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a b s t r a c t 

Background: Reticulated platelets (RePLT) are emergency circulating platelets released to contrast periph- 

eral platelet destruction. 

Aim: We conducted a prospective study to [a] characterize RePLT in cirrhosis; [b] evaluate the association 

between RePLT and hepatic decompensation/death. 

Methods: Cirrhosis patients without hepatocellular carcinoma were prospectively recruited and under- 

went assessment of RePLT and thrombopoietin (TPO). RePLT were evaluated by cytofluorimetry and 

immuno-fluorescence microscopy. Twenty healthy subjects were included as controls. Patients were fol- 

lowed for 6 months for hepatic decompensation and further decompensation/ACLF. 

Results: Forty-five patients were included (Child-Pugh [CP] A/B/C 18/11/16). Compared to controls, RePLT 

in cirrhosis were significantly increased (0.82% vs. 0.05%; p < 0.001) and hyperactivated (4.35% vs. 0.17%; 

p = 0.004). No correlation was observed between RePLT and CP, platelet count, TPO, MELD score, and 

C-reactive protein. TPO was lower in cirrhosis than controls (28 pg/mL vs. 52 pg/mL; p = 0.005), de- 

creasing significantly with CP stage. In CP B/C patients ( n = 27), RePLT were significantly higher in those 

who progressed towards further decompensation/ACLF (2.11 [0.56–2.95] vs. 0.69 [0.02–1.22]; p < 0.01). 

A proportion of RePLT > 2% accurately identified high-risk patients (AUROC 0.818; 95%CI: 0.639–0.997; 

sensitivity 94%, specificity 73%). 

Conclusion: RePLT in cirrhosis are increased and hyper-activated. In decompensated patients, higher Re- 

PLT appear to be associated with worse outcomes. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Reticulated platelets (RePLT) are immature platelets circulating 

n blood, which reflect bone marrow megakaryopoiesis [1] . RePLT 

ave a larger volume, more dense granules, a higher content of 

NA, and higher levels of surface activation markers than mature 

latelets [2–4] . In normal conditions, RePLT circulate for approxi- 

ately 24–36 h, undergoing a progressive volume reduction and 

egradation of RNA [2–4] . Current theory posits that RePLT are 

emergency” platelets, released to contrast peripheral platelet de- 
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truction [1] , which is a major factor responsible for thrombocy- 

openia in cirrhosis [5] . 

Diabetes and coronary artery disease, which are associated with 

n increased platelet turnover and systemic inflammation such as 

irrhosis ( [6 , 7] ), are associated with higher levels of RePLT ( [8 , 9] ).

n cardiovascular diseases, RePLT have been associated with car- 

iovascular events and mortality [10] . In fact, the assessment of 

ePLT in these patients has been proposed to monitor the efficacy 

f antiplatelet therapy and guide patient management [2] . Previ- 

us studies assessing RePLT in cirrhosis show inconclusive results 

ue to heterogenous cohorts including patients with and without 

epatocellular carcinoma [11] and suboptimal comparison between 

irrhosis with thrombocytopenia and healthy subjects with normal 

latelet count [12] . 
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RePLT appear to have greater procoagulant and prothrombotic 

otential than aged platelets, acting as seeds for the assembly of 

latelet aggregates at the site of vessel injury [13] . Although their 

rimary role is in the prevention/control of bleeding, platelets con- 

ribute to multiple functions that extend beyond hemostasis and 

hrombosis [14] . Evidence from pre-clinical studies indicates that 

lterations in platelet functions may play a role in hepatic toxic- 

ty and progression of liver injury [15 , 16] . In a nationwide study 

f patients with chronic liver disease, low-dose aspirin was associ- 

ted with a significantly lower risk of lower liver-related mortality 

han no use of aspirin [17] . A better understanding of RePLT in cir-

hosis may lead to a more rational and individualized management 

f hemostasis in these patients [18 , 19] , and it may help to identify

ew therapeutic targets [20] . 

In this study, our primary objective was to assess presence and 

haracteristics of RePLT in a prospective cohort of patients with cir- 

hosis. Secondly, we evaluated the association between reticulated 

latelets and liver disease progression (secondary outcome) during 

-month follow-up. 

. Materials and methods 

.1. Patient selection 

This is a single center cohort study wherein consecutive pa- 

ients with cirrhosis, evaluated at the Gastroenterology and Mul- 

ivisceral Transplant Unit of Padova University Hospital between 

anuary 1, 2023, and June 1, 2023, were prospectively screened for 

ecruitment. Both inpatients and outpatients were eligible for in- 

lusion. In the inpatients, blood samples were collected within 24 

 after admission; in the outpatients, blood samples were collected 

uring clinics. 

Assessment of platelets was performed within an ongoing 

rospective study investigating biomarkers of chronic gastroin- 

estinal diseases at Padova University Hospital (HIC protocol 

0,034,435). The study was conducted in compliance with the Dec- 

aration of Helsinki and all patients signed consent to participate. 

