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Ventriculoperitoneal (VP) shunt placement is a 
common neurosurgical procedure for the treatment 
of hydrocephalus following diverse conditions like 

normal-pressure hydrocephalus (NPH), intracranial hem-
orrhage, aneurysmal subarachnoid hemorrhage (aSAH), 
meningitis, or trauma.4,8,12–14 Generally, NPH occurs in the 
6th and 7th decade of life,3,15 which explains why many 
of these patients receive low-dose acetylsalicylic acid 
(ASA) treatment for secondary prophylaxis.2 On the other 
hand, patients presenting with aSAH and who are treated 
by stent-assisted coil insertion or flow diversion are of-
ten treated with antiplatelet medication to avoid in-stent 
thrombosis. Even though many patients needing a VP 
shunt are treated with low-dose ASA, data on its impact on 
VP shunt surgery are sparse. A recent study demonstrated 
that patients on an ASA regimen in whom shunts were 

implanted had an increased risk of postoperative chronic 
subdural hematoma (cSDH).2 Another study investigat-
ing the effects of dual antiplatelet therapy in patients with 
aSAH showed an increased but low rate of hemorrhagic 
complications associated with shunting.13 With the current 
study we aimed to elucidate the effect of ASA treatment 
on bleeding events in patients undergoing VP shunt place-
ment.

Methods
Of 172 consecutive patients undergoing VP shunt 

placement between June 2009 and December 2015 at our 
institution, 40 (23.3%) patients were receiving low-dose 
ASA treatment (100 mg orally administered once a day; 
ASA group), whereas 132 (76.7%) were nonusers (control 

AbbreviAtioNs ASA = acetylsalicylic acid; aSAH = aneurysmal subarachnoid hemorrhage; CAD = coronary artery disease; cSDH = chronic subdural hematoma; Hb = 
hemoglobin; LMWH = low-molecular-weight heparin; NPH = normal-pressure hydrocephalus; PBC = packed blood cells; Tc = thrombocyte; VP = ventriculoperitoneal.
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obJeCtive Ventriculoperitoneal (VP) shunt placement is a common procedure for the treatment of hydrocephalus 
following diverse neurosurgical conditions. Most of the patients present with other comorbidities and receive antiplatelet 
therapy, usually acetylsalicylic acid (ASA). Despite its clinical relevance, the perioperative management of these patients 
has not been sufficiently investigated. The aim of this study was to compare the peri- and postoperative bleeding compli-
cation rates associated with ASA intake in patients undergoing VP shunt placement.
MethoDs Of 172 consecutive patients undergoing VP shunt placement between June 2009 and December 2015, 40 
(23.3%) patients were receiving low-dose ASA treatment. The primary outcome measure was bleeding events in ASA 
users versus nonusers, whereas secondary outcome measures were postoperative cardiovascular events, hematologi-
cal findings, morbidity, and mortality. A subgroup analysis was conducted in patients who discontinued ASA treatment 
for < 7 days (n = 4, ASA Group 1) and for ≥ 7 days (n = 36, ASA Group 2).
resUlts No statistically significant difference for bleeding events was observed between ASA users and nonusers (p 
= 0.30). Cardiovascular complications, surgical morbidity, and mortality did not differ significantly between the groups 
either. Moreover, there was no association between ASA discontinuation regimens (< 7 days and ≥ 7 days) and hemor-
rhagic events.
CoNClUsioNs Given the lack of guidelines regarding perioperative management of neurosurgical patients with an-
tiplatelet therapy, these findings elucidate one issue, showing comparable bleeding rates in ASA users and nonusers 
undergoing VP shunt placement.
http://thejns.org/doi/abs/10.3171/2016.6.FOCUS16173
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group). The diagnosis in these patients was symptomat-
ic hydrocephalus caused by various underlying diseases 
(Table 1), confirmed by CT or MRI. All patients received 
low-molecular-weight heparin (LMWH) in a prophylactic 
weight-adapted dosage (< 80 kg, 2500 U of LMWH; ≥ 80 
kg, 5000 U of LMWH) 24 hours postoperatively. None of 
the cases were excluded from the study.

