
World Journal of
Methodology

ISSN 2222-0682 (online)

World J Methodol  2023 September 20; 13(4): 166-372

Published by Baishideng Publishing Group Inc



WJM https://www.wjgnet.com I September 20, 2023 Volume 13 Issue 4

World Journal of 

MethodologyW J M
Contents Quarterly Volume 13 Number 4 September 20, 2023

EDITORIAL

Importance of methodological considerations in documenting psychological trauma166

Vyshka G, Elezi F, Mana T

OPINION REVIEW

ChatGPT in action: Harnessing artificial intelligence potential and addressing ethical challenges in 
medicine, education, and scientific research

170

Jeyaraman M, Ramasubramanian S, Balaji S, Jeyaraman N, Nallakumarasamy A, Sharma S

REVIEW

Compensated liver cirrhosis: Natural course and disease-modifying strategies179

Kumar R, Kumar S, Prakash SS

Telemedicine in inflammatory bowel diseases: A new brick in the medicine of the future?194

Gravina AG, Pellegrino R, Durante T, Palladino G, D'Onofrio R, Mammone S, Arboretto G, Auletta S, Imperio G, Ventura 
A, Romeo M, Federico A

ORIGINAL ARTICLE

Basic Study

Utilization of online systems to promote youth participation in research: A methodological study210

Salem M, Pollack L, Zepeda A, Tebb KP

Comprehensive analysis of cell-extracellular matrix protein Ras suppressor-1 in function and prognosis of 
gastrointestinal cancers

223

Xu Y, Hou YY, Wu Z, Fang ZX, Wu HT, Liu J

Retrospective Cohort Study

Role of the phase angle in the prognosis of the cirrhotic patient: 15 years of follow-up238

Pinto LP, Marroni CA, Czermainski J, Dahlem MLF, Carteri RB, Fernandes SA

Retrospective Study

Association of carbon monoxide poisonings and carboxyhemoglobin levels with COVID-19 and clinical 
severity

248

Coskun A, Demirci B, Turkdogan KA

Observational Study

External validation of the Moroccan Arabic version of the European Organization for Research and 
Treatment of Cancer colorectal (CR29) module: Monocentric study

259

Bachri H, Essangri H, El Bahaoui N, Benkabbou A, Mohsine R, Majbar AM, Souadka A



WJM https://www.wjgnet.com II September 20, 2023 Volume 13 Issue 4

World Journal of Methodology
Contents

Quarterly Volume 13 Number 4 September 20, 2023

Biliary fistula and late recurrence of liver hydatid cyst: Role of cysto-biliary communication: A prospective 
multicenter study

272

Habeeb TAAM, Podda M, Tadic B, Shelat VG, Tokat Y, Abo Alsaad MI, Kalmoush AE, Nassar MS, Mustafa FM, Morsi 
Badawy MH, Sobhy Shaaban M, Mohamed TZ, El Sayed Henish MI, Elbelkasi H, Abdou Yassin M, Mostafa A, Ibrahim A, 
A-Abdelhady W, Elshahidy TM, Mansour MI, Moursi AM, Abdallah Zaitoun M, Abd-Allah ES, Abdelmonem Elsayed A, S 
Elsayed R, M Yehia A, Abdelghani A, Negm M, Abo-Alella HA, Elaidy MM

Prospective Study

Role of endoscopic ultrasound and endoscopic ultrasound-guided tissue acquisition in diagnosing hepatic 
focal lesions

287

Okasha HH, Delsa H, Alsawaf A, Hashim AM, Khattab HM, Abdelfatah D, Abdellatef A, Albitar A

SYSTEMATIC REVIEWS

Post-COVID-19 cholangiopathy: Systematic review296

Rasheed MA, Ballotin VR, Bigarella LG, Soldera J

Potential long-term neurological and gastrointestinal effects of COVID-19: A review of adult cohorts323

Sherif ZA, Deverapalli M, Challa SR, Martirosyan Z, Whitesell P, Pizuorno AM, Naqvi Z, Tulloch IK, Oskrochi G, Brim H, 
Ashktorab H

SCIENTOMETRICS

Physician-scientists or celebrities? Kardashian-index of gastroenterologists337

Ugonabo O, Malik SU, Akbar UA, Zamani Z, Frandah W

Mapping research trends of transarterial chemoembolization for hepatocellular carcinoma from 2012 to 
2021: A bibliometric analysis

