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or septated haematomas14), but are rarely recommended. Al-
though craniotomy has been widely used in combination with 
inner membranectomy27), a higher mortality rate was demon-
strated. For this reason, less invasive procedures such as subdu-
ral evacuating port systems, are currently spreading over28). 

Mori and Maeda24) reported in 2001 that post-operative acute 
subdural hematoma (2.6%) and tension pneumocephalus 
(0.8%) were the most common complications in CSH surgery. 
In this series, acute subdural hematoma is attributed to fresh 
bleeding from the scalp wound. Residual subdural fluid collec-
tions and failure of the brain to re-expand may also occur after 
these surgical procedures. Other post-operative complications 
include CSH recurrence, seizures and subdural empyema27,30).

Cortical hyperemia beneath the hematoma, subarachnoid 
hemorrhage (SAH), supratentorial intracerebral, intraventricu-
lar, and remote cerebellar hemorrhages (RCHs) are rarely ob-
served. In a large series of 1000 CSH12), 4 cases of post-operative 
intracranial bleeding were described (0.4%). Other authors re-
port an incidence range between 0.2 and 4%8,24). In our case se-
ries, 385 CSH were operated in the Neurosurgery Unit of the 
University Hospital of Varese, from January 2006 to December 

INTRODUCTION

Chronic subdural hematomas (CSH) are frequently encoun-
tered in neurosurgical practice. Risk factors include head trau-
ma, advanced-age, frequent falls, coagulopathies, and therapeu-
tic anticoagulation10,12). Cerebrospinal fluid (CSF) shunts and 
overshunting conditions, and the age-related increase of subdural 
space and subarachnoid cisterns may also promote CSH forma-
tion11,24). Furthermore, the cause of CSH is unknown in 29–38% 
of cases12,24). Spontaneous subdural hematomas occurring in 
younger patients1) are supposed to be due to severe arterial hy-
pertension, intracranial hypotension7), CSF leaks, repeated Valsal-
va maneuvers13), vascular abnormalities-like arteriovenous mal-
formations (AVM) and aneurysms20)–dural sinus thrombosis21), 
neoplasms, infections, coagulopathies and alcohol or cocaine abuse18).

Several techniques are used for the surgical treatment of 
symptomatic subdural hematomas12) : single burr-hole craniec-
tomy under local anesthesia, with or without positioning a sub-
dural drainage system, double burr-hole evacuation technique, 
twist-drill craniostomy and formal craniotomy. Neuroendo-
scopic techniques have also been proposed for multiloculated 
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structures (Fig. 1). Consequently, we proceeded with the surgical 
evacuation of the right subdural hematoma via a single parietal 
burr-hole craniectomy. At the end of the operation, a subdural 
drainage tube was positioned, open to gravity. A few hours after 
the procedure the patient developed intense headache and men-
tal confusion, without neurological focal deficits. Arterial blood 
pressure was 150/90 mm Hg. A large amount of recent reddish 
blood was found in the drainage system, which contained 650 mL 
of fluid. We decided to immediately close the drainage and per-
form a CT scan. This revealed a diffuse SAH localized in the bas-
al cisterns, bilaterally in the sylvian fissures, and over the cerebral 
surface (Fig. 2). No residual fluid collection, acute bleeding or se-
vere pneumocephalus were found in the cavity of the hematoma. 
CT-angiography and cerebral angiography excluded the presence 
of cerebral aneurysms and AVM. The drainage system was kept 
closed for the next two days. The patient was left in supine posi-
tion and the fluid intake was increased to 1.5 L per day. Headache 
was successfully treated with analgesics. After two days, a CT scan 
showed normal brain expansion and the re-absorption of subarach-
noid blood without further complications. Therefore the drainage 
tube was removed. The patient’s conditions gradually improved, 
the headache decreased and after five days he was discharged with-
out neurological deficits. The one-month follow-up showed that 
the patient was in good conditions. Accordingly, he returned to his 
work and leisure activities. Head CT was normal.

