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Non-invasive Liver Fibrosis Scores Are Associated With Recurrence of Postoperative Chronic Subdural Hematoma
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Objective: Although liver diseases have already been identified as a risk factor for increased recurrence and mortality in patients with chronic subdural hematoma (CSDH), the association between subclinical liver disease, specifically liver fibrosis (LF), and CSDH remains unknown. In the present study, we aimed to investigate the association between the LF scores and CSDH recurrence.

Methods: We retrospectively analyzed consecutive patients with CSDH who underwent burr-hole irrigation in the First Affiliated Hospital of Wenzhou Medical University between January 2015 and December 2018. The clinical data were collected, and the LF scores were calculated including aspartate aminotransferase–platelet ratio index (APRI), fibrosis-4 (FIB-4), and Forns index. Multivariable logistic regression analysis was applied to identify the association between the LF scores and CSDH recurrence, and Cox regression model and Fine–Gray competing risks model were performed to calculate hazard ratios (HRs) for CSDH recurrence based on time-to-event outcomes. The C-statistic, the integrated discrimination improvement (IDI), and the net reclassification improvement (NRI) evaluated the additive value of the LF scores to predict the recurrence of CSDH.

Results: A total of 419 patients with CSDH were included, hematoma recurrence was observed in 62 patients (14.80%) within 1 year after surgery. The LF scores were significantly higher in those who recurred, whereas the standard hepatic assays were mostly normal. The patients were assigned to groups of high and low LF scores based on the validated cut-offs; compared with the subjects with low scores, those with high score levels had significantly higher recurrence rates. After adjusting for potential confounders, the LF scores were independently associated with CSDH recurrence, multivariable-adjusted HRs (95% CI) for those with higher levels of APRI, FIB-4, and Forns score were 4.32 (1.37–13.60), 2.56 (1.20–5.43), and 2.02 (1.07–3.79) for the recurrence of CSDH, respectively. Moreover, adding the APRI to the conventional model improved the C-statistic from 0.731 to 0.763, with an NRI and IDI of 7.50 and 1.35%, respectively. Two further commonly-used LF score indices (FIB-4 score and Forns index) yielded comparable results.

Conclusions: The data from this study first indicated that the high LF scores were significantly associated with the recurrence of CSDH and that careful follow-up in these patients may be needed.
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INTRODUCTION

Chronic subdural hematoma (CSDH) is a common neurologic disorder that occurs in 1–13.1 per 100,000 persons per year (1). Its morbidity rate is significantly increasing because of the aging population and is expected to double in the future decades (2, 3). The current treatment for CSDH follows various approaches whereas surgical evacuation of the subdural collection remains the main treatment approach for the symptomatic patients (4). Burr-hole irrigation (BHI) is the preferred technique for treating CSDH with a relatively good outcome; however, the hematoma recurs in 10–20% of surgically treated patients (5–7). In the current literature, a complex intertwining pathway of inflammation, angiogenesis, local coagulopathy, recurrent microbleeds, and exudates has been suggested to be associated with the progression and recurrence of CSDH (3, 8).

Liver is known for diverse functions, some of which may be related to hemorrhage (9, 10). The previous studies demonstrated that liver disease is significantly associated with the recurrence of CSDH, and patients with coagulopathy and liver disease are at greater risk for recurrence than those with coagulopathy alone (11, 12). Furthermore, Chen et al. (13) reported liver disease—particularly cirrhotic liver disease—was a serious comorbidity with a poor prognosis in patients with CSDH, markedly increased the surgical mortality and postoperative recurrence of CSDH. Despite these previous data highlight a possible link between advanced liver disease and CSDH recurrence, it is unclear if these findings also apply to subclinical liver disease. Liver fibrosis (LF)—an often clinically silent manifestation of chronic liver disease and a histological precursor to cirrhosis—is present in up to 9% of individuals without known liver disease (14–16). Emerging evidence suggests that LF is the key predictor of adverse prognosis in patients with coronary artery disease (CAD) (17), and also significantly associated with postinterventional hemorrhagic transformation in acute ischemic stroke and substantial hematoma expansion in primary intracerebral hemorrhage (18, 19). However, data are lacking regarding the implications of LF for patients with CSDH. Even though the golden standard for diagnosis of LF is liver biopsy, it cannot be performed on all patients for fibrosis screening (17–20). Non-invasive scoring systems calculated using routinely available clinical and laboratory parameters might be a safe and easily assessable alternative for the initial evaluation of fibrosis, especially in subjects without symptoms or in the subjects with history of liver diseases. Moreover, these LF scores have been validated to estimate advanced fibrosis with high sensitivity and specificity, not only in patients with liver disease but also in the general population.

