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RESUMEN 

 

El depósito de fibrosis en el parénquima hepático conduce inicialmente a la enfermedad 

hepática crónica avanzada compensada (cACLD), posteriormente a la aparición de 

hipertensión portal clínicamente significativa (CSPH) y, finalmente, a la posibilidad de 

aparición de una descompensación hepática (LRE). La identificación de pacientes con CSPH 

es especialmente importante dada la posibilidad de prevención de descompensación con 

tratamiento con betabloqueantes. El avance de los métodos no invasivos, incluyendo la 

rigidez hepática (LSM) por elastografía, permite descartar y diagnosticar CSPH. Sin embargo, 

en pacientes con esteatosis por disfunción metabólica (MASLD) con obesidad, este 

diagnóstico es mucho menos preciso.  

 

Por otro lado, tradicionalmente se ha usado la histología para predicción de eventos en 

pacientes con MASLD. Sin embargo, más allá de su naturaleza invasiva, esta técnica tiene 

problemas inherentes de interpretación y representatividad. Los modelos no invasivos 

ANTICIPATE -basados en LSM, plaquetas e índice de masa corporal (BMI)- permiten estimar 

el riesgo de CSPH y adicionalmente de LRE en pacientes MASLD.  

 

Esta tesis pretende explorar la capacidad de los modelos no invasivos para, por un lado, 

mejorar el diagnóstico de CSPH con respecto a los criterios actualmente utilizados y, por otro, 

mejorar la predicción de LRE en pacientes con MASLD con respecto a la biopsia.  

 

Con este fin, hemos desarrollado dos trabajos. El primero, un meta-análisis de datos 

individuales para validar los criterios de Baveno VII de CSPH. El segundo, un artículo original 

en el que hemos comparado la capacidad para la predicción de eventos del modelo 

ANITICIPATE con respecto a la biopsia en dos cohortes independientes y con dos 

definiciones de LRE ligeramente distintas.  

  

Como consecuencia de estos dos trabajos podemos concluir que los criterios actuales para 

el descartar y diagnosticar CSPH son excelentes. Sin embargo, tanto como regla general 

como para la población de pacientes MASLD con obesidad, el criterio ANTICIPATE±NASH 

≥75% parece ser superior. Por otro lado, el modelo ANTICIPATE-NASH es claramente 

superior para la predicción de eventos hepáticos en pacientes MASLD y, una vez conocido el 

valor no invasivo, conocer la histología no añade mayor precisión diagnóstico. Estos hallazgos 

podrían cambiar la forma de diseñar estrategias terapéuticas y ensayos clínicos en el futuro.  
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ABSTRACT 

 

The accumulation of fibrosis in the liver leads initially to compensated advanced chronic liver 

disease (cACLD), then to the development of clinically significant portal hypertension (CSPH), 

and ultimately to the possibility of presenting a liver related event (LRE). The identification of 

patients with CSPH is particularly important given the possibility of preventing decompensation 

through treatment with beta-blockers. The advancement of non-invasive methods, including 

liver stiffness measurement (LSM) by elastography, allows CSPH to be ruled out and 

diagnosed. However, in patients with metabolic dysfunction-associated steatotic liver disease 

(MASLD) and obesity, this diagnosis is much less accurate. 

 

On the other hand, histology has traditionally been used to predict events in patients with 

MASLD. However, beyond its invasive nature, this technique has inherent limitations related 

to interpretation and representativeness. The non-invasive ANTICIPATE models -based on 

LSM, platelet count, and body mass index (BMI)- allow estimation of the risk of CSPH and, 

additionally, of LRE in patients with MASLD. 

 

This thesis aims to explore the ability of non-invasive models, on one hand, to improve the 

diagnosis of CSPH compared with currently used criteria, and, on the other hand, to improve 

the prediction of LRE in patients with MASLD compared with biopsy. 

 

To this end, we developed two studies. The first is an individual patient data meta-analysis to 

validate the Baveno VII criteria for CSPH. The second is an original article in which we 

compared the event prediction performance of the ANTICIPATE model with that of biopsy in 

two independent cohorts using two slightly different definitions of LRE. 

 

As a result of these two studies, we can conclude that current criteria for ruling out and 

diagnosing CSPH are excellent. However, both for all the etiologies and specifically in the 

MASLD with obesity population, the ANTICIPATE±NASH ≥75% criterion appears to be 

superior. On the other hand, the ANTICIPATE-NASH model is clearly superior for the 

prediction of hepatic events in patients with MASLD, and once the non-invasive value is 

known, histological information does not add further diagnostic accuracy. These findings could 

change the way therapeutic strategies and clinical trials are designed in the future.  
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1. INTRODUCCIÓN 

 

1.1 CIRROSIS E HIPERTENSIÓN PORTAL 

 

Independientemente de la causa inicial que lo produzca, como resultado del insulto 

inflamatorio crónico sobre el hígado se produce una respuesta de reparación del daño tisular 

con depósito de tejido fibroso en el parénquima [1]. Esta fibrosis gradual produce una 

distorsión de la arquitectura hepática que culmina en la aparición de la cirrosis hepática. La 

cirrosis, aunque en su origen es un concepto histológico, se puede diagnosticar clínicamente 

a través de una combinación de signos en la exploración física, pruebas de imagen, datos 

endoscópicos y análisis de laboratorio. Sin embargo, durante años la biopsia ha sido la prueba 

de referencia para el diagnóstico y la estadificación de la fibrosis (desde F0 sin fibrosis a F4 

sinónimo de cirrosis). Aunque es un procedimiento seguro, no está exento de riesgos y en los 

últimos años se ha comenzado a cuestionar si la representatividad de un pequeño fragmento 

de hígado refleja el grado de fibrosis del resto del parénquima, en un proceso -la fibrosis- que 

puede no ser homogéneo [2]. Adicionalmente, el concepto de cirrosis es un concepto 

dicotómico que no termina de reflejar que la enfermedad se produce de forma gradual. 

 

Como consecuencia directa de estos cambios arquitectónicos del parénquima, se produce un 

aumento de la resistencia intrahepática al flujo y un aumento de la presión en el sistema portal 

[3]. El desarrollo de hipertensión portal es fundamental para la aparición de eventos 

relacionados con la enfermedad hepática (LRE), fundamentalmente hemorragia digestiva de 

origen variceal, ascitis, encefalopatía hepática [4] y hepatocarcinoma (este último mucho más 

relacionado con la fibrosis e inflamación que no con la hipertensión portal). Tradicionalmente, 

el diagnóstico de la presencia de hipertensión portal se ha podido inferir también con pruebas 

diagnósticas: varices esofágicas en la endoscopia, colaterales o esplenomegalia en pruebas 

de imagen, trombocitopenia y otras, pero la prueba de referencia ha sido la medición del 

gradiente de presión venosa hepática (HVPG). Siendo un procedimiento seguro, se trata de 

un procedimiento invasivo por el que, tras acceder por vía generalmente transyugular y 

cateterizar selectivamente una vena suprahepática, se realiza una medida de presión venosa. 

Una diferencia de presión elevada entre la presión libre y la enclavada (HVPG) representa el 

mejor marcador subrogado de la presión portal directa en la hipertensión portal sinusoidal. La 

hipertensión portal clínicamente significativa (CSPH) se define cuando el HVPG es mayor a 

10 mmHg y su presencia está claramente asociada con la aparición de LRE [5].  

 

La detección de CSPH es actualmente de especial interés, dado que en pacientes que no 

han presentado descompensación hepática, el tratamiento con betabloqueantes no cardio 

selectivos (NSBB) previene la primera descompensación [6-8]. 