345

Zhang N, He XF, Niu XK

CASE REPORT

Clinical, imaging, arthroscopic, and histologic features of bilateral anteromedial meniscofemoral ligament: 
A case report

359

Luco JB, Di Memmo D, Gomez Sicre V, Nicolino TI, Costa-Paz M, Astoul J, Garcia-Mansilla I

Sclerotic marginal zone lymphoma: A case report366

Moureiden Z, Tashkandi H, Hussaini MO



WJM https://www.wjgnet.com III September 20, 2023 Volume 13 Issue 4

World Journal of Methodology
Contents

Quarterly Volume 13 Number 4 September 20, 2023

ABOUT COVER

Peer Reviewer of World Journal of Methodology, Ahmad Ozair, MBBS, Postdoctoral Fellow, Miami Cancer Institute, 
Baptist Health South Florida, Miami, FL 33176, United States. ahmad.ozair@baptisthealth.net

AIMS AND SCOPE

The primary aim of World Journal of Methodology (WJM, World J Methodol) is to provide scholars and readers from 
various fields of methodology with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJM mainly publishes articles reporting research results obtained in the field of methodology and covering a 
wide range of topics including breath tests, cardiac imaging techniques, clinical laboratory techniques, diagnostic 
self-evaluation, cardiovascular diagnostic techniques, digestive system diagnostic techniques, endocrine diagnostic 
techniques, neurological diagnostic techniques, obstetrical and gynecological diagnostic techniques, ophthal-
mological diagnostic techniques, otological diagnostic techniques, radioisotope diagnostic techniques, respiratory 
system diagnostic techniques, surgical diagnostic techniques, etc.

INDEXING/ABSTRACTING

The WJM is now abstracted and indexed in PubMed, PubMed Central, Reference Citation Analysis, China National 
Knowledge Infrastructure, China Science and Technology Journal Database, and Superstar Journals Database.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Zi-Hang Xu; Production Department Director: Xu Guo; Editorial Office Director: Ji-Hong Liu.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Methodology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2222-0682 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

September 26, 2011 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Quarterly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Timotius Ivan Hariyanto https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2222-0682/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

September 20, 2023 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2222-0682/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJM https://www.wjgnet.com 238 September 20, 2023 Volume 13 Issue 4

World Journal of 

MethodologyW J M
Submit a Manuscript: https://www.f6publishing.com World J Methodol 2023 September 20; 13(4): 238-247

DOI: 10.5662/wjm.v13.i4.238 ISSN 2222-0682 (online)

ORIGINAL ARTICLE

Retrospective Cohort Study

Role of the phase angle in the prognosis of the cirrhotic patient: 15 
years of follow-up

Letícia Pereira Pinto, Claudio Augusto Marroni, Juliana Czermainski, Maria Luiza Fernandes Dahlem, Randhall 
B Carteri, Sabrina Alves Fernandes

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Krygier R, Poland; 
Tsoulfas G, Greece

Received: July 2, 2023 
Peer-review started: July 2, 2023 
First decision: July 5, 2023 
Revised: July 16, 2023 
Accepted: July 25, 2023 
Article in press: July 25, 2023 
Published online: September 20, 
2023

Letícia Pereira Pinto, Claudio Augusto Marroni, Juliana Czermainski, Sabrina Alves Fernandes, 
Department of Hepatology, Universidade Federal de Ciências da Saúde de Porto Alegre, Porto 
Alegre 90050-170, Brazil

Maria Luiza Fernandes Dahlem, Department of Veterinary Medicine, Universidade Federal do 
Rio Grande do Sul, Porto Alegre 91540-000, Brazil

Randhall B Carteri, Department of Nutrition, Centro Universitário Metodista IPA, Porto Alegre 
90420-060, Brazil

Randhall B Carteri, Department of Nutrition, Centro Universitário Cesuca, Cachoerinha 94935-
630, Brazil

Corresponding author: Sabrina Alves Fernandes, PhD, Research Scientist, Teacher, Hepatology, 
Universidade Federal de Ciências da Saúde de Porto Alegre, Sarmento Leite 245, Porto Alegre 
90050-170, Brazil. sabrinaafernandes@gmail.com

Abstract
BACKGROUND 
In 2019, cirrhosis accounted for 2.4% of global deaths. The projection for 2030 is an 
increase in this index. In recent years, hospitalization costs have escalated by 36% 
for compensated cirrhosis and 24% for decompensated cirrhosis. Therefore, it is 
necessary to identify a tool capable of predicting the mortality of these patients 
according to their clinical condition and consequently extending their survival 
time. Different studies have shown that the phase angle (PA) can be a feasible 
method in clinical practice, with the potential to guide assertive patient 
management in the therapeutic of chronic liver disease.

