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Abstract
Images obtained via computer tomography perfusion (CTP) technology, a non-invasive 
functional imaging method, can reflect the hemodynamic status and function of the 
liver. Images obtained via CTP imaging technology can be quantitatively analyzed. The 
fundamentals, examination, and analysis of CTP images are reviewed in this paper. In 
addition, this paper provides a review of normal liver CTP imaging, CTP research status, 
and future developments in the CTP imaging of hepatitis and liver cirrhosis.

Hepatitis and cirrhosis are common chronic liver diseases. 
Hepatitis gradually develops into liver cirrhosis. Lesions are 
reversible during the early pathogenic stage of liver cirrhosis 
but become difficult to reverse during later stages. Thus, 
accurate diagnosis and intervention are particularly crucial 
during the early stages of lesion development. Given the lack 
of obvious morphological changes associated with early-stage 
hepatitis, liver fibrosis, and liver cirrhosis, traditional image-
based diagnostic methods do not always accurately reflect liver 
anatomy. A previous study has shown that the liver undergoes 
hemodynamic changes during the early stages of hepatitis 
and liver cirrhosis [1]. These hemodynamic changes in the liver 
can be ref lected and quantified via computer tomography 
perfusion (CTP) imaging technology for the early diagnosis of 
liver lesions. This paper provides a review of the fundamentals 
of CTP imaging and image processing. In addition, the CTP 
imaging of the normal liver, as well as the status of research on 
the clinical application and developmental prospects of CTP 
imaging in hepatitis and liver cirrhosis, is reviewed in this 
paper.

Fundamentals, Examination, and 
Analysis of CTP Images

CTP was first proposed by Miles et al. [2] in 1991. In CTP, 
the time-density curve (TDC) of each pixel in a slice is 

acquired via the multiple intermittent, continuous CT 
scanning of the region of interest (ROI) of the selected slice 
after the intravenous bolus injection of a contrast agent. 
To evaluate the perfusion of tissues and organs, perfusion 
parameters, which are based on the different mathematical 
curve models, are used in image reconstruction and pseudo-
color processing with the above parameters. The time-
density cur ve, which is the basis of CTP, refers to the 
curve acquired by perfusion dynamic scanning with the 
simultaneous intravenous injection of the contrast agent. 
The time-density curve describes the increasing density 
of each pixel in the slice with time. The abscissa represents 
time, and the vertical coordinate represents the CT value of 
the tissue after drug injection. The changes can indirectly 
reflect the blood perfusion volume of tissues and organs, as 
well as microvessel density, to provide a reference for the 
characteristics and position of the lesion. CTP was developed 
based on the principle of the dynamics of a nuclear medicine 
tracer to ref lect the hemodynamic status and function of 
organs and tissues. CTP imaging is a non-invasive functional 
imaging technique that can be used to quantitatively assess 
tissue perfusion based on the image slice of a capillary, and 
to distinguish between components of the hepatic artery and 
portal vein.

The reported scanning procedures and programs for 
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CTP are non-standardized because of the maturity and 
the different manufacturers of the technology. In general, 
however, for the first routine CT scan of the liver, a patient 
lies on their back and the fixed slices that require analysis are 
then selected. The fixed slices generally include liver lesions [3

–6]. Representative slices are selected in the absence of clearly 
visible lesions. The commonly selected representative slice 
is the porta hepatis slice, which generally includes the liver, 
spleen, aorta, and portal vein. The mode of single-slice CT 
scanning is selected as the continuous dynamic scanning 
of the same slice, and the MSCT scanning mode is selected 
for multi-slice continuous dynamic scanning. Miles et al. 
[2] scanned each slice 10 times for 7, 10, 13, 16, 21, 31, 37.5, 
and 44 s. The general number of scan times is 35–40, and 
the scanning intervals vary with the amount of the contrast 
agent ≥40 ml. The contrast age is generally injected at a rate 
of 3–5 ml/s. HE et al. [7] used MSCT scan and injected the 
contrast agent at a rate of 0.5 ml/kg. The scan was delayed 
for 8 s with an interval of 1s and lasted for 50 s. Weidekamm 
et al. [8] performed CTP imaging with the contrast dose of 40 
ml injected at the rate of 10 ml/s. The injection and scanning 
were performed simultaneously. In the study, the researchers 
scanned once for every 2 s for a total of 16 times. They then 
scanned once for every 17 s for a total of 8 times. The entire 
process lasted for 88 s.

