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Introduction

Normal pressure hydrocephalus (NPH) is a com-
mon and treatable neurological disorder that
often results in progressive gait impairment, uri-
nary incontinence, and dementia in the context of
ventricular enlargement with normal cerebrospi-
nal fluid (CSF) opening pressure on lumbar
puncture and absence of papilledema [1, 2]. NPH
may be idiopathic or secondary to traumatic brain
injury, subarachnoid hemorrhage, tumor, infec-
tion, or surgical complication [3]. While second-
ary NPH can occur at any age, idiopathic NPH
(iNPH) typically affects individuals in their 60s
and 70s [4]. Epidemiological data regarding NPH
remains limited; however, based on studies from
Scandinavia and Japan, the estimated incidence
of NPH ranges from 5.5 to 120/100,000 persons
per year, in patients above 70 years of age [5, 6].
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According to five community-based studies, the
overall prevalence of iNPH ranges from 0.12 %
to 2.9 %, with a prevalence as high as 5.9 % in
patients above 80 years of age [7].

CSF diversion is warranted in the majority of
patients with symptomatic NPH and results in
clinical improvement in up to 80-90 % of indi-
viduals [2]. As such, CSF shunting is the most
commonly employed treatment for the long-term
management of NPH. However, like all surgical
interventions, CSF shunting carries a risk of both
intraoperative and postoperative complications.
Immediate complications include parenchymal
injury and/or intracranial hemorrhage during
catheter placement, and delayed complications
include shunt obstruction, infection, subdural
hygroma or hematoma, and shunt migration [8,
9]. Complications from hematologic causes can
be particularly devastating in this group, given
the aforementioned potential surgical complica-
tions and intrinsic or extrinsic patient-specific
factors that can increase risk. iNPH typically
occurs in the elderly and common cardiovascular
comorbidities associated with thrombosis in this
age group are prevalent, including: atrial fibrilla-
tion, valvular disease, ischemic heart disease, and
deep venous thrombosis (DVT). Likewise,
Krauss et al. reported a significant association
between NPH and diabetes mellitus (P<0.015),
as well as cardiac (P<0.001), cerebral arterio-
sclerotic (P=0.007), and other arteriosclerotic
diseases (P=0.001) [10]. Similarly, Eide and
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Pripp found a significantly increased prevalence
of diabetes mellitus and cardiovascular diseases,
such as arterial hypertension (males), angina pec-
toris (females and males), and cardiac infarction
(males) in iNPH patients compared to healthy
controls [11]. Patients with these cardiovascular
diseases are commonly prescribed antithrom-
botic therapy (i.e., anticoagulant and/or antiplate-
let) to reduce the risk of stroke. Moreover,
long-term daily use of aspirin or anticoagulants is
recommended for diabetic patients unless other-
wise contraindicated, due to an increased risk of
developing arterial disease (e.g., coronary artery,
cerebrovascular and peripheral arterial disease)
[12]. As such, many NPH patients presenting for
shunt placement may have a history of long-term
antithrombotic therapy.

Long-term anticoagulation is often considered
to be a relative contraindication to shunt surgery
for patients with NPH given serious concerns
regarding the increased risk of anticoagulant-
associated bleeding in the elderly, particularly
with regard to immediate intracranial hemor-
rhage (ICH) or delayed subdural hematoma
(SDH) during or after CSF shunting [13].
Furthermore, elderly patients often have addi-
tional concomitant physical and medical issues
necessitating the use of multiple medications,
such as antiplatelet drugs, that increase the inter-
actions and risks associated with anticoagulant
therapy. According to the National Center for
Health Statistics’ Health, United States, 2013
report, 47.5 % of adults aged 65 and over were
taking at least five or more drugs simultaneously
between 2007 and 2010. Therefore, a careful
assessment of the overall risk-benefit ratio asso-
ciated with CSF shunting in anticoagulated NPH
patients must be employed. While few studies
have objectively explored the outcomes after
shunt placement in anticoagulated NPH patients,
the results of our previous study demonstrated
that patients on long-term anticoagulant therapy
using warfarin can be safely and effectively eval-
uated and treated for NPH [3].

