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BACKGROUND: Convenient way to clarify liver volume
or tumor volume in the liver is eagerly demanded by hepa-
tobiliary surgeons, for so many aspects of clinical work
need to know the liver volumetry. At present, some me-
thods have been used to measure the liver volumetry, such
as computed tomography ( CT) scans, three-dimensional
ultrasound volumetric system[1] and 3-dimensional sono-
graphy2°] et al. But enough volumetric information was
failed to obtain by surgeons and a new way of measuring
the liver volumetry that can be operated by themselves is
exigent. Whereas we devise a new method of using Photo-
Shop in personal computer to measure the liver volumetry.

METHODS: A piece of whole CT film was transformed to
a high quality digitized image by digital camera or scanner
and then the digitized image was conducted as JPEG file in-
to personal computer. The JPEG image file of CT film was
opened by PhotoShop. Determining the edge of interested
areas, and the data of pixel values of the interested areas di-
vided by 1 em? pixel value will produce the actual area with
the unit of square centimeter. If section thickness of CT
scan is 1 cm, the sum of the areas of the liver or tumor in
all sections naturally is the volume of the liver or tumor.

RESULTS: Comparison of 10 hepatic volumes gained by
this method and those gained by the GE Prospeed CT set
showed a good relativity between the two groups. The vo-
lumes of three right lobes were calculated by this method
before lobectomy and their real volumes were obtained
postoperatively by a volumenometer. Their variation was
limited to 5%.

CONCLUSIONS: Hepatic volume obtained by PhotoShop
is reliable. This method can be used to measure hepatic
volume perfectly to meet clinical demand, and many pa-
rameters such as liver resection rate, graft volume can be
achieved. The disadvantage of this method is the step of
copying the pixel value from PhotoShop to Microsoft Ex-
cel.
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Introduction

onvenient way to clarify liver volume or tumor
‘ volume in the liver is eagerly demanded by he-

patobiliary surgeons. The sensitivity of heparo-
ma to chemotherapy, rate of hepatectomy, liver rege-
neration after selective portal vein embolization or lobec-
tomy, and graft size matching in living related liver
transplantation all involve in hepatic volumetry.[*11]
Computed tomography (CT) scans have made
estimating hepatic volume possible for many years.[12-17]
Surgeons and oncologists, however, fail to obtain
enough volumetric information in their daily work be-
cause hepatic volumetry is only used as a medical re-
search reference that might be accomplished with this te-
dious algorithm!'®] and time-consuming complex de-
vices. Even if volumetric program is available in CT de-
vice, radiologists do not know what volume parameters
clinicians need. Possibly the rational way to perfectly use
hepatic volumetry is having hepatic volume measured by
hepatobiliary surgeons themselves. To meet this de-
mand , we performed hepatic volumetry with PhotoShop
in personal computer.

Methods

Instruments

The necessary hardware for this project was a personal
computer installed with PhotoShop ( version 5.0) work-
ing in Windows (Win98 operative system ). The CT
scan films were developed by the GE Prospeed CT set.
An Olympus ¢-900 digital camera (1. 31 million pixels)
and an Acer 620UT Scanner were utilized to digitize
film photos.

Algorithm
Image digitization

A piece of whole CT film was transformed to a
high-quality digitized image by a digital camera or scan-
ner. Subsequently the digitized image as a JPEG file was
put into a personal computer with transferring PC card
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or floppydisk adapter.

Pretreating photos

The JPEG image file of the CT film was opened by
PhotoShop. The common or contrasted CT scan of the
liver was performed for 12 sections with 1 cm thickness.
Each section including the liver was cut using a rectan-
gular marqeen tool with a same square area and pasted on
the consequently established new file board. The ruler
mark beside the each CT photo was included. Attention
was also paid to extra sections that may exist around the
tumor or other lesions.

Determination of the edge of interested areas

The edges of the liver or tumor were accurately
margined by the lossa tool controlled with computer
mouse. The easy way for determining a sharp edge of a
well-proportioned area is using magic wand tool. The
magic wand tool point was held at an interested area to
determine the edge automatically. When manual or au-
tomatic tracing margin was not expected, the grow tool
or similar tool in selection icon was used to modify the
edge determined. These edge-tracing methods were se-

Fig. 1. The JPEG image file of CT film is opened by PhotoShap.
The edges of the liver were accurately margined by the lossa tool.

