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Abstract

Özet

Introduction: Diagnosis of hydrocephalus is still challenging. It is
important to confirm the diagnosis before deciding surgical treatment. Defined criteria in the literature seems insufficient for the diagnosis of hydrocephalus in some cases. We aimed to analyze the
effects of hydrocephalus to CSF/parenchymal density and give an
understanding about the changes in CSF/parenchymal density in
non-treated and treated hydrocephalus patients.
Methods: We used computed tomography (CT) with Hounsfield
unit (HU) for density measurements. Two study groups were evaluated in this retrospective study. Twenty patients who had diagnosis of hydrocephalus and underwent ventriculoperitoneal shunt
surgery, were included in the operation group. These patients were
evaluated both preoperatively and postoperatively with CT. Therefore, this group also was divided into preoperative and postoperative study groups. Twenty patients who had brain CT with no detected cerebral pathology were included in the control study group.
Cerebral density measurements were obtained from clinical CT with
HU. HU values of the study groups were compared with each other
by using statistical analysis.
Results: The HU values of the ventricules in the frontal and occipital horns consistently decreased after the operations. There were
extremely significant differences between the preoperative HU values and the postoperative HU values of the all evaluated ventricles
statistically. Additionally, there were very significant decreases after the operations in the HU values of white matter near grey mater.
Discussion and Conclusion: Density measurements with CT can
easily make contribution in the diagnosis of hydrocephalus.
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Amaç: Hidrosefalinin tanısı hala ciddi bir sorundur. Cerrahi tedaviye karar vermeden önce tanıyı doğrulamak önemlidir. Literatürde
tanımlanmış kriterler bazı vakalarda hidrosefali tanısı için yeterli gözükmemektedir. Biz hidrosefalinin BOS/parankim dansitesi üzerine
etkilerini araştırdık ve tedavi edilmiş ve tedavi edilmemiş hidrosefali
hastalarında bu dansitelerdeki değişiklikleri göstererek bir fikir vermeyi amaçladık.
Gereç ve Yöntem: Biz dansite ölçümleri için bilgisayarlı tomografi (BT)
ile Hounsfield ünitesini (HU) kullandık. Bu retrospektif çalışmada iki
çalışma grubunu inceledik. Hidrosefali tanısını almış ve ventriküloperitoneal şant cerrahisi tedavisi uygulanmış 20 hasta operasyon grubunu
oluşturdu. Bu gruptaki hastalar operasyon öncesi ve sonrası BT ile ayrı
ayrı değerlendirildi. Bu nedenle bu gruptaki hastalar aynı zamanda
preoperatif ve postoperatif çalışma gruplarını oluşturdular. Serebral
patoloji saptanmamış tomografiye sahip 20 hasta da kontrol grubunu oluşturdu. Serebral dansite ölçümlerini klinik BT kullanarak HU ile
yaptık. Çalışma gruplarının HU değerleri birbirleri ile istatistiksel analiz
kullanılarak karşılaştırıldı.
Bulgular: Ventriküllerin frontal ve oksipital hornlarından alınan HU değerleri operasyon sonrası uyumlu bir şekilde azaldı. İncelenen ventriküllerde, preoperatif HU değerleri ile postoperatif HU değerleri arasında istatistiksel olarak ileri derecede fark bulundu. Ayrıca gri cevher
komşuluğundaki beyaz cevher HU değerlerinde operasyon sonrası
istatistiksel olarak çok belirgin azalmalar tespit edildi.
Sonuç: BT ile dansite ölçümü hidrosefali tanısına kolaylıkla yardımcı
olabilir.
Anahtar Sözcükler: Hounsfield ünitesi; hidrosefali.

I

t is still difficult to determine which patients with ventriculomegaly should undergo surgical treatment.[1,2] There are
many methods and radiological studies described in the liter-

ature to diagnose hydrocephalus before invasive procedures.
Besides well known radiological studies, some new radiologic
studies for the diagnosis of hydrocephalus have been de-
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scribed in the literature. Most of these studies provide information about cerebrospinal fluid (CSF) volume and flow dynamics
with magnetic resonance imaging (MRI) and CT.[3–5] Despite improved diagnostic methods, some cases with hydrocephalus
may remain unrecognized and untreated.[6] Additionally, due
to conditions of patients or hospitals further imaging studies
can not be provided. So there is a need for different diagnostic
techniques to support diagnosis of hydrocephalus.
For this purpose, we proffered a different technique to contribute the diagnosis of hydrocephalus in this presented study.
We obtained cerebral density measurements with HU from the
hydrocephalic patients before and after the shunt operations.
Therefore, this technique can easily be applied without the need
for additional studies. We reported the efficiency of a protocol
for measuring cerebral tissue and ventricular density with HU.