The diagnosis of cirrhosis was based on clinical, biochemical, 

maging and/or histological findings. Compensated and decompen- 

ated cirrhosis were defined according to the Baveno VII consen- 

us [21] . Exclusion criteria for inpatients were ACLF at time of 

creening [22] ; admission to intensive care units; transfer from 

ther hospitals. Patients with ACLF were excluded because ACLF 

s a distinct syndrome with specific coagulation features [23 , 24] . 

dditional exclusion criteria for both inpatients and outpatients 

ere chronic kidney disease; presence and/or history of portal 

ein thrombosis and/or venous thromboembolism; presence of any 

ntra or extra-hepatic tumor or known hematologic disease; re- 

ent major surgery (within 1 month); HIV-infection, history of or- 

an transplantation; therapeutic anticoagulation and/or antiplatelet 

nd/or anti-fibrinolytic therapy; recent ( < 7 days) transfusion of 

ny blood product. Patients receiving anticoagulant prophylaxis 

ere eligible for recruitment. 

These exclusion criteria were chosen to mitigate the effect of 

otential confounding factors on the assessment of RePLT. Since 

revious data showed that acute kidney injury (AKI) in decom- 

ensated cirrhosis is associated with reversible platelet dysfunction 

25] , we did not exclude patients with AKI to assess its effects on 

ePLT. 

Twenty healthy, adult individuals were tested as a control group 

or platelet parameters. This group consisted of 12 males (60%) and 

 females (40%) without history of any acute and/or chronic dis- 

ase, and not taking any antithrombotic, antibiotic, and hormonal 

herapy. Healthy controls were recruited at our outpatient clin- 

cs; peripheral blood was collected and processed with the same 

odalities used in patients with cirrhosis (see below). 
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.2. Sample collection and laboratory assays 

.2.1. Blood sampling 

Peripheral blood was collected via venipuncture from an ante- 

ubital vein into BD Vacutainer® Citrate Tubes containing 0.109 M 

3.2%) sodium citrate (9:1 blood to anticoagulant ratio) using a 

1 g needle with light tourniquet. The blood was kept at room 

emperature; platelet rich plasma (PRP) was prepared within 2 h 

fter collection by centrifugation at room temperature for 10 min 

t 120 g without brake [26] . Samples were then immediately pro- 

essed for immunolabeling. 

.2.2. Assessment of RePLT (cytofluorimetry and immuno-fluorescence 

icroscopy) 

Assessment of platelet count was performed with the CELL- 

YN Emerald22 hematology analyzer cytometer (Abbott Diagnos- 

ics). Ten μL of PRP were stained with 3 μL of Alexa Fluor 647- 

abeled Annexin V (Abcam, cod.ab214484), 3 μL of phycoerythrin 

PE)-labeled anti-CD62P (P-selectin, clone CLB-Thromb/6, Beckman 

oulter, cod.IM1759U), 3 μL of PE/Cyanine 7-labeled anti-CD41 an- 

ibody (clone P2, Beckman Coulter, cod.6607115), Acridine Orange 

O (Sigma-Aldrich, cod.318337) (0,1 mg/ml final concentration). 

pon staining, samples were incubated for 1 h at room temper- 

ture in complete dark [27] . The final concentration of the an- 

ibodies used, except for Acridine Orange (AO), was from 2 to 

 μg/ml. Prior to staining, the antibody mixtures were centrifuged 

t 20,0 0 0 g for 30 min to remove fluorescent particles. The dilution 

uffers used, PBS and Annexin V buffer (Abcam, ab214484), were 

terilized through a 0.2 μm mesh filter to reduce background noise. 

tained PRP was then diluted by adding 400 μL of Annexin V Buffer 

nd analyzed within 1 h after immunolabeling. Unstained PRP in- 

ubated with filtered PBS was used as a blank for each sample. In 

ddition, filtered PBS was incubated with single antibodies and the 

uorescence measured was subtracted to avoid non-specific back- 

round signal. 

Size gate of the flow cytometer was obtained by using a 

ix 1:1 of fluorescent polystyrene beads of known size including 

egamix (BioCytex, cod.7801) and Flow-Count (Beckman Coulter, 

od.7547053) for sizes 0.5, 0.9, 3 and 10 μm respectively. Violet 

ide scatter (VSSC) and FL1 channel gain were set to visualize the 

eads. The side scatter (SSC) from the 405 nm violet laser (VSSC) 

as used as a trigger signal to exclude the noise. After turning the 

et in VSSC and forward scatter (FSC), a morphological gate was 

et between the 3 μm and 10 μm beads population diameter. CD41 

nd Acridine Orange positivity defines RePLT in morphological gate, 

dentifying the upper edge of the platelets cluster with an area in 

he upper left corner of the dot plot of side scatter vs. Acridine Or- 

nge fluorescence obtained with a line starting at the origin and 

ncompassing 1–1,5% of platelets. Size gate set from 0.5 to 3 μm 

nd CD41 positivity define mature platelets [28] . 