Case 2
In case 2 we report the findings regarding an 85-years-old man 

with a history of hypertension, ischemic heart disease, cardiac ar-
rhythmia and chronic obstructive pulmonary disease (COPD). He 
was admitted to our department due to mental confusion, dis-
orientation and dizziness which had occurred ten days back. 
Previous mild head trauma due to an accidental fall was reported. 
Neurological evaluation confirmed mental confusion, spatial 
disorientation and gait imbalance, without focal deficits. The 
CT scan revealed a sizeable right chronic-subacute subdural he-
matoma with mass effect and midline shift (Fig. 3). Blood thin-

2013. Unusual post-operative hemorrhagic events occurred in 3 
patients, with an incidence of 0.78%. The causes of these uncom-
mon complications remain unexplained. Overdrainage, rapid brain 
decompression and shift of the intracranial contents, massive CSF 
loss, venous outflow impairment and vascular dysregulation with 
blood flow increase, are the mechanisms currently debated.

CASE REPORT

Case 1
In case 1 we report the clinical findings regarding a 62-years-

old man. He presented with a fortnight history of headache and 
progressive weakness of the left limbs. He did not suffer from 
any previous pathology and he did not refer substance abuse. 
No history of trauma was detected. The neurologic examina-
tion demonstrated a slight left hemiparesis. Computed tomog-
raphy (CT) revealed a right chronic subdural hematoma with 
mass effect on brain parenchyma and mild shift of the midline 

Fig. 1. Head CT showing a large right CSH with midline shift. CSH : chronic 
subdural hematoma.

Fig. 2. Post-operative head CT show-
ing diffuse SAH in the basal cisterns 
(A) and over cerebral convexity (B). SAH : 
subarachnoid hemorrhage.A B
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ners (clopidogrel 75 mg per day) were discontinued 7 days before 
surgery. The patient underwent a single parietal burr-hole cra-
niectomy and the right CSH was uneventfully evacuated. A sub-
dural drainage apparatus was positioned, open to gravity. The day 
after the patient suddenly developed arterial hypertension 
(200/110 mm Hg), intense headache and vomit. We found a 
large amount of fluid (500 mL) in the drainage bag. The device 
was closed and a CT scan was performed. This revealed the 
presence of SAH in the right sylvian fissure, and a small contra-
lateral occipital intraparenchymal hemorrhage (Fig. 4). The pa-
tient was kept in recumbent position for two days and the fluid 
intake was increased to 1.5 L per day. Normal arterial pressure 
values were restored with medical therapy and the headache 
gradually decreased. Two days after, a CT scan did not show oth-
er complications. The drainage system was then removed and 
after five days the patient was discharged without neurological 
deficits. The one-month follow-up showed the patient was in 
good conditions. The CT scan of the head revealed complete res-
olution of the previous hemorrhagic findings.

Case 3
In case 3 we report the findings regarding an 80-years-old man 

with a history of alcohol abuse, arterial hypertension and ischemic 
heart disease. He was admitted to our hospital due to headache 
and dizziness. He reported frequent falls in the previous month and 
a minor head trauma. The CT scan showed a right CSH with mass 
effect and a thin liquid collection on the left side (Fig. 5). The 
neurologic evaluation revealed mental confusion and weakness of 
the left limbs. Antiplatelet therapy (aspirin 100 mg per day) was 
discontinued 5 days before surgery. The evacuation of the sub-
dural hematoma was performed with a single parietal burr-hole 
craniectomy on the right side. A subdural drainage catheter was 
positioned, open to gravity, without evidence of complications. The 
following day we observed a worsening of the neurologic condi-
tions with mental confusion and lethargy. A large amount of fluid 
(600 mL) was encountered in the drainage system. Arterial pres-
sure was 170/100 mm Hg. The post-operative CT scan (Fig. 6) 
showed frontal bilateral pneumocephalus and a small left tem-
poral intracerebral hemorrhage. No acute bleedings or increase 
in the left hemispheric hygroma were found. Additionally, thin 
blood layers along the tentorium and within the cerebellar folia were 
demonstrated. The drainage tube was removed, the patient was 
left in recumbent position and the fluid intake was increased to 1.5 
L per day. The CT findings gradually resolved and did not re-
quire surgical exploration. The neurologic evaluation revealed a 
slight postural instability and for this reason the patient was ad-
dressed to physical therapy. At two-month follow-up, the patient 
was able to walk unaided and the control CT scan was normal.

