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Abstract
Background
Preoperative identification of clinical, radiographic, and surgery-specific factors associated with nonacute
subdural hematomas (SDHs) may enable clinicians to optimize the efficacy of the initial surgical
intervention, improve outcomes, and decrease rates of surgical recurrence.

Methods
The authors identified patients aged ≥65 years who underwent surgical treatment of chronic, subacute, or
mixed-density SDH at a level-1 trauma hospital over a ten-year period (2010-2019). Pre-and postoperative
clinical, radiographic, and surgery-specific data were collected. Predictors of surgical recurrence as well as
morbidity, mortality, and discharge disposition were analyzed.

Results
There were 268 nonacute SDHs treated surgically; 46 were chronic, 19 were subacute, and 203 were mixed
density. Of these, 179 were treated with burr hole(s), 62 with miniature craniotomy, and 27 via a large
craniotomy and removal of subdural membranes. Statin use was protective (OR 0.22; 95% CI 0.08, 0.60)
against recurrence requiring reoperation. Preoperative use of antithrombotic agents was not significantly
associated with increased recurrence requiring reoperation. Smaller preoperative hematoma thickness was
associated with significantly lower mortality risk, whereas mixed-density hematomas, patient age, change in
thickness after surgery, density, and presence of cisternal effacement were significantly associated with
discharge disposition. Hematoma type was also associated with hospital and intensive care length of stay.

Conclusions
Our experience suggests that, in elderly patients, premorbid statin usage is associated with lower recurrence
rates and preoperative antithrombotic use does not affect recurrence when appropriately reversed before
surgery. Patient age, preoperative thickness, and hematoma type contribute to postoperative outcomes such
as discharge disposition and length of stay.
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Introduction
Subdural hematomas (SDHs) are a common pathology encountered by neurosurgeons and neurocritical care
specialists. The aggregate medical charges for patients with SDHs were nearly $2 billion in the United States
in 2006, with more recent reports of individual patient 1-year cost after surgical evacuation of $72,799,
reflecting the significant economic burden on the healthcare system [1,2]. Most SDHs are nonacute (chronic,
subacute, mixed density); the annual incidence of chronic SDHs is approximately 13.3 per 100,000 in the
general population, with approximately two-thirds of cases occurring in patients 65 years or older [1,3].
Furthermore, there have been substantial increases in incidence in recent decades [4]. The cause of the
increasing number of SDHs encountered in clinical practice is multifactorial, involving, among other factors,
the aging of the population, increased susceptibility to injury due to comorbid conditions and use of
antithrombotic agents, improved access to imaging and diagnosis, and a growing epidemic of falls among
the elderly population. Safe, effective, and durable treatment of nonacute SDHs is essential.

Both surgical and nonsurgical strategies have been employed for the management of nonacute SDHs.
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Although burr-hole drainage is the most common method of surgical evacuation, no consensus has been
reached on which method is most appropriate [5,6]. Given the pathophysiology and common comorbidities
among elderly patients with nonacute SDHs, surgical recurrence requiring reoperation is particularly
troublesome. Recurrence rates range from 5 to 33%, with most instances occurring 1-8 weeks
postoperatively [3,5]. Many factors have been implicated in the recurrence after initial surgical intervention,
including older age, anticoagulant/antiplatelet drug usage, postoperative pneumocephalus, midline shift,
brain atrophy, the thickness of inner hematoma membranes, and a variety of metrics for the size and
amount of hematoma evacuated [7-9]. The association of these factors with recurrence, however, has been
very inconsistently demonstrated, with many studies reporting conflicting results. We examined
preoperative and surgery-related factors, including volumetric analysis and the impact of statins, that may
be associated with recurrence and poor outcomes in elderly patients with nonacute SDHs.

Materials And Methods
We retrospectively reviewed the records of all patients 65 years and older who presented with chronic,
subacute, or mixed-density SDHs who underwent surgical treatment over a 10-year period (2010-2019) at
the University of Texas Health San Antonio University Hospital, a level-1 trauma center. The institutional
review board of the University of Texas Health San Antonio (IRB protocol 15-0808H) approved this study
with a waiver of informed consent. All patient information was de-identified and analyzed in compliance
with Health Insurance Portability and Accountability Act regulations.

