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Abstract

Background and Aims: Hepatic sinusoidal obstruction syn-
drome (HSOS) is caused by toxic injury to sinusoidal en-
dothelial cells in the liver. The intake of pyrrolizidine alkaloids 
(PAs) in some Chinese herbal remedies/plants remains the 
major etiology for HSOS in China. Recently, new diagnostic 
criteria for PA-induced HSOS (i.e. PA-HSOS) have been de-
veloped; however, the efficacy has not been clinically vali-
dated. This study aimed to assess the performance of the 
Nanjing criteria for PA-HSOS. Methods: Data obtained from 
consecutive patients in multiple hospitals, which included 86 
PA-HSOS patients and 327 patients with other liver diseases, 
were retrospectively analyzed. Then, the diagnostic perfor-
mance of the Nanjing criteria and simplified Nanjing crite-
ria were evaluated and validated. The study is registered in 
www.chictr.org.cn (ID: ChiCTR1900020784). Results: The 

Nanjing criteria have a sensitivity and specificity of 95.35% 
and 100%, respectively, while the simplified Nanjing criteria 
have a sensitivity and specificity of 96.51% and 96.33%, re-
spectively, for the diagnosis of PA-HSOS. Notably, a propor-
tion of patients with Budd-Chiari syndrome (11/49) was mis-
diagnosed as PA-HSOS on the basis of the simplified Nanjing 
criteria, and this was mainly due to the overlapping features 
in the enhanced computed tomography/magnetic resonance 
imaging examinations. Furthermore, most of these patients 
(10/11) had occlusion or thrombosis of the hepatic vein, 
and communicating vessels in the liver were found in 8/11 
patients, which were absent in PA-HSOS patients. Conclu-
sions: The Nanjing criteria and simplified Nanjing criteria 
exhibit excellent performance in diagnosing PA-HSOS. Thus, 
both could be valuable diagnostic tools in clinical practice.

Citation of this article: Zhang W, Liu L, Zhang M, Zhang 
F, Peng C, Zhang B, et al. Validation of the Nanjing criteria 
for diagnosing pyrrolizidine alkaloids-induced hepatic sinu-
soidal obstruction syndrome. J Clin Transl Hepatol 2021; 
00(00):345–352. doi: 10.14218/JCTH.2020.00124.

Introduction

Hepatic sinusoidal obstruction syndrome (HSOS), which is 
also referred to as hepatic veno-occlusive disease (or sim-
ply HVOD), is a hepatic vascular disease featured by edema, 
detachment of endothelial cells in the small sinusoidal he-
patic and interlobular veins, necrosis, portal hypertension, 
intrahepatic congestion, and liver dysfunction.1–6 It has 
been demonstrated that HSOS is caused by toxic injury to 
sinusoidal endothelial cells in the liver, and that this injury 
can be induced by different etiological factors. In Western 
countries, HSOS usually occurs as a consequence of bone 
marrow hematopoietic stem cell transplantation (HSCT) 
treatment for hematological malignancies.7 In China, the in-
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take of pyrrolizidine alkaloids (PAs) in certain Chinese herbal 
remedies/plants (e.g., Senecio, Crotalaria, heliotropes, and 
Tusanqi) remains the major etiology for HSOS.8 The mani-
festations in HSOS patients include jaundice, abdominal dis-
tention, hepatomegaly and ascites, which overlap with other 
liver diseases, such as Budd-Chiari syndrome (BCS), acute 
liver failure, or decompensated cirrhosis of various caus-
es.9,10 This has posed challenges in the diagnosis of HSOS. 
In recent years, the incidence of PA-induced HSOS (i.e. PA-
HSOS) in China has been increasing. However, PA-HSOS has 
been frequently misdiagnosed as the following diseases: 
acute/subacute severe hepatitis, decompensated cirrhosis, 
BCS, etc. This misdiagnosis delays the proper treatment of 
patients with PA-HSOS, in which a proportion of severe cases 
can progress into severe dysfunction, and even multiple or-
gan failure. Therefore, there is an urgent need to develop 
diagnostic criteria specific to PA-HSOS.4

