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in the floor of the mouth are still challenging in the com-
bined approach [6].

Successful stone removal rates of 69—100% have been
reported using the combined approach, with two recent
large studies of the combined approach for hilar or
parenchymal submandibular stones reporting a stone
removal rate of 98.5% [7] and a stone removal rate of
90.13% [8]. Furthermore, submandibular gland preserva-
tion rates as high as 95% using the combined approach
have been published [9-11].

Main text
Methods
is systematic review and meta-analysis were con-
ducted and reported based on the PRISMA statement.
is study was approved by an ethical committee of Fac-
ulty of Medicine Ain Shams University before the start of
the study (FMASU M S 565/2022).

Eligibility criteria

All the cross-sectional, case—control, retrospective, and
prospective cohort studies published in English language,
conducted on patients with submandibular stones after
failed response to pure endoscopic approach or assisted
lithotripsy, in which patients underwent combined
sialendoscopy with conservative surgical stone extraction
for the management of submandibular sialoliths which
started with endoscopic visualization and localization of
the stone followed by a standard external or trans-oral
approach to remove the stone without the need of gland
removal followed by duct repair with stenting or marsu-
pialization. e included studies reported success rate as
cases free of residual stones.

Search strategy

e study included relevant medical articles from 2000
till 2022 concerning the e cacy and safety of sialendo-
scopic assisted surgery in the treatment of submandibu-
lar gland sialolithiasis through the MEDLINE database
(PubMed), Web of Science, Springer, Cochrane Library,
and EMBASE, using a combination of the following key
words: sialendoscopy, trans-oral incision, submandibular,
sialolithiasis, calculi, stones, and transcutaneous.

Selection of studies
We screened the title and abstract of the yielded articles
seeking for the potentially matched articles. en full
texts of the potentially included articles were obtained
and assessed for the final inclusions in the current study.
e reference list of the included papers was reviewed
also seeking for any relevant articles. Excluded articles
included review articles, duplicated reports, and stud-
ies whose outcomes of interest were not clearly reported
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with quantifiable data or if it was not possible to extract
and calculate appropriate data from published results,
articles performed on patients with obstructive sialad-
enitis for any other cause rather than stones as stenosis
because of strictures, kinks, previous radio-iodine treat-
ment or radiotherapy treatment in the head and neck
region, mucus plug, polyp, foreign bodies, tumor, exter-
nal compression, variations in anatomical ductal sys-
tems or diagnosis of autoimmune disease as Sjogren’s
syndrome, patients with acute sialadenitis in last 2 weeks
before surgery, pregnant or lactating females, patients
who are unable to open the mouth su ciently, patients
who su er of gland fibrosis due to previous surgery, and
patients on anticoagulants or anti-platelets.

Only articles fulfilling the criteria of screening were
included for further steps of data collection, analysis, and
reporting.

Data extraction

We derived the data from the finally pertinent publica-
tions. An Excel sheet was constructed to collect the fol-
lowing items: author name and year, sample size, stone
location, surgical approach, success rate, gland preserva-
tion, and complications.

Risk of bias assessment
In this study, examination of funnel plots and Egger’s test
were used to evaluate publication bias.

The outcomes

e outcomes investigated in this study were the suc-
cess rate based on total extraction of stones resulting in
no residual stones, number and percentage of compli-
cations, and number and percentage of failed cases that
required sialadenectomy.

Data analysis

e data collected from each article was statistically ana-
lyzed utilizing the Stata 17 (StataCorp. 2021. Stata Statis-
tical Software: Release 17. College Station, TX: StataCorp
LLC). Studies included were tested for heterogeneity of
the estimates using the Cochran Q chi-square test and
I-squared (/%) index. Event rates were expressed as pro-
portion with its 95% confidence limits (95% CI). Because
of the presence of significant heterogeneity, the random
e ect model was used for pooling of estimates from indi-
vidual studies. A two-sided p value<0.05 denoted statis-
tical significance.

