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ABSTRACT

To close gaps in implementing care of people with hepatitis B virus (HBV) infection in resource-limited settings, we evaluated the
accuracy of a novel liver point-of-care ultrasound (POCUS) protocol for hepatitis (PUSH) among front-line non-radiology health-
care workers in Zambia. At University Teaching Hospital in Lusaka, Zambia, from March to June 2024, we trained four nurses
and six physicians with experience in HBV management, but not in ultrasound (US), in the PUSH protocol, which includes vis-
ualizing the liver in three windows (epigastric, subcostal and right transcostal) to identify cirrhosis-suggestive features and liver
lesions suspicious for hepatocellular carcinoma (HCC). Then, consecutive adult participants with chronic hepatitis B (PWHB)
alone or HBV/HIV coinfection underwent PUSH with operators blinded to clinical data. We evaluated the accuracy of PUSH for
significant fibrosis and cirrhosis using transient elastography (TE) as the reference standard test (RST) and for liver lesions that
were possible HCC using a comprehensive abdominal ultrasound by an experienced radiographer as the RST. Nonparametric
analysis of the receiver operating curve (ROC) for PUSH was adjusted for operator type (doctor vs. nurse), sex and HIV status.
Among 197 PWHBs analysed, 69.5% were taking HBV antivirals and 27.9% had HBV/HIV. According to RSTs, 17.7% of PWHBs
had significant fibrosis, 11.6% had cirrhosis and 3.5% had liver lesions. PUSH had low accuracy for significant fibrosis, with sen-
sitivity of 8.3% (17.5-41.4), specificity of 100.0% (96.1-100) and an area under the curve (AUROC) of 0.54 (0.43-0.65), moderate
accuracy for cirrhosis, with sensitivity of 60.9% (38.5-80.3), specificity of 97.7% (94.2-99.4) and AUROC of 0.79 (0.69-0.89), and
higher accuracy for liver lesions, with 85.7% (42.1-99.6) sensitivity, 98.4% (95.5-99.7) specificity, AUROC of 0.92 (0.78-1.00).
After an expedited training, front-line nurses and physicians treating HBV in Zambia were able to use PUSH to diagnose cirrho-
sis with moderate accuracy and liver lesions with high accuracy, although confidence intervals around performance estimates
were wide. Liver POCUS including PUSH may be useful in HBV management when laboratory systems and TE are lacking.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
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1 | Introduction

Hepatitis B is a leading cause of mortality worldwide, account-
ing for more estimated deaths than HIV [1, 2]. Acute and
chronic HBV infections disproportionately affect Sub-Saharan
Africa (SSA), which in 2022 had 65 million people with chronic
infection and contributed to 63% of global incidence. In Africa,
hepatitis B virus (HBV) infection is the leading cause of liver-
related deaths and accounts for one-third of cirrhosis-related
deaths [3, 4]. Alarmingly, fewer than 10% of people with chronic
hepatitis B (CHB) in the region are diagnosed, and only 5% re-
ceive treatment according to WHO estimates [2]. Further gaps
exist in delivering vaccination both to HBV-exposed newborns
and adults at risk [5, 6].

1.1 | New WHO Guidelines and Challenges in
Implementation

Implementing HBV clinical management programmes in low
and middle-income countries (LMICs) such as many parts of
Africa faces major challenges in determining eligibility for an-
tiviral therapy. Eligibility requires demonstrating active viral
replication, necroinflammatory activity and liver disease pro-
gression, but few patients have access to HBV DNA or hepatitis
Be antigen (HBeAg) assays to assess viral activity or to transient
elastography (TE) or biopsy to stage liver disease. Many individ-
uals present with decompensated cirrhosis at diagnosis, when
treatment is urgent and mortality is high, highlighting the need
for earlier therapy initiation. To address implementation gaps,
the World Health Organization (WHO) recommends determin-
ing eligibility using the AST to platelet ratio index (APRI), a
proxy for significant fibrosis and cirrhosis, and persistent ele-
vation of alanine aminotransferase (ALT) [7]. A low-cost score
incorporating demographics, liver transaminases and platelet
count was also developed by the Hepatitis B in Africa collabora-
tive network [8]. Despite more inclusive guidelines, implemen-
tation remains challenging since many clinics cannot measure
liver enzymes due to limited laboratory infrastructure, electric-
ity, reagents and trained personnel.

