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Factors Related to Catheter-Induced Hemorrhage after Brain 
Parenchymal Catheterization
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This article aimed to investigate the incidence rate and possible risk factors for cathe-
ter-induced hemorrhage (CIH) after brain parenchymal catheterization. Between 
January 2011 and March 2013, 381 patients (572 punctures) who underwent brain pa-
renchymal catheterization were retrospectively evaluated. All patients were checked 
by computerized tomography scan for the detection of hemorrhage within 48 hours after 
catheter insertion. CIH was defined as any evidence of new hemorrhage on the post-pro-
cedural computerized tomography scan. The incidence rate and the possible risk factors 
were analyzed by surgeon (4 different surgeons performed the procedures), character-
istics of the catheter device, and patient background. Of 381 patients, 572 punctures 
were performed and CIH developed in 122 puncture cases (122/572, 21.3%). The risk 
factors related to CIH were Glasgow Coma Scale (GCS) score ≤8 (p＜0.01) and pro-
thrombin time international normalized ratio (PT INR) ≥1.3 (p=0.038). The amount 
of hemorrhage was minimal without additional operations. A low GCS score and high 
PT INR are implicated as potential risk factors for CIH after brain parenchymal 
catheterization. Careful and delicate operative technique can help to reduce post-
operative complications in these patients.
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INTRODUCTION

　Brain puncture by catheter is thought to be the most com-
monly used procedure in the neurosurgical field. The proce-
dure is used for external ventricular drainage (EVD), 
free-hand aspiration (FHA) or stereotactic aspiration for 
the removal of intracerebral hemorrhage, post-hemor-
rhagic hydrocephalus, monitoring of intracerebral pres-
sure, ventriculo-peritoneal shunt (V-P shunt), meningitis, 
and ventriculitis. 
　In light of this being one of the most frequently practiced 
operations in the neurosurgical field, it would be logical to 
further assess the technique, its pitfalls or complications, 
and its utility. The two most common complications of the 
brain puncture procedure are related infection and 
hemorrhage.1,2 Although brain puncture has been per-
formed in many cases, there are sparse reports about cathe-
ter-induced hemorrhage (CIH) in contrast with the numer-
ous studies on related infections.1-3 According to reports, 

the hemorrhagic incidence rate varies from 0% to 41%, rep-
resenting a significant difference in the result between 
researchers.4-6 It is a growing trend that medical device 
manufacturers are developing new catheter devices and 
are trying to prove the efficacy of these devices regarding 
the incidence of infection.7 Even though CIH is a more im-
mediate and crucial complication of the procedure, this 
critical complication has been relatively ignored. 
　Gardner et al.6 reported that 77 of 188 EVD procedures 
were associated with imaging evidence of hemorrhage af-
ter catheter placement or removal, thus showing a high in-
cidence rate. Furthermore, they showed that 37 of the sub-
jects had a large amount of hemorrhage. Huh et al.8 eval-
uated the incidence rate and risk factors for the formation 
of CIH in patients with EVD and reported that age over 60 
years, bilateral catheter insertion, and a history of heart 
disease are the most significant risk factors for CIH. To our 
knowledge, there are no studies to date evaluating the de-
velopment of CIH according to interoperator differences 
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TABLE 1. Demographic characteristics of patients

Characteristics N (%)

Number of patients 
  CIH
  Non-CIH 
Number of puncture 
  CIH 
  Non-CIH 
Age
  ＜65 
  ≥65 
Gender
  Male
  Female 

108 (28.3%)
273 (71.7%) 

122 (21.3%)
450 (78.7%)

245 (42.8%)
327 (57.2%) 

227 (39.7%)
345 (50.3%) 

CIH: catheter induced hemorrhage.

TABLE 2. Classification of disease or procedure in CIH

Disease or procedure No %

Subarachnoid hemorrhage from aneurysmal 
rupture (EVD) 

Intracerebral hematoma (FHA or stereo-
tactic) 

Intraventricular hemorrhage (EVD)
FHA+EVD 
Hydrocephalus (V-P shunt) 
Total

53

32

27
3
7

122

43.4

26.2

22.1
2.5
5.7

100

EVD: external ventricular drainage, FHA: free hand aspiration, 
V-P: ventriculo-peritoneal. 

and device characteristics such as size or quality of 
materials. In this study, therefore, we aimed to investigate 
the incidence of CIH following brain puncture and ana-
lyzed three possible risk factors contributing to CIH: the 
operator, the characteristics of the catheter device, and pa-
tient characteristics.