AIM 
To evaluate the prognostic role of PA in cirrhotic patients over a 15-year follow-
up period.

METHODS 
Retrospective cohort study with 129 cirrhotic patients of both sexes over 18 years 
old. Diagnosis of cirrhosis by liver biopsy. The first year of data collection was 
2007, and data regarding outcomes was collected in 2023. Data were gathered 
from medical records, such as esophageal varices (EV), EV bleeding, ascites, 

https://www.f6publishing.com
https://dx.doi.org/10.5662/wjm.v13.i4.238
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spontaneous bacterial peritonitis (SBP), encephalopathy, laboratory findings and PA. The cut-off value for the PA 
was 5.4°, a value described in 2012 by Fernandes et al for 129 patients evaluated in this study and the cut-off points 
for the Brazilian population presented in percentiles (P), as described by Mattiello et al. The mortality was assessed 
using the PA percentile through Kaplan-Meier curves and multivariate binary logistic regression models.

RESULTS 
Patients were divided into two groups according to the PA 5.4th (PA > 5.4°, n = 40; PA ≤ 5.4°, n = 89) PA percentile 
(< P50, n = 56; ≥ P50 n = 73). The percentile classification was more accurate in identifying long-term deaths than 
the 5.4º PA. Patients with < P50 had a higher number of relevant complications such as ascites, SBP, liver enceph-
alopathy and HCC. PA is strongly correlated with serum albumin (P < 0.001), International Normalized Ratio (P = 
0.01), total bilirubin (P = 0.02) and direct bilirubin (P = 0.003). PA is correlated with survival time (P < 0.001) and 
length of stay (P = 0.02). Logistic regression analysis shows that an increase of 1° in PA enlarges the cirrhotic 
patient's chance of survival by 17.7%.

CONCLUSION 
PA is a good predictor of morbidity and mortality for cirrhotic patients. The PA by percentile showed greater 
sensitivity in predicting mortality compared to the cut-off point of 5.4º.

Key Words: Liver cirrhosis; Phase angle; Prognosis; Liver transplantation; Electrical bioimpedance

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cirrhosis is characterized by the destruction of hepatic cells, resulting in metabolic alterations that compromise the 
body's homeostasis. This has a detrimental effect on the patient's clinical condition, negatively impacting their prognosis. 
Identifying a parameter capable of predicting relevant events is essential for a more assertive approach, reducing mortality 
and promoting higher life quality. This study aimed to assess the prognostic role of Phase Angle (PA) in cirrhotic patients. 
One hundred and twenty-nine patients were included, concluding that PA is a promising tool in predicting the clinical 
condition of chronic liver disease.

Citation: Pinto LP, Marroni CA, Czermainski J, Dahlem MLF, Carteri RB, Fernandes SA. Role of the phase angle in the prognosis of 
the cirrhotic patient: 15 years of follow-up. World J Methodol 2023; 13(4): 238-247
URL: https://www.wjgnet.com/2222-0682/full/v13/i4/238.htm
DOI: https://dx.doi.org/10.5662/wjm.v13.i4.238

INTRODUCTION
In 2019, cirrhosis was associated with 2.4% of global deaths. The main etiology of cirrhosis during that period was 
hepatitis C virus infection, followed by alcohol-related liver disease. However, with advancements in the management of 
viral hepatitis and the increase in obesity levels and alcohol consumption, the epidemiology of cirrhosis is changing, 
leading to a growing number of cases associated with Metabolic Associated Steatotic Liver Disease (MASLD) and alcohol, 
an epidemiological situation that results in a reduced mortality rate for other etiologies[1]. It is estimated that mortality 
from advanced chronic liver disease will more than double between 2016 and 2030[2].

Cirrhosis has a peculiar pathophysiological characteristic, an increase in the body's energy demand, which results in 
increased depletion of muscle and hepatic glycogen, increased degradation and protein needs, increased lipoperoxidation 
due to oxidative stress, and activation of the pro-inflammatory cascade, favoring disease progression and development of 
complications[3].

This disruption of body homeostasis in cirrhosis, regardless of etiology, leads to cellular damage in terms of integrity 
and functionality, resulting from parenchymal rearrangement, which causes vascular alterations, portal hypertension, 
and hepatocellular dysfunction. This pathophysiological characteristic substantially impacts the prognosis of cirrhotic 
patients[4].