1.2 | The Role of Ultrasound

A valuable but underutilized tool in HBV management is B-
mode ultrasound. Ultrasound is safe, widely available and
relatively inexpensive, having evolved from bulky radiology
equipment to portable, user-friendly devices used across medi-
cine—including obstetrics, vascular evaluation and emergency
care [9, 10]. Certain handheld systems now cost only a few thou-
sand USD. In the African context, especially within maternity
care, B-mode ultrasound (US) may be more reliably available
than point-of-care (POC) blood tests, TE or laboratory testing.
Although ultrasound is operator dependent and less sensitive
than elastography or CT for diagnosing fibrosis or cirrhosis
[11], it offers major advantages: no radiation, low cost, mini-
mal maintenance, immediate results and suitability for diverse
healthcare professionals. It enables real-time assessment of liver
texture, tumours, parenchyma, blood vessels, ascites and splenic
size—findings that can indicate cirrhosis and portal hyperten-
sion. Moreover, ultrasound plays a central role in hepatocellular

carcinoma (HCC) screening in upper-income countries too,
with 84% sensitivity at any stage and 63% at early stage when
combined with « fetoprotein (AFP) and is recommended every
6 months for individuals with CHB and HCC risk [12]. Looking
ahead, artificial intelligence (AI) may further enhance liver dis-
ease evaluation [13].

In this study, we validated a recently conceptualized liver
POCUS protocol for hepatitis, termed ‘PUSH, in Zambia.
While demonstrating proof of concept, the initial evalua-
tion of PUSH in Malawi had limitations, including reliance
on POCUS experts, access to clinical records, and absence
of reference standards to estimate the accuracy for cirrhosis
and HCC. To further the development of PUSH, we trained
non-expert ultrasound users, front-line clinicians and nurses
managing HBV, and conducted a blinded evaluation of PUSH
performance for fibrosis, cirrhosis and HCC. Overall, this
study sought to further validate PUSH as a practical tool to
strengthen HBV care in LMICs.

2 | Methods
2.1 | Hepatitis B in Zambia

This study was performed at the largest hepatitis B clinic in
Zambia, located at the University Teaching Hospital, Lusaka.
In 2016, at a population level, Zambia was estimated to have
chronic HBV prevalence of 6% in adults and 1% of children [14].

The first HBV clinical treatment guidelines in Zambia were
issued by Ministry of Health in 2019, and provide guidance to
clinicians on treatment initiation criteria based on WHO HBV
management guidelines from 2015 as reference [15, 16]. HBV
treatment is provided for free and entails combination tenofovir
diproxil fumarate (TDF) or alafenamide (TAF) with lamivudine
or emtricitabine as TDF/TAF monotherapy is not available lo-
cally. For people with HBV/HIV, regimens include a 3rd anti-
HIV drug (i.e., usually an integrate strand inhibitor) [15].

2.2 | PUSH Origin and Protocol

The PUSH protocol was created in 2023 in Malawi to support
Malawi's first HBV treatment guidelines [17]. It was inspired
by FASH (Focused Assessment with Sonography for HIV-
associated tuberculosis), another POCUS protocol focused on
HIV-related tuberculosis, which has been widely used for TB
diagnosis in Africa [18] when other diagnostic tests are lacking
or have long turnaround times [19, 20].

