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Introduction

Brain parenchymal puncture by catheter is thought to 
be the most commonly used procedure in the neurosurgi-
cal field. This procedure is performed for external ventric-
ular drainage (EVD), free-hand aspiration or stereotactic 
aspiration for the removal of intracerebral hemorrhage, 
ventriculo-peritoneal (V-P) shunt, monitoring of intracra-

nial pressure. The main complications of these procedures 
are hemorrhage and infection. But the intracranial calcifi-
cation is extremely rare condition as a postoperative com-
plication and the reports about this are sparse.1,2,4) Since 
some time ago we could find high-density intracranial le-
sions after these operations, and these high-density lesions 
changed in size and density with time. We analyzed the cas-
es of high density foci in the tract of catheter or in the ven-
tricles, which supposed the bone dust deposit after drilling 
of skull. And we tried to investigate the etiology and pos-
sible pathogenesis of calcification.

Materials and Methods

From January 2011 to March 2015, we retrospectively re-
viewed the medical records of 381 patients who had under-
gone brain parenchymal catheterization in our neurosurgi-
cal clinic. All pre- and post-procedural computed tomography 
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(CT) scans were reviewed and we enrolled 27 of 381 pa-
tients (7.1%). The enrollment criteria were the patients who 
had newly developed high attenuation foci in axial CT 
scans (5 mm slice interval) within 14 days after the remov-
al of catheters. We examined the CT immediately after the 
insertion of catheter in all patients, also checked after the 
removal of that and reviewed the lesion location, density 
with Hounsfield Unit (HU) and the time of appearance. The 
duration of CT follow-up period was from one month to 3 
years 3 months (mean 11.7 months).

All patients had the same operation room setting to dimin-
ish confounded factors, and performed burr-hole trephina-
tion rather than twist drill craniotomy in all cases. The used 
catheters were made by Korean Sewoon Medical (10.5 Fr, 
12 Fr), Korean Yushin Medical (10.5 Fr) and Aesculap in 
USA (7.5 Fr). We used Aesculap’s product in the V-P shunt 
procedure only.

We excluded patients who could have potential of calcifi-
cations (meningitis, ventriculitis) and the possibility of con-
fusion with hemorrhage in CT exam (coagulopathic disor-
ders, traumatic brain injury).

Results

We found that 27 of 381 patients (7.1%) were shown to 
have high density foci in brain parenchyma and/or ventri-
cle. The range of age distribution was from 38 to 84 (mead 
62.5) years old. Among the 27 cases, 7 (25.9%) were males 
and 20 (74.1%) were females (Table 1).

The location of calcification was as follows; parenchyma 
in 9 (33.3%) cases, ventricle in 5 (18.5%), combined in pa-
renchyma and ventricle in 13 (48.1%) (Table 1). The lesions 
were identified in the catheter tract in the parenchymal type, 
and mainly catheter-lodged frontal horn or choroid plexus 
in ventricular type.

And we classified the occurrence of the lesion by opera-
tive method, i.e., free hand aspiration (FHA) or stereotactic 

removal of hematoma in 5 (18.5%) cases, EVD 14 (51.9%), 
FHA or stereotactic removal with EVD 6 (22.2%), EVD with 
V-P shunt 2 (7.4%) (Table 2).

Among 27 cases there were no high-density lesions be-
fore catheter removal in serial CT scans, those were found 
in all cases after removal of it. The time of appearance af-
ter removal was variable from 0 to 14 days (mean 4.2, me-
dian 3). We checked chronological change pattern of HU 
in lesions after removal of the catheters (Table 3). Howev-
er there were not specific regular rules in the data as time 
flows. In some cases the increase of HU was seen within one 
month but not in all the cases. The size of calcification was 
slightly enlarged also at the early stage in a few cases only, 
and it maintained until the late stage without further en-
largement. The patients who checked serial CT scan over 
one year after operation were eleven. Of these 11 patients 
there aren’t the patients who had the increase of lesions. 
The ventricular high attenuation foci were identified on 
CT exams obtained 3 days after removal of the catheter, 
and maintained the same size and density on the 30 months 
follow-up examination (Case 3) (Figure 1-3). The patient 
had no clinical problems at follow-up periods. The paren-
chymal high-density lesions at left frontal lobe were found 
after removal of 2 catheters for EVD and FHA of hemato-
ma (Case 22) (Figure 3 and 4). The lesions were not found 
3 days after catheter removal in CT scan, but 6 days after 
they were seen and lasted. The reason of dissimilar densities 
in two figures (Figure 5) is a little different angle of orbito-
meatal line of CT scout scan. 

