
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 July 16; 9(20): 5352-5753

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I July 16, 2021 Volume 9 Issue 20

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 20 July 16, 2021

EDITORIAL

COVID-19: Considerations about immune suppression and biologicals at the time of SARS-CoV-2 
pandemic

5352

Costanzo G, Cordeddu W, Chessa L, Del Giacco S, Firinu D

REVIEW

Obesity in people with diabetes in COVID-19 times: Important considerations and precautions to be taken5358

Alberti A, Schuelter-Trevisol F, Iser Betine PM, Traebert E, Freiberger V, Ventura L, Rezin GT, da Silva BB, Meneghetti 
Dallacosta F, Grigollo L, Dias P, Fin G, De Jesus JA, Pertille F, Rossoni C, Hur Soares B, Nodari Júnior RJ, Comim CM

Revisiting delayed appendectomy in patients with acute appendicitis5372

Li J

MINIREVIEWS

Detection of short stature homeobox 2 and RAS-associated domain family 1 subtype A DNA methylation 
in interventional pulmonology

5391

Wu J, Li P

Borderline resectable pancreatic cancer and vascular resections in the era of neoadjuvant therapy5398

Mikulic D, Mrzljak A

Esophageal manifestation in patients with scleroderma5408

Voulgaris TA, Karamanolis GP

Exploration of transmission chain and prevention of the recurrence of coronavirus disease 2019 in 
Heilongjiang Province due to in-hospital transmission

5420

Chen Q, Gao Y, Wang CS, Kang K, Yu H, Zhao MY, Yu KJ

Role of gastrointestinal system on transmission and pathogenesis of SARS-CoV-25427

Simsek C, Erul E, Balaban HY

ORIGINAL ARTICLE

Case Control Study

Effects of nursing care in fast-track surgery on postoperative pain, psychological state, and patient 
satisfaction with nursing for glioma

5435

Deng YH, Yang YM, Ruan J, Mu L, Wang SQ

Retrospective Study

Risk factors related to postoperative recurrence of dermatofibrosarcoma protuberans: A retrospective 
study and literature review

5442

Xiong JX, Cai T, Hu L, Chen XL, Huang K, Chen AJ, Wang P



WJCC https://www.wjgnet.com II July 16, 2021 Volume 9 Issue 20

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 20 July 16, 2021

Prediction of presence and severity of coronary artery disease using prediction for atherosclerotic 
cardiovascular disease risk in China scoring system

5453

Hong XL, Chen H, Li Y, Teeroovengadum HD, Fu GS, Zhang WB

Effects of angiotensin receptor blockers and angiotensin-converting enzyme inhibitors on COVID-195462

Li XL, Li T, Du QC, Yang L, He KL

Prognostic factors and its predictive value in patients with metastatic spinal cancer5470

Gao QP, Yang DZ, Yuan ZB, Guo YX

Clinical Trials Study

Prospective, randomized comparison of two supplemental oxygen methods during gastro-scopy with 
propofol mono-sedation in obese patients

5479

Shao LJZ, Hong FX, Liu FK, Wan L, Xue FS

SYSTEMATIC REVIEWS

Herb-induced liver injury: Systematic review and meta-analysis5490

Ballotin VR, Bigarella LG, Brandão ABM, Balbinot RA, Balbinot SS, Soldera J

META-ANALYSIS

Type 2 diabetes mellitus increases liver transplant-free mortality in patients with cirrhosis: A systematic 
review and meta-analysis

5514

Liu ZJ, Yan YJ, Weng HL, Ding HG

CASE REPORT

Duplication of 19q (13.2-13.31) associated with comitant esotropia: A case report5526

Feng YL, Li ND

Multiple left ventricular myxomas combined with severe rheumatic valvular lesions: A case report5535

Liu SZ, Hong Y, Huang KL, Li XP

Complete pathological response in locally advanced non-small-cell lung cancer patient: A case report5540

Parisi E, Arpa D, Ghigi G, Micheletti S, Neri E, Tontini L, Pieri M, Romeo A

Successful reversal of ostomy 13 years after Hartmann procedure in a patient with colon cancer: A case 
report

5547

Huang W, Chen ZZ, Wei ZQ

Delayed papillary muscle rupture after radiofrequency catheter ablation: A case report5556

Sun ZW, Wu BF, Ying X, Zhang BQ, Yao L, Zheng LR

Temporary coronary sinus pacing to improve ventricular dyssynchrony with cardiogenic shock: A case 
report

5562

Ju TR, Tseng H, Lin HT, Wang AL, Lee CC, Lai YC



WJCC https://www.wjgnet.com III July 16, 2021 Volume 9 Issue 20

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 20 July 16, 2021

Hemoglobin Fukuoka caused unexpected hemoglobin A1c results: A case report5568

Lin XP, Yuan QR, Niu SQ, Jiang X, Wu ZK, Luo ZF

Giant androgen-producing adrenocortical carcinoma with atrial flutter: A case report and review of the 
literature

5575

Costache MF, Arhirii RE, Mogos SJ, Lupascu-Ursulescu C, Litcanu CI, Ciumanghel AI, Cucu C, Ghiciuc CM, Petris AO, 
Danila N

Can kissing cause paraquat poisoning: A case report and review of literature5588

Lv B, Han DF, Chen J, Zhao HB, Liu XL

Spinal dural arteriovenous fistula 8 years after lumbar discectomy surgery: A case report and review of 
literature

5594

Ouyang Y, Qu Y, Dong RP, Kang MY, Yu T, Cheng XL, Zhao JW

Perianal superficial CD34-positive fibroblastic tumor: A case report5605

Long CY, Wang TL

Low-dose clozapine-related seizure: A case report and literature review 5611

Le DS, Su H, Liao ZL, Yu EY

Rapid diagnosis of disseminated Mycobacterium mucogenicum infection in formalin-fixed, paraffin-
embedded specimen using next-generation sequencing: A case report

5621

Liu J, Lei ZY, Pang YH, Huang YX, Xu LJ, Zhu JY, Zheng JX, Yang XH, Lin BL, Gao ZL, Zhuo C

Cytomegalovirus colitis induced segmental colonic hypoganglionosis in an immunocompetent patient: A 
case report

5631

Kim BS, Park SY, Kim DH, Kim NI, Yoon JH, Ju JK, Park CH, Kim HS, Choi SK

Primary extra-pancreatic pancreatic-type acinar cell carcinoma in the right perinephric space: A case report 
and review of literature

5637

Wei YY, Li Y, Shi YJ, Li XT, Sun YS

Muscular atrophy and weakness in the lower extremities in Behçet’s disease: A case report and review of 
literature

5647

Kim KW, Cho JH

Novel technique of extracorporeal intrauterine morcellation after total laparoscopic hysterectomy: Three 
emblematic case reports

5655

Macciò A, Sanna E, Lavra F, Calò P, Madeddu C

Rare isolated extra-hepatic bile duct injury: A case report5661

Zhao J, Dang YL, Lin JM, Hu CH, Yu ZY

Gelfoam embolization for distal, medium vessel injury during mechanical thrombectomy in acute stroke: 
A case report

5668

Kang JY, Yi KS, Cha SH, Choi CH, Kim Y, Lee J, Cho BS



WJCC https://www.wjgnet.com IX July 16, 2021 Volume 9 Issue 20

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 20 July 16, 2021

Oncocytic adrenocortical tumor with uncertain malignant potential in pediatric population: A case report 
and review of literature

5675

Chen XC, Tang YM, Mao Y, Qin DR

Submucosal hematoma with a wide range of lesions, severe condition and atypical clinical symptoms: A 
case report

5683

Liu L, Shen XJ, Xue LJ, Yao SK, Zhu JY

Chorioamnionitis caused by Serratia marcescens in a healthcare worker: A case report5689

Park SY, Kim MJ, Park S, Kim NI, Oh HH, Kim J

Endoscopic management of biliary ascariasis: A case report5695

Wang X, Lv YL, Cui SN, Zhu CH, Li Y, Pan YZ

Role of ranulas in early diagnosis of Sjögren’s syndrome: A case report5701

Chen N, Zeng DS, Su YT

Sacral chondroblastoma — a rare location, a rare pathology: A case report and review of literature5709

Zheng BW, Niu HQ, Wang XB, Li J

Primary liver actinomycosis in a pediatric patient: A case report and literature review5717

Liang ZJ, Liang JK, Chen YP, Chen Z, Wang Y

Splenosis masquerading as gastric stromal tumor: A case report5724

Zheng HD, Xu JH, Sun YF

Hemorrhagic transformation of ischemic cerebral proliferative angiopathy: A case report5730

Xia Y, Yu XF, Ma ZJ, Sun ZW

Multidisciplinary team therapy for left giant adrenocortical carcinoma: A case report5737

