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Abstract: Objective: There remains a significant risk of chronic subdural hematoma (CSDH) recurring
after treatment. Patient-related predictors and surgical procedures have been investigated in many
studies. In contrast, the literature remains scant on reports of the potential impact of dehydration
on the admission of affected patients and on the CSDH recurrence rate. Methods: All consecutively
admitted patients with CSDH and surgical treatment at the authors’ institution between 2015 and
2019 were retrospectively identified. Dehydration was assessed as a blood urea/creatinine (U/Cr)
ratio > 80. The association between dehydration on admission and postoperative complication rates,
in-hospital mortality, and recurrence of CSDH, with the need for additional surgical treatment, was
further analyzed. Results: A total of 265 patients with CSDH requiring surgery were identified.
In 32 patients (12%), further surgery was necessary due to the recurrence of CSDH. It was found
that 9 of the 265 patients with CSDH (3%) suffered from dehydration at the time of admission.
Multivariate analysis revealed diabetes mellitus (p = 0.02, OR 2.7, 95% CI 1.2-6.5), a preoperative
midline shift > 5 mm (p = 0.003, OR 3.3, 95% CI 1.5-7.5) and dehydration on admission (p = 0.002,
OR 10.3, 95% CI 2.4—44.1) as significant and independent predictors for the development of CSDH
recurrence that requires surgery. Conclusion: the present findings indicate that dehydration on
admission appears to be an independent predictor for CSDH recurrence that requires surgery.
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1. Introduction

Chronic subdural hematoma (CSDH) is a common sequel to mild traumatic brain
injury (TBI) [1]. As a result, an accumulation of blood ensues in the subdural space, which
subsequently becomes liquefied over time. Due to the aging population and associated use
of anticoagulant medications, the incidence of CSDH is increasing to the point that surgical
management of CSDH is predicted to be the most common cranial neurosurgical procedure
in adults in the near future. Surgical evacuation of the subdural collection remains the main
treatment approach for symptomatic patients [2].

However, up to 20% of patients suffer a recurrence of CSDH [3]. The prediction and,
thus, prevention of such a frequently treatable recurrence of bleeding have been the aim of
numerous scientific efforts. In addition to the size of the subdural hematoma, septation, age,
pre-existing medical conditions, anticoagulant medications, and the placement/location
of subdural drains are also enumerated as potential predictors of recurrent CSDH. The
conventional manifestations of symptomatic CSDH are often cognitive impairment, gait
disturbance, limb weakness and/or headache [1,2].

There is evidence that chronic mild dehydration constitutes a common condition in el-
derly individuals [4]. Even short periods of fluid restrictions might lead to a 1-2% reduction
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in body mass, culminating in increases in self-reported tiredness and headaches, as well
as an accelerated decline in the already reduced thirst drives [5]. Moreover, dehydration
constitutes a major determinant of morbidity and mortality in elderly patients [6].

In the commonly affected elderly population, such symptoms can often lead to lethargy,
and, thus, an accelerated decline in the already reduced thirst drives. The eventual result-
ing dehydration constitutes a major determinant of morbidity and mortality in elderly
patients [6]. Low habitual fluid intake has been linked to several chronic diseases, including
urolithiasis, constipation, asthma, cardiovascular disease, elevated risk of infection and dia-
betic hyperglycemia [4,7,8]. The maintenance, secondary growth, and recurrence of CSDH
are known to be driven by progressive inflammatory responses, which lead to intermittent
bleeding from the outer CSDH membranes [9]. These inflammatory processes are reflected
by mediators such as tissue plasminogen activator (tPA), thrombomodulin, angiopoietin-2,
vascular endothelial growth factor and matrix metalloproteases [9-13]. Dehydration, in
turn, has been reported to activate inflammatory signaling, increase the adhesive properties
of endothelial cells and lead to vascular changes that promote thickening of the artery
walls [14]. Therefore, dehydration-mediated systemic inflammatory responses might lead
to the recruitment of immune cells, such as macrophages, that culminate in the reoccurrence
of CSDH via the secretion of inflammatory mediators and reformation of inflammation-
driven membranes in the subdural space. Against this background, we speculated whether
an initial dehydration status might have an impact on CSDH recurrence in patients who
have undergone surgical therapy for CSDH.

