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Drug-induced liver injury (DILI) due to complementary and alternative medicine (CAM) use is on the rise through-
out the world by patients looking for “safer” alternatives. However, data on acute-on-chronic liver failure (ACLF) due 
to CAM are lacking. In a large cohort of patients with cirrhosis, we retrospectively studied CAM-related health-
seeking behavior and attempted to identify those who developed possible CAM-DILI-related ACLF. In this study, 
we examine the clinical, biochemical, and liver histopathologic characteristics of possible CAM-DILI-related ACLF, 
describe implicated CAM agents, and discuss predictors of patient outcomes. Out of 1,666 patients with cirrhosis, 
68% used CAM at some point. A total of 35.7% (n = 30/84) patients presented with CAM-related DILI leading to 
ACLF in the whole CAM-DILI-related decompensation cohort. The most common CAM was unlabeled polyherbal 
Ayurvedic formulations. Of possible patients with ACLF, 63% self-medicated with CAM based on social media shar-
ing. Mean age ± SD was 51.9 ± 9.9 years, 83% were male patients, median follow-up duration was 173 (range, 14-
584) days, median Child-Turcotte-Pugh score was 13 (range, 10-14), Model for End-Stage Liver Disease-sodium 
score was 30.1 ± 4.8, median chronic liver failure-organ failure (CLIF-C-OF) score was 11 (range, 8-14), and median 
CLIF-C-ACLF score was 98 (range, 87-127). Portal-based neutrophilic predominant mixed inflammation, hepatocyte 
ballooning, autoimmune-like features, and severe cholestasis were seen on liver biopsy. Overall, 53% of patients died 
(median survival 194 days). Baseline overt hepatic encephalopathy and CLIF-C-OF score, total bilirubin, hypona-
tremia and leukocytosis, and grade of ACLF predicted 1-, 3-, 6- and 12-month mortality, respectively. Conclusion: 
Possible CAM-DILI-related ACLF has a high mortality. Strict monitoring and identification of CAM use among 
people with cirrhosis and an integrative public health educational practice can help ameliorate this modifiable risk 
factor that potentiates heavy liver disease burden and resource use. (Hepatology Communications 2019;3:1001-1012).

The National Sample Survey analysis of 2014 
in India revealed that the use of alterna-
tive systems of medicine, such as Ayurveda, 

Naturopathy, Unani, Siddha, and Homoeopathy 

(ANUSH) was around 5%-7% in both urban and 
rural areas.(1) A higher use of alternative and pseudo-
scientific treatments by urban male individuals than 
their rural counterparts was noted.(2) In India, 2,458 

Abbreviations: ACLF, acute-on-chronic liver failure; AHM, Ayurveda and herbal medicines; ANUSH, Ayurveda, Naturopathy, Unani, 
Siddha, and Homeopathy; AUC, area under the curve; CAM, complementary and alternative medicine; CI, confidence interval; CLIF, chronic 
liver failure; CLIF-C-OF, chronic liver failure-organ failure; DILI, drug-induced liver injury; HE, hepatic encephalopathy; HR, hazard ratio; 
MELD, Model for End-Stage Liver Disease; RUCAM, Roussel Uclaf Causality Assessment Method.
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Ayurvedic hospitals, with 44,820 beds, 15,353 dispen-
saries, and 478,750 registered practitioners, were serv-
ing the Indian population as of 2010.(3) Information 
on disease burden reduction and improvement in sur-
vival from acute as well as chronic diseases directly 
related to ANUSH systems of medicine is nonexis-
tent.(4) Even in the wake of declining complementary 
and alternative medicine (CAM) integration into the 
public health system in India, health-seeking behav-
ior toward pseudoscientific medical practices revolv-
ing around ANUSH systems has been on the rise 
due to intense social media sharing of fake “safer” 
treatment-related news.(5) Acute-on-chronic liver fail-
ure (ACLF) is a catastrophic disease that can occur 
as a consequence of severe drug-induced liver injury 
(DILI). Ayurvedic herbal drugs have been implicated 
as a cause for severe DILI.(6) The potential role and 
outcomes of DILI-related ACLF has not been stud-
ied in detail, and CAM-DILI-related ACLF data are 
not available.(7)

We performed a retrospective analysis at our center 
in a large cohort of patients with liver disease to study 
CAM-related health-seeking behavior and clinical 
outcomes among patients with cirrhosis. ACLF due 
to CAM-DILI was challenging to assign to a retro-
spective cohort because the time linkage of cirrhosis 
and exposure to the toxic agent cannot be accurately 
ascertained. We therefore decided to use the term 
“possible” CAM-DILI-related ACLF. This was done 
to clarify that it was not clear that this exposure retro-
spectively is what precipitated the ACLF, even though 
stringent measures were undertaken to rule out all 
other etiologies for the acute event. We also outlined 
the clinical, biochemical, and histologic characteris-
tics and reviewed the literature on implicated CAM 
agents, delineated reasons for CAM use, and analyzed 
patient outcomes.