W it h t he prog ress of sc ience a nd tech nolog y, CT 
machines are now equipped with image-processing software. 
If the imaging equipment does not include image-processing 
sof t wa re, i mages ca n be qua nt i f ied by usi ng severa l 
calculation formulae, including non-deconvolution and 
deconvolution models. However, liver perfusion parameters 
obtained via different mathematical models are not the same. 
After the original data of the perfusion scan are entered into 
the image-processing software, the ROI will be drawn on the 
abdominal aorta, portal vein, and spleen based on software 
prompts. The software then automatically generates the 
relative TDC; form the corresponding perfusion pseudo-
color images based on perfusion parameters; and analyze 
the selected ROI from pseudo-color images or software-
generated MIP images.

Normal Liver CTP Imaging

Different organs and tissues possess different hemodynamic 
c h a r a c t e r i s t i c s  a nd p e r f u s i o n p e r f o r m a nc e s ,  t hu s 
allowing CTP images to ref lect the hemodynamic status 

and function of organs and tissues. The liver is the most 
challenging organ to image via CTP because breathing 
movements disturb the liver during perfusion scanning. 
Moreover, the l iver has a unique double blood supply 
system with multi-channel communication between the 
two systems. The hepatic artery system provides 20%–30% 
of the blood to the liver, whereas the remaining 70%–80% is 
provided by the portal vein system. During CTP imaging, 
the liver CT value first increases because of the entry of the 
contrast agent from the hepatic artery, and then increases 
because of the entry of the contrast agent from the portal 
vein. The components of the hepatic artery and portal 
vein can be objectively evaluated based on the difference 
in liver perfusion between the two pathways. Shintaku 
et al . [9] examined 25 subjects, 88% in whom could the 
hepatic artery and portal vein blood f low could be clearly 
distinguished. Their results confirmed the feasibility of 
assessing liver diseases based on the hemodynamic changes 
of the hepatic artery and portal vein.
At present, the mathematical model of l iver perfusion 
ana lysis ma in ly includes t he non-deconvolut ion and 
deconvolution models. The non-deconvolution method 
is the main modeling method used with following main 
evaluation indexes: (1) A rterial l iver perfusion (A LP); 
hepatic arterial perfusion (HAP): hepatic artery blood flow 
per unit of time and per ml of tissue [10]. (2) Portal venous 
perfusion (PV P); hepatic portal perfusion (HPP); and 
portal vein blood flow per unit of time and per milliliter of 
tissue [11]. (3) Hepatic perfusion index (HPI): also known as 
hepatic artery fraction (HAF), that is, the volume of hepatic 
artery perfusion that accounts for a proportion of the total 
liver perfusion. (4) Hepatic portal perfusion index (PPI): 
portal vein perfusion volume accounted for the proportion 
of the tota l l iver per f usion. (5) Tota l l iver per f usion 
(TLP): the sum of hepatic artery perfusion and portal vein 
perfusion volume. (6) Blood flow: blood volume that flows 
through a certain amount of tissue per unit time. (7) Blood 
volume: the number of blood f lows in the local area. This 
parameter is influenced by the size of the blood vessels and 
the number of open blood capillaries.

Since CTP imaging was first proposed, many scholars have 
investigated the optimal perfusion parameters for imaging 
the normal liver [12–17]. Researchers have reported that the 
following optimal values: HAP value of 0.17–0.358 ml•min- 

1•ml- 1; PVP value of 0.34–1.46 ml•min- 1•ml- 1; PPI value of 
0.44–0.88; and HPI value of 0.04–0.33. After the CTP data 
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are obtained, the corresponding pseudo-color images are 
constructed through the color scale assignment. Intensely 
red H A P, PV P, and HPI pseudo-color images indicate 
high perfusion volumes. The redder the TTP expression, 
the longer the time required to reach the peak. The blood 
f low state of tissues and organs is evaluated based on TPP. 
The TDC of each pixel in the slice ref lects the changes in 
the concentration of the contrast agent in the organ. These 
changes indirectly reflect the changes in the volume of tissue 
organ perfusion.

Research Status and Prospects of 
CTP for the Diagnosis of Hepatitis 
and Liver Cirrhosis

Guan Jingsheng et al. [18] utilized an experimental animal 
model to investigate the CTP imaging of hepatitis and 
early liver fibrosis. They reported statistically significant 
differences among the H AF, mean transit time (MTT), 
blood f low, and blood volume of the experimental groups. 
However, the period of hepatitis and liver f ibrosis were 
not significantly different between groups. Furthermore, 
they reported that HAF and MTT increased significantly 
during the development of hepatitis to the early stage of liver 
cirrhosis. By studying normal rats and cirrhotic rats, Ma et al. 
[19] found that the PVP and MTT of rats with liver cirrhosis 
rats decreased, whereas ALP increased.