Systematically monitoring the progression of chronic liver disease is a complex task for many healthcare services, as it 
has numerous limitations, such as being an invasive and costly method and discrepancies in the collected data among 
professionals. Therefore, there is an urgent need to explore new tools, such as a temporal prognostic index of chronic liver 
disease based on the natural history of the disease.

Currently, it is possible to assess cellular structure through phase angle (PA). PA is derived from the relationship 
between resistance and reactance, reflecting the conductivity of electric current through body cells. The value of PA 
expressed in degrees, is measured by the bioelectrical impedance analysis device[5].

Several studies refer to PA as a prognostic indicator because it can measure damage to cellular integrity and func-
tionality resulting from diseases, compromised nutritional status, and/or hydration status. Thus, it is widely used as a 
guiding parameter in managing various diseases[6-10].

https://www.wjgnet.com/2222-0682/full/v13/i4/238.htm
https://dx.doi.org/10.5662/wjm.v13.i4.238
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Therefore, we conducted a cohort study of cirrhotic patients with different etiologies to capture longitudinal 
trajectories over 15 years. We analyzed the association between PA and the two main outcomes, death and liver 
transplantation. Additionally, we evaluated the correlation of PA with laboratory parameters of liver function, survival 
curves of the study population according to PA values, and associations of PA with the main complications of cirrhosis, 
such as ascites, encephalopathy, spontaneous bacterial peritonitis (SBP), and bleeding esophageal varices.

This study suggests that the segmented and systematic use of PA in routine evaluation of cirrhotic patients can provide 
important information about the patient's health condition at the time of assessment, enabling early and effective 
therapeutic intervention to extend the survival time of cirrhotic patients while improving their quality of life.

MATERIALS AND METHODS
Study population
A retrospective cohort study was conducted, enrolling cirrhotic patients of both sexes, over 18 years old, treated at the 
gastroenterology clinic of a hospital complex in Porto Alegre, Brazil. The diagnosis of cirrhosis was established through 
histological analysis of liver biopsy, imaging tests, and biological markers. Patients with intestinal malabsorption, 
acquired immunodeficiency syndrome, chronic kidney failure, those on enteral diet, upper limb neuromuscular 
alterations, chronic pancreatitis, chronic diarrhea, and mental and/or cognitive disorders were excluded from the study. 
For survival analysis, patients who underwent transplantation during the follow-up were included until the moment of 
transplantation. This study was conducted in accordance with the Helsinki Declaration and was approved by the ethics 
and research committee of the Federal University of Health Sciences of Porto Alegre, RS, Brazil, under the number 
5203619. All participants signed the Informed Consent Form in advance.

Data collection
Data collection in the first year occurred in January 2007, and data regarding the outcomes were gathered in January 2023. 
Demographic data such as age and sex were collected. The clinical data on patient outcomes included the number of 
hospitalizations, ascites, paracentesis, encephalopathy, VE, SBP, and hepatocellular carcinoma (HCC). The staging of 
cirrhosis was assessed through the Child-Pugh and Model for End-Stage Liver Disease (MELD) scores.

The laboratory tests taken into consideration were those performed up to three months before or after the evaluation, 
which included: Albumin, aspartate aminotransferase (AST or TGO), alanine aminotransferase (ALT or TGP), gamma-
glutamyl transferase (GGT), alkaline phosphatase (ALP or FA), bilirubin levels, and International Normalized Ratio 
(INR). The duration of hospitalization was calculated based on the admission date and discharge date.

Phase angle analysis
The PA data was collected using tetrapolar electrical bioimpedance from the Biodynamics 450 brand. For the test, 
participants were instructed to remove all metal objects that could interfere with the examination. The patients were 
positioned in a supine position with the palms of their hands facing down and their arms along their bodies; electrodes 
were placed on the middle finger and wrist of the right hand and the ankle and middle finger of the right foot. The PA 
was established using the following formula: PA = tangent arc (Xc/R) × 180/π.

The PA was categorized according to two references for analysis of the outcomes of death and transplantation: 
Fernandes[7], which establishes the cut-off point for PA at 5.4°. Thus, a PA score of 5.4 points indicates a suboptimal 
outcome for all statistical evaluations of the study. The additional reference used was Mattiello[11], through their 
epidemiological study, which establishes cut-off points of PA for the Brazilian population by percentiles (p) p5, p25, p50, 
p75, p95. The PA value by percentile is distributed considering the age and sex of the studied sample. A PA in the range 
of the p50 represents the average normality; hence, a p below 50 (< P50) represents a poor prognosis.