The PUSH protocol entails viewing the liver in three sonographic
windows: epigastric, subcostal, and right transcostal. While scan-
ning the windows, trainees are taught to look for several signs of
cirrhosis: enlarged caudate lobe (only with subcostal view), nodular
liver surface, coarse echotexture and tortuous/reduced vascular-
ity (Figure 1). Trainees are taught to report suspicion for cirrho-
sis if at least one of the four signs is detected. Additionally, while
scanning in the 3 windows, operators are also taught to identify
ascites and liver lesions that are suspicious for HCC. Lesions suspi-
cious for HCC tend to be large mosaic lesions, have heterogeneous
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1. Epigastric longitudinal
-

Normal liver in 3
sonographic
windows:

2. Subcostal transverse

3. Righttranscostal

Irregular surface Coarse echotexture

seen,  suspect Reduced/tortuous vessels Enlarged caudate

N - -

Irregular surface

Abnormalities: if
1 or more are
present, or if
ascites is

Reduced/tortuous vessels

Coarse echotexture Irregular surface Coarse echotexture

Reduced/tortuous vessels

Also, look for focal lesions with features concerning for HCC
(>1 cm, mosaic pattem, has central area of necrosis, has halo that
throws a shadow):

FIGURE1 | Protocol for the Point-of-care Ultra Sound for Hepatitis (PUSH). Abbreviation: HCC, Hepatocellular carcinoma.

echotexture, fatty change, necrosis and calcification. A peripheral
‘halo’ of hypoechogenicity can often be seen too (Figure 1).

For this study, two PUSH developers (T.H. and C.W.) trained
nurses and doctors in the protocol over a 3-day period. The
trainees were 6 physicians (Bachelor of Medicine and Surgery
with sub-specialization in internal medicine and/or gastroenter-
ology or infectious diseases) and 4 nurses (Bachelors level) at the
site hospital who routine care for people with HBV, but who had
no/very limited prior experience performing US. Eight patients
with known cirrhosis and/or HCC attended the training as vol-
unteers to be scanned, so that trainees could gain experience
with pathological liver imaging.

2.3 | Design of the Study

After the PUSH training we evaluated its performance in an ob-
servational study that ran from March to June 2024. The trainees
performed PUSH on consecutive people with HBV (PWHB; based
on being hepatitis B surface antigen [HBsAg] test positive) who
attended the clinic if they were older than 18years of age, were not
currently/recently pregnant, did not have suspected/confirmed
acute hepatitis B infection and did not have hepatitis C infection.
While not a formal exclusion criterion, PWHB with clinically-
apparent ascites were not included because of the requirement for
valid TE results. Hepatitis delta coinfection was not an exclusion
criterion, but it is very rare (~1%) among PWHB in Zambia [21].

For PWHB included in the study, we extracted medical records, and
they underwent PUSH, a comprehensive abdominal ultrasound by
aradiographer and TE on the same day or rarely on separate days.
All PWHB were fasting at the time of ultrasound and TE.

Medical records included demographics, HBV treatment his-
tory, HIV status (based on HIV-1/2 antibodies), the use of tuber-
culosis medications or alcohol use, as well as the following lab
results: platelets (PLTs), alanine aminotransferase (ALT) and
alpha fetoprotein (AFP), HBV viral load and CD4 cells count
(in case of HIV positivity). Extracted data were the most recent
available within 6 months before PUSH.

A Mindray DP30 device was used for all PUSH and abdom-
inal ultrasounds. Operators performing PUSH, abdominal
ultrasound and TE were blinded to patient clinical infor-
mation besides that the person had HBV infection. Using a
standardized form, PUSH operators documented whether the
PWHB had cirrhosis and whether they had lesions suspicious
for HCC. To monitor fidelity to the PUSH protocol (i.e., three
windows, etc.), ultrasound video clips were made periodically,
and shared with the trainer for review, who then provided
feedback.

Comprehensive ultrasounds were done by radiographers who
were licensed by the Health Professionals Council of Zambia,
and most were done by a single radiographer who is among the
most experienced in the country. With a standardized form,
radiographers documented the comprehensive ultrasound, in-
cluding the presence of steatosis, based on hyperechoic appear-
ance of liver versus right kidney parenchyma, and the LI-RADS
(Liver Imaging Reporting And Data System) classification when
a tumour/lesion was identified [22].