2. Materials and Methods
2.1. Patients

All medical records of consecutive patients with traumatic brain injury and CSDH
treated at our department between 2015 and 2019 were retrospectively screened. Corre-
sponding approval to conduct this study was granted after a detailed evaluation by the
local ethics committee. Subsequently, clinical data on patient characteristics, clinical symp-
toms, comorbidities, initial laboratory values, Markwalder grading scale at admission,
Glasgow coma scale (GCS) at admission, Glasgow outcome scale (GOS), modified ranking
scale (mRS), and use of anticoagulant medications were extracted from the patient docu-
mentation. The diagnosis of CSDH was confirmed preoperatively by cranial computed
tomography (CT). Using CT scans, CSDH was radiologically defined as subdural fluid
collection of hypodense appearance (<25 Hounsfield units (HU)) compared to physiological
brain parenchyma, homogeneous isodense appearance (25-35 HU), layered density type
as an indication of several bleeding episodes, as well as mixed density type according to
previously published literature [15]. Any anticoagulant medication was paused preopera-
tively and, depending on the urgency of the surgical procedure, active substitution was
initiated according to internal standard operating procedures. Neurosurgical treatment
was conducted under general anesthesia. The initial surgical procedure included a single
burr hole craniotomy (BHC), and, in some cases, a craniotomy following a patient-specific
decision made by the attending surgeon. Chronified subdural blood was aspirated by
repeated irrigation with physiological saline. Subdural drainage with a closed system
was then performed for several days. The duration of postoperative subdural drainage
depended on the amount of subdural fluid /brain re-expansion, which was verified by a
postoperative CT scan. Clinical and radiological follow-up by CT scan was obtained in all
patients within 3 weeks after discharge from our neurosurgical outpatient department. If
subdural fluid persisted, patients were followed up in the outpatient department until its
resolution. After abatement of residual hematoma and absence of clinical consequences,
any suspended anticoagulant medication was resumed under clinical supervision.

Recurrence of CSDH was defined as clinical recurrence with the onset of new neuro-
logic symptoms, in combination with an increase in subdural fluid collection with compres-
sion of the brain surface, by comparing CT scans before and after surgery.
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2.2. Definition of Dehydration

Currently, there is no standard for the clinical diagnosis of dehydration [16]. Thus, to
assess the hydration status of patients with CSDH requiring surgery, serum urea (U) and
serum creatinine (Cr) values at the time of preoperative hospitalization were extracted from
patient records and used for further analysis. Here, the ratio between U and Cr was calculated
for the estimation of dehydration [17]. As in previous reports, dehydration was then defined
as a U/Cr ratio > 80, and an initial U/Cr ratio < 80 was defined as the subgroup that was
not dehydrated [18]. Furthermore, all available biomarkers of dehydration were expressed
as binary variables. For urea, this was <7.5 and >7.5 mmol/L; for sodium (Na) <145 and
>145 mmol/L; for estimated glomerular filtration rate (eGFR) <30 and >30 mL/min.

2.3. Statistics

All statistical analyses were conducted using the SPSS computer software package
(version 25, IBMCorp., Armonk, NY, USA). Fisher’s exact test was utilized for the com-
parison of unpaired categorical and binary variables of the two groups with/without
dehydration at the time of hospitalization. For the comparison of continuous variables, the
Mann-Whitney U test was chosen since the data were mostly not normally distributed.
Results with p < 0.05 were considered statistically significant.

In addition, a binary logistic regression analysis was performed to identify indepen-
dent preoperative determinable predictors of recurrence of CSDH in patients who had
previously undergone surgical therapy regarding the latter. With regard to the only 9 pa-
tients with preoperative dehydration, based on the available data, there was no statistically
significant difference in variables that might differ in reality between the two groups of
patients with or without dehydration. Therefore, the mere inclusion of variables in the mul-
tivariate analysis that reach statistical significance in the present univariate analysis may
cause a loss of possibly valuable information regarding the prediction of CSDH recurrence,
and was avoided in accordance with Heinze et al. [19]. This led to an additional variable
selection based on clinical expertise.

3. Results
3.1. Patient Characteristics

Two hundred and sixty-five patients with CSDH underwent surgery at the Department
of Neurosurgery, University Hospital Bonn, from 2015 to 2019. The median age of the
treated patients was 79 years (interquartile range [IQR] 73-85). Ninety-five of the patients
(36%) were female. Anticoagulant medication was present in 192 patients with CSDH (72%).
In terms of pre-existing conditions, 53 patients (20%) suffered from diabetes mellitus and
160 patients (60%) from treatment-requiring arterial hypertension. The median preoperative
Markwalder grading scale for the entire group of patients with CSDH was one (IQR 1-2).
The respective value for GCS was 15 (14-15).

In 73% of cases, CSDH was unilateral (194/265). Overall, 218 patients (82%) with
CSDH demonstrated some form of preoperative midline shift (MLS). In 99 patients (37%),
MLS exceeded 5 mm. In 97 cases (37%), the presence of CSDH septations on the targeted
side was noted on preoperative imaging. In 259 patients (98%), surgery consisted of BHC,
whereas craniotomy was performed in 6 patients with CSDH (2%). The median operation
time was 33 min (IQR 24-45). The median hospital stay amounted to 6 days (IQR 4-9).