Patients and Methods
From September 2016 to September 2018, elec-

tronic records of all patients tagged with “liver dis-
ease” were retrieved. Patient files were scrutinized for 
diagnosis of cirrhosis, ACLF, and history of CAM 
use at any point in time. The diagnosis of cirrhosis 
was based on clinical, investigational, radiologic, and 
when possible, histopathology assessments that were 
retrieved from the respective hospital documents. 
ACLF was defined per the European Association for 
the Study of the Liver–CLIF Consortium definition 
and scored and graded per the ACLF-CLIF sys-
tem into no ACLF (grade 0) and ACLF grades 1-3, 
based on organ failure involvement.(8) Cirrhosis was 
diagnosed on history and clinical examination and in 
accordance with radiologic or histologic evidence for 
the same. Complementary and alternative medicine 
use was defined as any of Ayurveda-, Naturopathy-, 
Unani-, Siddha-, or Homeopathy-based oral medi-
cine intake. Possible CAM-DILI-related ACLF was 
defined as use of CAM and development of ACLF, 
with no other clinically identifiable trigger (or trig-
gers). Patients with clinically identifiable triggers for 
an acute event other than CAM were excluded from 
final analysis. After identifying all patients with cirrho-
sis and ACLF with a history of CAM intake, patients 
were further divided into those who took CAM 
before and after the diagnosis of cirrhosis. Patients 
with ACLF due to alcoholic hepatitis, acute viral 
hepatitis, reactivation of chronic viral infection, DILI 
due to prescription drugs, those undergoing surgical 
interventions, and those with trauma, primary hepatic 
and nonhepatic malignancies, and bacterial or fungal 
sepsis as inciting events were excluded. Transjugular 
liver biopsy was performed in those patients who were 
willing to have the procedure. Hepatic encephalopathy 
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(HE) was graded as per West Haven criteria.(9) Ascites 
was graded as no ascites, mild (grade 1, detected on 
ultrasonography), moderate (grade 2, shifting dull-
ness), and severe (grade 3, fluid thrill) based on clin-
ical and radiologic evaluation.(10) CAM use in the 
included patients was further divided into Ayurveda-, 
Naturopathy-, Unani-, Siddha-, or Homeopathy-
based treatment that was taken from registered public 
and private institutes with documented prescriptions 
(R-ANUSH), unregistered ANUSH-based or folk 
medicine-based traditional healers without documen-
tation or prescriptions (UR-ANUSH), and patient or 
patient–family driven self-treatments that were shared 
on social media (SM-ANUSH). The Roussel Uclaf 
Causality Assessment Method (RUCAM) was used to 
define a DILI event as probable, possible, or definite. 
We compared patient outcomes at 180 days between 
those with possible CAM-DILI- (n = 28) and pre-
scription drug- (n = 11) related ACLF. The study was 
performed to conform to the Helsinki Declaration of 
1975, as revised in 2000 and 2008, concerning human 
and animal rights and was approved by the hospital 
ethical review board. Patient outcomes with respect 
to mortality were assessed at the end of 1, 3, and 6 
months and the end of 1 year.

statistiCal analysis
Statistical analysis was performed using MedCalc 

Statistical Software (Ostend, Belgium). Data are 
given as mean and SD or as median and range as 
applicable. Pearson’s correlation measure was used to 
determine the relationship of patient outcomes with 
respect to independent variables. When the distri-
bution of variables was not normal, the degree of 
relationship between the variables was determined 
using Spearman’s rank correlation. Backward multi-
ple regression analysis with the automatic weighted 
regression procedure to correct for heteroscedasticity 
was used to examine the significant predictors asso-
ciated with outcome at different time points. If there 
was more than one significant independent variable 
and the dependent variable was dichotomous, then 
logistic regression was used. Receiver operating char-
acteristics analysis using the method of DeLong et 
al.(11) (for calculating the SE of the area under the 
curve [AUC]) was performed to identify cut offs of 
independent nondichotomous variables that predicted 
mortality at study time periods. The maximal value of 

Youden’s index ( J statistic) was used as a criterion for 
selecting the optimum cut-off point. The probability 
of survival at set time periods and between grouped 
independent variables was calculated using the 
Kaplan-Meier method and graphically represented by 
the survival time curve. Comparison of survival curves 
was done using the log rank test, and P < 0.05 was 
considered significant.