Liver fibrosis stage was based on median liver stiffness in kPa
by TE (Fibroscan 402, Echosens, Paris, France) among 10 valid
measures, with the measurement variability assessed by IQR/
median ratio of less than 30%.
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2.4 | Statistical Analysis

During analysis, we excluded any participant missing PUSH or
TE data. We summarized the demographic and clinical char-
acteristics of the PWHB, using median and interquartile range
for continuous variables and frequencies and percentages for
categorical variables. The Mann-Whitney test was used to as-
sess differences between subjects with and without experience
of treatment for continuous variables. For categorical data, the
Chi-square test or Fisher's exact test was used. The prevalence
of each condition (significant fibrosis, cirrhosis and focal liver
lesions) was calculated as the proportion of participants con-
firmed positive by the reference standard, which was TE for
significant fibrosis (>7kPa) and cirrhosis (> 12.5kPa), and ab-
dominal ultrasound for HCC.

To evaluate PUSH's diagnostic performance, we compared its
results with the reference standard using 2x2 tables. From
these tables, we calculated sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV),
along with exact Binomial 95% confidence intervals to ac-
count for the relatively rare occurrence of some conditions.
Receiver operating characteristic (ROC) curves were gener-
ated, and the area under the ROC curve (AUROC) was used
to evaluate the capacity of the test to discriminate between
individuals with and without the condition. The AUROC was
reported along with its corresponding 95% confidence inter-
val. A multivariable logistic regression analysis was carried
out to evaluate whether the PUSH protocol's capacity to pre-
dict cirrhosis and liver lesions could be improved by the in-
clusion of biological sex, HIV status and operator type (doctor
or nurse). Comparisons between AUROCs were carried out
using the DeLong test. In a subgroup analysis of HIV-negative
treatment-naive individuals, we explored whether PUSH
could identify people who needed HBV antiviral therapy but
were ineligible based on laboratory tests and TE. We described
the proportion of participants eligible to start HBV antiviral
therapy based on APRI > 0.5, ALT elevation plus HBV DNA
>2000IU/mL or Fibroscan >7kPa, and whether PUSH diag-
nosis of cirrhosis was made in anyone not meeting these cri-
teria. We performed all analyses using SAS software, version
9.4 (SAS Institute, Cary, NC, USA). To ensure that our find-
ings were robust, reliable and clinically relevant, we adhered
to the Standards for Reporting of Diagnostic Accuracy Studies
(STARD) guidelines.

3 | Results
3.1 | Characteristics of Participants

After excluding 7 who had missing/incomplete PUSH results
and 12 with missing TE results, the analysis cohort comprised
197 PWHB, including 137 on and 60 naive to antiviral treatment.
Median age was 38.1years (interquartile range, IQR: 34.2-46.1).
Overall, age was higher among treatment experienced partici-
pants (39.7years [IQR: 33.1-46.5] vs. untreated participants,
34.2years [29.8-42.9]); p=0.011, and the majority of PWHB
were men (111; 56.3%). Hepatitis B infection was diagnosed in a
median of 1.8 years prior (IQR: 0.9-5.8 years). Most participants

were HIV negative (142, 72.1%). In participants with HBV/HIV,
the median CD4 T cell count was 456 cells/mm?3 (IQR: 349-632).
ALT levels were available in 148 (75.1%) PWHB with a median
ALT levels of 24.6 U/L (IQR: 19.3-33.3). Median ALT was higher
in the treatment experienced versus naive group (25.8 [IQR: 20;
37.8] vs. 22.3 [IQR: 17.4; 30.6]).

The APRI score was calculated for 117 (59.3%) PWHB. Overall,
39 participants had APRI score >0.5 (33.3%), suggestive of
significant fibrosis, and 19 had score >1.0 (16.2%), a proxy for
cirrhosis. HBV DNA viral loads were available for 104 PWHB.
Viral load levels were equally distributed between participants
on and not on treatment (Table 1).

3.2 | Reference Standard Measures of Liver
Fibrosis and Lesions

The median liver stiffness level in the analysis cohort was
5.3kPa (IQR: 4.3; 7.5). Among the analysis group, 23 (11.6%)
PWHB had cirrhosis (i.e., TE >12.5kPa) and 30 (17.7%) had
significant fibrosis (i.e., >7kPa). Among the comprehensive
ultrasound scans done by the radiographer, 7 (3.5%) docu-
mented at least one suspicious liver lesion and 8 (4.0%) docu-
mented ascites. Among the 7 with lesions, 5 also had available
AFP values, all of which were higher than 350ng/L. Of note,
all 7 possible cases of HCC were detected in the context of cir-
rhosis (i.e., liver stiffness >12.5kPa). Additional details on
the lesions such as diameter, number (single, multiple) and
features were not systematically recorded for the purpose this
study. Finally, per reference test, steatosis was documented in
21 of 164 (23.8%) ultrasounds.

