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The Accuracy of Ultrasonography for the Diagnosis of Carpal Tunnel Syndrome: A
Systematic Review and M eta-analysis

ABSTRACT

Objetive: To evaluate the accuracy of inlet and outlet uttragraphy measurements for the
diagnosis of carpal tunnel syndrome (CTS).

Data sources. We systematically searched MEDLINE, EMBASE, the aoe Library and
the Web of Science databases, from inception touaeyp 2017.

Study selection: Observational studies comparing the diagnosticiacy of inlet and outlet
ultrasonography measurements were selected.

Data extraction: Random effects models for the diagnostic oddso rétlOR) values
computed by Moses’ constant for a linear model 86&% confidence intervals (Cls) were
used to calculate the accuracy of the test. Hibremt summary receiver operating
characteristic curves (HSROC) were used to summanerall test performance.

Data synthesis: Twenty-eight published studies were included ie theta-analysis. The
pooled dOR values for the diagnosis of CTS werd B195%CI 20.42-47.40) for inlet and
16.94 (95%CI 7.58-37.86) for outlet level measunetsieThe 95% confidence region for the
point that summarizes overall test performancéefincluded studies occurred where the cut
offs ranged from 9.0 to 12.6 ninfor inlet and from 9.5 to 10.0 nfnfor outlet level
measurements.

Conclusions: Both ultrasonography measurements for the diagno$isCTS showed
sufficient accuracy for their use in clinical segs, though the overall accuracy was slightly
higher for inlet than for outlet level measurementhe addition of outlet and inlet
measurements doesn't increase the accuracy foditgnosis. Therefore, the inlet level

ultrasonography measurement appears to be an ajpeomethod for the diagnosis of CTS.
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CTS: Carpal tunnel syndrome

dOR: Diagnosis odds ratio

HSROC: Hierarchical Summary Receiver Operating &ttaristic
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INTRODUCTION

Carpal tunnel syndrome (CTS) is a frequent condittaused by the compression of the
medial nerve at the wrist,?its prevalence ranges from 4% to 6% in the genmypllation™
3.4 In spite of being the most common compressiomapathy in the upper extremity, the

gold standard procedure for its diagnosis is coetrsial.

Electrodiagnosis has been widely used as the coafiary diagnosis of CTS after clinical
diagnosis® and to assess the severity of the median nervemeomopathy. However, some
studies have shown that electrodiagnosis has dasutas number of false negative and false
positive results” ” and the confirmation of CTS is missed in 16% t663df patients with
clinically defined CTS. Additionally, the electrodiagnosis cut off poirged for determining
abnormality in the measurement of nerve condudsdmghly variable, making comparisons

between studies difficult.

Ultrasonography has been proposed as an alternaw@tkod for diagnosing CTS (2). This
method seems to have important advantages includatgt is readily available, inexpensive,
fast and painless, but it has also proven a higlaaty to detect neural and perineural
alterations™ '°. Different studies have determined that the ceesgional area of the median
nerve measured by ultrasonography is the most gireeliand reproducible measurement for
the diagnosis of CT&" 2 However, there is a lack of agreement on whidhesshould be
considered abnormal and on the level at which #npat tunnel measurement should be taken
13.14 the inlet level (usually defined as the locatiadrthe pisiform or as the proximal margin

of the flexor retinaculunt® and the outlet level (defined as the locationhef kevel of the

hook of the hamat¥ are the most commonly used measurements.

Currently, there is no consensus on which the befrence standard method for the
diagnosis of CTS is. Even though electrodiagnoasstieen traditionally proposed as the gold
standard, ultrasonography might also be an apmigpmethod. However, in order for this
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technique to become the standard in the diagno$isCBS, standardization of its
measurements is needed. Previous meta-analyses besve performed to determine the
sensitivity and specificity of ultrasonography asmpared with electrodiagnosis in the
diagnosis of CTS*>Y". Nevertheless, it has been reported that somistatat methods for
meta-analyses of diagnostic accuracy might resulimisleading summary estimates of
sensitivity and specificity™>*’, no previous study has comprehensively reviewed an
compared the accuracy of both the ultrasonograplaytle electrodiagnosis methods using
Hierarchical Summary Receiver Operating CharadteriHSROC), which is currently
considered the most rigorous multivariate metayaiglapproach®. In addition, none of
them have shown pooled results related to the toletlel measurement. Thus, we conducted
a systematic review and meta-analysis aimed atssisgethe accuracy of inlet and outlet

ultrasonography measurements for the diagnosisT@& @sing diagnostic odds ratio (dOR)

and HSROC.
METHODS
Literature search

This study was conducted according to the PRISMsestent® and the recommendations of
the Cochrane Collaboration HandboBk This systematic review and meta-analysis was

registered through PROSPERO (registration numbdd42R17057722).