Materials and Method
We retrospectively studied 20 patients with hydrcephalus
that underwent surgical procedures of ventriculoperitoneal
shunt between 2008 and 2014. We excluded the patients
with hydrocephalus accompanying with cerebral pathologies like infections, hemorrhages, tumors, etc. We included
the patients with hydrocephalus who had no detected
pathology for the occurence hydrocephalus and who had
non-contrast brain CT, one to three days before the surgery
and one to three days after the surgery. The mean age of the
patients was 40.68. Twentytwo patients were female and
eighteen patients were male. All of the patients in the operation group were diagnosed as acute hydrocephalus with
different clinical symptoms. Nine patients in this group had
different radiological studies in addition to CT before the
surgeries. Twelve patients had different radiological studies
after the surgeries. All of the microbiological and biochemical cerebrospinal fluid (CSF) studies of the patients were in
the normal ranges. Operation group was evaluated preoperatively and postoperatively. So we divided this group into preoperative and postoperative groups. We also retrospectively
studied 20 patients with nonspecific complaints who had
brain CT with no detected pathology. These patients formed
control group. We evaluated the groups with cerebral density
measurements. We aimed to present density measurement
results in a simple manner. For this reason we did not add too
many criteria to avoid confusion.
A helical eight-channel computed tomography scanner (LS;
General Electric) was utilized for all measurements. Computed
tomography parameters included a slice thickness of 1.25 mm
with a 0.625-mm interval, a tube voltage of 120 kVp, a tube
current of 300 mA (Smart mA/Auto mA range, 150 to 750),
and a bone reconstruction algorithm (window width/window
level, –3000/300). Dimensional reconstruction were obtained
in the axial planes.
GE Universal Viewer was used to calculate an average HU
value by placing an elliptical region of interest (ROI) that was
confined to the white matter away from periventricular re-
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Figure 1. (a) Technique of obtaining HU values is demonstrated
preoperatively. Elliptical region was placed into the different cerebral
and ventricular areas. (b) Technique of obtaining HU values is
demonstrated postoperatively.

gion and near gray mater, periventricular region near frontal
horn, periventricular region near occipital horn, lateral ventricles in the frontal horn and lateral ventricles in the occipital
horn preoperatively (Fig. 1a) and postoperatively (Fig. 1b). A
mean HU value for each patient in the operation and control
groups was recorded. We made elliptical ROI areas as big as
possible within the limits of the interested area. Additionally
we avoided image artefacts and anatomic variation in CT images. So we did not aim to perform ROI areas standart and
equal.
Results were evaluated by statistical analysis. Data are expressed as mean±standard deviation. Independent sample t
test or Hotelling T2 test were used to compare the continuous
normal data between/among groups. Bonferroni confidence
intervals were used to determine which variables are different after Hotelling T2 test. A p-value <0.05 was considered
significant. Analyses were performed using SPSS 19 (IBM SPSS
Statistics 19, SPSS inc., an IBM Co., Somers, NY). For time factor
different superscripts (a, b) in the same column (Paired Samples t test) indicate a statistical significant difference. We used
Prism scheme to classify the p values (Table 1). We numbered
the regions of interest to facilitate reading (Table 2).

Results
We firstly compared the measurements of the preoperative
and postoperative groups with the measurements of the control group in the same regions.
We compared ventricular the mean HU value of the preoperative group with the mean HU value of control group in frontal
Table 1. Prism scheme for classifying p values
P value
<0.0001
0.0001 to 0.001
0.001 to 0.01
0.01 to 0.05
≥0.05

Wording

Summary

Extremely significant
Extremely significant
Very significant
Significant
Not significant

****
***
**
*
NS
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Table 2. Numbering of the regions of interest

Group
Control
Operation

Region of interest (ROI)

1
2
3
4
5
6
7
8
9
10

Preoperative ventricular density frontal horn
Postoperative ventricular density frontal horn
Preoperative ventricular density occipital horn
Postoperative ventricular density occipital horn
Preoperative periventricular tissue frontal region
Postoperative periventricular tissue frontal region
Preoperative periventricular tissue occipital region
Postoperative periventricular tissue occipital region
Preoperative white mater region
Postoperative white mater region
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Mean

Number

20

and occipital horn regions. We found extremely significant
difference (***) between these groups (p<0.001). The mean
ventricular HU values in the frontal and occipital horns were
higher than the mean values of the control group in the same
regions (Table 2, 3) (Fig. 2).

