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Endoscopic Ultrasound–Guided Fine-Needle Aspiration
Microhistology in Asymptomatic and Symptomatic

Pancreatic Cystic Lesions
Spencer Vaiciunas, MSc,* Eloy Taglieri, MD,† Otávio Micelli-Neto, MD,†

Mariângela Ottoboni Brunaldi, PhD,‡§ Filadélfio Venco, PhD,|| Suzan Menasce Goldman, PhD,¶#
Rafael Kemp, PhD,** José Sebastião dos Santos, PhD,** and José Celso Ardengh, PhD, FASGE†**††

Objective: This study aimed to analyze the usefulness of endoscopic
ultrasound–guided fine-needle aspiration (EUS-FNA) microhistology to
detect malignancy in pancreatic cystic lesions (PCLs).
Methods: Patients with PCLs were identified and submitted to EUS-FNA
from January 2010 to January 2017. The percentage of samples suitable for
diagnostic classification by microhistology and the positive and negative
likelihood ratios to detect malignancy in asymptomatic (APC) and symp-
tomatic (SPC) PCLs were determined.
Results: Endoscopic ultrasound–guided fine-needle aspiration was per-
formed in 510 patients. The resultingmaterialwas processed bymicrohistology
and useful for diagnosis in 432 (84.2%). Clinical characteristics of APC (341)
and SPC (169) revealed that APC patients were younger (P = 0.004) and had
smaller PCLs (23 vs 35mm;P< 0.001). InAPC,we foundmore preneoplastic
(38.7% vs 30.2%; P = 0.0016) and a lower number of malignant PCLs
(8.2% vs 24.3%; P< 0.001). In APC and SPC, the sensitivity, specificity, pos-
itive predictive value, negative predictive value, and accuracy ofmicrohistology
to detectmalignancywere 71.4%, 99.7%, 95.2%, 97.5%, and 97.4% (k= 0.80)
and 58.5%, 96.9%, 85.7%, 87.9%, and 87.6%, respectively.
Conclusions: Endoscopic ultrasound–guided fine-needle aspiration was
technically feasible.Microhistologywas especially useful to detect neoplastic
or malignant PCLs in APC patients.

Key Words: biopsy, fine-needle, endosonography, pancreatic cyst,
diagnostic imaging, malignant neoplasms

(Pancreas 2020;49: 584–590)

T he improvement of imagingmethods has led to more frequent
identification of pancreatic cystic lesions (PCLs).1–4 The find-

ing of small pancreatic cysts (including pancreatic pseudocysts
[PPs] and retention cysts) in patients with chronic pancreatitis and
pancreatic cystic neoplasia represents a dilemma with regard to
the therapeutic approach to be adopted.5–7 Imagingmethods, which
rely solely on morphological aspects, are not useful in determining
type of PCL or risk of malignancy, especially in lesions <3.0 cm,

even in the presence of associated symptoms.8,9 Endoscopic
ultrasound–guided fine-needle aspiration (EUS-FNA) has also
been proposed for diagnosis; however, cyst-fluid cytology is not
sufficient to detect malignancy.8,9

In this context, microhistology (McH)may represent a break-
through in the diagnosis of PCLs. Microhistology provides an ac-
curate diagnosis based onmicrofragments obtained by EUS-FNA,
and thus, it may be useful to determine the appropriate treatment
of each case. Reports in the literature that evaluate PCL diagnosis
based on EUS-FNA McH are scarce.

The aims of this study were (1) to assess the impact, viability,
and safety of EUS-FNA guided tissue acquisition for McH, and
(2) to determine sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), diagnostic accuracy, and
positive and negative likelihood ratios of EUS-FNAMcH to detect
preneoplastic and malignant features in asymptomatic (APC) and
symptomatic (SPC) patients.

MATERIALS AND METHODS
This was an observational study of patients seen at the Endos-

copy Sector of Hospital 9 de Julho. Hospital records were searched
to select patients with PCLs, whowere then prospectively evaluated
by EUS-FNA. The study was approved by the Federal University of
São Paulo research ethics committee (protocol no. 0344/2018). In-
formed consent was obtained from all patients.