In this chapter, we discuss the risks associated
with CSF shunting in anticoagulated NPH
patients, and review the evidence on management
strategies to reduce the risk of hematologic mor-
bidity related to CSF diversion in these patients.
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Common Anticoagulants
Encountered in the NPH Population

Diseases associated with thrombosis are more
common in the elderly population, including those
with NPH. Appropriate antithrombotic therapy
effectively reduces morbidity and mortality due to
stroke and thromboembolism, and is therefore
warranted for many elderly patients. According to
the National Center for Health Statistics’ Health,
United States, 2013 report, 18.1 % of adults 65
years and older were using one or more anticoagu-
lant and/or antiplatelet medication between 2007
and 2010, increased from 9.1 % between 1999 and
2002. Commonly used antithrombotic agents in
this age group include: warfarin, heparin, direct
factor Xa inhibitors (e.g., Rivaroxaban), direct
thrombin inhibitors (e.g., Dabigatran), aspirin,
and clopidogrel. Each agent has unique applica-
tions and risks that must be individually consid-
ered when encountering an anticoagulated NPH
patient who presents for CSF shunting. However,
an individual discussion surrounding the unique
aspects of particular antithrombotic therapies is
beyond the scope of this chapter, and consultation
with a hematologist and/or cardiologist is encour-
aged prior to shunt placement.

Diagnostic Protocol for Patients
on Anticoagulants

The efficacy of CSF shunting in patients with
suspected NPH varies widely in the literature,
with rates of clinical improvement ranging from
24 % to greater than 96 %; however, in appropri-
ately selected patients, shunt insertion can result
in significant improvement in the majority of
patients with NPH, with low iatrogenic morbidity
and mortality [14]. As such, several imaging
techniques and invasive procedures, ranging from
CSF drainage, to continuous intracranial pressure
monitoring, to hydrodynamic study methods, can
be utilized to improve diagnostic evaluation and
predict response to CSF shunting [15]. Despite
their utility, invasive diagnostic procedures carry
a low, but important, risk of hemorrhagic compli-
cations, particularly in patients receiving anti-
thrombotic therapy [16—-18].
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Gait impairment is the most common and often
is the presenting symptom in patients with NPH
[19]. The Timed Up and Go (TUG) and Tinetti
Performance Oriented Mobility Assessment are
often utilized to reliably and accurately measure
functional outcomes related to gait [20]. In addi-
tion to monitoring gait outcomes after shunting,
these assessments are valuable tools that can be
used to assess falling risk in anticoagulated NPH
patients, potentially predicting the risk of trau-
matic intracranial hemorrhage. More robust stud-
ies evaluating the ability of these noninvasive tests
to predict the risk of a fall-related intracranial
hemorrhage could be useful in stratifying patients
that would benefit from increased prophylactic
measures, irrespective of their NPH status.

Lumbar drainage, whether through a large
volume tap or continuous drainage, can be used
to determine whether a patient is likely to respond
to CSF shunting. This modality is one of the pre-
ferred diagnostic interventions of choice used to
assist surgeons in the evaluation of the risk-
benefit ratio associated with shunt placement in
NPH patients. However, it is important to note
that in patients on concomitant anticoagulation
therapy, anticoagulant-associated bleeding can
occur due to lumbar puncture itself. While rare,
hemorrhagic complications including epidural,
subdural, and subarachnoid hemorrhage are seri-
ous potential side effects of lumbar puncture [21,
22]. For example, in 2004, Samdani et al. reported
a case of a 34-year-old man, with a history of
daily aspirin use for back pain, who experienced
a subdural hematoma after diagnostic lumbar
puncture [23]. Likewise, Paal et al. reported a
case of spinal subarachnoid hemorrhage caused
by diagnostic lumbar puncture in a 51-year-old
patient on a daily combined regimen of aspirin
and clopidogrel [24]. In 2005, Burger et al. per-
formed a meta-analysis of randomized controlled
trials regarding the discontinuation of aspirin
prior to diagnostic or therapeutic interventions
and, based on the evidence, concluded that aspi-
rin should only be discontinued in cases where its
continued use would be associated with a higher
risk of mortality than the increased risk of vascu-
lar accident without it [25]. Likewise, the risk for
hemorrhage after lumbar puncture is increased in
patients using anticoagulants such warfarin, low
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molecular weight heparins, and direct factor Xa
and thrombin inhibitors [18].