Currently, several practical clinic–laboratorial scores have been reported to predict the LF probability, including aspartate aminotransferase–platelet ratio index (APRI) (17, 19), gamma–glutamyltransferase platelet ratio (GPR) (17), non-alcoholic fatty liver disease fibrosis score (NFS) (19), fibrosis-4 (FIB-4) score, and Forns index score (17, 21). Among all the validated non-invasive markers, APRI, FIB-4, and Forns index scores are the three most efficient indices to identify those with high probability of advanced fibrosis, with area under the receiver operating characteristic (ROC) curve values ranging from 0.76 to 0.88 (19, 22, 23). Furthermore, the recent studies had indicated that non-invasive LF scores (APRI, FIB-4, and Forns index scores) can predict the bleeding events in patients with cerebrovascular disease, such as postinterventional hemorrhagic transformation in acute ischemic stroke (18), and substantial hematoma expansion in primary intracerebral hemorrhage (19, 24). Hence, we focused mainly on the preceding three non-invasive LF scores and investigated their impact on the recurrence of CSDH.



METHODS


Patient Population

Patients with CSDH who were admitted to the Department of the Neurosurgery of First Affiliated Hospital of Wenzhou Medical University between January 2015 and December 2018 were included. A diagnosis of CSDH was confirmed by head computed tomography (CT) and/or magnetic resonance imaging (MRI). The following exclusive criteria were used: (1) Younger than 18 years old; (2) conservative treatment or initial surgery in other hospitals; (3) severe renal or blood diseases; (4) severe surgical complications or hospital mortality; (5) lost to follow-up or incomplete clinical data. For this specific investigation, the patients with liver cirrhosis or other potential causes of liver diseases (i.e., viral hepatitis, autoimmune hepatitis, hereditary liver disease, secondary causes of fatty liver, and drug-induced liver disease) were excluded (17, 24, 25). The participants with excessive alcohol consumption (>21 drinks/week in men and >14 drinks/week in women) were also excluded (17, 25, 26). The retrospective study was approved by the Ethics Committee in Clinical Research (ECCR) of the authors' hospitals, and the requirement for informed consent was waived.



Surgical Procedures and Management

According to our previous report, all patients underwent standard BHI surgery with general anesthesia (27). Briefly, a single burr hole was drilled, and irrigation of the hematoma with normal saline was subsequently performed. After the irrigation, a silicone catheter with a closed drainage system was inserted into the hematoma cavity. Postoperatively, the catheters were withdrawn within 72 h in most cases. The head CT was performed within the first 48 h and on day 6 or 7 after the operation. Pre-existing antiplatelet/anticoagulant therapy (AAT) was discontinued upon admission and re-established 1 week after surgery in case of complete resolution of the hematoma.



Data Collection

The files of the patients with CSDH were reviewed. Then, the demographic and clinical data were collected the following information: Patient's age, sex, smoking, drinking, comorbidities [hypertension, diabetes mellitus (DM), and CAD], history of head trauma (28), AAT, as well as major presenting symptoms. The hematoma location, radiographic density, and preoperative volume were extracted by reviewing the initial CT scan. The hematoma density was classified as a heterogeneous group including a layering and mixed density type and a homogeneous group including high-density, isodensity, and low-density types (29, 30). The volumes of subdural hematoma were accurately calculated using 3D Slicer (Surgical Planning Laboratory, Harvard University, Boston, MA, USA) software. Moreover, the laboratory parameters on admission were obtained including platelet count, prothrombin time–international normalized ratio (PT–INR), activated partial thromboplastin time (APTT), serum liver enzymes [aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (GGT)], and total cholesterol levels.