 

ENFERMEDAD HEPÁTICA ESTEATÓSICA ASOCIADA A DISFUNCIÓN METABÓLICA 

(MASLD) 

 

Una de las principales transformaciones en la hepatología de los últimos años ha sido el 

cambio de la etiología predominante de las enfermedades hepáticas. Con la alta proporción 

de curación con los tratamientos dirigidos para el virus C [9] y el aumento progresivo de los 

factores de riesgo metabólicos [10], se ha producido un cambio de paradigma en las causas 

de enfermedad hepática. Los factores metabólicos (como diabetes mellitus tipo 2, obesidad, 
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hipertensión…) producen acumulación de grasa en el hígado (esteatosis) y la posibilidad de 

inflamación crónica (esteatohepatitis) con el depósito progresivo de tejido cicatricial desde la 

fibrosis mínima hasta la cirrosis [11]. Esta enfermedad hepática esteatósica secundaria a 

disfunción metabólica (MASLD) es en el momento actual, junto con la enfermedad 

relacionada con el consumo de alcohol (ALD), la causa más prevalente de enfermedad 

hepática [12].  

 

En los pacientes con MASLD la progresión hacia enfermedad hepática avanzada parece más 

lenta y, globalmente, tienen menor riesgo de descompensación hepática en comparación con 

otras etiologías. Sin embargo, la presencia de CSPH también es un factor predictor relevante 

de la aparición de eventos [13]. Otra forma de clasificar a los pacientes con MASLD con 

respecto al riesgo de LRE ha sido mediante el estadio histológico. Los pacientes con 

categoría F0 a F2 tienen un riesgo bajo de presentar eventos y en contraposición, los 

pacientes F3 (puentes de fibrosis) y F4 (cirrosis) tienen riesgos crecientes [14]. La presencia 

de F3 o F4 ha sido criterio de inclusión para numerosos ensayos clínicos y la regresión de la 

categoría de fibrosis uno de los objetivos fundamentales de dichos estudios. Sin embargo, 

esta clasificación no está exenta de los problemas expuestos anteriormente, principalmente 

la representatividad de una muestra pequeña -la biopsia- de la totalidad del parénquima 

(Figura 1). 

Figura 1. Biopsia hepática que muestra, en la misma pieza, la presencia de zonas con un grado de 

fibrosis interpretable como F3 y otro como F4, ilustrando gráficamente el problema de 

representatividad. Cortesía de la Dra. Salcedo-Allende.  

 

ELASTOGRAFÍA HEPÁTICA Y ENFERMEDAD HEPÁTICA AVANZADA COMPENSADA  

 

Otras de las grandes transformaciones en la práctica clínica en hepatología es la 

generalización de la elastografía hepática como método inicial en la aproximación diagnóstica 

a un paciente con sospecha de enfermedad hepática. Aunque originalmente diseñado para 

la industria de materiales y alimentaria, el Fibroscan© llega a la práctica médica [15] hace 20 

años. La elastografía de transición (VCTE) estima la rigidez hepática (LSM) mediante el envío 

de un pulso de vibración de ultrasonido recogiendo la velocidad de propagación a través del 

tejido. La VCTE tiene una serie de ventajas con respecto a la biopsia: es repetible, no invasiva 

y recoge información más representativa de todo el parénquima hepático. Sin embargo, 
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también tiene también alguna desventaja: falsos positivos en situaciones especiales, la 

necesidad de una máquina específica para realizarlo y que no proporciona información 

específica acerca del diagnóstico etiológico. En los últimos años se ha venido construyendo 

progresivamente una sólida base científica que consolida la VCTE como una de las 

herramientas fundamentales para la estimación no invasiva de la fibrosis hepática [16, 17]. 

Actualmente, el LSM se ha convertido en una herramienta central en la práctica clínica del 

hepatólogo. 

 

Durante el seguimiento de un paciente en la consulta de hepatología, existe la posibilidad de 

que un individuo en el que clínicamente no hay una sospecha de cirrosis, presente una 

enfermedad avanzada con hipertensión portal y riesgo de desarrollar descompensación 

hepática [18]. ¿Cómo podemos identificar precozmente a estos pacientes? El término 

enfermedad hepática crónica avanzada compensada (cACLD) se introduce en la conferencia 

de consenso sobre hipertensión portal de Baveno VI [19] para reflejar el continuo de fibrosis 

avanzada hasta cirrosis en paciente con enfermedad hepática crónica. En la siguiente 

conferencia de Baveno VII [20] el modelo se consolida con el establecimiento de unos 

umbrales prácticos de LSM en forma de la “regla de los 5” [20, 21] ligándose directamente 

con la posibilidad de tener CSPH y con el riesgo progresivo de presentar eventos hepáticos. 

Los pacientes con LSM por debajo de 10 kPa no tienen una enfermedad hepática avanzada 

ni riesgo de presentar eventos hepáticos. A partir de un LSM de 15 kPa la presencia de una 

enfermedad / fibrosis avanzada es altamente probable y existe la posibilidad de CSPH y 

descompensación (Figura 2).  

 

 
 

Figura 2. Adaptación de la “regla de los 5” de [20, 21]. En paralelo al aumento progresivo de LSM 

aumenta el riesgo de enfermedad avanzada e hipertensión portal. Los pacientes con < 10 kPa no tienen 

cACLD. Con ≤15 kPa y ≥ 150.000 plaquetas se descarta CSPH. A partir de LSM ≥ 25 kPa se puede 

establecer el diagnóstico de CSPH excepto en pacientes MASLD.  

 

DETECCIÓN DE CSPH Y PREDICCIÓN DE EVENTOS CON MÉTODOS NO INVASIVOS 

 

En un estudio multicéntrico, Pons et al [21] identificaron puntos de corte para descartar y 

diagnosticar CSPH. En una cohorte de más de 800 pacientes en los que se disponía de 

medidas simultáneas de HVPG, plaquetas y LSM, se consiguió establecer: 1) que la 

combinación de un LSM menor de 15 kPa y plaquetas de más de 150.000 era un excelente 

criterio de exclusión (rule out) de CSPH con un valor predictivo negativo (NPV) alto (>90%) y 

2) que un LSM mayor de 25 kPa era un criterio apropiado para confirmar (rule in) CSPH con 

un valor predictivo positivo (PPV) alto (>90%). Sin embargo, este último criterio era válido 
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para todas las etiologías excepto en pacientes MASLD con obesidad (BMI ≥ 30 kg/m2). Estos 

criterios se han validado posteriormente [22-27] y han pasado a formar parte del documento 

de consenso de Baveno VII [20 véase también Figura 2).  

 

Además del problema del bajo PPV para los pacientes MASLD con obesidad, estos criterios 

de Baveno VII dejan a un porcentaje importante de pacientes donde no podemos determinar 

si el paciente tiene o no tiene CSPH (Figura 2) por lo que recientemente se han desarrollado 

estudios encaminados a reducir esta zona intermedia o indeterminada con distintas 

estrategias, destacando el uso de parámetros de laboratorio [25] y la elastografía esplénica 

[28]. Además, el desarrollo del modelo ANTICIPATE [29] y la posterior adaptación del modelo 

(ANTICIPATE-NASH) a pacientes con MASLD [21], permite la estimación individual para cada 

paciente del riesgo de presentar CSPH, utilizando parámetros sencillos (LSM, plaquetas y 

añadiendo el BMI para pacientes MASLD). Adicionalmente, este modelo fue adaptado y 

validado (ANTICIPATE-NASH-LRE) para la predicción individual de LRE, definidos como 

descompensación hepática más carcinoma hepatocelular y muerte de causa hepática, a 3 

años [30], con un sencillo nomograma o una calculadora online (https://www.bcn-

liverhuvh.com/resources). 