Each analysis included 10.0 0 0 events and doublet events were 

xcluded. Flow cytometer acquisition settings were maintained for 

ll samples, including triggering threshold, voltages, and flow rate. 

amples were analyzed by flow cytometer CytoFLEX SRT (Beck- 

an Coulter); files were exported, and data evaluated by CytExpert 

Software Version 2.3, Beckman Coulter). 

Acridine orange is a fluorochrome specific for nucleic acids 

DNA/RNA) [29] . Annexin-V is an index of apoptosis which binds 

hosphatidylserine, a membrane phospholipid whose presence on 

he external surface after activation of platelets promotes coagu- 

ation and thrombosis. CD62P encodes for P-selectin, a glycopro- 

ein that is normally located in the platelet α-granules and is be- 

ng exposed on the extracellular membrane following platelet acti- 

ation [30] . Therefore, RePLT that are positive for both Annexin-V 

nd CD62P (P-selectin) can be considered activated. 
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Table 1 

Baseline characteristics in patients with cirrhosis. 

Patients with cirrhosis 

( n = 45) 

Age, years 64 (55–68) 

Male sex,% 70 

Etiology of cirrhosis,% 

Alcohol 52 

HCV ∗ 28 

HBV ±HDV ∗ 8 

MASH 12 

Child-Pugh class A/B/C,% 40/24/36 

Decompensated,% 60 

Decompensating event,% 

Ascites grade ≥2 78 

Variceal hemorrhage 13 

Hepatic encephalopathy 9 

MELD score 13 (9–17) 

Type 2 diabetes,% 18 

Arterial hypertension,% 22 

Dyslipidemia,% 14 

Leucocyte, x109 /L 5.8 (3.9–6.7) 

Hemoglobin, g/dL 11 (9–12) 

Platelet count, 109 /L 101 (76–185) 

Thrombocytopenia, (%) 

Present 68 

Mild > 100 ≤150 × 109 /L 31 

Moderate 50 ≤100 × 109 /L 56 

Severe < 50 × 109 /L 13 

Thromboprophylaxis,% 5 

Total bilirubin, mg/dL 2 (1.2–5.1) 

INR 1.4 (1.2–1.9) 

Creatinine, mg/dL 0.7 (0.6–0.9) 

Acute kidney injury ̂ ,% 6 

Bacterial infections ̂ ,% 12 

Albumin, g/dL 31 (27–37) 

C reactive protein, mg/L 7 (3–18) 

Presepsin, ng/L 403 (286–640) 

Na, mmol/L 137 (134–141) 

Median values reported with 25th and 75th percentile values in parenthesis. Ab- 

breviations: MELD: Model for End-Stage Liver Disease; NASH: non-alcoholic steato- 

hepatitis. ̂  in hospitalized patients. 
∗ All patients were HCV-RNA and HBV-DNA negative at time of recruitment. 
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To confirm the presence of RePLT, we also performed immuno- 

uorescence microscopy. Briefly, 20 μL of PRP, immunolabeled as 

escribed above, were loaded onto a sterile uncoated μ-Dish (Ibidi 

mbH) covered with 10 μL of Mowiol antifade solution (Sigma- 

ldrich). To assess non–specific binding, the corresponding isotype 

ontrols were used to stain the samples. We used TCS SP8 Confocal 

icroscope (Leica Microsystem, Wetzlar, Germany); samples were 

nalyzed with differential interference contrast (DIC) and fluores- 

ence objectives. Images were acquired with 63x/1.4 oil immersion 

ens, using a DFC365FX camera and processed using the Leica Ap- 

lication Suite (LAS-AF) 3.1.1. software (Leica Microsystems). 

.2.3. Assessment of thrombopoietin (TPO) 

TPO is the principal physiologic regulator of platelet produc- 

ion [31] . The plasma TPO level was measured using a commer- 

ially available enzyme-linked immunosorbent assay kit (abcam, 

od. ab219632), according to the manufacturer’s protocol. The sen- 

itivity concentration of the ELISA kit was 11 pg/mL. All samples 

ere measured in duplicate with the same assay, and the results 

ere calculated as the mean of two values. All these laboratory 

ests were performed at the Thrombotic and Hemorrhagic Diseases 

aboratory of Padova University Hospital by lab personnel with 

pecific expertise in the assessment of platelets in cirrhosis. Lab 

ersonnel performing the tests was blind to the clinical character- 

stics of recruited patients. 
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.2.4. Assessment of presepsin (PSP) 

Peripheral blood was collected via venipuncture from an ante- 

ubital vein into a vacutainer tube (BD Vacutainer®, Becton, Dick- 

nson and Company, UK) containing EDTA, using a 21 g needle with 

ight tourniquet. The PSP concentration was determined using the 

ATHFASTTM analyzer (Mitsubishi Chemical Europe GmbH), with 

n analytical method based on the chemiluminescent enzyme im- 

unoassay technique, as previously reported [32] . The measuring 

ange was between 20 and 20.0 0 0 ng/L; the imprecision has been 

btained by measuring for 20 non-consecutive days in duplicate 

 plasma samples that showed a mean value between 445 and 

9.292 ng/L, with a coefficient of variation between 3.8 and 5.0%; 

he reference range was from 57 to 337 ng/L. 