Results
patient sCReening anD 
inClusion

From September 2016 to September 2018, records 
of 2,384 patients with liver disease underwent screen-
ing; of these, 1,666 were diagnosed to have cirrho-
sis. CAM was used at some point in time by 68% 
(n = 1,132). We excluded 271 patients with cirrho-
sis because of incomplete recording of pertinent data. 
Out of 861 patients with cirrhosis, 32% (n = 276) and 
68% (n = 585) used CAM before and after diagno-
sis of cirrhosis, respectively. In the former group, 72% 
(n = 198/276) of patients presented as compensated 
cirrhosis while 28.2% (n = 78/276) had decompensa-
tion. We excluded 45 patients (n = 78) due to identifi-
able causes for decompensation, and 33 patients were 
found to have decompensation related to CAM use, of 
which 39% (n = 13/33) presented as possible CAM-
related ACLF. In the latter group, 81% (n = 476/585) 
of patients presented as compensated cirrhosis while 
18.6% (n = 109/585) had decompensations. Fifty-
eight patients were excluded (n = 109) due to iden-
tifiable causes for decompensations, and 51 patients 
were found to have new onset and worsening of exist-
ing decompensation directly related to CAM use. Of 
these, 33% (n = 17/51) presented as ACLF. Hence, a 
total of 35.7% (n = 30/84) of patients presented with 
possible CAM-DILI-ACLF in the whole CAM-
DILI-related decompensation cohort (Fig. 1).

patient DemogRapHiCs 
anD Baseline CliniCal 
anD inVestigational 
CHaRaCteRistiCs

The mean age of the patient cohort (n = 30) 
was 51.9 ± 9.9 years, and 83% were male patients  
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(n = 25). The median follow-up duration was 173 
(range, 14-584) days. Diabetes mellitus was present in 
66.7% (n = 20), dyslipidemia in 46.7% (n = 14), sys-
temic hypertension in 23.3% (n = 7), hypothyroidism 
in 6.7% (n = 2), and obesity in 40% (n = 12). The most 
common underlying chronic etiology of liver disease 
was nonalcoholic fatty liver (66.7%, n = 20), followed 
by alcohol (23.3%, n = 7). Ascites was detected in all 
patients, with grade 1 ascites in 13% (n = 4), grade 2 in 
47% (n = 14), and grade 3 in 40% (n = 12). Overt HE 
was seen in 66.7% of patients (n = 20) at admission, 
with grade 2 HE in 43% (n = 13) and grade 3 in 10% 
(n = 3). Acute variceal bleeding (AVB) at admission was 
seen in 10% (n = 3), while 36.7% (n = 11) developed 
AVB on follow-up. Cirrhosis was diagnosed and known 
in 56.7% of patients (n = 17), while in the rest, possible 
CAM-DILI-related ACLF was the index presentation 
for the diagnosis of cirrhosis. Higher grades of ACLF 
were noted in 33.3% (n = 10, grade 2 in 6 patients and 

grade 3 in 4 patients). Mean ± SD serum total bilirubin 
(n = 30) was 11.2 ± 6.7 mg/dL, international normal-
ized ratio was 2.5 ± 0.8, median Child-Turcotte-Pugh 
score was 13 (range, 10-14), Model for End-Stage 
Liver Disease-sodium (MELD-Na) score was 30.1 
± 4.8, median CLIF score was 11 (range, 8-14), and 
median CLIF-C-ACLF score was 98 (range, 87-127). 
Thirty patients completed 30 and 60 days follow-up, 
while 28 and 26 patients completed 6 months and 12 
months follow-up, respectively (Table 1).

ComplementaRy anD 
alteRnatiVe meDiCines

The most common type of CAM used by the 
patients in the analyzed cohort was Ayurveda (76.7%, 
n = 23), followed by Naturopathy (13.3%, n = 4) and 
Siddha (10%, n = 3). Multiple CAM use (four or more 
different types of drugs) was seen in 56.7% of patients 

Fig. 1. Consolidated Standards of Reporting Trials diagram. Abbreviation: HBV, hepatitis B virus.
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CAM after diagnosis of cirrhosis 
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New onset decompensation
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(n = 17), while single, double, and triple medication use 
were noted in 20%, 16.7%, and 7%, respectively. The 
most common reason for CAM intake was for dia-
betes mellitus (33.3%, n = 10), followed by treatment 
of chronic liver disease (26.7%, n = 8). On RUCAM 
scoring, possible (score 3-5) and probable (score 6-8) 
CAM-related DILI was seen in 43.3% and 56.6% 
(n = 17) of patients, respectively. Only 6.6% (n = 2) 
of patients had a documented prescription for CAM 
from R-ANUSH practitioners; 30% (n = 9) took 
CAM from UR-ANUSH practitioners (untrained, 
unregistered, traditional healers), and 63.3% (n = 19) 
self-medicated with CAM (SM-ANUSH) after com-
ing across “safer medicine-related health news” on 
social media (Table 2).