Many scholars have used CTP imaging to identify the 
changes in the blood flow parameters of a disease-free liver, 
liver fibrosis, liver cirrhosis, and other diseases, and analyzed 
the correlation between changes in blood f low and disease 
severity. Jiang Li et al. [20] conducted single-slice CTP imaging 
with 27 cases of liver cirrhosis patients and 13 control cases. 
The hepatic artery perfusion volume of Child A- and B-level 
patients decreased, whereas that of Child C-level patients 
increased. In addition, the hepatic artery perfusion index of 
Child C-level patients increased. The portal vein perfusion 
volume and total hepatic blood flow of Child B- and C-level 
patients decreased. Ronot et al. [21] compared and analyzed 
CTP and pathological grading in 52 patients with hepatitis C. 
The PVP and THP of patients in the early and middle stage 
decreased, whereas MTT increased. These results indicated 
that CTP images could be used to differentiate between the 
early and middle stages of liver fibrosis. However, at present, 
the overlap between measurement data limits the clinical 
application of CTP. Using a 16-slice spiral CT liver perfusion 

scan, Long Liling et al. [22] treated 31 cases of mild hepatic 
fibrosis (liver fibrosis stages S1 and S2), 34 cases of severe 
hepatic fibrosis (liver fibrosis stages S3 and S4) and/or early 
liver cirrhosis, and 42 cases of advanced liver cirrhosis with 
typical clinical symptoms and imaging performances, as well 
as a control group of 30 cases. A PVP value of 84.76–100 ml
•min- 1•ml- 1 was set as the diagnostic threshold for severe 
hepatic fibrosis and/or the early diagnosis of liver cirrhosis. 
They hold that CTP can facilitate the identification of severe 
liver fibrosis and/or early liver cirrhosis, as well as advanced 
liver cirrhosis.

Previous CTP scans were performed using multi-slice 
spiral CT with a single slice or 16 rows and below. Given the 
technical limitations of its narrow Z-axis coverage, multi-
slice spiral CT can only scan a few slices of the selected 
lesions, thus ref lecting the partial perfusion information of 
the lesion but not the comprehensive perfusion situation. 
Given the selection of reference blood vessels and organs 
in CTP, previous CTP scans required that the scanned 
slice must be located near the first hepatic portal area. This 
limited perfusion analysis to the area around the lesion and 
prevented the perfusion scan of lesions that are distant from 
the first hepatic portal. In addition, analysis was limited by 
selected ROI range: lesions in the upper and lower slices of 
the ROI are easily missed, thus providing results with high 
errors. The spatial, temporal, and density resolution of CT 
have been significantly improved with the improvement of 
multi-slice spiral CT technology and the further refinement 
of the corresponding perfusion software. CT scan time and 
scanning conditions have been greatly reduced, enabling full-
liver perfusion scan. The entire liver tissue can be included 
in the scan, and ROI selection is no longer limited. Through 
image reconstruction, ROIs in the transverse, sagittal, and 
coronal positions can be selected. Thus, corresponding 
hemodynamic information in the three positions can be 
shown.

How are the functions of the left and right lobes of the 
liver related? Are there any differences in the perfusion of 
the atrophic right lobe, the left lateral lobe, and the caudate 
lobe of patients with liver cirrhosis? Does compensatory 
hypertrophy in left lateral lobe indicate abnormal liver 
function? What perfusion parameters indicate the initiation 
of abnormal liver function? These topics are not or are rarely 
reported.

Liver puncture biopsy is the gold standard for the 
diagnosis of liver fibrosis and cirrhosis. This method is the 
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important basis for the clear diagnosis of fibrosis, as well 
as the measurement of the inf lammatory activity and the 
degree of fibrosis. Liver puncture biopsy is also the basis 
for drug selection for treatment [23]. However, the invasive 
examination procedure causes considerable trauma to 
the patient. In addition, multiple puncture sites are not 
recommended. Given the non-uniform development of 
liver parenchymal lesions, a single puncture point cannot 
be used for qualitative examination or can cause puncture 
errors, resulting in the over- or under-estimation of the 
degree of liver fibrosis. Pseudo-color images obtained from 
full liver volume perfusion can clearly show liver fibrosis, 
the distribution of liver cirrhosis nodules, and the situation 
of blood f low, thus greatly improving the accuracy of liver 
puncture biopsy.

With the rapid development of multi-slice spiral CT 
and the gradual improvement of software, CTP imaging 
has provided increasingly accurate hemodynamic clinical 
information for the early and accurate evaluation of the 
changes in liver microcirculation. However, given the non-
standardization of the current software and hardware for 
liver CTP and limited experience in the clinical application 
of high-end CT machines, the application of CTP technology 
in hepatitis and liver cirrhosis requires further investigation.
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