Statistical analysis
A general description of the data gathered is provided through simple and relative frequencies. Data normality was 
assessed using the Shapiro-Wilk test, and the data were compared using the student's t-test for independent samples. 
Pearson's correlation was used to evaluate potential interactions between different variables. Survival analysis was 
performed using the Kalan-Meier method, using PA values. Binary logistic regression was also performed to assess the 
predictive potential of specific variables with the patient's outcome. Significant values were considered when P < 0.05. All 
data were analyzed using the statistical program Statistical Package for Social Sciences version 22.0.

RESULTS
The study assessed 129 cirrhotic patients with an average age of 56.32 (SD 56.32 ± 11.25), with a predominance of male sex 
(56.6%). The prevailing etiology was hepatitis C virus (43.40%). Other patient characteristics included in the study are 
described in Table 1.

The clinical condition of the patients was determined by the Child-Pugh score, where 65.89% were classified as A, 
25.59% as B, and 8.52% as C. The MELD score showed an average score of 10.70 (SD 10.70 ± 4.70).
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Table 1 Characterization of the sample, n (%)

Variáveis Total, n = 129

Age (yr), mean ±SD 56.32 ± 11.25

Gender

Male 73 (56.6)

Female 56 (43.4)

Weight (kg), mean ± SD 74.46 ± 14.69

Height (m), mean ± SD 164.43 ± 8.97

Phase angle, mean ± SD 6.62 ± 2.95

Etiology Cirrhosis

Alcohol 31 (24)

Autoimmune 5 (3.90)

Nash 5 (3.90)

Others 16 (12.5)

Virus C 56 (43.40)

Virus C+ alcohol 12 (9.30)

Virus B 4 (3.10)

Meld, mean ± SD 10.98 ± 4.69

Classification Child-Turcotte-Pugh

Child A 85 (65.89)

Child B 33 (25.59)

Child C 11 (8.52)

NASH: Non-alcoholic steatohepatitis

Table 2 Clinical outcomes according to phase angle classifications, n (%)

Variable n = 129 < 5.4, n = 89 > 5.4, n = 40 < 50, n = 56 > 50, n = 73 mean ± SD, PA

Deaths from the 1st year to the 5th year (1-60 mo) 41 17 (41.46) 24 (58.53) 22 (53.65) 18 (46.35) 5.81 ± 1.87

Deaths from the 6th to the 10th year (61-120 mo) 19 7 (36.84) 12 (63.15) 10 (52.63) 9 (47.36) 6.63 ± 3.21

Deaths from the 11th to the 15th year (121-180 mo) 6 1 (16.67) 5 (83.33) 2 (33.34) 4 (66.66) 6.65 ± 1.90

Alive not transplanted 45 6 (13.33) 39 (86.66) 11 (24.44) 34 (75.55) 7.04 ± 3.07

Alive transplanted 10 8.62 ± 5.48

Dead transplanted 8 4 (50) 4 (50) 6 (75) 2 (25) 5.75 ± 1.01

Deaths from the 1st year to the 5th year (1-60 mo) 3 1 (33.33) 2 (66.67) 1 (33.33) 2 (66.67) 6.57 ± 1

Deaths from the 6th to the 10th year (61-120 mo) 4 2 (50) 2 (50) 4 (100) - 5.28 ± 0.56

Deaths from the 11th to the 15th year (121-180 mo) 1 1 (100) 0 1 (100) - 5.19 ± 0

Results expressed by mean ± SD, median ± SD or n (%).

The mortality rate of the non-transplanted patients (n = 111) over the 15-year period showed that 66 died (59.45%), and 
among these, 41 (62.12%) died within the first to fifth year, 19 (28.78%) from the sixth to the tenth year, and 6 (9.09%) from 
the eleventh to the fifteenth year. Of the 41 who died in the first five years, 41.46% had a PA < 5.4° and 53.65% had a 
percentile < P50. Of the 19 who died between the sixth and tenth year, 36.84% had PA< 5.4, and 52.63% had < P50. The 6 
patients who died in the last 5 years of the study, 16.66% had PA < 5.4 and 33.33% had < P50 (Table 2).
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Table 3 Clinical outcomes according to phase angle classifications, %

Variables Total, n = 129 < P50, n = 56 > P50, n = 73

Deaths 57.4 71.40 46.60

SPB 18.6 23.2 15

Ascites 57 66.1 50.70

Paracentesis 30.20 32.10 28.80

EV 75 82.10 69.90

Varicose veins bleeding 10 10.71 10.95

Encephalopathy 34.9 46.40 26

HCC 8.50 10.70 6.80

SPB: Spontaneous bacterial peritonitis; EV: Esophageal varices; HCC: Hepatocellular carcinoma.