Zhou Z, Luo HM, Tang J, Xu WJ, Wang BH, Peng XH, Tan H, Liu L, Long XY, Hong YD, Wu XB, Wang JP, Wang BQ, Xie 
HH, Fang Y, Luo Y, Li R, Wang Y

Histopathology and immunophenotyping of late onset cutaneous manifestations of COVID-19 in elderly 
patients: Three case reports

5744

Mazzitelli M, Dastoli S, Mignogna C, Bennardo L, Lio E, Pelle MC, Trecarichi EM, Pereira BI, Nisticò SP, Torti C

CORRECTION

Corrigendum to “Probiotic mixture VSL#3: An overview of basic and clinical studies in chronic diseases”5752

Sang LX



WJCC https://www.wjgnet.com X July 16, 2021 Volume 9 Issue 20

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 20 July 16, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Fan-Zheng Meng, MD, PhD, Director, Professor, 
Department of Pediatrics, The First hospital of Jilin University, Changchun 130021, Jilin Province, China. 
mengfanzheng1972@163.com

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

July 16, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 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/2307-8960/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


WJCC https://www.wjgnet.com 5490 July 16, 2021 Volume 9 Issue 20

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 July 16; 9(20): 5490-5513

DOI: 10.12998/wjcc.v9.i20.5490 ISSN 2307-8960 (online)

SYSTEMATIC REVIEWS

Herb-induced liver injury: Systematic review and meta-analysis

Vinícius Remus Ballotin, Lucas Goldmann Bigarella, Ajacio Bandeira de Mello Brandão, Raul Angelo Balbinot, 
Silvana Sartori Balbinot, Jonathan Soldera

ORCID number: Vinícius Remus 
Ballotin 0000-0002-2659-2249; Lucas 
Goldmann Bigarella 0000-0001-8087-
0070; Ajacio Bandeira de Mello 
Brandão 0000-0001-8411-5654; Raul 
Angelo Balbinot 0000-0003-4705-
0702; Silvana Sartori Balbinot 0000-
0002-5026-1028; Jonathan Soldera 
0000-0001-6055-4783.

Author contributions: All authors 
contributed to study concept and 
design and drafting of the 
manuscript; all authors contributed 
to acquisition of data, analysis, and 
interpretation of data; Ballotin VR 
contributed to statistical analysis; 
Soldera J contributed to study 
supervision; all authors 
contributed to critical revision of 
the manuscript for important 
intellectual content.

Conflict-of-interest statement: All 
authors have nothing to disclose.

PRISMA 2009 Checklist statement: 
The authors have read the PRISMA 
2009 Checklist, and the manuscript 
was prepared and revised 
according to the PRISMA 2009 
Checklist.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 

Vinícius Remus Ballotin, Lucas Goldmann Bigarella, School of Medicine, Universidade de 
Caxias do Sul, Caxias do Sul 95070-560, RS, Brazil

Ajacio Bandeira de Mello Brandão, Post-Graduate Program in Medicine, Division of Hepatology, 
Universidade Federal de Ciências da Saúde de Porto Alegre (UFCSPA), Porto Alegre 90050-
110, RS, Brazil

Raul Angelo Balbinot, Silvana Sartori Balbinot, Jonathan Soldera, Department of Clinical 
Gastroenterology, Universidade de Caxias do Sul, Caxias do Sul 95070-560, RS, Brazil

Corresponding author: Jonathan Soldera, MD, MSc, Associate Professor, Staff Physician, 
Department of Clinical Gastroenterology, Universidade de Caxias do Sul, Rua Francisco Getú
lio Vargas, 1130, Caxias do Sul 95070-560, RS, Brazil. jonathansoldera@gmail.com

Abstract
BACKGROUND 
The use of herbal supplements and alternative medicines has been increasing in 
the last decades. Despite popular belief that the consumption of natural products 
is harmless, herbs might cause injury to various organs, particularly to the liver, 
which is responsible for their metabolism in the form of herb-induced liver injury 
(HILI).

AIM 
To identify herbal products associated with HILI and describe the type of lesion 
associated with each product.

METHODS 
Studies were retrieved using Medical Subject Headings Descriptors combined 
with Boolean operators. Searches were run on the electronic databases Scopus, 
Web of Science, MEDLINE, BIREME, LILACS, Cochrane Library for Systematic 
Reviews, SciELO, Embase, and Opengray.eu. Languages were restricted to 
English, Spanish, and Portuguese. There was no date of publication restrictions. 
The reference lists of the studies retrieved were searched manually. To access 
causality, the Maria and Victorino System of Causality Assessment in Drug 
Induced Liver Injury was used. Simple descriptive analysis were used to 
summarize the results.

RESULTS 
The search strategy retrieved 5918 references. In the final analysis, 446 references 
were included, with a total of 936 cases reported. We found 79 types of herbs or 
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herbal compounds related to HILI. He-Shou-Wu, Green tea extract, Herbalife, 
kava kava, Greater celandine, multiple herbs, germander, hydroxycut, skullcap, 
kratom, Gynura segetum, garcinia cambogia, ma huang, chaparral, senna, and 
aloe vera were the most common supplements with HILI reported. Most of these 
patients had complete clinical recovery (82.8%). However, liver transplantation 
was necessary for 6.6% of these cases. Also, chronic liver disease and death were 
observed in 1.5% and 10.4% of the cases, respectively.

CONCLUSION 
HILI is normally associated with a good prognosis, once the implied product is 
withdrawn. Nevertheless, it is paramount to raise awareness in the medical and 
non-medical community of the risks of the indiscriminate use of herbal products.

Key Words: Herb-induced liver injury; Drug induced liver injury; Dietary supplements; 
Herbal hepatotoxicity; Liver transplantation

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The use of herbal supplements has been increasing in the last decades. 
Despite popular belief that natural products are harmless, they might cause herb-
induced liver injury (HILI). This study aimed to identify herbal products associated 
with HILI. The search strategy retrieved 5918 references. In the final analysis, 446 
references were included, with a total of 936 cases reported. We found 79 types of 
herbs related to HILI. Most of these patients had complete clinical recovery (82.8%). 
However, liver transplantation was necessary for 6.6% of these cases. Also, chronic 
liver disease and death were observed in 1.5% and 10.4%, respectively.

Citation: Ballotin VR, Bigarella LG, Brandão ABM, Balbinot RA, Balbinot SS, Soldera J. 
Herb-induced liver injury: Systematic review and meta-analysis. World J Clin Cases 2021; 
9(20): 5490-5513
URL: https://www.wjgnet.com/2307-8960/full/v9/i20/5490.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i20.5490

INTRODUCTION
Drug-induced liver injury (DILI) is the term used to describe liver test abnormalities 
and liver dysfunction caused by various medications[1]. In the last decades, the use of 
herbal supplements, natural products, and alternative medicines has risen consid-
erably, which is consistently underreported by patients[2-4]. Despite popular belief 
that the consumption of natural products is harmless, herbs might cause injury to 
various organs. This is true particularly to the liver, which is responsible for their 
metabolism[2]. Even in the absence of data that substantiates safety or efficacy, the 
market of herbal and alternative medicines has greatly expanded, reaching up to 
US$83.1 billion in 2012[5]. Herb-induced liver injury (HILI) is a term currently used to 
describe liver injury related to herbal medicines, which both physicians and patients 
should be aware.

Unlike conventional medicines, herbal products generally have multiple 
compounds. This makes their pharmacological characteristics and safety unclear[6]. 
Most patients use them for general health improvement, health maintenance, and 
weight loss[7]. HILI manifestations can vary depending on the causing product, 
ranging from asymptomatic cases with increased transaminases to fulminant liver 
failure, resulting in liver transplantation or death[8,9]. Some assessment scores can 
improve the diagnostic process, which is frequently unclear.

The purpose of the present study is to identify herbal products associated with liver 
injury and describe the type of lesion associated with each product. A systematic 
review was conducted by searching published studies regarding HILI cases.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i20/5490.htm
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MATERIALS AND METHODS
This study was carried out in accordance with the recommendations contained in the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines[10]. 
Our systematic review was registered with the International Prospective Register of 
Systematic Reviews (PROSPERO), maintained by York University (CRD42020190931).

Data sources
Studies were retrieved using the terms described in the Appendix. Searches were run 
in June 2020 on the electronic databases Scopus, Web of Science, MEDLINE (PubMed), 
BIREME (Biblioteca Regional de Medicina), LILACS (Latin American and Caribbean 
Health Sciences Literature), Cochrane Library for Systematic Reviews, SciELO 
(Scientific Electronic Library Online), Embase, and Opengray.eu. Languages were 
restricted to English, Spanish, and Portuguese. There was no date of publication 
restrictions. The reference lists of the retrieved studies were submitted to manual 
search.