MATERIALS AND METHODS

　From January 2011 to March 2013, we retrospectively 
reviewed the medical records of 381 patients (572 cases) 
who had undergone brain parenchymal catheterization in 
our neurosurgical clinic. In cases of intracerebral hema-
toma, FHA or stereotactic aspiration was performed. 
During the aneurysmal operation, we perform EVD to re-
duce swollen brain. 
　All pre-procedural and post-procedural computed to-
mography (CT) scans were reviewed. We used a method 
that was introduced by Kothari et al.9 for the estimation 
of hematoma amount. All patients had the same operating 
room settings to diminish confounding factors. CIH was de-
fined as any evidence of new hemorrhage along the tract 
of the catheter or newly developed intracerebral hemor-
rhage on the post-procedural CT scan obtained within 48 
hours of catheter insertion. 

1. Risk factor assessment
　We assessed the incidence of CIH according to three cate-
gories of risk factors. The first category was the surgeon 
performing the procedure. We hypothesized that the re-
sults of the procedure could differ as a result of surgical skill 
or the surgeon’s experience. The second category was the 
catheter device itself. We analyzed the incidence rate of 
CIH according to the catheter manufacturer and size. The 
third factor were patient factors. We checked the patient’s 
age, history of hypertension, Glasgow Coma Scale (GCS) 
score, prothrombin time international normalized ratio 
(PT INR), platelet count, and any medication with anti-
platelets or anticoagulants.

2. Exclusion criteria
　The patients who were not checked by consecutive post-
operative CT scans and who had a ventricular hemorrhage 
with parenchymal hemorrhage after operation were ex-
cluded from the study. We also excluded patients who had 
traumatic brain injury, meningitis, and ventriculitis. 

3. Catheter device
　The catheters used were made by Korean Sewoon 
Medical (10.5 Fr, I.D.; 2.1 mm O.D.; 3.5 mm/12 Fr, I.D.; 2.5 
mm O.D.; 4.0 mm), Korean Yushin Medical (10.5 Fr, I.D.; 
1.9 mm O.D.; 3.5 mm), and Aesculap (7.5 Fr, I.D.; 1.2 mm 
O.D.; 2.5 mm). We used Aesculap's product in the V-P shunt 
procedure (67 cases). 

4. Statistics
　SPSS (version 17 for Windows; SPSS Inc, Chicago, IL) 
was used for the statistical analyses. We used chi-square 
and Fisher's exact test to compare continuous and catego-
rical variables. Also, univariate logistic regression was 
used to evaluate the risk factors for CIH.

RESULTS

　We found that 108 of 381 patients (28.3%) who under-
went the operation had hematoma (Table 1). We performed 
572 brain punctures in 381 patients and found 122 cases 
(122/572, 21.3%) of CIH that developed in 108 patients. The 
age range of the patients was from 18 to 84 years old. The 
age distribution was as follows: ≥65, 327 (57.2%); ＜65, 245 
(42.8%). Among the 572 cases, 227 (39.7%) were males and 
345 (60.3%) were females. We found that 50 of 227 males 
(22%) and 72 of 345 females (20.9%) developed CIH. This 
difference was not statistically significant (p=0.755). 
　These can be classified by diseases as follow: 53 cases of 
aneurysm, 32 cases of intracerebral hematoma (FHA or 
stereotactic aspiration), 27 cases of EVD, 7 cases of hydro-
cephalus and 3 cases of FHA+EVD (Table 2).
　CIH could be classified by the amount of hematoma as 
follows: 1) 74 cases (74/122, 60.7%) with ＜1 cc, which main-
ly occurred along the catheter tract or puncture hemor-
rhage (Fig. 1A); 2) 42 cases (42/122, 34.4%) with 1 to 5 cc 
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FIG. 1. Axial CT scan obtained after catheterization. (A) Minimal hemorrhage is shown along the catheter, demonstrating a small hemor-
rhage (1-5 cc) (B) and a hemorrhage of more than 5 cc (C).