For HSOS caused by bone marrow HSCT (HSCT-HSOS), 
the diagnosis is made according to the improved Seattle and 
Baltimore criteria.11 However, it has been noted that there are 
significant differences, in terms of epidemiology, ethnicity, eti-
ology and underlying diseases, between PA-HSOS and HSCT-
HSOS, and that patients with PA-HSOS have specific clinical 
characteristics. For instance, previous study2 revealed that 
PA-HSOS patients have a relatively longer incubation period 
from the initial exposure to PA, which ranges from 3 days to 
3 months, and that serum total bilirubin (TBil) <34.2 µmol/L 
can be found in approximately 40% of PA-HSOS patients. In 
addition, as high as 90% of PA-HSOS patients presented with 
distinctive imaging findings, such as hepatomegaly, uneven 
liver perfusion in the balance phase, compressive stenosis 
of the hepatic segmental inferior vena cava in the imaging 
findings of the enhanced computed tomography (CT) scan 
or magnetic resonance imaging (MRI), and decreased peak 
velocity of portal vein blood flow in the Doppler ultrasonogra-
phy. On the other hand, a history of chemotherapeutic expo-
sure for 20 or 21 days before onset and 2%–5% weight gain 
at onset are required in the improved Seattle and Baltimore 
criteria. However, PA-HSOS patients do not often have the ex-
perience of using chemotherapy. Doctors do not usually have 
accurate weight-change data due to the sporadic nature of 
the disease. Based on these reasons, the improved Seattle 
and Baltimore criteria are not suitable for the diagnosis of 
PA-HSOS. Therefore, in 2017, the Chinese Society of Gas-
troenterology Committee of Hepatobiliary Disease reached a 
consensus, and proposed the Nanjing criteria for the diagno-
sis of PA-HSOS (Table 1).6 Nevertheless, to date, the clinical 
efficacy of the Nanjing criteria has not been validated.

The present multi-center retrospective study intends to 
validate the diagnostic performance of the Nanjing criteria 
for Chinese patients with PA-HSOS.

Methods

Study population

During the period between November 2011 and Decem-

ber 2018, a total of 994 consecutive patients in multiple 
centers were retrospectively evaluated for eligibility in the 
present study. The participating hospitals were, as follows: 
(1) Department of Gastroenterology, The Affiliated Drum 
Tower Hospital of Nanjing University Medical School; (2) 
Department of Hepatology, Nanjing Second Hospital, Nan-
jing University of Chinese Medicine; and (3) Liver Diseases 
Center of PLA and Department of Infectious Diseases, Gen-
eral Hospital of Eastern Theater Command, and Bayi Hos-
pital Affiliated to Nanjing University of Chinese Medicine. 
The inclusion criteria used for the enrollment of patients 
were, as follows: (1) presentation of clinical symptoms at 
≤6 months; (2) abnormal liver function [elevated alanine 
transaminase (ALT), aspartate aminotransferase (AST), or 
total bilirubin (Tbil)]; (3) ascites and/or abdominal disten-
sion; or (4) anorexia. Patients with the following criteria 
were excluded from the present study: (1) suspected, but 
not pathologically diagnosed, with PA-HSOS; (2) two or 
more liver diseases, or PA-HSOS in combination with biliary 
diseases; (3) unknown cause of liver disease; (4) missing 
clinical data; and (5) duplicate data from the previous study 
of the Nanjing Criteria.

Finally, 86 patients with PA-HSOS and 327 patients with 
other liver diseases of various etiologies were retrospec-
tively investigated (Fig. 1). All patients with PA-HSOS un-
derwent transjugular liver biopsy (TJLB).

The present study was reviewed and approved by the 
Ethics Committee of each participating hospital. The re-
quirement for written informed consent was waived due to 
the retrospective nature of the study.

Diagnostic criteria

The reference standards of the diagnostic criteria for PA-
HSOS were, as follows: (1) pathologically proven edema, 
necrosis, detachment of hepatic sinusoidal endothelial cells 
in the hepatic acinus zone III, and significant dilation and 
congestion of hepatic sinusoids; and (2) confirmed history 
of intake of PA-containing herbs/plants, or the detection of 
blood pyrrole-protein adducts (PPAs). All liver tissue speci-
mens were independently examined by two experienced 
hepatopathologists.

The clinical components of the Nanjing criteria for PA-
HSOS were, as follows: (1) definite history of intake of PA-
containing plants; (2) abdominal distention and/or pain in 
the hepatic region, hepatomegaly and ascites; (3) elevated 
serum TBil or abnormal serum markers for liver function; 
and (4) typical features in the enhanced CT or MRI exami-
nations (e.g., diffuse hepatomegaly, ascites, and plain scans 
revealing a heterogeneous decreased density of the hepatic 
parenchyma; enhancement characterized by a map-like 
or mottle-like nonhomogeneous appearance in the venous 
phase and equilibrium phase; hepatic vein lumen being 
stenotic or obscured; hepatic segment of the inferior vena 
cava being compressed and thinner; and MRI findings being 
similar to CT findings).

