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Abstract: The clinical utility of the splenic arterial pulsatility index (SAPI), a duplex Doppler ul-
trasonographic index, to predict the stage of hepatic fibrosis in hemodialysis patients with chronic
hepatitis C virus (HCV) infection remains elusive. We conducted a retrospective, cross-sectional
study to include 296 hemodialysis patients with HCV who underwent SAPI assessment and liver
stiffness measurements (LSMs). The levels of SAPI were significantly associated with LSMs (Pearson
correlation coefficient: 0.413, p < 0.001) and different stages of hepatic fibrosis as determined using
LSMs (Spearman’s rank correlation coefficient: 0.529, p < 0.001). The areas under receiver operating
characteristics (AUROCs) of SAPI to predict the severity of hepatic fibrosis were 0.730 (95% CI:
0.671–0.789) for ≥F1, 0.782 (95% CI: 0.730–0.834) for ≥F2, 0.838 (95% CI: 0.781–0.894) for ≥F3, and
0.851 (95% CI: 0.771–0.931) for F4. Furthermore, the AUROCs of SAPI were comparable to those of the
fibrosis index based on four parameters (FIB-4) and superior to those of the aspartate transaminase
(AST)-to-platelet ratio index (APRI). The positive predictive value (PPV) for ≥F1 was 79.5% when the
Youden index was set at 1.04, and the negative predictive values (NPVs) for ≥F2, ≥F3, and F4 were
79.8%, 92,6%, and 96.9%, respectively, when the maximal Youden indices were set at 1.06, 1.19, and
1.30. The diagnostic accuracies of SAPI with the maximal Youden index for a fibrosis stage of ≥F1,
≥F2, ≥F3, and F4 were 69.6%, 67.2%, 75.0%, and 85.1%, respectively. In conclusion, SAPI can serve as
a good noninvasive index in predicting the severity of hepatic fibrosis in hemodialysis patients with
chronic HCV infection.

Keywords: hepatitis C virus; hepatic fibrosis; duplex Doppler ultrasonography; splenic arterial
pulsatility index; noninvasive diagnosis; liver stiffness; transient elastography

1. Introduction

Despite the adoption of universal precautions and blood safety, chronic hepatitis C
virus (HCV) infection remains a significant health problem in hemodialysis patients. While
the global prevalence of HCV infection is about 0.7%, the prevalence of HCV infection
ranges from 4% to 20% in hemodialysis patients [1–6]. Hemodialysis patients with chronic
HCV infection have higher hepatic and extrahepatic morbidity and mortality than those
without chronic HCV infection [7–9]. In contrast, the long-term prognosis is improved once
HCV is eradicated with effective antiviral treatment [10].
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In the era of interferon (IFN), treatment uptake of HCV is low because the treatment
response and tolerance are far from satisfactory [11–13]. The advent of IFN-free direct-
acting antivirals (DAAs) after 2014 has made a paradigm shift in the care of hemodialysis
patients with chronic HCV infection because the efficacy and safety are excellent with DAA
treatment. Numerous clinical trials and real-world studies have indicated that more than
95% of hemodialysis patients with chronic HCV infection can achieve a sustained virologic
response (SVR) with a short course of DAAs [14–20]. Although the stage of hepatic fibrosis
does not significantly affect the overall response rates in hemodialysis patients with HCV
receiving DAAs, an accurate diagnosis of the stage of hepatic fibrosis is still mandatory to
assist in optimizing clinical decisions [21].

Percutaneous liver biopsy is the gold standard to assess the severity of hepatic fibrosis
in patients with HCV infection. However, it is an invasive procedure that may cause deaths,
major bleeding, biliary injuries, or pain [22]. The risk of bleeding in hemodialysis patients
following percutaneous liver biopsy ranges from 1.3% to 5.9%, much higher than the risk
of 0.16% in nonuremic patients [23–25]. Moreover, the biopsy specimens are prone to
sampling and interpretation variations [26]. Therefore, using simple and easily accessible
noninvasive indices to determine the therapeutic and surveillance plans is paramount for
hemodialysis patients with chronic HCV infection [27].