Inclusion criteria and outcomes
Clinical case reports or case series involving herbal drug use and hepatotoxicity were 
included in the study. Studies were excluded if they were not a case reports or a case 
series or if they were not related to the topic. If there was more than one study 
published using the same case, the variables were complemented with both articles. 
Studies published only as abstracts were included, as long as the data available made 
data collection possible. The outcome measured was recovery, chronic liver disease, or 
death.

Study selection and data extraction
The search terms used for each database are described in the Appendix. An initial 
screening of titles and abstracts was the first stage to select potentially relevant papers. 
The second step was the analysis of the full-length papers. In this step, some studies 
were removed for lack of clinical information. Two independent reviewers extracted 
data using a standardized data extraction form after assessing and reaching consensus 
on eligible studies. The same reviewers separately assessed each study and extracted 
data about the characteristics of the subjects and the outcomes measured. The 
variables collected were demographic data, herbs used, clinical presentation, liver 
function tests, biopsy results, comorbidities, comedications, and treatment. Other 
variables assessed were: Temporal relationship between drug intake and onset of 
symptoms; exclusion of alternative causes of liver injury such as viral hepatitis, 
alcoholic liver disease, biliary tract obstruction, pre-existing liver disease, pregnancy 
and acute hypotension; extra-hepatic manifestations such as rash, fever, arthralgias, 
eosinophilia, and cytopenia; intentional or accidental reexposure to the herb; and 
previous report in the literature of cases of HILI in accordance with Maria and 
Victorino System of Causality Assessment in Drug Induced Liver Injury[11] for 
posterior score computation. A third party was responsible for divergences in study 
selection and data extraction, clearing them when required.

Data management and statistical analysis
The patterns of liver injury were classified using R-value, which is defined as the 
number of times above the upper limit of normal (ULN) of serum alanine aminotrans-
ferase (ALT) divided by the number of times above the ULN of serum alkaline 
phosphatase (ALP). R equal or greater than 5 was defined as hepatocellular HILI, 
while a R under 2 was defined as cholestatic HILI, and a R between 2 and 5 was 
defined as "mixed". When the liver function tests were insufficient or other patterns 
had been established via histology (steatosis, granulomatous hepatitis, ductopenia, 
sinusoidal obstruction syndrome, veno-occlusive disease), lesions were classified using 
data from both biopsy and clinical manifestations. When the data was insufficient to 
classify the lesion, it was defined as not typeable. The Maria and Victorino score was 
completed with available data. When the information was insufficient, it was 
considered as the minimum possible score. Simple descriptive statistics, such as the 
mean ± standard deviation (SD), frequency, and median were used to characterize the 
data. Data were summarized using RStudio (version 4.0.2).
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RESULTS
Systematic review
Using the search strategy, 5918 references were found, and 2943 references were 
excluded because they were duplicates. After analyzing titles and abstracts, 2124 
references were excluded, and 851 full-text papers were analyzed. In the final analysis, 
446 references were included, including 936 cases. A flowchart illustrating the search 
strategy is shown in Figure 1. Studies included were either case reports or case series.

Case reports from the United States, Germany, China, Spain, and Italy were the 
most common (27%, 11%, 8.3%, 6.2%, and 5.3%, respectively). A total of 936 patients 
were included, corresponding to 611 (65.2%) females. Every patient had used some 
type of herb or herbal product. It was found that 79 different types of herbs and herbal 
products induced liver injury. In 54 (4.9%) patients, it was not possible to identify the 
herb that was used. These data are summarized in Table 1.

Age ranged from 3-d-old to 88-year-old (mean age was 42 years). Of all patients, 823 
(87.9%) ingested only one type of herb with known potential for liver injury. Only 9 
(0.9%) patients used four herbs that had known potential for liver injury at the same 
time. The most prevalent herbs and herbal products were He-Shou-Wu, green tea 
extract, Herbalife, kava kava, and greater celandine (8.3%, 8.3%, 5.9%, 5.7%, 4.4%, 
respectively). The most common reasons to use these products were weight loss, 
psychiatric disorders, and pain control (25.6%, 9.2%, 8.1%, respectively). A previous 
report of liver injury by the implied herb was described in 855 cases (98.1%). The 
summary results can be found in Table 2, which is detailed in the supplementary 
material (Appendix 1 and Supplementary Tables 1 and 2).

The most common clinical presentation of the reviewed cases of HILI was jaundice, 
present in 437 (46.3%) cases, followed by abdominal pain and nausea (22.4% % and 
17.2%, respectively). Hepatomegaly and fatigue were present in 131 (13.8%) patients, 
and 120 (12.7%) patients had choluria. Liver function and injury tests usually 
presented significant alterations. Overall aspartate aminotransferase and ALT were 
elevated approximately 22 and 28 times its respective ULN, and ALP was around two 
times elevated its normal range. Other liver marker results are described in Table 2.

Among all patients, a liver biopsy was performed in 383 (40.5%) cases. The most 
common pattern of HILI was hepatocellular, in 660 (70%) cases, followed by sinusoidal 
obstruction syndrome in 92 (9.7%) cases, and cholestatic in 80 (8.5%) cases. The mean 
time of herb use was 125 d with a median of 42 d. The mean time between drug use 
and start of the first clinical or laboratory manifestation was 121 d with a median of 42 
d. The mean time to recovery was 77 d with a median of 60 d.

Dyslipidemia was the most frequent comorbidity, which was present in 40 (4.2%) 
cases, followed by obesity and hypertension (3.8% and 3.9%, respectively). Vitamins 
and minerals were utilized by 63 (6.6%) patients. Other commons drugs used were 
antihypertensives, nonsteroidal anti-inflammatory drugs, and progestin estrogen pills 
(5.6%, 4.7%, and 4.2%, respectively). The temporal relation between starting the co-
medication and liver injury was positive only in 26 (15.6%) of 166 patients who used 
another drug. Viral hepatitis as a cause of liver injury was possible only in 20 cases; 
eight (0.9%) of them had a positive test for hepatitis C.

Rechallenge was positive in only 79 (8.3%) cases, whereas in 180 cases there was no 
available information. The mean Maria and Victorino System of Causality Assessment 
score was 8.69 (3.93, SD) and median 9, which indicates herbs as an unlikely cause for 
liver injury in overall reported cases. The most prevalent treatments consisted of 
supportive care (66.1%), such as herbal withdrawal and intravenous fluid replacement. 
Among patients who received some intervention, the treatments used were liver 
transplantation, corticoid, acetylcysteine, and ursodeoxycholic acid (6.6%, 3.6%, 2.7%, 
and2.6%, respectively). Complete recovery occurred in 782 (82.8%) of patients. Chronic 
liver disease and death were observed in 1.5% and 10.4% of the cases, respectively.

Subgroup analysis
Regarding the 14 most prevalent herbs (Table 3), He-Shou-Wu (Polygonum multiflorum) 
was the most prevalent with 91 cases reported and Jin Bu Huan (Lycopodium serratum) 
the least with 19 cases. Greater celandine (Chelidonium majus) and Kava (Piper 
methysticum) were more reported in Germany (81.2%, 65%, respectively) and He-Shou-
Wu and Tusanqi (Gynura segetum) were more reported in China (54.9% and 75.8%, 
respectively). Green Tea extract (Camellia sinensis), skullcap (Scutellaria spp.), kratom (
Mitragyna speciosa), garcinia cambogia (Garcinia gummi-gutta), ma huang (Ephedra 
sinica), chaparral (Larrea tridentata), and Jin Bu Huan were more reported in United 
States. The mean age was higher for skullcap and Tusanqi or Gynura segetum (54 

https://f6publishing.blob.core.windows.net/61a9d72d-5fad-4cf6-9e8d-9e0e6c1138d0/WJCC-9-5490-supplementary-material.pdf
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Table 1 The prevalence of herbs or herbal compounds found in the systematic review

Variable Patients, n = 936 (%)

Number of herbs per case

One 823 (87.9)

Two 87 (9.2)

Three 17 (1.8)

Four 9 (0.9)

Herbs 1084 (100)

He-Shou-Wu 91 (8.3)

Green tea extract 90 (8.3)

Herbalife 64 (5.9)

Kava kava 62 (5.7)

Greater celandine 48 (4.4)

Multiple herbs 38 (3.5)

Germander 35 (3.2)

Hydroxycut 35 (3.2)

Skullcap 35 (3.2)

Kratom 33 (3.0)

Gynura segetum 29 (2.6)

Garcinia cambogia 29 (2.6)

Ma huang 27 (2.4)

Chaparral 26 (2.4)

Senna 25 (2.3)

Aloe vera 22 (2.0)

Jin Bu Huan 19 (1.7)

Oxyelite 17 (1.5)

Valerian 16 (1.4)

