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Abstract

Background Focal splenic lesions are usually incidentally discovered on radiological assessments. Although percutaneous tissue
acquisition (TA) under trans-abdominal ultrasound guidance is a well-established technique for obtaining cyto-histological diag-
nosis of focal splenic lesions, endoscopic ultrasound (EUS)-guided TA has been described in several studies, reporting different
safety and outcomes. The aim was to assess the pooled safety, adequacy, and accuracy of EUS-TA of splenic lesions.

Methods A comprehensive review of available evidence was conducted at the end of November 2021. All studies including
more than five patients and reporting about the safety, adequacy, and accuracy of EUS-TA of the spleen were included.
Results Six studies (62 patients) were identified; all studies have been conducted using fine-needle aspiration (FNA) needles.
Pooled specimen adequacy and accuracy of EUS-TA for spleen characterization were 92.8% [95% confidence interval (CI),
86.3%-99.3%] and 88.2% (95% CI, 79.3%-97.1%), respectively. The pooled incidence of adverse events (six studies, 62 patients)
was 4.7% (95% CI, 0.4%-9.7%).

Conclusion EUS-FNA of the spleen is a safe technique with high diagnostic adequacy and accuracy. The EUS-guided ap-
proach could be considered a valid alternative to the percutaneous approach for spleen TA.
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Introduction

Most focal and diffuse splenic abnormalities are found inciden-
tally, challenging clinicians in the differential diagnosis. In
patients with a known malignancy or a disease that involves
the spleen, the clinical presentation may include pain, signs
and symptoms of infection, and associated findings on cross-
sectional imaging. A history of abdominal trauma must always
be investigated in order to rule out a post-traumatic etiology.
Laboratory investigation can also bring important diagnostic
information [1].

The differential diagnosis of focal splenic lesions includes
cystic lesions, primary vascular neoplasms, infectious or
inflammatory processes, lymphoproliferative disorders, and
metastases. The majority of the asymptomatic patients harbor
benign and clinically insignificant lesions. However, radiologic
imaging does not always yield conclusive findings, especially
when other clinical or laboratory clues are absent. For this rea-
son, invasive procedures such as percutaneous image-guided
biopsy are sometimes warranted. Based on literature evidence,
percutaneous image-guided core needle biopsy of the spleen
has sensitivity and specificity of ~87% and ~97%, respectively
[2, 3]. In these patients, the benefits of an accurate diagnostic
work-up must be accurately weighed against the risks of ad-
verse events associated with the percutaneous biopsy [2-5]. In
extreme conditions, splenectomy could be considered a rescue
strategy for both diagnostic and therapeutic intent.

Endoscopic ultrasound (EUS)-guided tissue acquisition (TA)
is a well-established technique for obtaining cyto-histological
diagnosis of gastrointestinal sub-epithelial lesions, tumors
located in the pancreas, liver, and lymph nodes [6-12]. EUS-
guided TA of splenic lesions has also been described, but
evidence is predominantly linked to small retrospective studies
[13-18].

The aim of this study was to assess the safety, adequacy,
and accuracy of EUS-guided TA of the splenic parenchyma and
its lesions.

Material and methods
Study design and search strategy

We conducted a comprehensive systematic review of scientific
articles published up to 30 April 30 2021 through MedLine using
PubMed, EMBASE, Scopus, the Cochrane Central register, and
Google Scholar interfaces. Key words used in search included a
combination of “endoscopic ultrasound,” “spleen,” “biopsy,”
and “aspiration.” The search strategy used in MedLine was
based on the following search string with MeSH terms:
“endoscopic ultrasound” AND “spleen” OR “splenic” AND
“biopsy” OR “aspiration.” Additionally, the bibliography of
retrieved articles and reviews was manually analysed to find
other additional eligible studies that eluded the primary search.
The search was restricted to studies on human adults, pub-
lished in the English language.

