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Abstract 

Background and Aims: 

 The subtypes of intraductal papillary mucinous neoplasms (IPMNs) are closely associated with the 

clinicopathological behavior and recurrence after surgical resection. However, there are no established 

non-invasive methods to confirm the subtypes of IPMNs without surgery. The aim of this study is to 

predict the subtypes of IPMNs using the findings of endoscopic ultrasonography (EUS).  

Methods: 

Sixty-two consecutive patients with IPMNs who underwent EUS before surgery were retrospectively 

reviewed. The following EUS findings were analyzed and their relationship with the subtypes was 

evaluated: diameter of the main pancreatic duct, cyst size, number of cysts, height of mural nodule, early 

chronic pancreatitis (CP) finding, fatty parenchyma and atrophic parenchyma. 

Results: 

The subtypes of IPMNs were as follows: gastric (G)-type 38 (61%), intestinal (I) -type 14 (23%) and 

pancreatobiliary (PB) -type 10 (16%). Fatty parenchyma was significantly associated with G-type (P < 

0.0001). Early CP findings ≥ 2 and atrophic parenchyma were significantly correlated with I-type (P < 

0.0001). PB-type was significantly associated with pancreatic parenchyma without early CP findings or 

fatty degeneration in comparison to the other subtypes (P < 0.0001). Using the above characteristic EUS 



findings, the sensitivity, specificity, and accuracy were as follows: 63%, 92% and 74%, respectively, in 

G-type, 57%, 96% and 87% in I-type, and 90%, 94% and 94% in PB-type. 

Conclusions: 

The evaluation of EUS findings, especially focused on the pancreatic parenchyma, has the potential to 

predict the subtypes of IPMN. 

 

  



INTRODUCTION 

Intraductal papillary mucinous neoplasm (IPMN) was defined as a grossly visible, intraductal, 

epithelial neoplasm composed of mucin-producing cells, arising in the main pancreatic duct (MPD) 

and/or its branches［1,2］. IPMNs correspond to various pathological entities, including adenoma, 

carcinoma in situ, and invasive carcinoma. Thus, the preoperative assessment of their malignancy is 

critical for determining the indications for surgical resection. The World Health Organization 

classification of IPMNs published in 2019 has revised the classification, with IPMNs classified into 3 

subtypes based on their histomorphology and mucin phenotype, namely the gastric (G), intestinal (I) and 

pancreatobiliary (PB) types [1].  

Recent studies have shown that these histological subtypes are closely associated with malignancy, 

the prognosis, and the rate of recurrence after surgical resection [3-6]. Thus, preoperatively assessing the 

subtypes of IPMN may contribute to the better clinical management of patients with IPMNs.  

To date, several methods have been used for the prediction of the histological subtypes of IPMNs 

before surgery [7-11]. Hibi et al. and Hara et al. reported that the diagnostic accuracy of pancreatic juice 

cytology with mucin staining for the subtypes of IPMN were 79% and 89% respectively [7,8]. The 

carcinoembryonic antigen (CEA) levels of cyst fluid have also been reported; however, the subtypes with 

the highest concentration of CEA differed among the studies [10,11]. It was noted that the performance of 



endoscopic retrograde cholangiopancreatography (ERCP) and/or endoscopic ultrasound-guided fine 

needle aspiration (EUS-FNA) to obtain specimens was associated with the risk of adverse events such as 

pancreatitis. Previous studies reported characteristic images for each subtype of IPMN [1,2,10,12]. 

According to the reports, G-type IPMN is more commonly associated with branch duct IPMN (BD-

IPMN) and multiple cysts. I-type IPMN is significantly associated with main duct IPMN (MD-IPMN) 

and larger cysts in comparison to other subtypes. PB-type IPMN is significantly associated with the 

detection of mural nodules. However, the diagnostic yield was not evaluated in these studies. 

Recently, endoscopic ultrasonography (EUS) is increasingly utilized in the evaluation of IPMN. EUS 

provides more detailed information about cystic lesions and pancreatic parenchymal characteristics, such 

as fibrosis and fatty degeneration in comparison to CT and/or MRI. The evaluation of the detailed 

findings by EUS has the potential to predict the subtypes of IPMNs. Until now, non-invasive method to 

confirm the subtypes of IPMNs without surgery has been established. The aims of this study are to 

identify the characteristic EUS findings of each subtype and to predict the subtypes of IPMN based on the 

EUS findings. 

  



MATERIALS AND METHODS 

Patients 

The medical records of all patients who underwent EUS to evaluate IPMNs before surgical resection at 

Okayama University Hospital between October 2003 and February 2020 were retrospectively reviewed.  

A total of 153 cases underwent resection of IPMNs during the study period. And the histological 

subtype was confirmed based on the histopathological examination of surgical specimens in 71 cases. All 

patients underwent CT and/or MRI before surgery. Six patients with poor EUS studies and three patients 

with severe MPD obstruction by invasive carcinoma derived from IPMNs in the pancreatic head were 

also excluded, because obstruction of the pancreatic duct affected the assessment of the parenchyma. 

The surgical indications for IPMN were in line with the international consensus guidelines for the 

management of IPMNs [13,14]. All patients provided their written informed consent for treatment. This 

study was approved by the institutional review board of our hospital (Approved number: 2006-030). 