In the ASA group, antithrombotic medication was dis-
continued 8.9 ± 5.9 days prior to surgery and resumed 
60.68 ± 127.5 days postoperatively. The ASA users were 
significantly older compared with nonusers (mean age 
69.5 ± 12.6 years and 61.3 ± 17.1 years, respectively [p = 
0.01]). Also, significantly more patients in the ASA group 
were men, and significantly more suffered from arterial 
hypertension, coronary artery disease (CAD), and atrial 
fibrillation. Moreover, in the ASA group there was a sig-
nificantly higher percentage of patients with a coronary 
stent, coronary bypass surgery, and a history of transient 
ischemic attack and/or stroke. Distribution of sex, age, co-
morbidities, underlying disease, side of shunting, Ameri-
can Society of Anesthesiologists score, and concomitant 
antiplatelet or anticoagulation therapy in each group are 
shown in Table 1.

Data on operating time, intraoperative blood loss, pre- 
and postoperative hemoglobin (Hb) and thrombocyte (Tc) 
counts, transfusion of packed blood cells (PBC), and clini-
cal outcome were additionally collected. Intraoperative 
blood loss was recorded in the anesthetic report and was 
assessed by subtracting the amount of blood collected in 
the suction tube at the end of surgery from the amount of 
fluids applied into the surgical field. Preoperative laborato-
ry values were collected 1 day prior to or on the same day 
of the surgery, whereas postoperative laboratory values 
were collected on the 1st or 2nd postoperative day. Post-
operative complications such as bleeding, cardiovascular 
events, morbidity, and mortality were also compared. The 
mean clinical and radiological follow-up time in the ASA 
group was 39.56 ± 71.9 days (range 3–351 days) and 3.54 
± 3.2 days (range 0–19 days), respectively. In the control 
group, the clinical follow-up was 64.08 ± 117.7 days (range 
2–433 days) and radiological follow-up was 3.29 ± 2.1 
days (range 0–13 days) after surgery.

The primary outcome measure was an intra- or extra-
cranial bleeding event (treated by surgery or conserva-
tively). Secondary outcome measures were postoperative 
thromboembolic events (defined as myocardial infarction 
[STEMI/NSTEMI: ST-elevation myocardial infarction/
non–ST elevation myocardial infarction], cerebrovascular 
insult, peripheral arterial occlusion, deep vein thrombosis, 
or pulmonary embolism); systemic and infectious com-
plications (defined as surgical or systemic infection, other 
medical complications); amount of intraoperative blood 
loss; amount of transfused PBC; hematological findings; 
operating and hospitalization times; overall morbidity and 
mortality; and clinical outcome.

An additional subgroup analysis of only ASA users 
was conducted, comparing bleeding and thromboembolic 
events and hematological findings in patients discontinu-
ing ASA treatment for < 7 days (ASA Group 1: 4 cases 
[10%], 3 females [75%]) and for ≥ 7 days (ASA Group 2: 
36 cases [90%], 9 females [25%]). Antithrombotic medica-

tAble 1. baseline characteristics in 172 patients with vP shunt 
placement

Characteristic
Total (%),  
n = 172

ASA Group 
(%), n = 40

Control 
Group (%), 

n = 132
p 

Value*

Female sex 76 (44.2) 12 (30.0) 64 (48.5) 0.049
Age in yrs, mean ± 

SD
63.2 ± 16.5 69.5 ± 12.6 61.3 ± 17.1 0.01

Concomitant blood 
thinners

  Clopidogrel 
therapy

7 (4.1) 2 (5.0) 5 (3.8) 0.67

  Warfarin therapy 12 (7.0) 3 (7.5) 9 (6.8) 0.1
  NOAC therapy 2 (1.2) 0 2 (1.5) 1.0
Secondary diagnosis
 CAD 27 (15.7) 14 (35.0) 13 (9.8) <0.01
 Coronary stent 5 (2.9) 4 (10.0) 1 (0.8) 0.01
 Arterial hyperten-