liVeR HistopatHology
Out of 30 patients with RUCAM scores suggestive 

of probable and possible CAM-DILI-related ACLF, 
12 consented to transjugular liver biopsy (Table 3; 
Figs. 2 and 3). Pertinent findings on liver histopathol-
ogy included portal-based moderate to severe mixed 
inflammation with a predominance of neutrophils, 

eosinophilic infiltration of portal tracts, cholangitis, 
intracanalicular and hepatocytic cholestasis, extensive 
ballooning and feathery degeneration of hepatocytes, 
fibrotic areas dissecting and extending into cirrhotic 
nodules, moderate to severe ductular reaction, and 
extensive siderosis.

outComes anD signiFiCant 
pReDiCtoRs

At the end of the median follow-up of 173 
(range, 14-584) days, 53% (n = 16/30) died, with 
a median survival of 194 days. On multivariate 
analysis, only the ACLF grade (cut- off point >1; 
sensitivity 50%, specificity 86%; AUC, 70; 95% con-
fidence interval [CI], 0.502-0.850; z statistic, 2.03; 
P = 0.04) was found to be an independent predictor 
of overall mortality (P = 0.03; Fig. 4A). Forty per-
cent of patients (n = 4/10 each) with ACLF grade 
0 and 1 died, with a mean survival of 265.4 (SEM, 
35.7) and 266.8 (SEM, 52.4) days, respectively; 
67% and 100% of patients with ACLF grade 2  
(n = 4/6) and 3 (n = 4/4) died, with a mean survival 
of 231.5 (SEM 84.4) and 119.5 (SEM 72.3) days, 

taBle 1. Baseline inVestigational FeatuRes oF patients WitH possiBle Cam-RelateD 
aClF

Parameter (N = 30) Minimum Maximum Mean Median SD

Age 26 66 51.9 54.5 9.9

Hemoglobin (g/L) 6.8 14.8 10.2 10.2 1.59

Total leucocyte count (per mm3) 3,200 16,300 7,213.3 5,950 3,525.74

Platelet count (×1000 per mm3) 34 233 97.6 86 46.25

Total bilirubin (mg/dL) 5.8 32.8 12.5 11.2 6.78

Alanine aminotransferase (IU/L) 30 568 110.8 62.5 137.57

Aspartate aminotransferase (IU/L) 42 882 138.3 76.5 186.34

Alkaline phosphatase (IU/L) 68 274 156.7 139.5 53.51

Gamma-glutamyl transpeptidase (IU/L) 49 384 144.7 112 80.35

Serum albumin (mg/dL) 1.8 3.2 2.6 2.7 0.35

International normalized ratio 1.12 5.1 2.5 2.3 0.83

Serum blood urea (mg/dL) 12 46 25.7 24 8.51

Serum creatinine (mg/dL) 0.6 2.3 1.4 1.3 0.45

Serum sodium (meq/L) 120 141 130.9 130.5 5.60

Serum potassium (meq/L) 2.9 4.4 3.7 3.7 0.40

Child-Turcotte-Pugh score 10 14 12.5 13 1.22

MELD-Na score 20 40 30.1 29.5 4.84

CLIF-C-ACLF score 87 127 103.5 98 13.35

CLIF score 8 16 10.9 11 2.17

Duration of CAM intake (days) 8 92 33.2 28 20.94

Duration of follow-up (days) 14 584 199.7 173 144.56

Time to onset of liver injury (days) from start of CAM drug 10 102 41.8 35 24.74
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respectively. By grouping patients into lower (0+1) 
and higher (2+3) grades of ACLF, an overall higher 
mortality was noted in the latter group (P = 0.03;  
hazard ratio [HR], 2.72; 95% Confidence Interval (CI),  
0.90-8.24) (Fig. 4B). At the end of 1, 3, 6, and 12 
months follow-up, 13% (n = 4/30; mean survival, 28.7 
days), 20% (n = 6/30; 79.6 days), 50% (n = 14/28; 134.9 
days), and 61.5% (n = 16/26; 221.3 days) patients died, 
respectively. Although the presence of overt HE or 
HE grade did not predict overall mortality, the latter 
significantly predicted death at 1 month. All patients  
(n = 10/30) with HE grade 0 survived, while 67%  
(n = 2/3) with HE grade 3 at admission died the first 
month (P = 0.02; grouped [HE 0+1 versus 2+3] HR, 