 

EUS procedures 

EUS examinations were performed by four experienced endoscopists using a radial or a curved linear 

array scanning scope (UCT240, UE260, UCT260; Olympus, Tokyo, Japan) with an Aloka console 



(Prosound SSD-α10, HITACHI Aloka, Tokyo, Japan) or EU-ME1/EU-ME2 (Olympus medical systems, 

Tokyo, Japan) monitor/processing unit. The head of the pancreas was examined through the duodenum, 

and the body to tail was examined through the stomach. All EUS images obtained during the procedure 

were stored on a computer as electronic images. The evaluations of EUS images were conducted using 

still images. The presence or absence of defined findings in these images was evaluated by three 

experienced endoscopists (A, B and C) who blinded to clinical information of the patients. When the 

three endoscopists exhibited different evaluations, the majority decision was recorded and used for the 

analysis. The interobserver agreement was also evaluated. 

 

The evaluation and definition of EUS images 

The following EUS findings of cystic lesions were analyzed: the diameter of the MPD, cyst size, 

number of cysts, and the height of the mural nodule. The pancreatic parenchyma was evaluated on the 

head-side from the IPMN and the following EUS findings were analyzed: early chronic pancreatitis (CP) 

findings, fatty parenchyma, and atrophic parenchyma. A homogeneous and fine-reticular pattern without 

dilated ducts was regarded as a normal pancreatic parenchyma (Figure 1a) [15]. EUS images of early CP 

were classified according to the Japanese diagnostic criteria 2019 for early CP based on the Rosemont 



classification (Figure 1b-f) [16], and the definition of early CP was judged by more than 2 EUS imaging 

findings. Based on a previous study, fatty parenchyma was defined as >80% of the parenchyma being 

more hyperechoic in comparison to the spleen, the main pancreatic duct margins were moderately or 

severely obscured, and the fine-reticular pattern in the pancreatic parenchyma was moderately or severely 

blurry (Figure 1g) [17]. We measured the maximum and minimum diameter of the pancreatic body 

without cystic lesions, and then calculated the average pancreatic body width. Pancreatic atrophy was 

defined as an average pancreatic body width of <10 mm (Figure 1h) [18, 19]. 

 

Histological examination of IPMN 

The pathological slides from the surgical specimen were reviewed by two pathologists. The 

histological subtype, grade of dysplasia, and type of duct involvement by IPMN were evaluated. In 

patients who underwent the resection of multiple cysts, all specimens were reviewed. The subtype was 

classified into three distinct types on the basis of the histomorphology and mucin phenotype [1]. When 

the IPMN exhibited a heterogeneous histological subtype, the predominant subtype or the subtype with 

the higher degree of epithelial dysplasia was recorded as the subtype and used for the analysis. 



The grade of dysplasia was reported based on the highest degree of dysplasia identified and was 

categorized according to the WHO classification, which included low-grade dysplasia, high-grade 

dysplasia, and invasive carcinoma derived from the IPMN [1]. The type of duct involvement was 

determined based on the pathology and the results of imaging examinations, and was classified as follows 

based on the World Health Organization classification 5th edition, as follows: BD-IPMN, MD-IPMN and 

mixed duct-type IPMN ［1］. 

 

Statistical analyses  

Categorical variables were reported as percentages and continuous variables were reported as the 

median and interquartile range (IQR). The sensitivity, specificity, and accuracy of the EUS diagnosis for 

each subtype were calculated with 95% confidence intervals. Wilcoxon’s rank sum test and the Kruskal-

Wallis test were used to compare continuous data. Fisher’s exact test was used to compare categorical 

data. Cohen’s κ coefficient was calculated to assess the interobserver agreement between each 

endoscopists. The agreement was regarded as excellent for a κ coefficient of ≥ 0.8, good for <0.8 to ≥ 0.6, 

moderate for < 0.6 to ≥ 0.4, and poor for < 0.4. The analyses were performed using JMP Pro13 for Mac 

(JMP 15, SAS Institute Inc., Cary, NC, USA). 



RESULTS 

Patient characteristics 

The patient’s characteristics are shown in Table 1. The median age was 70 years (IQR: 66-74), and 

53% of the patients were male. The subtypes of 62 patients with IPMNs were as follows: G-type 61% 

(38), I-type 23% (14), PB-type 16% (10). Regarding the macroscopic type, MD-IPMNs were observed in 

the I type more frequently than the other-types. (P = 0.0006) The proportions of invasive carcinomas in 

G-type, I-type and PB-type IPMNs were 13% (5/38), 29% (4/14) and 100% (10/10), respectively (P < 

0.0001). Invasive carcinoma was found in PB-type IPMNs more than other types. 

 

EUS findings for each subtype  

Table 2 shows the associations between the histological subtypes and the EUS findings. The EUS 

findings of number of cysts ≥ 2 (P = 0.0014) and fatty parenchyma (P < 0.0001) were significantly 

associated with G-type. The following EUS findings were significantly correlated with I-type: MPD ≥10 

mm (P = 0.0011), < 30 mm in size (P = 0.0017), hyperechoic foci without shadowing or strands (P < 

0.0001), early CP findings ≥ 2 (P < 0.0001), and atrophic parenchyma (P < 0.0001). A pancreatic 



parenchyma with none of the early CP findings (P = 0.0005) or no fatty degeneration (P = 0.025) was 

significantly associated with PB-type (Supplemental table 1). 

 

Prediction for each IPMN subtype according to the EUS findings 

Table 3 shows the diagnostic yields of subtypes according to the characteristics of the EUS images 

with the highest accuracy. The EUS findings of pancreatic parenchyma including fatty degeneration, 

early CP findings and atrophy were important factors for predicting the subtypes. Using the above 

characteristic EUS findings, the sensitivity, specificity, and accuracy were 63% (24/38), 92% (22/24) and 

74% (46/62), respectively, in G-type, 57% (8/14), 96% (46/48) and 87% (54/62) in I-type, 90% (9/10), 

94% (49/52) and 94% (58/62) in PB-type. Interobserver agreement between each endoscopists had a κ 

coefficient of 0.71−0.80 in fatty parenchyma, 0.68−0.74 in findings of early CP ≥ 2 and atrophy, and 

0.65−0.71 in no findings of early CP and fatty parenchyma. 