Selection criteria

Two authors independently reviewed the results of the prelimi-
nary searches. Any discrepancy in article selection was resolved
by consensus and discussion. Studies included met the follow-
ing criteria: (i) studies reporting data on EUS-guided TA of the
spleen, (ii) prospective and retrospective scientific studies
enrolling at least five patients, (iii) studies reporting splenic
EUS-TA of patients >18years old, (iv) studies reporting data

about the accuracy of EUS-TA of splenic lesions, (v) studies
reporting data about the adequacy of the sample obtained using
EUS-TA, and (vi) studies reporting data about adverse events
related to splenic EUS-TA. Studies were included irrespective of
the needle design and size, the EUS-TA technique used, and the
route of EUS-TA access. We excluded (i) studies reporting data
on EUS-TA of ectopic/accessory spleen or splenosis, (i) studies
reporting splenic EUS-TA on animals, (iii) studies that did not
evaluate splenic EUS-TA diagnostic accuracy and sample
adequacy, and (iv) case reports, letters, reviews, and comments.

Data extraction and quality assessment

Two authors (A.L., A.F.) independently recorded the data using a
standardized form; any disagreement was resolved by consult-
ing a third reviewer. The following data from each study were
extracted: first author’s name, country of origin, year of publica-
tion, study design, study population, patients’ age and gender,
EUS description of splenic lesion, size of splenic lesion, needle
design and size, sampling technique with or without fanning
technique, number of passes, material analysis (histology,
cytology, bacteriology, or biochemical test), prevalence of malig-
nant disease, and incidence of adverse events. The sensitivity,
adequacy, and accuracy of splenic EUS-TA were extracted from
the reported data.

The quality of included studies was rated by two reviewers
independently (A.L., AF.) based on the Newcastle-Ottawa scale
for non-randomized studies [19]. Disagreements were solved by
discussion and following a third opinion (P.F.).

Definitions

Sample adequacy was defined as the presence of tissue sample
adequate for pathological analysis. Diagnostic accuracy was
defined as the concordance between EUS-TA result and the
gold-standard diagnosis. The gold-standard diagnosis was
obtained with surgery, clinical and radiological follow-up, and/
or pathological evaluation on EUS-TA samples. Adverse events
should be defined as any occurring events that alter the usual
patient management, complicating the diagnostic and thera-
peutic outcomes. The safety profile was defined as the inci-
dence of adverse events among all procedures performed.

Statistical analysis

Study outcomes were pooled through a random-effects model
based on the DerSimonian and Laird test, and results are
presented as rates or pooled mean and 95% confidence interval
(CI), where appropriate. The presence of heterogeneity was
calculated through I tests with I? < 20% interpreted as low-level
heterogeneity. Any potential publication bias was verified
through visual assessment of funnel plots. Sensitivity analysis
was conducted according to (i) needle size (whether 22G, 25G or
19G) and (ii) study design (prospective vs retrospective studies).
All statistical analyses were conducted using OpenMeta
[Analyst] software. For all calculations, a two-tailed P-value of
<0.05 was considered statistically significant.

Results
Literature search and population characteristics
A total of 1,007 articles were identified by using the described

search strategy. After reading the title and the abstract, 64 full-
text records were screened. Ultimately, six studies were



included in the qualitative and quantitative analysis. The
details of the selection process and study flow chart are pre-
sented in Figure 1. Three studies were prospective, while the
remaining had a retrospective design.

The quality of the included studies is presented in
Supplementary Table 1. In detail, three studies accomplished all
criteria for patients’ selection, while the other three appeared
sub-optimal. Four studies showed optimal quality in study out-
comes domain, while two studies did not completely report the
study outcomes (specimen accuracy in one case and prevalence
of malignant conditions).