DISCUSSION

Three different bleeding patterns occurred after CSH evacuation 
are described in our report. The characteristics of patients are 
summarized in Table 1. The first case is a diffuse bilateral SAH 
localized in the basal and sylvian cisterns and over the cerebral 
convexity. The patient was a healthy 62 years old man, without 

Fig. 3. CT scan showing a large right CSH with recent blood. CSH : chronic 
subdural hematoma.

Fig. 4. Right sylvian SAH (A) and con-
tralateral occipital hematoma (B) on a 
post-operative head CT. SAH : subarach-
noid hemorrhage. BA
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history of trauma, coagulation disorders or substance abuse. He 
developed a slight post-operative hypertension with headache. 
No aneurysms or AVM were detected by the cerebral angiogra-
phy. Further causes of SAH include angiographically occult vas-
cular malformations, coagulation disorders, pituitary apoplexy, 
sickle cell anemia, drug consumption, cerebral artery dissection 
and vasculitides, but none of these was demonstrated. Sponta-
neous, “sine materia” subarachnoid hemorrages5,17) have also been 
described and even this unlikely and quite benign condition has 
to be considered.

Miyazaki et al.22) reported in 2004 the only case of post-oper-
ative SAH of unknown origin after CSH drainage. The patient was 
a 52-years-old man with a history of cerebral infarctions being 
treated with anticoagulants, complaining of headache without 
evidence of head trauma. The authors mainly related this hem-
orrhagic complication to peri-operative hypertension and anti-
coagulant therapy. Other discussed mechanisms are the rapid 
shift of the cerebral hemisphere after hematoma evacuation, 
overdrainage of the subdural space and the hyperperfusion syn-
drome. This condition was described in the elderly by Ogasawara 
et al.25). According to this study vascular autoregulation is im-
paired due to long-term brain compression by CSH, and a rapid 
decrease of intracranial pressure occurs after the drainage of the 
hematoma. The consequent hemodynamic changes can lead to 
hyperperfusion and cortical hyperemia, resulting in the rupture of 
a weak subarachnoid vessel. Moreover, peri-operative mean arte-
rial pressure was significantly higher in patients exhibiting this 
syndrome.

Standard bore (19 Fr), open to gravity drainage systems are 
routinely utilized in our unit, without suction bulb. Catheters are 
inserted in the subdural space and usually removed 48–72 hours 
after surgery. We usually perform a CT scan on first post-opera-
tive day. Patients are kept in supine position until the drainage is 
removed. In case 1, a large amount of fluid was found in the pa-
tient’s drainage bag soon after surgery, and fresh blood traces were 
remarkable. We suppose that the combination of rapid parenchy-
mal shift and diffuse cortical hyperemia were responsible for de-
veloping of SAH in our patient. The former may be related to 

Table 1. Characteristics of patients

Age/Gender Antiplatelet
therapy

CSH 
etiology/side

Surgical 
technique

Post-operative 
BP

Drainage 
amount

Bleeding 
pattern Presentation

1 62/M None Spontaneous/R Burr hole 150/90 mm Hg 650 mL SAH Headache, Mental confusion

2 85/M Clopidogrel Trauma/R Burr hole 200/110 mm Hg 500 mL SAH/ICH Headache, Vomit

3 80/M Aspirin Trauma/R Burr hole 170/100 mm Hg 600 mL ICH/RCH Mental confusion, Lethargy
CSH : chronic subdural hematoma, ICH : intracerebral hematoma, RCH : remote cerebellar hemorrhage, SAH : subarachnoid hemorrhage, M : male, R : right, BP : blood 
pressure

Fig. 5. Pre-operative head CT showing a right CSH and a contralateral 
hemispheric hygroma. CSH : chronic subdural hematoma.

Fig. 6. Post-operative head CT show-
ing a small left temporal hematoma 
and subdural blood along the tentori-
um (A) and a cerebellar hemorrhage (B). A B
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the prompt expansion of a “healthy” brain after sudden decompres-
sion, whereas the latter has probably been promoted by hyperten-
sion and hyperperfusion.