sion
81 (47.1) 31 (77.5) 50 (37.9) <0.01

 Coronary bypass 2 (1.2) 2 (5.0) 0 (0) 0.049
 Carotid stenosis 1 (0.6) 1 (2.5) 0 (0) 0.23
 TIA/CVI 27 (15.7) 12 (30.0) 15 (11.4) 0.01
 PAOD 14 (8.1) 6 (15.0) 8 (6.1) 0.10
 Atrial fibrillation 3 (1.7) 3 (7.5) 0 (0) 0.01
 Hypercholesterol-

emia
15 (8.7) 7 (17.5) 22 (16.7) 0.28

American Society of 
Anesthesiologists 
score

0.10

  I 4 (2.3) 1 (2.5) 3 (2.3)
  II 28 (16.3) 4 (10.0) 24 (18.2)
  III 125 (72.7) 28 (70.0) 97 (73.5)
  IV 12 (7.0) 6 (15.0) 6 (4.5)
VP shunt location
 Lt 34 (19.8) 3 (7.5) 31 (23.5) 0.03
 Rt 138 (80.2) 37 (92.5) 101 (76.5)
Indication for VP 

shunt
0.39

  NPH 65 (37.8) 19 (47.5) 46 (34.8)
  TBI 22 (12.8) 2 (5.1) 20 (15.2)
  aSAH 39 (22.7) 13 (32.5) 26 (20.0)
  Tumor obstruc-

tion
10 (5.8) 1 (2.6) 9 (6.8)

  Meningitis 7 (4.1) 0 (0) 7 (5.3)
  Postop hydro-

cephalus
9 (5.2) 1 (2.6) 8 (6.1)

  IVH 12 (7.0) 3 (7.7) 9 (6.8)
  Pseudotumor 

cerebri
2 (1.2) 0 (0) 2 (1.5)

  Stroke 3 (1.7) 1 (2.6) 2 (1.5)
  Idiopathic NPH 1 (0.6) 0 (0) 1 (0.8)
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tion was stopped 1 ± 1.4 days and 9.8 ± 5.5 days prior to 
surgery in ASA Group 1 and ASA Group 2, respectively 
(p = 0.001). The ASA treatment was resumed postopera-
tively after 3.3 ± 1.3 days in the ASA Group 1 and after 
67.1 ± 133.0 days in the ASA Group 2 (p = 0.01).

The study protocol was approved by the local ethics 
committee (EKNZ, Basel, Switzerland). All statistical 
analyses were done using SPSS Statistics software, ver-
sion 21.0 (IBM Corp., 2012). Contingency tests were done 
using Fisher’s exact test, whereas all other calculations 
were done using the Mann-Whitney U-test. A p value of 
< 0.05 was considered significant. Values for continuous 
variables are expressed as the mean ± SD throughout.

results
hemorrhagic and thromboembolic events

The overall bleeding events rate was 7% (n = 12). One 
patient (2.5%) and 11 patients (8.3%) had a bleeding event 
in the ASA and control groups, respectively, showing no 

significant difference (p = 0.30). The overall rate of throm-
boembolic complications was 2.5% (n = 1) in the ASA 
group, whereas no events occurred in the control group (p 
= 0.23). The only patient with a bleeding event in the ASA 
group suffered from asystole and eventually died after re-
suscitation (Table 2).