Liver Fibrosis Scores

For assessment of LF probability, we primarily analyzed the APRI, a well-validated and clinically established LF scores. The APRI was calculated with following equation, with the cut-off value (> 1.0) as for low- and high-risk categories: APRI = AST (IU/L)/AST (the upper limit of normal, ULN) × 100/platelet count (109/L) (19, 22). To broader analyze our data and confirm the potential associations, we chose to investigate two additional LF scores. These were the FIB-4 and Forns index scores. The FIB-4 was calculated as follows: FIB-4 = [age (years) × AST (IU/L)]/[platelet count (109/L) × √ALT(IU/L)], with cut-offs at 3.25 (19, 22, 23). The Forns index was calculated as follows: 7.811 – 3.131 × log[platelet count (109/L)] + 0.781 × log[GGT (IU/L)] + 3.467 × log[age (years)] – 0.014 × total cholesterol (mg/dl), with cut-offs being set at 6.9 (17, 21–23).



Recurrence and Follow-Up

The primary outcome was hematoma recurrence up to 1 year (12 months) after the original operation. The routine outpatient visits were scheduled for all patients at 1 month, and 3 months after surgery. Thereafter, clinical and imaging follow-up were individualized; if a physical consultation was not possible, we performed a telephone interview. Similar to the previous studies, the recurrence was defined as an increased volume of the subdural collection and brain compression on the same side as the initial operation, with new or progressing clinical symptoms indicating surgical treatment (31, 32). The time to recurrence was measured in days from the operation day onward (33).



Statistical Analysis

Continuous variables are presented as mean ± standard deviation (SD) or median [interquartile range (IQR)] as appropriate, according to the distribution of the variables. The categorical variables are described as number (percentage). The differences between groups were determined with independent samples t-test, Mann–Whitney U test, χ2 test, or Fisher's exact test wherever appropriate. To minimize the bias by confounding, we performed the propensity score matching (PSM) (1:2 match, caliper 0.2) to adjust for imbalances of clinically relevant parameters differing between high and low LF scores groups. Analyses for the recurrence of CSDH were conducted in the PSM cohort.

The cumulative hazard for recurrence was evaluated using the Kaplan–Meier method classified based on the LF scores, with censoring of patients who exhibited no recurrence or recurrence-related symptoms on the last follow-up CT scan or visit during the follow-up period. Multivariable-adjusted hazard ratio (HR) and 95% confidence intervals (CI) were calculated using the Cox regression model. To account for competing risks due to mortality, we fitted a proportional subdistribution hazards regression model for CSDH recurrence with death as a competing event. A cumulative incidence of recurrence was evaluated again using the Gray's test for univariate analysis and the Fine–Gray competing risks model for multivariate analysis (33, 34). Odds ratios (OR) and 95% CI for recurrence risk of the LF scores were determined by performing multivariate-adjusted binary logistic regression. In multivariate regression models, traditional risk factors including age, sex, smoking, drinking, comorbidities, history of head trauma, AAT, symptoms, laboratory investigation, and CT scan hematoma characteristics were used as adjustments. These LF scores were analyzed as continuous variable, per SD increment and categorical variable by conventional cut-offs (described above). We also performed the sensitivity analyses excluding the patients with drinking history in view of some degree of imprecision of self-reported alcohol use. To improve clinical interpretation of results and allow for a non-linear association between the LF scores and hematoma recurrence, we a priori categorized the LF scores based on quartiles. To evaluate the trends in categorical values across the quartiles of LF scores, we performed the Cochran–Armitage and Jonckheere–Terpstra tests (35). Restricted cubic splines (RCS) with three knots, adjusted for confounders, were used to detect the dose–response relationship between the LF scores and CSDH recurrence. The ROC curve which is equivalent to the C-statistic was constructed to estimate the discriminative power of the LF scores for CSDH recurrence. To investigate whether the predictive accuracy of CSDH recurrence improves after the addition of the LF scores to a conventional model (CM) that included the aforementioned potential risk factors, we compared the same area under the curve (AUC) between CM and CM plus LF scores, according to the method suggested by Hanley and McNeil (36). We used net reclassification improvement (NRI) with a category-free option and integrated discrimination improvement (IDI) calculations to quantify the improvement in actual reclassification and sensitivity resulting from the addition of the LF scores.

