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Hemorrhagic stroke can occur after spine and joint surgeries such as laminectomy, lumbar spinal fusion, tumor resection, and total
joint arthroplasty. Although this kind of stroke rarely happens, it may cause severe consequences and high mortality rates. Typical
clinical symptoms of hemorrhagic stroke after spine and joint surgeries include headache, vomiting, consciousness disturbance,
and mental disorders. It can happen several hours after surgeries. Most bleeding sites are located in cerebellar hemisphere and
temporal lobe. A cerebrospinal fluid (CSF) leakage caused by surgeries may be the key to intracranial hemorrhages happening.
Early diagnosis and treatments are very important for patients to prevent the further progression of intracranial hemorrhages.
Several patients need a hematoma evacuation and their prognosis is not optimistic.

1. Introduction

The definition of stroke is “rapidly developing clinical signs of
focal disturbance of cerebral function, with symptoms lasting
24 hours or longer or leading to death, with no apparent
cause other than of vascular origin” by WHO (The World
Health Organization) [1]. Stroke can happen to any person
at any time. It happens when poor blood flow to an area of
brain, and brain cells begin to die because of lack of oxygen.
Abilities such as memory and muscle control controlled by
that area of the brain are damaged. According to the National
Stroke Association, nearly 800,000 people experience a new
or recurrent stroke each year. Stroke is the fifth leading cause
of death and the leading cause of adult disability in USA.
According to the pathology, stroke can be divided into two
main types: ischemic and hemorrhagic. Hemorrhagic strokes
are relatively uncommon compared with ischemic strokes.
Actually hemorrhagic strokes account for only 15% of all
strokes; however 40% of all stroke deaths are attributable
to hemorrhagic strokes [2]. The common causes of hemor-
rhagic strokes include arteriolar hypertensive diseases, burst
aneurysm, arteriovenous malformation (AVM), bleeding
disorders, head injury, and blood thinners. In addition to
this, some clinical scientists find that hemorrhagic strokes
sometimes occur after spine and joint surgeries. Although

postoperative stroke rarely happens, it may cause severe con-
sequences and high mortality rates. Chadduck first reported
a case of hemorrhagic stroke after cervical laminectomy [3].
Since then, there are several similar cases reported. And most
patients in these cases have headache, neurological disorders,
and altered level of consciousness after spine surgery. The
bleeding site is usually located in cerebellum after spine surg-
eries. Finally some patients in these cases become disabled
and even dead. Hemorrhagic strokes after joint surgeries are
also the cause of disability and death. Nevertheless, we know
very little about these kinds of hemorrhagic stroke now, and
it is necessary to study it in depth. This review summarizes
the clinical status, risk factors, pathologic mechanisms, and
treatment options of perioperative hemorrhagic stroke after
spine and joint surgeries.

2. Methods

A computer-based retrieval was performed to search articles
which describe hemorrhagic stroke after spine and joint surg-
eries published between September 1, 1980, and September
1, 2016, in PubMed database with the key words of “stroke,
spine, joint” in English. And 141 articles were found in this
way. The inclusion criteria includes the following. (1) Studies
should cover the clinical status, risk factors, and treatment
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options of hemorrhagic stroke after spine and joint surgeries.
(2) Study assumptions and research methods are similar. (3)
The patient’s diagnosis is clear. The exclusion criteria includes
repeated reports, incomplete data, and study defect. After
filtering these articles by the inclusion and exclusion criteria,
finally, 25 articles are included into this review.