The following databases were used for the litemtsearch MEDLINE (via PubMed),
EMBASE, the Cochrane Central Register of Controlledls, the Cochrane Database of
Systematic Reviews and the Web of Science fronr tineeption to February 2017. The
following search themes were combined: “ultrasoapby”, *“ultrasonographic”,
“ultrasound”, “sonographic”, “sonography”, “threddy “cutoff”, “cut off”, “cut point”,
“sensitivity”, “specificity”, “diagnostic”, “diagnagis”, “differential diagnosis”, “carpal tunnel

syndrome”, “median neuropathy”, “compression neatbp’, “entrapment neuropathy” and
4
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“median nerve neuralgia’. For complementing thedgathe reference lists of the retrieved
articles, and of previous systematic reviews anthraealyses were reviewed for additional
studies. Two reviewers (CA and IC) independentlgcrated the search and inconsistencies

were resolved by consensus.
Selection criteria

Original articles analyzing the relationship betwestrasonography outlet level (defined as
the location of the level of the hook of the hamated inlet level (defined as the location of
the pisiform or as the proximal margin of the flexe@tinaculum) thresholds with the
diagnosis of CTS, were included in this systemadigew and meta-analysis. With this aim,
we followed these inclusion criteria: i) study peigants: individuals aged18 years; ii)
index tests used: ultrasonography outlet leveliated level; iii) outcome, CTS diagnosis; and
iv) study design: cross-sectional, case-controtahort studies, with either prospective or
retrospective data collection. Studies were exdudi¢hey: i) reported insufficient data for
fulfill a 2x2 table; ii) specifically reported oudmes in occupational populations, and iii) were

not written in English or Spanish.
Data extraction

Two independent researchers collected the followatgvant data from each included study:
1) study data as: author identification, year dblmation, country of study and year of data
collection, 2) wrist level at which the ultrasonaghy test was performed, 3) age of the
participants, 4) number of participants, 5) numifewrists, 6) prevalence of CTS, and 7) area

under curve (AUC) values. Disagreements were sdbhyectbnsensus.
Risk of bias

The Quality Assessment of Diagnostic Accuracy Stsidi (QUADAS-2) toof was used to

evaluate the risk of bias of each study includeus Tool assesses four domains: i) patient
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selection, ii) index test, iii) reference standamdd iv) flow of patients and timing of the tests.
Each domain could be evaluated as unclear, lowhégid risk of bias. Also, the first three
domains could be evaluated in terms of the applitalof the results. Quality assessment
was independently performed by two researchers @A IC) and inconsistencies were

managed by consensus.
Statistical analysis and data synthesis

The dOR, sensitivity, specificity, positive liketibd ratio (PLR) and negative likelihood ratio
(NLR), as well as their corresponding 95% confidematervals (Cls) were calculated for
ultrasonography at outlet and inlet levels in eattidy included. To conduct the subgroup

pooled estimates at least five studies were reduire

To summarize overall test performance, hierarchisaimmary receiver operating
characteristic curves (HSROC) were used. They ak@ used to evaluate the magnitude of

heterogeneity, in such a way that wider predicti@gions suggest larger heterogerféity

The dOR is used as a measure of the effectivenkss diagnostic test by combining
sensitivity and specificity into a single numbehigh could take values from 0 to infinity. It
should be understood that a value of 1 indicatdsdragnostic ability of the test, while higher
values represent better discriminatory test peréore. Moses’ constant of linear model was
used to compute the dOR, considering that thiscampr is based on the regression line using
the logit of the dOR of each study as a dependarialie and an expression of the positivity

threshold of the study as an independent vafiable

DerSimonian and Laird method was used to computdedoestimates of dOR, sensitivity,
specificity and AUC for each wrist level in the dies included. For evaluating the
heterogeneity of the results across studies Ztstatistical parameter, also its p values were

considered. Following Cochraffenethodology, 3 values are considered as: not be important
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(0% to 40%); moderate heterogeneity (30% to 60#hstantial heterogeneity (50% to 90%)

and considerable heterogeneity (75% to 100%).