(Fig. 1B); 3) 6 cases (6/122, 4.9%) with more than 5 cc, the 
largest amount of which was 12.5 cc (Fig. 1C). These hema-
tomas showed no radiological mass effect and no neurologic 
signs and thus did not require additional treatment. 

1. CIH by number of punctures
　CIH developed in 65 of 251 (25.9%), 36 of 172 (20.9%), 14 
of 93 (15.1%), and 7 of 32 (21.9%) cases according to increas-
ing number of punctures (from one to four punctures, re-
spectively). Among the 122 cases of CIH, 65 cases occurred 
in patients with one puncture (53.3%), 36 cases in patients 
with two punctures (29.5%), 14 cases in patients with three 
punctures (11.5%), and 7 cases in patients with four punc-
tures (5.7%). Thus, we found that the incidence rate of hem-
atoma was not statistically significant with increased 
number of punctures. 

2. CIH by risk factors
　The development of CIH was analyzed by three catego-
ries of hemorrhagic risk factors as follows (Table 3). 
　1) Operator factor: The surgery was done by four differ-
ent surgeons with similar surgical experiences of more 
than 5 years. The rate of CIH incidence was as follows: 1) 
J.S.L., 60/248 (24.2%); 2) B.C.L., 15/90 (16.7%); 3) R.S.L., 
24/119 (20.2%); and 4) K.Y.C., 23/115 (20%). The difference 
among surgeons was not significant (p=0.314).
　2) Catheter device factors: We compared and analyzed 
the development of CIH between Sewoon 10.5 Fr (280 cas-
es) and Yushin 10.5 Fr (153 cases) products, but this turned 
out to be a statistically insignificant factor in the occur-
rence rate of hematoma (p=0.277). In addition, we exam-
ined the incidence of CIH by catheter size (10.5 Fr vs. 12 
Fr), and this was also a statistically insignificant factor 
(p=0.27).
　3) Patient factors: We analyzed patient age, gender, his-
tory of hypertension, GCS score, PT INR, number of plate-
lets in peripheral blood, and antiplatelet or anticoagulant 

medication (Table 3). Old age over 65 years tended to be re-
lated with a high incidence of CIH, but the difference was 
not statistically significant (p=0.084). CIH developed in 45 
of 354 patients (12.7%) with GCS ＞9 and in 77 of 218 pa-
tients (35.3%) with GCS ≤8. This finding showed a high 
rate of hematoma incidence with poor mentality (p＜0.01). 
In terms of PT INR, CIH was more frequent in patients with 
PT INR ≥ 1.3, with an incidence rate of 46.2% (6/13) com-
pared with 20.8% (116/559), thus showing a high rate of 
CIH in patients with prolonged PT INR (p=0.038). There 
were no significant differences by patient factors such as 
age, gender, or other patient backgrounds.
　The odds that patients with a low GCS score (GCS≤8) 
developed CIH after the procedure was 3.86 (95% con-
fidence interval [CI]: 2.481-5.988) times that of patients 
with a higher GCS score (GCS＞9; p=0.01; Table 4). The pa-
tients who had PT INR ≥1.3 had an approximately 3-fold 
increased risk of CIH compared with the patients who had 
PT INR ＜1.3 (95% CI: 1.079-9.927; p=0.038; Table 4).

DISCUSSION

　In the present study, we investigated the incidence rate 
and possible risk factors for CIH after brain parenchymal 
puncture. There was a significant difference in the in-
cidence rate of CIH by GCS and PT INR, which suggests 
that a low GCS score and high PT INR could be implicated 
as potential risk factors for CIH after brain parenchymal 
catheterization. We found no significant differences by sur-
geon, characteristics of the catheter, puncture time, or oth-
er patient background characteristics. 
　It widely known that complications such as infections or 
hemorrhage frequently occur after parenchymal brain 
puncture. Only a few studies have reported the hemor-
rhagic complication rate after these procedures. In the 
present study, we found an incidence rate of hemorrhagic 
complications of 21.3% in 572 punctures. In contrast, 
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TABLE 4. Odds ratios with 95% CI for CIH risks factors

Risk factors Odds ratio 95% CI　 p value

GCS score≤8
PT INR≥1.3

3.86
3.27

2.481-5.988
1.079-9.927

0.01
0.038

CI: confidence interval, CIH: catheter induced hemorrhage, GCS:
glasgow coma scale, PT INR: prothrombin time international nor-
malized ratio.