 

Ambos modelos ANTICIPATE permiten realizar una predicción individual del riesgo de CSPH, 

de modo que se pueden plantear diferentes preguntas con relevancia clínica. ¿Es posible 

encontrar un punto de corte que permita realizar un diagnóstico de CSPH con un alto PPV, 

especialmente en pacientes con MASLD y obesidad? Por otro lado, utilizando el modelo 

ANTICIPATE-NASH se puede predecir el desarrollo de LRE a 3 años. ¿Podría ser el modelo 

mejor que la biopsia como predictor de eventos? 

 

  

https://www.bcn-liverhuvh.com/resources
https://www.bcn-liverhuvh.com/resources
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2. HIPÓTESIS 

Los modelos ANTICIPATE podrían mejorar tanto el diagnóstico no invasivo de CSPH para 

todas las etiologías como la predicción de eventos en pacientes con MASLD.  
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3. OBJETIVOS 

Objetivo principal: 

Mejorar los criterios diagnósticos de CSPH propuestos usando los modelos ANTICIPATE y 

comparar el rendimiento del ANTICIPATE-NASH-LRE con la histología en pacientes 

MASLD. 

Objetivos secundarios: 

● Validar los criterios de Baveno VII para el diagnóstico y exclusión de CSPH

● Evaluar el rendimiento del modelo ANTICIPATE±NASH por centro.

● Evaluar si una vez se conoce el valor de ANTICIPATE-NASH-LRE añadir la

categoría histológica mejora la predicción de eventos.
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Abstract 

Background and Aims: Clinically significant portal hypertension (CSPH) in 

compensated advanced chronic liver disease (cACLD) has therapeutic 

consequences. CSPH may be assessed with the Baveno VII criteria with lower 

performance in patients with obesity (body mass index ≥30 kg/m2) and metabolic 

dysfunction-associated steatotic liver disease (MASLD). The ANTICIPATE±NASH 

models predict the risk of CSPH. We aimed to validate Baveno VII criteria and refine 

them with the ANTICIPATE±NASH models. 

Methods: Systematic review of studies validating Baveno VII criteria of CSPH (hepatic 

venous pressure gradient as reference) with search strategy of “CSPH” (AND) 

“Baveno VII”, from Baveno VII consensus until June 2024. A meta-analysis of Baveno 

VII criteria (ruling in: LSM (liver stiffness measurement) ≥25 kPa and ruling out: LSM 

≤15 kPa + platelets ≥150x109/L) was performed. Using a risk threshold of CSPH by 

the ANTICIPATE±NASH for a positive predictive value (PPV) of ≥90% was explored. 

Individual patient data was used to assess model performance by center. 

Results: Five studies with 1433 cACLD patients (CSPH 34% to 62%) of different 

etiologies were identified. LSM ≥25 kPa had an excellent PPV (92%) pooled by studies 

and etiologies, except MASLD with obesity. A ≥75% risk of CSPH by the 

ANTICIPATE±NASH models improved PPV to 95%, including MASLD with obesity 

(PPV 0.67 to 0.83; p<0.001). The pooled NPV for ruling out was 99% for all etiologies. 

ANTICIPATE±NASH showed an excellent performance across centers.  

Conclusion: Baveno VII criteria for CSPH adequately classify patients across 

etiologies, except MASLD with obesity. Using a ≥75% risk threshold by ANTICIPATE 

models to detect CSPH improves global performance, including MASLD with obesity, 

supporting it can be a simpler way of predicting CSPH in clinical practice. 
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Impact and implications: This systematic review and meta-analysis confirm the 

validity for ruling out and ruling in CSPH in cACLD patients with the Baveno VII criteria. 

Using a threshold of ≥75% of the ANTICIPATE±NASH models, the global performance 

for detecting CSPH improves regardless of etiology. This represents a very practical 

approach for general hepatologists to select patients for prophylactic β-blocker therapy 

as its calculation relies on BMI, liver stiffness and platelet count with an online 

calculator.  
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Introduction 

 

Compensated advanced chronic liver disease (cACLD) encompasses a 

heterogeneous group of patients with different risk of portal hypertension [1]. In the 

last Baveno VII consensus, new non-invasive criteria for detecting clinically significant 

portal hypertension (CSPH), defined as a hepatic venous pressure gradient (HVPG) 

≥10 mmHg, in the cACLD population were proposed [2]. The need to identify 

patients with a high probability of CSPH is now more important, as the evidence for 

the use of non-selective β-blockers to prevent first decompensation is increasing [3-

5]. CSPH could be ruled in with a liver stiffness measurement (LSM) by transient 

elastography (TE) of ≥25 kPa and ruled out with an LSM of ≤15 kPa plus platelet count 

of ≥150 x 109/L with a very good classification accuracy. 

Although the proposed ruling in threshold performed optimally for viral hepatitis, 

alcohol related (ALD) and metabolic dysfunction-associated steatotic liver disease 

(MASLD) patients without obesity, it was suboptimal for MASLD patients with obesity 

(body mass index-BMI ≥30 kg/m2) with a positive predictive value (PPV) below 90%. 

Furthermore, by using these classification rules, a very high proportion of patients (40-

50%) remained unclassified, with a mean prevalence of CSPH around 50%. This 

intermediate zone is an unresolved current challenge for which different alternatives 

have been proposed, such as the AASLD criteria [6], predictive models for CSPH [2, 

7-9], and an upper endoscopy searching for varices [10]. The risk for decompensation 

of not detecting and treating CSPH in this unclassified population is unknown. In 

addition, with the current non-invasive strategy, 5 to 10% of patients will be 

misclassified and might receive β-blockers without having CSPH. If these patients 
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have progressive disease, CSPH will probably develop in the short-term and initiating 

therapy would be acceptable.    

The ANTICIPATE and the ANTICIPATE-NASH models (ANTICIPATE±NASH models) 

using LSM plus platelet count with or without BMI were developed for a continuous 

risk prediction of the probability of having CSPH for patients with viral hepatitis and 

ALD, and with MASLD, respectively [7-8]. Both models have been validated several 

times in additional cohorts [11-13], present numerous advantages for clinicians 

(simple, repeatable, at point-of-care),  and have been recommended by the Baveno 

VII consensus and hepatology societies [2, 6, 14].  

Baveno VII recommendations for CSPH were based on a preliminary analysis of a 

multicenter sample specifically collected to inform the symposium. An expanded 

version was subsequently published as a full manuscript [8]. Since then, several 

studies have specifically evaluated Baveno VII criteria with a different composition of 

etiologies and distinct performance for ruling in and out CSPH [15-21]. On the other 

hand, it might be possible that by using a different approach utilizing thresholds of 

predicted values of CSPH by the models, the ruled in group could be improved, 

especially for MASLD patients, and the indeterminate zone diminished.  

We have conducted a systematic review and meta-analysis of the studies published 

after Baveno VII specifically designed at: 1) validating the consensus recommended 

criteria for ruling in and ruling out CSPH and assessing their performance of the in the 

different etiologies of cACLD patients; 2) providing additional improved criteria for 

ruling in CSPH using the predicted risk of CSPH of the ANTICIPATE±NASH models; 

and 3) evaluating the robustness of the performance of ANTICIPATE±NASH models 

taking into account the clustering by center. 
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Materials and methods 

 

This study was designed to evaluate the performance of Baveno VII criteria to rule out 

and rule in CSPH. The review and meta-analysis are reported according to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines [22]. The study included patients who had previously given informed 

consent to participate in each study.  

 

Search strategy and eligibility criteria 

 

The search strategy was designed and conducted by JG and JB. This meta-analysis 

was designed to pool the data of individual cACLD patients who had never been 

decompensated with suspected CSPH who underwent both HVPG measurement 

(reference test) and LSM (index test) evaluated by TE (FibroScan, Echosens, Paris, 

France), in studies designed to evaluate the Baveno VII recommendations for CSPH 

[2]. Using the databases MEDLINE, EMBASE, Google Scholar and Web of Science 

[23], we performed the search from October 2021 (date of the Baveno VII workshop) 

to June 30, 2024. Briefly, the key terms for the search were “clinically significant portal 

hypertension” and “Baveno VII” (full search strategy is shown in Supplementary Table 

1). Cross-sectional studies reporting data on adults (≥18 years) with HVPG and LSM 

were eligible, including conference abstracts and letters. Only studies with at least 50 

patients included were eligible. Excluded studies were case-control studies, case 

reports, or other non-original work (reviews, expert opinions, or practice guidelines). 

