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Abstract: Background and Objectives: The diagnosis of pancreatic cysts is mostly based on a combina-
tion of morphological appearance and fluid analysis of amylase and carcinoembryonic antigen (CEA).
We aimed to assess the capability of the string sign in differentiating mucinous from non-mucinous
pancreatic cysts. Materials and Methods: All patients who were referred for endoscopic ultrasound
(EUS) for pancreatic cysts assessment from 2015 to 2020 were retrospectively analyzed. Results: Our
cohort consisted of 112 patients. Of them, 92 patients (82.1%) had mucinous cystic neoplasms (group
A) and 20 patients (17.9%) had non-mucinous cystic neoplasms (group B). The average age in groups
A and B was 71.3 and 60.4 years, respectively. String sign was positive in 47 patients (51.1%) and
negative in 21 patients (22.8%) in group A, while in group B, string sign was negative in 19 patients
(95%). String sign showed significant correlation with the diagnosis of mucinous cystic neoplasms
(OR 64.2, 95% CI 8.1–508.6, p = 0.0001). Cytology confirmed mucinous cystic neoplasms that included
32 patients; the sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of string sign for mucinous cystic neoplasms were high, reaching 93.8%, 85.7%, 96.8%, and
75%, respectively, with an excellent accuracy rate of 92.3%. Conclusions: The string sign is highly
accurate for predicting pancreatic mucinous cystic neoplasms, and should be used as an important
aid for improving diagnostic accuracy.
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1. Introduction

The diagnosis of pancreatic cysts has increased in recent years due to the wide use of
abdominal radiology. Approximately 2.5% of pancreatic cysts are diagnosed incidentally [1,2].

Basically, pancreatic cysts can be either mucinous or non-mucinous. Endoscopic
ultrasound (EUS) is currently the preferred method for diagnosing pancreatic cysts because
it enables fluid acquisition. EUS showed improved morphological diagnosis of pancreatic
cysts [3,4], however, diagnostic accuracy is still limited and has been shown to approach
almost 50% in a large multicenter study [5]. Thus, other methods are used to optimize the
yield of pancreatic cysts diagnosis, including biochemical analysis of the cystic fluid [6].
However, the yield of biochemical cystic fluid analysis is still limited. Previous meta-
analysis reached the conclusion that EUS-fine needle aspiration (FNA) has a low sensitivity,
but high specificity [7]. Recently, some studies have reported a high diagnostic yield for
pancreatic cystic lesions with worrisome features by using through-the-needle microforceps
biopsy of the pancreatic cystic wall [8,9]. Moreover, Mohan et al. have reported an intra-
cystic cut-off glucose level of 50 mg/dL as an excellent diagnostic test in differentiating
mucinous from non-mucinous pancreatic cysts [10].

Another immediate on-site method is the string sign which is done by measuring the
maximal length of mucus without being disrupted when stretched between the examiner
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fingers [11]. Most previous studies have focused on both EUS morphology and FNA
biochemical analysis for the diagnosis of pancreatic cystic neoplasm, however there is a
scarcity of research regarding the yield of string sign in this setting. Therefore, we aimed to
explore the diagnostic yield of string sign in differentiating mucinous from non-mucinous
pancreatic cysts.

2. Materials and Methods

This is a retrospective single center study conducted at Galilee Medical Center. Inclu-
sion criteria included patients 18 years of age or older, who underwent EUS examinations
for further assessment of pancreatic cysts between 2015 to 2020. Patients were excluded if
they had solid pancreatic lesions on EUS or had not undergone FNA due to contraindica-
tions. Extracted data included demographics, EUS diagnosis as diagnosed by pre-defined
morphological diagnosis and biochemical cyst fluid analysis results including Carcinoem-
bryonic antigen (CEA), amylase and cytology and string sign result. All FNAs punctures
were obtained via 22 Gauge needle (COOK MEDICAL, echo tip ultra, Ireland). The study
was approved by the local institutional board. Written informed consent was waived due
to the retrospective non-interventional study design.

