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Abstract
Introduction: Non-alcoholic fatty liver disease (NAFLD) as a multi-factorial disorder is the most common cause of
abnormal liver function tests in adolescents.
Objectives: The present study aimed to assess Doppler perfusion index (DPI) in adolescents with NAFLD as
compared with healthy subjects.
Patients and Methods: Thirty-seven adolescents with NAFLD and 25 healthy individuals were enrolled in the
study. Hemodynamic indices were measured using a color Doppler ultrasound machine. Severity of fatty liver
disease and steatosis grade were assessed using FibroScan. The measured indices were peak systolic velocity
(PSV), resistive index (RI), end-diastolic velocity (EDV), time-averaged mean velocity (TAMV), time-averaged peak
velocity (TAPV), portal venous blood flow (PVBF) volume, hepatic arterial blood flow (HABF) volume, and DPI.
Results: The mean of DPI in the case and control groups was 0.31±0.11 and 0.31±0.09, respectively (P = 0.972).
HABF volume was significantly lower in the case group as compared with the control group (103.8 versus 153.3
respectively, P = 0.015). PSV, TAMV, mean velocity, and PVBF volume were significantly lower in the case group
as compared with the control group (P < 0.05). Patients with a higher steatosis grade indicated a significantly lower
mean of PSV and TAMV portal than controls (P < 0.05).
Conclusion: DPI was similar in adolescents with NAFLD and healthy subjects and was not associated with severity
of fatty liver disease and steatosis grade. In addition, the percentage of steatosis would be increased with increased
liver span.

Introduction
Non-alcoholic fatty liver disease (NAFLD)
that has been regarded as the main cause
of liver disease worldwide is defined as the
accumulation of fat in the liver in the absence
of excessive alcohol consumption or other
detected liver pathologies (1). NAFLD is a
multifactorial disorder closely associated
with the metabolic syndrome and refers to a
spectrum of diseases ranging from steatosis
to steatohepatitis, fibrosis, and eventually
cirrhosis (2). NAFLD is the major cause of
liver transplantation in adults and is the most
common cause of abnormal liver function
tests in children and adolescents (3). Obesity
and metabolic syndrome are the major risk
factors of NAFLD in children (4,5). The
prevalence of NAFLD in developed countries
has been estimated to be 20-30% in the general
population (6, 7) with an estimated prevalence
of 5–15% in children and adolescents (8).
The increasing prevalence rates of childhood
obesity and metabolic syndrome make

Key point
The present study examined 37 adolescents with nonalcoholic fatty liver disease (NAFLD) and 25 healthy
individuals and revealed that Doppler perfusion index
(DPI) was not different between healthy adolescents
and those with NAFLD. However, portal vein
parameters based on ultrasound findings were found
to be significantly lower in adolescents with NAFLD as
compared with healthy subjects. In addition, patients
with a higher steatosis grade showed a significantly
lower mean of peak systolic velocity (PSV) and timeaveraged mean velocity (TAMV) of the main portal
vein than healthy individuals.