Baseline demographic and clinical data including age, sex, presenting Glasgow Coma Scale (GCS) score, and
antithrombotic/steroid/statin usage, as well as surgery-specific factors, including the type of craniotomy

(i.e., burr-hole(s), miniature craniotomy <20 cm3, or large craniotomy >20 cm3) and placement of
subdural/subgaleal drains or both, were collected. Patients were considered to be antithrombotic users if an
antithrombotic medication was indicated as a home medication upon admission and as a statin-user if
statins were prescribed as a component of posthospitalization discharge orders. Surgical decision-making
was at the discretion of the attending neurosurgeon. Computed tomography (CT) scans were reviewed to
identify the nonacute SDH subtype, hematoma density in Hounsfield units, maximal pre-and postoperative
axial hematoma thickness, presence of midline shift, cisternal effacement, presence of loculations, and
laterality of hematoma location. Pre-and postoperative hematoma volume was assessed using Multimodality
Tumor Tracking software (Philips, Amsterdam, Netherlands) (Figure 1). Maximal hematoma thickness and
volume were measured on the final CT scan before discharge. Subsequent calculations included
postoperative percentage change in maximal hematoma thickness ({preoperative thickness - postoperative
thickness}/preoperative thickness) and postoperative percentage change in hematoma volume
({preoperative volume - postoperative volume}/preoperative volume). Radiographic factors were also scored
with the Oslo CSDH grading system and compared with actual rates of recurrence [10].

FIGURE 1: Axial CT images of a patient with chronic SDH
(A) Preoperative and (B) preoperative with hematoma volume highlighted in red using Philips Multi-Modality
Tumor Tracking software. (C) Postoperative with hematoma volume highlighted.

The primary outcome was SDH recurrence requiring reoperation; secondary outcomes included total length
of stay (LOS), intensive care unit (ICU) LOS, complication rate and type, discharge disposition (home,
inpatient rehabilitation facility, skilled nursing facility, hospice, or death), and mortality. Univariate and
multivariate logistic regression analysis and computation of odds ratios with 95% confidence intervals were
conducted for binary outcomes such as recurrence. A p-value of <0.05 was used as a cutoff to determine a
significant difference. Bivariate and multivariate logistic regression analysis was conducted for continuous
outcomes such as LOS and ICU LOS. Although we attempted to minimize the number of variables for
analysis to prevent overfitting, perfect adherence to the one-in-ten rule of thumb was not achieved given
the important preoperative factors and outcomes that needed to be assessed.
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Results
During the 10-year period studied, surgical intervention was performed for 268 nonacute SDHs in 244
patients, of which 46 were chronic, 19 were subacute, and 203 were mixed density (Table 1). The average age
of the patients was 75.9±6.72 years, and the mean GCS score at presentation was 13±2.2. Eighty-one patients
were female and 163 were male. On head CT, 100 hematomas were loculated, 154 patients had midline shift,
and 114 had cisternal effacement. There were 220 patients with unilateral hematomas and 24 with bilateral
hematomas requiring surgical intervention. Eighty-nine patients were taking a statin at the time of
presentation, 94 were taking antiplatelet agents, and 53 were taking anticoagulant medications. Of note, all
surgically treated patients underwent reversal of antithrombotic medication; those on antiplatelet agents
received intravenous desmopressin or platelets, whereas those on anticoagulant agents received vitamin K
and fresh frozen plasma or 4-factor prothrombin complex concentrate. Twenty-seven hematomas were
evacuated via a large craniotomy, 62 with a miniature craniotomy, and 179 with burr-hole(s)
drainage. Drains were placed in 183 cases, of which 130 were subdural, 50 subgaleal, and three epidural. The
placement of drains was at the discretion of the attending neurosurgeon.
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Variable All Recurrent Nonrecurrent
p-value

Univariate analysis Multivariate analysis

Number of cases 268 41 (15.3) 227 (84.7)   

Mean age (years) 75.9±6.72 75.6±6.7 76.1±6.89 0.65 0.68

Sex   146/81 0.1 0.07

     Male 178 (66.4) 32 (11.9) 146 (54.5)   

     Female 90 (33.6) 9 (3.36) 81 (30.2)   

SDH type    0.44 0.6

     Chronic 46 (17.2) 8 (2.99) 38 (14.2)   

     Subacute 19 (7.09) 4 (1.49) 15 (5.59)   

     Mixed density 203 (75.8) 29 (10.8) 174 (64.9)   

Mean presenting GCS 13.3±2.2 13.6±1.66 13.2±2.28 0.269 0.37

Anticoagulant usage    0.64 0.67

     Yes 53 (19.8) 7 (2.61) 46 (17.2)   

     No 215 (80.2) 34 (12.7) 181 (67.5)   

Antiplatelet usage    0.74 0.27

     Yes 94 (35.1) 16 (5.97) 78 (29.1)   