Sensitivity analysis was conducted removing onenwy the studies form the pooled dOR was

estimated to estimate the individual influence adtestudy in the pooled dOR.

Random-effects meta-regression was used to evabegigrately whether dOR values were

different by the median nerve cross-sectional atg®ff.

Publication bias was measured by De&keest and by visually evaluating of using a funnel

plot. All statistical analyses were performed ussigtaSE software, version 14 (StataCorp).
RESULTS
Basdline Characteristics

A total of 2011 articles were retrieved from théerature search. After removing 794
duplicates, articles were screened based on tthek abstracts. Finally, 28 studies were

included in this systematic review and meta-anafysi* 2°°*(Figure 1).

The studies included a total sample of 8007 wriBkeir design was always cross-sectional,
and they were conducted in 15 countries: Austriastfalia, Brazil, China, Egypt, Hungary,
Iran, Japan, Korea, Spain, Switzerland, Singapbaeyan, Turkey and the United States of
America. The age of the participants ranged fron® 38 65.8 years. CTS prevalence varied
from 38.8% to 78.8% across the studies. Only esgiidies provided information regarding

both inlet and outlet cut off points in the sammple #4241 42 9QTaple 1).
Study Quality

As evaluated with QUADAS-2, all studies providedomnmation regarding the seven quality
items. Patient selection, and flow and timing wére two domains in which most of the

studies had shortcomings (50% and 64% of the studmored as low risk of bias,



153 respectively). Concerning index test, most studissessed their results regardless of the

154 reference standard (outlet level: 100%; inlet le%8D%) (S2 Table and S1 Figure).
155 Meta-analysis

156 Figure 2 depicts the dOR funnel plots of outleteleand inlet level. There was substantial
157 heterogeneity across the studies in the dOR of 63&d on inlet level {I= 75.0%) and
158 outlet level (f = 82.4%) measurements. The pooled dOR for thendisig of CTS were 31.11
159  (95%CI 20.42-47.40; p < 0.001) for inlet level a@194 (95%Cl 7.58-37.86; p < 0.001) for
160 outlet level measurements. The pooled sensitigfgcificity, positive likelihood ratio (PLR),
161 negative likelihood ratio (NLR) and dOR for outletvel and inlet level measurements are
162 shown in Table 2 (Figures S2 to S5 depict senstigpecificity, PLR and NLR funnel plots,

163 respectively).

164 The 95% confidence region for the point that suniredrthe overall test performance in the
165 area under the HSROC (Figure 3) included studieshich the test cut offs ranged from 9 to

166 12.6 mn7 for inlet level and from 9.5 to 10.0 mirfor outlet level measurements.

167 When we estimated the pooled accuracy parameterg the eight studies that assessed the
168 diagnostic performance of outlet and inlet levebswgements in the same sample, the pooled
169 dOR were 26.99 (95%CI 11.79-61.78; p < 0.001) fidetilevel and 15.88 (95%CI 6.61—

170 38.18; p < 0.001) for outlet level measurementsT{&3e).
171 Sensitivity analysisfor the effect of individual studies

172 When the impact of individual studies was examibgdemoving studies from the analysis
173 one by one, we observed that the pooled dOR wasffestted after removing any study for

174 both outlet and inlet level measurements.

