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Abstract
Background: Chronic subdural hematoma (CSDH) is one of the most common 
clinical entities in daily neurosurgical practice which carries a most favorable 
prognosis. However, because of the advanced age and medical problems of 
patients, surgical therapy is frequently associated with various complications. 
This study evaluated the clinical features, radiological findings, and neurological 
outcome in a large series of patients with CSDH. 
Methods: A classification and regression tree (CART) technique was employed in 
the analysis of data from 986 patients who were operated at Asclepeion General 
Hospital of Athens from January 1986 to December 2011. Burr holes evacuation 
with closed system drainage has been the operative technique of first choice at our 
institution for 29 consecutive years. A total of 27 prognostic factors were examined 
to predict the outcome at 3‑month postoperatively. 
Results: Our results indicated that neurological status on admission was the best 
predictor of outcome. With regard to the other data, age, brain atrophy, thickness 
and density of hematoma, subdural accumulation of air, and antiplatelet and 
anticoagulant therapy were found to correlate significantly with prognosis. The 
overall cross‑validated predictive accuracy of CART model was 85.34%, with a 
cross‑validated relative error of 0.326. 
Conclusions: Methodologically, CART technique is quite different from the more 
commonly used methods, with the primary benefit of illustrating the important 
prognostic variables as related to outcome. Since, the ideal therapy for the treatment 
of CSDH is still under debate, this technique may prove useful in developing new 
therapeutic strategies and approaches for patients with CSDH.
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INTRODUCTION

Chronic subdural hematoma (CSDH) represents one of 
the most frequent types of intracranial disorder which 
carries a most favorable prognosis when diagnosed 
accurately and treated adequately. A steady increase in 

the incidence of CSDH has been observed in developing 
countries due to the rise in life expectancy.[20,35,52,67]

The standard treatment for CSDH is a surgical 
evacuation, which usually results in improvement 
of the neurological picture. This condition has been 
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treated by various surgical procedures such as burr holes 
evacuation, the most popular technique worldwide, 
twist – drill craniostomy, craniotomy, endoscopic 
removal, and subdural – peritoneal shunt.[3,19,32‑34,42,44,46] 
However, all these procedures are associated with various 
complications.[6,27,32,33,45] Numerous factors potentially 
associated with the outcome of patients with CSDH have 
been reported, although the postoperative neurological 
outcome of CSDH has not improved substantially over 
the past 30 years.[1,7‑9,14,17,20,24,25,35‑38,60‑62,64,66]

Classification and regression tree (CART) is an 
alternative statistical method of making predictions from 
data based on repeated partitioning of the dataset into 
more homogeneous subgroups.[5,54,55] CART searches for 
combinations of values of independent variables that best 
predict the value of the dependent variable and results 
are presented as “decision trees.”

In our department, burr holes evacuation with closed 
system drainage has been the operative technique of first 
choice for 28 consecutive years. The aim of this study is 
to present our experience of the surgical management 
of a 986 patients with CSDH and to emphasize the 
importance of the factors that contribute to neurological 
outcome, by developing a simple CART model involving 
a wide set of several variables and parameters possibly 
related to prognosis. The constructed tree shows that the 
sequence of important prognostic factors varies among a 
different group of patients.

MATERIALS AND METHODS

Patient characteristics
This clinical study includes 986 adult patients with 
CSDH, who were treated surgically at the Neurosurgical 
Department of Asclepeion General Hospital of Athens, 
from January 1986 to December 2011. This series 
represents the experience of our neurosurgical unit, 
a reference center covering a wide area, in managing 
986 CSDH cases with burr holes and a closed drainage 
system of a total of 1039 CDSH patients. Patients 
were included in this study if the clinical presentation 
was because of CSDH alone. We excluded all patients 
who had been previously operated elsewhere or with 
incomplete medical records. Subdural hygromas, 
calcified or ossified CSDHs (the so‑called “armored 
brain”), asymptomatic CSDHs, and patients who were 
inadequately followed up were also excluded from this 
study. Information was obtained retrospectively by 
reviewing the clinical histories.

The sample population was composed of 650 males and 
336 females (ratio 1.9:1), with a mean age of 69 years 
(range 29–96 years). Five‑hundred and three patients 
(51%) had a history of head trauma, most of which were 
minor or moderate.

