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Introduction: This study aims to assess the quality of life (QoL) in patients who have undergone decompressive craniectomy (DC) for any pathology that has caused life-threatening intracranial hypertension. Similarly, it aims to evaluate QoL perceived by caregivers or external informants. In addition to that, the last purpose is to determine which clinical or therapeutic factors could correlate with a better QoL.

Methods: A single-center cross-sectional study was designed. All patients over 18 years old who underwent a supratentorial DC at our department due to intracranial hypertension of any etiology, from January 2015 to December 2021, were retrospectively selected. Patients with incomplete follow-up (under 1 year from the event or those who died) or who declined to participate in the study were excluded. QoL was assessed with SF-36 and CAVIDACE scales. The correlation between clinical and therapeutic variables and SF-36 subscales was studied with Spearman's correlation and the Mann–Whitney U-test.

Results: A total of 55 consecutive patients were recruited: 22 patients had died, three were missed for follow-up, and 15 declined to participate, thus 15 subjects were finally included. The mean follow-up was 47 months (IQR 21.5–67.5). A significant reduction in the “role physical” and “role emotional” subscales of SF-36 was observed compared with the general population. According to caregivers, a significant reduction was assigned to the “physical wellbeing” and “rights” domains. The “physical functioning” score was poorer in women, older patients, those with dominant hemisphere disease, those who required tracheostomy, and those with poor outcomes in the modified Rankin scale. A strong correlation was found between the QoL index at the CAVIDACE scale and the SF-36 subscales “physical functioning” and “role physical”.

Conclusion: Most patients and caregivers reported acceptable QoL after DC due to a life-threatening disease. A significant reduction in SF- 36 subscales scores “role limitation due to physical problems” and “role limitation due to emotional problems” was referred by patients. According to caregivers' QoL perception, only 25% of the survey's participants showed low scores in the QoL index of the CAVIDACE scale. Only 26.7% of the patients showed mood disorders.
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1. Introduction

The skull is a rigid, non-expandable compartment, therefore increased intracranial volume may lead to uncontrolled intracranial hypertension with subsequent cerebral ischemia and tissue death. The most common cause of this condition is traumatic brain injury (TBI) and stroke. However, it can also occur in the context of hydrocephalus, tumors, infections, hemorrhage, and certain encephalopathies. At the beginning of the 20th century, neurosurgeons such as Kocher and Cushing systematically described techniques for removing cranial bone flaps to treat pathologies that caused an increase in intracranial pressure (1). Thus, decompressive craniectomy (DC) was born. The technique consists of removing a region of the skull to allow the expansion of the cranial content subjected to volume expansion processes. Over the years, this technique has not been free of skepticism. Although it has been described as a valuable technique for reducing mortality in pathologies, such as severe TBI or malignant middle cerebral artery (MCA) infarction, it is not clear whether patients who survive show a higher degree of disability (2–5). They also require a second surgical procedure to replace the bone flap several weeks or months later whenever the clinical condition improves and allows it.

Few studies have assessed the patient's quality of life (QoL) among those who survived after this procedure. Although QoL is challenging to determine, it provides a more humanistic and holistic approach to medicine, focusing less on clinical aspects and taking more into account the patient outside the healthcare environment. It is interesting to know how this procedure influences QoL, especially to analyze health-related QoL (HRQoL), which assesses the physical, psychological, social, and functional situations. Different scales, such as the Medical Outcomes Study 36-item Short-Form Health Survey (SF-36) (6, 7), the EuroQoL (8, 9), the “Sickness Impact Profile” (SIP) (10), different versions of the “Stroke Impact Scale” (SIS) (11, 12), or the “Quality of Life after Brain Injury” scale (QOLIBRI) (13, 14), have been used for this purpose.