All tests were two sided, and a p < 0.05 was considered statistically significant. The statistical analyses were performed with SPSS, version 25.0, software (SPSS, Inc.) and R language, version 4.0.5 (Feather Spray).




RESULTS


Patients Characteristics

The study flowchart is illustrated in Figure 1. During the study period, a total of 687 consecutive patients with CSDH were assessed initially, and afterwards, 268 patients were excluded in accordance with the exclusion criteria. Ultimately, 419 CSDH cases were enrolled in our study. The median age of participants was 72 years (range 21–91 years), with 15.27% females. All patients were followed up to 1 year (12 months) after surgery for the outcomes of recurrence of CSDH. In total, 10 (2.38 %), 45 (10.73 %), and 62 (14.80 %) patients experienced recurrence of CSDH within 1 month, 3 months, and 12 months after surgery, respectively. The standard liver chemistries and coagulation parameters were generally in the normal range in the study population; 6.21% (n = 26) had an AST > 40 IU/L, 4.30% (n = 18) had an ALT >40 IU/L, 6.21% (n = 26) had a PLT <125 × 109/L, 7.16% (n = 30) had a PT–INR >1.15, and 7.88% had an APTT >43 s. The baseline characteristics and outcomes of the patients were presented in Table 1.


[image: Figure 1]
FIGURE 1. Flowchart of detailed design for the study.



Table 1. Baseline characteristics and outcomes of 419 patients with CSDH.
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Stratification by Liver Fibrosis Scores

The median APRI, FIB-4, and Forns index scores were 0.24 (IQR: 0.18–0.34), 1.80 (IQR: 1.30–2.40), and 6.0 (IQR: 5.0–6.8), respectively. Based on the validated thresholds, there were 16 patients (3.82%) with a high probability of fibrosis by the APRI, 51 patients (12.17%) by the FIB-4, and 86 patients (20.53%) by the Forns index. Supplementary Table S1 outlines the baseline characteristics of those divided according to low and high LF scores. The patients with high LF scores, as expected because of its formula, were older, with greater total cholesterol levels, and had lower platelets, higher serum AST and ALT than those with low LF scores. Moreover, they more frequently had CAD, a history of head trauma and heterogeneous hematoma, with longer PT–INR values. Notably, CSDH recurrence and mortality rates after surgery were more frequent in patients with high LF scores (all p < 0.05). To account for confounding bias between patients with low and high LF scores, PSM was performed, after which two evenly balanced cohorts were available for the analyses of hematoma recurrence (Supplementary Figure S1). Regarding the endpoints, we still observed the rate of CSDH recurrence within 12 months of surgery was higher in patients with high LF scores (Table 2).


Table 2. Baseline characteristics and outcomes of patients with CSDH, stratified by liver fibrosis scores after propensity score matching.
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Time to Recurrence

The overall median time to recurrence was 56 (IQR: 38–103) days, and 72.58 % of the recurrences occurred within 3 months after surgery. There was no significant difference in the recurrence of CSDH either within 1 month or 3 months between the low and high LF scores groups. However, significantly more patients in the high LF scores group experienced recurrence of CSDH within 12 months of surgery. Figure 2A shows the overall cumulative hazard of the recurrence within 12 months from the initial operation for CSDH in the low and the high LF scores groups. Mortality did not seem to have an influence on recurrence rate, because the results were similar when death was used as a competing event (Figure 2B). After adjusting for the confounders, the high level of LF scores remained significantly and independently associated with CSDH recurrence. When included as continuous variables, the LF scores were also associated with an increased risk of CSDH recurrence, with the exception of FIB-4 score (Table 3).


[image: Figure 2]
FIGURE 2. Cumulative hazard of recurrence and competing mortality in patients with CSDH according to low and high Q19 liver fibrosis scores. (A) Kaplan–Meier method; (B) Kaplan–Meier method.