The neurological status on admission was classified 
according to the most common neurological grading 
scheme for CSDH, as proposed by Markwalder et al.[32,33]: 
751 patients were in Grades 0–2 and 235 patients were 
in Grades 3 and 4. The leading symptom for the over 
70s was behavioral disturbance (37.4%), whereas the 
most frequent symptom in the under 70s was a headache 
(28.7%).

Predisposing factors included the administration of 
anticoagulant (AC) or antiaggregant therapy (237 patients), 
alcohol abuse (132 patients), coagulopathy (89 patients), 
and ventriculo – peritoneal shunt (6 patients). Arterial 
hypertension and diabetes mellitus presented in 19% 
and 14% of patients, respectively. Other concomitant 
pathological conditions are summarized in Table 1.

In all cases, diagnosis was based on computed tomography 
(CT), and CSDHs were classified into four groups 
according to the density on CT scan: Hypodense 
(144 cases), isodense (426 cases), hyperdense (61 cases), or 

Table 1: Prognostic factors in 986 patients with CSDH

Variable Grades and definitions

Age Age in years
Sex Male or female
Markwalder’s clinical grade Integer values, 0-4
CT density of hematoma 0: Hypodense

1: Isodense
2: Hyperdense
3: Mixed

Hematoma thicknessa,b In mm
Midline shifta,b In mm
Brain atrophy 0: Absent, minor

1: Medium, large
Residual air collectionb 0: Absent, minor

1: Medium, large
Anticoagulant - antiplatelet agents 0: Absent
Alcohol abuse 1: Present
Coagulopathyc

CSF shunt
Arterial hypertension
Diabetes mellitus
Cardiovascular disease
Cerebrovascular disease
Chronic pulmonary disease
Seizurea,b

Recurrenceb

Acute intracranial hematoma
Superficial wound infection
Subdural empyema
Pathological complicationsb

aPrognostic factors recorded preoperatively, bPrognostic factors recorded postoperatively, 
cMedical condition having bleeding tendency such as liver function abnormality, 
hematological disorders, chronic renal failure, or receiving chemotherapy. CSDH: Chronic 
subdural hematoma, CT: Computed tomography, CSF: Cerebrospinal fluid
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mixed (355 cases), on the basis of the density of hematoma 
relative to brain tissue.[9,26,35,49,66] Radiological measures of 
the CSDH, including the width of hematoma and midline 
shift were determined based on CT scans obtained before 
the operational procedure. The CSDH was right sided in 
434 patients (44%), left sided in 473 patients (48%), and 
bilateral in the remaining 79 (8%). Moreover, evidence of 
brain atrophy received particular attention; brain atrophy 
was classified into two grades: No or minor atrophy and 
medium or severe atrophy.[2,9,30,39,40]

Routine laboratory studies before surgery included a 
complete blood count, platelet count, international 
normalized ratio, prothrombin time and activated partial 
thromboplastin time, and biochemical investigations. 
Any antiaggregant and AC therapy was temporarily 
discontinued upon admission and re‑established no 
earlier than 4 weeks after the operation. Coagulopathy, if 
present, was corrected preoperatively by intravenous (IV) 
infusion of fresh frozen plasma, Vitamin K, or platelets.

Surgical management
Surgery was performed with mild neuroleptanalgesia and 
local anesthesia, and perioperative antibiotic prophylaxis 
was given in all cases. Moreover, all patients received 
postadmissionally anticonvulsants in the usual way for at 
least 3‑month.

The operative technique of first choice in our clinic for 
all these years was to deal with the hematoma through 
burr holes and slow evacuation and irrigation with 
continuous closed system drainage. Thus, the uniformity 
of the surgical procedure was maintained. We never tried 
to remove the subdural hematoma vigorously. A flat 
Jackson‑Pratt drain was introduced under direct vision 
into the subdural space, and particular precaution was 
taken not to injure the inner membrane of the hematoma 
or the brain. A mild vacuum generated suction applied, 
and the drainage was maintained for a period ranging 
from two to a maximum of 6 days postoperatively 
depending on the amount of draining liquid obtained. All 
bilateral CSDHs were operated upon at the same session. 
No attempt was made to reinflate the brain by intrathecal 
injection of the isotonic solution in any patient.