Intracranial pressure (ICP) monitoring may
also be employed during the evaluation and treat-
ment of NPH. In 2010, Eide et al. reported that
improvement after surgery can be anticipated in
90 % of iNPH patients with abnormal ICP pulsa-
tility, compared to 10 % of patients with normal
ICP pulsatility, highlighting the utility of this
invasive procedure in the diagnosis of NPH [26].
While the authors reported a low complication
rate related to ICP monitoring, with no reports of
hemorrhagic complication [26], other studies
have reported low, but significant rates of intra-
cranial hemorrhage associated with ICP monitor-
ing via the gold standard procedure of external
ventricular drain (EVD) placement. The rate of
hemorrhagic complication associated with EVDs
ranges from 0 % to 15 %, with two (0.6 %) deaths
occurring in Karkala et al.’s study of the safety
and accuracy of bedside EVD placement [17]. Of
note, the rate of hemorrhage associated with
EVD placement estimated in these studies is
likely higher than in the general NPH population
given the fact that the majority of patients had an
EVD placed for emergent circumstances, such as
subarachnoid hemorrhage, intracranial hemor-
rhage, and intraventricular hemorrhage in
Karkala et al.’s study, while diagnostic EVD
placement for NPH is generally an elective pro-
cedure. Therefore, complete reversal of antico-
agulation in patients on antithrombotic therapy in
these studies may not have been possible.
Although the factors of this study do not match
the NPH population, given the increased risk of
bleeding in anticoagulated NPH patients, careful
evaluation for evidence of potential hemorrhagic
complication should be performed in patients
who undergo diagnostic ICP monitoring.

Preoperative Anticoagulation
Management Strategy:
Complication Avoidance

and Preoperative Considerations

Studies regarding perioperative management
of anticoagulation in neurosurgical patients
remain limited [27], particularly regarding shunt
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placement for NPH. Currently, there is no con-
sensus on the most appropriate perioperative
anticoagulation regimen in elective and emergent
intracranial shunt surgery. As a result, surgeons
often base their perioperative anticoagulation
management strategy upon anecdotal observa-
tions and personal professional experiences [28].
To complicate matters further, the majority of
neurosurgical procedures are considered to be
high risk for perioperative bleeding and thrombo-
sis [29-31]. For example, Hamilton et al. reported
postoperative DVTs in >25 % of non-anticoagu-
lated patients who underwent craniotomies [32].
Furthermore, temporary cessation of long-term
anticoagulation exposes patients to an increased
risk of thrombotic complications [30, 33, 34].
Conversely, continuation or early postopera-
tive resumption of therapeutic anticoagulation
increases the risk of postoperative hemorrhagic
complications [28, 30, 34-37]. Several factors
associated with a patients’ risk of thrombotic and
bleeding complications include: the primary indi-
cation for long-term anticoagulation, type and
duration of anticoagulant therapy, the patients’
baseline bleeding and thrombotic risks, urgency
of surgery, duration of perioperative anticoagu-
lant cessation, and whether partial or complete
reversal of anticoagulation is achieved [31, 38—
40]. Therefore, a meticulous balance between the
opposing thrombotic and bleeding risks is crucial
for safe and effective management of patients
who undergo shunt placement for the manage-
ment of NPH.

Given the unique considerations above, we
recommend perioperative consultation with a
hematologist and/or cardiologist in anticoagu-
lated NPH patients undergoing shunt surgery. Due
to the high risk of bleeding associated with intra-
cranial procedures [29, 30, 41, 42], the majority of
anticoagulated NPH patients require temporary
interruption of therapy prior to shunt surgery.
While long-term cessation of antithrombotic ther-
apy is associated with a substantially increased
risk of thrombotic complication in patients who
require antithrombotic therapy, temporary cessa-
tion of therapy can be generally considered safe.