Morbidity and Mortality
Overall morbidity did not differ significantly between 

the 2 groups, with 20% (n = 8) in the ASA group and 
26.5% (n = 35) in the control group (p = 0.53). The mortal-
ity rate was 2.5% (n = 1) in the ASA group and 1.5% (n = 
2) in the control group, showing no significant difference 
(p = 0.55) (Table 2).

operating and hospitalization times
The mean operating time in the ASA and control groups 

was 86.84 ± 11.6 minutes and 88.54 ± 18.9 minutes, re-
spectively (p = 0.84). The mean hospitalization time in the 
ASA group was 14.95 ± 10.1 days, and in the control group 
it was 14.99 ± 11.0 days, showing no significant difference 
(p = 0.72) (Table 2).

intraoperative and Postoperative blood loss, blood 
transfusion, and hematological Findings

The average intraoperative blood loss was 39.25 ± 60.8 
ml in the ASA group and 41.97 ± 63.3 ml in the control 
group, showing no significant difference (p = 0.77). In the 
ASA group 0.03 ± 0.158 U of PBC were transfused intra-
operatively, whereas in the control group intra- or postop-
erative transfusions of PBC were not necessary (p = 0.07). 
Preoperative and postoperative hematological findings did 
not differ significantly between the groups. Intraoperative 
or postoperative transfusion of Tc was not necessary in ei-
ther group (Table 3). The mean preoperative international 
normalized ratio was < 1.2 in all patients.

tAble 1. baseline characteristics in 172 patients with vP shunt 
placement

Characteristic
Total (%),  
n = 172

ASA Group 
(%), n = 40

Control 
Group (%), 

n = 132
p 

Value*

Indication for VP 
shunt (continued)

0.39

  Aqueductal 
stenosis

1 (0.6) 0 (0) 1 (0.8)

  Syringomyelia 1 (0.6) 0 (0) 1 (0.8)

CVI = cerebrovascular insult; IVH = intraventricular hemorrhage; NOAC = non–
vitamin K antagonist oral anticoagulants; PAOD = peripheral artery occlusive 
disease; TBI = traumatic brain injury; TIA = transient ischemic attack. 
* Boldface type indicates statistical significance (p < 0.05).

» CONTINUED FROM PAGE 2

tAble 2. Primary and secondary outcome measurements in 172 patients with vP shunt placement

Outcome Measure Total (%), n = 172 ASA Group (%), n = 40 Control Group (%), n = 132 p Value
Overall bleeding events 12 (7) 1 (2.5) 11 (8.3) 0.30
Thromboembolic complications 1 (0.6) 1 (2.5) 0 (0) 0.23
Morbidity
 Systemic & infectious complications 16 (9.3) 3 (7.5) 13 (9.8) 0.77
 Surgical site infections 10 (5.8) 2 (5.0) 8 (6.1) 1.0
 Morbidity w/o bleeding events 41 (23.8) 17 (42.5) 24 (18.2) 1.0
 Overall morbidity 43 (25.0) 8 (20.0) 35 (26.5) 0.53
Mortality 3 (1.7) 1 (2.5) 2 (1.5) 0.55
Op time in min, mean ± SD 88.15 ± 17.5 86.84 ± 11.6 88.54 ± 18.9 0.84
Hospitalization time in days, mean ± SD 14.98 ± 10.7 14.95 ± 10.1 14.99 ± 11.0 0.72
Postop clinical condition 0.20
 Better 106 (61.6) 24 (60.0) 82 (62.1)
 Same 27 (15.7) 6 (15.0) 21 (16.0)
 Worse 3 (1.7) 2 (5.0) 1 (0.8)
Follow-up in days, mean ± SD
 Clinical follow-up 58.31 ± 108.9 39.56 ± 71.9 64.08 ± 117.7 0.80
 Radiological follow-up 3.35 ± 2.4 3.54 ± 3.2 3.29 ± 2.1 0.91
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Clinical outcome
In the ASA group 15.0% of the patients (n = 6) had an 

unchanged clinical condition, 5.0% (n = 2) had a worsen-
ing one, and 60.0% (n = 24) showed an improvement of 
their clinical condition. In the control group 16.0% (n = 
21) of the patients had an unchanged clinical condition, 
whereas 0.8% (n = 1) showed worsening, and 62.1% (n = 
82) showed improvement of their clinical condition. The 
clinical outcome did not differ significantly between the 
groups (p = 0.20) (Table 2).