Patients with PCLs of unknown etiology identified by imaging
techniques such as ultrasound, computed tomography, and magnetic
resonance cholangiopancreatography/magnetic resonance imaging
were included in the study. The presence or absence of PCL-related
symptoms (abdominal discomfort, radiating abdominal pain, and dif-
ficulty with postprandial gastric emptying) was recorded. Individuals
with known coagulation disorders were excluded: prothrombin time
>1.5 seconds, partial thromboplastin time >50 seconds, and platelet
count <50,000/nL, which would indicate increased risk of bleeding.
Individuals with episodes of acute pancreatitis (AP) in the last
6 months before EUS-FNA were also excluded because of the
high probability of PP in these cases.

Pancreatic cystic lesions were characterized as epithelial (serous
cystadenoma [SCA],mucinous cystadenoma [MCA]), intraductal pap-
illary mucinous neoplasm (IPMN), solid cystic pseudopapillary, mes-
enchymal (lymphangiomas and teratomas), or presenting secondary
cystic degeneration (adenocarcinoma and neuroendocrine tumor).8–12

EUS-Guided Fine-Needle Aspiration
All procedures were performed using a linear Fujinon EG

530UTor EG 530UT2 endoscopes (FUJIFILMMedical Systems,
Wayne, NJ). For FNA, 22G or 19G needles (EchoTip Ultra endo-
scopic ultrasound needle; Cook Medical, Bloomington, Ind) were
used by experienced endoscopists. A 22G needle was used for
cysts measuring >0.5 to 2.0 cm in diameter. For cysts ≥2.1 cm,
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regardless of site, a 19G needle was used. Cysts in the pancreatic
head and/or the uncinate processwere accessed via the duodenum,
whereas the body and tail cysts were approached via the stomach.

Pancreatic cystic lesions were preferably punctured with a
single pass to minimize the risk of infection. Once the needle
was inside the lesion, a 10-mL syringe with vacuum was applied
and the contents of the cyst were aspirated, with the needle being
moved slowly back and forth through the cyst until no more fluid
could be obtained. If solid components were found, they were spe-
cifically punctured to obtain a material for McH.13,14 In case we
obtained little fluid with solid components, we opted always to
send the material for McH. During the procedure, a dose of a
quinolone-derived broad-spectrum antibiotic was given intrave-
nously. All patients were invariably medicated for another 5 days
with the same category of oral antibiotics.

When PCL was identified, the following morphological
characteristics were recorded: location, size, cyst multiplicity, type
(microcyst, microcyst, or mixed), maximum wall thickness, pres-
ence of septa, nodules or calcifications, communication withmain
pancreatic duct, dilation of main pancreatic duct, and vascular in-
volvement. Reasons for failure to perform FNA included vessels
in needle path, strong suspicion of a PP or walled-off necrosis
(WON), or confirmation that the supposed PCL was in fact a dif-
ferent anatomical structure.

Cyst Fluid Cytology and McH
Approximately 500 μL of cyst contents was sent for biochem-

ical analysis (cytology of cystic fluid) whenever possible, for deter-
mination of amylase and tumor markers carcinoembryonic antigen
(CEA) and carbohydrate antigen (CA) 19-9. Tumor markers and
amylase were analyzed by commercially available immunoassays.

The samples obtained by FNAwere fixed in 10% formalde-
hyde (6–24 hours) and subjected to routine processing for the
preparation of the specimen and paraffin embedding for McH
analysis. Specimens measuring≥1 mmwere sent for standard his-
tological processing with paraffin embedding. Samples <1 mm
were sent exclusively forMcH processing, along with any residual
fixative in the biopsy flasks, for the preparation of tissue blocks
with agarose embedding. Such samples and their respective fixatives
were centrifuged at 1500 rpm (10′). The supernatant was discarded,
and tissue sediment was transferred to Eppendorf tubes, coveredwith
1.5 mL of 3% agarose, and centrifuged again at 1500 rpm (10′).13,14

Ancillary histochemical and immunohistochemical methods were
used in complex cases for diagnostic definition.