10

We found non significant difference (ns) when we compared
the mean ventricular HU value of the postoperative group
in the frontal horn with the mean value of the control group
(p=0.053). We found significant difference (*) when we compared the mean ventricular HU values of the postoperative
group in the occipital horn with the mean value of the control
group (p=0.025) in the same regions (Table 2, 3).

0

We compared the mean periventricular HU value of the preoperative group with the mean HU value of control group near the
frontal horn region. We found significant difference (*) between
these groups (p=0.011). Periventricular mean HU value near
the frontal horn was higher than the mean value of the control
group. We compared periventricular mean HU value of the preoperative group with the mean HU value of control group near
the occipital horn region. We found very significant difference
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Figure 2. Profile plot for densities all regions means.

(**) between these groups (p=0.001). Periventricular mean HU
value near the occipital horn was higher than the mean value of
the control group in the same regions (Table 2, 3).
We found non significant difference (ns) when we compared
the periventricular mean HU value of the postoperative group
near the frontal horn with the values of the control group
(p=0.304). We found significant difference (*) when we compared the periventricular the mean HU value of the postoperative group near the occipital horn with the mean value of the
control group (p=0.046) in the same regions (Table 2, 3).

Table 3. Distributions of quantitative variables according to group
Variables

Age
1
2
3
4
5
6
7
8
9
10

Control

Operation

p1

p2

p3

Mean±SD

Mean±SD				

40.45±23.1
4.94±0.68
4.94±0.68
5.02±0.66
5.02±0.66
25.92±1.41
25.92±1.41
26.63±1.68
26.63±1.68
26.83±1.88
26.83±1.88

40.9±30.02		 0.958
–
<0.001
<0.001
<0.001
10.05±2.90a
6.30±2.90b		 0.053		
<0.001
<0.001
<0.001
10.5±3.11a
6.66±2.97b		 0.025		
0.096
0.011
0.023
29.22±5.15a
27.35±5.90a		 0.304		
0.117
0.001
0.002
30.91±4.58a
a
29.17±5.12 		 0.046		
<0.001
<0.001
<0.001
33.20±3.83a
29.07±4.07b		 0.034		

Bonferroni 95% CI
Lower

Upper

–
-6.67
-2.92
-7.13
-3.22
-6.08
-4.60
-6.82
-5.35
-8.59
-4.57

–
-3.55
0.19
-3.82
-0.05
-0.51
1.74
-1.73
0.27
-4.13
0.10

SD: Standard deiviation; a, b: For time factor different superscripts in the same column (Paired Samples t test) indicate a statistical significant difference.
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We compared the mean white mater near the gray mater HU
values of the preoperative group with the mean HU values of
control group. We found extremely significant difference (***)
between these groups (p<0.001). The mean white mater HU
value near the gray mater was higher than the mean value of
the control group in the same region (Table 2, 3) (Fig. 2).
We found significant difference (*) when we compared the
mean white mater near the gray mater HU values of the postoperative group with the values of the control group (p=0.034)
in the same region (Table 2, 3).
We additionally compared the measurements of the preoperative group with the measurements of the postoperative
group in the same regions.
When we compared the mean HU value of the preoperative
group in all ventricular regions with the mean values of the
postoperative group in the same regions we found extremely
significant differences (***) (p<0.001) (Table 3) (Fig. 2).
We found extremely significant difference (***) when we
compare the mean HU value of the preoperative group in the
white mater near gray mater region with the mean value of
the postoperative group in the same region (p<0.001) (Table
3) (Fig. 2).
When we compared the mean HU value of the preoperative
group in all periventricular regions with the mean values of
the postoperative group in the same regions we found non
significant differences (ns) (p=0.096, p=0.117) (Table 2, 3).