Further research was conducted through a manual check of references. Regarding 
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etiologies, in patients with hepatitis C only studies with untreated patients were 

included. 

 

Study identification, selection and data extraction 

 

Criteria for study identification and selection, and the methodology for data extraction 

are detailed in Supplementary Text 1.  

 

Quality assessment 

 

Two authors (JGA and JB) independently assessed the methodological quality of the 

included studies using the Quality Assessment of Diagnostic Accuracy Studies 2 

(QUADAS-2) tool [24]. The assessed domains of study quality were patient selection, 

index test, reference standard, and flow and timing. A study was considered at high 

risk of bias when at least one of the domains of QUADAS-2 showed this risk. Any 

disagreements were resolved through discussion with a third author (JG).  

 

Definitions and outcome 

 

The criterion to rule in CSPH was LSM of ≥25 kPa, while the criterion to rule out CSPH 

was a LSM of ≤15 kPa and platelet count ≥150×10⁹/L. If CSPH could be neither ruled 

in nor ruled out, patients were in an indeterminate (also called “grey”) zone. The main 

outcome was to assess the performance of the diagnostic algorithms using the 

individual data from each study for providing positive predictive values (PPV) and 

negative predictive values (NPV) of ≥90%. According to Baveno consensus and 
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current recommendations, these targets were considered adequate [2, 25]. In this 

study, we prioritize selecting patients with CSPH in most of them (90%) to make sure 

that they are the correct candidates for receiving β-blockers; in other words, we want 

to avoid false positives, prioritizing a test that predicts a high chance of having CSPH, 

versus a test with high diagnostic accuracy. 

 

Statistical analysis  

 

Contingency tables were constructed with true positives, true negatives, false positives 

and false negatives with individual patient data from each study. Sensitivity, specificity, 

PPV, NPV and their 95% CIs were calculated. With these data, we performed a 

univariate quantitative meta-analysis of proportions to pool PPVs (for ruling in criteria) 

and NPVs (for ruling out criteria). In the meta-analysis of studies, two analyses were 

performed, excluding and including the original paper by Pons, et al. [8]. We used the 

Freeman-Tukey double arcsine transformation, and a random-effects model with the 

inverse variance method for pooling the proportions. We did not use bivariate models 

(which consider the covariance of sensitivity and specificity) in our meta-analysis 

because bivariate models require continuity correction, which adds a 0.5 to cells with 

zero value; since the number of zero cells was high in this study, we thought this would 

substantially bias the estimators.  Also, the ruling in and ruling out criteria are very 

different and were developed to have a high PPV and NPV respectively. It has been 

argued that prevalence has a major impact on PPV and NPV. This is the case also for 

sensitivity and specificity [26]. We addressed the issue of the impact of prevalence of 

CSPH on NPV and PPV in two ways, described in Supplementary Text 2.  
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Further, in trying to simplify predictions for all etiologies we assessed whether the use 

of the ANTICIPATE±NASH (https://www.bcn-liverhuvh.com/resources) with a 

threshold probability of 0.75 of CSPH could be a general threshold to rule in CSPH in 

all etiologies of cACLD, as explained in Supplementary Text 2 .  

 

We also analyzed the performance in the intermediate zone (patients not ruled in or 

out) of the AASLD criteria for assuming CSPH published after the Baveno VII 

consensus [6]. Specifically, CSPH can be presumed if LSM ≥20 and <25 kPa plus 

platelets <150x109/L or if LSM >15 and <20 kPa plus platelets <110x109/L. In addition, 

in a small subset of 216 patients from which we had an upper endoscopy performed 

at the same time as the other procedures, we analyzed the effect of detecting varices 

to reclassify patients for CSPH on the intermediate zone, as reported by Dajti, et al. 

[10]. 

 

Finally, since adequate calibration is essential for decision making [27] and 

considering the proposed use of ANTICIPATE±NASH for clinical practice, there is a 

need for testing the performance of these models in different centers. The 

methodological approach for this analysis is explained in Supplementary Text 2.  

 

All analyses were performed in R / R Studio Version 2024.12.1+563 (2024.12.1+563) 

with the dplyr, pROC, ggplot 2, randomForest, metafor, meta, and rms packages [28-

35]. 

  

https://www.bcn-liverhuvh.com/resources
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Results 

 

Study selection process and quality assessment 

 

Our search strategy identified 801 potential records. Then we proceed with the 

automatic removal of duplicates, reviewing titles and abstracts and full-text 

assessment for some studies (Supplementary Figure 1). Of note, four poster abstracts 

and one published study [15] were included for full review but were finally excluded 

because of overlapping data with the final selected studies and another study [21] did 

not have LSM paired with HVPG in all patients (only 49 patients). After manual search 

of references, we identified and included another relevant work [16]. Six studies [8, 

16-20] were eligible and all corresponding authors were contacted; however, no 

response was received from one author after three attempts. The remaining five 

authors [8, 16-19] agreed to share their data and participate in the analysis. All studied 

samples were retrospective. One of them included prospectively collected data for the 

validation cohort [8], while another one was a retrospective analysis of prospectively 

collected data [18]. All studies were performed in a hospital setting. 

 

The methodological quality of the studies assessed with the QUADAS-2 too and the 

characteristics of the studies are summarized in Supplementary Tables 2 and 3.  

 

Patient characteristics 

 

The total sample comprised 1433 patients from five studies. The distribution of 

etiologies and general characteristics of the patients included in the studies are shown 
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in Table 1. Mean LSM in the overall sample was 26.9±17.2 kPa. The mean value of 

ANTICIPATE±NASH was 60.1 (SD 31.7). The prevalence of CSPH in the included 

studies correlating HVPG and LSM by TE was close to 60% with a mean HVPG of 

11.8 (6.1) mmHg. The characteristics and distribution of patients by etiology is shown 

in Supplementary Table 4 and 5.  

 

Meta-analysis of the ruling in criterion for CSPH of Baveno VII  

 

Figure 1 A and B show the PPVs for ruling in CSPH (LSM ≥25 kPa) corresponding to 

the analysis excluding and including the original paper by Pons, et al., with similar 

results. With all studies included, the pooled PPV was 0.92 (0.89-0.94) with low 

heterogeneity. The lowest PPV was seen in the Odraizola, et al. cohort (0.73), which 

presented the lowest prevalence of CSPH. The performance of the ruling in criterion 

for the aggregated data from all studies is shown in Supplementary Table 6.  

 

The forest plot of the same ruling in criterion by etiology of cACLD is depicted in Figure 

1C. As seen, for each etiology the pooled PPV was greater than 0.90, except in 

MASLD patients with obesity (0.67). Supplementary Table 7 shows the performance 

metrics of the raw data pooled for each etiology. Here additional and mixed etiologies 

not individually represented in the meta-analysis are analyzed, showing a very high 

PPV for metabolic dysfunction and increased alcohol intake (MetALD), cholestatic 

diseases and HCV combinations with other etiologies. 

 

Figure 2 shows the result of meta regression (or moderator analysis) to test the 

contribution of etiology and prevalence to explain the variation in PPV for CSPH of the 
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ruling in criteria. Meta-regression showed that cohorts with higher CSPH prevalence 

tended to have higher PPV (coefficient 0.57, 95% CI 0.20–0.95; p-value= 0.003, Figure 

2A). After accounting for etiology, however, this association was attenuated 

(coefficient 0.20, 95% CI –0.34–0.73, p-value=0.477, Figure 2B).  