NAFLD to be probably more common in
children and adolescents which cause serious
hepatic complications, and may even result in
cirrhosis, portal hypertension, and death in
adulthood (9). Therefore, there is an urgent
need for non-invasive diagnostic methods
for long-term monitoring in this regard.
There are currently no standardized
criteria to diagnose fatty liver in children,
since studies addressing the mentioned
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population have reported patterns of inflammation and
fibrosis in the liver, which have been different from those
observed in adults (10). Previous studies regarding fatty
liver in children have shown that histology of fatty liver in
children is also quite different from that of adults (11-13).
Additionally, studies have indicated that the prevalence
rate of fatty liver in adolescents is higher than that of
children, which can be attributed to the hormonal changes
at this age, lower physical activity and overweight (14, 15).
Various methods such as ultrasound, CT and MRI with
different sensitivity and specificity have been used to check
the grade of fatty liver. MRI is more accurate but is also a
costly modality that cannot be performed at the bedside
(16). Ultrasound is an economical method; however,
patients’ obesity affects its sensitivity and specificity (17).
FibroScan (transient elastography) as a rapid, non‐
invasive, and reproducible method has been recently
developed for measuring liver stiffness. Studies focusing on
histological findings and FibroScan results have revealed
a relationship between the mentioned two diagnostic
methods and have stated that many liver biopsies can be
prevented in case of using this method (18, 19). However,
another study has indicated that this method, due to
different technicians’ performance, can presents various
results. Additionally, the results by FibroScan cannot be
relied on to diagnose of advanced fibrosis in patients with
fatty liver (20). Studies have revealed that the diagnostic
function of FibroScan is acceptable for cirrhosis and in
moderate fibrosis cases (21, 22). The benefits of this method
include its ease of use, short duration, immediate outcome,
high patient acceptance, and usability in outpatient clinics
(23, 24). However, its use is limited to patients with ascites,
individuals with morbid obesity, and/or patients with large
amounts of fat in chest wall muscles (25).
Doppler ultrasound is another method that might be
helpful in diagnosing fatty liver. Doppler perfusion index
(DPI) that has been used in the detection of overt liver
metastatic disease examines the relationship between
HABF volume and total liver blood flow (26). Studies
revealed that DPI has changed in patients with fatty liver
(16, 27). As mentioned above, several methods with
different weaknesses and strengths have been used to
diagnose fatty liver in patients; however, there is limited
evidence regarding the application of DPI as compared to
other diagnostic modalities, especially in adolescence.
Objectives
The present study was carried out with the aim of
comparing the application of DPI and FibroScan in the
diagnosis of NAFLD in adolescents.
Patients and Methods
Study design
A total of 37 adolescents with NAFLD (confirmed by
pediatric gastroenterologist) that referred to Imam Hossein
hospital, Isfahan, Iran were recruited consecutively from
2
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January to December 2018. Inclusion criteria for patients
were the age range of 10-18 years, no history of liver
surgery or liver mass, and lack of kidney or heart failure. In
addition, 25 unrelated healthy individuals were recruited
from the same hospital as the control group.
Collected data were age, gender, body mass index (BMI)
that was measured as weight (kg) divided by height (m)
squared, severity of fatty liver disease including mild,
moderate, and severe, and steatosis severity including
grades of S0, S1, S2, and S3 determined based on the extent
of fat in the liver as follows; S0: steatosis of less than 5%,
S1; steatosis of 5%–33%, S2; steatosis of 34%–66%, and S3;
steatosis of more than 66% (2).
Transient elastography was performed with FibroScan
using the standard M probe. All FibroScan examinations
were performed according to the manufacturer’s
specifications by a single trained operator blinded to DPI
results. Liver stiffness measurements were performed on
the right lobe through inter-costal spaces of patients lying
in the dorsal decubitus position with the right arm in
maximum abduction.
To measure hemodynamic indices and calculate DPI,
a color Doppler ultrasound machine (Philips Affiniti 50)
was used. The examination was performed after a 12hour fasting and drug-free period. The measurements
were taken in a supine position. Portal vein measurements
were taken right at the origin of the vessel from the
splenic and superior mesenteric veins. Moreover, hepatic
artery measurements were taken right at the origin of
the vessel from the celiac axis. The Doppler waveforms
were recorded over at least four cardiac cycles, and all
patients were asked to briefly hold their breath during
the procedure. The measured indices were peak systolic
velocity (PSV), resistive index (RI), end-diastolic velocity
(EDV), time-averaged mean velocity (TAMV), timeaveraged peak velocity (TAPV), portal venous blood
flow (PVBF) volume, hepatic arterial blood flow (HABF)
volume, and DPI (using the following formula; hepatic
artery flow volume/portal artery flow volume + hepatic
artery flow volume). All measurements were obtained at
least three times for each patient, and the average values
were regarded as Doppler findings.
Ethics issues
The research followed the Declaration of Helsinki
principles. The Institutional Ethics Committee at
Isfahan University of Medical Sciences approved all
study protocols (IR.MUI.REC.1396.3.754). Accordingly,
written informed consent was obtained from all subjects
before any intervention. The present study was extracted
from residential thesis of Shafigheh Parsai Arshad in the
department of radiology at this university (Thesis#396754).
Data analysis
The statistical analysis was performed using SPSS
statistics, version 24.0 (SPSS, Chicago, IL, USA). Data are
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presented as means ± SD and number (%) for categorical
and continuous variables, respectively. An independent
samples t-test and a chi-square test were used to compare
target variables between case and control groups. With
regard to severity of fatty liver disease and steatosis grades,
Kruskal–Wallis one-way analysis of variance was used to
compare DPI and Doppler parameters between the case
and control groups. In addition, Spearman’s correlation
coefficient was used to evaluate the relationship of DPI
with liver span and steatosis percentage. In all statistical
analysis, the significance level was considered to be less
than 0.05.
Results
The patients’ demographics, severity of fatty liver disease,
and steatosis grade are demonstrated in Table 1. The mean
age of case and control groups was similar (P = 0.073). In
case group, 21.6% of patients were female whereas 48% of
control group were female (P = 0.029). The mean of BMI
in the case group was significantly higher than that of the
control group (P = 0.001). Severity of fatty liver disease
was mild for majority of the patients (79.4%) and was
moderate in 20.6% of cases. Steatosis grades in patients
were; S0: seven patients, S1: three patients, S2: six patients,
and S3: 21 patients.
Table 2 presents the comparison of Doppler parameters
and DPI between the case and control groups. Maximum
PSV, hepatic artery PSV, RI, EDV, mean velocity, TAMV,
TAPV, and area of hepatic were not significantly different
between the case and control groups (P > 0.05). HABF
volume in the case group was significantly lower than that
of the control group (103.8 versus 153.3, respectively, P
= 0.015). Of portal vein parameters, PSV, mean velocity,
TAMV, and PVBF volume were significantly lower in
Table 1. Characteristics of studied patients
Characteristics