Duplex Doppler ultrasonography (DDU) is an easily accessible noninvasive tool to
evaluate the vascular dynamics in various organs. Clinically, physicians can perform
DDU at a routine gray-scale ultrasonography screening. Prior studies have shown that
the splenic arterial pulsatility index (SAPI), which measures the arterial resistance by
placing the Doppler cursor within the main branches of the splenic artery at the splenic
hilum, is highly correlated with the severity of hepatic fibrosis and portal hypertension in
patients with chronic HCV infection, taking percutaneous liver biopsy and hepatic vein
catheterization as the reference standards [28–31]. However, data regarding the value
of SAPI to predict the stage of hepatic fibrosis in hemodialysis patients with chronic
HCV infection are limited. We aimed to conduct a cross-sectional study to evaluate the
clinical utility of SAPI to stage hepatic fibrosis in this special population, taking transient
elastography (TE), which generates a shear wave in the liver tissue to directly determine
the liver stiffness, to be the reference standard [32].

2. Materials and Methods
2.1. Patients

We conducted a retrospective, cross-sectional study to include hemodialysis patients
with chronic HCV infection at the National Taiwan University Hospital (NTUH) and NTUH
Yun-Lin Branch who underwent a liver stiffness measurement (LSM) with TE (FibroScan®,
Echosens, Paris, France) and SAPI with duplex Doppler ultrasonography (Aplio 500®,
Canon Medical Systems Incorporation, Tokyo, Japan) between January 2010 and June 2022.
Hemodialysis patients were defined as those who had an estimated glomerular filtration
(eGFR) rate <15 mL/min/1.73 m2 using the chronic kidney disease–epidemiology collabora-
tion (CKD–EPI) equation and were on maintenance dialysis through vascular routes [33–35].
Chronic HCV infection was defined as patients who presented detectable HCV antibodies
(anti-HCV; Abbott HCV EIA 2.0, Abbott Laboratories, Abbott Park, IL, USA) and quan-
tifiable serum HCV RNA (Cobas TaqMan HCV Test v2.0, Roche Diagnostics GmbH,
Mannheim, Germany, lower limit of quantification [LLOQ]: 15 IU/mL) for 6 months
or more. Patients were excluded from the study if they had hepatitis B virus (HBV) or
human immunodeficiency virus (HIV) coinfection, decompensated cirrhosis (Child-Pugh B
or C), a history of hepatocellular carcinoma (HCC), a failed or unreliable LSM with TE, or a
failed SAPI assessment due to splenectomy.

2.2. Study Design

We collected baseline demographic data, including age, sex, history of HCC, and
body mass index (BMI). Blood tests, including hemogram, serum albumin, total bilirubin,



J. Clin. Med. 2023, 12, 2020 3 of 11

aspartate transaminase (AST), alanine transaminase (ALT), creatinine, anti-HCV, anti-HIV
(Abbott Architect HIV Ag/Ab Combo, Abbott Laboratories, Abbott Park, IL, USA), HBV
surface antigen (Abbott Architect HBsAg qualitative assay, Abbott Laboratories, Abbott
Park, IL, USA), HCV RNA, and HCV genotype (Abbott RealTime HCV Genotype II, Abbott
Laboratories, Abbott Park, IL, USA) were assessed [36]. The upper limits of normal (ULN)
AST and ALT levels were 30 U/L for men and 19 U/L for women [37]. We also calculated
the AST-to-platelet ratio index (APRI) and fibrosis index based on four parameters (FIB-4)
for all patients [38,39]. LSM was performed with the patients lying in a supine position
with their right arms tucked behind the head. The probe was placed on the skin of the
right intercostal space at the level of the right hepatic lobe. The results of LSM were
expressed in kPa with a median value and interquartile range (IQR) of at least 10 valid
measurements and a successful rate of more than 60%. LSM failure was defined as a
zero valid measurement, and unreliable examinations were defined as less than 10 valid
measurements, a successful rate of less than 60%, or the IQR of more than 30% of the median
LSM value. Patients with an LSM of ≤6.0 kPa, 6.1–7.0 kPa, 7.1–9.4 kPa, 9.5–12.4 kPa, and
≥12.5 had a fibrosis stage of F0, F1, F2, F3, and F4, respectively [40].