 

Meta-analysis of a new ruling in criterion based on ANTICIPATE±NASH values 

 

To provide an etiology-agnostic ruling in prediction for CSPH, we tested the 

performance of a prediction rule based on a risk of CSPH by the ANTICIPATE±NASH 

model ≥75%.  Figure 3A shows the pooled results of PPVs for ruling in CSPH with this 

criterion. The pooled PPV was 0.95 (0.93-0.97), higher than LSM ≥25 kPa with also 

low heterogeneity. The performance of this ruling in criterion for the aggregated data 

from all studies is shown in Supplementary Table 8.  

 

The forest plot of the ANTICIPATE±NASH model ≥75% criterion by etiology of cACLD 

is depicted in Figure 3B. As observed, the PPV for MASLD patients with obesity 

notably increased from 0.67 to 0.83 (p<0.001). Supplementary Table 9 shows the 

performance metrics for the raw data pooled for each etiology, including etiologies not 

individually represented in the meta-analysis, all of them with very high PPVs.  

 

Finally, in Supplementary Figure 2 we show in a meta regression analysis that with 

the use of the ANTICIPATE±NASH ≥75% criteria there is no association between the 

prevalence of CSPH and the PPV for CSPH even without adjusting by etiology, 

suggesting that this new prediction rule is truly etiology agnostic. 
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Meta-analysis of the ruling out criteria for CSPH of Baveno VII 

 

Figure 4A shows the pooled results of NPV for ruling out CSPH (LSM ≤15 kPa + 

platelets ≥150 x 109/L). The pooled NPV was 0.99 (0.97-1) with low heterogeneity. 

The performance of this ruling out criterion for the aggregated data from all studies is 

shown in Supplementary Table 10. 

 

The forest plot of the same ruling out criteria by etiology of cACLD is depicted in Figure 

4B. As seen, for each etiology the pooled NPV was excellent. Supplementary Table 

11 shows the performance metrics of the raw data pooled for each etiology. As shown 

in Supplementary Figure 3, NPVs are not influenced by etiology of cACLD.  

 

We provide at the end of Supplementary Data all contingency tables for all previous 

analysis. 

 

Intermediate zone and AASLD criteria or endoscopy for CSPH 

 

Table 2 summarizes the distribution of patients and the prevalence of CSPH in the 

different subgroups determined by the distinct ruling in criteria, including the AASLD 

classification criteria for the intermediate zone. As seen, patients selected by the 

AASLD criteria present CSPH prevalences of less than 81%.  

 

Also, in Supplementary Table 12, the results of performing an endoscopy searching 

for varices in the subset of 216 patients are shown. Using both classification criteria 
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the percentage of patients with varices in the intermediate zone is similar (22-24%), 

representing a reduction of 10% in the unclassified patients (from 46% to 36%). 

 

Calibration of the ANTICIPATE±NASH model to predict CSPH clustered by 

centers 

 

As reported in methods, we tested the robustness of the prediction performance of the 

ANTICIPATE±NASH across centers. Supplementary Table 13 outlines the general 

characteristics of all patients available after the addition of the patients provided by 

two corresponding authors (ED and TR). Figure 5A shows the calibration-in-the-large 

of the ANTICIPATE±NASH model divided by center. There was an excellent 

agreement between mean predicted and observed probabilities of CSPH. 

Furthermore, discrimination (assessed by the C-statistic) was excellent within each 

center (see Supplementary Table 14). We then used a 2-step meta-analytic approach 

to test the moderate calibration of ANTICIPATE±NASH considering center clustering. 

Figure 5B shows the meta-analytic calibration curve, again showing excellent 

agreement between predicted and observed probabilities of CSPH across all levels of 

risk.  
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Discussion 

 

Preventing first decompensation is now a cornerstone of treatment in at-risk patients 

with cACLD [2-5]. Since patients with CSPH will have the highest benefit from 

preventive therapies, their identification is becoming increasingly important [3-5]. 

Screening for CSPH is now possible with non-invasive tests that are simple, 

repeatable, usable at point-of-care, and recommended by the Baveno VII consensus 

[2]. In this study, we conducted a systematic review and IPD meta-analysis from data-

independent cohorts validating the performance of Baveno VII criteria for detecting 

CSPH while improving the ruling in criteria with the ANTICIPATE±NASH model.  

 

Baveno VI introduced the possibility to rule in CSPH in virus related cACLD [1] and 

Baveno VII consolidated a solid recommendation for non-invasive CSPH diagnosis 

across different etiologies [2], changing clinical decision making in hepatology. The 

combined LSM ≤15 kPa and platelets ≥150 x 109/L and the LSM ≥25 kPa thresholds, 

confidently divide patients into two groups regarding the presence of CSPH: extremely 

unlikely and highly probable, respectively. The high performance of these classification 

rules comes with two drawbacks: First, the ruling in criterion is valid for most etiologies 

of cACLD except for MASLD patients with obesity, losing the ability to predict CSPH 

with high BMI. Second, many patients (40-50%) [8, 16-20] fall into an area of 

uncertainty, the intermediate or gray zone, in which CSPH cannot be excluded or 

affirmed. Many efforts have been made since the advent of these recommendations 

to narrow this gap, and some promising tools have risen in the field.   

 

The first key finding of this study is the validation of the Baveno VII criteria. First, the 

ruling out criterion presents a nearly unbeatable pooled NPV (0.99) with only 4 patients 
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(out of 203, 1.97%) having CSPH in this group. For this reason, no attempt was made 

to improve the classification rule. Second, the ruling in criterion (LSM ≥25) has an 

excellent PPV (0.92) but, as expected, fails to accurately classify MASLD patients with 

obesity. In the cohort of Odraizola, et al. a study with a high proportion of MASLD 

patients and obesity- the PPV fell to 0.73 and, when analyzing the PPV by etiology, 

MASLD patients with obesity had a poor pooled PPV (0.67). This low PPV was not 

seen in MASLD patients without obesity (0.96). 

 

Improving the ability to detect CSPH in MASLD patients with obesity is needed. The 

ANTICIPATE models provide an individual risk assessment of CSPH [8] and are 

currently recommended [2, 6, 14] as valuable diagnostic tools in the increasing 

population of cACLD patients. Moreover, the ANTICIPATE-NASH model was 

specifically developed for MASLD patients, considering BMI an important variable. In 

this study, we propose an ANTICIPATE±NASH ≥75% threshold for ruling in CSPH. 

First, the overall pooled PPV is greater with the ANTICIPATE±NASH ≥75% (0.95) than 

with the LSM ≥25 kPa criterion (0.92). Second, in the population of MASLD patients 

with obesity, the PPV improved notably from 0.67 to 0.83. Third, the 

ANTICIPATE±NASH criteria render etiology less critical for the prediction of CSPH (as 

shown in the scatter plots in Figure 2 and Suppl. Figure 2). Fourth, with the new criteria 

there is a marginal reduction of patients left in the intermediate zone (from 45% to 

43%). Lastly, changing from LSM to the ANTICIPATE models does not complicate the 

process since by using the online tool, the information can be still obtained rapidly at 

point-of-care by imputing platelet count (in all patients) and BMI (in MASLD patients). 
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It is worth mentioning that the compilation of the present large sample of patients has 

provided the opportunity of analyzing the performance of these different classification 

criteria for CSPH in other etiologies generally underrepresented in large studies. In 

that sense, the classification criteria perform very well in all of them, including MetALD, 

cholestatic diseases and combination of HCV and other etiologies, supporting the 

universal utility of these classification rules.  In addition, we were able to test a potential 

“center effect", which shows that the performance of the ANTICIPATE±NASH model 

is robust across the centers involved in the study, both in terms of calibration and 

discrimination. Finally, we show that the AASLD criteria for classifying CSPH in the 

intermediate zone present in our study an observed prevalence of CSPH lower than 

81%, and that by performing an upper endoscopy in patients in this intermediate zone, 

22% of them present gastro-esophageal varices, reducing the proportion of 

unclassified patients. 