Case group

Control group

P value

Age (year)

11.4 ± 1.7

12.4 ± 2.3

0.073

Gender
Male

29 (78.4)

13 (52.0)

Female

8 (21.6)

12 (48.0)

BMI (kg/m2)

27.8 ± 4.6

23.9 ± 3.4

0.029
0.0001

Severity of fatty liver disease
Mild

27 (79.4)

-

Moderate

7 (20.6)

-

Steatosis
S0

7 (18.9)

-

S1

3 (8.1)

-

S2

6 (16.2)

-

S3

21 (56.8)

-

Data are presented as means ± SD or number (%).

-

the case group as compared with the control group (P <
0.05). Area of portal vein was similar between the case and
control groups (P = 0.385). Moreover, the mean of DPI
in the case group was similar to that of the control group
(0.31 versus 0.31 respectively, P = 0.972).
Table 3 shows the comparison of Doppler parameters
and DPI between the controls and cases with respect to
fatty liver disease and steatosis grade. All hepatic artery
parameters were similar, and no significant differences were
noted between patients with mild or moderate fatty liver
disease and controls (P > 0.05). Of portal vein parameters,
PSV, TAMV, and PVBF volume were significantly lower
in patients with mild or moderate fatty liver disease as
compared with controls (P < 0.05). The other portal vein
parameters were not different between the two groups
(P > 0.05). Additionally, only area of hepatic artery was
significantly different between two groups (P = 0.039) and
other hepatic artery parameters were not different between
controls and patients considering their steatosis grade
(P < 0.05). In addition, patients with regard to steatosis
grade indicated a significantly lower mean of PSV portal
and TAMV portal than control subjects (P < 0.05).
Figures 1 and 2 demonstrate the correlation of steatosis
percentage with DPI and liver span, respectively. As
shown, a weak, negative, and statistically non-significant
correlation was observed between steatosis percentage and
Table 2. Doppler parameters and DPI in the case group versus
control group
Parameters

Control group

Case group

P-value

Maximum PSV

19.2 ± 5.5

20.6 ± 7.2

0.421

PSV hepatic (cm/s)

47.4 ± 22.6

46.1 ± 12.6

0.774

RI hepatic

0.66 ± 0.08

0.69 ± 0.10

0.210

EDV hepatic (cm/s)

16.3 ± 7.8

13.5 ± 5.1

0.096

Mean velocity hepatic

15.5 ± 8.0

13.3 ± 5

0.232

TAMV hepatic

14.2 ± 8.3

12.9 ± 5.3

0.456

TAPV hepatic

28.7 ± 13.1

24.0 ± 7.8

0.093

Area of hepatic

0.16 ± 0.07

0.14 ± 0.06

0.355

HABF volume

153.3 ± 101.5

103.8 ± 52.7

0.015

PSV portal (cm/s)