Table 1 describes the characteristics of the included studies.
In total, 62 patients (35 male) were finally included; mean age
was 54 years. The mean size of the splenic lesions was 36.6 mm.
Twenty patients (32.3%) had a malignant disease of the spleen.
Three studies included only patients with splenic focal solid
lesions: one study dealt with diffuse parenchymal diseases, one
study included patients with both focal solid and diffuse paren-
chymal conditions, and one final study included both solid and
cystic splenic lesions. In all the six studies, authors performed
cytological analysis on tissue samples obtained using EUS-TA.
Further analyses performed in different studies, such as histol-
ogy, flow cytometry, and bacteriology, are shown in Table 1.

All studies were conducted using EUS fine-needle aspiration
(EUS-FNA) needles. The needle size was 19G in 7 cases (11.3%),
22G in 50 cases (80.6%), and 25G in the remaining 5 cases (8.1%).
A mean of 2.62 (range, 1.95-3.28) needle passes was performed;
significant heterogeneity was observed (I> = 97.3%) among stud-
ies (Supplementary Figure 1) in this respect. Most splenic
lesions (30/62, 48.4%) were lymphomas or other lymphoprolifer-
ative disease, while focal splenic tuberculosis (13/62, 21.0%),
sarcoidosis (8/62, 12.9%), abscesses (4/62, 6.4%), cyst (4/62, 6.4%),

Records identified via electronic search
and screened at title and abstract level
after duplicates removal (n = 1,007)
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solid tumor metastasis (2/62, 3.2%), and benign unspecified
tumor (1/62, 1.6%) accounted for the remaining lesions.

Diagnostic performance

Pooled specimen adequacy (6 studies, 62 patients) was 92.8%
(95% CI, 86.3%-99.3%) with very low heterogeneity (I =12.5%). A
forest plot for pooled adequacy is shown in Figure 2.

Pooled diagnostic accuracy (5 studies, 47 patients) of EUS-
TA for the diagnosis of lesions of the spleen was 88.2% (95% CI,
79.3%-97.1%); no heterogeneity among studies was found
(*=0.0%). A forest plot for pooled accuracy is shown in
Figure 3.

Adverse events

The pooled incidence of adverse events (6 studies, 62 patients)
was 4.7% (95% CI, 0.4%-9.7%) with no heterogeneity (1> =0.0%). A
forest plot is shown in Figure 4. Among all included studies,
only one adverse event was reported; in detail, one patient with
a splenic pseudocyst presented massive bleeding due to a
splenic artery pseudoaneurysm 7 days after EUS-TA.

Sensitivity analysis and heterogeneity

Heterogeneity between the sample adequacy of the included
studies was very low (12 =12.4%). A sensitivity analysis is shown
in Supplementary Table 2. The study design (retrospective vs
prospective) and EUS-FNA needle size (19G, 22G, and 25G) have
been tested. Retrospective studies (I*=64.3%) and 22G EUS-FNA
needle (I=27.1%) appeared to be responsible for the observed
heterogeneity.

Additional records identified through

other sources (n = 25)

(n=38)

Full-text articles assessed for eligibility

Full-articles excluded (n = 32)

* 18 were case reports, case series or articles
including less than 5 patients

+ 11 studies reported EUS-tissue acquisition of
ectopic /accessory spleen or splenosis

» 3 studies reported only surgical or percutaneous
biopsy

Y

(n=6)

Eligible studies included in the meta-analysis

Figure 1. Study flow chart
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Table 1. Characteristics of studies assessing the performance of endoscopic ultrasound-guided tissue acquisition of the spleen