Discussion
There are still difficulties in the diagnosis of hydrocephalus in
some cases. There is a need for additional techniques to confirm the diagnosis of hydrocephalus.[1,2,7] Well-known radiological imaging studies are not always sufficient for an exact
diagnosis. Therefore, there are many reports in the literature
to develop a safe diagnostic tool for hydrocephalus. These
reports include some CSF flow dynamic, volumetric, morphological and functional imaging studies with MRI, CT, ultrasound and some radionuclear studies.[3–5,8–10] These attempts
to diagnose hydrocephalus noninvasively have lacked the
ability to either quantitatively or qualitatively obtain data.[6]
CT is the radiological technique of choice in patients with acute
neurologic symptoms because of the easy access and low cost
world widely. Therefore, the use of CT technique to accelerate a diagnosis will be effective. HU with CT is widely used
in the diagnosis of many disorders. Thrombus, plaque, bone,
graft, etc. densities with HU are used as a diagnostic and predictive tool in the literature.[3,11] Brain density measurements
are widely used in the case of cerebral edema after trauma,
ischemia and radiation therapy.[12–15] There is no report in the
literature about the use of HU in the case of hydrocephalus.
Additionally, there is no report in the literature about the use
of HU in the ventricular region. In the present study, computed tomography with HU was used to analyze the density
within different localizations of the brain parenchyma and
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CSF. We analyzed the effects of hydrocephalus to the cerebral
parenchymal and CSF densities by HU.
In our study, ventricular and white mater, near grey mater
regions are the most eloquent regions to support diagnosis
of hydrocephalus by our method. In these regions, we found
extremely significant increase of the HU values in the patients
with hydrocephalus when we compare the patients with no
cerebral pathology. We also found extremely significant decrease of the HU values in these patients after the shunt operations. Differences of the HU values between the patients with
hydrocephalus and the patients with no cerebral pathology
significantly reduced after the operations.
In the patients with no cerebral pathology, the mean HU value
of the ventricles is found to be approximately 5 (ventricles in
the frontal horn 4.94±0.68, occipital horn 5.02±0.66). In the
patients with hydrocephalus, the mean HU value of the ventricles is found to be approximately 10 (ventricles in the frontal
horn 10.05±2.90, occipital horn 10.5±3.11). The HU value of
the ventricles is approximately 2 times higher in the patients
with hydrocephalus than the values in the patients with no
cerebral pathology. We found that the mean HU value of the
ventricles in the patients with hydrocephalus reduced after
the shunt operations (ventricles in the frontal horn 6.30±2.90,
occipital horn 6.66±2.97) and almost equalized with the mean
value of the ventricles in the patients with no cerebral pathology. This condition may be due to CSF changes depending on the changes in the CSF biochemistry and biophysics.
Changes in the CSF biochemistry and biophysics may change
CSF density. Although we did not find any abnormality in CSF
biochemistry further studies are needed. There are also some
studies in the literature showing the relationship between hydrocephalus and some biochemical agents.[16–20] These studies
are also insufficient for definitive judgments.
We obtained similar statistical results from the region of white
mater near gray mater. The mean HU value of this region
(33.20±3.83) in the hydrocephalic patients reduced after the
shunt operations (29.07±4.07) and came closer to the mean
value of the patients with no cerebral pathology (26.83±1.88).
This condition may be due to brain edema caused by cerebrovascular congestion.
We did not obtain similar statistical results from the periventricular regions. The mean HU values of these regions (periventricular area near the frontal horn 29.22±5.15, near the occipital horn 27.35±5.90) in the patients with hydrocephalus didn’t
show statistically significant difference after the shunt operations (periventricular area near the frontal horn 30.91±4.58,
near the occipital horn 29.17±5.12). This condition may be
due to transependymal flow of CSF. This is usually seen in the
setting of an acute hydrocephalus.[21] We included acute and
chronic hydrocephalus into the present study. This condition
may have led to statistical insignificance.
As a result of our study, density measurements from ventricles
and white mater near grey mater can be useful in the diagnosis of hydrocephalus. The present study has some limitations.
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We tried to evaluate the patients retrospectively. This situation
caused to remain a limited number of patients with limited
follow up. Although we reported the issue which is not previously reported in the literature, we can not present any data to
support causations. A long-term follow-up of a cohort of patients with hydrocephalus and normal controls will be recommended to provide further evidence on causations.
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