TABLE 3. Incidence rate of CIH according to 3 categories of risk
factors (%)

Risk factors CIH Non-CIH p value

Operator
   1) J.S.L
   2) B.C.L
   3) R.S.L
   4) K.Y.C
Catheter device
   Catheter manufacturer 
       Sewoon 10.5 F 
       Yushin 10.5 F 
   Catheter size 
       10.5 F 
       12 F
Patients characteristics
   Age 
       ＜65 
       ≥65 
   Gender
       Male
       Female
   History of HET 
       (+)
       (-)
   GCS score*
       ＞9 
       ≤8
   PT INR*
       ≥1.3 
       ＜1.3 
   Platelets count 
       ≥100,000 
       ＜100,000 
   Antiplatelet medication 
       (+)
       (-)
   Anticoagulant medication
       (+)
       (-)

60/122 (49.18)
15/122 (12.30)
24/122 (19.67)
23/122 (18.85)

66/95 (69.47)
29/95 (30.53)

95/115 (82.61)
20/115 (17.39)

46/122 (37.70)
76/122 (62.30)

50/122 (40.98)
72/122 (59.02)

46/122 (37.70)
76/122 (62.30)

45/122 (36.89)
77/122 (63.11)

6/122 (4.92)
116/122 (95.08)

119/122 (97.54)
3/122 (2.46)

7/122 (5.74)
115/122 (94.26)

1/122 (0.82)
121/122 (99.18)

188/450 (41.78)
75/450 (16.67)
95/450 (21.11)
92/450 (20.44)

214/338 (63.31)
124/338 (36.69)

338/390 (86.67)
52/390 (13.33)

245/450 (54.44)
205/450 (45.56)

179/450 (39.78)
271/450 (60.22)

185/450 (41.11)
265/450 (58.89)

309/450 (68.67)
141/450 (31.33)

9/450 (2.00)
441/450 (98.00)

434/450 (96.44)
16/450 (3.56)

14/450 (3.11)
436/450 (96.89)

3/450 (6.67)
447/450 (99.33)

0.314

0.277 

0.27

0.084

0.755

0.533

0.01

0.038

0.777

0.208

0.858

*Statistically significant. HET: hypertension, GCS: glasgow co-
ma scale, PT INR: prothrombin time international normalized ra-
tio, CIH: catheter induced hemorrhage. 

Hassler and Zentner5 studied 50 patients retrospectively 
who underwent procedures with the use of a modified spi-
nal needle and demonstrated a 0% “symptomatic hemor-
rhage rate.” However, most studies showing the rarity of 
CIH did not include a routine checkup of postoperative CT 
scans in all patients to determine the real incidence of CIH. 
Recently, some authors have reported that hemorrhagic 
complications induced by catheter placement on the brain 
are more common than previously suspected.6,8 Maniker et 
al. showed a hemorrhagic complication rate induced by 
catheter insertion of 33% and they noted that most of the 
cases rarely caused detectable changes in the neurological 
examinations.10 Additionally, they documented the need 
for postoperative CT scans in all patients after the proce-