2.79; 95% CI, 0.39-19.8) On multiple regression, 
the CLIF-C-OF score at baseline (cut-off point, 
>10; sensitivity 100%, specificity 50%; AUC, 86.1; 
95% CI, 0.685-0.959; z statistic, 3.68; P < 0.001) 
was found to be an independent predictor of mor-
tality (P = 0.04) at 1 month (Fig. 5A). Baseline total 
bilirubin (cut-off point, >12.5 mg/dL; sensitivity 
100%, specificity 75%; AUC, 85.4; 95% CI, 0.678-
0.956; z statistic, 5.19; P < 0.001) was found to be 
an independent predictor of mortality (P = 0.006) at 
3 months. Presence of hyponatremia and high total 
leucocyte counts at admission significantly predicted 
mortality at 6 months (P < 0.05), while only ACLF 
grade at baseline (cut-off point, >1; sensitivity 50%, 
specificity 90%; AUC, 70; 95% CI, 0.490-0.862; z 
statistic, 1.96; P = 0.04) was a significant predictor 
of mortality at 1 year (P = 0.003). Higher ACLF 
grades (2+3) also significantly predicted mortality 
at 1 year (P = 0.02; HR, 2.81; 95% CI, 0.92-8.55) 
(Fig. 5B) but not at 1, 3, and 6 months. The most 
common cause of death was sepsis in 44%, followed 
by progressive liver failure leading to multiple organ 
dysfunction in 38% and refractory acute variceal 
bleeding leading to renal failure and metabolic aci-
dosis in 18%. On comparing outcomes at the end 
of 180 days between patients with possible CAM-
DILI and prescription-drug-related ACLF, mortal-
ity was found to be higher among patients in the 
CAM-DILI cohort (50% versus 28%), but this did 
not reach statistical significance (Fig. 6).

Discussion
In this retrospective, descriptive, observational 

study, we describe patterns of CAM use in a large 
cohort of patients with cirrhosis, identify and define 
a group that manifests CAM-related DILI based on 
validated causality tools, and develop possible CAM-
related ACLF. We present novel data on pertinent 
predictors, histopathologic features, and outcomes 
associated with possible CAM-related ACLF due to 
unregulated use of mostly Ayurveda formulations. In a 
study published in abstract form, Devarbhavi et al.(12) 
analyzed 2,224 patients with ACLF and found that 
6.5% had severe liver disease due to drugs of which the 
second most common cause was CAM. The authors 
also found that non-anti-tuberculosis medication- 
related DILI leading to ACLF had a higher mortality. 

taBle 2. Details oF Cams useD By patients 
WHo DeVelopeD possiBle aClF

Complementary and Alternative Medicines

Aloe vera extracts + unknown polyherbal powder mixtures*
Aquatic rotula + Phyllantus niruri (gale of the wind/stonebreaker)

Datura stramonium (Devil’s weed) + Bengal velvet bean + Chlorophytum 
borivilianum (safed musli)

Gold-containing metallomineral ash (Thanga bhasma) + Phyllantus niruri 
(gale of the wind/stonebreaker)

Holarrhena antidysentrica (bitter oleander) + unknown polyherbal powder 
mix

Magnesium sulfate + Scoparia dulcis (sweet broom weed)

Justicia adhatoda (Malabar nut tree) leaf extracts in capsule and syrup 
formulations†

Guava leaf extracts + aloe vera extracts

Passion fruit leaf + aloe vera + Phyllantus niruri (gale of the wind/
stonebreaker)

Unlabeled polyherbal powder and syrup formulations + unlabeled herbal 
tablets‡

Raw Carica papaya seed extracts

Boerhavia diffusa (spreading hogweed) extracts + polyherbal powder 
mixtures

Unlabeled metallomineral ash (Bhasma) formulation

Polygonum aviculare (wireweed) + aloe vera + polyherbal powder 
mixtures

Polygonum aviculare (wireweed) + Phyllantus niruri (gale of the wind/
stonebreaker)

Reasons for using complementary and alternative medicines (N = 30)

Treatment for diabetes mellitus (n = 10)

“Cure” from cirrhosis (n = 8)

Treatment for fatty liver (n = 2)

Nonsurgical treatment of gall stones and liver and gall bladder cleanse in 
cirrhosis (n = 2)