3.2. Dehydration Status at Admission

Of the 265 patients with CSDH and surgical treatment in the present study, a total of
9 patients (3.4%) were dehydrated during their initial blood test performed on admission
(U/Cr ratio > 80). The baseline characteristics of the patients with versus (vs.) without
dehydration are detailed in Table 1. There were no significant differences in demographic
characteristics, location/configuration and/or treatment of CSDH during hospitalization.
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Table 1. Baseline characteristics of patients with and without dehydration.

Variables Non-Dehydration (n = 256) Dehydration (n =9) p-Value
Median age (IQR, yrs) 79 (73-85) 81 (74-86) 0.71
Female sex 91 (36%) 4 (44%) 0.73
Preoperative anticoagulant medication 186 (73%) 6 (67%) 0.32
Platelet inhibition 23 (9%) 2 (22%) 0.2
Vitamin K antagonists 123 (48%) 3 (33%) 0.5
Combination 40 (16%) 1 (11%) 1.0
Median Markwalder grading scale (IQR) 1(1-2) 1(0-1) 0.07
Median GCS (IQR) 15 (14-15) 15 (15-15) 0.55
Unilateral CSDH 185 (72%) 9 (100%) 0.12
Preoperative MLS > 5 mm 94 (37%) 5 (56%) 0.30
Presence of CSDH septations 91 (36%) 6 (67%) 0.08
BHC 250 (98%) 9 (100%) 0.82
Admission Na > 145 mmol/L 7 (3%) 1 (11%) 0.24
Admission eGFR < 30 mL/min 6 (2%) 9 (100%) <0.0001
Admission urea > 7.5 mmol/L 58 (23%) 6 (67%) 0.007
Recurrence of SDH 27 (11%) 5 (56%) 0.002
Median GOS at discharge (IQR) 5 (4-5) 5 (4-5) 0.55
Median mRS at discharge (IQR) 1(0-3) 0(0-1) 0.1

3.3. Risk of CSDH Recurrence

Overall, 32 patients (12%) suffered a recurrence of CSDH requiring surgery. In all the
patients, recurrent CSDH was treated with revision surgery. The median GOS at discharge
for the entire group of patients with CSDH was five (IQR 4-5). The respective value for mRS
was one (0-3). The patients who had a recurrence of CSDH demonstrated a preoperative
MLS > 5 mm significantly more often compared to patients without a CSDH recurrence
(63% vs. 34%, p = 0.003, OR 3.2, 95% CI 1.5-6.9) (Table 2).

Table 2. Baseline characteristics of patients with and without recurrence.

Variables No CSDH Recurrence CSDH Recurrence p-Value
(n =233) (n=32)
Median age (IQR, yrs) 79 (73-85) 80 (72-85) 0.68
Female sex 85 (37%) 10 (31%) 0.70
Pre-existing diabetes mellitus 42 (18%) 11 (34%) 0.06
Pre-existing arterial hypertonus 140 (60%) 20 (63%) 0.85
Preoperative. anficoagulant 171 (73%) 21 (66%) 0.40
medication
Platelet inhibition 22 (9%) 3 (9%) 1.00
Vitamin K antagonists 112 (48%) 14 (41%) 0.71
Combination 37 (16%) 4 (13%) 0.80
Median Markwalder grading scale (IQR) 1(1-2) 1(0-2) 0.83
Median GCS (IQR) 15 (14-15) 15 (14-15) 0.31
Admission U/Cr > 80 4 (2%) 5 (16%) 0.002
Unilateral CSDH 171 (73%) 23 (72%) 0.83
Preoperative MLS > 5 mm 79 (34%) 20 (63%) 0.003
Presence of CSDH septations 83 (36%) 14 (44%) 0.44
BHC 228 (98%) 31 (97%) 0.54
Length of hospital stay (IQR, days) 6 (4-9) 6 (4-10) 0.86
Median GOS at discharge (IQR) 5 (4-5) 5 (4-5) 0.70
Median mRS at discharge (IQR) 1(0-3) 1(0-3) 0.77

Neither pre-existing disease, unilateral /bilateral location of CSDH, nor the presence
of septations in the hematoma differed significantly between the patients with and without
a recurrence of CSDH. Pre-existing diabetes mellitus, which has been reported to constitute
a risk factor for CSDH recurrence [20], occurred more frequently in the patients with
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subsequent CSDH recurrence than in the patients without recurrence, although no statistical
significance was reached in this regard (p = 0.06).

3.4. Multivariate Analysis

To identify the independent predictive factors for the post- surgery recurrence of
CSDH, a multivariate analysis was conducted based on the dehydration status at admission,
and preoperative MLS > 5 mm that had been identified within the univariate analysis,
as well as diabetes mellitus, as a known and previously published risk factor [20]. The
multivariate analysis revealed pre-existing diabetes mellitus (p = 0.02, OR 2.7, 95% CI
1.2-6.5), preoperative MLS > 5 mm (p = 0.003, OR 3.3, 95% CI 1.5-7.5), and dehydration
status on admission (p = 0.002, OR 10.3, 95% CI 2.4—44.1) as significant and independent
predictors for the recurrence of CSDH (Nagelkerkes R? 0.164) (Figure 1).