Final Diagnosis
All cases were evaluated by a pathologist specialized in gas-

trointestinal and pancreatic pathology. The final diagnosis was
based on surgical findings and EUS-FNA–guided biopsy.15

Adverse Events
Adverse events (AEs) are defined as unexpected events asso-

ciated with morbidity or mortality and occurring during or after
EUS-FNA.16 Adverse events occurring within 2 hours after the
procedure were classified as immediate, those occurring within
30 days after were defined as early, and those that occurred after
30 days were classified as late AEs. The severity was defined ac-
cording to length of hospital stay: mild (<3 days), moderate (4–10
days), severe (>10 days), intensive care unit admission, or surgery.17

Expected AEs were bleeding, AP, infection, and perforation.
The presence or hypothesis of AEswas suggested by clinical,

laboratory, and imaging criteria. In some cases, hospitalization or
even surgical treatment was indicated based on the evaluation of
the teams involved. We asked patients to contact the hospital in

case of abdominal discomfort, pain, or fever. Patients were seen
at the outpatient clinic 1 to 2 weeks after the procedure for discus-
sion of the results, investigation of AEs, and decisions about addi-
tional management with the respective attending physicians.

Data Collection and Statistical Analysis
Data were presented using descriptive statistics, mean, stan-

dard deviation, and minimum andmaximum values for quantitative
variables and relative percentages for categorical variables. The
Shapiro-Wilk test was used to determine normality in the distribu-
tion of age and size of PCLs. If normality was not confirmed, the
comparisons of these variables between the groups were performed
using theMann-Whitney test. Differences in the distributions of cat-
egorical variables such as sex, size, location, and histological type
were evaluatedwith the Pearsonχ2 test.When necessary, Yates con-
tinuity correction and Fisher exact test were applied. A significance
level of 5% (P < 0.05) was used for these analyses.

Microhistology results for the overall group and for APC and
SPC were presented in terms of sensitivity, specificity, and PPV
andNPVvalues. The positive and negative likelihood ratios for di-
agnosis of malignancy were calculated.18 The conditional probability
of having the disease in the presence of a positive test result (positive
posttest probability) and the conditional probability of having the dis-
ease in the presence of a negative result (negative posttest probability)
were calculated from the ratio of joint probabilities of events (in-
tersection) and probability of the conditioning event using the
Bayes theorem, where they are presented in Fagan's nomogram.19

RESULTS
From January 2010 to January 2017, 585 patients underwent

diagnostic EUS. For the present analysis, the following were ex-
cluded: EUS image suggesting PP and/or WON (n = 70); image
compatible with cystadenocarcinoma located in the pancreatic
body (n = 1) or tail (n = 1), to prevent seeding; EUS images show-
ing vascular lesion, with positive Doppler signal mimicking PCL
(n = 2); and duodenal duplication cyst mimicking PCL (n = 1).

Thus, 510 (87.1%) of 585 patients were selected, including
351 women (68.8%). There were no technical failures during
EUS-FNA for insertion of the needle into the PCL, and acquisition
of material for McH was successful in all 510 patients. In addition,
sufficient fluid was obtained for biochemical analysis in 297
(58.3%) of 510; in 213 (41.7%) of 510, fluid volume was insuffi-
cient or viscosity was too high, so the specimen was only analyzed
by McH (Fig. 1).

The clinical characteristics of the overall group as well as
those with APC or SPC are described in Table 1. Mean age was
58.2 years, ranging from 11 to 89 years. Abdominal complaints
associated with PCL were recorded in 169 (33.2%) patients at
the time of presentation; 341 (66.8%) patients had APC. The
mean sizes of PCLs in which FNA was performed were 23 mm
(range, 2–117 mm) for APC and 35 mm (range, 4–144 mm) for
SPC (P < 0.001).