Results

We found 229 relevant articles; from those, 15 articles
were included in evaluation of combined sialendoscopic-
assisted surgery in the management of submandibular
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gland sialolithiasis as shown in Table 1, and 214 articles
were excluded (Fig. 1).

Table 2 showed that 78.46% was the percentage of the
variation across studies that was due to heterogeneity
rather than chance, and it might represent substantial

Table 1 Studies included in the meta-analysis for success rate

Study Total Free of
residual
stones

Ziegler et al., 2004 [12] 17 17

Marchal F, 2007 [10] 29 20

Nahlieli et al, 2007 [13] 172 165

Liu et al, 2009 [14] 28 27

Walvekar et al., 2009 [5] 16 14

Suetal, 2010 [15] 18 17

Wallace et al.,, 2010 [16] 5 5

Kopec et al, 2013 [17] 21 21

Gallipoli et al., 2013 [18] 18 16

Liu et al, 2013 [19] 70 66

N. Schwartz et al,, 2015 [11] 39 33

Aleksandar and Jure, 2016 [20] 33 33

Xiao et al, 2016 [21] 8 8

Capaccio et al,, 2017 [22] 479 472

Zhao et al,, 2020 [8] 514 466

Page 3 0f 11

heterogeneity, p value=<0.001. ere was evidence for
significant heterogeneity (Cochran Q=65.57, P value
<0.001, I-squared=78.46%). So, studies were pooled
using a random e ect model.

Table 3 showed that a total of 15 studies were included
in proportional meta-analysis. Sample size, event, and
e ect size were reported for each study as shown in
Table 1. Number of studies combined was 15, number of
observations was 1467, and number of events was 1380.
Random e ect model was used due to the presence of
heterogeneity. e estimated overall e ect was 1380 with
95% CI (91.4 to 98.5%) (Fig. 2).

Table 4 and Figs. 3, 4, 5, 6, 7 and 8 showed that Egg-
er’s test was done to assess potential publication bias, p
value=0.539 indicating no evidence of publication bias.

Table 5 showed that the percentage of cases that under-
went sialadenectomy in the included studies ranged
from 0% in 4 studies [10, 14, 18, 21] to 29% in the study
of Ziegler et al. [12] (5/17 cases). e overall percentage
of sialadenectomy cases in the included studies was 2%
(35/1467 cases).

Table 6 showed that the percentage of complicated
cases in the included studies ranged from 0% in 4 stud-
ies [10, 12, 17, 21] to 80% in the study of Wallace et al.
[16] (4/5 cases). e overall percentage of complications
in the included studies is 8% (118/1467 cases). e most
common type of complication was recurrent sialadenitis

relevance

229 articles potentially relevant studies were
identified; titles and abstracts were reviewed for

I

- 112 articles were excluded

!

inclusion cntena.

117 articles were retrieved and further assessed for

102 articles were excluded as27
were review articles, 36 were

“| desired intervention or outcom e

wasn’treported, 17 were on parotid
sialolithiasis, and 22 were technique
articles.

15 articles were included for the m eta-analysis

Fig. 1 Identification of relevant studies
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Table 2 Tests for heterogeneity in the included studies

Cochran Q value 65.57
df (Q) 14
Pvalue <0.001
I-squared: f (inconsistency) 78.46%
95% Cl for I? 65.36 to
86.84

df degree of freedom

(76 cases), followed by temporary lingual nerve paresthe-
sia (24 cases).

Table 7 showed that all the studies included hilar
stones except from two studies: Gallipoli et al. [18] for
which all cases had Hilo-parenchymal stones, and Xiao
et al. [21] for which all cases had intra-parenchymal
stones. Four studies had hilar stones only [12, 15, 17, 19].
Two studies only included patients with stones in the
three locations [8, 22]. e other 5 studies didn't com-
ment on the location of the stones.