     No 174 (64.9) 25 (9.33) 149 (55.6)   

Statin usage    0.004 0.004

     Yes 89 (33.2) 5 (1.87) 84 (31.3)   

     No 179 (66.8) 36 (13.4) 143 (53.4)   

Steroid usage    0.48 0.77

     Yes 28 (10.5) 3 (1.12) 25 (9.33)   

      No 240 (89.6) 38 (14.2) 202 (75.4)   

Cisternal effacement 114 (42.5) 16 (5.97) 98 (36.6) 0.62 0.67

Midline shift 154 (57.5) 25 (9.33) 129 (48.1) 0.62 0.34

Surgical treatment    0.53 0.97

     Burr hole 179 (66.8) 27 (10.1) 152 (56.7)   

     Miniature craniotomy 62 (23.1) 7 (2.61) 55 (20.5)   

     Full craniotomy 27 (10.1) 7 (2.61) 20 (7.46)   

TABLE 1: Preoperative clinical information for patients with nonacute subdural hematomas,
subdivided based on eventual recurrence requiring reoperation
SDH, subdural hematoma; GCS, Glasgow Coma Scale.

Values are reported as mean (±SD) or number (%)

A total of 41 hematomas (15.3%) recurred and required reoperation after the index operation. Reoperation
rates among patients on anticoagulant agents (7 of 46, 15.2%) and antiplatelets (16 of 78, 20.5%) were not
significantly different compared with reoperation rates for patients not taking such medications (p=0.67,
p=0.27, respectively) (Table 1). The average initial preoperative hematoma thickness among patients who
eventually required reoperation was not significantly different from those who did not (22.5 mm vs. 20.8
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mm, p=0.08) (Table 2). In addition, the initial preoperative volume was similar in both groups (139 mL in the
recurrent group vs. 137 mL in the nonrecurrent, p=0.52). The percent change in hematoma thickness after
initial surgery (60.4% vs. 61.4%) was not different in patients who required reoperation and those who did
not (p=0.59), nor was the percent change in volume (68.2% vs. 71.2%, p=0.24). Only five of the 89 (5.9%)
hematomas in patients on statins required reoperation, a rate that was significantly lower on both univariate
and multivariate analysis (OR 0.22; 95% CI 0.08, 0.60, p=0.004).

Variable All Recurrent Nonrecurrent
p-value

Univariate analysis Multivariate analysis

Preoperative thickness (mm) 21±6.41 22.5±7.53 20.8±6.17 0.12 0.08

Postoperative thickness (mm) 8.17±5.01 9.1±6.66 8±4.64   

% change in thickness 61.2±19.8 60.4±24.3 61.4±18.9 0.76 0.59

Preoperative volume (ml) 137±56.3 139±56.1 137±56.4 0.88 0.52

Postoperative volume (ml) 41.8±37.4 44.8±42.7 41.3±36.4   

% change in volume 70.8±19.9 68.2±26.1 71.2±18.6 0.37 0.24

Hematoma density (Hounsfeld units) 36.9±11.9 35.2±11.9 37.2±11.9 0.32 0.39

TABLE 2: Comparison of radiographic findings in recurrent and nonrecurrent SDHs
Values are reported as mean (±SD).

Secondary outcomes recorded included LOS, ICU LOS, discharge disposition, complications, and mortality
(Table 3). The hematoma subtype was associated with significantly different LOS and ICU LOS on univariate
analysis (p<0.001) and multivariate analysis (p<0.001). Discharge disposition consisted of five categories:
home, skilled nursing facility, long-term acute care facility, inpatient rehabilitation, and death. In total, 120
cases were discharged home, 62 to a skilled nursing facility, 49 to a long-term acute care facility, seven to
inpatient rehabilitation, and six died in the hospital. At the latest follow-up (six months when available), the
total number of deaths was 16, with 15 (93.8%) among patients with mixed-density hematomas. Factors
associated with discharge disposition included cisternal effacement (p<0.001), hematoma density (p=0.04),
change in thickness of SDH after initial surgical intervention (p=0.007), age (p=0.02), hematoma subtype
(p<0.001), and presenting GCS (p=0.04) on multivariate analysis. The overall complication rate was 10.8%,
comprising nine cases of pneumonia, eight cases of deep vein thrombosis, two cases of bacteremia, and 12
cases of urinary tract infections. Preoperative SDH thickness was the only factor associated with
significantly greater mortality on multivariate analysis (p=0.04).
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Variable
All
(N=268)

Significant predictors (univariate analysis) Significant predictors (multivariate analysis)

Length of stay
(days)