Most studies focused on MCA infarction. A systematic review concluded that QoL was acceptable and that patients were satisfied with the treatment. It also showed that severe depression was rare (<16%), but mild depressive symptoms were quite common (48.5%). Finally, it also considered and studied the caregiver burden, identifying high levels of stress in 70% of caregivers (15). Another review concluded that QoL was reduced in many cases and showed better functional outcomes after DC in younger patients and those with fewer co-morbid conditions (16). Other TBI studies also concluded that QoL among survivors was moderate or good (3, 13, 14). Kelly et al. compared patients with severe TBI who underwent DC with those who underwent craniotomy (bone replacement in the same procedure). They observed similar results in life scale scores, but they also identified more extended hospital stays, decreased functional status, and more rehospitalizations in patients undergoing hemicraniectomy (17). A recent study on spontaneous intracerebral hemorrhage, analyzing 290 patients, also compared craniotomy with DC. The authors observed higher scores in GOS and SF-36 scales at 6-month follow-up in patients undergoing DC (7). Finally, D'Ambrosio et al. evaluated 22 patients with poor-grade aneurysmal subarachnoid hemorrhage, observing poor QoL in DC survivors (8).

In general conclusion, DC offers patients an acceptable QoL (3, 6, 14), and in any case, it is better than if it had not been used since most non-surgical patients would eventually die. However, studies published in our country are yet to analyze this perspective. Only one study has been published in this regard. Benejam et al. assessed QoL in 19 survivors of MCA infarction. They found a higher reduction in the SIP's physical domain than in the psychosocial domain and registered depressive symptoms in 50% of patients. However, the outcome assessment was performed 7.47 months after the infarction in an active recovery phase (10).

This study aims to assess the QoL in patients who have undergone DC for any pathology that has caused life-threatening intracranial hypertension. Similarly, it aims to evaluate QoL perceived by caregivers or external informants. The last purpose is to determine which clinical or therapeutic factors could correlate with a better QoL.



2. Materials and methods

A single-center cross-sectional study was designed to assess the QoL in patients undergoing DC. The study was approved by the local Ethics Committee of Puerta de Hierro University Hospital (reference 195/22) and was conducted under the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.


2.1. Patients' selection

All consecutive patients over 18 years old who attended and underwent a supratentorial DC at our department due to intracranial hypertension of any etiology from 1 January 2015 to 31 December 2021 were retrospectively selected for analysis. Patients with incomplete follow-up (under 1 year from the event or those who died) or who declined to participate in the study were excluded. Informed consent was obtained from all participants before any intervention.



2.2. Outcome variable

QoL was assessed employing two tools. Patients completed the MOS 36-Item Short-Form Health Survey (SF-36) validated in Spanish (18), whereas caregivers or cohabitants filled out the CAVIDACE scale (19). SF-36 is an instrument used transversally to assess QoL in the general population and in patients suffering from different pathologies. It is considered a good indicator of HRQoL. The patient answers 36 questions covering eight main domains or subscales: physical functioning, role physical, bodily pain, social functioning, mental health, role emotional, vitality, and general health. Scores range from 0 to 100, and higher scores involve better QoL. The results were compared with a national population-based study (20).

The CAVIDACE scale is elaborated in Spanish and validated in the Spanish population with acquired brain injury. It is used to assess adult patients with brain damage, defined as those over 18 years of age outside the school environment. It is completed by an external informant who has known the subject for at least 3 months. Eight dimensions of QoL are assessed: emotional wellbeing, material wellbeing, interpersonal relationships, physical wellbeing, rights, personal development, self-determination, and social inclusion. Each domain is evaluated with eight Likert scale questions rated from 0 to 3, where 0 means never and 3 means always. Each domain is given a direct score that correlates with a standardized score (0–18) and the associated percentile (<1–99). Then, a QoL index can be calculated and associated with a QoL percentile.



2.3. Independent variables

Epidemiological, clinical, diagnostic, and therapeutic variables were registered and included in the dataset to ascertain any association with QoL. These variables included age, gender, medical and surgical history, the diagnosis that led to DC, dominant hemisphere DC, the interval from admission to DC, Glasgow Coma Scale (GCS) score at the moment of DC decision, the need for tracheostomy, external ventricular drain or ventriculoperitoneal shunt, intensive care unit (ICU) stay, and hospital stay. This information was retrospectively obtained from the electronic health record. Moreover, other information was collected prospectively during an interview with the patient and the accompanying person: rehabilitation therapy duration, functional outcome assessed by the modified Rankin scale (mRS) (21), mood disorder diagnosis from a clinician along all the follow-up, and social support.