 

There have been other steps forward to improve the detection of CSPH in patients 

with cACLD since Baveno VII. Notably, the von Willebrand factor antigen to platelet 

ratio (VITRO) as a non-invasive test alone or applying it sequentially to Baveno VII 

criteria [18] can detect patients with CSPH with a similar diagnostic accuracy and 

reduce significantly the intermediate zone. In the last few years, spleen stiffness 

measurement (SSM) has been establishing its role in the field of noninvasive 

assessment of portal hypertension. Recently, Jachs, et al. showed that the use of SSM 

100Hz in detecting CSPH comparing a combination of SSM, LSM platelet and BMI 

(NICER model) directly with the ANTICIPATE±NASH, yielded a slightly higher AUC 

for prediction of CSPH [9], though the new model did not improve the AUC in MASLD 
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patients. In the classification algorithm proposed by these authors, the performance 

for MASLD patients with obesity was similar to other etiologies. However, using this 

algorithm, there is still an intermediate (unclassified) group of patients of 35%, not far 

from our 43%.  

Our study has several strengths. This is an individual patient data meta-analysis of a 

large cohort of more than 1400 patients with representation of various etiologies of 

liver disease. Notably 25% of the total cohort are MASLD patients and nearly 20% 

ALD patients. The IPD approach provides high consistency in collecting the data, more 

precise estimation, harmonization across studies and stratified subgroup analysis. We 

validate Baveno VII criteria and further explore the utility of ANTICIPATE±NASH in 

diagnosing CSPH. The new ruling in criteria using an ANTICIPATE±NASH ≥75% 

threshold will be a valuable addition to the algorithm of the “rule of five” (Figure 6). In 

addition, it is important to remark that detecting or not CSPH by these non-invasives 

rules is clinically relevant since the different subgroups determined by the algorithms 

carry very different clinical outcomes as evidenced in several reports [36, 37]. 

Furthermore, the IPD approach allows us to conduct new exploratory analyses and 

find a relationship between ANTICIPATE±NASH values and HVPG. Our study has 

some limitations. The analysis is based on a limited number of retrospective studies. 

Also, any classification rule that includes LSM is a limitation for centers that do not 

have access to the device, and it might be problematic the performance and 

interpretation of LSM in patients with important obesity, in which LSM often fails. The 

new proposed algorithm for ruling in CSPH using the 75% threshold of 

ANTICIPATE±NASH obtained by using our whole dataset might be affected by 

overfitting and will need further validation. 
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In conclusion, Baveno VII criteria have excellent performance in screening in and out 

CSPH in cACLD patients of different etiologies. Using an ANTICIPATE±NASH value 

≥75% as ruling in threshold, the global performance improved, especially in MASLD 

patients with obesity. Finally, we show stability of the performance of 

ANTICIPATE±NASH across different centers, suggesting that it can be used as a 

validated tool to guide clinical practice. 

 

 

  



46 
 

Abbreviations:  

ALD = Alcohol-related liver disease  

BMI = Body mass index 

cACLD = Compensated advanced chronic liver disease 

CSPH = Clinically significant portal hypertension 

HBV = Hepatitis B virus 

HCV = Hepatitis C virus 

HVPG = Hepatic venous pressure gradient 

IPD-MA = Individual patient data meta-analysis 

kPa = Kilopascals  

LSM = Liver stiffness measurement 

MetALD = MASLD and increased alcohol intake 

MASLD = Metabolic dysfunction-associated steatotic liver disease 

NPV = Negative predictive value 

PPV = Positive predictive value 

PRISMA = Preferred reporting Items for Systematic Reviews and Meta-Analyses 

QUADAS-2 = Quality assessment of diagnostic accuracy studies 2 

SSM = Spleen stiffness measurement 

TE = Transient elastography 

WoS = Web of Science  
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Tables:  

Table 1. General characteristics of the overall cohort and of the individual studies 

 

* All HCV patients had active infection and were assessed prior to therapy 

☨ 14 MASLD patients missed BMI information all in Pons et al [4] 

** Other included patients with the following etiologies: MetALD, HCV and ALD, HCV 
and MASLD, PBC, PSC and other underrepresented etiologies (see Supplementary 
table 4). 
 

 Pons [8] Jachs [18] Dajti [17] Podrug [16] Odraizola [19] Overall 

Patients (n) 835 276 195 71 56 1433 

Age (mean ± SD) 57.1  
± 11.2 

54.2  
± 11.5 

58.6  
± 12.7 

59.3  
± 10.3 

60.2  
± 7.5 

57  
± 11.4 

Male (%) 533 
(63.8%) 

191 
(69.2%) 

134 
(68.7%) 

55  
(77.5%) 

56  
(66.1%) 

950 
(66.3%) 

Etiology (n, %) 

HCV* 358 
(42.8%) 

114 
(41.3%) 

73 
(37.4%) 

3  
(4.2%) 

0  548 
(38.2%) 

HBV 27 
(3.2%) 

14  
(5.1%) 

11  
(5.6%) 

3  
(4.2%) 

1  
(1.8%) 

56 
(3.9%) 

ALD 167 
(20%) 

47  
(17%) 

18 (9.2%) 28  
(39.4%) 

11  
(19.6%) 

271 
(18.9%) 

MASLD☨ 222 
(26.6%) 

41 
(14.8%) 

31 
(15.9%) 

23  
(32.4%) 

43  
(76.8%) 

360 
(25.1%) 

● MASLD  
with obesity 

(BMI≥30 kg/m2) 

121 
(14.5%) 

24  
(8.7%) 

10 
(5.13%) 

11 
(15.49%) 

39  
(69.6%) 

205 
(14.3%) 

● MASLD  
without obesity 

87 
(10.4%) 

17  
(6.2%) 

21 
(10.8%) 

12  
(16.9%) 

4  
(7.1%) 

141 
(9.8%) 

Other ** 61 
(7.3%) 

60 
(21.7%) 

62 
(31.8%) 

14  
(19.7%) 

1  
(1.8%) 

198 
(13.8%) 

LSM (kPa) (mean, 
SD) 

28.72  
± 18.8 

26.51  
± 16 

22.83  
± 10 

24.71  
± 17 

18.72  
± 13.7 

26.9  
± 17.2 

Platelet count (109/L) 
(mean, SD) 

141.8  
± 72.9 

130.9  
± 69.4 

130.3  
± 67.8 

166.9  
± 72.3 

183.8  
± 84.1 

141  
± 72.9 

ANTICIPATE±NASH 
(%) (mean, SD) 

61.2  
± 32.3 

63.3  
± 28.7 

61.5  
± 27.6 

52.1  
± 36.5 

32.2  
± 29.4 

60.1  
± 31.7 

HVPG (mmHg) 
(mean, SD) 

12.2  
± 6.6 

11.8  
± 5.6 

11.7  
± 4.3 

10.5  
± 6 

7.7  
± 4.5 

11.8 
 ± 6.1 

CSPH (n, %) 493 
(59%) 

167 
(60.5%) 

121 
(62%) 

38  
(53.5%) 

19  
(33.9%) 

838 
(58.5%) 
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CSPH = Clinically significant portal hypertension, HCV = Hepatitis C virus, HBV = 
Hepatitis B virus, ALD = Alcohol-related liver disease, MASLD = Metabolic 
dysfunction-associated steatotic liver disease, LSM = Liver stiffness measurement, 
HVPG = Hepatic venous pressure gradient, BMI = body mass index  
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Table 2. Distribution of patients and prevalence of clinically significant portal 

hypertension (CSPH) in the subgroups based on different classification criteria, 

including the AASLD criteria for the intermediate zone. In (A) ruling in CSPH with 