2.1. Morphologic Sonographic Characterization of Pancreatic Cysts

Our study cohort involved 4 types of pancreatic cysts including: (1) IPMNs—main-
duct IPMNs are defined by non-obstructive pancreatic duct dilatation, while the branch
duct type is defined by cystic dilation of side branches connected to the main pancreatic
duct, whereas the mixed type is defined by a combination of main and branch ducts [12].
(2) MCN—defined by multiple or single cyst not connected to the main pancreatic duct,
usually less than 6 cm, affecting mainly females, and occurring in the pancreatic body and
tail [12,13]. (3) SCA—defined by a focal cystic lesion occurring in all pancreatic parts, and
may be oligo-cystic or microcystic with pathognomonic central calcification in up to 20%
of cases [14], and (4) PC—defined by single peri-pancreatic single cyst appearing mainly
following an episode of acute pancreatitis or after traumatic abdominal injury [15].

2.2. Biochemical Analysis

Biochemical analysis (Amylase and CEA levels) was examined in the pancreatic
cystic fluid. To date, the diagnostic accuracy of CEA and amylase levels are limited
given their association with variable sensitivity and specificity making interpretation
difficult [5,16]. The professional guideline set by the American society of gastrointestinal
endoscopy (ASGE) has settled on a cut-off level of CEA for mucinous cystic neoplasms
of >192 ng/mL and for serous cysts of <5 ng/mL [15]. A similar guideline was released
by World Gastroenterology, which reported the same CEA cutoff level for mucinous
cystic neoplasms of >192 ng/mL (sensitivity 73%, specificity 84%) and for serous cysts of
<5 ng/mL (sensitivity 100% and specificity 86%) (WGO Global Guideline for Pancreatic
Cystic Lesions 2019). Therefore, we used the globally used cutoff CEA of >192 ng/mL to
assess the correlation between the morphological diagnosis of mucinous cystic neoplasms
with the biochemical cyst fluid analysis diagnosis.

2.3. String Sign Definition

String sign was reported in all EUS examinations performed for cystic pancreatic
lesions during the study period. It was performed by placing a drop of cystic fluid between
the examiner’s thumb and index finger, and slowly separating the fingers until a string is
produced to its maximal length, then measured by a ruler between the fingers. String sign
was considered positive if a string of ≥1 cm was produced and lasted for ≥1 s [17].
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2.4. Diagnosis of Pancreatic Cysts

The diagnosis of pancreatic cysts in our cohort was based on a combination of en-
dosonographic morphological appearance coupled with biochemical cyst analysis, and
cytology when informative.

2.5. Statistical Analysis

Categorial variables were analyzed by Fisher’s exact tests and reported as percentages,
while continuous variables were analyzed by t-test and reported as mean ± SD. The
diagnostic performance of string sign for mucinous pancreatic cysts was reported by
sensitivity, specificity, positive predictive value, and negative predictive value. The cut-off
point for cyst CEA level was determined using receiver operating characteristics (ROC)
analysis with the reported Youden index (J). We determined the diagnostic accuracy of the
cut-off point generated using sensitivity and specificity, positive and negative predictive
values. Statistical significance was set at p < 0.05. All analyses were performed using
statistical analysis software (SAS vs. 9.4 Copyright (c) 2016 by SAS Institute Inc., Cary, NC,
USA).

3. Results
3.1. Demographics, Chemical and Morphological Sonographic Characteristics

The study cohort consisted of 112 patients who underwent EUS-FNA for pancreatic
cysts. Among them, 92 patients (82.1%) were diagnosed with mucinous cysts (group A),
while 20 patients (17.9%) were diagnosed with non-mucinous cysts (group B). The average
age was 71.3 ± 11.2 in group A and 60.4 ± 14.9 in group B. Thirty-eight patients (41.3%) in
group A were males, compared to 10 patients (50%) in group B. The mean cyst amylase
and CEA levels were significantly higher in group A compared to group B (45,032 unit/lit
vs. 5467 unit/lit and 886 ng/mL vs. 129 ng/mL, respectively). Table 1 demonstrates the
demographics, and endoscopic and cyst fluid analysis findings.

Table 1. Demographics, chemical, and morphological sonographic characteristics.

Group A (Mucinous Cystic Neoplasms) Group B (Non-Mucinous Cysts)

Number of patients 92 20

Age (mean ± SD) 71.3 ± 11.2 60.4 ± 14.9

Gender, N(%)
Male 38 (41.3) 10 (50)

Female 54 (58.7) 10 (50)

Pancreatic Cysts types, N(%)
IPMN 81 (88) 0
MCN 11 (12) 0
SCA 0 15 (75)
PC 0 5 (25)

Amylase, unit/lit (mean ± SD) 45,032 ± 98,478 5467 ± 11,004

CEA, ng/mL (mean ± SD) 886 ± 1999 129 ± 343

Maximal cyst size (mm) 22.2 ± 14.4 31.2 ± 22.8

Positive string sign, N(%) 47 (51.1) 1 (5)

CEA: carcinoembryonic antigen.