   

     Total hospital 7.01±4.69 hematoma subtype (p<0.001) hematoma subtype (p<0.001)

     Intensive care
unit

3.75±3.66 hematoma subtype (p<0.001); GCS (p=0.006) hematoma subtype (p<0.001)

Complication
27
(10.8%)

 change in volume (p=0.04)

     pneumonia 9   

     DVT 8   

     bacteremia 2   

     UTI 12   

Discharge
disposition
(number of
patients = 244)

 
cisternal effacement (p<0.001); change in
thickness (p=0.002); density (p=0.01);
hematoma subtype (p<0.001); GCS (p<0.001)

cisternal effacement (p<0.001); change in thickness
(p=0.007); density (p=0.04); hematoma subtype
(p<0.001); GCS (p=0.04); age (p=0.02)

     Home
120
(49.2%)

  

     SNF
62
(25.4%)

  

     LTAC
49
(20.1%)

  

     Inpatient
rehabilitation

7 (2.87%)   

     In-hospital
mortality

6 (2.46%)   

Mortality (6 month)
16
(6.56%)

preoperative thickness (p=0.005); change in
thickness (p=0.01); change in volume (p=0.04);
density (p=0.006); GCS (p=0.002)

preoperative thickness (p=0.04)

TABLE 3: Outcomes data for patients with chronic, subacute, and mixed-density hematomas
DVT, deep vein thrombosis; UTI, urinary tract infection; SNF, skilled nursing facility; LTAC, long-term acute care; GCS, Glasgow Coma Scale

Discussion
The incidence of nonacute SDH is expected to increase as the elderly proportion of the population increases
[1]. Thus, efficient and effective management of this condition is essential, especially with regard to the
prevention of recurrence requiring reoperation. Although many studies have reported factors that appear to
be related to recurrence, the consistency of these factors has not been demonstrated in the extant literature.
The cohort examined in this study had similar demographic characteristics to previously reported cohorts,
with a mean age of 75.9 years and a male-to-female predominance of 2:1. The overall rate of recurrence was
15.3%, which is within the range of 5-33% commonly cited [3,5]. The average Oslo CSDH grade, a score that
uses radiographic factors to predict the likelihood of recurrence on a scale of 1-5, was found to be 2 [10]. This
corresponds to a rate of recurrence requiring reoperation of 6% (95% CI 1, 16). The mortality rate in our
cohort was 6.56%, which is comparable with recently reported mortality rates of 4-18% [11]. Treatment
strategies were also consistent with previous studies, with burr-hole craniotomy being the most common
method of drainage employed.

Of the patients that required reoperation because of SDH recurrence, most initially presented with a mixed-
density hematoma (70.7%), followed by chronic (19.5%), and finally subacute (9.76%). This is consistent
with previous studies, which have shown higher rates of recurrence in mixed-density SDHs than in subacute
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or chronic SDHs [12,13]. Patients with mixed-density SDHs have also been found to have a greater
propensity for postoperative seizures [14]. In mixed-density SDHs, an extremely fragile neomembrane forms,
and local inflammatory mediators predispose the neomembrane to repeated bleeding [5,15,16]. Further
disruption of this neomembrane, as well as increased intramembranous volume due to acute bleeding, may
contribute to the greater rates of recurrence in mixed-density hematomas.

Statin usage has often been explored as a protective factor in various intracranial vascular pathologies. It has
been reported that atorvastatin in particular increases the amount of circulating endothelial progenitor
cells, thereby promoting angiogenesis [17]. Statins have also been found to decrease levels of vascular
endothelial growth factor (VEGF), interleukin-6 (IL-6), IL-8, and tumor necrosis factor-α (TNF-α) in animal
studies [18,19]. In mixed-density and chronic SDHs, these inflammatory and fibrinolytic factors are likely the
cause of chronic capsular fragility and poor neovascularization [15]. VEGF levels are significantly increased
within hematoma fluid and neomembranes compared with serum samples, and its presence is associated
with increased levels of TNF-α and hypoxia-inducible factor-1 α (HIF-1α), both of which are known as VEGF
inducers [20,21]. Although VEGF is normally a proangiogenic factor, the excessive presence of VEGF has
been associated with pathological angiogenesis, resulting in leaky, friable vessels [22]. This is likely related
to a VEGF-induced increase in angiopoietin-2 expression, which in turn upregulates placental growth factor
(PlGF) expression [23,24]. Excessive PlGF activity has been related to pathological angiogenesis in diseases
such as diabetic retinopathy and has been found at significantly increased levels in CSDH fluid compared
with serum [22,24]. Hematoma fluid has also been found to contain a very low ratio of soluble VEGF receptor
1 (a VEGF antagonist) to PlGF, indicative of an environment conducive to pathological angiogenesis [22].