Postoperatively, the patients were kept supine for 48 h to 
enhance gravitational drainage of residual subdural fluid, 
were adequately hydrated given 2000cc of IV fluids a 
day for 3–4 days to promote expansion of the brain, and 
were mobilized as soon as possible. If early postoperative 
anticoagulation was required, low molecular weight 
heparin was administrated.

According to our protocol, a control CT scan was done 
before taking out the drainage, or earlier as judged 
clinically appropriate. Postoperative CT scan of all 
patients were evaluated, and we focused on the maximum 
residual hematoma thickness, the midline displacement, 
and the amount of residual air into the subdural cavity.

The patients were assessed periodically, and CT scans 
were normally repeated at 6 and 12 weeks after discharge 
if there was any residual collection shown in the first 
postoperative scan, or earlier if the symptoms reoccurred.

CSDH was considered to have recurred when neurological 
signs and/or symptoms increased, reappeared, or did not 
improve within 3‑month of the original procedure and 
the hematoma cavity volume increased. Only patients 
who fulfilled both criteria underwent repeated operation. 
Residual hematoma into subdural cavity following the 
first operational procedure without accompanying signs 
and symptoms, and with no high‑grade mass effect was 
not recognized as recurrence or as an indication for 
repeated surgery in this study.

All patients included in this series were followed up for at 
least 3‑month postoperatively. The outcome was assessed 
at 3‑month according to the Glasgow Outcome Scale.[21] 
Good recovery and moderate disability were considered 
to be favorable outcomes; severe disability, persistent 
vegetative state, and dead to be unfavorable.

Statistical analysis
It is well‑known that a certain combination of factors 
yields a more effective prediction of outcome than 
when factors are used singly. We studied a total of 
27 parameters that may be related to outcome [Table 1].

The CART approach is an alternative to the traditional 
methods for prediction.[5,54,55] It relies on statistically 
optimum recursive splitting of the patients into smaller 
and smaller subgroups, based on the critical levels of the 
prognostic variables. The dataset is split into the two 
subgroups that are the most different with respect to the 
outcome. This procedure is continued on each subgroup 
until some minimum subgroup size is reached. Other 
desirable properties of CART include incorporation 
of nonlinear relationships and interactions between 
predictors, and the ability to predict the outcome of 
cases despite some missing data, which may be difficult 
or impossible using traditional multivariate techniques.

For this analysis, the selected method for growing the 
classification tree was Gini splitting rule, with the extra 
condition that, whenever possible, at least 10 patients 
were available at each of the final subgroups. To 
assess the performance of the prediction tree and the 
independent predictive accuracy of the model, CART 
uses cross‑validation. The tree presented is the one 
that minimizes the overall cross‑validated relative error 
estimate that which most accurately predicts data 
excluded from forming the tree.

RESULTS

Postoperative complications occurred in 224 patients 
(22.7%). The most common complication was a 
recurrence of CSDH. In a total of 117 patients (11.8%) 
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further surgery was required to remove a symptomatic 
recurrence of CSDH, and 9 cases underwent a third 
operation. The first recurrence was again treated by 
reopening the burr holes, but in patients with a second 
symptomatic recurrence a craniotomy was performed. The 
interval from the primary procedure to the re‑operation 
ranged from 4 days to 9 weeks.

Early major postoperative air accumulation into the 
subdural cavity was detected on 39 patients. None of 
these suffered tension pneumocephalus. In 5 patients, 
surgery was complicated by the development of small 
intraparenchymatous bleeds in the cerebral hemispheres. 
All resolved gradually with no need for additional surgery. 
Two patients developed an acute subdural hematoma due 
to preexisting severe coagulation disorder and underwent 
a craniotomy.

Four patients developed a superficial wound infection and 
underwent local debridement in addition to IV antibiotic 
therapy. Two patients developed subdural empyema 
which required a craniotomy.

Although in our series all patients were treated 
prophylactically with anticonvulsants, 17 (1.7%) 
developed early postoperative seizures.

Two more patients had a cerebral infarction, in the 
territory of posterior cerebral and internal carotid artery 
respectively.

Serious postoperative complicating diseases were 
recognized in 48 patients (4.8%) and were treated 
by methods standard at the time. Atelectasis and 
bronchopneumonia were the most common medical 
complications in 25 cases. Other postoperative 
pathological conditions were cardiologic problems (11 
cases), thromboembolic (7 cases), renal (4 cases), and 
septic complications (1 case).