Red Yeast Rice 16 (1.4)

Black Cohosh 15 (1.3)

Noni 14 (1.2)

Senecio 14 (1.2)

Turmeric 13 (1.2)

Dictamnus dasycarpus 12 (1.1)

No-xplode 12 (1.1)

St. John’s Wort 12 (1.1)

Black catechu 11 (1)

LipoKinetix 11 (1)

Others 159 (14.6)

Ginseng 10 (6.2)

Pennyroyal oil 9 (5.6)

Cascara-Sagrada 9 (5.6)

Ashwagandha 9 (5.6)

Atractylis gummifera 8 (5)
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Comfrey 8 (5)

Psoralea corylifolia 8 (5)

Field Horsetail 7 (4.4)

Citrus aurantium 7 (4.4)

Equinácea 6 (3.7)

Heliotropium 5 (3.1)

Saw palmetto 5 (3.1)

Syo-saiko-to 5 (3.1)

Ba Jiao Lian 4 (2.5)

Crotalaria 3 (1.8)

Impila 3 (1.8)

Mistletoe 3 (1.8)

Erva-mate 3 (1.8)

Kombucha tea 3 (1.8)

Soy isoflavones 3 (1.8)

Centella asiática 3 (1.8)

Red Bush tea 3 (1.8)

Milk thistle 3 (1.8)

Mentha piperita 2 (1.2)

Tussilago farfara 2 (1.2)

Aesculus hippocastanum 2 (1.2)

Tinospora crispa 2 (1.2)

Malva 2 (1.2)

Margosa oil 2 (1.2)

Nerium oleander 1 (0.6)

Chinese Herbal Medicine 1 (0.6)

Maya nut 1 (0.6)

Eucalyptus globulus 1 (0.6)

Pelargonium sidoides 1 (0.6)

Lesser celandine 1 (0.6)

Kudzu root extract 1 (0.6)

Grifola frondosa 1 (0.6)

Adenostyles alliariae 1 (0.6)

Argemone Mexicana 1 (0.6)

Willow bark tea 1 (0.6)

Pioscoreae rhizome 1 (0.6)

Green coffee 1 (0.6)

Chamomile 1 (0.6)

Chaga tea 1 (0.6)

Yang ti cao 1 (0.6)

Orthosiphon aristatus 1 (0.6)

Solanum nigrum 1 (0.6)

Mango 1 (0.6)
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Isabgol 1 (0.6)

Unknown 54 (4.9)

years) cases and lower for Senna or Senna spp. (33 years) cases. Male patients were 
more likely to be affected by He-Shou-Wu and kratom (51.6% and 62%, respectively). 
Female patients comprised of 90.7% of the cases reported of HILI caused by garcinia 
cambogia.

Jaundice was the most prevalent symptom for all herbs. Kava had the higher 
prevalence of jaundice (86.8%). Ascites was present in all cases of Tusanqi (100%). 
These data are summarized in Table 3. Ma huang cases presented the highest mean 
values of aspartate aminotransferase and ALT (3173 UI/L and 2092 UI/L, 
respectively) and Tusanqi the lowest (469 UI/L, 460 UI/L, respectively). Senna cases 
presented the highest mean values of ALP (477 UI/L) and Ma huang the lowest (188 
UI/L). Mean total bilirubin was increased in all herbs other than Tusanqi. Of the 14 
most prevalent herbs, 13 had a predominant hepatocellular pattern of hepatic injury. 
Every Tusanqi case presented sinusoidal obstruction syndrome (100%).

As for Maria & Victorino score, the highest mean score was 13 (possible) in Jin Bu 
Huan and the smallest was 4 in Tusanqi. Kava kava patients had the highest liver 
transplantation rates (23.9%), follow by garcinia cambogia and ma huang (20.6% and 
19.2%, respectively). The supportive care was herbal withdrawal and fluid 
replacement, and symptomatic treatment were adopted in the most cases. Recovery 
rate was more than 85% for almost all herbs, except in Tusanqi and Senna (50% and 
81.8%, respectively). The mortality rate was higher for Tusanqi (27.7%), follow by 
senna and skullcap (18.1%, 14.2%). Besides that, 22.2% of the cases of HILI caused by 
Tusanqi developed chronic liver disease. These data are further detailed in the Supple-
mentary Material.

DISCUSSION
Herbal and dietary supplements are commonly used for both specific health 
improvement and specific illnesses[3]. Although they might seem harmless, most 
patients are unaware of the consequences of the use of herbs or herbal derivates[12-
14], as are many health professionals[15-17]. Herbs generally demand a higher 
metabolism of the liver, especially in compounds, which might cause HILI[6,18]. 
Furthermore, for the majority of these supplements, the incidence of adverse effects, 
toxic constituents, mechanism of action, and pharmacokinetic, pharmacodynamic, and 
histological patterns are unclear[3]. Therefore, it is difficult to recommend and monitor 
these products safely.

Host-related risk factors for DILI include age, sex, daily dose, metabolism profile, 
and drug interactions[19]. In our systematic review, females represented 65.2% of all 
cases, and they were more affected by liver injury than men. This has been previously 
described in the literature and might be associated with a higher use of these products 
by women[20,21]. Recent reports have emphasized the higher incidence of liver injury 
in patients over 40 years-old, increasing along with age[2], as seen in our results. The 
concomitant use of other drugs was low (only 166 patients of 936 cases), and the 
temporal relationship between drug exposure and the start of manifestations was 
positive in only 26 cases. The most common comorbidities found in the review were 
dyslipidemia, obesity, and hypertension. Besides, alcohol use and smoking were 
reported in only a few cases, 26 and 7 patients, respectively. The relationship among 
comorbidities and HILI prognosis needs to be further investigated in prospective 
studies.

The daily dose and metabolism profile were not evaluated by most articles. In only 
3 cases the route of administration of the herb was not oral. In a 6-mo-old infant, an 
enema prepared from the roots of an unknown herb was given, and the child died[22]. 
A previously healthy 22-year-old woman used suppositories made of a mixture of 
unidentified plants, culminating in death 72 h after hospital admission[23]. Also, a 40-
year-old woman received five injections of an aqueous solution of mistletoe and 
presented elevated liver tests, the outcome was not reported[24].

Despite the wide spectrum of herbal drugs or products, the median time from 
starting the herb to the onset of HILI was between 21 and 90 d, similarly to what has 
been described in the literature[21,25]. Normalization of liver function occurred in a 
mean of 77 d. In severe cases, death occurred only a few days after hospitalization due 

https://f6publishing.blob.core.windows.net/61a9d72d-5fad-4cf6-9e8d-9e0e6c1138d0/WJCC-9-5490-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/61a9d72d-5fad-4cf6-9e8d-9e0e6c1138d0/WJCC-9-5490-supplementary-material.pdf


Ballotin VR et al. HILI: Systematic review

WJCC https://www.wjgnet.com 5497 July 16, 2021 Volume 9 Issue 20

Table 2 Baseline features of herb-induced liver injury in 936 patients

Variable Patients, n = 936 (%)

Mean age (yr) 42.67

Sex (female) 611 (65.2)

Race

White 82 (8.7)

Black 9 (0.9)

Other 53 (5.6)

Country

United States 253 (27)

Germany 103 (11)

China 78 (8.3)

Spain 58 (6.2)

Italy 50 (5.3)

South Corea 40 (4.2)

Others 354 (37.8)

Application

Weight loss 145 (15.4)

Psychiatry disorders 52 (5.5)

Pain control 46 (4.8)

Gastrointestinal disorders 41 (4.3)

Skin problems 37 (3.7)

Health improvement 34 (3.6)

Physical improvement 34 (3.6)

Sleep disorders 24 (2.5)

Symptoms

Jaundice 437 (46.3)

Abdominal pain 212 (22.4)

Nausea 163 (17.2)

Hepatomegaly 131 (13.8)

Fatigue 131 (13.8)

Urine alteration 127 (13.4)

Coluria 120 (12.7)

Hematuria 7 (0.7)

Vomiting 117 (12.4)

Ascites 104 (11)

Pruritus 84 (8.9)

Stools alteration 57 (6)

Clay colored 53 (5.6)

Melena 4 (0.4)

Anorexia 49 (5.1)

Encephalopathy 39 (4.1)

Asthenia 34 (3.6)
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Malaise 33 (3.5)

Diarrhea 33 (3.5)

Abdominal distension 30 (3.1)

Weakness 27 (2.8)

Fever 22 (2.3)

Lethargy 19 (2)

Hyporexia 19 (2)

Splenomegaly 17 (1.8)

Myalgia 14 (1.4)

Altered mental status 14 (1.4)

Weight loss 13 (1.3)

Antibodies

ANA 48 (5)

ASMA 25 (2.6)