3. Results

3.1. Clinical Status. Postoperative intracranial hemorrhages
may happen after spinal surgery in different places in the
brain, such as the epidural or subdural space and the
supratentorial or cerebellar parenchyma. Although it is a rare
complication, it can be related to permanent serious disability
[4]. Chadduck reported the first case of remote cerebellar
hemorrhage (RCH) of a patient who had undergone a
cervical laminectomy in the sitting position. The clinical
manifestations of this patient included headache, cerebellar
neurological disorders, and altered level of consciousness [3].
After that Mikawa reported the second case: a patient became
comatose almost 16 hours after cervical durotomy and revi-
sion C1-C2 fusion, as the cerebellar hemorrhage occurred
within the first 10 hours after the surgery. From the first case
reported to the present, there are 44 published cases of remote
hemorrhage reported after spinal surgery. Among these,
there are 11 cases undergoing cervical laminectomy, 19 cases
undergoing lumbar laminectomy, 10 cases undergoing lum-
bar spinal fusion, 3 cases undergoing tumor resection, and
1 case undergoing Harington rod placement [5-10]. In these
cases, most patients had clinical manifestations of headache,
vomiting, consciousness disturbance, and mental disorders,
and the CT scan of these patients showed subarachnoid
hemorrhage or hemorrhage of the brain parenchyma. Most
patients can recover after active treatment and rehabilitation
exercise among these cases; however there are also some
patients becoming disabled and even dead (Table 1). In order
to verify whether spine surgery is associated with stroke, Jau-
Ching Wu conducted a cohort study in Taiwan. In this study,
a Taiwan-wide cohort of 1 million people from 2000 to 2005
was divided into the lumbar spinal fusion group and they
were followed up for 3 years for stroke. The result shows
that patients undergoing lumbar spinal fusion do not have a
higher incidence rate of stroke. And the author admits that
the result of this study is not convincing enough because
of the database limits. So it is still unclear whether spine
surgery and stroke are related. Hemorrhagic stroke is also
a disastrous complication after joint surgeries such as total
jointarthroplasty (TJA). Rasouli et al. made a database review
which covered a total of 1,762,496 patients after TJA from
2002 to 2011. After doing a population-based trend analysis,
they found that the incidence rate of all perioperative stroke
after TJA was nearly 0.14%. And among these perioperative
strokes, 20.55% of cases were hemorrhagic stroke. The in-
hospital mortality rate was much higher for TJA patients
with stroke than patients without stroke (9% versus 0.15%)
[11]. Although the epidemiological studies showed a low
frequency of perioperative stroke, it is still the leading cause
of disability and death for patients after joint surgeries [12].
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3.2. Risk Factors. The risk factors of a common stroke include
dyslipidemia, hypertension, diabetes mellitus, smoking, and
obesity. These risk factors also exist in patients after spine
and joint surgeries [13]. For patients after spine surgeries,
hypertension and coagulopathy are considered as main risks
of hemorrhagic stroke [14]. And low intracranial pressure
(ICP) may contribute to intracranial hemorrhages especially
subdural hemorrhages [15]. Other important risks include
ages of patients and experience of surgeons, and these risks
are doubled if a patient once had an experience of a disc
surgery [16]. For patients after joint surgeries, the main risks
include diabetes mellitus, cardiac diseases, renal diseases, and
pulmonary circulation disorders. A history of stroke is not
risk factor for contributing to stroke after joint surgeries [11].
There is also a higher incidence of first-ever stroke for patients
who are over 65 years old after hip replacement surgeries,
and the incidence rate of ischemic stroke is nearly five times
than that of hemorrhagic stroke [17]. It is worth mentioning
that adiposity-associated risks of women are much greater for
ischemic stroke than for hemorrhagic stroke [18].

3.3. Pathologic Mechanisms. The exact pathophysiology of
intracranial hemorrhages after spine surgeries is still contro-
versial. However almost all of the theories are associated with
cerebrospinal fluid (CSF) leakage which leads to intracranial
hypotension [19]. And dura mater tears which can cause
CSF leakage are the most common complications in a
spine surgery [20]. One of these theories for hemorrhagic
stroke after CSF leakage suggests that a downward cerebellar
displacement may happen following with the CSF leakage
and intracranial hypotension. And the downward cerebellar
displacement can lead to the stretching and tearing of cerebral
venous system which finally causes hemorrhagic stroke [21].
Another theory believes that the pressure in brain vessels
increases after CSF leakage and ruptures the vessels [22].
There are few studies on the pathophysiology of intracranial
hemorrhages after joint surgeries because of its low occur-
rence. So the pathophysiology of intracranial hemorrhages
after joint surgeries is not very clear now. With more research
conducted and more cases reported, the pathophysiology will
be revealed finally.