  We also evaluated the EUS findings in patients with (n=19) or without (n=43) invasive carcinoma. 

Fatty parenchyma was significantly related to G-type IPMN with (P = 0.0001) and without (P = 0.0082) 

invasive carcinoma. Early CP findings ≥ 2 and atrophic parenchyma were correlated with I-type IPMN 

with (P = 0.0003) and without (P = 0.001) invasive carcinoma.  



Typical pathological slides from surgical specimens are shown in Figures 2-4. The pathological 

findings of each subtype in these slides were generally found to coincide with the EUS findings of each 

subtype: fatty change in G-type, fibrosis and atrophy in I-type and an almost normal parenchyma in PB-

type. 

 

Relationship between EUS findings and patient characteristics 

We surveyed the relationship between EUS findings with significant differences and the 

following factors, which may affect changes in pancreatic parenchyma: age, sex, body mass index, 

diabetes mellitus, hypertension, hyperlipidemia, tobacco use, ethanol use, medical history of nonalcoholic 

steatohepatitis, medical history of acute pancreatitis and family history of pancreatic cancer 

(Supplemental Table 2). Although the EUS finding of pancreatic parenchyma with early CP ≥ 2 and 

atrophy was associated with a medical history of acute pancreatitis (P=0.012), the other EUS findings 

were not associated with these factors.  

We also evaluated the relevance of the metabolic risk factors affecting fatty degeneration in G-

type and non-G-type IPMNs. Consequently, the median body mass index was 20.3 (interquartile range: 

IQR 18.6-22.0) kg/m2 in G-type vs. 21.5 (IQR: 19.6-23.8) kg/m2 in non-G-type (P = 0.19), the rate of 



diabetes mellitus was 26% (10/38) in G-type vs. 33% (8/24) in non-G-type (P = 0.55), the rate of 

hypertension was 34% (13/38) in G-type vs. 46% (11/24) in non-G-type (P = 0.36), and the rate of 

hyperlipidemia was 18% (7/38) in G-type vs. 25% (6/24) in non-G-type (P = 0.54). None of these factors 

differed to a statistically significant extent between G-type and non-G-type. 

 

 

 

 

 

 

 

 

 

 

 

 



DISCUSSION 

To the best of our knowledge, this is the first report on the prediction of IPMN subtypes using 

EUS findings, with a particular focus on the pancreatic parenchyma. Each subtype of IPMN has 

characteristic EUS findings and the diagnostic ability of EUS imaging is relatively high. EUS is a less 

invasive examination in comparison to ERCP and EUS-FNA for distinguishing the histological subtypes 

of IPMNs. In this study, we newly reported that each subtype has characteristic EUS findings in the 

pancreatic parenchyma. We also evaluated the EUS findings in patients with and without invasive 

carcinoma, considering the changes of the pancreatic parenchyma that occur in association with 

carcinoma. Consequently, similar results were obtained. 

According to a recent report, the stroma around a pancreatic tumor plays an important role in its 

progression [20,21]. A previous study examined the histological features of the peritumoral stroma in 

each subtype of IPMN, and demonstrated that subepithelial edema and inflammatory cell infiltration were 

more commonly observed in G-type IPMN, while atrophy and fibrosis were more commonly observed in 

I-type IPMN [22]. Our study also showed atrophy and fibrosis of the pancreas parenchyma in I-type 

IPMN, and these findings may suggest secondary changes due to the elevation of intraductal pressure of 

the MPD with mucus hypersecretion from the tumor. Although the mechanism of fatty degeneration in 



the parenchyma remains to be elucidated, fatty pancreas has been reported to be associated with 

metabolic risk factors [23-26]. We surveyed the relationship between the EUS findings and the patient 

characteristics. In addition, none of the metabolic risk factors differed to a statistically significant extent 

between G-type IPMN and non-G-type IPMN in our study. The results indicated that another mechanism 

of fatty degeneration may be present in G-type IPMN.  

The parenchyma of PB-type IPMN was almost normal in our study. We presume that PB-type 

IPMN has more aggressive malignant characteristics than the other subtypes; thus, the peritumoral stroma 

changes have not had fully developed [3,5]. In addition, PB-type IPMN has less mucin in comparison to 

I-type; thus, atrophic changes and fibrosis in the parenchyma are unlikely to occur [22]. Although these 

differences of the pancreatic parenchyma make it possible to predict the subtypes of IPMNs, there were 

some cases in which the diagnosis was inaccurate in the present study. Previous studies reported that 

approximately 30% of IPMNs had multiple subtypes within one lesion, whereas most studies classified 

IPMNs into one of the three subtypes [27]. This might influence the difficulty of diagnosing the subtype 

based on EUS images. 

           The prognostic value of the histological subtypes has been reported [3-5]. In 2011, 

Furukawa et al. demonstrated the disease-specific survival was highest in G-type and lowest in PB-type.3 



Since then, various prognostic results have been reported [4,5,28]. These reports generally showed that 

PB-type IPMN and G-type IPMN progress to invasive tubular adenocarcinoma, and that a small 

proportion of G-type IPMNs have a poor prognosis. In this study, most of the patients with G-type IPMN 

had low-grade dysplasia (71%), while all patients with PB-type IPMN had invasive carcinoma. These 

results were in agreement with previous reports and indicated that PB-type IPMN is associated with a 

poor prognosis. In addition, Kwon et al. reported that PB-type and I-type IPMNs—as opposed to G-

type—were risk factors for metachronous recurrence of high-risk lesions after partial pancreatectomy for 