175 Random-effects meta-r egression model
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The random-effects meta-regression model showddrbanedian nerve cross-sectional area
cut off was not related to the heterogeneity olegracross the studies when outlet and inlet
level measurements were used. Moreover, there wa®lationship between accuracy, as
measured by dOR, and the median nerve cross-saktioga cut off used either for inlet (p=

0.404) or for outlet (p= 0.582) level measurem¢8& Figure).
Publication bias

The asymmetry test, using Deek’s method, suggektedbsence of publication bias for inlet

(p = 0.611) and for outlet level (p = 0.120) measuents (S7 Figure).
DISCUSSION

Clinical assessment has been routinely used asnitied step in the diagnosis of CTS and
electrodiagnosis as the gold standard for confign@l'S diagnosis in clinical practice.
However, because patients have complained of saswrdfort with this technique and
median nerve anatomy is not directly assesaedltrasonography has been proposed as a
good alternative. To our knowledge, this is thetfineta-analysis that synthetizes evidence
regarding the utility of ultrasonography as a dgjit method of CTS in clinical settings,
providing the pooled dOR and HSROC in order to ss#lee accuracy of ultrasonography for
the diagnosis of CTS. Our data indicate that ubinagraphy has a high pooled sensitivity and
specificity for the diagnosis of CTS and that theasurement of the cross-sectional area at
the inlet level has a better diagnostic accuranyterms of dOR, than the outlet level,

supporting the current international recommendatian

Our meta-analysis confirms that ultrasonographiasueement of the cross-sectional area of
the median nerve at the inlet level is a usefdtsgy for confirming the clinical diagnosis of
CTS. This is consistent with prior findings*> °* In addition, several studies have reported a

nerve enlargement at the outlet le¥ef® *° and also that the addition of outlet measurements
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to inlet ones increases the sensitivity and acgufac the diagnosis of CT$". On the
contrary, our data showed a better accuracy, mdesf dOR, for inlet than for outlet level
measurements, and a worse diagnostic performanan wising both measurements as
compared with using either inlet or outlet levelas@rements separately. Differences in the
diagnostic accuracy between both measurements mdud to swelling of the median nerve
at the inlet level that has been consistently sieethe CTS wrist'® moreover, poor

interobserver reliability in carpal tunnel outleeasurement has been reportgd

Some variability has been shown in normal rangesnfedian nerve area in ultrasonography
diagnostic values. Variations in equipment, measerd procedures and differences in
patient characteristics, may be responsible foiabdity of the published cut off thresholt,
and this has probably contributed to the lack ohsemsus on CTS ultrasonographic
diagnostic criteria. Even though a meta-analysisliagnostic accuracy does not allow the
identification of the optimal cut off threshol@® a confidence region of cut off can be
estimated. In this sense, our results showed bHeatcut offs failing in the 95% confidence
region ranged from 9.0 to 12.6 rfior the inlet level and 9.5 to 10.0 rifor the outlet level.
These cut offs are in accordance with those prapbgerevious meta-analyses for inlet level
measurementS' *”. Because of their heterogeneity, pooled datagelat outlet level cut offs

have not been previously provid&d

Our pooled estimates of sensitivify'” and specificity*® of ultrasonography for the diagnosis
of CTS are similar to those of previous studiese Do its high specificity, authors have
proposed ultrasonography as an alternative proeetlurelectrodiagnosis as the first-line
confirmatory test for the diagnosis of Ct5> since this diagnostic procedure represents a
cost-effective strategy for both primary care ammbpital services’®. Furthermore, an

algorithm based on an analytic literature review baen recently proposed that recommends

the use of ultrasonography as a painless and fasteening test for the diagnosis of CTS,

10
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and restricting the use of electrodiagnosis to £agfeadvance axonal loss or differential

diagnosig*.
Study Limitations

This review has some potential limitations thatudtidoe highlighted: i) although we did not
find evidence of significant publication bias, tisisould not be completely excluded because
some studies including small samples or writtefaimguages other than English or Spanish
may have been rejected for publication; ii) sevetatlies were not included in this systematic
review and meta-analysis because their measuremengsnot well defined; iii) we were not
able to estimate some pooled AUCs because data maravailable; iv) the number of
studies reporting outlet level measurements is stdrce, thus, future studies are needed in
order to determine the usefulness of this parameténe diagnosis of CTS; v) it is known
that there is substantial variability in the nornsate of the patient’'s median nerve, and
consequently providing a cut off threshold of mediaerve cross sectional area as a
diagnostic criterion could be rather hazardous;aphdsing electrodiagnosis as the reference
standard is a limitation, since this procedure &asn-negligible rate of false negative and
false positive results. However, the consistencypuwffindings across studies in population-

based samples from multiple countries supportgémeralizability of our results.
Conclusions