For patients on warfarin, Goodwin et al. pro-
posed a perioperative anticoagulation manage-
ment strategy, in which anticoagulation should be
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stopped at least 5-7 days before invasive diag-
nostic procedures or surgery to allow adequate
time for their INR to normalize (Fig. 28.1) [3]. In
patients whose INR remains above 1.5, oral phy-
tonadione (vitamin K) may be used the day prior
to surgery to reach normal levels. In patients con-
sidered too high risk for thromboembolism with
complete cessation of anticoagulant therapy,
bridging to intravenous (IV) unfractionated hepa-
rin (UFH), or therapeutic doses of subcutaneous
(SQ) low molecular weight heparin (LMWH)
can be utilized. Patients who may not be amena-
ble to cessation of anticoagulation include those
with a mechanical heart valve, history of atrial
fibrillation, or recent venothromboembolism
(<6 months). Bridging should be performed
3648 h after the last dose of warfarin. The
appropriate dose of anticoagulant used for bridg-
ing is dependent on the patient’s individual risk
of thrombosis and bleeding, weight, and renal
function. In an effort to reduce the risk of periop-
erative bleeding, bridging therapy should be
stopped at least 24 h prior to surgery in patients
receiving SQ LMWH, or 4-6 h prior to surgery if
the patient is receiving IV UFH. The decision to
bridge anticoagulation in patients who are deter-
mined to be at a moderate- to low-risk level for
thromboembolism can be left to the discretion of
the surgical and/or hematology/cardiology team.
Furthermore, patients considered to be at a very
low risk for thromboembolism, such as patients
with bileaflet aortic valve prosthesis without atrial
fibrillation or other risk factors for stroke, CHADS?2
score of 0—2 without a history of prior stroke or
transient ischemic attack or >12 months since their
last and no other thromboembolic risk factors [42],
should not be bridged prior to surgery [31]. Patient-
specific factors such as medication adherence,
comprehension, and ability to comply with the
management plan should also be considered when
deciding to bridge AC prior to surgery, particularly
in NPH patients with significant dementia.

In our practice, we suspend the use of aspirin
and other antiplatelet agents at least 7-14 days
prior to surgery in order to reduce the risk of
hemorrhagic complications. This time frame is
recommended based on the fact that many anti-
platelet agents, such as aspirin, are irreversible
inhibitors and platelet formation takes at least
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5-7 days to replenish the available pool for clot-
ting. Birkeland et al. also recommended the same
timeline for cessation of antiplatelet therapy in
their analysis of 35 patients receiving aspirin
therapy in their study regarding the risk of subdu-
ral hematoma associated with shunt placement in
patients with NPH (Fig. 28.2) [43].

The above approach should only be consid-
ered as a guideline for anticoagulated NPH
patients, and is not a substitute for clinician judg-
ment regarding perioperative anticoagulation in
this challenging patient population. Likewise,
newer antithrombotic therapies may require dif-
ferent perioperative management; therefore, con-
sultation with a hematologist and/or cardiologist
is encouraged. In all NPH patients receiving anti-
thrombotic therapy, the INR, aPTT, and/or bleed-
ing time should be measured in order to confirm
that they are within the normal range prior to sur-
gery. Placement of an IVC filter prior to shunt
surgery can also be considered in patients at a
particularly high risk for thromboembolism.

Surgical Considerations
and Potential Intraoperative
Complications

Aside from the general risks associated with per-
forming a craniotomy or burr hole in an antico-
agulated NPH patient, unique risks associated
with shunt placement should also be considered.
For example, incision of the pia mater prior to
insertion of the shunt catheter is essential to avoid
a subdural hematoma caused by unintentional
stretching and tearing of the bridging veins from
pushing the brain away from the overlying dura
with catheter insertion. Image guidance may also
improve the accuracy of ventricular shunt cathe-
ter placement, and avoid parenchymal injury and
hemorrhagic complication due to multiple passes
particularly in the hands of less experienced

<

Fig.28.2 (continued) pressure hydrocephalus patients fol-
lowing shunt implantation. J Neurosurg. 2015;123:423-6.
Abbreviations: NPH normal pressure hydrocephalus, HCT
head computed tomography, /0 rule out