IPMN [6]. In our study, the metachronous recurrence of invasive carcinoma derived from the residual 

pancreas was observed in one patient with G-type (2.6%), two patients with I-type (14%) and three 

patients with PB-type (30%). PB-type IPMN was associated with a significantly higher rate of 

metachronous recurrence in comparison to G-type IPMN (P = 0.0053). PB-type IPMN should be 

carefully evaluated before surgery and close and long-term surveillance of the remnant pancreas should 

be performed after initial resection. Although the international consensus guidelines defined the 

management of IPMN, the optimal surgical indication has been investigated [13,14]. In the present study, 

all patients with PB-type IPMNs had invasive carcinoma; this result indicates that PB-type IPMN can be 

considered an indication for surgery. Additionally, MPD ≥ 5 mm was significantly associated with high-



grade dysplasia or invasive carcinoma in G-type IPMN with fatty parenchyma (60% [9/15] for low or 

intermediate-grade dysplasia vs. 100% [9/9] for high-grade dysplasia or invasive carcinoma, P = 0.029). 

IPMN without a dilated MPD can be followed-up in patients with G-type IPMN who show typical EUS 

findings. Regarding the imaging findings evaluated in this study, no risk factors of high-grade dysplasia 

or invasive carcinoma were observed in patients with I-type IPMN with findings of early CP and atrophy.  

The observation of different points according to each subtype are also important before 

surgery. Patients with G-type IPMNs with small cystic lesions were reported to show a tendency to have 

pancreatic cancers concomitant with IPMNs [29,30]. Thus, the observation of the surrounding pancreatic 

parenchyma is important, especially in cases of G-type IPMN. In addition, a recent molecular analysis 

demonstrated the possibility of monoclonal skip implantation in MD-IPMN; thus, clinicians and surgeons 

should be aware of potential synchronous or metachronous lesions [31]. Careful observation of the MPD 

is important when we perform EUS screening for MD-IPMN, especially in cases of I-type IPMN.  

The present study was associated with some limitations. This study was retrospectively 

conducted at a single center with a relatively small sample size. The only lesions that could be included in 

this study were those that had been surgically resected, which resulted in an inevitable selection bias. In 

cases with severe MPD obstruction in the pancreatic head, it was difficult to evaluate the pancreatic 



parenchyma. The defined EUS findings were evaluated by still images, and not videoclips. In addition, 

we did not use cross-sectional examinations (e.g., CT or MRI) to evaluate the pancreatic parenchyma. 

Thus, the measured width of the pancreatic parenchyma may differ slightly between CT or MRI and EUS 

images. Finally, only evaluated the predominant subtypes of IPMN. It is possible that the cases without 

concordance of the EUS findings and the types of IPMN had multiple subtypes. Thus, we should evaluate 

the volume or proportion of the predominant subtype and the presence of non-predominant components in 

a further study. 

In conclusion, the evaluation of EUS findings, focusing on the pancreatic parenchyma, has the 

potential to predict the subtypes of IPMN. Assessing the subtypes of IPMN may contribute to the better 

clinical management of patients with IPMNs. 

  



Acknowledgements: none. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



References 

1. Basturk O, Fukushima N, Furukawa T. Intraductal neoplasms of the pancreas. In: Gill AJ, Klimstra 

DS, Lam AK, Washington MK, eds. WHO classification of tumours 5th edition 2019; 310 – 314. 

2. Furukawa T, Kloppel G, Adsay N, Albores-Saavedra J, Fukushima N, Horii A et al. Classification of 

types of intraductal papillary-mucinous neoplasm of the pancreas: a consensus study. Virchows Arch 

2005; 447: 794 – 799. 

3. Furukawa T, Hatori T, Fujita I, Yamamoto M, Kobayashi M, Ohike N et al. Prognostic relevance of 

morphological types of intraductal papillary mucinous neoplasms of the pancreas. Gut 2011; 60: 509 – 

516. 

4. Mino-Kenudson M, Fernandez-del Castillo C, Baba Y, P Valsangkar N, S Liss A, Hsu M et al. 

Prognosis of invasive intraductal papillary mucinous neoplasm depends on histological and precursor 

epithelial subtypes. Gut 2011; 60: 1712 – 1720. 

5. Distler M, Kersting S, Niedergethmann M, E Aust D, Franz M, Ruckert F et al. Pathohistological sub- 

type predicts survival in patients with intraductal papillary mucinous neoplasm (IPMN) of the pancreas. 

Ann Surg 2013; 258: 324 – 330. 



6. Kwon JE, Jang KT, Ryu Y, Kim N, Shin SH, Heo JS et al. Subtype of intraductal papillary mucinous 

neoplasm of the pancreas is important to the development of metachronous high-risk lesions after 

pancreatectomy. Ann Hepatobilliary Pancreat Surg 2019; 23: 365-371. 

7. Hibi Y, Fukushima N, Tsuchida A, Sofuni A, Itoi T, Moriyasu F et al. Pancreatic juice cytology and 

subclassification of intraductal papillary mucinous neoplasms of the pancreas. Pancreas 2007; 34: 197-

204. 

8. Hara T, Ikebe D, Odaka A, Sudo K, Nakamura K, Yamamoto H et al. Preoperative histological subtype 

classification of intraductal papillary mucinous neoplasms (IPMN) by pancreatic juice cytology with 

MUC stain. Ann Surg 2013; 257: 1103– 1111. 

9. Yokoyama S, Kitamoto S, Higashi M, Goto Y, Hara T, Ikebe D et al. Diagnosis of pancreatic 

neoplasms using a novel method of DNA methylation analysis of mucin expression in pancreatic juice. 

PLoS One 2014; 9: e93760. 