3.4. Prevention Strategies. According to the currently known
risk factors, some prevention strategies can be implemented
to prevent patients from hemorrhagic strokes after spine
and joint surgeries. Firstly, blood pressure control must be
performed throughout the perioperative period especially for
those patients with hypertension, because hypertension not
only increases the risk of surgery but also increases the inci-
dence of postoperative complications. Secondly, the operator
should try to avoid tearing the dura mater during the spine
surgery. Once a CSF leakage happens, intracranial pressure
monitor will be useful to evaluate the risk of hemorrhagic
stroke. And some measures such as dural repair should be
done before hemorrhagic stroke happens. For patients after
tumor resection, wound suction drainage is a double-edged
sword. On the one hand it can reduce intracranial edema,
but on the other hand it causes CSF leakage and increases



BioMed Research International

saoeds
aSeyrrowoy
910400021 A[o30]dto fwojouess epdpoogng  PYOUHPEIEANS puv PPLIUAA wn[[2qa19d pue Sunruroa pue aydepes Juawoe[d
! |3 [1o[dwon 101 [eardooqng WS saxaydstway [[°Q210 p nr pue aypepeay po1 uojSuLiery
afeyaioway prouyoereqng
Te[[2qa122 JySryg :
%21100 [e3idoooorodura) ageyrIoway Suniwon
erxeje JySI[s e sey ased | pue SJUSWIBAI) AIJEATISUOD 1Jo] S9JBOO SB[ 2IAYdSTWIAY] [BIQIIID SMOT[S !
I : y : pUE SSOUIZZIP SeY [ PUB  UOT}J3saI Iown],
T2A0031 A[9391dw0d sased ¢ IOpUN SISEd [y PUB Iy STy Ie[[2qa1a0 ased T pue ‘ageyrIoway SUDEDEA SARY S55En
[BITR[TUN )BIO] SASED 7 TB[[2Q2190 MOT[S SISED 7 HoepEaY oney v
2qo Teadoo 25UBQINISIP
UOIIBNOBAD a1} JOo Y10q MOys
paIp ased | : [eI9]BTUN 9)BI0] $3SED 7 SSAUSNOIISUOD Sey
BWOJBWIAY JOPUN 258D $9sed 7 pue ‘9deyrioway
pue 9Yap yoaads sey] ased pue roydsTuray Ie[[2qaIad ased [ pue o1ap yoaads uorsnj
o1 1 pue ‘Surrredar yes) eanp ewidypouared ureiq moys
T 199J2p J130]0INAU OU YIIM [I2IETIq $3)BI0T 35D © SBY[ 9B T “BLIY)IeSAp reurds requing
Iopun $ased g ‘SJUd)eaI) $9sed / pue 93eyLIowaY
1040021 A[939]dwoD sases § 1 ‘o1oydsruay Ie[[aqaIad QAT $9SD 7 “BISNEU pUL
9ATJAIISUOD IOPUN SISED / ploutpereqns SMoys ased |
: [BI]BTUN 9JBIO] SISED 9 : aYPEPEIY ALY SISLD [[Y
Awoyoaruerd $2q0[ erxee
J1o19p 2ATTUS0D SBY] 95D | aA1ssaxdurooap 1opun Teadmooolarred sajesof wo) JO YJoq SMOYS Pel
jred sey] [ pue ‘uonounysLp
pue erdordrp pue doip j005 $95BD 7 PUL ‘UOTIENOLAD ased T pue 2qof [erodura) ased T pue ‘ageyIIoway : :
JOJOW qUIT] QART] SISED ¢ Awroyoauture|
61 1J9] SBY ISBD T PAIP SISED ofeyrroway 1opun  JySIT S9JBIO] 9SLD [ ‘STULIOA ewtpuoared ureiq : :
QOUBQINISIP SSIUSNOIISUOD Tequing
7 10979p d130[0INoU ou M sased ¢ ‘Suraredar 1ea) [enp Te[[2q2120 2JeD0] SASBD  MOYS SIsed ¢] dFeyrIowray OABU 955 O “BosnEU
1040021 A930[dt0d sased g1 JOpUN SasED § ‘SJUSUIILI] 7 ‘o1oydsrwioy Je[[oqaied  PIOUTDBIEQNS MOYS SISED 4 o
PUE SUORPEAY AR SISD /]
2ATJAIISUOD IOPUN $ISED [ [BI)B[TUN )BIO[ SISED §
araydsturay
parp Awoyooruerd :
: : TR[[2Qa19D [eIA)R[Iq $9JBI0[ aSeyrroway uonoUNysAp 10j0UW quUI|
ased 1 pue Ayonseds squirp  darssaxdurodop rapun ased
ased T pue 2qof [erodura) ewkyouared urerq moys aAey sased g pue ‘erseyde Awoyoaururef
I JOMOT M SI2A0DDT 958D 1 pue ‘3urredar 1ea) fep
[EISIRIIUN 9]BIO] $358D $9s€D g pue ‘9feyLIoway Sey[ aSBD | QUOepPEAY [eo1ATD)
[ 192J2p J130[0INAU OU YIIM JIopun $ased ¢ ‘SJUIUIILT)
; : ¢ “o1oydsTwuay Ie[[2q210d  PIOUYDBIEQNS MOYS SISED ¢ SNOTIOS © dABY SISED O]
1940021 A[219]dWI0D $358D 6 JATBATISUOD JOPUN SISED §
[BI9]BTTUN 9)BIO] $3SED F
uo11ed0[ 93eYIIOW
ased [e10], SIMsY SJUSWI}BAI], HES0] 29%Y 4 ouereadde 1D SUOTJB)SYTULRT [BITUT[D) sad4y £1981ng