3.3 | Diagneostic Accuracy of PUSH

PUSH classified 18 individuals with cirrhosis and 9 with liver
lesions. For cirrhosis, the test correctly identified 60.9% of cases
(sensitivity: 60.9%, 95% CI: 38.5-80.3). Its negative predictive
value (NPV) was 95.0% (95% CI: 90.7-97.7; Table 2), and the
AUROC for cirrhosis was 0.79 (95% CI: 0.69-0.89; Figure 2A).
PUSH identified 85.7% of lesions correctly (sensitivity: 85.7%,
95% CI: 42.1-99.6) and was very reliable for those without le-
sions, with a NPV of 99.5% (95% CI: 97.1-100.0; Table 3). The
AUROC was excellent at 0.92 (95% CI: 0.78-1.00; Figure 2B), in-
dicating strong overall accuracy for detecting lesions. Including
age, sex, HIV status, and operator type in the model along-
side PUSH significantly improved the ability to predict cir-
rhosis, with an AUROC of 0.89 (95% CI: 0.79-0.98; p=0.042;
Figure 3A). However, for liver lesions, the addition of these pa-
rameters did not lead to a statistically significant improvement
in predictive performance (AUROC=0.97, 95% CI: 0.91-1.00;
p=0.273; Figure 3B).

Comparing PUSH findings of cirrhosis to significant fibrosis
in LSM (> 7.0 to <12.5kPa), PUSH only detected 8.3% of cases
(sensitivity: 8.3%, 95% CI: 1.86-23.68) and also had a reduced
ability to rule out fibrosis, based on an NPV of 81.8% (95% CI:
75.1-87.3). The overall performance was poor for fibrosis, with
an AUROC of 0.54 (95% CI: 0.49-0.59).
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TABLE1 | Characteristics of participants.

Treatment- Treatment-experienced
Characteristics Total (N=197) naive (N=60) (N=137) P
N (%) 197 (100.0%) 60 (30.5%) 137 (69.5%) —
Age (IQR) 38.1 (31.5;46.1) 34.2(29.8;42.9) 39.7 (33.1; 46.5) 0.011
Age group, years (%) 0.273
<29 35 (17.8%) 14 (23.3%) 21 (15.3%)
30-39 70 (35.5%) 23 (38.3%) 47 (34.3%)
40-49 60 (30.5%) 17 (28.3%) 43 (31.4%)
>50 32 (16.2%) 6 (10%) 26 (19%)
Sex (%) 0.801
F 86 (43.7%) 27 (45%) 59 (43.1%)
M 111 (56.3%) 33 (55%) 78 (56.9%)
HBV years (IQR), n=190 1.8(0.9; 5.8) 0.9 (0.8; 1.9) 1.9(0.9; 7.8) 0.003
Years since HBV diagnosis (%), n =190 0.015
<1 29 (15.3%) 11 (19.6%) 18 (13.4%)
1-5 110 (57.9%) 38 (67.9%) 72 (53.7%)
>5 51 (26.8%) 7 (12.5%) 44 (32.8%)
HIV coinfection (%) <0.001
No 142 (72.1%) 60 (100%) 82 (59.9%)
Yes 55 (27.9%) 0 (0%) 55 (40.1%)
CD4, median (IQR) if HIV, n=14 456 (349; 632) — 456 (349; 632) —
ALT, median (IQR), n=148 24.6 (19.3; 33.3) 22.3 (17.4; 30.6) 25.8 (20; 37.8) 0.035
HBV DNA >2000U/L (%), n=104 0.756
No 72 (69.2%) 16 (66.7%) 56 (70%)
Yes 32 (30.8%) 8 (33.3%) 24 (30%)
APRI score, median (IQR), n=117 0.38 (0.27; 0.55) 0.35(0.27; 0.45) 0.41 (0.30; 0.71) 0.070
Ascites by abdominal US 0.725
No 189 (95.9%) 58 (96.7%) 131 (95.6%)
Yes 8 (4.1%) 2(3.3%) 6 (4.3%)

Abbreviations: APRI, AST to Platelet Ratio; IQR, interquartile range; N, number; U/L, unit/Litre; US, ultrasound.