2.4. Statistical analysis

Dataset information was processed and analyzed using StataCorp. 2019 (Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC). Numerical normally distributed variables were represented by the mean and standard deviation (SD) whereas not normally distributed ones were described by the median and 25th and 75th percentiles. Absolute and relative frequencies were used in categorical variables and as the description measure. Z-scores were calculated to compare the results on SF-36 obtained in the sample with the general population in our country (20) with Spearman's rank correlation coefficient. A difference between the sample mean and the population mean equal to or greater than one SD was considered clinically relevant.

Non-parametric tests were used to analyze any correlation between SF-36 subscales and different epidemiological, clinical, diagnostic, and therapeutic variables due to the reduced sample size. Thus, Spearman's correlation test for continuous variables and the Mann–Whitney U-test for categorical variables were used. Every statistical hypothesis was two-tail tested. The null hypotheses with type I error or α error of <0.05 were rejected in all hypothesis contrasts.




3. Results

A total of 55 consecutive patients were initially included. The incomplete follow-up excluded 22 patients who died after the procedure (40%), 3 missed follow-up, 15 patients declined to participate, thus 15 subjects were finally included in the study and signed the informed consent (Figure 1).


[image: Figure 1]
FIGURE 1
 Flowchart of the recruitment process.


Male prevalence was shown in the sample (66.7%), and the mean age at diagnosis was 42.2 years (SD 17). All patients showed an mRS of 0 before symptom onset. The most frequent diagnosis that led to DC was TBI (60%), followed by meningoencephalitis (13.3%). One patient (6.7%) suffered a spontaneous intraparenchymal hemorrhage; another suffered an aneurysmal subarachnoid hemorrhage; and another underwent DC due to sinus thrombosis with subarachnoid hemorrhage. A complication (vascular rupture) after endovascular treatment of an MCA infarction was the reason for performing DC in the last case. The dominant hemisphere was decompressed in 40% of patients. According to the GCS score at the moment of DC decision, two patients (13.3%) showed scores of 14–15, five patients (33.3%) showed scores of 9–13, and seven patients (46.7%) presented with a score of 8 or less (6 of them had GCS score of 3 or 4). Table 1 summarizes patients' characteristics.


TABLE 1 Epidemiological, clinical, diagnostic, and therapeutic characteristics of the cohort.
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The median time from symptom onset to DC was 12 h (5.5; 72), and most patients (66.7%) underwent an early decompression (during the first 24 h of symptoms). The median ICU stay was 16 days (11; 23), and the median hospital stay was 36 days (32; 53). The median time to cranioplasty was 100 days (52.5; 225). Most patients (66.7%) completed at least 3 months of rehabilitation therapy after the event, and most of them (66.7% of all patients) received social support. Only 26.7% of patients suffered from a mood disorder at any point in the evolution of their process (two patients presented depression, and two patients suffered mixed anxiety-depressive disorder; all of them scored <4 in mRS). The functional outcome was poor (mRS of 4-5) in two patients (13.3%), middle (mRS of 2–3) in five patients (33.3%), and good (mRS of 0–1) in the remaining eight patients (53.3%) at the interview.

The median follow-up was 47 months (21.5; 67.5). The mean age of patients at the moment of accomplishing the survey was 46.4 years (SD 16.8). All patients filled out the SF-36 questionnaire, but only eight external informants completed the CAVIDACE scale (53.3%). Scores on the SF-36 subscales are shown in Table 2. Considering self-perceived QoL, a significant reduction was obtained in subscales “role physical” and “role emotional” compared with the general population. In addition, a non-significant reduction in “physical functioning” and “social functioning” was also observed, with z-scores −0.79 and −0.71, respectively.


TABLE 2 SF-36 questionnaire results.
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According to patient caregivers' QoL perception, 75% of the surveys (6/8) presented QoL index-related percentiles between p61 and p98. In contrast, the remaining 25% (2/8) showed lower scores (QoL index-related percentiles p3 and p59). Percentiles on CAVIDACE domains are shown in Table 3. A significant reduction was obtained in the domains of “physical wellbeing” and “rights” (values equal to or under p50).


TABLE 3 CAVIDACE scale results and percentiles.
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Finally, the analysis of the correlation between SF-36 subscales and different variables is summarized in Table 4.


TABLE 4 Correlation between SF-36 subscales' score and patient's variables, expressed in p-values.