SAPI was measured by placing the ultrasound probe on the skin of the left intercostal
space and sampling the signals in the main branches of the intrasplenic arteries at the
splenic hilum. The SAPI was calculated using the following formula: (peak systolic
velocity—end-diastolic velocity)/mean velocity [35].

2.3. Statistical Analysis

All statistical analyses were performed using the Statistical Program for Social Sciences
(SPSS Statistics Version 26.0, IBM Corp., Armonk, NY, USA). Baseline characteristics were
shown as a median (range) and number (percentage) when appropriate. We analyzed
the relationship between SAPI and LSM with the Pearson correlation. Furthermore, we
analyzed the relationship between SAPI and different hepatic fibrosis stages (F0, F1, F2,
F3, and F4) with Spearman’s rank correlation. The receiver operating characteristic (ROC)
curves to predict patients with a fibrosis stage of ≥F1, ≥F2, ≥F3, and F4 were constructed
for SAPI, APRI, and FIB-4. The areas under the ROC curves (AUROCs) with a 95%
confidence interval (CI) of SAPI, APRI, and FIB-4 were shown according to different
fibrosis stages [41]. The Youden index with a maximal value (sensitivity + specificity − 1)
was selected to distinguish different fibrosis stages. All statistics were two-tailed, and the
results with a p-value < 0.05 were considered statistically significant.

3. Results
3.1. Patient Characteristics

Of 335 hemodialysis patients with chronic HCV infection, 296 were eligible for the
study after excluding 39 because of HBV coinfection (n = 17), decompensated cirrhosis
(n = 2), a history of HCC (n = 3), a failed or unreliable LSM (n = 7), or a failed SAPI
assessment due to splenectomy (Figure 1).

The baseline characteristics are shown in Table 1. The median age was 55, and 186
(62.8%) were males. Two hundred and six (69.6%) and seventy-four (25.0%) were infected
with HCV genotype 1 and genotype 2. The median LSM was 6.7 kPa, and the median level
of SAPI was 1.09. Regarding the stage of hepatic fibrosis, 108 (36.5%), 61 (20.6%), 65 (22.0%),
30 (10.1%), and 32 (10.8%) patients had a fibrosis stage of F0, F1, F2, F3, and F4, respectively.
The median levels of APRI and FIB-4 were 0.69 and 1.67.
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Table 1. Baseline characteristics.

Characteristics a Patient (N = 296)

Age, year 55 (23–81)
Male, n (%) 186 (62.8)
HCV RNA, log10, IU/mL 5.80 (1.83–8.00)
HCV genotype, (%)

1a 17 (5.7)
1b 189 (63.9)
2 74 (25.0)
6 7 (2.4)
Mixed 8 (2.7)
Indeterminate 1 (0.3)

LSM, kPa b 6.7 (2.8–75.0)
Fibrosis stage (METAVIR), n (%) c

F0 108 (36.5)
F1 61 (20.6)
F2 65 (22.0)
F3 30 (10.1)
F4 32 (10.8)

SAPI 1.09 (0.55–2.41)
BMI, kg/m2 22.7 (14.9–37.2)
Hemoglobin, g/dL 11.7 (7.9–17.2)
White blood cell count, 109 cells/L 5.7 (1.2–11.6)
Platelet count, 109/L 180 (39–432)
Albumin, g/dL 4.3 (2.2–5.4)
Total bilirubin, mg/dL 0.5 (0.1–1.6)
AST, ULN d 1.2 (0.3–13.7)
ALT, ULN d 1.4 (0.1–24.7)
APRI 0.69 (0.14–8.45)
FIB-4 e 1.67 (0.32–10.74)
eGFR, mg/dL/1.73 m2 e 6 (2–14)