The diagnostic criteria for other liver diseases were de-

Table 1.  Nanjing criteria for the diagnosis of PA-HSOS

No. Diagnostic criteria

i A definite history of PA-containing plants

ii Abdominal distention and/or pain in the hepatic region, hepatomegaly and ascites

iii Elevation of serum TBil or abnormal liver function

iv Typical features in the enhanced CT or MRI

Patients with i, ii, iii, iv or i, and pathological evidence, and the ruling out the other known causes of liver injury can be diagnosed as PA-HSOS.
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termined upon referring to established guidelines or text 
books. The diagnosis was independently performed by two 
experienced hepatologists (Wei Zhang and Yuzheng Zhuge), 
according to the diagnostic criteria. Simply, patients with a 
consistent diagnosis were included in the study, and those 
with inconsistent diagnosis were excluded. The diagnosis of 
BCS was made in accordance with the 2016 European As-
sociation for the Study of the Liver (EASL) Clinical Practice 
Guidelines.12

The diagnosis of decompensated cirrhosis was made ac-
cording to the 2018 EASL Clinical Practice Guidelines for 
the management of patients with decompensated cirrhosis, 
which was based on the characteristic clinical manifesta-
tion, laboratory tests, imaging performance, and histologi-
cal data.13 In addition, the cause of chronic liver damage 
was determined by medical history and laboratory examina-
tion.14–18

The diagnostic criteria for acute liver failure (ALF) or sub-
acute liver failure (SALF) were determined by reference to 
the 2017 EASL Clinical Practical Guidelines on the manage-
ment of acute (fulminant) liver failure.19

The diagnosis for drug-induced liver injury (DILI) was 
made according to the American College of Gastroenterol-
ogy Clinical Guidelines on the diagnosis and management 
of idiosyncratic DILI.20 PA-HSOS is a unique sub-group of 
DILI, and has its own diagnostic criteria. Thus, DILI cases in 
the present study were defined as DILI except when HSOS 
was induced by PA or other drugs.

Quantification of PPAs

Serum PPAs were examined using the pre-column derivati-
zation liquid chromatography-tandem mass spectrometry 
method, as previously reported, with minor modifications.3

Statistical analysis

The statistical analyses were carried out using the SPSS 
version 22.0 software (IBM Corp., Armonk, NY, USA). Con-
tinuous data were expressed as mean ± standard deviation 
(SD), or median and interquartile range (25 and 75 percen-

tiles), according to the data distribution. Baseline data were 
compared between PA-HSOS and other liver diseases (BCS, 
decompensated cirrhosis, DILI, ALF/SALF, and cardiogenic 
ascites), respectively. Continuous variables were compared 
using Student’s t-test or Manne-Whitney U-test, when an 
abnormal distribution was detected. In addition, Pearson’s 
chi-square test or Fisher’s exact test was used to compare 
the categorical variables among different groups. The sensi-
tivity, specificity, overall accuracy, positive predictive value 
(PPV), negative predictive value (NPV), 95% confidence in-
terval (CI), likelihood ratio, Kappa value, and area under 
the receiver operating characteristics curve (commonly re-
ferred to as AUC) were calculated to evaluate the diagnos-
tic accuracy of the Nanjing criteria. A two-tailed p-value of 
<0.05 was considered statistically significant.

Results

Characteristics of the study subjects

A total of 413 patients, treated between November 2011 
and December 2018, who fulfilled the eligibility criteria, 
were retrospectively enrolled in the present study (Fig. 1). 
Among these patients, 86 underwent TJLB and had ascites, 
and the PA of these patients met the criteria for the di-
agnosis of HSOS. The pathological findings confirmed ede-
ma, necrosis, detachment of hepatic sinusoidal endothelial 
cells in hepatic acinus zone III, and significant dilation and 
congestion of hepatic sinusoids (Fig. 2). Among the 86 PA-
HSOS patients, 85 were found to have a clear history of 
intake of PA-containing herbal medicine/plants, and 1 was 
diagnosed with PA-HSOS through a blood test of PPAs that 
confirmed the history of PA intake. The remaining 327 pa-
tients were diagnosed with other various liver diseases, ac-
cording to the diagnostic criteria described in the Materials 
and Methods section (BCS: n=49, DILI: n=33, ALF/SALF: 
n=88, decompensated cirrhosis: n=150, cardiogenic as-
cites: n=6, and liver amyloidosis: n=1).