[image: Table 4]

The “physical functioning” score was poorer in women, older patients, those with dominant hemisphere disease, those who required tracheostomy, and those with poor outcomes in the modified Rankin scale (Figure 2). A positive correlation was observed between the QoL index percentile at the CAVIDACE scale and the subscales “physical functioning”, “role physical” and “mental health” (Figure 3). In the latter case, the statistical significance was marginal (p = 0.051). Positive correlations were also confirmed between the follow-up and “role physical”; length of ICU stay and “bodily pain” or “social functioning” (Figure 3); the correlation was negative between rehab therapy over three months and “general health”. An almost significant negative correlation was also detected between extended rehab therapy and “physical functioning” (Figure 2). Finally, no correlation was evidenced between the analyzed variables and the domain “role emotional”.


[image: Figure 2]
FIGURE 2
 Correlation between different dichotomic clinical-therapeutic factors and SF-36 subscales, all with a p < 0.05 except extended rehabilitation therapy—physical functioning (Mann–Whitney U-test).
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FIGURE 3
 Correlation between different continuous clinical-therapeutic factors and SF-36 subscales, all with a p < 0.05 (Spearman's correlation test).




4. Discussion

This research focuses on the QoL perceived by the patient and the caregivers at least 1 year after undergoing an emergent DC due to a life-threatening disease. A significant reduction of expected values in one physical (role limitation due to physical problems) and one mental domain (role limitation due to emotional problems) was observed. The remaining subscale scores were comparable to those of the general population. According to external informants' evaluation, the lowest scores were assigned to “physical wellbeing” and “rights”. A strong correlation was found between the QoL index at the CAVIDACE scale and the SF-36 subscales “physical functioning” and “role physical”. This association showed borderline significance with the domain “mental health”.

The technique of DC has been associated with increased survival in cases of intracranial hypertension but with a more disabling functional outcome (2). However, the QoL that patients perceive is not so far from the general population (3). Research published is not homogeneous since it includes different diagnoses and tools to assess the outcome. Similarly, most studies include small sample sizes. The SF-36 questionnaire was selected for this project since it is easy to perform, it is world-wide accepted, and national population data are available for comparison. This questionnaire's subscale “role physical” refers to limitations in usual role activities because of physical health problems. Then, motor impairments may influence this result. Several studies on stroke have observed that the physical summary is altered (6, 9, 10, 12, 22–24). We also determined lower scores in physical subscales compared with the general population, but no patient with MCA infarction was enrolled in this study. However, when analyzing other pathologies, such as spontaneous hemorrhage or TBI, the results showed better physical component outcomes than those obtained in patients undergoing craniotomy but in the absence of comparison with the general population (7, 14).

The “role emotional” domain of the SF-36 questionnaire deals with the ability to perform work and other activities depending on the presence of emotional problems, whereas “social functioning” refers to the interference that emotional problems may cause in the patient's normal social activities. Both are used to measure the psycho-psychiatric involvement associated with DC without establishing a clinical diagnosis of depression or anxiety. This is complemented by the results obtained with the “mental health” item, which focuses on the development of depression and anxiety. In our experience, DC was associated with an emotional impairment represented by altering the “role emotional” but without causing a significant mood or adaptive disorder, keeping “mental health” within values comparable to the general population.

Depressive and anxious symptoms were present in 26.7% of the patients in this study, where no difference was obtained in the “mental health” subscale. This fact may be related to the diagnosis that led to DC since post-stroke depression appears in 18–55% of cases (10, 23, 25), and no patient with that diagnosis participated in our study. Other studies have found an association between depression and the use of DC in ischemic stroke. In this regard, some authors have described no correlation with a physical disability (26), whereas others have associated the severity of anxiety or depression with the severity of disability (27).

It is important to consider the time from DC to the completion of the survey since several studies report short-term QoL (7, 10, 27). Neurological recovery after a life-threatening event is faster initially but may last for more than 1 year, so early evaluation may not represent health for the rest of their lives (9). We only included patients with a minimum follow-up of 1 year; the median time elapsed from the event to the outcome assessment was almost 4 years (47 months; IQR 21.5–67.5). QoL was considered poor at a 1-year follow-up after poor-grade aneurysmal subarachnoid hemorrhage (8) but reasonable in MCA infarction patients after a mean follow-up of 8 years (9) or even good after TBI up to 10 years after injury (14). Then, it is essential to consider long-term outcomes in decision-making.