Treatment of bronchitis, alcohol de-addiction, high cholesterol level, cure 
from chronic hepatitis B virus infection, pruritus, treatment for loss of 
libido in cirrhosis, loss of appetite and dyspepsia, and weight loss  
(n = 1 each)

1 patient each except.
*4 patients; †3 patients; ‡11 patients.
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Seeff et al.(13) showed that at least 42% of patients 
with chronic liver disease used some form of CAM on 
a regular basis and that herbal preparations were used 
by 20% of patients with liver disease without advice 
from or knowledge of treating physicians. In our 
study, overall 68% of patients with cirrhosis used some 
form of CAM at some time point during their dis-
ease, with 68% consuming CAM after the diagnosis 
of cirrhosis. It is important to note that social media-
based information was a powerful driving factor for 
CAM-related health-seeking behavior and that most 
treatments were met from unregistered and untrained 
traditional Ayurvedic healers. This alarming finding is 
also a potentially modifiable risk factor if uncompro-
mising regulation from governmental public health 
agencies and coordination from practitioners of mod-
ern and alternative medicine for proper patient educa-
tion is attempted.

In a recent study, Philips and colleagues(14) analyzed 
1,440 patients without cirrhosis and found 94 of these 
to have severe liver injury and associated Ayurvedic 
herbal medicine (AHM) use. Thirty-three patients 
were suspected to have AHM-DILI on RUCAM and 
to have HE, hypoalbuminemia, hepatic necrosis on 
liver biopsy; they found the presence of high levels of 
arsenic and mercury to be significantly associated with 
mortality. Some patients had liver fibrosis and steatosis 
with hepatic decompensation, supporting a diagnosis 
of ACLF. AHM intake from unregulated traditional 
healers was associated with higher mortality. Hayashi  
et al.(15) showed that herbal and dietary supplements 
were important causes of liver injury requiring liver trans-
plantation or causing liver-related death. In their study, 
21% of deaths were due to herbal supplements; ACLF 
was diagnosed in 33% of these cases. Higher biliru-
bin, coagulopathy, leukocytosis, and thrombocytopenia 

taBle 3. liVeR Histology oF patients WitH possiBle aClF seConDaRy to Cam-RelateD Dili

Patient Complementary and Alternative Medicine Liver Histopathology Findings*

1 Aloe vera extract + unknown polyherbal powder mixtures Mild to moderate portal-mixed cellular inflammation with neutrophilic predomi-
nance, marked ductular reaction with periportal hepatocyte destruction

2 Aquatic rotula + Phyllantus niruri (gale of the wind/
stonebreaker)

Intracanalicular and hepatocellular cholestasis, neutrophilic portal inflammation 
with moderate to severe ductular reaction

3 Gold-containing metallomineral ash (Thanga bhasma) + 
Phyllantus niruri (gale of the wind/stonebreaker)

Eosinophilic infiltrates, lymphocytes and occasional periportal neutrophils, 
moderate to severe cholestasis (canalicular and hepatocytic) with periportal 
hepatocyte destruction, and occasional ballooning with extensive sinusoidal 
fibrosis

4 Holarrhena antidysentrica (bitter oleander) + unknown 
polyherbal powder mix

Areas of incomplete nodule formation, marked infiltration of portal tract with 
neutrophils, lymphocytes and eosinophils, cholangiolar cholestasis, and 
Mallory hyaline

5 Magnesium sulfate + Scoparia dulcis (sweet broom weed) Advanced bridging fibrosis with extension of fibrotic strands into the cirrhotic 
nodules, mixed inflammatory cells with neutrophilic predominance, mild to 
moderate eosinophilic infiltrates, moderate to severe canalicular and 
hepatocellular cholestasis

6 Guava leaf + aloe vera extract Periportal necrosis, neutrophilic portal inflammation, cholestasis predominantly 
intracanalicular, and mild to moderate ductular reaction

7 Passion fruit leaf + aloe vera + Phyllantus niruri (gale of the 
wind/stonebreaker)

Interface hepatitis with lymphoplasmacytic cells, extensive feathery degenera-
tion, severe siderosis, ballooning of hepatocytes, and ductal siderosis

8 Unknown polyherbal powder and syrup formulations + 
unlabeled herbal tablets

Extensive siderosis with mild to moderate lymphocytic portal-based 
inflammation

9 Unknown polyherbal powder + unlabeled herbal tablets Periportal and portal-based neutrophilic inflammation, interface hepatitis, 
extensive ballooning of hepatocytes with occasional eosinophils

10 Unlabeled metallomineral ash (Bhasma) formulation Marked ballooning of hepatocytes, feathery degeneration, multinucleation, 
irregular hepatic nodule formation, lymphoplasmacytic cells with occasional 
neutrophils