The demographic, laboratory and clinical characteristics 
of these patients are summarized in Table 2. Patients with 
PA-HSOS were older than patients with other liver diseas-

Fig. 1.  Flow diagram for the patient enrollment. 
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es, and ascites was present in all PA-HSOS patients. The 
findings of the enhanced CT/MRI were significantly differ-
ent between PA-HSOS and other liver injuries (p<0.001). 
Patchy enhancement and heterogeneous hypoattenuation 
were the typical features (Fig. 2). The majority of these 
PA-HSOS patients had mildly elevated TBil, and nearly nor-
mal transaminase and platelet levels. The laboratory char-
acteristics were similar to those in BCS patients but were 
different from patients with decompensated cirrhosis, who 
had decreased platelet levels. For the Child-Turcotte-Pugh 
and Model for End-Stage Liver Disease (commonly known 
as MELD) scores, patients with ALF/SALF had the highest 
scores, followed by patients with DILI, PA-HSOS, decom-
pensated cirrhosis, BCS, and cardiogenic ascites.

Performance of the Nanjing criteria in the diagnosis 
of PA-HSOS

The diagnostic performance of the Nanjing criteria and sim-
plified Nanjing criteria (ii, iii and iv in the Nanjing criteria) in 
diagnosing PA-HSOS was assessed. The results are present-
ed in Table 3. The Nanjing criteria demonstrated a good abili-
ty in diagnosing PA-HSOS, with a sensitivity of 95.35% (95% 
CI: 90.81–99.89), a specificity of 100%, a PPV of 100%, a 
NPV of 98.79% (95% CI: 97.61–99.97), and an overall accu-
racy of as high as 99.03%. In contrast, the simplified Nanjing 
criteria had a sensitivity of 96.51% (95% CI: 92.55–100) 
and a specificity of 96.33% (95% CI: 94.28–98.38) for the 
diagnosis of PA-HSOS. It was noteworthy that the PPV and 
NPV of the simplified Nanjing criteria was 87.37% (95% CI: 
80.57–94.17) and 99.06% (95% CI: 97.99–100), respec-
tively, for the diagnosis of HSOS. The positive likelihood ratio 
for the simplified Nanjing criteria was 25.98. The negative 

likelihood ratios for the Nanjing criteria and simplified criteria 
were 0.046 and 0.036, respectively. The AUC for the Nan-
jing criteria in the diagnosis of PA-HSOS was 0.977 (95% 
CI: 0.951–1.000, p<0.01), while the AUC for the simplified 
Nanjing criteria was 0.964 (95% CI: 0.939–0.990, p<0.01) 
(Fig. 3). As shown in Table 4, the Kappa value between the 
Nanjing criteria and the liver pathology for the diagnosis of 
PA-HSOS was 0.970. In addition, the Kappa value for the 
simplified Nanjing criteria was 0.894, indicating a strong con-
sistency with the gold standard.

Performance of the Nanjing criteria in differentiating 
PA-HSOS from BCS

Performance of the Nanjing criteria in distinguishing PA-
HSOS from BCS was further evaluated. Both conditions 
share similar clinical characteristics and imaging features, 
which has posed difficulties to differential diagnosis. It 
was found that 11 of 49 (22.45%) BCS patients had typi-
cal features of patchy enhancement on the CT/MRI, and 
these patients were misdiagnosed as PA-HSOS according 
to simplified Nanjing Criteria. In order to differentiate BCS 
from PA-HSOS in patients with similar typical features of 
enhanced CT or MRI, the characteristics of the hepatic vein 
were further compared in the Doppler ultrasound and ve-
nography for the 44 PA-HSOS patients who underwent Dop-
pler ultrasound examinations and the above mentioned 11 
BCS patients. As shown in Table 5, among the 11 BCS pa-
tients with typical features of patchy enhancement on the 
CT/MRI, 5 had the hepatic vein type, 5 had the mixed type, 
and 1 had the inferior vena cava type. The Doppler ultra-
sound detected thrombosis or occlusion of the hepatic vein 
in 10 of 11 (90.9%) BCS patients and this was confirmed in 