HCV, hepatitis C virus; RNA, ribonucleic acid; LSM, liver stiffness measurement; kPa, kilo Pascal; SAPI, splenic
arterial pulsatility index; BMI, body mass index; AST, aspartate transaminase; ALT, alanine transaminase; ULN,
upper limit of normal; APRI, AST-to-platelet ratio index; FIB-4, fibrosis index based on four parameters; eGFR,
estimated glomerular filtration rate. a Data are shown as a median (range) unless otherwise indicated. b Assessed
using TE. c The LSM cutoff values for a hepatic fibrosis stage of F0, F1, F2, F3, and F4 are ≤6.0 kPa, 6.1–7.0 kPa,
7.1–9.4 kPa, 9.5–12.4 kPa, and ≥12.5 kPa, respectively. d The upper limit of normal (ULN) is 30 U/L for men and
19 U/L for women. e Assessed using the chronic kidney disease epidemiology collaboration (CKD-EPI) equation.
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3.2. Correlation between SAPI and LSM and Stage of Hepatic Fibrosis

The levels of SAPI were significantly correlated with LSMs (Pearson correlation co-
efficient: 0.413, p < 0.001) (Figure 2). Figure 3 shows the box plots of SAPI according to
different METAVIR fibrosis stages assessed using TE. The median (IQR) levels of SAPI for
F0, F1, F2, F3, and F4 were 0.95 (0.77–1.12), 1.02 (0.91–1.16), 1.12 (1.00–1.29), 1.26 (1.15–1.50),
and 1.56 (1.31–1.68), respectively. The Spearman’s rank correlation coefficient between
SAPI and the stage of hepatic fibrosis was 0.529 (p < 0.001).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 5 of 11 
 

 

AST, ULN d 1.2 (0.3–13.7) 
ALT, ULN d 1.4 (0.1–24.7) 
APRI 0.69 (0.14–8.45) 
FIB-4 e 1.67 (0.32–10.74) 
eGFR, mg/dL/1.73 m2 e 6 (2–14) 
HCV, hepatitis C virus; RNA, ribonucleic acid; LSM, liver stiffness measurement; kPa, kilo Pascal; 
SAPI, splenic arterial pulsatility index; BMI, body mass index; AST, aspartate transaminase; ALT, 
alanine transaminase; ULN, upper limit of normal; APRI, AST-to-platelet ratio index; FIB-4, fibrosis 
index based on four parameters; eGFR, estimated glomerular filtration rate. a Data are shown as a 
median (range) unless otherwise indicated. b Assessed using TE. c The LSM cutoff values for a he-
patic fibrosis stage of F0, F1, F2, F3, and F4 are ≤6.0 kPa, 6.1–7.0 kPa, 7.1–9.4 kPa, 9.5–12.4 kPa, and 
≥12.5 kPa, respectively. d The upper limit of normal (ULN) is 30 U/L for men and 19 U/L for women. 
e Assessed using the chronic kidney disease epidemiology collaboration (CKD-EPI) equation. 

3.2. Correlation between SAPI and LSM and Stage of Hepatic Fibrosis 
The levels of SAPI were significantly correlated with LSMs (Pearson correlation co-

efficient: 0.413, p < 0.001) (Figure 2). Figure 3 shows the box plots of SAPI according to 
different METAVIR fibrosis stages assessed using TE. The median (IQR) levels of SAPI for 
F0, F1, F2, F3, and F4 were 0.95 (0.77–1.12), 1.02 (0.91–1.16), 1.12 (1.00–1.29), 1.26 (1.15–
1.50), and 1.56 (1.31–1.68), respectively. The Spearman’s rank correlation coefficient be-
tween SAPI and the stage of hepatic fibrosis was 0.529 (p < 0.001). 

 

Figure 2. Scatter plot of SAPI and LSM (kPa) with TE. The Pearson correlation coefficient was 0.413 
(p < 0.001). 