Reference Affiliation, country Study design  Study period Clinical Needle size Technique, No. of Study No. of Age,years Lesion
indication fanning passes population males (%) (median size, mm
(mean =+ SD) [range])
Fritscher-Ravens Aetal. Royal London Hospital, = Prospective 1997-2001 Focal solid 22 gauge N/A 2.7 +0.9 12 7 (58.3%) 32[19-68] 14 [8-42]
Am ] Gastroenterol United Kingdom lesions
2003 [16]
Eloubeidi M et al. University of Alabama Prospective 2000-2003 Focal solid 22 gauge N/A 45+0.5 6 4(66.6%) 58.5[41-82] 4531
Endoscopy 2005 [15] at Birmingham, USA lesions
Iwashita T et al. Gifu University Hospital, Prospective 2004-2007 Focal solid 19 gauge N/A 24*05 5 1(20.0%) 64[50-71] 53+22
Endoscopy 2009 [17] Japan lesions
Rana SSetal. Ann Postgraduate Institute Retrospective 2011-2017 Focal solid and 22 gauge (no. 13);  Suction, 1.5+0.5 16 11 (68.8%) 35.5[28-43] 3330
Gastroenterol 2017 of Medical Education cystic lesions 25 gauge (no. N/A
[14] and Research, India 2); 19 gauge
(no. 1)
Mosquera-Klinger G Hospital Pablo Tobén Retrospective 2019 Diffuse paren- 22 gauge (no. 14);  Slow- 27x0.7 15 6(40.0%) 67[44-86] 3821
et al. Rev Esp Enferm Uribe Medellin, chyma and fo- 19 gauge (no. pull, No
Dig 2020 [13] Colombia cal solid 1)
lesions
Niiya F et al. Endoscopy =~ Showa University Retrospective 2016-2019 Diffuse 22 gauge (no.5);  Slow-pull 2.0*0.0 8 6(75.0%) 66.8[51-79] N/A
Int Open 2021 [18] Fujigaoka Hospital, parenchyma 25 gauge (no. and
Japan 3) suction,
no

SD, standard deviation; N/A, not available; mm, millimeter.
The values of lesion size, main axes, are presented as median with range or mean = standard deviation.
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Studies Estimate  (95% Cl)  Ev/Trt :
]
|
Mosquera-Klinger 2020 0.667 (0.428, 0.905) 10/15 L |
Rana 2017 0.971 (0.890, 1.000) 16/16 —
Eloubeidi 2005 0.929 (0.738, 1.000)  6/6 -
Fritscher-Ravens 2003 0.917 (0.760, 1.000) 11/12 3
Iwashita 2009 0.917 (0.696, 1.000) 5/5 l:
Niiya 2021 0.944 (0.795, 1.000) 8/8 il
|
]
Overall (1’=12.5%, P =0.035) 0.928 (0.863, 0.993) 56/62 ———
|
r T T T T L 1
05 0.6 0.7 08 0.9 1
Proportion

Figure 2. Pooled estimates for sample adequacy. Study outcomes were pooled through a random-effects model based on the DerSimonian and Laird test, and results

are expressed as rates or pooled mean and 95% confidence interval (CI).
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I
Rana 2017 0.812 (0.621, 1.000) 13/16 = :
Eloubeidi 2005 0.833 (0.535, 1.000) 5/6 = :
Fritscher-Ravens 2003 0.833 (0.622, 1.000) 10/12 - L
Iwashita 2009 0.917 (0.696, 1.000) 5/5 : L]
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Figure 3. Pooled estimates for sample accuracy. Study outcomes were pooled through a random-effects model based on the DerSimonian and Laird test, and results

are expressed as rates or pooled mean and 95% confidence interval (CI).
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Figure 4. Pooled estimates for incidence of adverse events. Study outcomes were pooled through a random-effects model based on the DerSimonian and Laird test,

and results are expressed as rates or pooled mean and 95% confidence interval (CI).

Discussion

Our meta-analysis showed 93% overall adequacy and 88% over-
all diagnostic accuracy for EUS-guided TA of the spleen. In com-
parison to available literature evidence, EUS-TA showed higher
diagnostic accuracy than percutaneous image-guided FNA
(sensitivity 87%, specificity 97%), but it had lower diagnostic
accuracy than a percutaneous image-guided core needle biopsy
[2-5].