A prediction tree for 986 patients with CSDH based 
on their known 3‑month Glasgow Outcome Scale is 
presented in Figure 1. The ovals in this diagram denote 
intermediate subgroups subject to further splitting. The 
name of the corresponding split variable is recorded 
within each oval, and the actual split values are indicated 
in the branches of the tree. The terminal prognostic 
subgroups are represented by squares; within each square, 
the predicted rate of unfavorable outcomes and the total 
number of patients having that pattern in the tree are 
given. The subgroups, ranked according to the proportion 
of bad outcomes, are numbered 1–8 as denoted below 
the squares. Thus, for example, subgroup 1 is the group 
with the worst prognostic pattern (unfavorable outcome 
90.6%) while subgroup 8 is the group with the best 
prognostic pattern (favorable outcome 97.5%).

The patients are first split on the basis of their 
Markwalder’s grading score (MGS) on admission, with 

the cut‑off point at 2. Patients with a good neurological 
status on admission (Grades 0–2) are separated from 
those having poor neurological grades of 3 and 4.

Subsequent splits in these two major branches of the tree 
show different patterns. Patients who were very drowsy 
or worse (Grades 3 and 4) tend to have reasonably an 
unfavorable outcome unless they have both an absence 
of AC taking and are not very aged. For those no very 
elderly patients without ACs and antiplatelets, CT 
density of CSDH, the next split of the tree, also plays 
an important role in determining the outcome in certain 
patients. Thus, two of the earliest splits for the MGS ≥3 
are based on age and usage of AC – antiaggregant agents, 
suggesting that these variables have a greater effect on 
outcome in these patients.

Patients with a MGS of two or less tend to have 
a favorable neurological outcome, with pre‑ and 
post‑operative CT scan findings appearing in subsequent 
splits. Considerable brain atrophy, high preoperative 
hematoma thickness, and a large amount of postoperative 
subdural air predispose an unfavorable outcome.

Prediction of outcome for a patient is accomplished 
by simply running that patient down the CART tree, 
according to the values of the prognostic variables. 
For example, a very elderly patient with a poor MGS 
of three or four would be placed in subgroup 1. The 
predicted outcome for such a patient is severely disabled, 
vegetative, or dead. In contrast, a patient with a better 

Figure 1: Prediction tree based on 986 patients with chronic 
subdural hematoma. Ovals denote intermediate subgroups subject 
to further splitting; squares denote terminal prognostic subgroups. 
The numbers below the squares represent the prognostic rank of 
each subgroup based on the proportion of unfavorable outcomes. 
ACs: Anticoagulants, Aps: Antiplatelet agents, CT: Computed 
tomography, MGS: Markwalder’s grading score
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clinical score with neither brain atrophy nor postoperative 
subdural air would fall into subgroup 8, and the expected 
outcome is good recovery or moderately disabled.

Because the conventional methods of assessing tree 
accuracy can be wildly optimistic, cross‑validation is the 
method CART normally uses to obtain objective measures 
for smaller data sets. This CART model, with eight 
terminal nodes, had a grossly accuracy rate of 89.56%, 
a cross‑validated predictive accuracy of 85.34%, and a 
cross‑validated relative error of 0.326. The proportion of 
cases correctly classified in each outcome category and 
for the entire dataset is summarized in Table 2. Moreover, 
the application of bootstrap aggregation and adaptive 
resampling and combining methods did not change the 
predictions from the single CART tree (model stability).

DISCUSSION

Treatment of CSDH has improved dramatically in 
recent years because of advances in diagnostic tools and 
surgical techniques. However, there is still some debate 
regarding the best strategy for treatment. The burr holes 
evacuation, irrigation, and subsequent closed drainage 
technique is a simple treatment which is able to achieve 
good results with minimal complications and is at present 
favored.[2,35,38,40,43,48] Although this method may lead to 
recurrences, it is preferable to postpone craniotomy until 
the subdural collections repeatedly re‑accumulate, or 
there is a solid hematoma or marked cerebral swelling 
underneath the CSDH site.[13,19,33,34,57] Some authors 
suggest that the applied operative technique is not always 
of major importance, as long as it is able to suck out 
the subdural fluid slowly, is performed properly without 
injuring again the subdural space, and is followed by 
precise and competent nursing.[29,46,64,65]

Early identification of reliable prognostic factors for 
patients with CSDH is of great importance. Many of the 
previous clinical studies have begun with several variables 
from which the best candidates determined on statistical 
criteria were selected. However, this approach to the 
problem ignores the potential differences between the 
candidate predictors among various patient subgroups. 