Figure 2. Scatter plot of SAPI and LSM (kPa) with TE. The Pearson correlation coefficient was 0.413
(p < 0.001).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 6 of 11 
 

 

 

Figure 3. Box plots of SAPI for METAVIR fibrosis stages F0, F1, F2, F3, and F4 as determined using 
LSM. The tops and bottoms of the boxes are the first and the third quartiles. The tops and bottoms 
of the horizontal lines are the upper and lower whiskers. The circles denote mild outliers. The Spear-
man’s rank correlation coefficient was 0.529 (p < 0.001). 

3.3. AUROCs of SAPI to Predict the Severity of Hepatic Fibrosis 
The ROC curves of SAPI, APRI, and FIB-4 according to different stages of hepatic 

fibrosis are shown in Figure 4. To predict patients with a fibrosis stage of ≥F1, the AUROCs 
of SAPI, APRI, and FIB-4 were 0.730 (95% CI: 0.671–0.789), 0.674 (95% CI: 0.611–0.738), 
and 0.735 (95% CI: 0.678–0.793). To predict patients with a fibrosis stage of ≥F2, the AU-
ROCs of SAPI, APRI, and FIB-4 were 0.782 (95% CI: 0.730–0.834), 0.680 (95% CI: 0.619–
0.741), and 0.768 (95% CI: 0.714–0.822). To predict patients with a fibrosis stage of ≥F3, the 
AUROCs of SAPI, APRI, and FIB-4 were 0.838 (95% CI: 0.781–0.894), 0.751 (95% CI: 0.682–
0.820), and 0.836 (95% CI: 0.781–0.890). To predict patients with a fibrosis stage of F4, the 
AUROCs of SAPI, APRI, and FIB-4 were 0.851 (95% CI: 0.771–0.931), 0.766 (95% CI: 0.674–
0.857), and 0.822 (95% CI: 0.745–0.898) (Table 2). 

Table 2. The areas under the receiver operating characteristics (AUROCs) of SAPI, APRI, and FIB-4 
to predict different stages of hepatic fibrosis. 

Stage of Hepatic Fibrosis 
SAPI APRI FIB-4 

AUROC 95% CI AUROC 95% CI AUROC 95% CI 
≥F1 0.730 0.671–0.789 0.674 0.611–0.738 0.735 0.678–0.793 
≥F2 0.782 0.730–0.834 0.680 0.619–0.741 0.768 0.714–0.822 
≥F3 0.838 0.781–0.894 0.751 0.682–0.820 0.836 0.781–0.890 
F4 0.851 0.771–0.931 0.766 0.674–0.857 0.822 0.745–0.898 

SAPI, splenic arterial pulsatility index; APRI, AST-to-platelet ratio index; FIB-4, fibrosis index based 
on four parameters; AUROC, area under the receiver operating characteristics; CI, confidence inter-
val. 

Figure 3. Box plots of SAPI for METAVIR fibrosis stages F0, F1, F2, F3, and F4 as determined using
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J. Clin. Med. 2023, 12, 2020 6 of 11

3.3. AUROCs of SAPI to Predict the Severity of Hepatic Fibrosis

The ROC curves of SAPI, APRI, and FIB-4 according to different stages of hepatic
fibrosis are shown in Figure 4. To predict patients with a fibrosis stage of ≥F1, the AUROCs
of SAPI, APRI, and FIB-4 were 0.730 (95% CI: 0.671–0.789), 0.674 (95% CI: 0.611–0.738), and
0.735 (95% CI: 0.678–0.793). To predict patients with a fibrosis stage of ≥F2, the AUROCs
of SAPI, APRI, and FIB-4 were 0.782 (95% CI: 0.730–0.834), 0.680 (95% CI: 0.619–0.741), and
0.768 (95% CI: 0.714–0.822). To predict patients with a fibrosis stage of ≥F3, the AUROCs
of SAPI, APRI, and FIB-4 were 0.838 (95% CI: 0.781–0.894), 0.751 (95% CI: 0.682–0.820), and
0.836 (95% CI: 0.781–0.890). To predict patients with a fibrosis stage of F4, the AUROCs of
SAPI, APRI, and FIB-4 were 0.851 (95% CI: 0.771–0.931), 0.766 (95% CI: 0.674–0.857), and
0.822 (95% CI: 0.745–0.898) (Table 2).
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Table 2. The areas under the receiver operating characteristics (AUROCs) of SAPI, APRI, and FIB-4
to predict different stages of hepatic fibrosis.