Ultrasonography might represent a useful tool Fer diagnosis of CTS since this procedure
has demonstrated a high sensitivity and specificiBoth, inlet and outlet level
ultrasonography measurements show sufficient acgufar their use in clinical settings,
though the overall accuracy for the diagnosis oSGilas slightly higher for the inlet level
than for the outlet one. Also, the addition of etitmeasurements to inlet ones doesn'’t
increase the accuracy for the diagnosis of CTSy @nlsome cases, in which advanced

axonal loss is suspected, or when differential misgs is required, is electrodiagnosis
11
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recommended for assessing nerve function and duagtinerve damage. This information
could be useful to be incorporated in standard €lirical guidelines or diagnostic protocols

including optimal site of ultrasonography measunet®@nd consensual reference values.
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Table 1. Characteristics of studies included in the metdyasisa

Author Country UStest level N (women) N wrists Age Prevalence % AUC
Case Control Case Control  Case Control

Akcar et al (2010) Turkey Inlet level 42 (26) 32)2 62 33 45.7+9.7 42.3+10.7 56.0 -

Azami et al (2014) Iran Inlet/Outlet level 60 (55) 30 (28) 120 60 56.8+10.6 54.8+7.8 66.6 0.783 (nlet
0.739 (Outlet)

Bueno-Garcia et al (2015) Spain Inlet level 59 (42) 35(25) 97 70 59.2+14.2 46.2+13.2 51.6 0.830

Csillik et al (2016) Hungary Inlet/Outlet level 859) 23 (15) 118 44 65.8+15.5 60.0£15.5 72.8 0.0dlet)
0.920 (Outlet)

Dejaco et al (2014) Austria Inlet level 135 (99) (M) 111 40 51.9+14.5 NA 73.5 0.850

Duncan et al (1999) Australia Inlet level 68 (50) 6 (23) 102 68 54.0tNA 44.0tNA 60.0 -

Ghasemi-Esfe et al (2010) Iran Inlet level 85 (70) 49 (39) 85 49 50.36+1.0 46.39+1.6 63.4 -

Hunderfund et al (2011) USA Inlet level 55 (22) (@9) 55 49 59.0+15.0 56.0+16.0 52.9 0.890

Kang et al (2012) Korea Inlet level 55 (50) 19 (18) 110 38 53.246.2 53.246.2 74.3 0.988

Kantarci et al (2013) Turkey Inlet level 37 (30) @s) 60 36 51.6+11.9 51.7£14.0 63.5 0.844

Keleg et al (2005) Turkey Inlet level 40 (40) 40)4 35 40 45.2+10.4 41.5+6.7 46.7 0.833

Lu et al (2015) China Inlet level 45 (26) 40 (NA) 36 43 45.0NA 42.0xNA 59.4 -

(20.0-68.0) (27.0-56.0)

Moghtaderi et al (2012) Iran Inlet/Outlet level @3) 36 (32) 43 36 45.0+6.1 39.7+6.9 54.4 0.80%ef)n
0.659 (Outlet)

Nakamichi et al (2002) Japan Inlet/Outlet level 2235) 408 (408) 414 408 55.0+NA 57.0tNA 50.4 -

Ooi et al (2014) Singapore Inlet/Outlet level 52)4 15 (12) 75 30 55.0+NA 53.0£NA 71.4 0.950 (Inlet)
0.870 (Outlet)

Paliwal et al (2014) Singapore Inlet level 77 (55) 35(21) 130 35 53.7+11.8 NA 78.8 0.933 (Inlet)
0.925 (Qutlet)

Pinilla et al (2008) Spain Inlet level 27 (26) 3y 40 30 53.0+NA 44.0xNA 57.1 -

Roll et al (2011) USA Inlet level 47 (37) 44 (30) 83 83 45.6+10.6 40.0+12.1 50.0 0.899

Sarraf et al (2013) Iran Inlet level 38 (NA) 22(NA 71 44 47.1+10.9 NA 56.8 0.870

Sarria et al (2000) Spain Inlet/Outlet level 40)(34 24 (14) 64 42 50.9+11.5 50.6+14.6 59.2 -