Another common problem is that only a few of the 
previous clinical studies provide information about the 
critical point thresholds of each indicator beyond which 
the risk of a good outcome is substantially increased or 
decreased.

The results of this study reinforce many previous 
findings on prediction of outcome for patients with 
CSDH. Previous studies have clearly reported the bad 
outcome in patients with lower neurological status on 
admission.[2,11,12,32,33,45,62] As always in neurosurgery, poor 
neurological condition on admission has a negative effect 
on the outcome. In the past, comparisons between the 
reported series of CSDH were frequently difficult to 
make as outcome was influenced by the proportion 
of patients who were drowsy or comatose, with or no 
neurological symptoms and focal defects, and MGS of 
clinical state was a valuable contribution to this problem, 
in the same way that grading has been for head injury 
and spontaneous subarachnoid hemorrhage.[32,33] This 
well‑recognized scale has been adopted by many authors 
because of its simplicity and becomes more useful when 
combined with other variables. Our results suggest that 
a higher MGS of three and four was closed related to 
an unfavorable neurological outcome in agreement with 
earlier reports.

As medical science and public health measures brought the 
majority of diseases of elderly patients under control, the 
number of elderly people increased and will continue to 
do so. Many studies support the belonging of CSDH to 
brain aging pathology and with the advent of CT scan, 
an increasing number of aged patients affected by CSDH 
are diagnosed at an earlier stage of the disease. Age is also 
generally thought to be a strong predictor of prognosis, 
and most studies have shown worse prognosis in patients 
with increasing age.[11,28,35,43] In our series, an unfavorable 
outcome was associated with increasing age beyond the 
CART threshold of 76 years. Although elderly did tend to 
do less well, advancing age was not always bar to success. 
No elderly patient should be denied low‑invasive surgery, 
as the chances of recovery are not zero.[18,41,67]

After the introduction of CT scanning, diagnosis and 
outcome of CSDH became much improved. Several 
authors have proposed various radiological classifications 
for CSDH, concentrating on the density of hematoma 
relative to brain tissue,[9,26,35,37,39,49,66] internal architecture 
which corresponds to possible stages in the natural history 
of CSDH,[37] and location of hematoma according to the 
intracranial extension.[37] Our CT variable was designed 
to be a simple easily identifiable density feature, and 
CT results were simplified to four diagnostic categories. 
Evidence of brain atrophy received particular attention 
since several studies have shown that the presence 
of brain atrophy in CSDH is associated with a worse 
outcome.[2,30,39,40]

Table 2: Prediction success table for cross‑validated 
sample based on in 986 patients with CSDHa

Predicted class

Actual class Unfavorable 
outcome

Favorable 
outcome

Actual 
total

Unfavorable outcome 142 25 167
Favorable outcome 71 748 819
Predicted total 213 773 986
Correct (%) 85.02 91.33
aOverall cross‑validated accuracy rate=85.34%, Cross‑validated relative error=0.326. 
CSDH: Chronic subdural hematoma
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The density of hematoma on CT scan represents the 
proportion of fresh blood clots in hematoma cavity. 
The imaging appearance of the CSDH on CT scans 
may help identify fresh blood from re‑bleeding, suggest 
the age of the hematoma, and reflect upon the protein 
concentration from plasma exudation.[16,37,59] Thus, 
hyperdense and mixed appearances are considered to 
have a greater tendency to re‑bleeding and higher protein 
exudation rates.[20,39,59] Recent experimental studies have 
revealed that blood in the subdural space evokes an 
inflammatory reaction and because of this, the CSDH 
is more active.[9,15] Our data indicated that high density 
and mixed hematomas were related to an unfavorable 
postoperative outcome. In contrast, patients with 
isodense and hypodense CSDH had a better neurological 
prognosis. These findings correspond well to some 
previous results reported in the literature.[2,11,23‑25,37,39] In 
our opinion, for the initial treatment of CSDH, complete 
withdrawal of the subdural fluid, which contains the 
fibrinolytic agents, by adequate rinsing of the hematoma 
cavity, is more important per se than the selected 
operative procedure or membranectomy.