3.2. The Rate of Positive String Sign in Our Study Cohort

String sign was positive in 71 patients (77.2%) and negative in 21 patients (22.8%)
in group A. String sign was positive in only 1 patient (5%) in group A. The only patient
in group B that had a positive string sign was diagnosed with PC. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV) for positive string
sign in predicting mucinous pancreatic cystic neoplasms in the entire cohort were 77.2%,
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95%, 98.6%, and 47.5%, respectively, with accuracy of 80.4% (Table 2). Notably, positive
string sign was significantly correlated with the diagnosis of mucinous pancreatic cysts
(OR 64.2, 95% CI 8.1–508.6, p = 0.0001).

Table 2. Diagnostic performance of the string sign.

Sensitivity Specificity PPV NPV Diagnostic Accuracy

String sign yield in all cohort with mucinous cysts 77.2% 95% 98.6% 47.5% 80.4%

String sign yield in cytologically confirmed
mucinous cysts 93.8% 85.7% 96.8% 75% 92.3%

3.3. Correlation of Positive String Sign with Cut-Off Level of Cyst Amylase and CEA Levels

The mean cyst amylase levels in both the positive and negative string sign groups
were similar (43671 ± 110,505 unit/lit vs. 39,303 ± 76,505 unit/lit, respectively, p = 0.4),
however, the cyst level of CEA was significantly higher among the positive string sign group
(1283 ± 2536 ng/mL) vs. the negative string sign group (449 ± 1216 ng/mL) (p = 0.03).
Notably, sensitivity, specificity, PPV, and NPV of string sign for the CEA cut-off level of
CEA of >192 ng/mL for differentiating mucinous from non-mucinous pancreatic cysts
according to the international guidelines in the entire cohort were 74.4%, 94.4%, 96.7% and
63% (Table 3).

Table 3. Diagnostic performance of the string sign for two CEA cut-off levels in the entire cohort and in the cytology positive
group.

Sensitivity Specificity PPV NPV Diagnostic Accuracy

CEA of > 192 ng/mL

All cohort 74.4% 94.4% 96.7% 63% 80.7%
Cytologically positive cohort 92.3% 83.3% 92.3% 83.3% 89.5%

CEA of > 25.5 ng/mL

All cohort 81.9% 92.3% 98.3% 48% 83.5%
Cytologically positive cohort 92% 80% 95.8% 66.7% 90%

3.4. Positive Cytology Group Analysis and It’s Correlation with String Sign

Overall, 39 patients of the entire cohort (34.8%) had positive cytology results. Among
them, 32 patients (82%) had both morphologically and cytologically confirmed diagnosis
of mucinous cysts. The sensitivity, specificity, PPV, and NPV of string sign with mucinous
cystic neoplasms in the cytology positive group were high and reached 93.8%, 85.7%, 96.8%,
and 75%, respectively, with accuracy of 92.3% (Table 2), supporting its excellent diagnostic
accuracy in predicting mucinous cysts. Moreover, we performed ROC analysis for CEA in
patients with both ultrasonographic morphological and cytological diagnosis of mucinous
cysts. The ROC of CEA was 0.766 (95% CI 0.575–0.956) (Figure 1); for CEA values according
to the Youden index of 25.5 ng/mL or more, associated sensitivity, specificity, PPV, NPV, and
accuracy of 81.9%, 92.3%, 98.3%, 48%, and 83.5%, respectively, were recorded, compared to
74.4%, 94.4%, 96.7%, 63%, and 80.7%, respectively, in the CEA > 192 group. Interestingly,
in the cytologically positive group, the sensitivity, specificity, PPV, NPV, and accuracy of
string sign for CEA cut-off level of CEA of >25.5 ng/mL were 92%, 80%, 95.8%, 66.7%, and
90%, respectively, while for CEA > 192 ng/mL patients, values were 92.3%, 83.3%, 92.3%,
83.3%, and 89.5%, respectively (Table 3), showing similar diagnostic accuracy between the
two CEA cut-off levels.
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4. Discussion

Accurate diagnosis of pancreatic cyst type has tremendous significance, since mucinous
cysts are premalignant and require surveillance and ultimately surgical resection [18–20].
Unfortunately, the yield of cyst fluid cytology is low. De Jong, et al. have reported
diagnostic EUS FNA cytology in about third of cases [21]. On the other hand, cyst fluid
viscosity is higher in mucinous cysts [22], as reflected by the positive string sign.