The second case is an 85-years-old man with a history of hyper-
tension, ischemic heart disease, cardiac arrhythmia, and COPD. 
He developed an important hypertensive condition with head-
ache and vomit the day after burr-hole trephination. Head CT re-
vealed a right sylvian SAH and a contralateral occipital hematoma.

Several cases of intracerebral hemorrhages following CSH 
evacuation have been reported, but the pathogenesis of this dan-
gerous complication remains unclear. Modesti et al.23) reported a 
5% incidence of post-operative intracerebral hematomas and many 
of these patients did not survive or were left with severe disability. 
Hemorrhage into previously undetected contusions, sudden in-
crease in cerebral blood flow and arterial hypertension, com-
bined with faulty local autoregulation, were accounted as patho-
genic mechanisms. The authors concluded that these factors led to 
vascular damage and the consequent bleeding.

Kim et al.19) reported in 2013 the case of a massive and fatal 
intracerebral hemorrhage after CSH drainage. In their case the 
patient was a young man previously treated with a low dose of 
aspirin. The patient developed post-operative disseminated intra-
vascular coagulation. Parenchymal bleeding was ascribed to 
overdrainage of the subdural space with rapid parenchymal shift 
and to the coagulation disorder. The authors state that the loss of 
equilibrium among the tightly regulated coagulation factors can 
lead either to hypercoagulable states, with microthrombosis and 
ischemia, or to hypocoagula ble states with possible onset or pro-
gression of hemorrhagic lesions. In addition, Spetzler et al.29) ob-
tained experimental evidence of the loss of CO2 reactivity and au-
toregulation in the ischemic hemisphere of animals. The loss of 
vascular autoregulation might be also related to the gap between 
pre-operative cerebral blood flow (reduced by long term com-
pression due to impeded venous drainage) and sudden hyper-
emia after surgery.

Intracerebral hematomas reported in the literature are usually 
ipsilateral to CSH, while our patient developed a remote contra-
lateral occipital bleeding. To our knowledge, remote bleeding 
after CSH evacuation has been reported in just two other cas-
es6,8). In a recent paper, Cohen-Gadol6) described a contralateral 
intraparenchymal hemorrhage associated with intraventricu-
lar blood and SAH. The author believes that overdrainage of 
subdural fluid and CSF was most likely to be the cause of bleed-
ing, since the patient’s neurologic conditions improved expedi-
tiously after discontinuation of subdural drainage. It is likely 
that CSF overdrainage may have led to acute intracranial hypo-
tension and this process placed the contralateral bridging veins 
under tension, thus causing their collapse and ultimately result-
ing in venous insufficiency and hemorrhagic infarction.

Dinc et al.8) reported in 2008 the case of a contralateral hema-
toma after CSH drainage. The authors recommended slow de-
compression, by twist-drill craniostomy, in order to prevent rap-
id dynamic intracranial changes.

Our patient developed headache and acute post-operative 
hypertension and this, in association with CSF drainage and shift 
of intracranial structures, may have caused the formation of 
SAH and parenchymal hematoma.

The third patient is an 80-years-old man with a history of hyper-
tension, ischemic heart disease and alcohol abuse. In the post-
operative period there was a worsening of neurologic conditions 
and the head CT showed a contralateral temporal hemorrhage. 
Unexpectedly, subdural blood along the tentorium and cerebel-
lar hemorrhage within the cerebellar folia were revealed.

The possible pathogenic mechanisms have been illustrated 
for supratentorial hemorrhages, whereas explanations of remote 
cerebellar hemorrhage are still tentative. RCH is an infrequent 
but potentially life-threatening complication that rarely occurs 
after supratentorial craniotomies and spinal surgery (<5%)2). 
The incidence of post-operative RCH increased in the CT era. 
The classic findings comprise subarachnoid blood in the sulci 
of tentorial surfaces of cerebellar hemispheres and vermis, and 
additional intracerebellar hemorrhage. In these cases bleeding 
is characterized by alternating hyperdense (blood), and hy-
podense (cerebellum) curvilinear and irregular stripes in one or 
both cerebellar hemispheres. The pattern imitates that of the fur 
of a zebra, and is thus called zebra sign3). Other depicted CT and 
magnetic resonance findings are punctuate hemosiderin spots 
at the superior cerebellar folia, SAH, diffuse hemorrhage in the 
cerebellar tonsils, vermis and within the fourth ventricle9).