AMA 7 (0.7)

Anti-dsDNA 2 (0.2)

cANCA 2 (0.2)

Actin 1 (0.1)

Anti-LKM 1 (0.1)

AMA-M2 1 (0.1)

pANCA 1 (0.1)

Rheumatoid factor 1 (0.1)

AST (U/L) 1324

ALT (U/L) 1462

ALP (U/L) 283

GGT (U/L) 260

Total bilirubin (mg/dL) 28.37

Direct bilirubin (mg/dL) 7.71

HILI pattern

Hepatocellular 660 (70)

Sinusoidal obstruction syndrome 92 (9.7)

Cholestatic 80 (8.5)

Mix 78 (8.3)

Granulomatous hepatitis 6 (0.6)

Steatosis 5 (0.5)

Ductopenia 3 (0.3)

Nontippable 2 (0.2)

Other 10 (1)

Use duration (d) 125

Latency (d) 121

Stop and manifestation (d) 1

Normalization liver function (d) 77

Comorbidities
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Dyslipidemia 40 (4.2)

Obesity 37 (3.9)

Hypertension 36 (3.8)

Alcohol use 26 (2.7)

Hypothyroidism 26 (2.7)

Osteoarthritis 13 (1.3)

Psoriasis 10 (1)

Anxiety 9 (0.9)

Asthma 9 (0.9)

Depression 9 (0.9)

Smoking 7 (0.7)

None 350 (37.1)

Other medications

Vitamins and minerals 63 (6.6)

Antihypertensive 53 (5.6)

NSAIDs 45 (4.7)

Estrogen/progesterone 40 (4.2)

Diuretics 23 (2.4)

Paracetamol 23 (2.4)

Statins 23 (2.4)

SSRI 17 (1.8)

Antibiotics 15 (1.6)

Corticoid 15 (1.6)

Benzodiazepine 14 (1.5)

Diabetes mellitus drugs 14 (1.5)

Proton pump inhibitor 12 (1.3)

None 452 (47.9)

Temporal relation 26 (15.6)

Biopsy 383 (40.5)

Viral hepatitis

Hep A 3 (0.4)

Hep B 5 (0.6)

Hep C 8 (0.9)

CMV 2 (0.2)

HSV 2 (0.2)

Alcoholic liver disease 2 (0.2)

Bile duct obstruction 2 (0.2)

Other causes

Pregnancy 3 (0.3)

Acute hypotension 2 (0.2)

Rechallenge 79 (8.3)

Previous report hepatotoxicity 855 (88.5)

Causality
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Definitive 22 (2.3)

Highly probable 8 (0.8)

Probable 122 (12.9)

Possible 49 (5.1)

Improbable 2 (0.2)

Excluded 7 (0.8)

Maria and Victorino

Treatment 8.69 ± 3.93

Supportive care 699 (66.1)

Liver transplantation 70 (6.6)

Corticoid 39 (3.6)

Acetylcysteine 29 (2.7)

Ursodeoxycholic acid 28 (2.6)

Adenosylmethionine 21 (1.9)

Glutathione 20 (1.8)

Vitamin K 18 (1.6)

Glycyrrhizin 18 (1.6)

Polyene phosphatidylcholine 18 (1.6)

Antibiotics 17 (1.5)

Cholestyramine 4 (1.1)

Outcome

Recovery 782 (82.8)

Chronicity 14 (1.5)

Death 98 (10.4)

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; Hep: Hepatitis; CMV: 
Cytomegalovirus; HSV: Herpes simplex virus.

to fulminant liver failure. The development of chronic liver disease was reported only 
in 1.5% of cases, a smaller rate than other studies[26,27].

The clinical manifestations and the diagnosis are similar to DILI. However, patients 
must often be persuaded into revealing a history of herbal use, since most of them do 
not think of these supplements as medications with potential risks[2,7]. Clinical 
symptoms of HILI vary significantly. Lots of HILI patients might be asymptomatic 
with mild biochemical liver abnormalities[2,3,25]. In our findings, patients frequently 
presented with fatigue, loss of appetite, nausea, vomiting, and abdominal pain. In 
more severe cases, cholestatic symptoms such as jaundice, pruritus, clay-colored 
stools, and dark urine were present. These clinical manifestations are similar to the 
ones reported in DILI[28,29].

To clarify data and assess causality, the Roussel Uclaf Causality Assessment Model
[30] and Maria and Victorino System of Causality Assessment[11] can be used. We 
assessed causality in our systematic review using Maria and Victorino because it has 
other clinical elements, and it is more simple than other assessments of causality. The 
overall Maria and Victorino score findings were low, which could translate into 
unlikely causality (mean 8.69 ± 3.93 SD). However, most case reports that classified a 
herb an unlikely cause for HILI did not provide sufficient data. Therefore, these results 
might not be completely accurate. In addition, authors often evaluated the causality of 
cases as certain, very likely, or likely but did not present the data used in this assess-
ment[31-34].

DILI and HILI lesion patterns are generally classified into hepatocellular, 
cholestatic, and mixed based on pathological features[35]. These three types can be 
evaluated using an R-value, which is defined as the number of times above the ULN of 
serum ALT divided by the number of times above the ULN of serum ALP. R equal to 
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Table 3 Characteristics of the 14 main herbs that induced-liver injury

Generic 
or trade 
names

Latin name n Age 
(mean)

Sex 
(male) 
(%)

Country/territory 
(%) Symptoms (%) AST 

(mean)
ALT 
(mean)

ALP 
(mean)

GGT 
(mean)

BT 
(mean)

BD 
(mean)

Biopsy 
(%)

HILI patterns 
(%)

Maira 
and 
Victorino 
score 
(mean)

Treatment (%) Clinical 
outcome (%)

He-Shou-
Wu; Fo-ti; 
Shou Wu 
Pian

Polygonum 
multiflorum

91 46 47 
(51.6)

China (54.9), South 
Korea (28.5)

Jaundice (80), 
choluria (17.7), 
fatigue (15.5), 
hepatomegaly 
(13.3)

1279 1511 222 264 10.8 6.3 20 
(31.7)

Hepatocellular 
(72.5), 
cholestatic 
(18.6), mixed 
(8.7)

8 Adenosylmethionine 
(12.3), glutathione 
(12.3), glycyrrhizin 
(12.3), polyene 
phosphatidylcholine 
(12.3), supportive care 
(45.8)

Recovery 
(93.4), 
chronification 
(3.3), died 
(3.3)

Green tea 
extract

Camellia sinensis 90 44 22 
(24.4)

Usa (32.5), Spain 
(19.1), Japan (14.6)

Jaundice (61.4), 
fatigue (30.4), 
nausea (27.5), 
abdominal pain 
(26)

1715 1870 330 271 12.8 9.2 36 (60) Hepatocellular 
(78.8), 
cholestatic (8.8), 
mixed (11.1)

9 Liver transplantation 
(10.5), corticoid (9.4), 
acetylcysteine (3.1), 
supportive care (45.8), 
udca (3.1), supportive 
care (69.4)

Recovery 
(91.7), 
chronification 
(1.1), died (7)

Kava kava Piper methysticum 62 43 15 
(24.1)

Germany (65), 
United States 
(21.6), Spain (3.3)

Jaundice (86.8), 
nausea (47.8), 
fatigue (34.7)

1206 1605 310 284 19 10 36 
(69.2)

Hepatocellular 
(77.4), 
cholestatic (9.6), 
mixed (8)

8 Liver transplantation 
(23.9), corticoid (4.2), 
suportive care (57.7)

Recovery 
(91.9), died (8)

Greater 
celandine

Chelidonium majus 48 49 8 (17) Germany (81.2), 
Italy (8.3)

Jaundice (34.2), 
choluria (31.4), 
pruritus (28.5), 
nausea (27.7)

631 1109 321 236 11.5 6.9 34 (79) Hepatocellular 
(72.9), 
cholestatic (6.2), 
mixed (20.8)

10 Udca (6.1), corticoid 
(4), glutathione (2), 
supportive care (87.7)

Recovery 
(97.9), died (2)

Germander Teucriumchamaedrys 35 49 11 
(31.4)

France (28.5), 
Greece (22.8), 
United States (14.2)

Jaundice (77.1), 
nausea (17.1), 
choluria (17.1), 
abdominal pain 
(17.1)

1091 1127 251 183 13.7 9.1 13 
(40.6)

Hepatocellular 
(94.2), mixed 
(5.7)

12 Udca (15.7), vit K 
(13.1), liver 
transplantation (5.2), 
supportive care (65.7)

Recovery 
(97.1), died 
(2.8)

Skullcap Scutellaria spp. 35 54 9 
(25.7)

United States 
(45.7), Australia 
(14.2), Scotland 
(11.4)