Fig. 2.  Representative CT images and pathological findings for PA-HSOS patients. (A) The CT imaging revealed diffuse hepatomegaly, ascites, and plain scans 
showing the heterogeneous decreased density of the hepatic parenchyma. (B) The CT enhancement characterized a map-like or mottle-like nonhomogeneous appear-
ance in the equilibrium phase. (C) The CT images showed that the hepatic vein lumen was obscured, and the hepatic segment of the inferior vena cava was compressed 
and thinner. (D) hematoxylin-eosin (HE) ×40, Zone III, Zone I; (E) HE ×100, Zone III, Zone I. The pathological findings confirmed edema, necrosis, detachment of 
hepatic sinusoidal endothelial cells in hepatic acinus zone III, significant dilation and congestion of hepatic sinusoids, but showed no significant changes in zone I.
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the venography, while no thrombosis or occlusion was found 
in PA-HSOS patients. In addition, 8 of 11 (72.7%) BCS pa-
tients had a communicating branched vein within the liver 
detected by Doppler ultrasound, while none of the PA-HSOS 
patients had such feature. Furthermore, 35 of 44 (79.5%) 
PA-HSOS patients and 1 of 11 (9.1%) BCS patients had 
reductions in the diameter or velocity of the hepatic vein. 
However, none of the 11 BCS patients had a history of in-
take of PA. All differences between these two groups were 
statistically significant (p<0.001).

Discussion

The Nanjing criteria has been recently proposed for the diag-
nosis of PA-HSOS. However, its efficacy and reliability has not 
been clinically validated. The present study demonstrated 
that the Nanjing criteria exhibits excellent performance in the 
diagnosis of PA-HSOS. This was demonstrated by multiple 
lines of evidence, including high sensitivity and specificity.

A variety of diagnostic criteria, such as the Baltimore 
criteria and Modified Seattle criteria, are available for the 
diagnosis of HSCT-HSOS.21–23 However, these criteria were 
specifically developed for the diagnosis of HSCT-HSOS and 
the clinical efficacy remains argumentative when applied 
for the diagnosis of PA-HSOS. For example, the first item 
in both the Baltimore criteria and Modified Seattle criteria 
is absent in PA-HSOS patients. Since PA-HSOS is a form 
of sporadic disease, it is difficult to obtain accurate data 
on the patient’s weight gain following the onset of the dis-
ease. In addition, more than 40% of PA-HSOS patients 
have mildly abnormal hepatic function at the time of the 
disease onset, with TBil <34.2 µmol/L, and this largely 
differs from that in HSCT-HSOS patients. Previously, the 
diagnosis of PA-HSOS has largely relied on the pathologi-
cal examination of the liver biopsy specimen. Neverthe-
less, ascites has been detected in nearly all PA-HSOS pa-
tients, and percutaneous liver biopsy might be the cause 
of severe complications (e.g., intraperitoneal bleeding and 
liver rupture). TJLB has been considered to be better than 
percutaneous liver biopsy for PA-HSOS patients. However, 
TJLB has not become a routine procedure in most hospi-
tals, mainly because it is relatively difficult to perform and 
costly. Recently, the Nanjing criteria was proposed and is-
sued in the Expert consensus on the clinical management 
of PA-HSOS.6 To date, no clinical validation has been made 
by assessing the diagnostic performance of the criteria. 
In this context, the present study focused on the clinical 
items in the criteria to verify the diagnostic value of the 
Nanjing criteria for PA-HSOS.

Among the 86 PA-HSOS patients examined in this study, 
82 were diagnosed with PA-HSOS on the basis of the Nan-
jing criteria, while 4 were determined to have been misdiag-
nosed, giving a false negative rate of 4.70% (4/86). Among 
these four patients, one had no history of PA-containing 
plant intake but showed positivity for PPA detection in the 
blood, while the remaining three patients had no typical im-
aging features in their enhanced CT/MRI scans. These re-
sults suggest that the intake of PA is subjective. Therefore, 
an objective proof of PA intake through the examination of 
serum PPAs might be necessary for the confirmation of the 
etiology. Previous studies have indicated that serum PPAs 
have a diagnostic sensitivity of 100%, a specificity of 94.1%, 
and a NPV of 100%.24 Thus, PPAs can be regarded as a spe-
cific biomarker of PA intake. In addition, not every PA-HSOS 
patient has typical features in the enhanced CT/MRI. There-
fore, TJLB might be useful in the diagnosis of PA-HSOS.