It is possible to perform an accurate, high-resolution exami-
nation of the spleen from the stomach using EUS without the
interposition of other organs. EUS-TA was initially reported for
the characterization of small splenic lesions, taking advantage
of the optimal real-time visualization of the parenchyma and
its vascular architecture. The indications of EUS-TA have

subsequently expanded to include both focal and diffuse spleen
abnormalities [1].

Based on literature data, percutaneous image-guided core
needle biopsy of the spleen has sensitivity and specificity of
~87% and ~97%, respectively. However, when coagulopathy or
other risk factors for bleeding are present, cytology by percuta-
neous FNA may be the only option available at the expense of
sensitivity and specificity, which may be decreased to 84% and
92%, respectively. EUS-TA has been used to overcome the limi-
tations of percutaneous sampling with the theoretical advan-
tage of a superior safety profile [2-5].

Although EUS-TA cytology may be sufficient for the
diagnosis of lymphomas, which represent the most com-
mon causes of focal splenic lesions, it is very limited for the
complete characterization of lymphoproliferative disorders



6 | A.Lisottietal.

Figure 5. Computed tomography scan showing splenic B-cell lymphoma infiltrating the pancreatic tail from the splenic hilum. (A) axial plane; (B) coronal plane.

with immunohistochemistry (Figure 5). Thus, the use of flow
cytometry on EUS-TA specimens has improved the diagnostic
ability of this technique. Furthermore, the employment of large-
gauge needles may help to overcome the limitations of EUS-TA,
especially for the diagnosis of lymphoma subtypes, which is es-
sential for the treatment strategy [6-8].

Our meta-analysis showed that about two passes were
statistically significant to obtain diagnostic specimens. Fine
needles of different sizes were used in the studies, with the 25G
needle showing higher sensitivity and diagnostic accuracy than
22G and 19G needles (100% vs 90.8% and 88.1%, respectively).
A further advantage of EUS-TA is the possibility to perform
the “fanning technique” that allows sampling of multiple areas
during each pass, potentially ensuring fewer passes to establish
the diagnosis [13-18].

The overall complication rate of percutaneous image-guided
TA was reported at 4.2% (1.9% for core needle biopsy and 1.3%
for FNA cytology). The main adverse events were bleeding and
pneumothorax due to the interposition of adjacent organs such
as the ribs, pleura, lungs, kidneys, and the colon splenic flexure.
Obesity, ascites, recent abdominal surgery, and the presence of
intestinal gas represent risk factors for adverse events [13-18].

We found a similar rate of adverse events for splenic EUS-TA
amounting to 4.7%. Rana et al. [14] reported a massive gastroin-
testinal bleeding from a splenic artery pseudoaneurysm 7 days
after the EUS procedure that was successfully treated with
surgery.

On the other hand, even though surgical splenectomy
remains the reference standard for the diagnosis of indetermi-
nate splenic lesions detected using imaging, it showed a higher
rate of complications than EUS-guided and image-guided TA.
Not only may it predispose patients to infection and thrombo-
sis, but it also showed morbidity from 8.6% to 37% and mortality
in <2.9% of cases.

The present study shows several limitations. First of all, the
entire amount of included population appears relatively small.
Moreover, <50% of included studies have a retrospective design.
Even though low heterogeneity was observed in pooled ade-
quacy and accuracy, significant heterogeneity was found
among the included studies in terms of EUS-FNA needle size
and passes, and indication for TA (diffuse disease, focal solid or
cystic lesions). Since only one study has been performed using
rapid on-site evaluation (ROSE) [15], no comparison between
studies performed with and without ROSE is possible. Finally,

this meta-analysis does not present the ability to quantify the
technical success rate for spleen EUS-TA.

In conclusion, spleen EUS-TA represents a safe technique
with high diagnostic adequacy and accuracy. It may be consid-
ered a valid alternative to the percutaneous approach, espe-
cially for focal lesions in order to increase the technical success
rate [1].

Supplementary Data

Supplementary data is available at Gastroenterology Report
online.
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