subgroup Analysis
Our additional subgroup analysis—of ASA users only—

showed no significant difference in the baseline character-
istics described above (results not shown). The overall rate 
of bleeding events was 2.5% (n = 1) and showed no sig-
nificant difference between the 2 groups (p = 1). The only 
bleeding event, a discrete bleed along the course of the 
ventricular catheter accompanied by a small acute SDH, 

which was managed conservatively without influencing 
the patient’s outcome, occurred on the 3rd postoperative 
day. The ASA treatment was resumed in this patient on 
the 2nd postoperative day. Thromboembolic events in 
both groups (0% in ASA Group 1 vs 2.8% (n = 1) in ASA 
Group 2; p = 1.0) showed no significant difference. Pa-
tients in ASA Group 1 required significantly more units of 
PBC intraoperatively and showed significantly lower Hb 
values postoperatively than patients in ASA Group 2 (p = 
0.003 and p = 0.049 for PBC and Hb levels, respectively). 
Morbidity, mortality, other perioperative complications, 
and clinical outcomes were not significantly influenced by 
the ASA regimen administered (Table 4).

Discussion
In this study, in which the aim was to investigate the 

rates of bleeding events in ASA users and nonusers un-
dergoing VP shunt placement, our main results showed no 
statistically significant difference between these groups 

TABLE 3. Hematological findings in 172 patients with VP shunt placement

Finding Total, n = 172 ASA Group, n = 40 Control Group, n = 132 p Value

Hb level preop in g/L, mean ± SD 328.38 ± 138.7 129.6 ± 22.6 130.3 ± 22.6 0.91
Tc level preop in g/L ×109, mean ± SD 255.9 ± 104.5 347.6 ± 171.6 322.9 ± 127.9 0.97
Hb level postop in g/L, mean ± SD 120.1 ± 20.6 120.5 ± 19.6 118.5 ± 24.3 0.62
Tc level postop in g/L ×109, mean ± SD 333.46 ± 121.9 343.8 ± 157.8 330.6 ± 110.8 0.74
Blood loss in ml, mean ± SD 41.34 ± 62.6 39.25 ± 60.8 41.97 ± 63.3 0.77
Intraop PBC units, mean ± SD* 0.03 ± 0.158 0.03 ± 0.158 0 0.07

* Used in only 1 case.

tAble 4. subgroup analysis of AsA users only*

Factor Total (%), n = 40 ASA Group 1 (%), n = 4 ASA Group 2 (%), n = 36 p Value†

Bleeding events 1 (2.5) 0 (0) 1 (2.8) 1
Thromboembolic complications 1 (2.5) 0 (0) 1 (2.8) 1
Morbidity w/o bleeding events 7 (17.5) 1 (25.0) 6 (16.7) 0.55
Mortality 1 (2.5) 0 (0) 1 (2.8) 1
Hb level preop in g/L, mean ± SD 130.3 ± 22.6 110.0 ± 13.7 132.7 ± 22.4 0.06
Tc level preop in g/L ×109, mean ± SD 347.6 ± 171.6 491.8 ± 231.6 330.7 ± 159.1 0.07
Hb level postop in g/L, mean ± SD 118.5 ± 24.3 96.0 ± 7.1 122.2 ± 24.2 0.049
Tc level postop in g/L ×109, mean ± SD 343.8 ± 157.8 368.8 ± 159.2 336.6 ± 159.9 0.51
Average blood loss in ml, mean ± SD 39.3 ± 60.8 87.5 ± 143.6 33.9 ± 45.4 0.78
Intraop PBC units, mean ± SD‡ 0.03 ± 0.16 0.025 ± 0.05 0 0.003
Op time in min, mean ± SD 86.8 ± 11.6 80.0 ± 17.3 87.4 ± 11.2 0.29
Hospitalization time in days, mean ± SD 15.0 ± 10.1 19.5 ± 10.8 14.4 ± 10.0 0.43
Postop clinical condition 0.59
 Better 24 (60.0) 4 (100) 20 (55.6)
 Same 6 (15.0) 0 (0) 6 (16.7)
 Worse 2 (5.0) 0 (0) 2 (5.6)
ASA discontinuation preop in days, mean ± SD 8.9 ± 5.9 1.0 ± 1.4 9.8 ± 5.5 0.001
ASA start postop in days, mean ± SD 60.7 ± 127.5 3.3 ± 1.3 67.1 ± 133.0 0.01