Jaundice (68), 
nausea (15.3), 
choluria (20)

859 1234 227 359 14 NA 12 
(67.7)

Hepatocellular 
(74.2), 
CHOLESTATIC 
(5.7), MIxed 
(14.2)

9 Liver transplantation 
(11.1), corticoid (2.7), 
udca (2.7), supportive 
care (77.7)

Recovery 
(85.7), died 
(14.2)

Kratom Mitragyna speciosa 33 36 20 (62) United States (75), 
Canada (6.2), 
Sweden (6.2)

Jaundice (70), 
choluria (53.3), 
abdominal pain 
(43.5), nausea 
(23.3), fatigue 
(23.3)

1125 957 304 258 11.7 11.3 11 
(39.2)

Hepatocellular 
(45.4), 
cholestatic 
(27.2), mixed 
(21.2)

11 Acetylcysteine (12.7), 
udca (7.6), corticoid 
(5.1), liver 
transplantation (5.1), 
supportive care (48.7)

Recovery 
(90.6), died 
(9.3)
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Tusanqi or 
Jusanqi

Gynura segetum 29 54 14 
(48.2)

China (75.8), Hong 
Kong (20.6), New 
Zeeland (3.4)

Ascites (100), 
hepatomegaly 
(86.9), jaundice 
(26)

469 460 NA NA 1 0.5 1 (50) Sinusoidal 
obstruction 
syndrome (100)

4 Glutathione (6.6), 
antibiotics (6.6), 
furosemide (6.6), 
supportative care (80)

Recovery (50), 
chronification 
(22.2), died 
(27.7)

Garcinia 
cambogia; 
Malabar 
tamarind

Garcinia gummi-
gutta

29 45 3 
(10.3)

United States 
(39.2), Italy (35.7)

Abdominal pain 
(56), jaundice 
(44), nausea (40), 
vomiting (24), 
fatigue (16)

1918 1927 243 249 10.9 7.5 12 (50) Hepatocellular 
(86.2), 
cholestatic 
(10.3), mixed 
(3.4)

10 Liver transplantation 
(20.6), acetylcysteine 
(10.3), corticoid (3.5), 
supportive care (65.5)

Recovery 
(96.6), died 
(3.4)

Ma huang Ephedra sinica 27 44 8 (32) United States (68), 
South Korea (12), 
United Kingdom 
(8)

Abdominal Pain 
(72.7), nausea 
(63.6), jaundice 
(54.5), fatigue 
(45.4), 
hepatomegaly 
(36.3)

3173 2092 188 161 12.5 NA 10 
(55.5)

Hepatocellular 
(96), mixed (4)

9 Liver transplantation 
(19.2), corticoid (3.8), 
urine alkalization 
(3.8), hemodialysis 
(3.8), diuretics (3.8), 
suportive care (65.3)

Recovery (92), 
died (8)

Chaparral Larrea tridentata 26 44 9 
(34.6)

United States 
(80.7), Australia 
(7.6), Canada (7.6)

Jaundice (84), 
abdominal pain 
(40), fatigue (36), 
nausea (28), 
pruritus (24)

1300 1081 189 317 17.7 9.6 10 
(43.4)

Hepatocellular 
(84.6), steatosis 
(15.3)

11 Corticoid (7.6), liver 
transplantation (7.6), 
vit K (3.8), supportive 
care (80.7)

Recovery 
(92.3), died 
(7.6)

Senna; Sene Senna spp. 25 33 5 
(21.7)

India (24), Italy 
(16), Yemen (16)

Jaundice (43.4), 
abdominal pain 
(34.7), 
encephalopathy 
(20), asthenia 
(20), choluria 
(13)

1637 1688 477 128 7.4 5.1 7 (50)) Hepatocellular 
(84), cholestatic 
(4), mixed (12)

10 Antibiotics (9.6), vit K 
(12.9), lactulose (6.4), 
liver transplantation 
(3.2), acerylcysteine 
(3.2), supportive care 
(58)

Recovery 
(81.8), died 
(18.1)

Aloe Vera Aloe vera 22 50 5 
(22.7)

South Korea (18.1), 
Spain (9), Usa (9)

Abdominal pain 
(50), jaundice 
(40.9), fatigue 
(31.8), nausea 
(27.2)

1762 1300 414 167 10.1 8.7 11 
(52.3)

Hepatocellular 
(86.3), 
cholestatic (4), 
mixed (9)

11 Antibiotics (4.1), liver 
transplantation (4.1), 
vit K (4.1), 
hemodialysis (4.1), 
supportive care (75)

Recovery 
(85.7), 
chronification 
(4.7), died 
(9.5)

Jin Bu 
Huan

Lycopodium 
serratum

19 46 2 
(10.5)

United States 
(73.6), Canada 
(10.5), Italy (10.7)

Fatigue (52.6), 
hepatomegaly 
(42.1), pruritus 
(36.8), jaundice 
(31.)

596 1057 231 185 7.5 NA 6 (40) Hepatocellular 
(84.2), 
cholestatic (5.2), 
mixed (10.5)

13 Cholestyramine 
(15.7), supportive care 
(84.2)

Recovery 
(100)

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; BT: Total bilirubin; BD: Direct bilirubin; NA: Not available; UDCA: Ursodeoxycholic acid.

or greater than 5 was defined as hepatocellular HILI, while a R under 2 was defined as 
cholestatic HILI, and a R between 2 and 5 was defined as "mixed"[25]. Although liver 
histology tends to have a small impact on establishing the diagnosis of HILI[36], it was 
performed in 383 (40.9%) cases. We found the following patterns: Hepatocellular 
(70%), cholestatic (8.5%), mixed (8.3%), and sinusoidal obstruction syndrome (9.7%). 
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Figure 1 PRISMA flowchart. HILI: Herb-induced liver injury.

The last one was the second most prevalent type, and it is an obliterative inflammation 
of the terminal hepatic venules. In more severe forms, this carries a higher risk for 
mortality[37].

Moreover, it is important to note that HILI is often self-limited. Nevertheless, 
chronic hepatic liver disease, acute liver failure, death, and liver transplantation are 
commonly related repercussions[2,28]. Between 2% and 10% of reported cases of liver 
failure in Spain have been attributed to herbal products or dietary supplements[38]. In 
the United States, herbal or dietary supplement use was the fourth leading cause of 
DILI requiring liver transplantation[39]. In our systematic review, 70 cases (6.6% of 
patients who needed medical intervention) had acute liver failure and underwent liver 
transplantation. In addition, we found an elevated overall mortality of 10.4%. This was 
almost three times higher than the mortality or liver transplantation rate of 4.1% 
reported by Zhu et al[27] or the 3.2% reported by a retrospective study with 1985 
patients[40]. However, such difference might be explained in our study due to 
publication bias, since severe cases are more likely to be reported and published. 
Despite the elevated mortality rate, 782 (82.8%) patients recovered, and only 14 (1.5%) 
developed chronic liver disease.

Subgroup analysis
Polygonum multiflorum: Polygonum multiflorum, also known as He-Shou-Wu or Fo-ti, 
was our most prevalent herb. In China it is the most common cause of HILI[41]. It is 
mainly used as a hair supplement and to improve insomnia and coordination. Liver 
injury was more frequently reported in middle-aged men (51.6%) without significant 
risk factors; the ingest dose usage varied from 3 g/d to 20 g/d[42] with the first clinical 
or laboratory manifestation occurring approximately 58 d after the start of the herbal 
product. Some reports include benefits for headaches, dizziness, graying of the hair, 
constipation, and liver disease[41,43]. The onset of symptoms was normally short, 
around a month, with a good resolution after discontinuation of the product[44]. The 
main symptoms included jaundice, choluria, fatigue, anorexia, and hepatomegaly[42,
44]. The most common lesion was hepatocellular followed by cholestatic, differing 
from the literature that includes mixed as the second most common pattern[41,44]. The 
mechanism of injury is probably immunologically mediated[41,45]. Rechallenge can 
help confirm the diagnosis but is not recommended[46,47]. In most cases, the 
withdrawal of the herb was enough to resolve symptoms[48]. Normalization of liver 
tests typically occurred around 30 d after withdrawal of the herbal product. Corticost-
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eroids should not be prescribed[41]. In our systematic review, the patients received 
adenosylmethionine, glutathione, glycyrrhizin, and polyene phosphatidylcholine. 
Their efficacy or improvement in outcomes is uncertain.