A diagnosis was obtained by McH in 432 (84.7%) of
510 patients: 289 (84.7%) of 341 in the APC and 145 (85.7%)
of 169 in the SPC group. Biochemical analysis was sufficient
for diagnostic classification of PCL in 160 (53.8%) of 297 cases.

Evaluation by a specialized pathologist (F.V.) based on EUS
images and laboratory results (amylase, CEA, CA 19-9) classified
PCL as benign in 257 (50.6%) patients, as preneoplastic in 184
(35.9%), and asmalignant in 69 (13.5%;Table 1). Serous cystadenoma
was themost prevalent subtype, with 140 patients (54.2%) followed by
simple cyst in 46 patients (17.8%). Pancreatic cystic lesions were asso-
ciatedwith vonHippel–Lindau syndrome in 3 patients (1.1%; SCA [1]
and SC [2]). In 2 patients (0.7%), PCLs were associated with
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pancreatic tuberculosis, and in 1 patient (0.38%), a chronic pancre-
atitis nodule was found. We also detected PP in 44 (17%) patients,
pancreatic intraepithelial neoplasia (PanIN) type 1 in 8 (3.1%),
lymphoepithelial cyst in 7 (2.7%), WON in 4 (1.5%), and PanIN-2
in 3 patients (1.1%).

The most common preneoplastic PCLs were IPMN (Fig. 2)
in 136 (74.3%) of 184 patients and MCA in 47 (25.7%) of
184 patients. The differentiation between MCA and IPMN was
based on histological criteria (eg, presence of ovarian stroma in
the sample) or epidemiological characteristics of the patients as-
sociated with the results obtained by McH. In 69 patients with

malignancies, IPMN (Figs. 3, 4) was the most prevalent lesion,
detected in 19 (27.5%) patients, followed by cystic ductal adeno-
carcinoma, cystadenocarcinoma, and cystic pancreatic neuroendo-
crine tumor in 13 patients (18.8%). Solid-pseudopapillary tumor
was found in 8 (11.5%) patients, pancreatic cystic lymphoma in 1
(1.4%), and metastasis of cystic renal cell carcinoma in 1 (1.4%).
In addition, cancer in situ was diagnosed in 1 patient (1.4%), and
PanIN-3 in 1 patient (1.4%). The rates of benign, preneoplastic,
and malignant PCLs were 53.1% and 45.6% (P < 0.001), 38.7%
and 30.2% (P = 0.016), and 8.2% and 24.3% (P < 0.001) for
APC and SPC, respectively (Table 1).

FIGURE 1. Algorithm for patients submitted to EUS-FNA. Results of PCL fluid analysis and McH with EUS-FNA.

TABLE 1. Clinical Characteristics, Cyst Location, and Cyst Size in Patients With PCLs Undergoing EUS–FNA for McH

Clinicopathologic Factor Overall Group APC SPC P

No. (%) patients 510 (87.1) 341 (66.8) 169 (33.2)
Age, mean (range), y 58.2 (11–89) 59.5 (15–86) 55.5 (11–89) 0.004
Sex, female/male 351/159 244/97 107/62 0.059
Site of PCL, n (%)
Head 262 (52.4) 176 (51.7) 86 (50.8) 0.877
Body 169 (33.1) 116 (34.0) 53 (31.3) 0.548
Tail 43 (8.6) 26 (7.6) 17 (10.0) 0.352
Head/body 17 (3.3) 12 (3.5) 5 (2.9)
Body/tail 9 (1.8) 5 (1.4) 4 (2.4)
Head/body/tail 6 (1.2) 3 (0.9) 3 (1.8)
Head/tail 4 (0.8) 3 (0.9) 1 (0.6)
Duodenal wall 0 0 0

Size of PCL, mean (range), mm 27 (2–144) 23 (2–117) 35 (4–144) <0.001
≤30 mm, n (%) 347 (68) 261 (76.5) 87 (51.4)