Impaired angiogenesis within the neomembrane may in turn predispose to leakage of blood from immature
vessels, resulting in recurrence [17,25]. Evidence for this was presented by Ito et al., who administered
chromium-labeled red cells to patients with CSDH and measured the amount of labeled red cells found in the
hematoma fluid upon aspiration 24 hours later [26]. They found that approximately 10% of the aspirate was
made up of labeled red cells, which had accumulated in the hematoma over the 24-hour period. The
rationale behind statin usage improving rates of recurrence is therefore clear: statins decrease levels of
inflammatory factors that normally induce pathological angiogenesis within the hematoma neomembrane,
resulting in decreased pathological angiogenesis and chronic leakage. In our cohort, only five of 89
hematomas in statin users experienced a recurrence, yielding a significantly lower rate of recurrence
compared with nonusers, and an odds ratio of 0.22 (95% CI 0.08, 0.6; p=0.004). This suggests that statin use
may be protective against recurrence in subacute and mixed-density SDHs and underscores the potential
value of statins as an adjuvant medical treatment to be administered to patients who undergo surgical
intervention for nonacute SDHs.

Antiplatelet and anticoagulant agents, on the other hand, have been inconsistently reported to increase the
risk of recurrence. Kim et al. [5] found the two to be significantly associated with greater recurrence rates,
but Torihashi et al. [9] and Mori and Maeda [3] reported no significant association. Several recent meta-
analyses and reviews have assessed both the rates of recurrence in patients on antiplatelet/anticoagulant
agents and the proper timing of resumption of said therapies. The findings were mixed, but with a greater
number of studies demonstrating no significant difference in recurrence rates among
antiplatelet/anticoagulant users than those that did [27, 28]. Additionally, there was no significant
difference in rebleed rates among patients restarting antiplatelet/anticoagulant agents early in the
postoperative period compared with those in which they were restarted late [29]. In our cohort, antiplatelet
and anticoagulant users did not have a significantly different rate of recurrence when compared with
nonusers. Thus, our results support the findings of the majority of studies that recurrence rates of nonacute
SDHs are not increased by the use of antiplatelet or anticoagulant medications.

Mixed-density hematoma subtype was associated with significantly longer LOS and ICU LOS on multivariate
analysis. Additionally, cisternal effacement, hematoma density, change in thickness of SDH after surgical
intervention, age, hematoma subtype, and presenting GCS were all associated with significantly different
discharge dispositions. Greater preoperative thickness was the only factor associated with significantly
greater mortality. This would suggest that although these factors did not necessarily influence recurrence
rate, they did significantly impact patient outcomes in terms of postoperative morbidity and mortality.

Limitations
The principal limitation of this study was its retrospective nature. As a result, there was no standardization
in terms of surgical procedures or post-treatment management, including duration of drain placement,
follow-up, readmission protocols, or thresholds for reoperation. Additionally, the decision to start statin
therapy was at the discretion of the attending neurosurgeon and was done independently of any studies or
trials. This variation in the treatment paradigm could result in a confounding effect on the results. Another
limitation was the sample size, particularly that of recurrent hematomas requiring reoperation. Although
the total number of cases was 268, only 41 recurred. Additionally, reoperation is an inherently difficult
complication to assess, as it may occur very remotely from the initial hospital stay and may not be reported
to the same institution. These findings would therefore benefit from future, large-scale, multicenter
prospective work to reinforce the results. Finally, studies incorporating other adjuvant therapies such as
middle meningeal artery embolization, which has been shown to reduce recurrence in chronic SDH [30], may
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help develop a new treatment paradigm for patients with this disease.

Conclusions
This single-institution experience suggests that, in elderly patients, statin usage may provide a significant
benefit in the reduction of recurrence requiring reoperation, whereas premorbid antiplatelet and
anticoagulant medication usage did not alter reoperation rates significantly. Mixed-density SDHs were the
most common subtype in which subsequent reoperation was required, and death occurred most commonly
in this group as well. Hematoma subtype was also associated with significantly different ICU and hospital
LOS. Although hematoma size did not correlate with significantly different reoperation rates, it was
associated with significantly worse discharge disposition and was the only factor to correlate significantly
with mortality. Further prospective studies and randomized controlled trials would help qualify the findings
of the inquiry.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. University of Texas
Health San Antonio issued approval 15-0808H. The institutional review board of the University of Texas
Health San Antonio (IRB protocol 15-0808H) approved this study with a waiver of informed consent. All
patient information was de-identified and analyzed in compliance with Health Insurance Portability and
Accountability Act regulations. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: Ramesh Grandhi
declare(s) personal fees from Balt Neurovascular. Ramesh Grandhi declare(s) personal fees from Cerenovus.
Ramesh Grandhi declare(s) personal fees from Medtronic Neurovascular. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

Acknowledgements
We thank Kristin Kraus, MSc, for editorial assistance.