Discussion

Management algorithms based on sialolith size, orienta-
tion, and shapes have been published in the literature. It
was suggested that the removal of submandibular stones
smaller than 4 mm is amenable to sialendoscopy with
basket or forceps retrieval, whereas larger stones may
require the use of ancillary techniques such as fragmen-
tation [23]. Similar size recommendations were reported,
and retrieval success was found to be dependent on the
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stone’s largest dimension being oriented favorably in the
duct [5]. It was not possible to perform a meta-analysis
by stone size in the present study because the data were
not uniformly published in the included studies.

Four studies evaluated the e cacy of combined
sialendoscopic approach in the management of hilar
submandibular stones. A retrospective review was per-
formed in 17 patients as hilar stones were extracted
through a small trans-mucosal incision, after which the
duct could be reconstructed and sutured under endo-
scopic control, only 5 patients required sialadenectomy
[12]. A retrospective review of 70 patients who under-
went combined approach was performed with a success
rate of 92.9% [19].

Su et al. [15] performed a retrospective review in 18
cases which were treated with sialendoscopic assisted
open sialolithectomy immediately after failure of intra-
ductal removal of calculi by interventional sialendoscopy
using grasping forceps and basket. e surgery failed in
1 patient with multiple sialoliths, and the procedure was
converted to open sialadenectomy.

Kopec et al. [17] performed the combined approach in
21 patients due to large-sized stones, the intimate asso-
ciation of calcium deposits within the wall of the duct
along with its presence inside the deep portions of the
gland, and only three failed and required sialadenectomy.

One study evaluated e cacy of combined sialendo-
scopic assisted trans-cervical approach in treatment of
non-palpable intra-glandular submandibular stones in 8
patients with 100% success rate [21]. Aleksandar and Jure
[20] performed a retrospective study of the treatment of

Table 3 Pooling of estimated success rates using random e ect model

Study Sample size Event ES 95% ClI Weight%
(random)
Ziegler et al, 2004 [12] 17 17 1.000 81.6 to 100 51
Marchal F, 2007 [10] 29 20 0.690 50.8t0 827 6.59
Nahlieli et al., 2007 [13] 172 165 0.959 91.8t0 98 10.17
Liu et al, 2009 [14] 28 27 0.964 82.3t0994 6.49
Walvekar et al., 2009 [5] 16 14 0.875 64 t0 96.5 493
Suetal, 2010 [15] 18 17 0.944 7421099 5.26
Wallace et al., 2010 [16] 5 5 1.000 56.6 to 100 231
Kopec et al,, 2013 [17] 21 21 1.000 84.5to 100 5.69
Gallipoli et al, 2013 [18] 18 16 0.889 67.21096.9 5.26
Liu etal, 2013 [19] 70 66 0.943 86.21t097.8 8.75
N. Schwartz et al, 2015 [11] 39 33 0.846 70.3t092.8 738
Aleksandar and Jure, 2016 [20] 33 33 1.000 89.6 to 100 6.94
Xia et al, 2016 [21] 8 8 1.000 67.6 to 100 321
Capaccio et al, 2017 [22] 479 472 0.985 971t099.3 10.95
Zhao et al., 2020 [8] 514 466 0.907 87.8t0929 10.99
Total (random e ects) 1467 1380 0.955 91.410 98.5% 100
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%
Study ES (95% CI) Weight
Ziogler et al . 2004 —%—4» 1.000 (0.816. 1.000) 5.10
Marchal F.. 2007 - 0.690 (0.508, 0.827) 659
Nahlieli et al.. 2007 —=— | 0.959(0.918.0.980) 10.17
Liu et al, 2009 —+— 0.964 (0.823, 0.994) 6.49
Walvekar et al., 2009 -+ : 0.875 (0.640, 0.965) 493
Suetal, 2010 - 0.944 (0.742, 0.990) 526
Wallace et al . 2010 E 1.000 (0.566, 1.000) 2N
Kopec et al , 2013 —%—o 1.000 (0.845, 1.000) 569
C. Gallipol et al, 2013 - 0.889 (0.672. 0.969) 526
Liu et al. 2013 —— | 0.943(0.852, 0.978) 875
N. Schwartz et al, 2015 - 0.846 (0.703, 0.928) 738
Aleksandra et al, 2016 —%—# 1.000 (0.896, 1.000) 694
Xia et al, 2016 . 1.000 (0.676. 1.000) 321
Cappacio et al, 2017 | 0.985(0.970.0.993) 10.95
Zhao et al, 2020 —— 0.907 (0.878. 0.929) 10.99
Overall (12 = 78.461%. p = 0.000) <> 0.955 (0.914, 0.985) 100.00
T T T *
4 6 8 1
Proportion
Fig. 2 Forest plot for the success rate
Table 4 Publication bias their case series. Of those 47 stones, 23 were hilar in
location, 23 were glandular in location, and 1 of unknown
Egger’s test location. e gland preservation rate in the 47 reported
Intercept -058 stones was 57% (17/30). Among patients where gland
95% Cl 25510140 resection was reported, most of the patients (12/13) had
Pvalue 0.539