Fig. 2. The JPEG image file of CT film is opened by PhotoShap.
The edges of tumor were accurately margined by the lossa tool.
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lected to determine the different interested area in a pho-
to. After one photo was finished, it was put on the
desktop (Figs. 1 and 2).

Detection of the pixel of interested areas

All the works determining edges were recorded an-
tomatically. The history icon was opened in the right-
lower comer and lossa or magic wand tool was chosen,
which stands for an area being margined. Then the his-
togram in the image icon was opened and the pixel of
the specific area was listed. The pixel value was put into
the Microsoft Excel form, which could be easily estab-
lished before or at the same time. The pixel values were
recorded one by one logically in the Microsoft Excel
form for further calculation. The last important step in
this procedure was to determine the standard area. After

creation of a 1 cm? area referencing the ruler indictor

marked beside the CT photo by the rectangular marqeen
tool, the pixel value of the area of 1 cm? was copied in-

to the Excel

Calculation of volumes

The pixel values of interested areas regularly listed
in the Excel were divided by 1 cm? pixel value to get
the actual area with the unit of square centimeter. The
volume of each section was calculated by area multiply-
ing section thickness according to the trapezoid approxi-
mation theory, which describes the volume of each sec-
tion, a product of the half height between adjacent sec-
tions. If section thickness of CT scan was 1 ¢cm, the sum
of the areas of the liver or tumor in all sections narurally
was the volume of the liver or tumor. With the volume
values of the tumor, liver, right liver, right posterior
lobe, and left lateral lobe , many parameters such as liver
resection rate and graft volume could be prognosticated.

Results

Comparison of 10 hepatic volumes gained by this me-
thod and those gained by the GE Prospeed CT set show-
ed a good relativity between the two groups. Three
right lobes volumes were calculated by this method be-
fore right lobectomy of the liver, and their real volumes
were obtained by volumenometer after operation. Their
variation was limited within 5%.

Discussion

Volume and volume change of the liver, liver lobes and
liver tumor are informative for heparobiliary surgery. So
many hepatobiliary operation need to know the liver or
tumor volumetry, such as hepatectomy, living related
liver transplantation et al. Living related liver transplanta-
tion as a new and effective way to cure the fulminant liv-
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er failure is recognized in almost all liver transplantation
centers when it was firstly performed in 1989 in Austra-
Lia.l ] For a successful living related liver eransplanta-
tion, the graft size is the key element!?+?!] and conse-
quentially knowing the liver volumetry of donor is so
significant to guaranty the safety of donor.

But it is hard to estimate the volume only with
surgeon’ s experience in reading CT films. [22] It is also
inconvenient for surgeons to consult radiclogists fre-
quently. Previously studies have been focused on organ
volumetry in personal computer.?-%] For instance visu—
al C++ language was used to calculate organ volume by
sketching the edge of interest area manually on a piece of
A4 size transparency and subsequently scanning the pic-
ture into computer. The regional growing method used
under visual C++ language is sophisticated. Kao et
all®] using his stereclogic method can finish organ volu-
metry in a short time on a personal computer. But this
method needs to develop special computer program.

PhotoShop as a user-friendly software is widely
used by surgeons and basic researchers to manage image
daral%-7] and it even was used in medical criminolo-
gy.l%] The histogram in image icon could automatically
count the pixel of an interested area.[2*:®] The pixel is
decided by quality of the image. Simply, the pixel re-
flects the seeds on a wvnit line or in a unit area. For
example, a 1-inch-by-1-inch image with a resolution of
72 ppi contains a total of 5184 pixels (72 pixels wide X72
pixels high =5184). The same 1-inch-by-1-inch image
with a resolution of 300 ppi would contain a total of
90 000 pixels. In an image, therefore, the pixels of an
interested area can be transferred to area value in square
centimeter conferencing the real ruler marked on the
image.

The lossa tool controlled with computer mouse and
the magic wand tool can trace the edge of an interest
area either manually or automatically depending on the
edge property. Growing and similar tool modifying the
edge tracing leads to more accurate margin sketching.
All of these ensure a reliability of hepatic volumetry by
PhotoShop. The disadvantage of this method is the step
of copying the pixel value from PhotoShop to Microsoft
Excel. There is no way in inputting the pixel value with
computer language. If some improvement is made in
this aspect, hepatic volumetry with PhotoShop will be-

come easier.
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