Discussion

The common complications of brain catheterization in-
clude hemorrhage, infection.2) We occasionally had experi-
enced the high density foci in CT scans after operation in 
few days to weeks, so we tried to observe and analyzed the 
brain lesion in those patients. We postulated 3 hypotheses 
as causes of high density lesion after the procedure.

1) Catheter origin: the catheter is made of silicon, and 
the inner longitudinal radiopaque band for the radiologic 

TABLE 1. Demographic and clinical characteristics of patients

Characteristics Values [n (%)]

Age (years) 38-84, mean 62.5 years
Gender

Male 07 (25.9)

Female 20 (74.1)

Total 27
Location of calcification

Parenchyma 09 (33.3)

Ventricle 05 (18.5)

Combined 13 (48.1)

Total 27

TABLE 2. Classification of procedure

Procedure n (%)

FHA/stereotactics 05 (18.5)

EVD 14 (51.9)

FHA/stereotactic+EVD 06 (22.2)

EVD+V-P Shunt 02 (7.4)

Total 27
FHA: free hand aspiration, EVD: external ventricular drain-
age, V-P: ventriculo-peritoneal
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identification contains tungsten material which is instilled 
in manufacturing process. So we supposed the melt of tung-
sten and deposition in brain acts as a source of high atten-
uated foci. We experimented in our lab to investigate this 
hypothesis. We immersed 2 different catheters (Korean 
Sewoon Medical 10.5 Fr, Korean Yushin Medical 10.5 Fr) 

in normal saline bottles, and incubated in 36.5° chamber 
for 7 days. And then we scanned those bottles with CT scan, 
but the high density deposit was not found in these bottles. 
Finally we could reach a conclusion that the catheter is not 
a cause.

2) Calcification in a blood clot or in a small traumatized 

TABLE 3. Chronological change pattern of the Hounsfield Units in computed tomography scan in lesions of all patients

Case no. Age/Sex Type
HU at lesions

＜3 d ＜1 w ＜1 m ＜3 m ＜6 m ＜1 y ＞1 y

1 68/F V+P 090 - 098 - - 087 086
2 62/F V+P 090 093 088 - 103 124 115
3 47/F V 114 - 094 123 138 - 126
4 59/F V+P - - 154 226 - - -

5 75/F V+P 184 194 199 178 - - 186
6 56/M P - - 144 135 - - -

7 42/M P - 085 109 - - - 118
8 51/M P 110 - - 115 - - -

9 54/M V+P 200 189 236 - - - -

10 83/F P 160 151 164 125 - - -

11 38/F P - - 179 - - - 234
12 66/F V * 057 152 - - - 156
13 84/F P 260 266 - 253 - - -

14 68/F V+P 179 150 155 141 - 147 156
15 43/M V+P - - 131 140 - - -

16 71/F V+P 112 - 139 121 - - -

17 65/F V+P 188 153 - 183 - 197 195
18 41/F V+P 096 - 111 089 - - -

19 80/F P 164 136 - 172 - - -

20 60/F V 106 - 089 101 - - -

21 62/M V+P * 139 - 146 - - 144
22 60/F P * 086 - 118 - - 199
23 71/M V+P 190 - - 203 - - -

24 79/F P 258 239 - 240 - - -

25 72/F V+P 211 - 198 212 - - -

26 70/F V 128 - - 133 - 156 -

27 72/F V 121 195 158 190 - - -

*no abnormal calcifications were found. The Hounsfield Unit scales are mean value in multiple lesions. HU: Hounsfield Units in 
computed tomography scan, d: days, w: week, m: months, y: year F: female, M: male, V: ventricular, P: parenchymal

FIGURE 1. Ventricular type: (A) preop-
erative brain computed tomography 
shows aneurysmal subarachnoid hem-
orrhage (B) with normal calcification (white 
arrows) of both choroid plexus of lateral 
ventricle.

A B
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and infarcted brain tissue in the tract of the catheter.1) In-
farctions are recognized cause of brain calcification. This 
calcification in infarction that is recognizable on CT scan 
usually takes several months to appear in adults.3) This hy-

pothesis can’t explain the finding of our patients because the 
high attenuation foci were seen on the examinations within 
14 days maximum from removal of the catheter. This is ob-
viously not an enough time to develop such calcifications. 

A B

FIGURE 2. (A) unenhanced brain com-
puted tomography on 3 days after re-
moval of brain catheter reveals the de-
velopment of hyperdense lesions (white 
arrows) in the 4th ventricle and (B) the 
left frontal and occipital horn of the lat-
eral ventricle. (A) two aneurysmal clips 
are seen at Willis’ circle.