11 Malabar nut tree leaf + aloe vera extract Moderate plasma cell-rich portal-based infiltration with mild to moderate 
neutrophilic inflammation, few lymphocytes, and severe canalicular 
cholestasis

12 Malabar nut tree leaf + root extract Moderate to severe lympho-plasmacytic portal-based infiltration with occasional 
eosinophils and few neutrophils

*Cirrhosis or advanced fibrosis is a common finding.
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were found to be independent predictors of mortality 
in the whole DILI cohort. In our study, we found sim-
ilar predictors of mortality in the short (1-3 months), 
intermediate (6 months), and long (12 months) term. 
The CLIF–C-OF score >10 and presence of overt HE 
at admission, total bilirubin >12.5 mg/dL at admission, 
hyponatremia and elevated leucocyte counts at admis-
sion, and grade of ACLF predicted mortality at 1, 3, 
6, and 12 months, respectively. Our findings are in line 
with the current literature on ACLF but provide better 
insights into possible CAM-related ACLF outcomes 
for patients at specific time points. The CLIF-C-ACLF,  
a good prognostic score for patients with ACLF and 
those who are critically ill with cirrhosis, was not found 
to significantly predict outcomes in our cohort of 

patients with possible CAM-related ACLF, probably 
because most had very high severity scores and statis-
tical significance was not met. In a study on AHM-
related DILI in patients without cirrhosis, the liver 
histopathology included mostly massive, submassive, 
and bridging necrosis and fibrosis with neutrophilic 
inflammation and cholestasis; the former significantly 
correlating with mortality.(14) In the current study, we 
found that such patterns were not evident in the presence 
of cirrhosis and that portal-based mixed inflammation, 
autoimmune hepatitis-like inflammatory infiltrates, 
eosinophils, severe cholestasis, and marked hepatocyte 
ballooning and feathery degeneration predominated. 
Liver injury (typically hepatocellular type) associated 
with portal-based severe neutrophilic inflammation and 

Fig. 2. Liver biopsy findings of patients with possible CAM-related ACLF. Cirrhosis with mild to moderate neutrophilic predominant 
mixed inflammation with periportal hepatocyte destruction. (A) Aloe vera extract along with unlabeled polyherbal powder, (H&E, 
magnification ×20) and (B) advanced fibrosis with irregular nodule formation with marked ductular reaction (white arrows) within 
areas of fibrosis (MT stain, magnification ×10). (C) Cirrhosis with moderate to severe lymphoplasmacytic inf lammation of the portal 
tracts without interface hepatitis but with severe siderosis; unlabeled polyherbal powder, multi-herb syrup, and unlabeled Ayurvedic 
tablets (H&E, magnification ×10). (D) Cirrhosis with severe plasma cell-rich portal inf lammation, few lymphocytes, mild to moderate 
neutrophilic infiltrates, and canalicular cholestasis, and areas of macrovesicular steatosis are also seen; aloe vera and Malabar nut tree 
leaf extract (H&E, magnification ×20). (E) Extensive and severe sinusoidal fibrosis; gold-containing Siddha metallomineral ash and 
gale of the wind herb (MT, magnification ×20). (F) Marked infiltration of portal tract with neutrophils, lymphocytes, and eosinophils, 
with cholangiolar cholestasis; bitter oleander and unlabeled polyherbal powder (H&E, magnification ×20). Abbreviations: H&E, 
hematoxylin and eosin; MT, Masson-Trichrome.
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extensive ballooning change of hepatocytes has been 
described with aloe-related DILI; these features were 
also prominent in our patient cohort.(16,17)

The liver, renal, and cerebral toxicity of Devil’s 
weed and the cytotoxicity of bitter oleander, guava, 
and passion fruit leaf extracts consumed by patients 
in our study are well described.(18-21) It was interest-
ing to note that the liver biopsies of those consuming 
Malabar nut tree (or vasaka) extracts demonstrated 
autoimmune hepatitis-like histologic features, prob-
ably because of the presence of quinazoline alka-
loids, phytosteroids, chalcones, triterpenoids, and 
flavonoids with possible immunomodulatory prop-
erties.(22) Hillman et al.(23) showed that CAM-
induced DILI is at least as severe in presentation 
as prescription medicine-related DILI, with higher 
rates of transplantation and lower transplant-free 

survival (17%) in those who progress to acute liver 
failure. In our study, approximately 70% of patients 
with ACLF grade 2 and all patients with ACLF 
grade 3 died on follow-up beyond 6 months. This 
may relate to the higher mortality among patients 
with possible ACLF due to CAM-DILI than the 
mortality seen with other causes, such as prescription 
drug-related ACLF, seen in our cohort of patients. 
However, larger studies and comparison with other 
acute etiologies in ACLF need to be performed to 
substantiate our findings.