Baveno VII criteria of LSM ≥25 kPa. In (B) ruling in CSPH with ANTICIPATE±NASH 

≥75% 

 

(A) RULING IN CSPH WITH LSM ≥25 kPa 

RULING OUT CSPH 

LSM ≤15 kPa + platelets ≥ 150.000  

INTERMEDIATE ZONE* RULING IN CSPH 

LSM ≥ 25kPa 

203 (14.2%) 
CSPH: 1.97% 

646 (45.1%) 

CSPH: 46.9% 
584 (40.75%) 
CSPH: 90.92% 

 **LSM 20-25 kPa + < 150.000  

 134 (CSPH 80.6%)  

 **LSM 15-20 kPa + <110.000  

 80 (CSPH 71.25%)  

 

(B) RULING IN CSPH ANTICIPATE±NASH ≥75% 

RULING OUT CSPH 

LSM ≤15 kPa + platelets ≥ 150.000  

INTERMEDIATE ZONE* RULING IN CSPH 

ANTICIPATE±NASH ≥75% 

203 (14.2%) 
CSPH: 2% 

616 (43.1%) 

CSPH: 42.7% 
610 (42.7%) 
CSPH: 93.5% 

 **LSM 20-25 kPa + < 150.000  

 53 (CSPH 71.7%)  

 **LSM 15-20 kPa + <110.000  

 61 (CSPH 67.2%)  

 

* Intermediate zone refers to patients not ruled in or out. 

** Classification criteria based on AASLD recommendations. 

LSM = Liver stiffness measurement 
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Figure legends:  

Figure 1. Forest plots for ruling in CSPH with LSM ≥25 kPa criteria. (A) 

Performance excluding the study by Pons et al., (B) Performance including all studies 

and (C) Performance by etiology.  

Figure 1 footnotes: LSM = Liver stiffness measurement, CSPH = Clinically significant 

portal hypertension, PPV = Positive predictive value, Prev = Prevalence, HCV = 

Hepatitis C virus, HBV = Hepatitis B virus, ALD = Alcohol-related liver disease, MASH 

= Metabolic dysfunction-associated steatohepatitis, Other etiologies include patients 

classified as such in Table 1 and Supplementary Table 4.   

 

Figure 2. Meta regression showing the association between the prevalence of 

CSPH (in different etiologies) and the PPV of the Baveno VII ruling in criteria 

(LSM ≥25 kPa).  In univariable meta-regression, higher prevalence was associated 

with higher PPV (coefficient 0.57, 95% CI 0.20–0.95) (A), but this association was no 

longer significant after adjustment for etiology (coefficient 0.20, 95% CI –0.34–0.73) 

(B).  

Figure 2 footnotes: PPV = Positive predictive value, CSPH = Clinically significant portal 

hypertension, ALD = Alcohol-related liver disease, HBV = Hepatitis B virus, HCV = 

Hepatitis C virus, MASH = Metabolic dysfunction-associated steatohepatitis. 

 

Figure 3. Forest plots for ruling in CSPH with ANTICIPATE±NASH ≥75% criteria. 

(A) Performance including all studies and (B) Performance by etiology.  

Figure 3 footnotes: LSM = Liver stiffness measurement, CSPH = Clinically significant 

portal hypertension, PPV = Positive predictive value, Prev = Prevalence, HCV = 

Hepatitis C virus, HBV = Hepatitis B virus, ALD = Alcohol-related liver disease, MASH 
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= Metabolic dysfunction-associated steatohepatitis, Other etiologies include patients 

classified as such in Table 1 and Supplementary Table 4.   

 

Figure 4. Forest plots for ruling out CSPH the LSM ≤15 kPa + platelet count ≥150 

x 109/L criterion.  (A) Performance by study and (B) by etiology.   

Figure 4 footnotes: LSM = Liver stiffness measurement, CSPH = Clinically significant 

portal hypertension, NPV = Negative predictive value, Prev = Prevalence, HCV = 

Hepatitis C virus, HBV = Hepatitis B virus, ALD = Alcohol-related liver disease, MASH 

= Metabolic dysfunction-associated steatohepatitis. Other etiologies include patients 

classified as such in Table 1 and Supplementary Table 4.   

 

Figure 5. Calibration of the ANTICIPATE±NASH model to predict CSPH clustered 

by centers. A) Calibration-at-large across the centers providing patients for the 

present study. Due to the low numbers, the two centers contributing less patients (Bern 

and London) were pooled as a single center. The size of the circles represents the 

number of patients contributed by each center. The plot shows an excellent agreement 

between the mean predicted risk of CSPH (by ANTICIPATE±NASH) and observed 

proportion of patients with CSPH. B) 2-step meta-analytic calibration plot. The dark 

pink area represents the 95% confidence interval of the average calibration curve (CI). 

The lighter pink areas represent the 95% confidence interval of the prediction intervals 

(PI) at each level of estimated probability of CSPH. 

 

Figure 6. Updated algorithm for the “rule of 5” for non-invasive determination of 

cACLD and CSPH.  
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Figure 6 footnotes: cACLD = compensated advanced chronic liver disease; CSPH = 

clinically significant portal hypertension; MASLD = metabolic dysfunction-associated 

steatotic liver disease. 
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Figure 3A. 
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5. RESUMEN GLOBAL DE LOS RESULTADOS 

El meta-análisis de datos individuales confirma que los criterios de Baveno VII para la 

exclusión y diagnóstico de CSPH son excelentes. Con respecto al criterio de diagnóstico (LSM 

≥25 kPa) el PPV agregado para todos los estudios es de 0.92. Haciendo un análisis para cada 

etiología, el PPV se mantenía a excepción de los pacientes MASLD con obesidad donde caía 

hasta 0.67 (Figura 3A). Utilizando un punto de cohorte ANTICIPATE±NASH ≥75% el PPV 

global se mantiene (PPV 0.95) y el PPV de pacientes MASLD aumenta hasta 0.83 (Figura 

3B).  

Figura 3. Diagramas de bosque para el diagnóstico de CSPH por etiología utilizando el criterio LSM 

≥25 kPa (3A) y utilizando el criterio ANTICIPATE±NASH ≥75% (3B) 

Con respecto al criterio de descarte (LSM ≤ 15 kPa + > 150.000 plaquetas) el NPV fue de 

0.99. El rendimiento diagnóstico del modelo ANTICIPATE se mantuvo en todos los centros.  

De forma importante, el modelo ANTICIPATE-NASH-LRE es superior a la histología para 

predicción de eventos hepáticos en ambas cohortes y con las dos distintas definiciones de 

eventos clínicos (c-statistic 0.93 vs. 0.67 para los eventos definidos como LRE; y c-statistic 

0.84 vs. 0.64 para los eventos definidos por el criterio regulatorio de la FDA). En ambas 

cohortes, el modelo presentaba una calibración excelente. Además, una vez se conoce el 

valor de ANTICIPATE-NASH, añadir la histología no mejoraba la capacidad para predecir 

eventos. (Tabla 1).  
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Tabla 1. Modelos de regresión Cox para la predicción de eventos hepáticos (LRE) a 3 años 

en la cohorte 1.  

Variable c- 
statistic 

Variables Información 
contribuida por 

cada variable (χ2) 

 
p value 

ANTICIPATE-NASH 0.93 ANTICIPATE-NASH 39.8 <.0001 

ANTICIPATE-NASH y estadio de fibrosis 0.93 ANTICIPATE-NASH 
Estadio de fibrosis 

35.0 
0.4 

<.0001 
0.55 

ANTICIPATE-NASH y estadio de fibrosis 
(modelo con interacción) 

0.93 ANTICIPATE-NASH 
Estadio de fibrosis 
Interacción 

35.2 
0.5 
0.2 

<.0001 
0.77 
0.63 

Estadio de fibrosis 0.67 Estadio de fibrosis 7.52 0.0061 

 

Nota. Se evaluó el peso que añadía el estadio de fibrosis (F3/F4) a la estimación con el modelo no 

invasivo ANTICIPATE-NASH. Se testó con un modelo aditivo y con modelo de interacción. El 

estadístico χ2 cuantifica la contribución de información de cada parámetro al modelo.  