sialolithiasis in the submandibular gland via combined
approach sialendoscopy, 31 through combined sialen-
doscopy trans-oral approach, and 2 through combined
sialendoscopy trans-cervical approach and 1 of the cases
developed fistula in the floor of the mouth 6 months later
and required sialadenectomy.

Wallace et al. [16] reported their experience with man-
agement of giant salivary stones 15 mm via a combined
approach technique using semi-rigid sialendoscopy
through a retrospective case series. Forty-seven cases
were identified during the review of literature and 7 from

hilar glandular stones. Only one patient with a ductal
stone had a gland resection. In their series, combined
approach enabled a gland preservation rate of 80% (4/5).
Among these patients, stone location was hilar in six
(86%) and ductal in one (14%). e mean size of stones
from the literature review was 35 mm and from their
series was 19 mm. ey recommended trans-oral sialo-
lithotomy for ductal giant stones and gland resection for
giant hilar glandular stones with improved gland preser-
vation rates (80 vs. 57%) independent of stone location
and with preservation of salivary function.

Some studies evaluated the e cacy of combined
sialendoscopic approach in the management of sub-
mandibular stones irrespective of their location. Nahl-
ieli et al. [13] performed a retrospective review of 172
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Fig. 3 Funnel plot for the success rate associated with combined sialadenoscopic assisted surgery in management of submandibular sialolithiasis

No of Sialadenectomy cases
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Fig. 4 Number of cases that underwent sialadenectomy in the included studies
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Fig. 5 Percentage of cases that underwent sialadenectomy in the included studies
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No of cases with complications
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Fig. 6 Number of cases with complications
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Fig. 7 Percentage of cases with complications

cases with posterior and hilar stones more than 5 mm
in diameter which were treated primarily by trans-oral
incision and marsupialization of the duct and gland
through ductal stretching with a success rate of 98%.
Twenty-six patients with multiple hilar stones were
treated with a success rate of 81%. e overall success
rate of the procedure was 96%. In 48 patients (28%), an
additional undetected stone was diagnosed by endos-
copy after the removal of the stone in the hilum. In 62
patients (36%), strictures were diagnosed endoscopi-
cally posterior to the stone.

30%

I  30%
I  50%
I 5 0%

40% 50% 60% 70% 80% 90%

Liu et al. [14] treated 28 cases with hilar and intra-
parenchymal submandibular stones with endoscopic-
assisted surgery which failed in 1 case, and the remaining
stone was left in situ. A retrospective case series for 514
consecutive patients with hilar and parenchymal sub-
mandibular stones treated through endoscopy-assisted
surgery was performed in which the a ected glands
included 311 hilar in location, 84 post-hilar, 65 intra-
parenchymal, and 57 with multiple stones. Stones were
successfully removed in 478 glands (92.5%, 478/517)
in which the main treatment techniques included were
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Fig. 8 Distribution of stone location