Table 4 Biomarkers according to percentil classification

Variable P < 50, n = 56 P > 50, n = 73 P value 

GOT (mg/dL) mean ± Dp 128 ± 428 71 ± 47 0.27

GPT (mg/dL) mean ± Dp 79 ± 227 58 ± 42 0.46

GGT (mg/dL) mean ± Dp 102 ± 80 94 ± 103 0.69

ALP (mg/dL) mean ± Dp 117.4 ± 55.1 101.4 ± 54.6 0.13

Albumin (g/dL) mean ± Dp 3.6 ± 1.9 3.9 ± 0.6 0.34

Total Bilirubin (mg/dL) mean ± Dp 2.4 ± 2.6 1.7 ± 1.2 0.02a

Direct Bilirubin (mg/dL) mean ± SD 1 ± 1.1 0.7 ± 0.5 0.02a

Indirect bilirubin (mg/dL) mean ± SD 1.3 ± 1.5 0.9 ± 0.9 0.10

Urea (mg/dL) mean ± SD 36 ± 16 36 ± 13 0.79

Creatinine (mg/dL) mean ± SD 1 ± 0.3 1 ± 0.2 0.64

Sodium (mg/dL) mean ± SD 137 ± 4 139 ± 4 0.03a

Potassium (mg/dL) mean ± SD 4.6 ± 2 4.9 ± 2.7 0.32

INR mean ± SD 1.36 ± 0.38 1.45 ± 0.51 0.02a

aT test for independent samples.
GOT: Oxaloacetic Transaminase; GPT: Pyruvic Transaminase; ALP: Alkaline phosphatase; INR: International normalized ratio.

Over the 15 years, 18 patients underwent liver transplantation, and 8 (44.44%) died. Of these, 4 (50%) died in the first 
six years and the remaining 50% between the seventh and fifteenth year. Of the patients who died between the first and 
sixth year, 2 (50%) had P50 and a PA 5.40, and those who died between the seventh and fifteenth years, 4 (100%) had P50, 
and 50% had a PA 5.40.

The average age of the transplanted patients was 51 (SD 51 ± 11) years, 61.11% were male. Among the main causes of 
transplantation, we cite C virus (27.77%) and C virus + alcohol (16.66%). The leading cause of death of the transplanted 
patients was post-transplant infection (37.5%). When analyzing the cause of death according to the percentile, infection 
was the predominant cause (50%) in the < P50 group, while in the >P50 group, the unknown cause and pulmonary cause 
had the same distribution (50%).

Upon analyzing the clinical outcomes, 57.40% of the patients died due to cirrhosis. Among them, 71.4% had a PA in the 
P < 50. As for cirrhosis complications, 57% of the patients had ascites, 34% developed encephalopathy, and 75% had 
esophageal varices (EV), of which 10.9% presented with upper gastrointestinal bleeding (Table 3).

Patients classified between the P25 and P50 had a higher occurrence of EV; however, those classified between the P5 
and P25 had a higher occurrence of variceal bleeding as well as encephalopathy.

The serum values of total bilirubin and direct bilirubin were significantly higher in the P < 50 group (P = 0.02) in 
addition, this same group had significantly lower levels of sodium (P = 0.03) and INR (P = 0.02) as shown in Table 4.
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Figure 1  Survival curves.

Upon verifying the relationship between the PA and the duration of hospitalization, the interval in days between 
hospitalizations, and the survival time, it was observed that the phase angle is significantly correlated with survival time (
R2 = 0.242; P = 0.006), and the length of hospital stay (Rho = -0.201; P = 0.02).

The survival curve is a point that deserves attention regarding the PA values reflecting the staging of cirrhosis. Patients 
with PA < P50 presented higher mortality when compared to patients in the > P50 group (Figure 1). Through logistic 
regression, for each 1° increase in PA, the patient increases their chance of survival by 17.7%.