28 Is It Safe to Shunt Anticoagulated NPH Patients?

surgeons who do not commonly perform the
procedure [44, 45]. In addition, an adjustable
shunt valve with an anti-siphon device should be
utilized to allow gradual adjustment of the pres-
sure setting in order to lower the risk of subdural
hygroma or hematoma postoperatively [46], par-
ticularly in anticoagulated NPH patients. In their
randomized prospective study of 96 patients with
NPH, Boon et al. found an increased risk of sub-
dural effusions in patients receiving a low pres-
sure shunt system (71 %) compared to a medium
pressure system (34 %) [47]. However, a recent
randomized controlled trial in iNPH patients
found that gradual lowering of an adjustable
shunt valve setting to a mean of 7 cm H,O
resulted in a similar rate of shunt complications
and overdrainage, when compared to a fixed
valve setting of 13 cm H,O [48]. Of note, the use
of perioperative antithrombotic therapy was simi-
lar between groups; though, anticoagulant medi-
cation was discontinued at least 1 week prior to
shunt surgery in all patients in their study.

Postoperative Anticoagulation
Management Strategy—
Complication Avoidance

and Postoperative Consideration

A head CT (HCT) should be performed within
24 h after shunt placement in anticoagulated
NPH patients to assess for early, postoperative

375

hemorrhagic complications (Figs. 28.3 and 28.4).
If there is no radiographic or clinical evidence of
hemorrhage, antithrombotic therapy can be
restarted within an appropriate time frame as
deemed by the management team. However, if a
clinical or radiographic bleed is identified, anti-
thrombotic therapy should be held until serial
imaging shows resolution (in low-risk patients)
or stability (in high-risk patients) of the hemor-
rhage. Also, the patient should be carefully eval-
vated for evidence of thrombotic complications
secondary to temporary cessation of antithrom-
botic therapy.

Long-acting warfarin therapy may be subse-
quently restarted 24—48 h postoperatively if the
postoperative CT is negative, or as soon as it is
considered safe by the multidisciplinary team. Of
note, in our previous study, warfarin therapy was
restarted 3—5 days after surgery or at the time of
discharge [3]; however, based on recent evidence,
the American College of Chest Physicians
(ACCP) guidelines recommends earlier resump-
tion of warfarin after surgery [42]. However, in
their 2013 New England Journal of Medicine
review, Baron et al. deemed all neurosurgical pro-
cedures as high risk of hemorrhagic complication
[31]. The authors also stated that due to the fact
that resumption of warfarin therapy takes several
days to achieve full anticoagulation, it can typi-
cally be restarted the evening of postoperative
day 1, “unless there is a substantial risk of delayed
bleeding or unless reoperation is anticipated” [31].

Fig.28.3 Non-contrast axial head CT depicting preopera-
tive (a), post-hemorrhage (b), and post-resolution (¢) images
in an 80-year-old male on long-term coumadin therapy prior
to shunt placement for NPH. (On postoperative day 1, the

patient experienced a large intraventricular hemorrhage
bilaterally, involving the occipital horns and a small intrapa-
renchymal hemorrhage around the catheter. The hemor-
rhage completely resolved 2 months postoperatively)
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Fig. 28.4 Non-contrast axial head CT depicting preop-
erative (a), post-hemorrhage (b), and last follow-up (c)
images in an 85-year-old male on high-dose (325 mg
daily) aspirin therapy prior to shunt placement for NPH.
(On postoperative day 5, the patient experienced a large
intraparenchymal hemorrhage along the course of the

Due to the higher risk of significant morbidity
and mortality associated with intracranial hemor-
rhage, and need for emergent surgical interven-
tion if substantial bleeding is encountered,
further studies are needed to substantiate this rec-
ommendation and to determine whether restart-
ing warfarin 24 h postoperatively is safe after
neurosurgical procedures and in the NPH popu-
lation. Furthermore, caution should be taken in
this particular population due to their increased
gait instability and higher fall risk. Importantly, it
may take >48 h after resumption of warfarin to
reach a partial response (INR >1.5). In patients
taking LMWH or UFH, anticoagulation can be
resumed 24-72 h postoperatively, or after ade-
quate hemostasis has been achieved. Based on the
2012 ACCEP guidelines, antiplatelet therapy may
be resumed 24—48 h after surgery [40]; however,
based on the increased risk described above, most
neurosurgeons prefer to wait at least 7 days for
the resumption of aspirin therapy or 1-2 months
for clopidogrel.