Table 3. Associations between liver fibrosis scores and recurrence in patients with CSDH.
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Association Between Liver Fibrosis Scores and CSDH Recurrence

Boxplot analysis revealed a significantly higher APRI, FIB-4, and Forns index scores in the recurrence group than in the no recurrence group (Figure 3). Subsequently, multivariate logistic regression analysis revealed that the LF scores were independent risk factor for the recurrence of CSDH as well (Table 3). We also performed sensitivity analyses excluding patients with drinking history in view of its possible influence. Notably, higher LF scores remained associated with the recurrence of CSDH, consistent with the results of the primary analysis (Supplementary Table S2). To improve the clinical interpretation of the results and allow for a non-linear association between the LF scores and CSDH recurrence, we a priori categorized LF scores based on quartiles. According to the trend test, the high LF scores had higher rates of the CSDH recurrence (p for trend < 0.05, Table 4). Simultaneously, the dose–response relationship between the LF scores and CSDH recurrence was further demonstrated with RCS method (p for non-linearity is more than 0.05, Supplementary Figure S2).


[image: Figure 3]
FIGURE 3. Boxplot of liver fibrosis scores and recurrence in patients with CSDH.



Table 4. Trends in the prevalence of CSDH recurrence of the quartiles of liver fibrosis scores.
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Incremental Predictive Value of Liver Fibrosis Scores for CSDH Recurrence

In the ROC analysis shown in Figure 4, APRI, FIB-4, and Forns index scores evaluated separately showed poor–moderate discriminative powers for the recurrence of CSDH (AUC: 0.612, 95% CI: 0.533-0.691, p = 0.005 for APRI, AUC: 0.607, 95% CI: 0.528–0.686, p = 0.007 for FIB-4 and AUC: 0.604, 95% CI: 0.526–0.682, p = 0.009 for Forns index). To further explore the incremental predictive value of the LF scores for CSDH recurrence, we evaluated the effect of adding them to multiparameter CM, respectively. As shown in Table 5, the addition of APRI into the CM allowed a significant incremental prediction of risk for CSDH recurrence (p < 0.05, when comparing the two AUC). On the other hand, when the APRI was incorporated into the CM alone, risk reclassification was significantly improved [IDI: 0.0135, 95% CI: −0.0036–0.0307, p = 0.121; NRI (Categorical): 0.075, 95% CI: 0.0202–0.1703, p = 0.122; NRI (Continuous): 0.5603, 95% CI: 0.2961–0.8245, p < 0.001]. Comparable results could be observed by adding another two LF scores to CM for the recurrence of CSDH (Table 5).


[image: Figure 4]
FIGURE 4. ROC curve analysis of liver fibrosis scores for predicting recurrence in patients with CSDH.



Table 5. Incremental predictive value of liver fibrosis scores for predicting recurrence in patients with CSDH.
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DISCUSSION

This is the first study to evaluate the association of the LF scores with the recurrence of CSDH after surgery. Our study results showed that higher baseline LF scores, including APRI, FIB-4, and Forns index scores were significantly associated with the postoperative recurrence of CSDH. Moreover, after adjusting for potential confounding variables, high levels of the preceding three LF scores could be an available risk factor for CSDH recurrence. In addition, adding APRI, FIB-4, and Forns index scores to the model of established risk factors significantly improved the risk prediction for CSDH recurrence.

Despite this, there is a growing evidence that the chronic liver disease represents an independent predictor for the poor prognosis of patients with cardio–cerebrovascular diseases, such as coronary atherosclerosis (17, 25), ischemic and hemorrhagic stroke (18, 19, 24), aneurysmal subarachnoid hemorrhage, and also CSDH (11–13, 37). In clinical practices, however, most patients might suffer from subclinical liver disease, in the absence of obvious clinical manifestations or laboratory derangements; for whom regarding the risk of CSDH recurrence are still scarce. Therefore, we hypothesized that subclinical liver disease, defined using the LF scores, is a potentially unrecognized contributor to the recurrence of CSDH after surgery. To test this issue, this study aimed to investigate the association between the LF scores and CSDH recurrence to provide a new orientation to study the pathophysiology of CSDH.