Camellia sinensis: Also known as green tea, it can be found in many herbal prepar-
ations, and it is consumed as a drink worldwide. The exact prevalence of symptomatic 
green tea extract induced acute liver injury is not entirely understood, but it is 
undoubtedly low in comparison to the wide-scale use of these products[49]. In our 
research, the mean age of green tea induced HILI was 44 years, with a significantly 
higher prevalence in women (78.6%), probably associated with a higher use of this 
herb by women. The onset of symptoms varied from 9 d to 120 d with 0.7 g/d to 3 g/d 
of extract[50]. In our review, most cases presented the first manifestation around 35 d 
after the first dose was used, with ingested doses varying from 400 mg/d to 1.8 g/d
[51,52]. Obesity, overweight, and dyslipidemia were the most common comorbidities. 
The most common symptoms were jaundice, fatigue, nausea, and abdominal pain. 
Most patients recovered rapidly with the withdrawal of the herbal compound. 
Nevertheless, fatal cases of acute liver failure have been described[18,49]. The 
mechanism by which green tea may have such effects has not been entirely elucidated
[49], but catechins such as epigallocatechin-3-gallate and epicatechin-3-gallate appear 
to be the main hepatotoxic components[18,51,53-55]. Toxicological studies suggest that 
green tea induced HILI has a hepatocellular pattern[56], as found in our study. 
Normalization of liver function tests occurred generally in a couple of months. The 
treatment includes withdrawal of the herb and corticosteroids in selected cases. In 
more severe cases, liver transplantation might be required[9,57].

Piper methysticum: Piper methysticum roots, also called kava kava, are used for 
preparation of a recreational and ceremonial drink in Oceania and are used to treat 
anxiety and insomnia[58]. People consuming kava kava have reported feeling more 
sociable, tranquil, and generally happy. The first alteration or liver function tests 
alteration typically occurred in 90 d. Liver injury was more prevalent in middle aged 
woman (75.9%). In our review, most cases presented the first manifestation around 35 
d of the first ingestion, with doses varying from 50 mg/d to 1 g/d[59]. Clinical cases of 
kava induced HILI suggest idiosyncratic or immunoallergic reactions as cause for liver 
injury[60]. In our systematic review, the patients normally presented with jaundice, 
nausea, and fatigue, with elevation in serum aminotransferase and mild increase in 
alkaline phosphatase. Hepatocellular pattern was the most common type of HILI 
reported, followed by cases of cholestatic and mixed hepatitis, similar to previous 
reports in the literature[61]. In most instances, liver injury resolved within 1 mo to 3 
mo after discontinuing kava kava. Although, if fulminant liver failure develops, a liver 
transplant might be necessary[8,60,62].

Chelidonium majus: Also known as greater celandine, it is usually used to treat 
gastrointestinal disorders and dyspepsia[62]. HILI was more prevalent in middle age 
women (83%) with ingested doses varying from 4 or 5 spoons of dried leaves in 150 
mL of water to 600 mg per day in capsules[59]. Greater celandine associated HILI 
typically arises after 1 mo to 6 mo, causing jaundice, choluria, pruritus, and nausea, 
including moderate to marked elevations in serum aminotransferase levels[63]. The 
pattern of injury is usually hepatocellular and liver histology resembles acute viral 
hepatitis[64]. Immunoallergic mechanisms may trigger the injury[65]. Fatal cases after 
ingestion of greater celandine are rare and are generally associated with previous liver 
disease. Patients generally present a rapid recovery after discontinuation of the herb, 
and normalization of liver parameters occurred in approximately 60 d[63,64].

Teucrium chamaedrys: Also known as germander, it includes more than 250 species of 
plants in the mint family (genus: Teucrium). It is used for weight control and 
management of diabetes and hyperlipidemia[66]. Germander associated HILI 
generally started within 2 wk to 18 wk after the use of capsules or tea[66]. Ingested 
dose varied from two tablespoons to 1600 mg/d[67,68]. Higher prevalence occurred in 
middle-aged women (68.6%). The most common symptoms were jaundice, nausea, 
choluria, abdominal pain, and fatigue. The principal pattern of liver injury was 
hepatocellular[69]. Germander-induced HILI probably occurs due to both direct 
toxicity and secondary immune reactions, with a varying contribution of these two 
mechanisms in different patients[70]. The manifestations are usually self-limited once 
the herb is withdrawn; normalization of liver parameters occurred generally in a 
couple of months. However, ursodeoxycholic acid, vitamin K, and liver trans-
plantation might be needed for therapy in severe cases[71].
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Scutellaria spp.: The dried leaves and stems of Scutellaria spp., also known as skullcap, 
are used as a herbal extract or herbal tea to treat anxiety, stress, and insomnia[72]. 
Other indications are health improvement and pain management. The mechanism of 
skullcap induced HILI is not entirely known. In reported cases, the onset of symptoms 
and jaundice occurred within 1 wk to 12 wk, and the serum enzyme pattern was 
typically hepatocellular, followed by mixed hepatitis[72,73]. Ingested dose varied from 
400 mg until 16 g daily[73,74]. In this review, the mean age of skullcap-induced HILI 
was 54-years-old with a significantly higher prevalence in women (74.3%). Other 
common symptoms included nausea and choluria. Osteoarthritis and hypertension 
were common problems reported by the patients. Skullcap induced HILI is usually 
mild-to-moderate in severity and resolves rapidly once the herb is stopped; normal-
ization of liver function tests occurred in 3 mo[72]. However, the mortality rate found 
in our systematic review was considerable (14.2%) and, in some cases, required liver 
transplantation[75-77]. This rate may also be due to publication bias, since only more 
severe cases are generally reported.

Mitragyna speciosa: Mitragyna speciosa, also known as kratom, is a psychotropic and 
opioid-like drug extracted from the leaves of the kratom tree[78,79], which is used as a 
recreational drug and pain killer[80]. In this review, the mean age of kratom-induced 
HILI was 36 years, with a higher prevalence in men (62%). The onset of kratom 
induced HILI usually takes place within 1 wk to 8 wk after regular use of powder or 
tablets, ingested doses varied from 3 g to 15 g daily[81,82]. The cause of kratom 
induced HILI is unknown. The most common pattern of HILI was hepatocellular, but 
cholestatic and mixed were also prevalent. Patients who presented with acute liver 
injury due to kratom usually recovered after it was discontinued; normalization of 
liver parameters occurred in 40 d. There is no evidence that corticosteroids can shorten 
the course of the illness or improve outcomes[81]. Some patients used acetylcysteine 
and ursodeoxycholic acid. In more severe cases, liver transplantation was necessary
[83].

Gynura segetum: Also known as Tusanqi or Jusanqi, it is commonly used in China. 
The herb is typically consumed for traumatic injuries[84]. In this review, the mean age 
of Tusanqi induced HILI was 54-years-old with a slightly higher prevalence in women 
(51.8%). The most common clinical manifestations included ascites, hepatomegaly, and 
jaundice. Sinusoidal obstruction syndrome was reported in all cases. Its extent in 
inducing hepatotoxicity is not sufficiently understood[85] but can be associated with 
pyrrolizidine alkaloids, as do many other herbs[86]. Symptoms generally began 
around 75 d after the use of the drug[85]. Tusanqi consumption is associated with high 
mortality[87]. In our systematic review, it was the herb with the worst recovery and 
prognosis. In some cases, liver transplantation might be required[85].

Garcinia gummi-gutta: Also known as garcinia cambogia, it is a herb usually sold as a 
weight loss product[88]. In this review, HILI induced by this product affected more 
commonly middle-aged women (89.7%), with ingested doses varying from 640 mg to 
1400 mg/d[89,90]. Patients typically present abdominal pain, jaundice, nausea, 
vomiting, fatigue, and elevations in serum aminotransferase levels in 1 wk to 4 wk 
after starting the product, although latency has been reported to be higher (3 mo to 12 
mo) in some cases[91]. Garcinia induced HILI pattern is generally hepatocellular and 
immune features are uncommon. In most cases, liver injury resolves within 1 mo to 3 
mo after discontinuation of the herb. However, if fulminant hepatitis develops, a liver 
transplantation might be performed[88,92]. Rechallenge should be avoided.

Ephedra sinica: Also known as ma huang, it is used worldwide as a weight loss agent 
and bodybuilding supplement. In this review, HILI induced by this product was more 
prevalent in middle-aged women (68%), with ingested doses varying from 100 mg/d 
to 8 g/d[73,93]. The main symptoms of ma huang induced HILI include abdominal 
pain, nausea, jaundice, fatigue, and hepatomegaly. The time for onset of symptoms 
ranged from a few weeks to more than 6 mo, with an average of 12 wk[94]. The most 
common lesion pattern was hepatocellular, which is consistent with previous literature 
findings[73]. The major adverse events reported were cardiovascular, including 
hypertension, palpitations, myocardial infarction, seizures, transient ischemic attacks, 
cerebrovascular accidents, and sudden death[94,95]. Recovery occurred within 1 mo to 
6 mo after the herb was stopped. However, acute liver failure and necessity for liver 
transplantation have been reported[96].