The size of a CSDH at the time of diagnosis can be 
impressive, and its volume may be a predictor of the 
postoperative course.[20,40,56] Increased size of hematoma 
is often attributed to brain atrophy associated with 
aging, which may provide the CSDH with a potential 
space in which to grow.[52] The intracranial pressure – 
volume function reflects the elastic properties of the 
brain parenchyma, the cerebrovascular bed, and the 
supporting dural structures within the rigid cranium. 
Intracranial volume changes are superimposed on the 
intracranial pressure – volume function of brain elasticity. 
The elasticity function may be altered by advanced age, 
brain atrophy, a large amount of CSDH, and prolonged 
compressed parenchyma. Brains with high elastance tend 
to re‑expand poorly since postoperative subdural space is 
larger, and this may lead to persistence of postoperative 
midline shifting and residual air.[17,39,45,50,51,60]

In previous studies, the recurrence rate and the bad 
outcome of CSDH were higher in patients with greater 
width of hematoma, cerebral atrophy, and significant 
subdural air accumulation, and this is in agreement 
with our series.[2,22,23,35,37,39,40,45,58,60,62,66] In the present 
study, wider hematomas with a preoperative maximum 
thickness superior to 20 mm, considerable brain atrophy, 
and larger amounts of residual air into hematoma cavity 
were related to the worst prognosis. In these patients, 
caution not to tear the inner membrane of the CSDH 
or arachnoid membrane, complete replacement of CSDH 
fluid by normal saline to prevent intraoperative influx of 
air into the subdural cavity, postoperative bed rest with 
adequate IV fluid administration, and maintenance of the 
drain for a longer period with continuum of antibiotics 
as long as the catheter remains inserted might prevent a 

worse outcome by facilitation of brain re‑expansion and 
elimination of the possibility of systemic and intracranial 
hypotension.[1,34,35,39]

Recently, with increasing numbers of elderly people in 
the general population, the number of patients who are 
treated with ACs and antiplatelets is also increasing. 
These agents are commonly used as prophylactics against 
cerebral ischemic stroke, myocardial infarction, valvular 
heart disease or deep venous thrombosis. Bleeding 
diatheses is well‑known risk of these drugs and both have 
historically been considered as risk factors for CSDH. 
Anticoagulation and antiplatelet agents are certainly 
dangerous, because are the causes of the pathology 
in some cases without evidence of trauma, may add 
to the risk of CSDH by as much as 42.5 times, have a 
positive influence on the recurrence of CSDH, and are 
at least partly responsible for the unfavorable outcome 
of several patients.[7,8,10,11,14,31,47,62,65] Considering the 
increasing number of aged patients who use antiplatelet 
and AC medications, attention should be focused on the 
possible risks of these treatments. Since the exposure to 
antiplatelets and ACs increases the risk of developing a 
CSDH, as well as the risk of reoperation and of a worse 
prognosis after surgery, the indication to these therapies 
should strictly follow the current evidence in order to 
avoid a dangerous undue risk‑benefit imbalance.[68] 
Furthermore, it’s of outmost importance the preoperative 
discontinuation of any therapy with these agents or the 
correction of any preexisting coagulopathy in patients 
with CSDH.

It is a basic assumption that CSDH should be removed by 
simple means. Convincing evidence has accumulated that 
burr holes technique is a safe, time‑saving, and rational 
treatment which can be performed for elderly patients 
or those with multiple medical problems using local 
anesthesia and is usually able to achieve favorable results 
with minimal complications.[8,12,25,38,43] Postoperative 
recurrence of CSDH is not rare and has always been a 
source of frustration for neurosurgeons. Thus, it comes as 
no surprise that the vast majority of the published articles 
focus on this matter.[11,26,28,38,40,45,61,62,64,68] Asymptomatic 
persistent subdural fluid may take up to several weeks 
for a complete resolution, and can be followed with serial 
studies until its resolution without surgical intervention. 
Thus, to evaluate this outcome, longer follow‑up periods 
are necessary.[4,53] Because of these, we were mainly 
interested in the overall outcome of patients with CSDH 
based principally on the evolution of the clinical course 
and all our patients had a postoperative follow‑up during 
an interval up to 3‑month. In this period, many cases 
slowly improved, but some deteriorated or died of related 
or unrelated causes; multiple internal diseases might 
affect prognosis more than hematoma’s management. 
A zero mortality rate in any large series is impossible as 
there will always be late cases on poor MGS or those 
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patients with serious complicating illnesses, particularly 
in the elderly.