A B

FIGURE 3. Follow up computed tomog-
raphy obtained 30 months after remov-
al of catheter demonstrates that the cal-
cific lesions are same in size and density 
(white arrows). (A) The two aneurysmal 
clips and (B) proximal catheter of ventri-
culo-peritoneal shunt are seen.

A B

FIGURE 4. Parenchymal type: (A) pre-
operative unenhanced brain computed 
tomography (CT) shows hemorrhage in 
both lateral ventricles, and (B) brain CT 
after insertion of 2 catheters.

A B

FIGURE 5. (A) unenhanced brain com-
puted tomography on 6 days, (B) 6 months 
after removal of brain catheters reveal 
the development of hyperdense lesions 
(white arrows) in the left frontal lobe.
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3) Bone dust may play a major role in the occurrence of 
the lesion. This hypothesis is supported by the sudden ap-
pearance of high attenuation foci in catheter tract or in ce-
rebrospinal fluid (CSF) path way after removal of that, and 
these foci were not changed in size and shape on the long-
term follow-up examinations.

The neurosurgeon usually perform twist drill cranioto-
my or formation of burr-hole using electrical perforator for 
drainage catheter insertion, the authors prefer to make the 
burr-hole because the direct visualization of dura is good. 
In the process of craniotomy powdered bone from skull 
could be produced more in burr hole craniotomy than in 
twist drill craniotomy. So the bone dust had a more chance 
to put into the brain through the catheter tract after cathe-
ter insertion or removal without perfect irrigation and 
cleansing in burr hole craniotomy. Some surgeons may fill 
with bone dust to seal up the burr hole after insertion of 
catheter in the end of operation.

From the point of a pathogenetic view the bone dust could 
be pushed deep by the catheter and arrested in the paren-
chyma or ventricle.1) And we considered the appearance of 
high attenuation foci after removal of catheter in 2 points 
of view. In cases of ventricular puncture, bone dust float-
ing the CSF-filled tract which formed for a while after with-
drawal of catheter, and sink slowly in ventricle later. In cas-
es of parenchymal puncture, the powdered bone could deposit 
immediately in the tract which is filled with little CSF. In 
our clinic four surgeons were operated and seal the burr hole 
with bone dust after insertion of catheter case by case ac-
cording to their preference.

We had followed up the patients with serial CT scans and 
observed the findings. At the early time after the removal 
of catheter the density of calcific lesion was not so very 
high, however as time went on it became gradually strong 
high with/without enlargement of calcification in a few 
days. But it was not changed in size and density for a long 
time follow-up. There were eleven patients who checked 
follow-up CT scans over one year after operation, no case 
had developed an enlarged calcification among them. We 
can explain this phenomenon that floating bone dust sink 
slowly as time passed. The more an amount of dust is large, 
the shorter appearance date of calcification may be and 
the higher enlargement speed also may be in early stage. 
We observed the chronological change pattern of HU in 
all cases (Table 3). In the cases of relatively high HU, the 
volume of dust was slightly larger than the low HU cases. 
The HU scale was increased in some cases at the early 
stage (within 1 month) but it didn’t find out at the other cas-
es (case 1, 5, 7, 12, 16, and 18). We couldn’t observe the reg-

ular rules in those data as time progress. We had several 
difficulties determining the HU in CT images. First, the HU 
scale had different values due to the slight differences in 
the level of axial section images in the follow-up exams. 
Second, as there were small multiple calcifications in 
many cases, we calculated them using mean values. Lastly 
there were differences in the time interval of first CT scan 
between the patients after the catheter removal. As a re-
sult, we had difficulties in analyzing the results. 

There are not any complications associated with these 
calcifications. But there is an article that progressive hy-
pertrophic calcification formed following ventricular en-
doscopy.4) Thomson et al.4) experienced 2 cases of enlarge-
ment within 1 year after operation. Bone dust contains 
viable osteoblasts that when implanted into vascular tis-
sues are capable of dividing and laying down bone, and 
this is the theoretical basis of sealing burr hole with pow-
dered bone in our operation. They suppose that bone dust 
got into the highly vascularized choroid plexus, it could 
form viable, progressive hypertrophic calcification in en-
larged cases.

Our study had a limitation that the serial check time of CT 
scan after removal of catheter r was different from patients 
to patients because the condition of the patients was vari-
able. So the prospective study can precisely measure the ap-
pearance time of calcification in CT scan after procedure. 

Conclusion

The high attenuation foci in CT scans may be from the 
bone dust originated during operation. The skill, tech-
nique and the habit of surgeon used have a major role to 
play in forming calcification. Although these lesions did 
not make troubles, we should clean the operation field be-
fore the insertion of brain catheter and we may use anoth-
er material, like Surgicel to seal up the burr hole instead 
of bone dust in the end of operation.
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