Stage of Hepatic Fibrosis
SAPI APRI FIB-4

AUROC 95% CI AUROC 95% CI AUROC 95% CI

≥F1 0.730 0.671–0.789 0.674 0.611–0.738 0.735 0.678–0.793
≥F2 0.782 0.730–0.834 0.680 0.619–0.741 0.768 0.714–0.822
≥F3 0.838 0.781–0.894 0.751 0.682–0.820 0.836 0.781–0.890
F4 0.851 0.771–0.931 0.766 0.674–0.857 0.822 0.745–0.898

SAPI, splenic arterial pulsatility index; APRI, AST-to-platelet ratio index; FIB-4, fibrosis index based on four
parameters; AUROC, area under the receiver operating characteristics; CI, confidence interval.

3.4. Selective Cutoff Values for SAPI to Predict the Severity of Hepatic Fibrosis

The maximal Youden indices of SAPI to predict patients with a fibrosis stage of ≥F1,
≥F2, ≥F3, and F4 were 1.04, 1.06, 1.19, and 1.30, respectively. The sensitivity was 70.2%,
78.2%, 77.4%, and 78.1% to predict ≥F1, ≥F2, ≥F3, and F4, respectively. The specificity
to predict a fibrosis stage of ≥F1, ≥F2, ≥F3, and F4 was 68.5%, 65.1%, 74.4%, and 83.7%,
respectively. The PPVs were 79.5%, 62.7%, 44.4%, and 36.7%, and the NPVs were 56.9%,
79.8%, 92.6%, and 96.9% to predict patients with a fibrosis stage of ≥F1, ≥F2, ≥F3, and F4,
respectively. The diagnostic accuracies for a fibrosis stage of ≥F1, ≥F2, ≥F3, and F4 were
69.6%, 67.2%, 75.0% and 83%, respectively (Table 3).

Table 3. The maximal Youden indices of SAPI to predict different stages of hepatic fibrosis.

SAPI a Fibrosis Stage
All Patients (N = 296)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy
(%)Tested Positive,

n (%)
Actual Positive,

n (%)
Actual Negative,

n (%)

1.04 ≥F1 166 (56.1) 188 (63.5) 108 (36.5) 70.2 68.5 79.5 56.9 69.6
1.06 ≥F2 148 (50.0) 127 (42.9) 169 (57.1) 78.0 65.1 62.7 79.8 67.2
1.19 ≥F3 108 (36.5) 62 (20.9) 234 (79.1) 77.4 74.4 44.4 92.6 75.0
1.30 F4 68 (23.0) 32 (10.8) 264 (89.2) 78.1 83.7 36.7 96.9 83.1

SAPI, splenic arterial pulsatility index; PPV, positive predictive value; NPV, negative predictive value. a Youden
index is defined as sensitivity + specificity − 1.

4. Discussion

The noninvasive tools to stage hepatic fibrosis in hemodialysis patients with HCV
infection are expected to prevail in clinical practice because liver biopsy is invasive and
associated with various complications [27]. Our study demonstrated that in hemodialysis
patients with chronic HCV infection, the levels of SAPI tended to increase with increasing
LSMs and stage of hepatic fibrosis. By comparing the two commonly used biochemical
indices, the APRI and FIB-4, we revealed that the overall diagnostic power of SAPI was
similar to FIB-4 but was superior to APRI in staging hepatic fibrosis in our patients. In
nonuremic patients with HCV, FIB-4 has been shown to perform better than APRI in dis-
tinguishing the severity of hepatic fibrosis [29,40]. We also observed a superior diagnostic
power of FIB-4 over APRI to stage hepatic fibrosis in hemodialysis patients with chronic
HCV infection.