After restarting antithrombotic therapy, addi-
tional cranial imaging can be obtained after one to
two doses of the medication to determine if a
hemorrhagic event has occurred. If bleeding is
identified, serial imaging should be performed
until the bleed is stable to assess for progression/

right posterior parietal approach ventricular shunt catheter
extending into the right lateral ventricle. The hemorrhage
continued to gradually evolve, with extension into the
intraventricular system, until the patient’s death 1 month
postoperatively)

regression, as mentioned above. Surgical versus
medical management with blood products is
determined based on the extent and location of the
bleed £neurologic symptomatology. If no evi-
dence of bleeding is observed, anticoagulant ther-
apy can be continued. Additional imaging should
be obtained if there is new onset of neurologic
deficits or worsening of symptoms (i.e., headache).
Imaging may also be obtained if anticoagulation
becomes supratherapeutic and the patient is at sub-
stantial risk for hemorrhage that would necessitate
immediate and complete interruption of therapy
versus gradual dosing adjustment.

In the outpatient setting, gradual lowering of
the pressure setting should be performed over
time until maximum symptomatic improvement
is achieved, without the onset of low pressure
symptomatology [3].

Postoperative Complications

The most serious, and deadly, complication
associated with antithrombotic therapy is intra-
cranial hemorrhage, most commonly via ICH
[49]. According to McGovern et al.’s study,
symptomatic ICH was observed in 1.5 % of NPH
patients who received a ventriculoperitoneal
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shunt; however, the effect of antithrombotic ther-
apy was not assessed [50]. Importantly, however,
the initial volume and duration of expansion is
greater in anticoagulant-associated ICH com-
pared to spontaneous ICH, with a corresponding
mortality rate greater than 50 % [51]. Furthermore,
warfarin therapy doubles the risk of fatal intra-
cranial hemorrhage, with ICH causing approxi-
mately 90 % of permanent morbidity and
mortality in patients with bleeding associated
with anticoagulation [52, 53]. Likewise, the risk
of ICH is increased with the use of aspirin ther-
apy by approximately 40 % [49]. Combined use
of warfarin and aspirin likely further increases
the risk of hemorrhage than either therapy alone
[54], and approximately 20 % of elderly adults
are on a combined regimen of anticoagulant-anti-
platelet therapy [55]. While newer anticoagulants
are associated with a lower risk of intracranial
hemorrhage compared to warfarin, as demon-
strated by the RE-LY (i.e., dabigatran) [56],
ROCKET-AF (i.e., rivaroxaban) [57], and
ARISTOTLE (i.e., apixaban) trials [58], caution
must be performed due to the lack of available
reversal agents for these newer agents.

Common, delayed, postoperative complica-
tions after shunt surgery include shunt obstruc-
tion, infection, subdural hygroma or hematoma,
and shunt migration [8, 9]. Surgical overdrainage
of CSF via ventricular shunting, particularly in
the upright position, increases the risk of subdural
hygroma or hematoma. Overdrainage adversely
affects surgical and postoperative clinical out-
comes for NPH and, to a lesser degree, generic
measures of health-related quality of life [59].
Subdural hematoma occurs after 2—17 % of shunt
surgeries for the treatment of NPH [3, 43]. Khan
et al. reported eight (5 %) cases of SDH requiring
surgical evacuation after shunt placement in
patients with iNPH; however, the effect of anti-
thrombotic therapy was not assessed [60]. In their
systematic review of the outcome after shunt sur-
gery for iNPH, Toma et al. reported a 6.3 % (range
2-47 %) rate of subdural hematoma (SDH) or
hygroma and an ICH or stroke rate of 0.4 %
(range 0—18 %) [61]. The effect of antithrombotic
therapy was not determined in these cases.
Epidural hematoma after CSF shunting is much
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less common, and almost always develops within
the first few hours after surgery; on the other hand,
SDH may be either acute or delayed [62].
Similarly, anticoagulation-associated subarach-
noid hemorrhage is rare, with Mattle et al. report-
ing only seven out of 76 cases (9.2 %) of
intracranial hemorrhage over a 6-year period [63].