1–10 mm, n (%) 77 (15) 55 (16.1) 22 (13.0)
11–20 mm, n (%) 149 (29.2) 116 (34.0) 33 (19.5)
21–30 mm, n (%) 121 (23.7) 90 (26.3) 32 (18.9)

>30 mm, n (%) 163 (32) 80 (23.5) 82 (48.6)
31–40 mm, n (%) 66 (12.9) 45 (13.1) 21 (12.4)
>41 mm, n (%) 97 (19.2) 35 (10.2) 61 (36.0)

Final diagnosis, n (%)
Benign 257 (50.6) 181 (53.1) 77 (45.6) 0.399
Preneoplastic 184 (35.9) 132 (38.7) 51 (30.2) 0.016
Malignant 69 (13.5) 28 (8.2) 41 (24.3) <0.001
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Considering the final diagnosis, the sensitivity, specificity,
PPV, NPV, and accuracy with 95% confidence interval for McH
diagnosis of PCL malignancy were 64% (51%–75%), 96% (94%–
98%), 71% (60%–83%), 94% (92%–96%), and 92% (89%–94%)
respectively. The likelihood ratio and positive and negative posttest
probabilities of correct McH diagnosis of PCL malignancy were
62.1% (red line) and 3.6% (green line), for all patients with
PCLs (Fig. 5).

Specifically for APC and SPC, McH obtained by EUS-FNA
for the diagnosis of PCLmalignancy showed sensitivity, specificity,
PPV, NPV, and accuracy, with their respective 95% confidence inter-
val, of 71.4% (54%–88%), 99% (99%–100%), 95% (86%–100%),
97% (96%–99%), and 97% (95%––99%), and 59% (46%–70%),
97% (93%–99%) 86% (73%–99%), 88% (82%–93%), and 87%
(82%–92%), respectively.

The likelihood ratio and positive (green line) and negative
(red line) posttest probabilities for McH detection of APC (Fig. 6)
and SPC (Fig. 7) malignancy were 95.7% and 2.8% and 64.9%
and 4.1% respectively.

Adverse Events
Twelve (2.3%) immediate AEs occurred, with intracystic

bleeding identified by EUS in 3 cases (0.6%). The diagnosis
was SCA in 3 cases: 2 presented abdominal pain, which resolved
after 48 to 72 hours with rest and symptomatic treatment and
without the need for hospitalization, and the other (MCA) had
an episode of fever with no clinical repercussions. Eight (1.6%)
developed AP (mild in 4, moderate in 2, and severe in 2 cases).
In these 8 individuals, PCLs were characterized as IPMN. There
were no fatal events in this sample.

DISCUSSION
Pancreatic cystic lesions are classified as mucinous (MCNs)

or non-MCNs. The latter are harmless and do not require moni-
toring; conversely, MCNs have malignant potential and require
surgical resection.20 Endoscopic ultrasound has evolved from
an imaging technique to become an invasive method that is useful
for pancreatic tissue acquisition.2

In this study, EUS-FNA was performed in 510 (87.1%) of
585 patients with PCLs. Microhistology diagnosis was possible in
87.4%, a result quite different from that reported by de Jong et al,21

who performed cytological examination in 31% of patients. Our
study focused on the sensitivity, specificity, PPV, NPV, and accu-
racy ofMcH to identify malignant PCLs, in addition to determining
the positive posttest probability for APC and SPC. Two other

studies1,22 reported results that were comparable with those of de
Jong et al,21 with sensitivities of 13% and 35%, respectively, which
might be explained by the use of a similar cytology technique in all
these studies. In turn, these figures are lower than those reported in
another prospective study.23Microhistology depends on acquisition
of sufficient amount of tissue and on the ability to penetrate thewall
of the cyst to get fragments, a different principle from the use of all
fluid available as done with biochemical research.2,24