Figure 1. Forest plot. Visualization of the multivariate analysis for CSDH recurrence after initial
surgical removal.

4. Discussion

The results of the present series indicate that intake dehydration, detected by U/Cr > 80,
might facilitate the recurrence of CSDH. Certainly, numerous risk factors for CSDH recur-
rence have previously been demonstrated. To begin with, there is the degree of septa-
tion within the hematoma itself [21,22]. Moreover, the benefits and risks of surgical ap-
proaches to individual membranes have been sufficiently and well explored/discussed in
the past [23,24]. In addition to the characteristics of the hematoma (acute components) and
septation, the manner of intraoperative irrigation, as well as insertion of subdural drainage,
have also been discussed, in relation to the likelihood of CSDH recurrence [25-28]. Since
this certainly constitutes a condition of the elderly, anticoagulant medications have also
been mentioned as a potential risk factor for the recurrence of CSDH [29]. This circumstance
will certainly be examined more meticulously in the future, since particularly high-risk
patients, e.g., those with recent cardiological /endovascular interventions, are also depen-
dent on anticoagulation during care for CSDH, which necessitates weighing up the risks
and benefits of anticoagulant medications. Furthermore, the mere age of the patient is also
discussed repeatedly as a possible risk factor for CSDH recurrence [29-31]. One line of
argumentation is the decrease in brain volume in the elderly, leading to a larger extrac-
erebral volume, which, in turn, may promote the development and progression of CSDH
or its recurrence [32,33]. In addition, Jang et al. reported that brain volume depressed
by the existing hematoma may also foster recurrence of CSDH, despite surgical evacua-
tion [34]. A reduction in brain volume has also been reported to occur when patients are
dehydrated [35], therefore constituting a direct focal (intracranial) correlation between
dehydration status and CSDH recurrence. In addition, dehydration is known to induce
inflammatory responses and increased adhesive properties in endothelial cells [14]. With
regard to inflammatory mediators that facilitate secondary bleeding from CSDH membrane
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remnants after surgical therapy [9], dehydration might also impact CSDH recurrence in a
systemic manner.

Dehydration is an important facilitator of morbidity and mortality, especially in older
and, thus, often more vulnerable patients [36,37]. When an additional stressor (herein
CSDH) compounds neurologic/cognitive impairment in already physically debilitated
elderly patients, the impact of potential dehydration is further exacerbated. Nursing home
patients, with additional dehydration, face additional poor outcomes [38]. Furthermore,
a dehydrated state at the time of admission has also been found to significantly affect
short-term outcomes in patients with acute ischemic stroke [18,39]. Marginal brain volume
reduction, triggered by dehydration of the affected patient, can be partially compensated by
rehydration, according to radiological studies [35]. The reciprocal effects of hypervolemic
fluid management have also been recognized in the treatment and management of pa-
tients with acute brain injuries (e.g., subarachnoid hemorrhage). Montano et al. addressed
the consideration of postoperative forced fluid therapy by providing saline solution in-
travenously to the treated CSDH patient until postoperative day 3 [40]. In this way, an
additional reduction in the size of the CSDH was achieved—most likely by re-expansion of
the brain. Janowski et al. had previously demonstrated a similar effect [41].

Since the present study demonstrated, for the first time, the impact of apparent
prehospital dehydration in patients with CSDH on the likelihood of recurrence, it would
be desirable for this to result in earlier identification of those patients who might benefit
from such forced fluid management.

5. Limitations

This retrospective analysis, from only one medical facility, bears several shortcomings.
The number of patients who actually suffered from significant dehydration is relatively
small in the present patient cohort; therefore, the generalizability of the findings is limited.
The authors intended to assess these data as the first estimation of a potential correlation
between an initial dehydration status and the risk of postoperative CSDH recurrence, which
might enable the initiation of further multicenter studies in order to cope with the limitation
of potential selection bias due to the limited group size in the present study. The lack of
a uniform definition of dehydration and the varying availability of all laboratory values
make a thorough patient cohort presentation difficult. Furthermore, the retrospective
nature did not allow for a causal analysis of reduced GFR values in the dehydration cohort,
leaving mutual dependencies between these two variables unexplored. Nevertheless, this
is the first attempt to demonstrate the impact of the dehydration status of affected patients
with CSDH on the likelihood of recurrence, and should, therefore, be considered in future
scientific endeavors.

6. Conclusions

The present findings indicate that dehydration on admission appears to be an inde-
pendent predictor for CSDH recurrence requiring surgery.
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