Table 5 Number and percentage of cases that underwent sialadenectomy

Study Sample size Sialadenectomy cases Sialadenectomy
percentage

Ziegler et al, 2004 [12] 17 5 29%
Marchal F, 2007 [10] 29 0 0%

Nahlieli et al,, 2007 [13] 172 4 2%

Liu et al, 2009 [14] 28 0 0%
Walvekar et al.,, 2009 [5] 16 1 6%

Su et al, 2010 [15] 18 1 6%

Wallace et al., 2010 [16] 5 1 20%

Kopec et al, 2013 [17] 21 3 14%
Gallipoli et al,, 2013 [18] 18 0 0%

Liuetal, 2013 [19] 70 5 %

N. Schwartz et al,, 2015 [11] 39 2 5%
Aleksandar and Jure, 2016 [20] 33 1 3%

Xiao et al,, 2016 [21] 8 0 0%
Capaccio et al, 2017 [22] 479 7 1%

Zhao et al, 2020 [8] 514 5 1%

Overall 1467 35 2%

hilum ductotomy in 311 glands, intra-parenchymal
ductotomy in 68, submandibulotomy in 14, intra-
ductal retrieval in 74, and hilum ductotomy accom-
panied by intra-ductal retrieval in 11 and concluded

that appropriate use of various endoscopy-assisted
approaches helps preserve the gland and facilitates recov-
ery of gland function in patients with di erent depths of
hiloparenchymal submandibular stones [8].
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Table 6 Number and percentage of complications of combined sialendoscopic-assisted surgery in the included studies

Study Sample size Recurrent  Temporary lingual Ranula Fistulain Reduced  Number of Complications

sialadenitis nerve parasthesia oor of salivary complications percentage
mouth ow

Ziegler et al.,, 2004 [12] 17 0 0 0 0 0 0 0%

Marchal F, 2007 [10] 29 0 0 0 0 0 0 0%

Nahlieli et al, 2007 [13] 172 7 1 0 0 0 8 5%

Liu et al, 2009 [14] 28 0 0 1 0 0 1 4%

Walvekar et al., 2009 [5] 16 4 4 0 0 0 8 50%

Su etal, 2010 [15] 18 0 3 0 0 6 9 50%

Wallace et al., 2010 [16] 5 1 3 0 0 0 4 80%

Kopec et al, 2013 [17] 21 0 0 0 0 0 0 0%

Gallipoli et al., 2013 [18] 18 3 0 0 0 0 3 17%

Liu etal, 2013 [19] 70 2 1 2 0 0 5 %

N. Schwartz et al,, 2015 [11] 39 0 1 0 1 0 2 5%

Aleksandar and Jure, 2016 33 0 0 0 1 0 1 3%

[20]

Xiao et al,, 2016 [21] 8 0 0 0 0 0 0 0%

Capaccio etal, 2017 [22] 479 59 0 0 0 0 59 12%

Zhao et al., 2020 [8] 514 0 11 0 0 18 4%

Overall 1467 76 24 10 2 6 118 8%

Table 7 Number and percentage of stone location in cases treated by combined sialendoscopic-assisted surgery in the included

studies
Study Sample size Hilar Intra- Hilo- Hilar, % Intra- Hilo-
parenchymal parenchymal parenchymal, % parenchymal,
%
Ziegler et al., 2004 [12] 17 17 0 0 100% 0% 0%
Nabhlieli et al., 2007 [13] 172 131 41 0 76% 24% 0%
Suetal., 2010 [15] 18 18 0 0 100% 0% 0%
Wallace et al., 2010 [16] 5 4 1 0 80% 20% 0%
Kopec etal., 2013 [17] 21 21 0 0 100% 0% 0%
Gallipoli et al., 2013 [18] 18 0 0 18 0% 0% 100%
Liuetal.,, 2013 [19] 70 70 0 0 100% 0% 0%
Xiao etal., 2016 [21] 8 0 8 0 0% 100% 0%
Capaccio etal., 2017 [22] 479 233 57 189 49% 12% 39%
Zhao et al., 2020 [8] 514 311 146 57 61% 28% 11%

A retrospective chart review was performed to iden-
tify the factors that may influence successful retrieval
of salivary stones and concluded that submandibular
stones larger than 4 mm may be amenable to endoscopic
removal provided their largest dimension is orientated
favorably along the length of the duct [5].