References
1. Frontera JA, de los Reyes K, Gordon E, et al.: Trend in outcome and financial impact of subdural

hemorrhage. Neurocrit Care. 2011, 14:260-6. 10.1007/s12028-010-9418-2
2. Catapano JS, Koester SW, Srinivasan VM, et al.: Total 1-year hospital cost of middle meningeal artery

embolization compared to surgery for chronic subdural hematomas: a propensity-adjusted analysis. J
Neurointerv Surg. 2021, 10.1136/neurintsurg-2021-018327

3. Mori K, Maeda M: Surgical treatment of chronic subdural hematoma in 500 consecutive cases: clinical
characteristics, surgical outcome, complications, and recurrence rate. Neurol Med Chir (Tokyo). 2001,
41:371-81. 10.2176/nmc.41.371

4. Kalanithi P, Schubert RD, Lad SP, Harris OA, Boakye M: Hospital costs, incidence, and inhospital mortality
rates of traumatic subdural hematoma in the United States. J Neurosurg. 2011, 115:1013-8.
10.3171/2011.6.JNS101989

5. Kim SU, Lee DH, Kim YI, Yang SH, Sung JH, Cho CB: Predictive factors for recurrence after burr-hole
craniostomy of chronic subdural hematoma. J Korean Neurosurg Soc. 2017, 60:701-9.
10.3340/jkns.2016.1010.003

6. Mondorf Y, Abu-Owaimer M, Gaab MR, Oertel JM: Chronic subdural hematoma--craniotomy versus burr
hole trepanation. Br J Neurosurg. 2009, 23:612-6. 10.3109/02688690903370297

7. Nakaguchi H, Tanishima T, Yoshimasu N: Factors in the natural history of chronic subdural hematomas that
influence their postoperative recurrence. J Neurosurg. 2001, 95:256-62. 10.3171/jns.2001.95.2.0256

8. Yamamoto H, Hirashima Y, Hamada H, Hayashi N, Origasa H, Endo S: Independent predictors of recurrence
of chronic subdural hematoma: results of multivariate analysis performed using a logistic regression model.
J Neurosurg. 2003, 98:1217-21. 10.3171/jns.2003.98.6.1217

9. Torihashi K, Sadamasa N, Yoshida K, Narumi O, Chin M, Yamagata S: Independent predictors for recurrence
of chronic subdural hematoma: a review of 343 consecutive surgical cases. Neurosurgery. 2008, 63:1125-9;
discussion 1129. 10.1227/01.NEU.0000335782.60059.17

10. Stanišic M, Pripp AH: A reliable grading system for prediction of chronic subdural hematoma recurrence
requiring reoperation after initial burr-hole surgery. Neurosurgery. 2017, 81:752-60. 10.1093/neuros/nyx090

11. Oktay K, Olguner SK, Sarac ME, Ozsoy KM, Cetinalp NE, Gezercan Y, Vural SB: Treatment of chronic
subdural hematoma: 5-year clinical experience. Eur J Ther. 2016, 22:118-23. 10.5152/EurJTher.2016.002

12. Chen CW, Kuo JR, Lin HJ, Yeh CH, Wong BS, Kao CH, Chio CC: Early post-operative seizures after burr-hole
drainage for chronic subdural hematoma: correlation with brain CT findings. J Clin Neurosci. 2004, 11:706-
9. 10.1016/j.jocn.2004.03.019

13. Ko BS, Lee JK, Seo BR, Moon SJ, Kim JH, Kim SH: Clinical analysis of risk factors related to recurrent chronic
subdural hematoma. J Korean Neurosurg Soc. 2008, 43:11-5. 10.3340/jkns.2008.43.1.11

14. Stanišić M, Hald J, Rasmussen IA, et al.: Volume and densities of chronic subdural haematoma obtained
from CT imaging as predictors of postoperative recurrence: a prospective study of 107 operated patients.