DISCUSSION
The natural history of cirrhotic patients indicates an average survival duration of approximately 10 years. However, 
depending on their clinical conditions, some patients may exhibit distinctive cirrhosis complications that negatively 
impact morbidity and mortality[12-14].

Early diagnosis or treatment of these complications prolongs survival time, improves the quality of life for cirrhotic 
patients, and reduces the mortality rate of patients on the waitlist for liver transplantation.

Accordingly, this study evaluated 129 cirrhotic patients over a 15-year follow-up to identify a non-invasive, practical, 
observer-independent, and easily reproducible parameter capable of predicting cellular impairment in the patho-
physiological evolution of cirrhosis.

The demographic characteristics of the population in this study align with the findings of Belarmino's study, which 
followed 134 cirrhotic patients with an average age of 54.3 (SD 54.3 ± 10.10), predominantly male[4]. Similar demographic 
findings were noted in Ruiz et al's cohort[15], which assessed 136 cirrhotic patients, again predominantly male, with an 
average age of 54.5 (SD 54.5 ± 10.0). However, it is noteworthy that the population of this study presented compensated 
cirrhosis, as opposed to the findings by Belarmino et al[4], where only 18% were classified as Child-Pugh A, 55% as B, and 
27% as C, and the average MELD score was 14.11 (SD14.11 ± 4,95). Ruiz et al's study included a homogeneous sample 
according to the Child-Pugh classification, with 34.1% B, 33.3% C, and a MELD score of 14 (14 ± 6)[15].

Regarding mortality, the increased percentage of deaths is related to a reduction in PA in degrees and percentile. These 
findings align with Belarmino et al[4] study, which identified that patients with PA less than 4.9°, even with compensated 
cirrhosis, had a higher mortality rate. A similar mortality outcome associated with PA was observed in Saueressig et al[16] 
study, evaluating 97 hospitalized cirrhotic patients with decompensated disease throughout 11.2 mo (2.4-21). However, it 
is worth highlighting that the same study established 5.52° as the cut-off point for PA, resembling the 5.4° value utilized 
in this study, but with divergent disease staging characteristics as per the Child-Pugh score, being 9.3% A, 60.8% B, and 
29.9% C. This strengthens the hypothesis that PA reflects systemic cellular damage, not solely linked to the parameters 
used for score calculations.

Regarding liver transplantation, the etiological presence of hepatitis C virus was observed, recalling that data collection 
began in 2007. Until 2014, hepatitis C cirrhosis was the leading cause of liver transplantation. However, a study 
conducted between 2014 and 2019, including 51329 patients listed for transplantation, demonstrated a change in this 
scenario due to an increased incidence of MASLD and alcoholic cirrhosis, justified by rising obesity levels and an increase 
in alcoholic individuals[17].

Serrano et al[18] study, evaluating the outcome of 15998 liver transplants over 10 years, sustains the findings of this 
study, showing an exponential increase in the mortality rate. On the other hand, the authors observed a difference in 
survival between men and women, as in the first year, male mortality was higher, which did not occur in subsequent 
years. This difference in findings between the two studies can be justified by the size of the population studied by Serrano 
et al[18].
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Nitski et al[19] evaluated 42146 Liver transplant recipients from the Scientific Registry of Transplant Recipients in the 
US (UHN) and data from the University Health Network (UHN) in Canada, with average follow-ups of 8 and 5 years, 
respectively, and found that among the leading causes of death in post-liver transplant patients were various types of 
cancer, infection, organ rejection, and cardiovascular causes, including stroke. These findings align with the results found 
in this study, which shows a predominance of deaths due to infection followed by HCC and stroke. Patients who died 
due to infection had < P50, demonstrating the potential of PA as a predictive value of cellular impairment related to the 
inflammatory process[20,21].

Ascites, encephalopathy, and EV are commonly observed complications in the cirrhosis picture. Román et al[22], 
evaluating 100 cirrhotic patients, described that 63% of these had ascites, 12% had encephalopathy, and 31% had EV, 
unlike the findings of this study, which showed a prevalence of encephalopathy and EV. The difference in disease staging 
could explain the difference between the studies, as in Román et al's study, 81% of patients were classified as Child-Pugh 
A[23].

Shi et al[24] evaluated 248 cirrhotic patients over 4 years, with the variables analyzed including serum levels of AST, 
GGT, AP, bilirubin, albumin, and PA. The authors presented a statistically significant correlation of patients with PA < 
5.1° (the cut-off point for this patient sample) with increased levels of albumin, total and direct bilirubin, which corrob-
orates this study.