Our study demonstrated the high performance of the string sign in differentiating
mucinous from non-mucinous pancreatic cysts, as evidenced by its high diagnostic per-
formance, and showed a significant correlation with the diagnosis of mucinous cystic
neoplasms (OR 64.2, 95% CI 8.1–508.6, p = 0.0001). Moreover, the diagnostic performance
improved in the positive cytology subgroup, supporting its excellent diagnostic accuracy in
diagnosing mucinous cystic neoplasms. Notably, only 1 patient (5%) with a non-mucinous
cyst had a positive string sign. In their study, Bick BL et al. showed a high specificity of
string sign in diagnosing mucinous cysts, as it improved the diagnostic accuracy when
added to cyst fluid analysis [17]. Another study by Leung KK et al. has reported that
benign pancreatic cysts had a median string sign length of 0 mm compared to 3.5 mm in
mucinous cysts, and they showed that string sign length of 1 mm reflects a higher fluid
viscosity and increases the likelihood of identifying a mucinous cyst by 116% [11]. In our
study, we obtained similar results regarding the predictive potential of string sign for the
diagnosis of pancreatic cysts to those reported in the literature, thus supporting the role of
the string sign as an important immediate tool in distinguishing cystic lesions.

Interestingly, in further sub-analysis, we showed that among the cytologically positive
group, the sensitivity, specificity, PPV, NPV, and accuracy of string sign among patients of
both groups of cut-off level of CEA > 25.5 ng/mL and cut off level of CEA > 192 ng/mL
were very high and similar. These findings indicate the need for revision of this cut off
value of CEA > 192 ng/mL. To date, the reported cut-off value for CEA by professional
international societies was shown to have variable sensitivities and specificities as has been
demonstrated by several studies. In their study that included 112 patients with surgically
resected pancreatic cysts, Brugge WR et al. showed that a cutoff value of CEA > 192 ng/mL
had a sensitivity and specificity of 73% and 83%, respectively, for diagnosing a pancreatic
mucinous cyst [5]. A second study that recruited 198 surgically resected pancreatic cysts
reported that a cutoff value of 109.9 ng/mL had a sensitivity and specificity of 81% and
98%, respectively, for diagnosing a mucinous cyst [23], further addressing the conflicting
results regarding the diagnostic performance of CEA > 192 ng/mL for mucinous cysts.

Recently, molecular and liquid sample analysis has been reported to improve the
diagnostic yield of mucinous pancreatic cysts with potentially high-grade lesions, however,
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the experience with these tests is still limited, as they are not easily available at every center,
are time consuming, and require resources [24]. Whereas use of the string sign is a simple,
bedside, cost-free test providing an immediate diagnosis.

The limitations of our study include the retrospective design and that it was conducted
at a single center. An additional limitation is that we classified the pancreatic cysts accord-
ing to the sonographic morphological diagnosis, however, due to the fact that all patients
who received morphological diagnosis of mucinous cysts were confirmed by positive
cytology for mucinous cysts, which reflects the accuracy of the sonographic morphological
criteria used, and thus can be generalized for the entire study cohort.

5. Conclusions

Our study showed that string sign was associated with excellent diagnostic perfor-
mance for pancreatic mucinous cystic neoplasms, even more than CEA level. The on-site
string sign test is a Rapid On-Site Evaluation (ROSE) test of the fluid viscosity, resembling
the rapid on-site evaluation of cytology from a solid pancreatic lesion, which needs only a
small amount of fluid from the same FNA, and provides immediate results complementary
to the morphological characteristics, and biochemical and cytological analysis of the cyst.
This test seems to contribute to the above-mentioned suboptimal tests in differentiating
between mucinous and non-mucinous pancreatic cysts with its implications for the man-
agement of pancreatic cysts. Further multicenter studies are needed to evaluate the precise
role of the string sign ROSE as a complementary test to the available armamentarium in
diagnosing pancreatic cystic lesions.
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