Regarding epidemiology, the present groups were similar to
others described in the literature, but therewas a statistical difference
between APC and SPC. The mean ageswere 59.5 and 55.5 years for
APC and SPC, respectively (P = 0.004). Ferrone et al25 studied 159
APCs and reported location in the head/uncinate process, body, and
tail in 60%, 29%, and 11%, respectively. In this study, the head, body,
and tail were affected in 51.7%, 34%, and 7.6%, and 50.8%
(P = 0.877), 31.3% (P = 0.548), and 10% (P = 0.352) of APC and
SPC cases, respectively, without statistical difference. According to
the literature, PCLs >3 cm tend to show increased risk ofmalignancy
associated with symptomats.24 This was also the case in our series:
the mean size of PCLs was 35 in SPC versus 23 mm in APC, and
therewas a higher frequency ofmalignant PCLs in SPC (24.3%) ver-
sus APC (8.2%; P < 0.001).

Brugge26 studied 247 patients and found that 56% of the le-
sionswere benign.We found benign, preneoplastic, andmalignant

FIGURE 2. A male patient with an AP episode. Computed tomography showed a collection in the pancreatic head (left). Microhistology
obtained by EUS-FNA showed IPMN (right). Surgery-confirmed IPMN with superficial cancer.

FIGURE 3. An EUS-FNA with McH. IPMN: papillary projections of
mucosecretory epithelium with low-grade atypia; hematoxylin
and eosin, original magnification �400.
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PCLs in 50.6%, 35.9%, and 13.5%, respectively. Torresan et al,27

in a study with 87 patients, demonstrated that most PCLs were be-
nign and corresponded to SCA. In our sample, the rates of occur-
rence of benign, preneoplastic, and malignant PCLs in APC and
SPC were 53.1%, 38.7%, and 8.2%, and 45.6%, 30.2%, and
24.3%, respectively. Among benign PCLs, the most frequent find-
ing was SCA (27.4%), followed by SC (9%) and PP (8.6%). In
APC and SPC, the number and percentage of SCA, SC, and PP
were 39 (23%), 10 (6%), 23 (13%), and 101 (29%), 36 (10%),
and 21 (6%), respectively. In the present study, as in the litera-
ture,26 SCAwas the most prevalent, demonstrating the importance
of the diagnosis by McH compared with cytology, which provides
low accuracy and sensitivity for this benign type of PCL.27–30

The differentiation between benign, preneoplastic, and malig-
nant PCLs is important because it determines management. Benign
APCs do not require treatment, whereas malignant or preneoplastic
lesions, in the absence of clinical contraindication, should undergo
resection. Endoscopic ultrasound–guided fine-needle aspiration in-
creases the specificity of EUS without impairing sensitivity.31 Its
accuracy is superior than that of computed tomography and
ultrasound-guided biopsy, especially in PCLs <2 cm.31 The major
concern of percutaneous puncture is the seeding of tumor cells in
the path of the needle. In EUS-FNA, the path traveled is shorter,
so this complication is rarer.32–34

Endoscopic ultrasound–guided fine-needle aspiration is safe,
with few AEs, although perforations and bleeding have been re-
ported.31,35 The rate of AEs ranges from 0.3% to 5%. In the pres-
ent study, the overall rate of AEs was 2.3% (12/510). There were
no deaths or cases of infection, and no patient required surgery.
Most post-FNA AEs are mild, and the most common AE is AP,
as observed in our study. Eight (1.6%) developed mild (4), moder-
ate (2), or severe (2) AP. The 2 patients with severe AP had a final
diagnosis of branch duct IPMN. The one with PCL of 2.0 cm was
submitted to clinical treatment with good outcome. The other who
had a cyst >2.5 cm had an AP episode approximately 1½ years be-
fore EUS-FNA. This patient required prolonged hospitalization
and percutaneous treatment, but the case turned out well. This rate
of occurrence of AEs was comparable with that reported in
other studies.21,36,37

Infection of PCLs after FNA is rare, and there is a lack of data
to support the use of prophylactic antibiotics, although it is cus-
tomary practice in most centers.31,38 In our series, we believe that
no infection occurred, as all PCLswere emptied completely with a
single-needle passage. Intracystic hemorrhage is another rare AE,
which was described in another study in 6% of cases.39 In our se-
ries, this event occurred in 0.6%.