Sernik et al (2006) Brazil Inlet level 31(31) | 40 63 49.1+NA 45.1+NA 38.8 -

Shaheen et al (2011) Egypt Inlet level 50 (46) 2y ( 50 25 38.9+11.8 38.0+11.0 50.0 -

Shim et al (2013) Korea Inlet level 48 (43) 18 (10) 60 36 58.5+12.1 54.3+12.9 62.5 0.935

Wang et al (2008) Taiwan Inlet level 37 (34) 20)(15 61 40 44.0+9.4 43.7+12.9 60.4 0.901

Wong et al (2002) China Inlet/Outlet level 35(NA) 35(NA) 54 70 44 4+NA 44.0xNA 43.5 -

Yesildag et al (2004) Turkey Inlet level 86 (76) @9) 48 76 49.8tNA 42.7tNA 66.1 -

Yu et al (2016) China Inlet/Outlet level 26 (NA) 23 36 34 57.149.0 51.8+10.8 51.4 0.770 (Inlet)
0.874 (Outlet)

Ziswiler et al (2005) Swtizerland Quitlet level NA AN 78 23 51.0£16.0 NA 77.2 0.890

NA: Not available; AUC: Area under curve; US: Ukmmography



Table 2. Pooled accuracy parameters in the diagnosis oattarpnel syndrome, by index test.

Sensitivity (%)  Specificity (%) PLR NLR dOR

Inlet level  81.00 (74.00-88.0084.00 (78.00-90.00)6.22 (3.99-9.71)  0.16 (0.11-0.26) 31.11 (20.42-0)7.4
Outlet level ~ 74.00 (62.00-87.00§6.00 (63.00-92.00)4.63 (2.02—10.59) 0.25 (0.11-0.57) 16.94 (7.58-67.8

Values in parentheses are 95%confidence inter?alR. positive likelihood ratio, NLR: negative likiebod ratio, dOR: diagnostic odds ratio
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S1 TablePRISMA Guidelines Checklist
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ABSTRACT

Structured summary

eligibility criteria, participants, and interventis; study appraisal and synthesis methods; results;
limitations; conclusions and implications of keydings; systematic review registration number.

PProvide a structured summary including, as applediackground; objectives; data sources; study 2-3

INTRODUCTION

Rationale 3 Describe the rationale for the review in the conhtédwhat is already known. 3-5

Objectives 4 Provide an explicit statement of questions beirdyesbed with reference to participants, 5
interventions, comparisons, outcomes, and studgad¢BICOS).

METHODS

Protocol and registration bindicate if a review protocol exists, if and whérean be accessed (e.g., Web address), and, if | N/A
available, provide registration information inclodiregistration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, lengtiollow-up) and report characteristics (e.g.,rgeal 5-6

considered, language, publication status) usedtasia for eligibility, giving rationale.

Information sources

identify additional studies) in the search and diase searched.

¥ Describe all information sources (e.g., databastsdates of coverage, contact with study authors

Search

(e'e]

Present full electronic search strategy for attleas database, including any limits used, suctitha
could be repeated.

Study selection

q

9 State the process for selecting studies (i.e.esang, eligibility, included in systematic revieand, if

applicable, included in the meta-analysis).




Data collection process 1Mescribe method of data extraction from reportg. (@iloted forms, independently, in duplicate) and
any processes for obtaining and confirming datenfiovestigators.

Data items 11 List and define all variables for which data weseght (e.g., PICOS, funding sources) and any | 6
assumptions and simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of biaglofidual studies (including specification of 6

studies whether this was done at the study or outcome )ieaeti how this information is to be used in any
data synthesis.

Summary measures 13tate the principal summary measures (e.g., rigi @ifference in means). 7

Synthesis of results 14Describe the methods of handling data and combirgsdlts of studies, if done, including measurgs/-8
of consistency (e.g.%)lfor each meta-analysis.

Risk of bias across studies 15pecify any assessment of risk of bias that magcathe cumulative evidence (e.g., publication bia$
selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (e.qg. ithatysor subgroup analyses, meta-regression), if 8
done, indicating which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed fiiléljgand included in the review, with reasoms { 8
exclusions at each stage, ideally with a flow caagr

Study characteristics 18For each study, present characteristics for whath dere extracted (e.g., study size, PICOS, follqv8-9
up period) and provide the citations.