* ASA Group 1 consisted of patients who discontinued ASA for < 7 days; ASA Group 2 consisted of patients who discontinued ASA for ≥ 7 days.
† Boldface type indicates statistical significance (p < 0.05).
‡ Used in only 1 case.
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(2.5% vs 8.3%, p = 0.30). In addition, rates of thrombo-
embolic events, surgical morbidity, mortality, periopera-
tive complications, hematological findings, and clinical 
outcome did not differ significantly. A subgroup analysis 
of ASA users alone showed no statistically significant dif-
ference for bleeding events in patients discontinuing ASA 
for < 7 days and ≥ 7 days (0% vs 2.8%, respectively; p = 1). 
Moreover, no significant difference was found for throm-
boembolic events, morbidity, mortality, and clinical out-
come between the groups. However, a significantly higher 
number of PBC units was administered intraoperatively, 
and lower postoperative Hb values were seen in patients 
in whom ASA was discontinued < 7 days. This occurred 
even though the intraoperative amount of blood loss did 
not differ significantly between the groups.

Association between AsA therapy and bleeding events 
After vP shunt Placement

There are only a very few retrospective studies on the 
effects of antithrombotic therapy in neurosurgical pa-
tients. A recent study in patients with cSDH showed no 
significant association between early postoperative ASA 
resumption and increased recurrence rates.10 McDonald’s 
group (see Guha et al.) also investigated the effect of ASA 
on the recurrence rate in cSDH and recommended early 
postoperative resumption of ASA treatment, namely after 
3 days.7 Mahaney et al. show an increased but low rate 
of symptomatic intracranial hemorrhage associated with 
dual antiplatelet therapy, and suggest that VP shunt im-
plantation without discontinuation of dual antiplatelet 
therapy might be feasible.13 A study of patients with NPH 
who received ASA therapy and were treated with a VP 
shunt showed a significant increase of the occurrence of 
cSDH associated with antithrombotic therapy compared 
with nonusers.2 Those authors proposed withholding ASA 
treatment 7 days prior to surgery and resuming it on the 
1st–2nd postoperative day. However, it was shown that 
the antithrombotic effect of ASA vanishes in half of the 
patients after 72 hours and in 80% of the cases after 96 
hours.9 This brings into question the common practice of 
most surgeons to discontinue ASA therapy 7–10 days be-
fore surgery.5,6

In our cohort, too, ASA was discontinued quite ear-
ly; 8.9 ± 5.9 days before the operation. Considering the 
pharmacokinetics of ASA, patients might have been in a 
normal thrombotic state in the perioperative period. For 
this reason we performed a subgroup analysis on all ASA 
users in which we compared bleeding events in patients 
discontinuing ASA for < 7 days and ≥ 7 days. On average, 
ASA was discontinued 1 ± 1.4 days before surgery and re-
sumed 3.3 ± 1.3 days after surgery in the patients in whom 
ASA was discontinued < 7 days, and still no increase of 
bleeding events was observed. Even though this group of 
patients showed a significantly higher need for transfusion 
of PBC and lower postoperative Hb values, this did not 
correlate with higher morbidity or worse outcome. Clearly 
the sample size is too small, especially in ASA Group 1 (n 
= 4), to draw a clear conclusion from this subgroup analy-
sis. However, it seems that the continuation of ASA treat-
ment throughout the perioperative period does not lead to 
more bleeding events.