The accuracy and effectiveness of McH in diagnosing APC
and SPC had not been determined before. The first study to obtain

FIGURE 4. A and B, IPMN: papillary projections of mucosecretory epithelium; periodic acid–Schiff positive after diastase digestion, suggestive
of IPMN; periodic acid–Schiff without (A) and with (B) digestion, �100.

FIGURE 5. Fagan's nomogram in patients with PCLs (510).
FIGURE 6. Fagan's nomogram in asymptomatic pancreatic cysts
(341).
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a cell block diagnosis using EUS-FNA was that of Mitsuhashi
et al,40 who diagnosed 91 (80%) of 114 PCLs. Brown et al41 re-
vealed that cell block analysis increases diagnostic accuracy in
up to 14% of patients. Another comparative study between cytol-
ogy and cell block analysis of histologically confirmed solid and
cystic pancreatic tumors showed sensitivity, specificity, PPV,
NPV, and accuracy of 61% and 85.2%, 100% and 98.4%, 100%
and 93.1%, 36% and 55.1%, and 68% and 86.5% (P < 0.001), re-
spectively.14With theMcH technique, it is possible to increase the
accuracy and sensitivity for the material obtained by EUS-FNA to
diagnose benign and malignant PCLs.

Despite the extra cost, McH has attracted increasing interest,
and new routine implementations of this technique have made it
easier to perform, faster, and more cost-effective. Therefore, the
use of EUS-FNAwith McH as a method in the evaluation and di-
agnosis of PCLs and differentiation between benign and malig-
nant PCLs as well is justified. In the overall analysis, EUS-FNA
with McH had high sensitivity, specificity, and accuracy to diag-
nose PCLs, allowing for a reliable differential diagnosis. It was
not our goal to analyze CEA, CA 19-9, and amylase, although this
was possible in 297 (58.3%) patients and conclusive in 160
(53.8%) to differentiate neoplastic from inflammatory PCLs. This
was because we chose to send the material for McH evaluation,
and in many cases, no fluid was left over for biochemical analysis.

It should be noted that the positive posttest probabilities for
patients in the APC and SPC groups were 95.7% and 64.9%, re-
spectively. Considering a prevalence of malignancy of 10% in
the population, the probability of an APC patient having the dis-
ease given a positive test result was 95.7%, whereas for the SPC
patient, the probability of having the disease given a positive test
result was 64.9%. These results show that the diagnosis with
EUS-FNAwas more beneficial in APC versus SPC patients.

To interpret the results of this study, some limitations must be
considered. The study was performed in a large cohort of consec-
utive patients, where the preference was to send the material for
McH in formalin. This contrasts with previously published retro-
spective studies that sent the material for cytology or cell block
analysis.36,37 Another limitation was the potential selection bias,
as the Endoscopy Sector of Hospital 9 de Julho is a national ter-
tiary referral center for this type of examination and diagnosis of
pancreatic diseases. In addition, in some patients, FNA was not

performed because of clinical considerations, although the proto-
col specified FNA performance in all patients. Finally, this study
did not evaluate and follow up our cohort of patients in the long
term. Long-term monitoring would certainly show the true value
of EUS-FNA combined withMcH in PCLs, but the present (retro-
spective) study investigated the technical success and safety of
EUS-FNA to obtain specimens for McH and made comparisons
between APC and SPC.

In conclusion, EUS-FNA combined with McH in APC and
SPC was technically feasible and safe. Microhistology allowed for
diagnostic classification of most patients with PCLs, with no differ-
ence between APC and SPC. However, APC patients benefited
more from McH for the detection of malignant and preneoplastic
PCLs compared with SPC.
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