TABLE 2 | PUSH performance for cirrhosis.

Cirrhosis PUSH ultrasound test Sensitivity Specificity

reference # Negative # Positive Total (95% CI) [1] (95% CI) [1] PPV (95% CI) [2] NPV (95% CI) [2]
# Negative 170 4 174 97.7 (94.2, 99.4) 95.0(90.7, 97.7)
# Positive 9 14 23 60.9 (38.5, 80.3) 77.8 (52.4,93.6)

Abbreviations: CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

Finally, in analysis of the subgroup of 60 PHWB who were HIV- 4 | Discussion

negative and treatment naive, we observed that 17 (28.3%) were

treatment-eligible (WHO 2024 criteria) based on APRIscore, TE 4.1 | Summary of Key Findings

or elevated ALT and HBV DNA > 20001IU/mL. By PUSH, 2 of the

17 had cirrhosis. None of the 43 PWHBs who did not have clear In a prospective cross-sectional assessment of 197 PWHB at a
indication for treatment had cirrhosis based on PUSH. tertiary clinic in Zambia, 1 in 5 individuals had significant liver
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FIGURE 2 | (A) PUSH performance for cirrhosis by ROC curve. (B) PUSH performance for cirrhosis by ROC curve with and without consider-
ation of participants’ sex, age, HIV status and PUSH operator type. Modell: Standard accuracy; Model2: Accuracy considering sex, age, HIV status
of participants and type of PUSH operator (physician vs. nurse). Abbreviations: AUC, Area under the curve.

TABLE 3 | PUSH performance for liver lesions.

. PUSH ultrasound test e s s s
Lesions Sensitivity Specificity
reference # Negative # Positive Total (95% CI) [1] (95% CI) [1] PPV (95% CI) [2] NPV (95% CI) [2]
# Negative 187 3 190 98.4 (95.5, 99.7) 99.5(97.1, 100)
# Positive 1 6 7 85.7 (42.1, 99.6) 66.7 (29.9, 92.5)

Abbreviations: CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

A B
1.00 1.00
0.75 0.75
= =
% B
% 050 % 050
5 5
(7] 7]
0.25 0.25
0.00 0.00 = -
AUC 0.921 AUC Model2=0.967 AUC Model1 =0.921
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1-Specificity 1-Specificity

FIGURE3 | (A)PUSH performance for liver lesions by ROC curve. (B) PUSH performance for liver lesions by ROC curve with and without con-
sideration of participants’ sex, age, HIV status and PUSH operator type. Modell: Standard accuracy; Model2: Accuracy considering sex, age, HIV
status of participants, and type of PUSH operator (physician vs. nurse). Abbreviations. AUC, Area under the curve.
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fibrosis, 1 in 10 had cirrhosis and 1 in 20 had at least one liver le-
sion that was suggestive of HCC. In the hands of front-line phy-
sicians and nurses, the PUSH, a novel liver POCUS for people
with viral hepatitis, showed varying levels of accuracy depend-
ing on the liver condition being assessed. Although limited by
small sample size, it performed best for liver lesions suspicious
for HCC, identifying 85.7% of cases and correctly ruling out
99.5% of non-cases with its specificity. For cirrhosis, PUSH had
moderate accuracy compared to liver stiffness. In exploratory
analyses, PUSH had poor accuracy for fibrosis. While not a pre-
ferred diagnostic test to make HBV treatment decisions, PUSH
may have a role in clinical care where laboratory tests and TE
are not routinely available. PUSH may allow clinics to stream-
line HCC screening.