Association between AsA treatment and 
thromboembolic events After vP shunt Placement

According to the literature, perioperative discontinua-
tion of ASA treatment in patients at risk leads to more 
cardiovascular complications (9% vs 1.6%)9 and a higher 
odds ratio for an adverse cardiac event (OR 3.14).1 In addi-
tion, the cessation of antiplatelet therapy in patients under-
going intracranial stent procedures showed a hazard ratio 
of 57 for in-stent thrombosis and led to mortality rates of 
45%.16 In our cohort, there was no significant difference 
for thromboembolic complications between ASA users 
and nonusers (2.5% vs 0) and between the ASA Group 1 
and Group 2 patients (0 vs 2.8%). However, because the 
primary goal of our study was to investigate the effect of 
ASA on bleeding events and due to the retrospective na-
ture of the study, our patients were not routinely screened 
for thromboembolic events.

implications of our results for Daily Practice
Decision making regarding the perioperative manage-

ment of patients receiving low-dose ASA treatment who 
are undergoing VP shunt placement remains a frequently 
encountered dilemma. Neurosurgeons have to carefully 
balance the thromboembolic and bleeding risks when 
trying to handle antithrombotic medication in the periop-
erative period. Clearly, the indication for ASA treatment 
represents one of the most important factors guiding the 
surgeon whether and when to discontinue this medica-
tion. In our cohort, ASA treatment in general as well as 
ASA discontinuation for < 7 days did not lead to increased 
bleeding rates. Although in patients discontinuing ASA 
treatment for < 7 days a significantly higher number of 
PBC units was administered intraoperatively and lower 
postoperative Hb values were seen, clear conclusions can-
not be drawn due to the small sample size. Because in the 
setting of primary CAD, prophylactic ASA does not seem 
to affect perioperative cardiovascular-related mortality,6,11 
ASA discontinuation for ≥ 7 days seems reasonable. As 
for secondary CAD prevention, where the benefits of ASA 
treatment are well known,6,11 and considering our results, 
ASA withdrawal for < 7 days might be justified.

study limitations
This retrospective study is subject to all the limitations 

of data collection inherent in such works. Discontinuation 
of ASA was based on the surgeon’s decision, creating a se-
lection bias that is unavoidable in the retrospective setting, 
because the indication for ASA therapy always played a 
role in the decision making on how to manage these pa-
tients. Hemoglobin values 1–2 days postoperatively might 
be unreliable due to ongoing rebalancing of intra- and 
extravascular fluids and to fluid management during and 
after surgery, and might be influenced by individual fac-
tors such as cardiac and renal function. An ASA function 
test was not conducted routinely, and therefore the effect 
of ASA treatment on each individual is not known. Last, 
hospitalization time was relatively long (approximately 15 
days), probably due to our heterogenic cohort including 
patients with various severe neurological conditions (e.g., 
aSAH and trauma).
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Conclusions
Patients receiving low-dose ASA treatment seem to 

have comparable rates of bleeding events after the place-
ment of a VP shunt to patients without ASA treatment.

references
 1. Biondi-Zoccai GG, Lotrionte M, Agostoni P, Abbate A, 

Fusaro M, Burzotta F, et al: A systematic review and meta-
analysis on the hazards of discontinuing or not adhering to 
aspirin among 50,279 patients at risk for coronary artery dis-
ease. Eur Heart J 27:2667–2674, 2006

 2. Birkeland P, Lauritsen J, Poulsen FR: Aspirin is associated 
with an increased risk of subdural hematoma in normal-pres-
sure hydrocephalus patients following shunt implantation. J 
Neurosurg 123:423–426, 2015

 3. Black PM, Ojemann RG, Tzouras A: CSF shunts for demen-
tia, incontinence, and gait disturbance. Clin Neurosurg 
32:632–651, 1985

 4. Brean A, Eide PK: Prevalence of probable idiopathic normal 
pressure hydrocephalus in a Norwegian population. Acta 
Neurol Scand 118:48–53, 2008

 5. Collet JP, Himbet F, Steg PG: Myocardial infarction after 
aspirin cessation in stable coronary artery disease patients. 
Int J Cardiol 76:257–258, 2000