ewdyouared urerg

‘sarra8imns aurds jo sad4£) JuaIogIp 19)je axo1s dISeYLIOWY JO SNIR)S [BITUI[D) ] ATAV],



the risk of intracranial hypotension. So the correct choice
must be made based on the patient’s comprehensive circum-
stance. Thirdly, early brain CT examinations are necessary for
patients with vascular disease or coagulopathy. Finally, the
treatment of underlying diseases may also be beneficial to
prevent hemorrhagic stroke.

3.5. Treatments. For patients with hemorrhagic stroke after
spine surgeries, it is the most important that the CSF leakage
and intracranial hypotension must be controlled. So closed
wound suction drainage is recommended for spinal surgery
especially tumor resection, and the time to stop drainage is
determined by the complaints of patients including headache
and emesis [8]. In other words, early diagnosis is also very
important for the treatment of intracranial hemorrhage after
spinal surgery. Brain CT examinations and typical clinical
symptoms may contribute to early diagnosis. If the loss of
CSF is caused by a dural tear, dural repair and preventing CSF
leakage will be useful to prevent intracranial hemorrhages
after spine surgeries. Other treatments including symp-
tomatic treatment and supportive care in a common hemor-
rhagic stroke such as bed rest, clinical intensive observation,
fluid therapy, and radiological close monitoring are also
necessary for patients with hemorrhagic stroke after spine
and joint surgeries [23]. Rational application of mannitol can
reduce intracranial hypertension after hemorrhagic stroke
happens. Antihypertensive drugs is beneficial to patients with
hypertension, whether hemorrhagic stroke happens or not.
Other drugs such as hypoglycemic agent for underlying dis-
eases are also necessary. And new drugs such as Fingolimod
(FTY720) may be useful to treat hemorrhagic stroke after
spine and joint surgeries [24], because the latest laboratory
findings and clinical trials strongly support its effectiveness
on any kind of hemorrhagic stroke [25].

4. Conclusions

Hemorrhage stroke after spine and joint surgeries is relatively
rare, but it may cause serious consequences such as morbidity
and mortality. In addition to dyslipidemia, hypertension, dia-
betes mellitus, smoking, and obesity, the risks of patients after
surgeries include coagulopathy and low intracranial pressure.
Most patients with hemorrhage stroke after surgeries have
clinical manifestations of headache, vomiting, consciousness
disturbance, and mental disorders. The bleeding sites are
mostly located in cerebellar hemisphere and temporal lobe.
Most cases happen several hours after surgeries. And brain
CT examinations and typical clinical symptoms may con-
tribute to early diagnosis. A CSF leakage may be the key
to intracranial hemorrhages happening. So repairing dural
tear or closing wound suction drainage after spine surgeries
can be helpful to prevent hemorrhage stroke. Blood pressure
control is very important for patients with hypertension.
And other treatments such as bed rest, clinical intensive
observation, fluid therapy, and radiological close monitoring
are also necessary. Most patients can completely recover
with no neurologic defect after the conservative treatment.
However several patients need a hematoma evacuation. For
these patients, their prognosis is not optimistic.
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