neurologic outcomes (16). A receiver operator characteristic (ROC) curve was made to determine the optimal cut-off value for predicting the poor outcome. The comparison of outcome prediction between copeptin and CRP was performed using the area under ROC curve (AUROC) (12, 17). The p < 0.05 was regarded as statistically significant. Statistical analyses were done by SPSS V.25 (SPSS, IL, USA) and MedCalc (www.Medcalc.org).




RESULTS


Clinical Characteristics of Patients

A total of 142 patients with moderate to severe TBI were initially enrolled. After exclusion of severe TBI (n = 62) and moderate TBI with insufficient medical record (n = 1), accompanying injury (n = 2), transfer (n = 4), and follow-up loss (n = 3), remaining 70 patients with moderate TBI were finally included for the analysis (Figure 1). After 6 months, 29 patients (41.4%) were observed to have a poor neurologic outcome defined as GOSE <6. The Cohen's kappa for the interpretation of the CT findings including abnormal findings and diagnosis was 0.857, suggesting almost perfect agreement (Supplementary Table S1). Mean age of the enrolled patients was 61.5 ± 18.9 years and 56 patients (80.0%) were men. Intracranial findings on CT were as follows: subdural hemorrhage (n = 19, 27.1%), epidural hemorrhage (n = 10, 14.3%), traumatic subarachnoid hemorrhage (n = 11, 15.7%), and contusion (n = 5, 7.1%). Overall, 64.3% of the patients with moderate TBI had intracranial lesions on CT. When comparing patients with good outcome and with poor outcome, there was no significant differences in gender, age, and underlying diseases, such as hypertension, diabetes mellitus, hyperlipidemia, and smoking (Table 1). Univariate analysis showed that poor outcome was associated with GCS score of 9 or 10 (p < 0.001), significant abnormal findings on initial CT (p < 0.001), neuroworsening (p = 0.005), and craniotomy and hematoma removal (p = 0.005). Moderate TBI patients with poor outcome [327.2 (290.2–349.9) pg/ml] had significantly higher level of plasma copeptin than those with good outcome [285.9 (254.6–313.2) pg/ml; p < 0.001]. The CRP levels were increased in patients with poor outcome [17.3 (11.8–21.3) mg/L] than those with good outcome [14.0 (11.0–16.4) mg/l; p = 0.019]. Multivariable logistic regression analysis demonstrated that increased copeptin (OR = 1.020, 95% CI: 1.005–1.036), GCS score of 9 or 10 (OR = 4.507, 95% CI: 1.266–16.047), and significant abnormal findings on initial CT (OR = 4.770; 95% CI: 1.133–20.076) were significantly associated with poor outcomes in patients with moderate TBI (Table 2).


[image: Figure 1]
FIGURE 1. Flow diagram of the study. GOSE, Glasgow Outcome Scale Extended; and TBI, traumatic brain injury.



Table 1. Differences in clinical characteristics, neurologic and radiological findings, laboratory results, and treatment in patients with moderate traumatic brain injury (TBI) according to neurologic outcomes.
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Table 2. Multivariable logistic regression analysis for 6-month poor outcome in patients with moderate TBI.
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Association Between Consecutive Plasma Copeptin and Neurologic Outcome

The plasma copeptin level increased after injury and peaked on day 5 and decreased thereafter. Consecutive plasma copeptin levels were different significantly depending on the neurologic outcomes (p < 0.001) (Figure 2A). Difference in consecutive measured CRP was different significantly according to outcomes of patients over time (p = 0.002) (Figure 2B). Relationships between the measured values for each date and the outcomes were further analyzed. Except for difference in copeptin levels measured within 24 h, there was a significant difference in the copeptin level on day 3, 5, and 7, respectively. The specific results are as follows. Day 3 is [322.9 (283.4–360.7) pg/ml in the poor outcome and 290.3 (251.4–321.9) pg/ml in the good outcome; p = 0.010)], Day 5 [345.2 (307.4–380.9) pg/ml in the poor outcome and 296.3 (255.4–322.1) pg/ml in the good outcome; p < 0.001], and Day 7 [323.2 (308.8–380.6) pg/ml in the poor outcome and 287.7 (253.9–300.7) pg/ml in the good outcome; p < 0.001], respectively. The CRP levels measured on day 5 and 7 were significantly different according to outcomes.


[image: Figure 2]
FIGURE 2. Changes in consecutive plasma copeptin (A) and C-reactive protein (CRP) (B) levels of patients with moderate traumatic brain injury (TBI). The bar indicates the median and 95% CI. Poor outcome following moderate TBI was closely related to copeptin measured on days 3, 5, and 7 and CRP measured on days 5 and 7, respectively.