Larrea tridentata: Chaparral is a botanical extract of the woody shrub known as 
Larrea tridentate, which is claimed to have beneficial effects for many conditions from 
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skin rashes to cancer[97]. In this review, Chaparral-induced HILI was more prevalent 
in middle-aged women (65.4%), with ingested doses varying from 150 mg/d to 600 
mg/d[98]. The most common symptoms included jaundice, abdominal pain, fatigue, 
and nausea. Chaparral induced HILI generally started within 3 wk to several years. 
Nevertheless, it began usually within 3 wk to 12 wk of starting daily ingestion or 
increasing daily dosage[97,99]. Pattern of liver injury was typically hepatocellular, but 
steatosis was also reported. Chaparral leaf extracts have multiple components that can 
affect intrahepatic pathways, including those involving cyclooxygenases and lipoxy-
genases[97,100]. Liver transplantation can be performed in severe cases, although 
withdrawal of the herb is usually enough for the clinical manifestations to resolve[99]. 
Normalization of liver function tests typically occurred in around 50 d.

Senna spp.: Senna (Cassia species) is a popular herbal laxative that can cause liver 
injury when used in high doses for longer than recommended periods[101]. In this 
review, the mean age of senna-induced HILI was 33-years-old, with a higher 
prevalence in women (78.3%), and an ingested dose varying from 15 mg to 300 mg/d
[102,103].The main symptoms include jaundice, abdominal pain, encephalopathy, 
asthenia, and choluria. The time to onset of senna induced HILI was usually after 3 mo 
to 5 mo of use, and the pattern of serum enzyme elevations was hepatocellular[101]. 
Liver injury from long term senna use is rare, and most cases have been self-limited 
and rapidly reversible after stopping the herb, typically in 1 mo[104]. However, cases 
with a severe course with signs of acute liver failure have been described[105,106].

Aloe vera: Aloe vera is derived from a cactus-like plant, a member of the Lily family 
that grows best in arid climates[107]. It is popularly used for weight loss and 
constipation. In this paper, the mean age of aloe vera-induced HILI was 50 years with 
a higher prevalence in women (77.3%). The main symptoms include abdominal pain, 
jaundice, fatigue, and nausea. The injury typically arises between 3 wk to 24 wk after 
starting oral aloe vera[107]. Hepatocellular was the most common pattern of lesion. 
Rare cases of liver injury reported with aloe vera use have had idiosyncratic features
[16]. In our systematic review, a poor prognosis was normally associated with the 
consumption of multiple herbs and resulted in liver transplantation and death[108]. 
However, it is typically self-limited once the herb is stopped. Normalization of liver 
tests typically occurred in 50 d.

Lycopodium serratum: It is a popular and widely used Chinese herb, also known as Jin 
Bu Huan. It is generally used for insomnia and pain management. In this review, the 
mean age of Lycopodium serratum-induced HILI was 46 years with a higher prevalence 
in women (89.5%), and ingested doses varied from 2-4 tablets/d, in which the concen-
tration was unknown[109,110]. Patients generally present fatigue, hepatomegaly, 
pruritus, and jaundice. The onset of liver test abnormalities or clinical manifestation 
occurs within 2 wk to 24 wk of starting the herbal supplement[111]. The enzyme 
pattern was typically hepatocellular and recovery happened generally within 1 mo to 
2 mo after withdrawal of the herb[111,112]. Mechanism of hepatotoxicity is not well 
understood, but it can be direct hepatotoxicity or an idiosyncratic reaction in some 
cases[113,114]. Jin Bu Huan induced HILI is usually self-limited and rapidly reversible 
after withdrawal of the herb. Rechallenge leads to the recurrence of injury and should 
be avoided. Some patients received cholestyramine, but the efficacy is questionable.

Study limitations
Some publications may have escaped the literature search, resulting in selective 
retrieval and incomplete listing of herbs, herbal supplements, herbal compounds, 
botanical names, and ingredients. Although 79 different herbal products with hepato-
toxicity were identified from the literature, the causality assessment was incomplete 
due to lack of data in the majority of cases. Identification of the causative agent was 
also a limitation as herbs consist of dozens of potentially individual hepatotoxic 
specific chemicals. The situation is even more complex in herbal mixtures, such as 
Herbalife, which may also present additional chemicals as non-herbal ingredients that 
need evaluation.

CONCLUSION
This systematic review comprehensively gathered data from case reports and case 
series in the literature to provide an overview for physicians suspecting HILI and their 
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patients. Further research should evaluate the potential HILI risk (incidence and 
prevalence) and clinical characteristics and identify hepatotoxic compounds of herbs 
and their pharmacokinetic and pharmacodynamic properties. It is necessary to 
improve our knowledge on possible risk factors for the development of liver injury, to 
validate causality assessment tools, and to improve treatment efficacy for HILI. The 
discussion of the risk of herbal use with the patients is paramount. The authors hope 
that these findings can offer direction for health professionals and scientific research 
and thus help to avoid liver failure associated with HILI in the future.

ARTICLE HIGHLIGHTS
Research background
In the last decades, the use of herbal supplements in the East and in the West, natural 
products, and alternative medicines has risen considerably, which is consistently 
underreported by patients. Despite popular belief that the consumption of natural 
products is harmless, herbs might cause injury to various organs. Herb-induced liver 
injury (HILI) is a term currently used to describe liver injury related to herbal 
medicines. The manifestations can vary depending on the causing product, ranging 
from asymptomatic cases with increased transaminases to fulminant liver failure, 
resulting in liver transplantation or death.

Research motivation
Our motivation was to gather data from case reports and case series in the literature to 
provide an overview for physicians suspecting HILI and to raise awareness for the risk 
associated with self-prescribed use of herbal products.

Research objectives
We aimed to review systematically the literature to identify herbal products associated 
with liver injury and describe the type of lesion associated with each product.

Research methods
This study was carried out in accordance with the recommendations contained in the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines. 
Studies were retrieved using comprehensive search terms on nine electronic databases 
with no date of publication restrictions. Clinical case reports or case series involving 
herbal drug use and hepatotoxicity were included in the study. Studies were excluded 
if they were not case reports or case series or if they were not related to the topic. The 
variables collected were demographic data, herbs used, clinical presentation, liver 
function tests, biopsy results, comorbidities, comedications, and treatment, and the 
outcome measured was recovery, chronic liver disease, or death. Causality was 
assessed using the Maria and Victorino System of Causality Assessment in Drug 
Induced Liver Injury. Simple descriptive statistics, such as the mean ± standard 
deviation, frequency, and median were used to characterize the data. Data were 
summarized using RStudio (version 4.0.2), and the patterns of liver injury were 
classified using R value.

Research results
A total of 446 references corresponding to 936 cases were included. Case reports from 
the United States were the most common, and 65.2% of patients were females. The 
most prevalent herbs and herbal products were He-Shou-Wu, green tea extract, 
Herbalife, kava kava, and greater celandine, and a previous report of liver injury by 
the implied herb was described in 855 cases (98.1%). The most common clinical 
presentation of the reviewed cases was jaundice (46.3%), followed by abdominal pain 
and nausea (22.4% and 17.2%, respectively). The most common pattern of HILI was 
hepatocellular, in 660 (70%) cases, followed by sinusoidal obstruction syndrome in 92 
(9.7%) cases and cholestatic in 80 (8.5%) cases. The mean Maria and Victorino System 
of Causality Assessment score was 8.69 (3.93, standard deviation) and median. The 
most prevalent treatments consisted of supportive care (66.1%), such as herbal 
withdrawal and intravenous fluid replacement. Complete recovery occurred in 782 
(82.8%) of patients. Chronic liver disease and death were observed in 1.5% and 10.4% 
of the cases, respectively.
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Research conclusions
This systematic review comprehensively gathers data from case reports and case series 
in the literature to provide an overview for physicians suspecting HILI and their 
patients. Further research should evaluate the potential HILI risk (incidence and 
prevalence) and clinical characteristics and identify hepatotoxic compounds of herbs 
and their pharmacokinetic and pharmacodynamic properties. It is necessary to 
improve our knowledge on possible risk factors for the development of liver injury, to 
validate causality assessment tools, and to improve treatment efficacy for HILI. The 
discussion of the risk of herbal use with the patients is paramount. The authors hope 
that these findings can offer direction for health professionals and scientific research 
and thus help to avoid liver failure associated with HILI in the future.

Research perspectives
Herbs and herbal products are a growing cause of liver damage that patients and 
physicians should be aware. Patients should be specifically asked about the use of 
herbs and herbal products because patients often do not consider them to be harmful. 
Further research should evaluate the potential HILI risk (incidence and prevalence) 
and clinical characteristics and identify hepatotoxic compounds on herbs and their 
pharmacokinetic and pharmacodynamic properties.
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