dure and suggested that even a small hemorrhage without 
a significant mass effect or clinical symptoms could cause 
sequels and could be a seizure focus thereafter. Any hemor-
rhage has the potential to damage associated parenchyma 
structures or become a nidus for seizure activity.
　The results of the present study showed that GCS and 
PT INR were statistically significant factors in the rate of 
CIH. In contrast with our result, however, other authors 
showed that PT INR was not a statistically significant risk 
factor for the formation of hemorrhage in patients with liv-
er disease.8 The reason for this discrepancy may be the dif-
ferent study populations and study sample sizes. Mean-
while, low GCS was a significant risk factor for the develop-
ment of CIH. This result may suggest that the possibility 
of vascular injury can increase during catheter insertion 
despite high intracranial pressure.
　In the present study, age, gender, and puncture time 
were not significantly related with the development of CIH, 
but the incidence of CIH tended to increase with increasing 
age. It has been known that patients with subarachnoid 
hemorrhage from aneurysmal rupture show a higher risk 
of CIH, but the exact reason for this phenomenon is 
unknown.10 In the present study, we also found a high in-
cidence of CIH in patients with subarachnoid hemorrhage 
from an aneurismal rupture compared with other disease 
categories. 
　Moreover, an increasing number of people are taking an-
tiplatelet agents such as aspirin. We suspected that taking 
antiplatelet medication could be a risk factor for hemor-
rhage, but we did not find any significant differences in the 
rate of CIH according to antiplatelet medication use in our 
study. (In accordance with our study, Wheeler and Bernard11 
also reported that the rate of CIH was not significantly dif-
ferent according to antiplatelet medication use, showing 
CIH rates of 6.9% in patients not on an antiplatelet medi-
cation and 21.1% in patients taking an antiplatelet medi-
cation).
　Other risk factors for CIH could be related to the catheter 
itself or catheter insertion. In the period of catheter in-
dwelling, micromotion of the catheter in the state of cathe-
terization could affect the incidence of hemorrhage. Also, 
the procedure of catheter removal could cause injury to the 
brain that could lead to hemorrhage.6 We secured the cath-
eter to the skin with sutures after insertion to the brain pa-
renchyme, and then the catheter was bent acutely on the 
burr hole catheter entry point rectangularly. As another 
catheter factor, characteristics of the catheter might affect 
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the incidence of CIH. The flexibility of the catheter is de-
termined by the manufacturing technique of mixing sili-
cone and a curing agent; furthermore, the roughness of the 
surface and radius of the tip may be also facors.10 In the 
present study, however, we could not further compare the 
incidence of CIH according to detailed characteristics such 
as flexibility and surface roughness. If the catheter is not 
flexible, the recoil power of the catheter could act on the 
brain to cause hemorrhage. 
　Among the possible risk factors contributing to CIH, we 
originally assumed that surgical skill could be involved in 
the formation of CIH. However, we found no differences in 
the incidence of CIH according to operator factor. In the 
present study, the surgery was done by four different sur-
geons with similar surgical experiences of more than 5 
years, which may explain this result.
　Another important issue related to brain parenchymal 
puncture with a catheter is the environment of the proce-
dure in which the catheter placement occurs. Gardner et 
al.6 compared the rates of CIH between operating room and 
intensive care unit settings. In that study, they found that 
the intensive care unit setting had a much higher rate of 
CIH (43.4%) than did the operating room (34.8%). They 
suggested that proper monitoring with staff members and 
facilities in the operating room is needed to minimize CIH. 
These procedures can take place in the operating room, in-
tensive care unit, or bedside. When surgeons conduct the 
procedure in the operating room, they can concentrate on 
only the task at hand, with the availability of all necessary 
equipment, thus making it technically easy. The improved 
lighting and visualization of the operating field in the oper-
ating room may also contribute to reducing hemorrhagic 
complications. 
　We excluded patients with traumatic brain injury, ven-
triculitis, and meningitis from the analysis, because these 
inflammatory conditions of the brain are often complicated 
by coagulopathy and can offer significant challenges to the 
surgeon during the surgical procedure. A recent study re-
ported that traumatic brain injury is related with coagul-
opathy in 34% of patients with severe traumatic brain 
injury.11,12 The relevance of the interaction between coagu-
lation and inflammation can easily be detected as dis-
seminated intravascular coagulation and multiple organ 
failure in response to severe infection, in its most extreme 
form. 
　Our study had some limitations. Our study was con-
ducted on the basis of retrospective information on the pa-
tients collected at admission; thus, there is a possibility of 
inaccurate patient history, including medication history of 
aspirin. We could not analyze the risk factors related to the 
development of CIH by comparing the groups with CIH de-
velopment and without CIH development. Thus, we could 
not represent the exact odds ratio and relative risk of CIH 

during the procedure. Additional prospective, larger sized 
studies considering these points may be needed. 
　In conclusion, low GCS and high PT INR are implicated 
as potential risk factors for parenchymal hemorrhage after 
CIH. Careful and delicate operative technique can help to 
reduce postoperative complications in these patients.
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