In clinic, many PA-HSOS patients were not clear in their 
history of intake of PA-containing plants. Therefore, the di-
agnostic performance of the simplified Nanjing criteria (ii, 
iii and iv in the Nanjing criteria) was evaluated. Notably, 
83 PA-HSOS patients were accurately diagnosed, while the 
remaining 3 patients were misdiagnosed due to the absence 

Fig. 3.  Receiver operating characteristic curves for the Nanjing criteria 
and simplified Nanjing criteria in the study patients. The AUC for the 
Nanjing criteria in the diagnosis of PA-HSOS was 0.977 (95% CI: 0.951–1.000, 
p<0.01), while the AUC for the simplified Nanjing criteria was 0.964 (95% CI: 
0.939–0.990, p<0.01).

Table 4.  Kappa analysis of the Nanjing criteria or simplified Nanjing criteria with the gold standard

Nanjing criteria (i+ii+iii+iv) Simplified Nanjing criteria (ii+iii+iv)

Gold standard 0.970 0.894

Table 5.  Comparison of the characteristics of PA-HSOS and BCS

PA-HSOS, n=44 BCS, n=11 p-value

Thrombosis or occlusion of hepatic vein by Doppler ultrasound, n (%) 0 (0) 10 (90.9) <0.001

Reduction of diameters or velocities of hepatic vein by Doppler ultrasound, n (%) 35 (79.5) 1 (9.1) <0.001

Communicating branched vessels found by Doppler ultrasound, n (%) 0 (0) 8 (72.7) <0.001

Thrombosis or occlusion of hepatic vein confirmed by venography, n (%) 0 (0) 10 (90.9) <0.001

History of PA intake, n 44 0 <0.001
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of typical features in the enhanced CT/MRI. Previous studies 
have demonstrated that the typical imaging features of PA-
HSOS are critical for the diagnosis of PA-HSOS. In a single-
center retrospective study, 293 patients, who were diag-
nosed with PA-HSOS (n=71), BCS (n=57) and liver cirrhosis 
(n=165), were enrolled, and the findings revealed that 
the radiologic finding of patchy liver enhancement yielded 
a sensitivity of 92.96%, a specificity of 92.79%, a PPV of 
80.49%, a NPV of 97.63%, and an accuracy of 91.83%. The 
values for the heterogeneous hypoattenuation were 100%, 
95.05%, 86.59%, 100% and 96.25%, respectively. A study 
indicated that contrast-enhanced CT (commonly referred to 
as CECT) is effective for diagnosing PA-HSOS.25 However, 
it was observed that 11 patients with BCS and 1 patient 
with liver amyloids were misdiagnosed as PA-HSOS in ac-
cordance with the simplified Nanjing criteria, and this was 
mainly due to the overlapping imaging findings with those 
in PA-HSOS. Thus, special caution should be taken in the 
differential diagnosis of PA-HSOS from BCS. Furthermore, it 
may merit attention in the present study that the communi-
cating veins in the liver, thrombosis and occlusion of the he-
patic vein were largely different between BCS and PA-HSOS 
cases. Furthermore, the history of ingesting PA-containing 
herbal medicine/plants and the detection of blood PPAs 
were critical for distinguishing between PA-HSOS and BCS 
cases, especially when the history of ingesting PA-contain-
ing plants was not clear and the simplified Nanjing criteria 
(ii, iii and iv in the Nanjing criteria) was used.24,26

The present study may have some limitations. First, the 
present study was retrospectively performed and not all pa-
tients had liver biopsy results. Hence, selection bias may exist 
in the retrospective design of the study. Second, a significant 
number of patients exposed to PA but who did not present 
with significant clinical symptoms might have been missed. 
In fact, people can be exposed to toxic PAs mainly through 
the consumption of PA-producing plants used as herbal medi-
cines, teas, and dietary supplements and/or PA-contami-
nated staple foods, such as wheat and millets. In addition, 
the carry-over of PA through livestock into dietary foodstuffs 
(e.g., milk, eggs, honey and their downstream contamina-
tion in the food chain) significantly increases PA exposure in 
humans.27–29 Thus, these patients were not even aware that 
they had been exposed to PA. Blood PPAs might represent the 
specific biomarkers for determining exposure to PAs. Hence, 
a prospective study is needed to evaluate the diagnostic val-
ue of blood PPAs and the modified Nanjing criteria.

Conclusions

The present study suggests that the Nanjing criteria and 
simplified Nanjing criteria have excellent performance in 
diagnosing PA-HSOS, thereby representing a valuable di-
agnostic tool. It also merits attention that the differential 
diagnosis of PA-HSOS from BCS is highly recommended due 
to the shared imaging features.
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