In our study, the AUROCs of SAPI increased with more severe hepatic fibrosis. When
we examined the maximal Youden index to diagnose a fibrosis stage of ≥F1, ≥F2, ≥F3,
and F4, we found that the main power of SAPI was to diagnose patients with ≥F1 to reach
a PPV of 79.5% at a cutoff value of 1.04, and patients with ≥F2, ≥F3, and F4 with NPVs
of 79.8%, 92.6%, and 96.9%, respectively, at cutoff values of 1.06, 1.19, and 1.30. Using
these cutoff values, physicians can correctly diagnose the stage of hepatic fibrosis in more
than two-thirds of hemodialysis patients with chronic HCV infection [42]. Although SAPI
was considered a valuable index to predict the severity of hepatic fibrosis in hemodialysis
patients with chronic HCV infection, the diagnostic performance of SAPI seemed to be
inferior to nonuremic patients with HCV, which revealed ARUOCs of 0.86 to 0.89 to predict
a fibrosis stage of ≥F2, and 0.90 to 0.92 to predict a fibrosis stage of F4 [29–31]. Because
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body fluid status may significantly affect portal hemodynamics in hemodialysis patients,
we speculated that the efficiency of hemodialysis might contribute to the lower diagnostic
accuracies of SAPI in predicting the stage of hepatic fibrosis [43,44].

Because TE may misclassify the stage of hepatic fibrosis in a small proportion of
hemodialysis patients with chronic HCV infection, prior studies have demonstrated that
the diagnostic accuracies of APRI and FIB-4 to stage hepatic fibrosis were better if they took
percutaneous liver biopsy rather than LSM to be the reference standard [40,45–47]. Based
on the similar AUROCs of APRI and FIB-4 between our and prior reports using TE as the
reference standard, we confirmed that SAPI had comparable diagnostic accuracies to FIB-4
and was superior to APRI to assess the stage of hepatic fibrosis in hemodialysis patients
with chronic HCV infection [47–49].

Compared to computed tomography (CT) or magnetic resonance imaging (MRI)-
based techniques to assess the hepatic fibrosis, most physicians can easily complete the
measurement of SAPI within 5–10 min using ultrasonographic machines equipped with
the automatic Doppler tracing function through placing the cursor on the main branches
of the splenic artery [31]. Furthermore, DDU can be concomitantly performed at routine
gray-scale ultrasonographic HCC surveillance without additional costs and concerns for
radiation or contrast-related injuries with CT or MRI. While SAPI may play a role in
improving the diagnostic yield of hepatic fibrosis in hemodialysis patients with chronic
HCV infection, further studies should target cost-effectiveness and the cost–utility of
combining SAPI, FIB-4, and LSM to optimize the care of these patients.

To our knowledge, this study was the first to assess the clinical utility of SAPI, an
easily-performed DDU analysis, to diagnose the stage of hepatic fibrosis in hemodialysis
patients with chronic HCV infection. The strengths of our study include (1) a sizable
number of hemodialysis patients in this analysis; and (2) a homogeneous population
excluding HBV or HIV infection, decompensated cirrhosis, or a history of HCC. However,
our study has some limitations. First, this retrospective study could not standardize the
patients’ fluid status during the SAPI assessment. Second, we were unable to assess the
intra- and inter-observer variations of SAPI assessment due to the retrospective nature
of this study. However, all SAPI measurements in our study were performed by well-
trained physicians, who demonstrated low intra- and inter-observer variations in previous
reports [26,28]. Third, we did not adopt a percutaneous liver biopsy, an invasive procedure
seldom performed for hemodialysis patients due to the concerns of bleeding events, as the
reference standard.

In conclusion, our study demonstrates that SAPI is a useful noninvasive index to stage
the severity of hepatic fibrosis in hemodialysis patients with chronic HCV infection. The
diagnostic performance of SAPI is comparable to FIB-4 and superior to APRI. Using the
maximal Youden indices for SAPI, the stage of hepatic fibrosis can be correctly diagnosed
in more than two-thirds of hemodialysis patients with chronic HCV infection. Independent
studies are needed to validate the value of SAPI to predict the stage of hepatic fibrosis in
this special population.
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