Caregivers' perception of QoL has been reported in a few studies. In most cases, they would decide to perform DC again (6, 10, 13, 16, 23, 28), with one exception where half of the patients would decide against it (27). We observed that only 25% of the survey's participants referred to low scores in the QoL index of the CAVIDACE scale. Even though there is no significant association between all SF-36 subscales and the QoL index of the CAVIDACE scale, it is interesting to highlight the strong correlation between the index and the subscales “physical functioning” and “role limitation due to physical problems,” as well as the borderline association with the domain “social functioning.” This finding could be applicable in further studies where patients unable to respond to a questionnaire could be evaluated with the participation of their relatives or caregivers with an adequate estimation of their perceived QoL, which is ultimately the most relevant.

Several studies have determined an association between better functional status and younger patients (10, 16, 26, 27). Other authors have also observed higher QoL in younger patients (10). Only Rauen et al. obtained better scores in HRQoL in older patients (14). Nevertheless, no study has detected a correlation between QoL and sex. This study observed that women and older patients had significantly impaired physical QoL. However, women were older (mean age 53) than men (43.1 years old), so a multivariable analysis should be performed to detect confounding factors. No association was confirmed between the initial GCS score or the elapsed time between life-threatening injury and DC, as identified by other studies (8, 10). However, the need for tracheostomy also correlated with poorer results in the “physical functioning” subscale. This feature is usually related to more extended ICU stays and has been associated with worse disability (27). In this case, a prolonged ICU stay positively correlated with “bodily pain” and “social functioning” domains, a finding difficult to interpret. Then, further studies with larger sample sizes are needed to confirm these results since no study has analyzed these variables to date.

The injury of the dominant hemisphere has also been assessed in several studies, but no significant difference in QoL has been observed compared to non-dominant damage (6, 10, 15, 28, 29). In our experience, dominant hemisphere injury significantly correlated with poorer “physical functioning” scores. This finding must be explained since language impairment hampers rehabilitation activities. Moreover, the affectation of the dominant motor area makes it more complicated to carry out physical activities since the dominant arm and leg perform most of them more precisely, relying on the action of the contralateral limb. In this same line of argumentation, poor functional outcomes (mRS score of 4–5) showed the same association with worse “physical functioning” scores. On the contrary, Benejam et al. reported that QoL was unrelated to mRS scores (10). Finally, an extended rehabilitation program over 3 months showed a significant correlation with lower scores in the “general health” domain and an almost significant association with lower values in the “physical functioning” subscale of the SF-36. This finding may be related to the functional outcome since more prolonged therapies are usually needed when the patient shows a worse disability. In contrast, those patients with better functional status do not require therapy at discharge. This conclusion is yet to be reported, so no comparisons can be made. Finally, two out of three patients showed social support, but no correlation could be established between this variable and QoL.

Several limitations must be outlined. The first one arises from the sample size although significant results have been obtained. Moreover, several studies published to date share this feature. This may explain the discrepancy between our results and those of other more robust studies. Then, further studies recruiting more patients and including multivariable analysis to detect confounding factors are needed. Second, the quality of the scales currently used to assess HRQoL must be considered as another limitation. On the one hand, the study in the general population that serves as a reference for comparison dates from 1998 (25 years ago). On the other hand, using different non-homogeneous scales hinder the comparability of other studies. Then, the interpretation of the data must be cautious. Since this is a cross-sectional study, a causal order of the correlations observed cannot be established. Finally, no patients with MCA infarction participated in the study. Since most of the literature related to QoL and DC is studied in these patients, comparison of the results is difficult.



5. Conclusion

A significant reduction in SF-36 subscales “role limitation due to physical problems” and “role limitation due to emotional problems” was observed in self-perceived QoL compared with the general population. According to patient caregivers' QoL perception, only 25% of the survey's participants showed low scores in the QoL index of the CAVIDACE scale. The lowest scores were obtained in “physical wellbeing” and “rights”. Only 26.7% of the patients showed mood disorders.