 

Las categorías histológicas F3-F4 tienen un importante solapamiento con respecto a valores 

de LSM y del modelo ANTICIPATE-NASH. Por el contrario, los pacientes que presentaron 

eventos tenían valores más elevados de ANTICIPATE-NASH que los pacientes que no 

presentaban eventos (Figura 4).  

 

 
 

Figura 4. Distribución de los valores de ANTICIPATE-NASH en pacientes sin (en verde) y con (en rojo) 
eventos en la cohorte 1 (izquierda) y en la cohorte 2 (derecha).  

 

Los pacientes F3 que presentaron todos los eventos tenían valores más elevados de 

ANTICIPATE-NASH (>25%, la mediana de los pacientes F4). Por otro lado, ningún paciente 

F4 con valores bajos de ANTICIPATE-NASH (<12%, la mediana de las pacientes F3) 

presentaron eventos. En la cohorte de ensayos clínicos, los pacientes F3 basal que 

progresaron a F4 tenían valores basales de ANTICIPATE-NASH más altos. Por el contrario, 

los pacientes F4 que mejoraron durante el ensayo clínico, tenían valores de ANTICIPATE-

NASH más bajos. 



82 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RESUMEN GLOBAL DE LA DISCUSIÓN 

 

  



83 

6. RESUMEN GLOBAL DE LA DISCUSIÓN

El uso creciente de métodos no invasivos para el diagnóstico y monitorización de la 

enfermedad hepática ha transformado la Hepatología. Aunque se han desarrollado 

numerosas herramientas, la LSM se distingue por encima de todas por su fácil aplicabilidad 

y capacidad de clasificar con precisión a los pacientes dentro del espectro de la enfermedad 

hepática crónica y en concreto en la fase de cACLD. Los modelos ANTICIPATE (basados en 

LSM, plaquetas y BMI) son capaces de identificar el riesgo individual de cada paciente de 

presentar CSPH y la posibilidad de presentar descompensación en pacientes MASLD. 

En el momento actual, es posible realizar un diagnóstico de CSPH con estos métodos no 

invasivos. La combinación de LSM ≤ 15 kPa con ≥150.000 plaquetas y LSM ≥ 25 kPa permite 

de forma certera excluir y diagnosticar CSPH, respectivamente. El meta-análisis que forma 

parte de esta tesis y que incluye datos individuales de 1433 pacientes valida de forma 

definitiva el criterio de exclusión (NPV 0.99). Con respecto al criterio de confirmación, el PPV 

era de 0.92 de forma global pero, como esperábamos, en los pacientes MASLD con obesidad 

el PPV caía a 0.67. Utilizando un punto de corte de ANTICIPATE±NASH ≥75% el PPV 

mejoraba globalmente (0.95) pero especialmente en pacientes MASLD con obesidad (hasta 

0.83). Pese a esta mejoría en la precisión diagnóstica, este criterio sólo conseguía reducir la 

zona intermedia o indeterminada del 45 al 43%.  

Adicionalmente, el modelo ANTICIPATE-NASH predice de forma más precisa que la 

histología, en dos cohortes distintas y con dos definiciones de eventos clínicos  ligeramente 

diferentes, el riesgo de eventos relacionados con la enfermedad hepática. El modelo parece 

sobrepasar uno de los principales problemas de la biopsia hepática: la representatividad de 

una pequeña muestra. Los pacientes F3 con valores de ANTICIPATE-NASH elevado tenían 

más riesgo de eventos y de ser clasificados como F4 en la siguiente biopsia dentro de ensayo, 

y los pacientes F4 que mejoraron presentaban valores más bajos de ANTICIPATE-NASH y 

menos riesgo de eventos. Con estos resultados, el modelo podría ser usado para el diseño 

de ensayos clínicos seleccionando una población más homogénea y con una estimación de 

riesgo de eventos más precisa.  
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7. CONCLUSIONES 

Los modelos ANTICIPATE son métodos no invasivos, accesibles y repetibles que permiten: 

● El diagnóstico de CSPH con un punto de cohorte de ANTICIPATE±NASH ≥75%,

mejorando la precisión diagnóstica en pacientes MASLD con obesidad y

globalmente el criterio actual de ≥25 kPa de Baveno VII.

● La estimación de eventos hepáticos en pacientes MASLD con mayor precisión que

la biopsia hepática.
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8. LÍNEAS DE FUTURO 

El trabajo desarrollado en esta tesis deja abierta la posibilidad de expandir el uso de los 

modelos ANTICIPATE para la estimación de eventos hepáticos en otros escenarios. 

En primer lugar, uno de los siguientes pasos es validar el modelo ANTICIPATE para la 

predicción de eventos en otras etiologías como por ejemplo la enfermedad hepática 

relacionada con el alcohol u otras menos frecuentes como las enfermedades colestásicas.  

En segundo lugar, expandiendo el primer trabajo de esta tesis, exploraremos las diferencias 

en la evolución de los pacientes en la zona intermedia (no clasificados con los criterios 

expuestos de CSPH) con respecto a los pacientes en los que sí que se realiza un diagnóstico 

de CSPH. En un análisis preliminar los pacientes MASLD de la zona intermedia con CSPH 

presentaban valores de ANTICIPATE±NASH más bajos (IQR 40-65%) que aquellos 

pacientes diagnosticados de CSPH (IQR 80-100%). Extrapolando estos datos a una cohorte 

de MASLD independiente con seguimiento longitudinal, los pacientes con valores 

ANTICIPATE±NASH 40-65% tuvieron un riesgo de eventos (1.99% a 1 año y 7.8% a 3 años) 

frente a los pacientes con un ANTICIPATE±NASH 80-100% (10.9% a 1 año y 23.4% a 3 

años). Los pacientes no clasificados en la zona intermedia, por lo tanto, parecen tener un 

riesgo bajo de eventos al año.  

En tercer lugar, el modelo ANTICIPATE-NASH-LRE predice tanto eventos directamente 

relacionados con la hipertensión portal (ascitis, hemorragia digestiva alta, encefalopatía…) 

como carcinoma hepatocelular. Parte de la línea de investigación irá dirigida a la adaptación 

del modelo para la predicción únicamente de eventos hepáticos excluyendo el tumor hepático 

y así poder adaptar el modelo a los tratamientos dirigidos a disminuir la hipertensión portal 

como los NSBB. Sin embargo, por otro lado, se intentará explorar a partir de qué punto de 

corte es coste-efectivo comenzar con el cribado de carcinoma hepatocelular en una población 

de pacientes cACLD, especialmente MASLD.  

En cuarto lugar, durante el transcurso de la tesis estamos desarrollando un ensayo clínico 

aleatorizado a doble ciego en pacientes con cACLD con el objetivo principal de evaluar si el 

tratamiento con acexamato de zinc mejora el pronóstico. El diseño metodológico del estudio 

incluye como variable principal un objetivo combinado que incluye la reducción del número 

de eventos y la reducción del riesgo estimado por ANTICIPATE de desarrollarlos. Más allá 

del potencial beneficio del medicamento, el estudio ofrecerá el análisis de la historia natural 

de 300 pacientes compensados seleccionados con métodos no invasivos.  

En definitiva, se espera que la exploración de estas líneas de trabajo permita, no solo mejorar 

y ampliar estos resultados, si no expandir el uso de métodos no invasivos en el mundo de la 

enfermedad hepática avanzada.  
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