28.1 ± 13.7

19.7 ± 4.1

0.001

Mean velocity portal

17.0 ± 9.2

13.3 ± 4.1

0.041

TAMV portal

16.4 ± 15.6

9.5 ± 3.6

0.014

Area of portal vein

0.41 ± 0.16

0.44 ± 0.17

0.385

PVBF volume

325.7 ± 174.6

227.5 ± 116.1

0.010

0.31 ± 0.11

0.31 ± 0.09

0.972

Parameters of hepatic artery

Parameters of portal vein

DPI

Peak Systolic Velocity (PSV), Resistive Index (RI), End-Diastolic Velocity
(EDV), time-averaged mean velocity (TAMV), time-averaged peak velocity
(TAPV), Portal venous blood flow (PVBF) volume, Hepatic arterial blood flow
(HABF)volume, Doppler Perfusion Index (DPI).
Data are presented as means ± SD. P values are calculated by an independent
samples t test.
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Table 3. Doppler parameters and DPI in controls versus patients with regard to fatty liver disease severity and steatosis grade
Fatty liver disease

Parameters

Control

P value

Steatosis grade

Control

P value

20.7 ± 6.6

19.2 ± 5.5

0.713

46.3 ± 14.4

46.1 ± 12.1

47.4 ± 22.6

0.810

0.64 ± 0.17

0.71±0.06

0.66 ± 0.08

0.068

0.245

14.9 ± 6.8

13.0 ± 4.3

16.3 ± 7.8

0.341

0.492

14.5 ± 6.5

12.8 ± 4.2

15.5 ± 8.0

0.617

14.2 ± 8.3

0.694

16.2 ± 5.6

11.6 ± 4.7

14.2 ± 8.3

0.093

28.7 ± 13.1

0.239

26.2 ± 8.6

23.2 ± 7.4

28.7 ± 13.1

0.201

0.16 ± 0.06

0.16 ± 0.07

0.039

101.0 ± 54.5

153.3±101.5

0.140

19.6 ± 5.4

28.1 ± 13.7

0.001

12.7 ± 4.0

17.0 ± 9.2

0.139

Mild

Moderate

S0 & S1

S2 & S3

20.9±7.6

19.1 ± 5.6

19.2 ± 5.5

0.580

20.5 ± 9.0

PSV hepatic (cm/s)

46.1±13.1

46.4 ± 11.4

RI hepatic

0.69 ± 0.11

0.72 ± 0.06

47.4 ± 22.6

0.959

0.66 ± 0.08

0.358

EDV hepatic (cm/s)

13.6 ± 5.1

Mean velocity hepatic

13.4 ± 5.2

13.0 ± 5.4

16.3 ± 7.8

13.2 ± 4.5

15.5 ± 8.0

TAMV hepatic

13.1 ± 5.3

TAPV hepatic

23.8±7.8

11.8 ± 5.6
25.1 ± 8.4

Area of hepatic

0.14 ± 0.05

HABF volume

105.5 ± 55.0

0.17 ± 0.07

0.16 ± 0.07

0.316

0.11±0.05

96.3 ± 44.4

153.3±101.5

0.050

111.1±49.3

PSV Portal (cm/s)

20.1 ± 4.9

18.1 ± 3.6

28.1 ± 13.7

0.004

20.0 ± 2.3

Mean velocity portal

13.6 ± 4.1

11.7 ± 3.8

17.0 ± 9.2

0.105

14.6 ± 4.0

Parameters of hepatic artery
Maximum PSV

Parameters of portal vein

TAMV portal

9.9 ± 3.5

8.1 ± 3.6

16.4 ± 15.6

0.047

11.1 ± 4.4

8.9 ± 3.1

16.4 ± 15.6

0.001

Area of portal

0.42 ± 0.14

0.56 ± 0.24

0.41 ± 0.16

0.102

0.38 ± 0.15

0.47 ± 0.18

0.41 ± 0.16

0.260

PVBF volume

243.4±119.5

159.3±71.5

325.7 ± 174.6

0.014

238.8±118.7

223.3±117.1

325.7 ± 174.6

0.056

0.31 ± 0.10

0.35 ± 0.06

0.31 ± 0.11

0.580

0.32 ± 0.08

0.31 ± 0.10

0.31 ± 0.11

0.888

DPI

PSV, peak systolic velocity; RI, resistive index; EDV, end-diastolic velocity; TAMV, time-averaged mean velocity, TAPV, time-averaged peak velocity; PVBF, Portal
venous blood flow; HABF, Hepatic arterial blood flow; DPI, Doppler perfusion index.
Data are presented as means ± SD. P-values are calculated by one-way ANOVA

DPI (Spearman’s correlation coefficient = -0.071, P = 0.961;
Figure 1). However, a positive and statistically significant
correlation was observed between steatosis percentage
and liver span (Spearman’s correlation coefficient =
0.527, P = 0.001; Figure 2). The mentioned findings reveal
that the percentage of steatosis would be increased with
increased liver span.
Discussion
In the present study, Doppler indices of hepatic and portal
venous flow volume, steatosis grades, and disease severity
calculated by FibroScan were evaluated in adolescents with