The “physical functioning” score was poorer in women, older patients, those with dominant hemisphere disease, those who required tracheostomy, and those with poor outcomes, according to the mRS. A strong correlation was found between the QoL index at the CAVIDACE scale and the SF-36 subscales “physical functioning” and “role physical”, as well as a borderline correlation with the “mental health” domain.
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Subscale Sample Population
mean (S| mean (SD

Physical 65.7 (34.5) 84.7 (24.0) —0.79
functioning

Role physical 46.7 (47.1) 83.2(352) —1.04
Bodily pain 71.3(30.3) 79.0 (27.9) —0.28
General health 553 (25.1) 683 (22.3) —058
Vitality 66.7 (23.0) 66.9 (22.1) —0.01
Social functioning 75.9 (21.4) 90.1 (20.0) —-071
Role emotional 51.1(452) 88.6 (30.1) -125
Mental health 715 (16.6) 733 (20.1) —0.09

SD, standard deviation.
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Domain Sample mean (SD)

Physical wellbeing 14.6 (5.88)

Material wellbeing 20.1 (6.49)

Personal development 17.0 (5.5) p84
Rights 18.5 (4.44) P50
Self-determination 17.9 (5.03) p75
Social inclusion 17.4 (8.33) p75
Interpersonal 16.8 (5.23) P75
relationships.

Emotional wellbeing 18.1(4.05) p75
QoL INDEX 109 (17.1) p72

SD, standard deviation; QoL quality of life.
Bold: values equal to or under p30.
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Variables Cohort (n

Male gender 10 (66.7%)
Mean age (SD), yr 422(107)
mRS before onset (IQR) 0(0;0)
Diagnosis
TBI 9 (60.0%)
Infection 2 (13.3%)
SAH 1(6.7%)
Intracerebral hemorrhage 1(6.7%)
Other 2(13.3%)
Dominant hemisphere 6 (40.0%)
Median GCS at surgery (IQR) 9(3;11.5)
Median interval from onset to DC 12 (5.5, 72)
(IQR), h
Tracheostomy 8(53.3%)
EVD 2 (13.3%)
VP shunt 3 (20.0%)
Median ICU stay (IQR), dy 16 (11;23)
Median hospital stay (IQR), dy 36 (32 53)
Median rehab therapy (IQR) dy 180 (65; 363)
Social support 10 (66.7%)
Mood disorder 4(26.7%)
mRankin score at interview (IQR) 1(0.5;2)

SD, standard deviation; mRS, modified Rankin score; IQR, interquartile range; TBI, traumatic
brain injury; SAH, subarachnoid hemorrhage; GCS, Glasgow Coma Scale; DC, decompressive
craniectomy; EVD, external ventricular drainage; VP, ventriculoperitoneal; ICU, intensive
‘care unit.
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Variable Physical Role physical Bodily pain General health Vitality Social Role Mental health

functioning functioning emotional

Gender 0.031 0262 0.121 0296 0218 0754 0.846 0579
Age (diagnosis) 0.039 0.170 0579 0.090 0575 0202 0177 0331
TBI 0.440 1.000 0633 1.000 0722 1.000 0803 0859
Dominant hemisphere 0.002 0.076 0233 0236 0594 0.809 0950 0476
GCS <9 0726 0319 0.860 0.485 0727 0.679 0807 0954
Early DC 0.497 0114 0.664 0.176 1.000 0.661 0365 0711
Tracheostomy 0.020 0.105 0.639 0771 1.000 0344 0463 03816
EVD 0266 0.082 0.863 0.865 0.798 0.862 1.000 0.494
VP shunt 0216 0938 1.000 0612 0828 0.605 0321 0611
ICU stay 0779 0.730 0.047 0238 0112 0.026 0248 0701
Hospital stay 0.878 0.591 0317 0.086 0975 0.941 0424 0.107
Mood disorder 0292 0527 0209 0.646 0.076 0.640 0.408 1.000
Social support 0.621 0843 0951 0580 0.498 0.661 0.846 0.423
Poor mRS 0.049 0522 0.491 0932 0172 0297 0590 0.669
Rehab > 3 mth 0073 0.692 0.121 0.027 0176 0.661 1.000 0217
Follow-up 0779 0.028 0477 0556 0757 0.144 0593 0759
CAVIDACE QoL index 0.009 <0.001 0220 0213 0.165 0.839 0652 0.051
(percentile)

Bold: p-value < 0.05.
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