.3. Data collection 

Data collected from the medical records included demographics, 

aboratory data, Model for End-Stage Liver Disease (MELD) score, 

hild-Pugh stage, presence of bacterial infections and acute kid- 

ey injury at time of inclusion in hospitalized patients. Throm- 

ocytopenia was defined as a platelet count < 150 × 109 /L, and 

ub-classified as mild (between 100 and < 150 × 109 /L), moder- 

te (between 50 × 109 /L and < 100 × 109 /L) or severe ( < 50 ×
09 /L) [33] . Acute kidney injury was defined according to the Inter- 

ational Club of Ascites [34] . Patients with compensated cirrhosis 

ere prospectively followed for up to 6 months for the develop- 

ent of first decompensating event; patients with decompensated 

irrhosis were followed for up to 6 months for the development 

f further decompensation, ACLF, and liver transplantation [21] . All 

atients were followed at our center; clinical outcomes were regis- 

ered by the same author responsible for patient’s recruitment (AZ) 

uring outpatient visits or in case of any new hospital admission. 

.4. Data analysis 

See supporting information. 

. Results 

.1. Demographics 

Of the 84 patients with cirrhosis screened for recruitment, 45 

ere included (70% male; median age 64 years). Reasons for ex- 

lusion are included in the Supporting Information. 

As shown in Table 1 , alcohol-related liver disease and HCV 

hronic infection were the most common etiologies of cirrhosis 

47% and 30%, respectively). Eighteen (40%) patients were Child- 

ugh A and 27 (60%) were Child-Pugh B/C. Child A patients all had 

ompensated cirrhosis and were mostly outpatients, whereas 94% 

f Child-Pugh B/C patients were recruited while hospitalized due 

o difficult to treat/tense ascites, liver transplant evaluation, and 

epatic encephalopathy. Among decompensated patients recruited 

uring hospitalization, 9% had acute kidney injury and 16% had 

acterial infection at time of recruitment. 

Median platelet count was 101 × 109 /L; 69% of patients were 

hrombocytopenic, with most having moderate thrombocytopenia. 

oth prevalence and severity of thrombocytopenia were greater in 

hild-Pugh C vs. B vs. A stage (prevalence: 88% vs. 67% vs. 53%; 

ild/moderate/severe in 21/64/15% vs. 0/67/33% vs. 0/64/36%, re- 

pectively). Median INR was 1.4 (1.2–1.9), and it was significantly 

igher in Child-Pugh C vs. B vs. A stage (1.9 [1.4–2.5] vs. 1.6 [1.5–

.8] vs. 1.2 [1.2–1.3]). 



A. Zanetto, S. Toffanin, E. Campello et al. Digestive and Liver Disease 56 (2024) 1327–1334

Fig. 1. Reticulated platelets are increased and hyper-activated in patients with cirrhosis vs. healthy subjects. Abbreviations: RePLT: reticulated platelets; AO: acridine orange. 

Fig. 2. Confocal microscopy of reticulated platelets. Confocal microscopy images (TCS SP8 Leica, 63x/1.4 oil immersion objective, zoom factor 6, scale bar 10 μm) of reticulated 

platelets. After immunolabeling as described above, PRP was covered with 10 μL of Mowiol antifade solution (Sigma-Aldrich) and images were acquired using a DFC365FX 

camera and processed using the Leica Application Suite (LAS-AF) 3.1.1. software (Leica Microsystems). A) Acridine Orange represents green fluorescence; B) Annexin V, blue 

fluorescence; C) P-Selectin, red fluorescence; D) Overlay of the three fluorescence; E) DIC image. Abbreviation: DIC: differential interference contrast. 
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.2. Reticulated platelets are increased and hyper-activated in 

atients with cirrhosis, independently of etiology and disease severity 

The proportion of RePLT was significantly higher in patients 

ith cirrhosis than in healthy subjects (0.82% [0.21–2.21] vs. 0.05% 

0.01–0.52]; p < 0.001) ( Fig. 1 A). The proportion of RePLT double 

ositive for Annexin-V and P-selectin, indicating platelet activation, 

as significantly higher in patients with cirrhosis than in healthy 

ubjects (4.35% [0.68–10.47] vs. 0.17% [0.00–4.01]; p = 0.004) 

 Fig. 1 B). Fig. 2 shows confocal microscopy images of resting Re- 

LT with increased expression of P-selectin and Annexin V. 

In cirrhosis, the proportion of RePLT double positive for 

nnexin-V and P-selectin was significantly higher than the propor- 

ion of non-reticulated platelets double positive for the same mark- 

rs (4.35% [0.68–10.47] vs. 0.93% [0.57–1.71]; p < 0.001). 