10. Yoon WJ, Daglilar ES, Mino-Kenudson M, Morales-Oyarvide V, Pitman MB, Brugge WR. 

Characterization of epithelial subtypes of intraductal papillary mucinous neoplasm of the pancreaswith 

endoscopic ultrasound and cyst fluid analysis. Endoscopy 2014; 46: 1071-7. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hibi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17312458
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukushima%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17312458
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsuchida%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17312458
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoon%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=25208034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daglilar%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=25208034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mino-Kenudson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25208034


11. Beech C, Freedman-Weiss M , Salem R, Jain D, Zhang X. Pancreatic Intraductal Papillary Mucinous 

Neoplasm With Elevated Pre-Operative Cystic Carcinoembryonic Antigen Level: A Histopathologic 

Correlation. Gastroenterology Res 2019; 12: 185-190. 

12. Yamada S, Fujii T, Shimoyama Y, Kanda M, Nakayama G, Sugimoto H et al.Clinical implication of 

morphological subtypes in management of intraductal papillary mucinousneoplasm. Ann Surg Oncol 

2014;21:2444-52. 

13. Tanaka M, Fernandez-del Castillo C, Assay V, Chari S, Falconi M, Jang JY et al. International 

consensus guidelines 2012 for the management of IPMN and MCN of the pancreas. Pancreatology 

2012;12:183e97. 

14. Tanaka M, Fernandez-Del Castillo C, Kamisawa T, Jang JY, Levy P, Ohtsuka T et al. Revisions of 

international consensus Fukuoka guidelines for the management of IPMN of the pancreas. Pancreatology 

2017; 17: 738e53. 

15. Sato A, Irisawa A, Bhutani MS, Shibukawa G, Yamabe A, Fujisawa M et al. Significance of normal 

appearance on endoscopic ultrasonography in the diagnosis of early chronic pancreatitis. Endosc 

Ultrasound 2018; 7: 110-118. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beech%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31523327
https://www.ncbi.nlm.nih.gov/pubmed/?term=Freedman-Weiss%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31523327
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salem%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31523327
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24562937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujii%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24562937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimoyama%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24562937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28685746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Irisawa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28685746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhutani%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=28685746


16. Catalano MF, Sahai A, Levy M, Romagnuolo J, Wiersema M, Brugge W et al. EUS‐based criteria for 

the diagnosis of chronic pancreatitis: The Rosemont classification. Gastrointest Endosc 2009; 69: 1251‐

61. 

17. Sepe PS, Ohri A, Sanaka S, Sata N, Yasuda Y, Maetani I et al. A prospective evaluation of fatty 

pancreas by using EUS. Gastrointest Endosc 2011; 73: 987-93. 

18. Masuda A, Shiomi H, Matsuda T, Takenaka M, Arisaka Y, Azuma T et al. The relationship between 

pancreatic atrophy after steroid therapy and diabetes mellitus in patients with autoimmune pancreatitis. 

Pancreatology 2014; 14: 361-5. 

19. Hirano K, Tada M, Isayama H, Watanabe T, Saito T, Uchino R, et al. High alcohol consumption 

increases the risk of pancreatic stone formation and pancreatic atrophy in autoimmune pancreatitis. 

Pancreas 2013; 42: 502-5. 

20. Hamada S, Masamune A, Shimosegawa T. Alteration of pancreatic cancer cell functions by tumor-

stromal cell interaction. Front Physiol 2013; 4: 318. 

21. Divya Thomas, Prakash Radhakrishnan. Tumor-stromal Crosstalk in Pancreatic Cancer and Tissue 

Fibrosis. Mol Cancer 2019 ; 18: 14. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sepe%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=21521567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21521567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanaka%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21521567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masuda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25278305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shiomi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25278305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsuda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25278305


22. Saito M, Imada H, Suzuki T, Sata N, Yasuda Y, Maetani I et al. Distinct patterns of peritumoral 

histological findings in subtypes of intraductal papillary mucinous neoplasms of the pancreas. Ann Diagn 

Pathol 2015; 19: 347-52. 

23. Dite P, Blaho M, Bojkova M, Jabandziev P, Kunovsky L. Nonalcoholic Fatty Pancreas Disease: 

Clinical Consequences. Dig Dis 2020; 38: 143-149. 

24. Khoury T, Asombang AW, Berzin TM, Cohen J, Pleskow DK, Mizrahi M. The Clinical Implications 

of Fatty Pancreas: A Concise Review. Dig Dis Sci 2017; 62: 2658-2667. 

25. Majumder S, Philip NA, Takahashi N, Levy MJ, Singh VP, Chari ST. Fatty Pancreas: Should We 

Be Concerned? Pancreas 2017 ; 46: 1251-1258. 

26. Paul S, Ashray O, Sirish S, Tyler M, Sandeep S, Gayle B, et al. A prospective evaluation of fatty 

pancreas by using EUS. Gastrointest Endosc 2011; 73:987-93. 

27.Schaberg KB, DiMaio MA, Longacre TA. Intraductal Papillary Mucinous Neoplasms Often Contain 

Epithelium From Multiple Subtypes and/or Are Unclassifiable. Am J Surg Pathol 2016; 40: 44-50. 