The specific results are as follows. Day 5 [24.0 (14.7–32.2) mg/L in the poor outcome and 15.0 (13.0–22.0) mg/L in the good outcome (p = 0.014)] and day 7 [22.0 (13.7–33.5) mg/L in the poor outcome and 14.0 (10.0–22.0) mg/L in the good outcome (p = 0.015)], respectively. Given the above findings, copeptin was associated with outcomes from the 3rd day, whereas CRP may be associated with the outcomes from the 5th day in patients with moderate TBI.



Prognostic Prediction Using Plasma Copeptin

Predicting accuracy of poor outcome following moderate TBI according to the copeptin level measured on different days was assessed and compared using AUROC: day 3, AUROC = 0.681, 95% CI: 0.559–0.788; day 5, AUROC = 0.796, 95% CI: 0.682–0.883; and day 7, AUROC = 0.849, 95% CI: 0.743–0.923 (Supplementary Table S2). In particular, an increase in plasma copeptin > 300.8 pg/ml on day 7 exhibited a sensitivity of 82.76% (95% CI: 64.2–94.2%) and a specificity of 80.49% (95% CI: 65.1–91.2%) in predicting the poor outcome (Supplementary Figure S1). The level of CRP on day 5 and 7 was statistically significant in predicting the poor outcome: day 5, AUROC = 0.671, 95% CI: 0.548–0.779 (p = 0.016); and day 7, AUROC = 0.670, 95% CI: 0.547–0.778 (p = 0.011) (Supplementary Table S2). We further compared the prediction accuracy between plasma copeptin and CRP. Copeptin levels measured on day 7 showed better diagnostic performance than CRP with a AUROC difference of 0.179 (95% CI: 0.032–0.325, p = 0.016) (Figure 3 and Supplementary Table S3).


[image: Figure 3]
FIGURE 3. Comparison of receiver operating characteristic (ROC) curves between copeptin and CRP for predicting 6-month poor outcome in patients with moderate TBI. There is no significant difference in the comparison values between copeptin and CPR measured on within 24 h (A), day 3 (B), and day 5 (C). The values measured on the 7th day (D) were statistically different (AUROC difference: 0.179, SE: 0.074, 95% CI: 0.032–0.325; p = 0.016). AUROC, area under the ROC curve; CI, confidence interval; and SE, standard error.





DISCUSSION

Prognostic factors related to neurologic outcomes after TBI has been investigated in gender, age, GCS score, pupillary reaction, abnormal findings on CT, and laboratory parameters, such as coagulopathy and anemia (18). In clinical practice, there is a tendency to predict outcome mainly based on GCS score and CT findings among various biomarkers. However, it is sometimes difficult to accurately predict outcomes merely relying on clinical factors and abnormalities on CT in actual clinical practice (19, 20). Moreover, judgements are sometimes interpreted differently depending on the examiner. Therefore, a robust biomarker is required and many studies have been performed to find biomarkers closely related to prognosis after TBI.

Plasma copeptin level was negatively correlated with GCS score, reflecting the degree of initial brain injury (7, 21). After brain injury, it increased, peaked in 24 h, showed plateau for 2 days and decreased gradually (21). Dong et al. (21) reported that the high plasma copeptin level was an independent risk factor for 1-month mortality with similar AUROC with GCS score in patients with severe TBI (Table 3). Additionally, copeptin was effective for the prediction of progressive hemorrhage injury and coagulopathy after severe TBI (22). However, Cavus et al. (23) did not find a significant difference in plasma levels measured at the time of admission and at 6 h according to survival status at 1 month after trauma. Rather, the difference between the copeptin at 6 h after trauma and that at admission was closely associated with the outcome. We thought that these slightly different results are thought to be due to heterogeneity derived from the TBI severity in the study. For mild TBI, copeptin remains controversial as a predictor of the poor outcome (19). Higher copeptin levels were observed in mild TBI compared with controls, but the association with abnormalities on CT and adverse events within a month was not clear. In the case of moderate TBI, it was analyzed together with patients with severe TBI, and there was no study on the role of copeptin in predicting outcomes in patients with moderate TBI. We first investigated the prognostic accuracy following moderate TBI. Our results revealed that increased plasma copeptin level was well correlated with poor neurologic outcomes in patients with moderate TBI.


Table 3. Summary of previous studies investigating the association between plasma copeptin and outcomes in patients with TBI.