Hospitalization costs for cirrhotic patients grew by 30.2% from 2008 to 2014. Concurrently, there was a 36% increase in 
hospitalizations of compensated cirrhotic patients and a 24% gain in those of decompensated patients. Hospitalizations of 
patients with decompensated cirrhosis represented 58.6% of the total hospitalizations of cirrhotic patients in 2014. The 
main operators of rising costs are the costlier procedures, escalating from 15% to 152%, and the presence of clinical 
complications[25].

Román et al[22] observed that PA is also related to the occurrence of clinically relevant events. The same was observed 
in this study, where a significant correlation was found between PA, the number of hospitalizations (P = 0.01), length of 
hospital stay (P = 0.003), and mortality (P = 0.001).

The survival curve presented by various studies[7,26-29] evaluating PA in cirrhotic patients reinforces the results 
found in this study, demonstrating that a reduction in PA, regardless of the cut-off point, is associated with a growth in 
morbidity and mortality of cirrhotic patients.

Among the study's limitations, we mention the manual recording of collected data in the patient's medical record, 
which makes detailing some information impracticable, such as the degree of cirrhosis complications. However, the 
outcome of the 129 patients included in the study was described.

CONCLUSION
This study is a pioneer on PA as a predictor of mortality in cirrhotic patients, with PA values per percentile for the 
Brazilian population. The PA by percentile showed greater sensitivity in predicting mortality compared to the cut-off 
point of 5.4º.

The PA, measured through electrical bioimpedance, can be measured in a segmented way, where the patient can be 
evaluated daily. In more specific cases, such as in the case of ascites, the measurement of the PA can be performed before 
and after the paracentesis, informing the cellular condition after a procedure. Thus, the PA becomes a guiding tool in the 
clinical management of cirrhotic patients by significantly reducing the number of events due to complications charac-
teristic of chronic liver disease. The use of PA can bring as positive outcomes: a lower number and length of hospitaliz-
ations, improved quality of life, better results in liver transplantation and, consequently, increased survival time.

ARTICLE HIGHLIGHTS
Research background
The number of new cases of cirrhotic patients is growing worldwide and, as a consequence, an increase in the demand for 
specialized care to treat the disease per se and the complications inherent in cirrhosis, in addition to the increase in 
patients on the waiting list for orthotopic transplantation of liver. Given this scenario, it is necessary to identify a tool to 
predict the mortality of these patients linked to their clinical condition. Within this perspective, the phase angle (PA) 
becomes a good alternative because it is a viable method in clinical practice, with the potential to guide the clinical 
management of the patient and extend their survival time and better quality of life.

Research motivation
Identifying a tool capable of predicting mortality and severity of chronic liver disease in real time as a clinical practice 
brings numerous benefits to this population and to the professionals who treat them.

Research objectives
To the best of our knowledge, no study has evaluated the role of PA as a predictor of mortality in cirrhotic patients with a 
15-year follow-up.
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Research methods
Retrospective cohort study with 129 cirrhotic patients of both genders aged over 18 years. Diagnosis of cirrhosis by liver 
biopsy. The cut-off value for the PA was 5.4°, a value described in 2012 by Fernandes et al for 129 patients evaluated in 
this study and the cut-off points for the Brazilian population presented in percentiles (P), as described by Mattiello et al. 
Mortality was assessed using the PA percentile using Kaplan-Meier curves and multivariate binary logistic regression 
models.

Research results
The percentile ranking was more accurate in identifying long-term deaths than the 5.4th PA. Patients with < P50 had a 
higher number of relevant complications, such as ascites, SBP, liver encephalopathy and HCC. PA is strongly correlated 
with serum albumin (P < 0.001), INR (P = 0.01), total bilirubin (P = 0.02) and direct bilirubin (p = 0.003). PA is correlated 
with survival time (P < 0.001) and length of stay (P = 0.02). Logistic regression analysis shows that a 1° increase in PA 
increases the chance of survival of cirrhotic patients by 17.7%.

Research conclusions
PA is a good predictor of morbidity and mortality for cirrhotic patients.

Research perspectives
Identifying clinical factors that enhance a poor prognosis for cirrhotic patients, such as ascites, encephalopathy, length of 
stay, is relevant. With this information, it is possible to act early in the clinical management of these patients and increase 
the effectiveness of the therapeutic response, with consequent improvement in the prognosis and quality of life of this 
population.
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