28. Koh YX, Zheng HL, Chok AY, Tan CS, Wyone W, Lim TKH et al. Systematic review and meta-

analysis of the spectrum and outcomes of different histologic subtypes of noninvasive and invasive 

intraductal papillary mucinous neoplasms. Surgery 2015; 157: 496-509. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Saito%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26265194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imada%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26265194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26265194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dite%20P%5BAuthor%5D&cauthor=true&cauthor_uid=31865317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blaho%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31865317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bojkova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31865317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khoury%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28791556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asombang%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=28791556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berzin%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=28791556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Majumder%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29040194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Philip%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=29040194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29040194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaberg%20KB%5BAuthor%5D&cauthor=true&cauthor_uid=26469398
https://www.ncbi.nlm.nih.gov/pubmed/?term=DiMaio%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=26469398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Longacre%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=26469398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koh%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=25656693
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=25656693
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chok%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=25656693


29. Tanno S, Nakano Y, Sugiyama Y, Nakamura K, Sasajima J, Koizumi K et al. Incidence of 

synchronous and metachronous pancreatic carcinoma in 168 patients with branch duct intraductal 

papillary mucinous neoplasm. Pancreatology 2010; 10: 173-178. 

30. Ideno N, Ohtsuka T, Kono H,Fujiwara K, Oda Y, Aishima S et al. Intraductal papillary mucinous 

neoplasms of the pancreas with distinct pancreatic ductal adenocarcinomas are frequently of gastric 

subtype. Ann Surg 2013; 258: 141-151. 

31. Date K, Ohtsuka T, Fujimoto T, Tamura K, Kimura H, Matsunaga T et al. Molecular Evidence for 

Monoclonal Skip Progression in Main Duct Intraductal Papillary Mucinous Neoplasms of the Pancreas. 

Ann Surg 2017; 265: 969-977. 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Date%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28398963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohtsuka%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28398963
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujimoto%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28398963


FIGURE LEGENDS 

Figure 1. The evaluated EUS findings of pancreatic parenchyma  

(a) A homogeneous and fine-reticular pattern is visible in the parenchyma without dilated ducts (circle). 

(b) Hyperechoic foci without shadowing.  

Echogenic structures of ≥ 3 mm in both length and width with no shadowing (arrowhead). At least 3 of 

these structures are needed for the feature to be considered abnormal. 

(c) Strands.  

Hyperechoic lines of ≥ 3 mm in length are seen in at least 2 different directions with respect to the imaged 

plane (arrowhead). At least 3 strands are considered necessary for this to be considered indicative of early 

chronic pancreatitis. 

(d) Lobularity. 

The pancreatic parenchyma is lobulated by well-circumscribed structures of ≥ 5 mm in size, with rims 

that are hyperechoic relative to the echogenicity of its central areas (circle). The continuity of the lobules 

does not matter. 

(e) Hyperechoic main pancreatic duct margin.  



A hyperechoic main pancreatic duct margin is defined by a relatively hyperechoic duct wall in greater 

than 50% of the entire MPD (circle). 

(f) Dilated side branches.  

Dilated side branches are defined by the presence of 3 or more tubular anechoic structures, each 

measuring > 1 mm in width and communicating with the main pancreatic duct (arrowhead).  

(g) Fatty pancreatic parenchyma. The pancreatic parenchyma is hyperechoic, and the main pancreatic 

duct margin is obscured (circle). 

(h) Atrophic pancreatic parenchyma. The width of the pancreatic body is less than 10 mm (circle).  

 

 

 

 

 

 

 

 



Figure 2. Pathological findings in gastric-type IPMN. 

The resected specimen showed a dilated pancreatic duct filled with papillary protrusions composed of 

atypical mucinous cells (a, H＆E staining: ×100). MUC1 staining (b, ×100), MUC2 (c, ×100) and CDX2 

(d, ×100) staining are negative, and MUC5AC (e, ×100) and MUC6 (f, ×100) staining are diffusely 

positive in the main lesion. Conspicuous fatty degeneration (asterisk) is confirmed around the IPMN 

(arrows) (g, H＆E staining, ×4). 

 

 

 

 

 

 

 

 

 

 



Figure 3. Pathological findings in intestinal-type IPMN. 

The resected specimen showed a dilated pancreatic duct filled with villous protrusions composed of 

atypical mucinous cells (a, H＆E staining: ×100). MUC1 staining (b, ×100) and MUC6 staining (f, ×100) 

are negative, and MUC2 staining (c, ×100), CDX-2 staining (d, ×100) and MAC5AC staining (e, ×100) 

are diffusely positive in the main lesion. Fibrosis (asterisk) and mucus retention (arrow heads) are 

observed around an IPMN (arrows) (g, H＆E staining, ×4). 

 

 

 

 

 

 

 

 

 

 



Figure 4. Pathological findings in pancreatobiliary-type IPMN. 

The resected specimen showed a dilated pancreatic duct filled with arborescent protrusions composed of 

atypical cells (a, H＆E staining: ×100). MUC1 staining (b, ×100) and MUC5AC staining (d, ×100) are 

partially positive in the main lesion. And MUC2 staining (c, ×100) is negative. (e) Fibrosis and fatty 

degeneration are not conspicuous, and acinar tissue (asterisk) remains around the IPMN (arrows) (H＆E 

staining, ×4). 



 



Table 1. Patient characteristics      

Parameter Histological subtypes with MUC staining 
Total (n = 62) p value  Gastric (n = 38) Intestinal (n = 14) Pancreatobiliary (n = 10) 

Age, median (IQR), years 70 (65-75) 69 (58-73) 71 (70-78) 70 (66-74) 0.31 

Sex, male, n (%) 21 (55) 8 (57) 4 (40) 33 (53) 0.65 

Location of main lesion, n (%)     0.81 

   Head 24 (63) 8 (57) 7 (70) 39 (63)  
   Body or tail 14 (37) 6 (43) 3 (30) 23 (37) 

Macroscopic type, n (%)      0.0009 

   BD-IPMN 16 (42) 1 (7) 6 (60) 23 (37) 
    MD-IPMN 1 (3) 6 (43) 2 (20) 9 (15) 

   Mixed duct-type IPMN 21 (55) 7 (50) 2 (20) 30 (48) 