We found no difference between patients with alcohol-related, 

CV/HBV-related, and MASH-related cirrhosis regarding proportion 

f RePLT and activated RePLT. In patients with alcohol-related cir- 

hosis, no difference in the proportion of RePLT and activated Re- 

LT was found between abstinent patients and those who reported 

ctive/recent drinking. Proportion of RePLT and activated RePLT 

ere comparable between patients with and without thrombocy- 

openia (0.82% [0.12–2.55] vs. 1.29% [0.23–1.98]; p = 0.7 and 5.15% 

0.68–9.92] vs. 2.32% [0.59–10.72]; p = 0.6, respectively). In cirrho- 

is with thrombocytopenia, no difference was found in the propor- 
1330
ion of RePLT and activated RePLT between those with mild, mod- 

rate, and severe thrombocytopenia (data not shown). Both RePLT 

nd activated RePLT were comparable between Child-Pugh A, B, 

nd C patients (Supporting Fig. 1 ). 

In decompensated patients, bacterial infections were associated 

ith a significantly higher proportion of RePLT (2.21% [0.97–4.81] 

s. 0.69% [0.14–1.68]; p = 0.04) and a significantly lower propor- 

ion of activated RePLT (0.54% [0.34–0.90] vs. 5.82% [4.06–11.69]; 

 = 0.01). Proportion of RePLT and their status of activation was 

omparable between patients with and without acute kidney in- 

ury (not shown). 

.3. Mature platelets are hyper-activated in patients with 

ecompensated cirrhosis vs. healthy subjects 

Overall, the proportion of non-reticulated platelets double pos- 

tive for Annexin-V and P-selectin (i.e., activated) was comparable 

etween patients with cirrhosis and healthy subjects (0.93% [0.57–

.71] vs. 0.40% [0.32–0.97]; p = 0.1). However, there was a sig- 

ificant increase in the proportion of mature, activated platelets 

rom Child-Pugh A to C (0.32% [0.10–0.92] vs. 1.06% [0.78–2.49] 

s. 1.25% [0.71–2.14], respectively; p = 0.03) (Supporting Fig. 2 ). In 

act, Child-Pugh B/C patients had a significantly higher frequency 

f activated mature platelets than healthy subjects ( p < 0.001). 
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Table 2 

Correlations between reticulated/non-reticulated platelets and other clinical, hemostatic, and inflammatory factors. 

Child-Pugh A 

Reticulated PLT 

Activated, reticulated PLT 

(Annexin- V + and P-selectin + ) 

Activated, non-reticulated PLT 

(Annexin- V + and P-selectin + ) 

Platelet count −0.4 −0.1 −0.5 ∗

Hemoglobin 0.2 −0.1 −0.2 

INR 0.4 −0.1 0.3 

CRP −0.1 −0.2 0.1 

Presepsin −0.1 −0.1 −0.1 

TPO 0.5 −0.6 ∗ −0.2 

MELD 0.4 0.3 0.7 ∗

Child-Pugh B/C 

Reticulated PLT Activated, reticulated PLT 

(Annexin- V + and P-selectin + ) 

Activated, non-reticulated 

platelets (Annexin- V + and 

P-selectin + ) 

Platelet count −0.2 −0.1 −0.5 ∗

Hemoglobin −0.1 0.4 ∗ 0.1 

INR 0.5 ∗ −0.2 0.2 

CRP 0.1 0.1 −0.1 

Presepsin 0.2 −0.6 0.7 ∗

TPO −0.1 0.1 0.1 

MELD 0.3 −0.2 0.1 

Note: Spearman correlation coefficients are shown. 

Abbreviations: RePLT: reticulated platelets; AO: acridine orange; CRP: C-reactive protein; TPO: thrombopoietin; MELD: Model for End Stage Liver Disease. 
∗ p < 0.05. 
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.4. Correlation between platelet results and other clinical, 

emostatic, and inflammatory factors 

In Child-Pugh A patients, RePLT were not correlated with 

latelet count, TPO, severity of liver disease/portal hypertension, 

nd markers of systemic inflammation and bacterial translocation 

uch as CRP and PSP ( Table 2 ). Interestingly, the proportion of 

on-reticulated (i.e., mature) platelets expressing Annexin-5 and 

-selection was positively and negatively correlated, respectively, 

ith MELD score (rho: 0.7) and platelet count (rho: −0.5), indicat- 

ng that a more advanced chronic liver disease is associated with 

latelet activation even within the stage of compensated cirrhosis. 

In Child-Pugh B/C patients, the proportion of RePLT was pos- 

tively correlated with INR (rho: 0.5), whereas it was not cor- 

elated with platelet count, TPO, and other markers of disease 

everity including MELD score and C-reactive protein. Interest- 

ngly, the proportion of non-reticulated (i.e., mature) platelets in 

ecompensated cirrhosis was strongly correlated not only with 

latelet count, but also with presepsin (rho: 0.7), which is a 

arker of bacterial translocation in patients with portal hyperten- 

ion. A univariate linear regression analysis showed that albumin 

nd INR were the only factors associated with frequency of RePLT 

Supporting Table 1 ). 