 6. Gerstein NS, Schulman PM, Gerstein WH, Petersen TR, 
Tawil I: Should more patients continue aspirin therapy peri-
operatively?: clinical impact of aspirin withdrawal syndrome. 
Ann Surg 255:811–819, 2012

 7. Guha D, Coyne S, Macdonald RL: Timing of the resumption 
of antithrombotic agents following surgical evacuation of 
chronic subdural hematomas: a retrospective cohort study. J 
Neurosurg 124:750–759, 2016

 8. Hoh BL, Kleinhenz DT, Chi YY, Mocco J, Barker FG II: 
Incidence of ventricular shunt placement for hydrocephalus 
with clipping versus coiling for ruptured and unruptured 
cerebral aneurysms in the Nationwide Inpatient Sample data-
base: 2002 to 2007. World Neurosurg 76:548–554, 2011

 9. Jimenez AH, Stubbs ME, Tofler GH, Winther K, Williams 
GH, Muller JE: Rapidity and duration of platelet suppression 
by enteric-coated aspirin in healthy young men. Am J Car-
diol 69:258–262, 1992

10. Kamenova M, Lutz K, Schaedelin S, Fandino J, Mariani L, 
Soleman J: Does early resumption of low dose aspirin after 
evacuation of chronic subdural hematoma with burr-hole 
drainage lead to higher recurrence rates? Neurosurgery [in 
press], 2016

11. Korte W, Cattaneo M, Chassot PG, Eichinger S, von Hey-
mann C, Hofmann N, et al: Peri-operative management of 
antiplatelet therapy in patients with coronary artery disease. 
Thromb Haemost 105:743–749, 2011

12. Little AS, Zabramski JM, Peterson M, Goslar PW, Wait SD, 
Albuquerque FC, et al: Ventriculoperitoneal shunting after 
aneurysmal subarachnoid hemorrhage: analysis of the indica-
tions, complications, and outcome with a focus on patients 
with borderline ventriculomegaly. Neurosurgery 62:618–
627, 2008

13. Mahaney KB, Chalouhi N, Viljoen S, Smietana J, Kung DK, 
Jabbour P, et al: Risk of hemorrhagic complication associated 
with ventriculoperitoneal shunt placement in aneurysmal sub-
arachnoid hemorrhage patients on dual antiplatelet therapy. J 
Neurosurg 119:937–942, 2013

14. O’Kelly CJ, Kulkarni AV, Austin PC, Urbach D, Wallace 
MC: Shunt-dependent hydrocephalus after aneurysmal sub-
arachnoid hemorrhage: incidence, predictors, and revision 
rates. Clinical article. J Neurosurg 111:1029–1035, 2009

15. Petersen RC, Mokri B, Laws ER Jr: Surgical treatment of 
idiopathic hydrocephalus in elderly patients. Neurology 
35:307–311, 1985

16. Than KD, Rohatgi P, Wilson TJ, Gregory Thompson B: Peri-
operative management of a neurosurgical patient requiring 
antiplatelet therapy. J Clin Neurosci 19:1316–1320, 2012

Disclosures
The authors report no conflict of interest concerning the materi-
als or methods used in this study or the findings specified in this 
paper.

Author Contributions
Conception and design: Kamenova, Soleman. Acquisition of data: 
Kamenova, Croci. Analysis and interpretation of data: Kamenova, 
Soleman. Drafting the article: Kamenova. Critically revising the 
article: Guzman, Mariani, Soleman. Reviewed submitted version 
of manuscript: Croci, Soleman. Approved the final version of the 
manuscript on behalf of all authors: Kamenova. Administrative/
technical/material support: Kamenova, Mariani. Study supervi-
sion: Kamenova, Soleman.

Correspondence
Maria Kamenova, Department of Neurosurgery, University Hos-
pital of Basel, Spitalstrasse 21, Basel 4031, Switzerland. email: 
maria_kamenova@web.de.

Unauthenticated | Downloaded 05/23/23 11:00 PM UTC