Histological classification, n (%)     < 0.0001 

  LGD 27 (71) 5 (36) 0 (0) 32 (52) 

    HGD 6 (16) 5 (36) 0 (0) 11 (18) 

   IC 5 (13) 4 (29) 10 (100) 19 (31) 

IQR, interquartile range      

MUC, mucin      

BD-IPMN, branch duct intraductal papillary mucinous neoplasm      

MD-IPMN, main duct intraductal papillary mucinous neoplasm     

Mixed duct-type IPMN, mixed duct type intraductal papillary mucinous neoplasm    

LGD, low grade dysplasia 

HGD, high-grade dysplasia  

IC, invasive carcinoma derived from IPMN     

 



Table 2. Endoscopic ultrasonography findings of cystic lesion and pancreatic parenchyma according to the histological subtypes 

 Histological subtype 

p value 
 Gastric  

(n = 38) 

Intestinal  

(n = 14) 

Pancreatobiliary  

(n = 10) 

Diameter of MPD     

   Median (IQR), mm 6 (4-9) 10 (8-13) 5 (4-6) 0.0024 

   ≥10 mm, n (%) 7 (18) 8 (57) 0 (0) 0.0023 

Cystic size     

   Median (IQR), mm 30 (22-41) 16 (0-26) 25 (11-42) 0.0034 

   ≥ 30 mm, n (%) 20 (53) 1 (7) 4 (40) 0.012 

Number of cysts     

   Median (IQR), n 2 (1-3) 1 (0-2) 1 (1-3) 0.0001 

   ≥ 2, n (%) 20 (53) 0 (0) 3 (30) 0.002 

Features of MN     

   Case with MN, n (%) 30 (79) 11 (79) 9 (90) 0.72 

   Height of MN in cases with MN     

      Median (IQR), mm 6 (2-14) 6 (3-7) 11 (3-16) 0.41 

      ≥ 5 mm, n (%) 23 (61) 8 (57) 9 (90) 0.18 

The finding of early chronic pancreatitis, n (%)     

Hyperechoic foci without shadowing or Strands 13 (34) 13 (93) 1 (10) <0.0001 



  

Lobularity  1 (3) 2 (14) 0 (0) 0.16 

Hyperechoic MPD margin 11 (29) 7 (50) 1 (10) 0.1 

Dilated side branches 6 (16) 5 (36) 0 (0) 0.069 

The finding of early chronic pancreatitis ≥ 2 7 (18) 12 (86) 1 (10) <0.0001 

Fatty parenchyma, n (%) 24 (63) 1 (7) 1 (10) 0.0001 

Atrophy, n (%) 4 (11) 10 (71) 2 (20) <0.0001 

MPD, main pancreatic duct      

IQR, interquartile range     

MN, mural nodule     



 
Table 3. Diagnostic yield of endoscopic ultrasonography findings in the diagnosis of the histological subtypes of IPMN   

Subject for 

comparison 
Characteristic findings 

Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI) Accuracy (95%CI)  κ value 

  (Endoscopist) No. of patients No. of patients No. of patients No. of patients No. of patients 

G vs. non-G Fatty parenchyma 
63% (54-67) 92% (78-98) 92% (80-98) 61% (52-65) 74% (64-79) 

0.80 (A-B) 

0.73 (B-C) 

24/38 22/24 24/26 22/36 46/62   0.71 (C-A) 

I vs. non-I 
Findings of early CP ≥ 2 

and atrophy 

57% (38-67) 96% (90-99) 80% (53-94) 88% (83-91) 87% (79-92) 
0.68 (A-B) 

0.74 (B-C) 

8/14 46/48 8/10 46/52 54/62 0.69 (C-A) 

PB vs. non-PB 
None of early CP findings 

and no fatty parenchyma  

90% (66-98) 94% (90-96) 75% (55-82) 98% (93-100) 94% (86-96) 
0.67 (A-B) 

0.65 (B-A) 

9/10 49/52 9/12 49/50 58/62 0.71 (C-A) 

G, gastric 

I, intestinal 

PB, pancreatobiliary 

CI, confidence interval 

NPV, negative predictive value 

PPV, positive predictive value 

CP, chronic pancreatitis  

   

 



A, endoscopist A 

B, endoscopist B 

C, endoscopist C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplemental Table 1. Diagnostic yield of various endoscopic ultrasonography findings in the diagnosis of the histological subtypes of IPMN  

Subject for comparison Characteristic findings P value 
Sensitivity 

(95%CI) 

Specificity 

(95%CI) 

PPV  

(95%CI) 

NPV  

(95%CI) 

Accuracy 

(95%CI) 

G vs. non-G Number of cysts ≥ 2 0.0014 53% (44-58) 88% (73-95) 87% (72-95) 54% (45-59) 66% (55-72) 
 Fatty parenchyma <0.0001 63% (54-67) 92% (78-98) 92% (80-98) 61% (52-65) 74% (64-79) 
 Number of cysts ≥ 2 and fatty parenchyma 0.0013 34% (27-34) 100% (89-100) 100% (80-100) 49% (44-49) 60% (51-60) 