.5. Thrombopoietin is significantly reduced in cirrhosis, especially in 

ecompensated patients (Child-Pugh c < b < A ) 

Patients with cirrhosis had a significantly lower TPO than 

ealthy subjects (28 pg/mL [12–50] vs. 52 pg/mL [44–65]; p = 

.005). We found a progressive, significant decreased in TPO levels 

rom Child-Pugh A to B and C (45.5 pg/mL [25–59] vs. 39 pg/mL 

11–50] vs. 14 pg/mL [7–29]; p = 0.04). No significant difference 

as found in TPO between patients with and without throm- 

ocytopenia, nor according to the severity of thrombocytopenia 

n those with platelet count < 150 × 109 /L. However, TPO was 

oderately correlated with platelet count (rho: 0.4; p = 0.006). 

s shown in Table 2 , TPO was not correlated with any param- 

ters of RePLT and mature platelets both in compensated and 

ecompensated cirrhosis. 
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.6. RePLT were associated with development of further 

ecompensation and ACLF in decompensated cirrhosis 

Among Child-Pugh A patients (all with compensated cirrhosis), 

o patient experienced the first episode of decompensation during 

-month follow-up. Among Child-Pugh B/C patients ( n = 27), dur- 

ng a median follow-up of 138 days (43–180), 6 experienced fur- 

her decompensation (2 hepatorenal syndrome with sepsis, 2 re- 

urrent variceal hemorrhage, 1 refractory ascites, 1 sepsis due to 

pontaneous bacterial peritonitis), 3 ACLF (2 precipitated by bacte- 

ial infections and 1 by alcoholic hepatitis), and 2 underwent liver 

ransplantation due to progression of decompensated cirrhosis (cu- 

ulative incidence of 40.7%) (Supporting Table 2 ). The 3 patients 

ho developed ACLF died due to multiorgan failure. Decompen- 

ated patients who progressed towards further decompensation, 

CLF/death, and liver transplantation had higher MELD score and 

-reactive protein, and a higher frequency of RePLT than those who 

id not ( Table 3 ). Bacterial infections at baseline were also more 

ommon in decompensated patients who progressed than in those 

ho remained stable. However, a sub-analysis excluding patients 

ith bacterial infections confirmed that frequency of RePLT was 

ignificantly higher in those who progressed towards the compos- 

te outcome. 

Notably, of the 19 patients with RePLT ≤2%, only 3 (16%) 

rogressed towards further decompensation/ACLF/liver transplan- 

ation, whereas of the 9 patients with RePLT > 2%, 8 (89%) pro- 

ressed towards the composite outcome ( p < 0.0 0 01) ( Fig. 3 A).

hus, a baseline value of RePLT > 2% was associated with a 5- 

old higher relative risk of progression during 6-month follow-up 

relative risk: 5.25, 95%CI 1.80 −15.24; p = 0.002). Based on AU- 

OC analysis ( Fig. 3 B), the cut-off value with the highest sensi- 

ivity and specificity (Youden index) in identifying patients at risk 

f progression was 2% (AUROC 0.818; 95% confidence interval [CI] 

.639–0.997; sensitivity 94%, specificity 73%). To further assess the 

rognostic value of RePLT, we divided the group of decompensated 

atients in terciles according to the baseline percentage of Re- 

LT ( ≤0.29, between 0.30 and ≤1.71, and > 1.72). Incidence of fur- 

her decompensation/ACLF/liver transplantation was significantly 

ifferent between groups: 18.2%, 18.2% and 63.6% in the three 

erciles, respectively ( p = 0.02). Regarding thrombo-hemorrhagic 
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Table 3 

Comparison between decompensated patients who progressed further decompensation, ACLF, death/liver transplantation vs. those who had not. 

Further decompensation, ACLF, 

death/LT 

( n = 11) 

NO further decompensation, 

ACLF, death/LT 

( n = 16) 

P value ∗

Age, years 67 (61–68) 66 (61–70) 0.8 

MELD 18 (14–26) 14 (11–19) 0.03 

Child-Pugh stage C,% 73 50 0.2 

Bacterial infections, % 80 18 < 0.01 

Acute kidney injury,% 15 10 0.7 

C-reactive protein, mg/L 29 (10–57) 14 (6–18) 0.02 

Creatinine, mg/dL 0.7 (0.6–0.8) 0.7 (0.6–0.9) 0.4 

Bilirubin, mg/dL 3.4 (2–5.3) 4 (2.1–5.1) 0.7 

INR 1.9 (1.8–3) 1.6 (1.4–2.1) 0.03 

Reticulated PLT, % 2.21 (0.56–2.98) 0.69 (0.02–1.22) < 0.01 

Activated RePLT 

(Annexin- V + and 

P-selectin + ) 

2.04 (0.42–11.82) 4.90 (2.31–10.63) 0.6 

Median values reported with 25th and 75th percentile values in parenthesis. 
∗ Mann-Whitney U test (quantitative variables); Chi-square test (qualitative variables). Legend: MELD: Model for End Stage Liver Disease; LT: liver transplantation. 