[image: Table 3]

In this study, we compared the diagnostic accuracy for outcome prediction between copeptin and CRP in patients with moderate TBI. CRP is one of the acute phase reactants, but not brain-specific protein and reflects systemic inflammation (27–29). Xu et al. (1) reported that CRP increased up to 5 days after TBI and then decreased, and it became similar to the control group after 2 weeks. In particular, the CRP value measured at 2 weeks was highly correlated with the outcomes based on GOSE points (GOSE <5 vs. GOSE ≥ 5; AUROC = 0.892, 95% CI: 0.839–0.944). Even in patients with mild TBI, increased baseline CRP was associated with persistent post-concussion syndrome and persistent cognitive impairment (11). However, there are few reports on the association between CRP and moderate TBI. In our study, CRP on day 5 and 7 was significantly associated with poor neurologic outcomes. CRP over 18 measured on the 7th day showed high specificity of 87.80% (95% CI: 73.8–95.9%) in predicting poor outcomes. Although the prognostic accuracy of CRP is lower than copeptin, it can be a good alternative in situations where copeptin cannot be measured.

For TBI survivors, developing a tool that can be easily used in clinical practice and accurately predict long-term outcomes is necessary. Walker et al. (30) developed a clinical tool to provide information about the long-term functional outcomes in patients with moderate to severe TBI using national database. In their study, post-traumatic amnesia and GOS levels were strongly associated with prognosis. However, it is difficult to apply the prediction system made with simple clinical factors, such as productivity, number of prior TBI, occupation, problem alcohol use, and drug use to other hospitals with different medical environment. Moreover, their modeling method was not proven to be superior to the conventionally used regression analysis (31). We think that robust laboratory tests should be included in addition to important clinical factors to create a valid model that can be applied to other hospitals. Among several measurement days, copeptin measured on 7 days exhibited better predicting accuracy of 6-month poor outcome than initial significant abnormal findings on CT (AUROC difference = 0.139, 95% CI: 0.017–0.260, p = 0.024). In addition, it appeared to have better predicting accuracy compared with lower GCS score of 9 or 10 in patients with moderate TBI (AUROC = 0.119, 95% CI: −0.011 to 0.249, p = 0.07) (Supplementary Figure S2). Taking into account our findings, additional studies are required to create an easy-to-use model that can predict long-term outcomes based on clinical factors and laboratory tests for wider use in clinical practice.

The prognostic accuracy of copeptin has been widely investigated in various diseases, such as stroke, septic shock, and coronary artery disease, indicating that copeptin is not a specific biomarker for brain injury. Nevertheless, copeptin has advantages for clinical used of intracranial events assessment. Urwyler et al. (32) reported that copeptin directly reflects events in the brain and released into systemic circulation via bypassing the BBB. In addition, copeptin can be detected easily using automated assay within 30 min (20, 33). Two representative biomarkers, S100B and neuron-specific enolase (NSE), have been widely studied to assess the pathologic significance after TBI. It is not completely clear about the pathway where these biomarkers are found in serum. It is presumed that the biomarkers are secreted into extracellular space first, transported to the cerebrospinal fluid, then transferred to blood through passive diffusion (34). In addition, it is difficult to use them in the clinical practice based on the results obtained from different laboratories due to a discrepancy between serum S100B and albumin coefficient (34, 35). Accordingly, copeptin may be easily used in predicting the prognosis after TBI in the clinical practice due to easy to measure and to get consistent results than other biomarkers.

A strength of our study is that, for the first time, we investigated the association between copeptin and outcome in only patients with moderate TBI. Moreover, we compared the prediction accuracy with CRP which is widely used in the clinical practice and demonstrated better prediction accuracy than CRP. Accordingly, it became the rationale for using copeptin in patients with moderate TBI. However, our results warrant caution in interpretation for the following reasons. First, the number of the enrolled patients was 70 and such a relatively small sample size can be a concern to the interpretation. Second, pneumonia or septic conditions can increase copeptin level (36). We excluded patients with severe inflammation due to exacerbation of existing medical conditions within 72 h after admission, so it is difficult to generalize our results to patients whose underlying disease worsens. Third, we did not compare the prediction accuracy between copeptin and S100B or NSE. Zhang et al. (26) reported that plasma copeptin was the only marker that significantly improved prognostic value of GCS score, but not S100B or NSE in patients with severe TBI. Nevertheless, diagnostic superiority among biomarkers was not demonstrated in patients with moderate TBI. Fourth, we did not specifically classified abnormalities after TBI according to the existing scoring system, particularly Rotterdam CT score (37). Although the association of 6-month outcome in patients having moderate TBI with Rotterdam CT score was analyzed, no significant association was observed. As previously described, the classification of Rotterdam score into five categories for 70 patients with moderate TBI might have led to insufficient samples to draw a clear conclusion. In addition, due to differences in the severity of enrolled patients, it might be difficult to predict the prognosis of patients with moderate TBI with an initial Rotterdam CT score. Huang et al. (37) reported that Rotterdam CT score provided the great prognostic discrimination in patients who underwent decompressive craniectomy. Accordingly, it is necessary to construct an optimal prognostic model by comparing various CT classifications for many patients with moderate TBI in the future.



CONCLUSION

Our results suggest that plasma copeptin can be helpful to predict 6-month outcomes in patients with moderate TBI.
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