I vs. non-I MPD diameter ≥10 mm  0.0011 57% (36-75) 85% (79-91) 53% (34-70) 87% (81-93) 79% (70-87) 
 Cystic size < 30 mm  0.0017 86% (63-96) 50% (44-53) 33% (25-37) 92% (80-98) 58% (48-63) 
 Early CP findings ≥ 2 <0.0001 86% (64-96) 83% (77-86) 60% (45-67) 95% (88-99) 83% (74-88) 
 Atrophy <0.0001 71% (50-86) 88% (81-92) 63% (44-76) 91% (85-96) 83% (74-91) 
 MPD diameter ≥10 mm and cystic size < 30 mm  0.002 43% (24-58) 92% (86-96) 60% (34-81) 85% (80-89) 81% (72-88) 
 MPD diameter ≥10 mm and early CP findings ≥ 2 <0.0001 43% (26-49) 98% (93-100) 86% (52-97) 86% (82-88) 86% (78-88) 
 MPD diameter ≥10 mm and atrophy 0.0002 36% (20-42) 98% (93-100) 83% (46-97) 84% (80-85) 83% (77-87) 
 Cystic size < 30 mm and early CP findings ≥ 2 <0.0001 71% (51-86) 90% (83-94) 67% (47-80) 92% (85-96) 86% (76-92) 
 Cystic size < 30 mm and atrophy <0.0001 64% (44-79) 92% (86-96) 69% (47-85) 90% (84-94) 86% (76-92) 
 Early CP findings ≥ 2 and atrophy <0.0001 57% (38-67) 96% (90-99) 80% (53-94) 88% (83-91) 87% (79-92) 

 MPD diameter ≥10 mm, cystic size < 30 mm and 

early CP findings ≥ 2 
0.0001 29% (15-29) 100% (96-100) 100% (54-100) 83% (80-83) 84% (78-84) 

 MPD diameter ≥10 mm, cystic size < 30 mm and 

atrophy 
0.0001 29% (15-29) 100% (96-100) 100% (54-100) 83% (80-83) 84% (78-84) 



 MPD diameter ≥10 mm, early CP findings ≥ 2 

and atrophy 
0.0095 21% (9-27) 98% (94-100) 75% (31-95) 81% (78-82) 80% (75-83) 

 Cystic size < 30 mm, early CP findings ≥ 2 and 

atrophy 
<0.0001 50% (32-56) 98% (93-100) 88% (57-98) 87% (83-89) 87% (79-90) 

 MPD diameter ≥10 mm, Cystic size < 30 mm, 

early CP findings ≥ 2 and atrophy 
0.0078 14% (5-14) 100% (97-100) 100% (35-100) 80% (78-80) 81% (77-81) 

PB vs. non-PB None of early CP findings 0.0005 90% (63-98) 69% (64-71) 36% (25-39) 97% (90-100) 73% (64-75) 
 No fatty parenchyma 0.025 90% (62-98) 48% (43-50) 25% (17-27) 96% (86-99) 55% (46-58) 

 None of early CP findings and  

no fatty parenchyma  
<0.0001 90% (66-98) 94% (90-96) 75% (55-82) 98% (93-100) 94% (86-96) 

IPMN, intraductal papillary mucinous neoplasm 

G, gastric 

I, intestinal 

PB, pancreatobiliary 

CI, confidence interval 

NPV, negative predictive value 

PPV, positive predictive value 

    

MPD, main pancreatic duct 

CP, chronic pancreatitis   

      

 



Supplemental Table 2. Relationship between EUS findings and patient characteristics       

Parameter EUS finding 
 Fatty parenchyma Findings of early CP ≥ 2 and atrophy None of early CP findings and no fatty parenchyma 

  
presence  

(n = 26) 

absence 

(n = 36) 
p value 

presence 

(n = 10) 

absence 

(n = 52) 
p value 

presence 

(n = 12) 

absence 

(n = 50) 
p value 

Age, median (IQR), years 70 (65-75) 71 (66-74) 0.95 71 (65-73) 70 (65-75) 0.98 73 (70-77) 69 (64-74) 0.13 

Sex, male, n (%) 14 (54) 19 (53) 0.93 3 (30) 26 (50) 0.25 4 (33) 29 (58) 0.12 

BMI, median (IQR), kg/m2 20 (19-23) 21 (19-24) 0.66 20 (20-24) 21 (19-23) 0.76 21 (20-24) 20 (19-23) 0.51 

Diabetes mellitus*, n (%) 5 (19) 13 (36) 0.15 5 (50) 13 (25) 0.11 4 (33) 14 (28) 0.71 

Hypertension**, n (%) 8 (31) 14 (39) 0.51 5 (50) 17 (33) 0.29 7 (58) 15 (30) 0.07 

Hyperlipidemia***, n (%) 6 (23) 7 (19) 0.73 4 (40) 9 (17) 0.11 3 (25) 10 (20) 0.7 

Tobacco use, median (IQR), PY 2 (0-42) 0 (0-37) 0.62 1 (0-41) 0 (0-36) 0.94 0 (0-24) 2 (0-39) 0.2 

Ethanol use, median (IQR), g/day 5 (0-20) 10 (0-20) 1 0 (0-23) 10 (0-20) 0.31 5 (0-18) 10 (0-20) 0.55 

Medical history of NASH, n (%) 0 (0) 0 (0) - 0 (0) 0 (0) - 0 (0) 0 (0) - 

Medical history of acute pancreatitis, n (%) 0 (0) 4 (11) 0.08 3 (30) 1 (2) 0.01 0 (0) 4 (8) 0.31 

Family history of pancreatic cancer, n (%) 1 (4) 3 (8) 0.48 0 (0) 4 (8) 0.36 1 (8) 3 (6) 0.77 

EUS, endoscopic ultrasonography          

CP, chronic pancreatitis          

IQR, interquartile range          

BMI, body mass index          



PY, packs/day × no. of years          

NASH, nonalcoholic steatohepatitis 

* Defined as hemoglobin A1c [NGSP] ≥ 6.5. 

** Defined as systolic blood pressure ≥ 140 

mmHg or diastolic blood pressure ≥ 90 

mmHg 

*** Defined as triglycerides ≥ 150 mg/dl, low 

density lipoprotein ≥ 140 mg/dl or high 

density lipoprotein < 40 mg/dl  
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