Fig. 3. Predictive value of baseline RePLT in patients with decompensated cirrhosis. A) A threshold of RePLT > 2% identified two populations with a significantly different 

risk of further decompensation and liver-related death. B) AUROC curve. 
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omplications, among patients with decompensated cirrhosis, 2 pa- 

ients experienced complete portal vein thrombosis and 3 expe- 

ienced major bleeding complications unrelated to portal hyper- 

ension during follow-up (2 procedure-related and 1 spontaneous) 

Supporting Table 2 ). No difference in RePLT was found between 

atients who experienced thrombo-hemorrhagic complications 

nd those who did not (2.21% [0.28–3.74] vs. 0.81% [0.13–2.07], 

 = 0.2). 

. Discussion 

Characteristics of RePLT in patients with cirrhosis have not been 

horoughly evaluated. Kajirara et al. showed that cirrhosis is asso- 

iated with an increased proportion of RePLT [11] . However, 63% 

f patients had hepatocellular carcinoma, which may significantly 

ffect platelet pathophysiology [35 , 36] . In an independent study in- 

luding mostly compensated patients (i.e., those will less severe 

latelet alterations) [5] , Pradella et al. found a comparable num- 

er of RePLT between cirrhosis and healthy subjects [12] . However, 

hey evaluated absolute values of RePLT, thus hampering compar- 

son between cirrhosis with thrombocytopenia and healthy sub- 

ects. Finally, none of these studies assessed RePLT according to cir- 
1332
hosis severity nor evaluated their contribution to hemostasis and 

hrombosis. 

Our study shows, in a prospective cohort of patients with cir- 

hosis, that the proportion of RePLT and activated RePLT are signif- 

cantly higher than in healthy subjects. RePLT were not correlated 

ith the severity of liver dysfunction/portal hypertension, as as- 

essed by Child-Pugh stage, nor with plasmatic levels of C-reactive 

rotein and presepsin (i.e., markers of systemic inflammation and 

acterial translocation). Patients with decompensated cirrhosis and 

acterial infections had a significantly higher proportion of RePLT 

hat, however, were less activated than RePLT in patients without 

nfections and a comparable severity of chronic liver disease. 

These findings may seem at odds with those previously de- 

cribed by Raparelli et al. [37] , which demonstrated that circulat- 

ng lipopolysaccharide may be responsible for platelet activation in 

atients with cirrhosis and portal hypertension. However, it should 

e highlighted that the assessment of platelet function in the sem- 

nal study by Raparelli et al. was based on light transmission ag- 

regometry, which limits comparability with our results. Moreover, 

e used an indirect marker of bacterial translocation such as pre- 

epsin, whereas they assessed plasmatic levels of LPS and its di- 

ect effects on platelet activatability [37] . On the other hand, it 



A. Zanetto, S. Toffanin, E. Campello et al. Digestive and Liver Disease 56 (2024) 1327–1334

c

w

p  

f

t

s

t

n

t

P

i

i

l

d

l

s

i

t

o

m

t

s

s

a

t

P

T

p

t

p

n

c

d

p

d

o

r

a

s

a

v

m

d

s

s

h

s

P

0

t

f

s

C

c

r

e

b

w

b

n

c

c

c

s

j

t

s

t

m

d

l

t

c

i

w

a

c

u

o

d

e

c

o

c

[

e

a

p

s

n

n

i

d

a

A

c

b

s

F

s

d

A

r

d

o

f

a

T

ould be also that RePLT constitute a distinct platelet population 

ith specific response to cirrhosis progression and disease com- 

lications [38] . In fact, in agreement with Raparelli et al. [37] , we

ound a positive, strong correlation between non-reticulated, ac- 

ivated platelets and plasmatic levels of presepsin, which reflects 

everity of bacterial translocation in cirrhosis with portal hyper- 

ension [32] . Moreover, we found that the proportion of activated, 

on-reticulated platelets increased significantly with liver dysfunc- 

ion severity (comparable between controls and cirrhosis in Child- 

ugh A, and significantly higher in Child-Pugh B/C). Further stud- 

es dissecting alterations of platelets and their subpopulations may 

mprove our understanding of cirrhotic coagulopathy and settle the 

ong-lasting debate on platelet activation in cirrhosis [39] . 