As expected, we found that a significantly higher values for APRI, FIB-4, and Forns index in patients with CSDH recurrence than those without recurrence (all p < 0.05). After adjusting for confounding factors by multivariable regression model analysis revealed that higher LF scores was an independent risk factor for CSDH recurrence. The precise mechanisms underlying the association between the LF scores and CSDH recurrence remained unclear. The possible mechanisms may include subclinical coagulopathy, endothelial dysfunction, and vascular inflammation (38–41). First, the liver synthesizes numerous clotting factors involved in the coagulation cascade. Second, thrombopoietin, which dominated the genesis and maturity of platelet, was mostly produced in liver. There is no doubt that coagulation and platelet dysfunction are associated with increased risks of developing chronic hematomas, leading to the postoperative recurrence of CSDH (5, 42). In addition, many studies showed the development of fibrosis is associated with increased inflammatory state, endothelial dysfunction, insulin resistance and lipid metabolism, thereby forming a vicious circle which affects systemic vascular autoregulation and blood vessel walls (17, 21, 25). It is already conceived that a torn bridging vein and neo-membrane bleeding play a pivotal pathological factor for the development and recurrence of CSDH (5, 43). Besides, an increased susceptibility to malnutrition and liver-related complications, as shown in other studies, may provide alternative reasons for the postoperative recurrence of CSDH (19, 44, 45). So, we hypothesized that the presence of advanced fibrosis, even without clinical cirrhosis, may have predisposed to more severe malnutrition or had lesser clinical functional reserve to maintain homeostasis in the follow-up period. However, these mechanisms were mainly described in patients with clinically diagnosed liver disease; whether these mechanisms can be implicated to explain our findings is a hypothesis that requires testing in the future studies. Notably, hematoma recurrence occurred either within 1 or 3 months after surgery was comparable in the high and low LF scores groups, as described in our results. Perhaps, although subclinical liver disease shares some common pathophysiologic mechanisms as confirmed liver diseases, and hematoma recurrence occurs requiring a long incubation period.

Importantly, using LF scores, the composite risk scores including both traditional risk factors and liver-related parameters, had more favorable discrimination ability in predicting the recurrence of CSDH. Such assessments have been developed by combining the various serological parameters that can be easily obtained in routine clinical practice. In other words, understanding that the presence and severity of advanced fibrosis evaluated by non-invasive markers would independently contribute to the risk of CSDH recurrence might raise the awareness for providing timely additional interventions to liver health and improve the prognosis in patients with CSDH.

However, several limitations should be noted for this study. First, data from the APRI, FIB4, and Forns index scores were available only at baseline. There was no information regarding fibrosis changes during follow-up. Generally, longitudinal trajectories and dynamic change of the LF scores could better select individuals at risk for the recurrence of CSDH. Second, although we purposefully excluded the patients who consumed excessive alcohol and diagnosed liver diseases, we cannot completely rule out the existence of unrecognized liver diseases in the study participants because liver biopsies were not taken in the evaluation of fibrosis. Third, although multiple regression analysis and PSM analysis were used to minimize the confounding effects from those known parameters, these LF scores used in this study include relatively non-specific metrics, such as age, platelet count and total cholesterol. Hence, the extent to which LF itself is responsible for our findings, as opposed to being an epiphenomenon related to the established risk factors (3, 5, 46), requires further investigation. In addition, we were not able to investigate all other LF scores indices. However, given the robust results of preceding three LF scores, it seems unlikely that the analysis of additional scores would have yielded diverging results. Finally, this study was only a retrospective single-center study and as such, it might have several bias and variation. Hence, further prospective, multicenter studies are still needed to validate our findings in this study.



CONCLUSIONS

In conclusion, our study demonstrated that the higher LF scores (APRI, FIB-4, and Forns index score), as a simple and invasive assessment, were significantly associated with the postoperative recurrence in patients with CSDH. These findings may provide novel perspectives in cerebrovascular-liver clinical practice and support the notion that the LF scores might be novel tools to identify patients at high risk for the recurrence of CSDH. Certainly, further studies are needed to confirm these findings and to investigate the mechanisms between subclinical liver disease and CSDH recurrence.
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