Our main finding was that new liver POCUS called PUSH, de-
signed for LMICs, was very feasible to use among physicians
and nurses managing HBV in Zambia. The training course
lasted just 3days, followed by periodic supervision, which is rel-
atively low cost and could be scaled up in other settings, as had
been done for a POCUS to identify TB among people with HIV.
In analysis of PUSH performance, there were no significant dif-
ferences between nurses and physicians. This built on the initial
PUSH study and some other studies on POCUS developed in dif-
ferent settings and medical fields such as emergency, neonatal
intensive care unit, by nurses and frontline physicians [23-25].

We also demonstrated, using a rigorous study design, that PUSH
had moderate performance in diagnosis of cirrhosis. While the
prevalence of cirrhosis in the sample was relatively low, making
confidence intervals wide, these data support future work on
POCUS in the HBV field in many low-resource settings where
laboratory services are often lacking and TE is rarely available
[26]. B-mode ultrasound is known to be insensitive for cirrhosis
(40%-55%) and the PUSH's accuracy aligned with other B-mode
ultrasound data generated by experts [27]. That non-specialists
could identify cirrhosis PUSH at a similar accuracy to experts
may be due to their focus just on one organ system, unlikely
what happens in a typical abdominal ultrasound. In the future,
PUSH could perform even better, as in our evaluation the train-
ees had very light (and remote only) supervision after the initial
training, limiting their ‘learning curve’. We explored but con-
firmed that PUSH had poor ability to diagnosis significant fi-
brosis. This was expected as fibrosis has very subtle features on
ultrasound. Although these data support PUSH for clinical care
in resource-limited settings, in well-resourced sites, TE remains
a preferred non-invasive diagnostic to stage liver disease.

We also demonstrated the high potential burden of HCC among
people with HBV in Africa as 2.5% of unselected participants
presenting to the HBV clinic had a suspicious liver lesion plus
high AFP, which is highly suggestive of HCC in the context
of chronic HBV infection. PUSH identified these lesions with
nearly 90% accuracy, providing support to further exploration
of this approach to support HBV programmes. Abdominal ul-
trasound is the imaging of choice for HCC screening in patients
with chronic hepatitis B worldwide [28, 29], and it is proven to re-
duce HCC mortality in other regions when done every 6 months
[30]. Our findings could be considered even more meaningful
because data on HCC screening of people with HBV in Africa
are scarce, and likely reflect the tiny fraction of people with

HBV who are diagnosed and linked to care [31, 32]. In addition,
because of gaps in surgical and interventional radiology-based
approaches to treat HCC in Africa, early diagnosis is even more
paramount.

In addition to demonstrating the feasibility and performance of
PUSH for cirrhosis and HCC, we also explored its potential to
identify people who need to initiate HBV antiviral therapy under
expanded guidelines that were proposed by WHO in 2024. In
the limited sample of 60 treatment-naive individuals with HBV
monoinfection, of whom ~20% met treatment criteria per new
WHO guidelines, only two had cirrhosis per PUSH. This suggested
that PUSH may not be able to substitute for the 2024 criteria,
likely because they focus on fibrosis, and as mentioned, B-mode
ultrasound is not reliable to detect liver fibrosis [33, 34]. However,
in a setting where neither lab nor elastography were available,
which occurs often in resource-constrained settings, PUSH alone
could classify some individuals as needing immediate therapy,
and often compensated cirrhosis can be subtle to detect.

These data are important for several reasons. First, there are
major gaps in classifying treatment eligibility in the HBV field
overall, particularly in LMICs, and novel approaches such as
POCUS are needed. There is also a need to improve HCC screen-
ing and ascertainment globally but particularly in Africa, where
HCC is the first cause of cancer death among men and yet data
are severely lacking when compared to other cancers. With a
POCUS protocol, a clinic could both assess treatment eligibility
for treatment and do HCC screening, without the need to refer
people to other departments or health facilities for initial detec-
tion. PUSH could, for example, bring HCC screening to rural
areas, where the cancer risk may be even higher than urban ones.
Diagnosis of HCC is important even if treatment options are gen-
erally limited in Africa compared to high income countries [35]
because African countries are increasingly offering treatments
[36], and capacity in hepatobiliary surgery and interventional ra-
diology is rapidly growing. Also, screening and follow-up could
bring more accurate estimates of the prevalence of this cancer,
which are lacking, and give to some patients access to medical
counselling and better palliative care, even if not receiving cu-
rative treatment. In general, the use of the PUSH protocol could
be tailored to the characteristics and needs of each specific low-
income setting, and all these implementation advantages may
offset the diagnostic limitations of POCUS compared to gold
standard tests. Finally, the moderate-good accuracy of the liver
POCUS in a low-income setting, using newly and minimally
trained nurses and doctors, is very encouraging for this field.