Thrombopoietin is synthetized by the hepatocytes and its pro- 

uction is impaired in chronic liver disease without hepatocellu- 

ar carcinoma [12] . In fact, we found that TPO plasmatic levels 

ignificantly decreased from Child-Pugh A to Child-Pugh C stage, 

ndicating that the insufficient production of TPO contributes to 

he development of thrombocytopenia in cirrhosis. However, 61% 

f Child-Pugh A patients were thrombocytopenic despite a nor- 

al level of TPO. Therefore, it could be that the pathogenesis of 

hrombocytopenia in cirrhosis partly varies according to disease 

tage with a relatively more important contribution for platelet 

equestration in compensated patients with portal hypertension, 

nd a combination of both reduced TPO and platelet sequestra- 

ion in decompensated disease. Interestingly, the proportion of Re- 

LT was not correlated with platelet count or plasmatic levels of 

PO, suggesting that the dynamics of RePLT are relatively inde- 

endent of central platelet production and peripheral sequestra- 

ion/destruction. 

Beyond hemostasis, recent studies suggest that alterations of 

latelets and von Willebrand factor may be used to improve prog- 

ostic stratification in cirrhosis [40] . Our group found that in- 

reased whole blood platelet aggregation – when adjusted for in- 

ividual platelet count – is independently linked to the risk of 

ortal vein thrombosis, further decompensation, and liver-related 

eath [41 , 42] . Balcar et al. found no association between alteration 

f Platelet-Function-Analyzed 100 and cirrhosis progression in a 

etrospective cohort including patients undergoing HVPG [43] . In 

n overlapping cohort from the same group, Hofer et al. recently 

howed that a more pronounced platelet activation is linked to 

 lower risk of cirrhosis progression but a higher risk of portal 

ein thrombosis [44] though controversies remain due to different 

ethodology used for assessment between different studies [45] . 

In patients without liver disease, RePLT have been indepen- 

ently associated with an increased risk of death and thrombo- 

is [10 , 38 , 46] . We found that patients with decompensated cirrho- 

is and a higher frequency of circulating RePLT had a significantly 

igher short-term risk of progression towards further decompen- 

ation, ACLF, and liver-related death. Remarkably, patients with Re- 

LT > 2% had a 5-fold higher risk of composite outcome (AUROC 

.818; sensitivity 94%, specificity 73%). It should be highlighted 

hat the number of patients and clinical events was low; there- 

ore, we could not perform a comprehensive multivariate analy- 

is including other potential predictors such as MELD score and 

-reactive protein [47] . However, the proportion of RePLT was not 

orrelated with any of these parameters. Based on our exploratory 

esults, we suggest that larger studies should be performed to 

valuate whether RePLT could become an independent prognostic 

iomarker to guide patient management [48] . 

Our study has significant limitations. Firstly, the sample size 

as calculated for primary outcome, that is comparison of RePLT 

etween cirrhosis and healthy subjects. Therefore, our study was 

ot powered to detect meaningful association between RePLT and 

linical outcomes. Larger, prospective cohorts evaluating the asso- 

iation between RePLT and clinical outcomes in decompensated 
1333
irrhosis are required to validate our preliminary findings. These 

tudies should include a comprehensive, multivariate model ad- 

usting the association between RePLT and further decompensa- 

ion/ACLF by severity of chronic liver disease and portal hyperten- 

ion, systemic inflammation, and presence of disease complications 

hat can lead per se’ to ACLF (i.e., bacterial infections). Further- 

ore, a larger cohort would allow to evaluate whether there is a 

ose-effect association between increasing RePLT proportion and 

iver-related events. This notwithstanding, this is the first study 

horoughly evaluating characteristics of RePLT in a well-selected, 

onsecutive cohort of patients with cirrhosis of different stages, 

mproving our understanding of platelet complexity in patients 

ith cirrhosis. Moreover, platelets and TPO were evaluated once, 

t recruitment. It may be that a prospective assessment of RePLT 

ould be more informative regarding patient’s trajectories (ACLF vs. 

nstable decompensated vs. stable decompensated cirrhosis). Sec- 

ndly, acridine orange bind ssDNA and RNA in a concentration- 

ependent manner, which depends on the chosen fluorescence 

mission channel. Therefore, further studies comparing the RNA 

ontent based on different staining including Syto-13 and thiazole 

range are required to confirm our results [49] . Thirdly, we in- 

luded mostly patients with alcohol and viral-related liver disease 

5] . Whether these findings can be applied to patients with differ- 

nt etiologies of liver disease, such as MASH, is unknown. Finally, 

s in any study of hemostasis, drugs could have interfered with 

latelets, but this effect should have been mitigated by the exclu- 

ion of important confounders such as ACLF, hepatocellular carci- 

oma, and thrombosis. 

In conclusion, we demonstrate that reticulated platelets are sig- 

ificantly increased and hyper-activated in patients with cirrhosis, 

ndependently of disease etiology and severity. In the subgroup of 

ecompensated patients, we found that a proportion of RePLT > 2% 

ppeared to predict development of further decompensation and 

CLF. Larger cohorts are now required to validate our findings and 

larify whether the assessment of RePLT may become an additional 

iomarker to improve clinical management in patients with cirrho- 

is. 
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