The major limitation of our study was that it 
was retrospective in nature and from a single cen-
ter. We were unable to absolutely assess the specific 
CAM time of exposure before and after in the whole 
cirrhosis cohort due to the retrospective nature 
of the study. There was difficulty in ascertaining 

Fig. 3. Liver biopsy findings of patients with possible CAM-related ACLF. (A) Liver biopsy showing interface hepatitis with 
lymphoplasmacytic cells, extensive feathery degeneration, and ballooning of hepatocytes; passion fruit leaf concoction, aloe vera extract,  
and gale of the wind herb (H&E, magnification ×20). (B) Portal inflammation with severe siderosis in the absence of human hemoc-
hromatosis protein gene mutation; polyherbal powder and unlabeled Ayurvedic tablets (H&E, magnification ×20). (C) Extensive fibrosis 
with dissection of fibrotic strands into islands of hepatocyte nodules; magnesium sulfate and sweet broom weed (MT, magnification ×20). 
(D) Severe intracanalicular and hepatocellular cholestasis; metallomineral Ayurvedic preparations and unlabeled polyherbal powders 
(H&E, magnification ×40). (E,F) Marked ballooning of hepatocytes with multinucleation, feathery degeneration with extensive fibrosis, 
irregular hepatocyte nodules, and lymphoplasmacytic cellular inflammation and interface hepatitis; Malabar nut tree leaf extract (H&E 
and MT, magnification ×10 and ×20, respectively). Abbreviations: H&E, hematoxylin and eosin; MT, Masson-Trichrome.
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Fig. 4. Overall survival in patients with possible CAM-related ACLF. (A) Overall survival in patients with CAM-related DILI and 
(B) lower and higher grades of ACLF.

Fig. 5. Survival of patients with possible CAM-related ACLF. (A) Proportion of patients with possible CAM-related ACLF surviving 
at 1 month, grouped according to CLIF scores. (B) Proportion of patients with CAM-related DILI and lower and higher grades of 
ACLF surviving at the end of 1 year.
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the component responsible for causing liver injury 
because the majority of patients consumed unla-
beled, over the counter, and traditional healer- 
prescribed multiple medications. We did not analyze 
CAM samples for hepatotoxic substances. However, 
a previous study had linked liver injury to the pres-
ence of hepatotoxic heavy metals and volatile organic 
compounds that may have been components of the 
CAM or introduced as adulterants during processing 
in the absence of good manufacturing practices.(14) 
Although RUCAM is not validated in CAM-related 
DILI, we used RUCAM in our study because it is 
among the best tools currently available for ascer-
taining causality. It might seem that there is an 
over-representation of nonalcoholic fatty liver dis-
ease (NAFLD) in the study cohort, but this was 
due to most patients consuming CAM for meta-
bolic syndrome and may not represent NAFLD as 
a potential risk factor for CAM-DILI. We could 
only describe the overall use of CAM in the whole 
cohort at “some point in time,” and patients with 
cirrhosis who had a history of CAM intake during 
the 3 months preceding clinical worsening were only 
included to better define outcomes and homogenize 

inclusion. We chose 3 months as a reasonable cut-off 
point for an acute DILI event based on the liter-
ature.(24,25) Comparing all the patients with CAM 
intake to those without CAM intake in the hospital 
would have provided a broader outlook; however, this 
would have meant comparing those with exposure to 
CAM without any actual linked clinical events to a 
much larger group of patients with highly heteroge-
neous clinical events without addressing the limita-
tion in the literature.

Possible CAM-DILI-related ACLF is associated 
with very poor intermediate and long-term transplant- 
free survival. Specific predictors at admission, such 
as overt HE, hyponatremia, leukocytosis, CLIF-
C-OF score, and ACLF grade can help guide the 
treating physician dealing with this catastrophic dis-
ease in deciding timing, referral, and listing for liver 
transplantation. Social media-based self-medications  
and treatments from untrained and unregulated 
Ayurvedic traditional healers aimed at safer alterna-
tives for chronic liver disease burden an unknowing 
population with a preventable cause for severe liver 
injury. Stringent monitoring, public health education 
in the wake of exaggerated CAM use, and integrative 

Fig. 6. Proportion of patients with possible CAM-related ACLF compared to those with prescription drug-related ACLF surviving 
at 180 days and characteristics of both groups with respect to liver disease severity.
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medical educational practices in regions entrenched in 
pseudoscientific beliefs are a necessity.
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