In our previous study of 15 anticoagulated
NPH patients who underwent shunt surgery, two
(13 %) patients experienced symptomatic, post-
operative bleeding complications [3]. One
patient, with comorbid cirrhotic hepatitis C, who
received bridging therapy with IV UFH, experi-
enced an SDH 13 days after shunt surgery.
Subsequently, anticoagulation was stopped
immediately until the INR and aPTT normalized,
and the shunt was removed 2 days after cessation
of anticoagulant therapy. Another patient devel-
oped a large abdominal subcutaneous hematoma
5 days after shunt surgery, and required surgical
evacuation.

In a recent assessment of the risk of subdural
hematoma (SDH) in 80 patients who underwent
shunt surgery for NPH, 35 of whom were taking
aspirin and 13 who were on combined
anticoagulant-antiplatelet therapy, 11 (14 %)
cases of symptomatic SDH occurred. All cases of
SDH after shunt surgery arose in patients receiv-
ing aspirin or clopidogrel, with a hazard ratio of
12.8 (95 % CI 3.1-53) associated with aspirin use
(Fig. 28.5). The authors concluded that clopido-
grel may pose an even greater risk of postopera-
tive subdural hematoma after shunt surgery [43].
In this study, the authors hypothesized that shunt-
ing in NPH patients increases the risk for the
brain to collapse, resulting in increased suscepti-
bility to SDH, particularly in patients receiving
antiplatelet therapy (e.g., aspirin and/or clopido-
grel). Mahaney et al. reported a slightly lower,
but significant, rate of postoperative hemorrhage
associated with shunt placement in patients on
dual antiplatelet therapy with 325 mg acetylsali-
cylic acid daily and 75 mg clopidogrel daily
(P=0.0075), with a total of four (10.8 %) cases
of intracranial hemorrhage associated with dual
antiplatelet therapy [64]. Of note, dual antiplatelet
therapy was not stopped prior to shunt placement
in any of the patients in their study [64].
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Fig. 28.5 Kaplan-Meier plot of event-free survival in
patients on aspirin therapy. Courtesy of Birkeland P,
Lauritsen J, Poulsen FR. Aspirin is associated with an

Conclusions

Ultimately, patients on long-term antithrombotic
therapy can be safely and effectively evaluated and
treated for NPH, with the use of appropriate peri-
operative and postoperative management. While
the overall risk of bleeding associated with shunt
placement is low, NPH patients receiving anti-
thrombotic therapy are at a significantly increased
risk of hemorrhagic complication compared to
patients who are not on antithrombotic therapy.
Given the advanced age, gait impairment, and
dementia associated with NPH, the bleeding and
thrombotic risk may be even higher in NPH than
the general population receiving antithrombotic
therapy. Therefore, consultation with a hematolo-
gist and/or cardiologist is warranted in order to
determine which patients can safely suspend anti-
thrombotic therapy prior to surgery versus those
who require bridging. Operative considerations
that can reduce the risk of hemorrhagic complica-
tion include incision of the pia mater prior to
ventricular catheter insertion, potential use of
intraoperative imaging guidance, and placement
of and adjustable and gravity-assisted shunt valve
to lower the risk of overdrainage. In the outpatient

increased risk of subdural hematoma in normal-pressure
hydrocephalus patients following shunt implantation.J
Neurosurg.2015;123:423-6

setting, gradual lowering of the pressure setting
should be performed over time until a balance
is reached between maximum symptomatic
improvement and the onset of symptoms sugges-
tive of low intracranial pressure (e.g., orthostatic
headache and dizziness). Postoperatively, the time
to resumption of antithrombotic therapy depends
on the patients’ individual risk of thrombosis and
bleeding as well as radiographic evaluation for
intracranial hemorrhage.
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