Prolonged awakening from anesthesia, cerebellar symptoms, 
motor deficits and gait ataxia, diminished consciousness and 
headache may be signs of RCH. However, RCH may often man-
ifest itself as an asymptomatic incidental finding on post-opera-
tive head CT. More severe presentations are related to mass effect 
upon the fourth ventricle, brainstem compression and develop-
ment of obstructive hydrocephalus.

The underlying mechanisms of RCH have been extensively 
discussed in the literature. Currently, most authors agree on 
multifactorial etiology of RCH2) : CSF overdrainage during or 
after surgery, episodes of arterial hypertension, impaired venous 
drainage due to intraoperative head rotation with obstruction 
of one jugular vein, and coagulation abnormalities have been 
proposed. In addition, Huang et al.15) recently observed that RCH 
incidence after supratentorial craniotomy is related with history 
of cerebrovascular accident with cerebral atrophy. No consensus 
regarding the exact pathomechanism has been reached. In a 
wide review and retrospective analysis of 154 cases of RCH, 
Park et al.26) observed in 2009 the following common features : 1) 
hemorrhage occurred mostly in the tentorial cerebellar surface, 
which differed clearly from hypertensive cerebellar hemorrhage, 
in which dentate nuclei are commonly involved; 2) most cases had 
SAH with typical streaky bleeding pattern (zebra sign); 3) presen-
tation was incidental in many cases, and in cases with symptomat-
ic deterioration the timing of onset was delayed; 4) drainage sys-
tems were used with negative pressure in most cases. On the back 
of these common features, most authors agree on two facts : 1) 
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RCH is venous in origin, and most likely the superior vermian 
vein is affected; 2) RCH is likely to be the result of intraopera-
tive and, even more likely, post-operative loss of CSF.

The role of intracranial hypotension has been debated in re-
lation to several post-craniotomy complications31), such as de-
layed awakening, bradycardia34), brain swelling and RCH. Van Roost 
et al.32) attributed intracranial hypotension to suction drains. The 
authors’ “mechanistic” negative-pressure theory asserts that the 
volume removal that occurs when drainage is applied after intra-
cranial surgery may transmit a massive, nonphysiological nega-
tive pressure to the brain. This, together with the caudal displace-
ment of the cerebellum due to CSF loss, may induce stretching 
of cortical veins and venous transmural pressure increase, finally 
leading to rupture of a small vessel.

While most of RCHs develop after supratentorial craniotomy, 
only a few cases are reported following burr-hole evacuation of 
CSH4,16,33). Our patient had arterial hypertension, a history of alco-
hol consumption, and was assuming antiplatelet therapy prior to 
surgery. We suppose that rapid brain decompression, in associa-
tion with an excessive amount of fluid drainage and intracranial 
hypotension, led to parenchymal shift and consequent vascular 
damage. This finally resulted in remote hemorrhage in the contra-
lateral temporal lobe and cerebellar hemispheres.

CONCLUSION

We reported three cases of uncommon hemorrhagic complica-
tions after burr-hole craniectomy for CSH. The pathomechanisms 
are not completely understood. They are probably related to coag-
ulation disorders, arterial and venous pressure imbalance, shift of 
intracranial contents during surgery, uncontrolled fluid drainage 
and intracranial hypotension.

Although CSH drainage is considered as a minor procedure, neu-
rosurgeons must be aware of these rare but known adverse events. 
Correction of coagulopathies, control of blood pressure and man-
agement of related medications are essential in order to prevent 
such complications. 

At the time of surgery, careful and gentle evacuation of the 
subdural hematoma without excessive head rotation is suggested, 
since delicate irrigation of the cavity of the hematoma is less like-
ly to induce rapid shift of intracranial contents. The use of drains 
without vacuum bulb is recommended at the end of the opera-
tion. Furthermore, tight post-operative monitoring of drainage 
amounts and characteristics, repeated evaluation of neurologic 
conditions and prompt radiological assessment are mandatory.
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