2022 Bounajem et al. Cureus 14(5): e24779. DOI 10.7759/cureus.24779 8 of 9

https://dx.doi.org/10.1007/s12028-010-9418-2
https://dx.doi.org/10.1007/s12028-010-9418-2
https://dx.doi.org/10.1136/neurintsurg-2021-018327
https://dx.doi.org/10.1136/neurintsurg-2021-018327
https://dx.doi.org/10.2176/nmc.41.371
https://dx.doi.org/10.2176/nmc.41.371
https://dx.doi.org/10.3171/2011.6.JNS101989
https://dx.doi.org/10.3171/2011.6.JNS101989
https://dx.doi.org/10.3340/jkns.2016.1010.003
https://dx.doi.org/10.3340/jkns.2016.1010.003
https://dx.doi.org/10.3109/02688690903370297
https://dx.doi.org/10.3109/02688690903370297
https://dx.doi.org/10.3171/jns.2001.95.2.0256
https://dx.doi.org/10.3171/jns.2001.95.2.0256
https://dx.doi.org/10.3171/jns.2003.98.6.1217
https://dx.doi.org/10.3171/jns.2003.98.6.1217
https://dx.doi.org/10.1227/01.NEU.0000335782.60059.17
https://dx.doi.org/10.1227/01.NEU.0000335782.60059.17
https://dx.doi.org/10.1093/neuros/nyx090
https://dx.doi.org/10.1093/neuros/nyx090
https://dx.doi.org/10.5152/EurJTher.2016.002
https://dx.doi.org/10.5152/EurJTher.2016.002
https://dx.doi.org/10.1016/j.jocn.2004.03.019
https://dx.doi.org/10.1016/j.jocn.2004.03.019
https://dx.doi.org/10.3340/jkns.2008.43.1.11
https://dx.doi.org/10.3340/jkns.2008.43.1.11
https://dx.doi.org/10.1007/s00701-012-1565-0


Acta Neurochir (Wien). 2013, 155:323-33; discussion 333. 10.1007/s00701-012-1565-0
15. Javadi A, Amirjamshidi A, Aran S, Hosseini SH: A randomized controlled trial comparing the outcome of

burr-hole irrigation with and without drainage in the treatment of chronic subdural hematoma: a
preliminary report. World Neurosurg. 2011, 75:731-6; discussion 620-3. 10.1016/j.wneu.2010.11.042

16. Stanisic M, Lyngstadaas SP, Pripp AH, et al.: Chemokines as markers of local inflammation and angiogenesis
in patients with chronic subdural hematoma: a prospective study. Acta Neurochir (Wien). 2012, 154:113-20;
discussion 120. 10.1007/s00701-011-1203-2

17. Wang D, Li T, Tian Y, et al.: Effects of atorvastatin on chronic subdural hematoma: a preliminary report
from three medical centers. J Neurol Sci. 2014, 336:237-42. 10.1016/j.jns.2013.11.005

18. Li T, Wang D, Tian Y, et al.: Effects of atorvastatin on the inflammation regulation and elimination of
subdural hematoma in rats. J Neurol Sci. 2014, 341:88-96. 10.1016/j.jns.2014.04.009

19. Quan W, Zhang Z, Li P, et al.: Role of regulatory T cells in atorvastatin induced absorption of chronic
subdural hematoma in rats. Aging Dis. 2019, 10:992-1002. 10.14336/AD.2018.0926

20. Nanko N, Tanikawa M, Mase M, Fujita M, Tateyama H, Miyati T, Yamada K: Involvement of hypoxia-
inducible factor-1alpha and vascular endothelial growth factor in the mechanism of development of chronic
subdural hematoma. Neurol Med Chir (Tokyo). 2009, 49:379-85. 10.2176/nmc.49.379

21. Hua C, Zhao G, Feng Y, Yuan H, Song H, Bie L: Role of matrix metalloproteinase-2, matrix
metalloproteinase-9, and vascular endothelial growth factor in the development of chronic subdural
hematoma. J Neurotrauma. 2016, 33:65-70. 10.1089/neu.2014.3724

22. Kalamatianos T, Stavrinou LC, Koutsarnakis C, Psachoulia C, Sakas DE, Stranjalis G: PlGF and sVEGFR-1 in
chronic subdural hematoma: implications for hematoma development. J Neurosurg. 2013, 118:353-7.
10.3171/2012.10.JNS12327

23. Carmeliet P, Moons L, Luttun A, et al.: Synergism between vascular endothelial growth factor and placental
growth factor contributes to angiogenesis and plasma extravasation in pathological conditions. Nat Med.
2001, 7:575-83. 10.1038/87904