A prospective controlled study was performed to
describe a combined sialendoscopic and trans-oral
approach to remove large parenchymal submandibular
sialoliths of median diameter of 18 mm (range 9—22 mm)
in 18 patients and to assess functional results after stone
removal. Parenchymal stones were successfully removed
using the combined approach in all cases. Fifteen patients

(83.5%) were symptom free after 6 months of follow-up.
Two out of 3 still symptomatic patients showed residual
sialolithiasis at post-operative ultrasonography [18].
Capaccio et al. [22] evaluated the e cacy of sialen-
doscopy assisted trans-oral approach retrospectively in
retrieval of symptomatic, large (>7 mm), fixed and palpa-
ble proximal and hiloparenchymal submandibular stones
from 479 patients under general anesthesia. Stones were
successfully removed from 472 patients (98.5%); the
seven failures (1.5%) concerned pure parenchymal stones.
ey concluded that sialendoscope-assisted trans-oral
removal of large hiloparenchymal submandibular gland
stones is a safe, e ective, conservative surgical procedure,
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and functional preservation of the main duct and paren-
chyma of the obstructed gland allows sialendoscopic
access through the natural ostium in case of recurrence.
Combining a trans-oral approach with other minimally
invasive, conservative procedures ensures symptomatic
relief and salivary duct system clearance in most patients.

A retrospective study was performed for the treatment
of sialolithiasis in the submandibular gland via combined
approach sialendoscopy. Most sialoliths (56.5%) were over
10 mm in size and were hilar (56%). e success rate of
the combined approach was 87%. No significant compli-
cations were documented. Symptoms resolved in 75.7% of
patients; however, this did not correlate with placement of
an intra-ductal stent or steroid irrigation. An overall gland
preservation rate of 94.9% was achieved [11].

e most common complication following sialendoscopy
assisted trans-oral approach is recurrent sialadenitis because
of restenosis or due to postoperative infections especially
in cases of proximal sialoliths or retained sialoliths after an
unsuccessful removal attempt: Out of 172 patients, 1 devel-
oped recurrent stone and 6 developed recurrent sialadenitis
because of restenosis [13]. Four out of 9 patients su ered of
recurrent sialadenitis (5).  ree out of the 18 cases under-
went sialendoscopy assisted trans-oral approach su ered of
recurrent sialadenitis [18].  irteen out of 70 patients suf-
fered of persistent sialadenitis, and 2 of them were because
of recurrent stones [19]. Fifty-nine out of 479 cases under-
went sialendoscopy developed recurrent sialadenitis [22].

Other complications confronted were transient lingual
nerve paresthesia, ranula formation, and reduced salivary flow.
Permanent lingual nerve paresthesia after trans-oral subman-
dibular sialolith removal, as well as lingual nerve damage dur-
ing purely intra-ductal endoscopic procedures, are very rare
[5, 11, 13, 15, 16, 19, 22]. In addition, hemorrhage has been
reported in one case out of 172 cases and fistula in the floor of
the mouth has been reported in 2 studies [13].

Based on the pooled analysis, the pooled success rate
for combined sialendoscopic approach in management of
submandibular stones was 95.5. A low incidence of major
complications was reported.

e inherent weakness of our study is secondary to the
heterogeneity that is introduced when pooling studies
with non-uniform populations and methodology. Vari-
ability in the use of instrumentation and ancillary devices
both between and within studies where instruments
changed or evolved over time contributes to this weak-
ness. Further studies using same instruments and tech-
niques on large number of patients are recommended.

Conclusion
Combined sialendoscopic-assisted surgery ise cient and
safe in management of submandibular sialolithiasis.
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