In this analysis, CART was used as an alternative 
method to predict neurological outcome in 986 patients 
with CSDH, who were treated surgically with specific 
inclusion and exclusion criteria. Our results indicate 
that neurological status on admission (MGS) was the 
best predictor of outcome. With regard to the other 
data, the most already widely examined variables such 
as age, brain atrophy, CT scan findings, or usage of 
antiplatelet and AC agents proved again to be strong 
predictors and were found to correlate significantly with 
prognosis.

The sequence of “splits” points out possible interactions 
between predictors. For example, effects of aging and 
AC – antiplatelet therapy appear sooner among patients 
with a high Markwalder functional score, whereas CT 
scan findings tend to exert an early influence when the 
neurological status is less severe. However, these different 
splits in different branches may just represent variations 
in small samples with uncertain interaction or clinical 
importance and need probably to be investigated in a 
larger prospective clinical study.

Moreover, although the neurological grade on admission 
emerges as the most powerful early predictor of outcome, 
radiological variables, such as thickness and density of 
subdural collection and postoperative accumulation of 
air into the subdural cavity, might help identify different 
groups of patients even within the same levels of 
neurological severity.

Although 27 potential prognostic factors were considered 
in this study, only seven were actually used in the 
construction of the CART tree. Several of these have been 
shown to be effective predictors of outcome in previous 
studies. The fact that one predictor does not appear in 
the tree does not necessarily reflect a lack of relationship: 
This relationship may be subsumed by another 
variable.[5,54,55] We found that for each split, a short list 
of “competitor” splits describes the best alternative splits 
at that point. For example, severe associated diseases, 
midline displacement, and postoperative pathological 
complications often appear as competitors in CART 
analyses and possess a significant predictive power, even 
though they do not appear in Figure 1.

In our knowledge, this is the first study using a 
CART model to predict the neurological outcome 
of patients with CSDH. The overall cross‑validated 
predictive accuracy of our CART tree was 85.34%, with 
a cross‑validated relative error of 0.326. We compared 
these rates with those obtained with the most traditional 
method of the logistic regression analysis performed with 
the same prognostic factors. There was only a slight 
difference which did not seem to be impressive.

Methodologically, however, CART is quite different from 
the more commonly used statistical methods. Predictions 
are read directly from the tree diagram with no requiring 
specific measurements to derive the patients’ outcome. 
Based on subgroups, the CART system may indicate 
important relationships between study variables more 
clearly than corresponding regression analyses when 
the relationships are not linear or additive. In addition, 
one can use CART if some predictors are missing. One 
disadvantage of the model is the need to split each 
prognostic factor into two possible groups at each stage 
of a tree’s construction. Although this is fine for variables 
that could take only two values, it might produce slightly 
arbitrary categorizations of continuous variables. Thus, 
care should be taken with patients near the cut‑off point, 
with perhaps the more optimistic route being explored 
first.[5,54,55]

A large number of papers have been published on the 
subject of CSDH and many methods of treatment have 
been proposed, although the ideal standard therapy 
has not been definitely established and is still under 
debate. The mechanism by which the subdural collection 
increases in size and induces anatomical and biological 
changes is still a fascinating problem. A further research 
on the complex pathophysiology, methodology of 
management, and extent of surgical treatment of CSDH 
might give explanations, but the standard treatment will 
probably not change much in the near future. Thus, 
there is a need for properly conducted prospective trials 
on therapeutic approaches for CSDH. It might also be 
worthwhile seeking alternative strategies in the treatment 
of this frequent condition.[63]

Although the present study was retrospective, and, 
therefore, imposes certain limitations, or may have 
sources of bias and variations, this CART technique is a 
visually useful simple way to look at the late prognosis 
of patients with CSDH. A tree diagram, illustrating the 
prognostic pattern, provides some threshold values that 
split the patients into subgroups with varying degrees of 
risk.

It is of outmost importance, however, that this technique 
is meant to supplement, not to replace or cloud the 
neurosurgeon’s clinical judgment and other predictive 
factors. Moreover, course and outcome of patients with 
a CSDH can be influenced, and often irrevocably altered, 
by several factors and unsuspected serious medical 
complications.
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