24. Pan P, Fu H, Zhang L, et al.: Angiotensin II upregulates the expression of placental growth factor in human
vascular endothelial cells and smooth muscle cells. BMC Cell Biol. 2010, 11:36. 10.1186/1471-2121-11-36

25. Bounajem MT, Campbell RA, Denorme F, Grandhi R: Paradigms in chronic subdural hematoma
pathophysiology: current treatments and new directions. J Trauma Acute Care Surg. 2021, 91:e134-41.
10.1097/TA.0000000000003404

26. Ito H, Komai T, Yamamoto S: Fibrinolytic enzyme in the lining walls of chronic subdural hematoma . J
Neurosurg. 1978, 48:197-200. 10.3171/jns.1978.48.2.0197

27. Nathan S, Goodarzi Z, Jette N, Gallagher C, Holroyd-Leduc J: Anticoagulant and antiplatelet use in seniors
with chronic subdural hematoma: systematic review. Neurology. 2017, 88:1889-93.
10.1212/WNL.0000000000003918

28. Chari A, Clemente Morgado T, Rigamonti D: Recommencement of anticoagulation in chronic subdural
haematoma: a systematic review and meta-analysis. Br J Neurosurg. 2014, 28:2-7.
10.3109/02688697.2013.812184

29. Phan K, Abi-Hanna D, Kerferd J, et al.: Resumption of antithrombotic agents in chronic subdural hematoma:
a systematic review and meta-analysis. World Neurosurg. 2018, 109:e792-9. 10.1016/j.wneu.2017.10.091

30. Joyce E, Bounajem MT, Scoville J, et al.: Middle meningeal artery embolization treatment of nonacute
subdural hematomas in the elderly: a multiinstitutional experience of 151 cases. Neurosurg Focus. 2020,
49:E5. 10.3171/2020.7.FOCUS20518

2022 Bounajem et al. Cureus 14(5): e24779. DOI 10.7759/cureus.24779 9 of 9

https://dx.doi.org/10.1007/s00701-012-1565-0
https://dx.doi.org/10.1016/j.wneu.2010.11.042
https://dx.doi.org/10.1016/j.wneu.2010.11.042
https://dx.doi.org/10.1007/s00701-011-1203-2
https://dx.doi.org/10.1007/s00701-011-1203-2
https://dx.doi.org/10.1016/j.jns.2013.11.005
https://dx.doi.org/10.1016/j.jns.2013.11.005
https://dx.doi.org/10.1016/j.jns.2014.04.009
https://dx.doi.org/10.1016/j.jns.2014.04.009
https://dx.doi.org/10.14336/AD.2018.0926
https://dx.doi.org/10.14336/AD.2018.0926
https://dx.doi.org/10.2176/nmc.49.379
https://dx.doi.org/10.2176/nmc.49.379
https://dx.doi.org/10.1089/neu.2014.3724
https://dx.doi.org/10.1089/neu.2014.3724
https://dx.doi.org/10.3171/2012.10.JNS12327
https://dx.doi.org/10.3171/2012.10.JNS12327
https://dx.doi.org/10.1038/87904
https://dx.doi.org/10.1038/87904
https://dx.doi.org/10.1186/1471-2121-11-36
https://dx.doi.org/10.1186/1471-2121-11-36
https://dx.doi.org/10.1097/TA.0000000000003404
https://dx.doi.org/10.1097/TA.0000000000003404
https://dx.doi.org/10.3171/jns.1978.48.2.0197
https://dx.doi.org/10.3171/jns.1978.48.2.0197
https://dx.doi.org/10.1212/WNL.0000000000003918
https://dx.doi.org/10.1212/WNL.0000000000003918
https://dx.doi.org/10.3109/02688697.2013.812184
https://dx.doi.org/10.3109/02688697.2013.812184
https://dx.doi.org/10.1016/j.wneu.2017.10.091
https://dx.doi.org/10.1016/j.wneu.2017.10.091
https://dx.doi.org/10.3171/2020.7.FOCUS20518
https://dx.doi.org/10.3171/2020.7.FOCUS20518

	Factors Associated With Morbidity and Retreatment After Surgical Management of Nonacute Subdural Hematomas in Elderly Patients
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Axial CT images of a patient with chronic SDH

	Results
	TABLE 1: Preoperative clinical information for patients with nonacute subdural hematomas, subdivided based on eventual recurrence requiring reoperation
	TABLE 2: Comparison of radiographic findings in recurrent and nonrecurrent SDHs
	TABLE 3: Outcomes data for patients with chronic, subacute, and mixed-density hematomas

	Discussion
	Limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