NAFLD, and then the findings were compared with results
of healthy subjects. The obtained findings revealed that
portal vein parameters in adolescents with NAFLD were
significantly lower than those of healthy subjects. DPI was
similar in adolescents with or without NAFLD. Base on
FibroScan results, DPI was not associated with steatosis
grades and disease severity. The steatosis percentage in
adolescents with NAFLD was significantly related to liver
span, which means that patients with a larger liver span
had a higher steatosis percentage.
DPI as the main focus of the present study was not
significantly different between the case and control groups

Figure 1. Correlation between Doppler Perfusion Index and steatosis
percentage (Spearman’s correlation coefficient = -0.071, P value = 0.961)

Figure 2. Correlation between liver span and steatosis percentage
(Spearman’s correlation coefficient = 0.527, P value = 0.001).
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and was not correlated with disease severity and steatosis
grades in adolescents with NAFLD. There is limited
evidence about DPI in adolescents with NAFLD. In contrast
to the findings of this study, Kakkos et al reported that
obese adult patients had significantly higher DPI values
than healthy volunteers. In addition, they indicated that
the grade of fatty liver was inversely associated with DPI
(16). In the study by Dugoni et al, DPI was significantly
higher in adults with NAFLD and was highly predictive of
fatty liver in these patients (27). The differences between
our findings with the studies by Kakkos et al (16) and
Dugoni et al (27) can be explained by the fact that subjects
in these studies were obese and overweight adult patients
whereas the patients in our study were adolescents with
NAFLD.
One of the important findings of our study was that
portal vein parameters in adolescents with NAFLD were
significantly lower than those of healthy subjects, since
PSV, TAMV, and area of the portal vein were significantly
associated with disease severity and steatosis grades. In
line with this finding, previous studies focusing on adults
suggest that most of the portal vein parameters were found
to be lower in patients with fatty liver as compared with
controls.
Balasubramanian et al reported that the velocity of the
portal flow and the portal vein pulsatility index in patients
with fatty liver were significantly lower than those of the
controls and were inversely correlated with the severity
of fatty liver (28). In addition, some studies have reported
similar findings with respect to the velocity of the portal
flow and the portal vein pulsatility index (29,30). HABF
volume in our study was significantly lower in patients as
compared with controls. The mentioned finding was in
line with findings of Uzun et al, however, in contrast to
findings of Uzun et al, HABF volume was not associated
with severity of fatty liver in our study (31). In contrast to
our findings, the study by Hizli et al showed that hepatic
arterial resistive index in obese children with NAFLD
was significantly higher than that of control group (32).
This difference may be due to different study samples as
the present study addressed adolescents with NAFLD that
were a little overweight while the studies by Uzun et al (31)
and Hizli et al (32) studied obese children with NAFLD.
Another significant finding of our study was that the
liver span of fatty liver was positively correlated with the
steatosis percentage. In line with this finding, the study
conducted by Balasubramanian et al addressing adults has
reported that the liver span of adult patients with NAFLD
was significantly higher than that of healthy controls and
was correlated with the severity of the fatty liver (28).
Conclusion
In conclusion, our study revealed that DPI was not
different between adolescents with NAFLD and healthy
subjects; however, portal vein parameters based on

ultrasound were significantly lower in adolescents with
NAFLD as compared with healthy subjects. Moreover,
the present study indicated that in these patients the
percentage of steatosis was significantly related to liver
span in adolescents with NAFLD. However, studies with
larger sample sizes are warranted to assess the accuracy
of DPI and Doppler indices for diagnosis of NAFLD in
adolescents.
Limitations of the study
This study has some limitations. The first limitation
of the present study was a relatively small sample size
of patients and subsequently a low-number of patients
that were categorized according to NAFLD severity and
steatosis grades in the sub-group analysis. The mentioned
limitation may have reduced the power of statistical tests
to detect the differences. Another limitation of the study
was potential selection bias. As adolescents in the present
study were enrolled from only a single center, findings
may not be applicable to a more general population. In
addition, transient elastography was used in this study as
the standard procedure, and diagnosis of NAFLD was not
confirmed by biopsy, while liver biopsy is not a feasible test
to pursue the screening purpose.
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