4.2 | Strengths and Limitations

This study had several notable strengths. Importantly, we
blinded PUSH operators to participants’ clinical information,
providing an unbiased evaluation. We also included both nurses
and physicians (40% and 60% of the operators respectively) with-
out past ultrasound experience as PUSH operators and a repre-
sentative sample of people with HBYV, treated and untreated and
with and without HIV, a major coinfection that accelerates liver
disease. Moreover, we exclusively used facilities and devices
which were already available in our setting and time dedicated
to training was short and effective, so that the implementation
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of PUSH did not negatively impact the usual workflow at the
clinic. Because of these reasons, in our study setting we can con-
sider PUSH as a cost-effective and acceptable add to the normal
clinical practice in public hospitals in Africa.

Nevertheless, the study had several limitations as well. First,
fibrosis, cirrhosis and lesions were relatively uncommon; this
inevitably led to larger confidence intervals for performance
tests. Second, the reference standards we used had limitations
of their own. For cirrhosis, liver biopsy is the gold standard,
not elastography; however, it was not possible to have biopsies
because of the cost and clinical indication. While the radiogra-
pher's ultrasounds can be considered the gold standard to detect
liver lesions in this geographical area, the international gold
standard would be a CT scan. Another limitation was that we
did not systematically document the size and characteristics of
lesions seen on PUSH or standard ultrasound. Anecdotally, le-
sions were large; therefore, whether PUSH can identify lesions
that are small and more amenable to treatment was not estab-
lished. Lesions suspicious for HCC were not confirmed to be
HCC using multiphase CT or MRI, which limits our confidence
in this aspect of PUSH. Finally, most participants were already
on treatment and had been in care for several years, and this fac-
tor influenced partially the accuracy of TE evaluations. Those
not on treatment had minimal cirrhosis. Therefore, we could not
comment on using PUSH alone versus or in combination with
laboratory tests to determine treatment eligibility.

4.3 | Implications—For Further Research,
Practice, and/or Policy

In the future, liver POCUS protocols for HBV care should be
further improved and developed. For example, the development
of the protocol could be advanced by studying its performance in
different settings, especially with lower resources than those we
had in Zambia's capital city, and on populations with different
environmental risk factors. In order to improve PUSH, an analy-
sis of the pathological characteristics of the liver which are most
difficult to recognize for operators could lead to adjustments in
the training phase and/or to effective modifications of the form
questions. Also, access to clinical information could be allowed
during routine examinations and could improve performance.
We also have to consider that Al is spreading across the world in
every field of knowledge and is also reaching Africa [37]. It could
further improve POCUS like the PUSH, and simple POCUS pro-
tocols could soon be performed by operators with little experi-
ence in ultrasound, just like in our study, but supported with AI
technology to diagnose any kind of liver lesion and effectively
recognize cirrhosis. This could implement HBV care and health-
care in general in Africa’s rural areas where physicians are few
[38]. Finally, PUSH could hopefully be part of a management al-
gorithm for chronic hepatitis B patients, as it already represents
a valuable chance for screening and decision for treatment in
Sub Saharan Africa and other resource-limited countries.

5 | Conclusion

Nurses and physicians working at a hepatitis clinic in Zambia were
trained on a new point-of-care ultrasound protocol for hepatitis,

called PUSH. Thereafter, in a blinded evaluation, they were able to
identify cirrhosis and liver lesions suspicious for HCC with moder-
ate and high accuracy, respectively, supporting the need to further
develop liver POCUS for the management of HBV, particularly in
LMICs and challenging settings within rich countries too.
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