Risk of bias within studies 19Present data on risk of bias of each study araVdilable, any outcome level assessment (see item9
12).

Results of individual studies 40For all outcomes considered (benefits or harmgsemt, for each study: (a) simple summary data|fé@10
each intervention group (b) effect estimates amdidence intervals, ideally with a forest plot.

Synthesis of results 2[1Present results of each meta-analysis done, imgduabinfidence intervals and measures of 9-10
consistency.

Risk of bias across studies PPresent results of any assessment of risk of biasa studies (see Item 15). 10

Additional analysis 23 Give results of additional analyses, if done (esgnsitivity or subgroup analyses, meta-regression 10
[see Item 16]).




DISCUSSION

Summary of evidence 24Summarize the main findings including the strergftbvidence for each main outcome; consider | 11-13
their relevance to key groups (e.g., healthcareigess, users, and policy makers).

Limitations 25| Discuss limitations at study and outcome level.(gigk of bias), and at review-level (e.g., 13
incomplete retrieval of identified research, repaytias).

Conclusions 26 Provide a general interpretation of the resulthéecontext of other evidence, and implications for| 13-14
future research.

FUNDING

Funding 27| Describe sources of funding for the systematicaw\and other support (e.g., supply of data); rble|dN/A

funders for the systematic review.




S2 TableQUADAS-2 risk of bias assessment

Akcar 201C Azami 201¢ Buenc-Garcia 201¢ Csillik 2016 Dejaco 201« Duncan 199¢ Ghasem-Esfe 201/ Hunderfund 2011 Kang 200¢
DOMAIN 1: PATIENT SELECTION
Was a consecive or random sample of patiel
N Y N N Y Y N N N
enrolled?
Was a caseontrol design avoided? U Y U N Y U Y U U
Did the study avoid inappropriate exclusic Y Y Y Y Y Y N Y Y
Risk of Bias U L U H L L H U U
Concerns regarding applicability U L ] U L L U U U
Inlet/Outlet
DOMAIN 2: INDEX TEST(S) Inlet level Inlet level Inl et level level Inlet level Inlet level Inlet level Inlet level
evels
Were the index test results interpreted witt
YIY Y Y Y'Y Y Y Y Y Inlet level
knowledge of the results of the reference standard?
If a threshold was used, v it pre-specified N/N N N N/N N N N N Y
Risk of Bias L/L L L L/L L L L L N
Concerns regarding applicability U/ u u Uy U U U U L
u
DOMAIN 3: REFERENCE STANDARD
Is the reference standard likely to correctly diggbe
N Y Y Y Y Y Y Y Y
target condition?
Were the reference standard results interpretetbwi
. Y Y Y Y Y Y Y Y Y
knowledge of the results of the index test?

Risk of Bias L L L L L L L L Y

Concerns regarding applicability L L L L L L L L L




DOMAIN 4: FLOW AND TIMING

Was there an appropriate interval between indefsjes

and reference standard? v v

Did all patients receive a reference stand Y N
Did patients receive the same reference stan Y Y
Were all patients included in the analy: Y N
Risk of Bias L H

U: unclear; Y: yes; N: no; L: low; H: high



Kantarci 2013 Keleg 200! Lu 201E Moghtaderi 201z Nakamichi 200z Ooi 201<« Paliwal 201¢ Pinilla 200€ Roll 2011 Sarraf 200¢
DOMAIN 1: PATIENT SELECTION
Was a consecive or random sample of patiel
Y Y N Y N Y N N N N
enrolled?
Was a caseontrol design avoided? Y Y U U Y U N U U u
Did the study avoid inappropriate exclusic Y Y Y Y Y Y Y Y Y Y
Risk of Bias L L u L L L H u u u
Concerns regarding applicability L L ] L U L U U U U
Inlet/Outlet Inlet/Outlet Inlet/Outlet Inlet/Outlet
DOMAIN 2: INDEX TEST(S) Inlet level Inlet level Inl et level Inlet level Inlet level Inlet level
levels levels levels levels
Were the index test results interpreted with
Y Y Y YIY YIY YIY YIY Y Y Y
knowledge of the results of the reference standard?

If a threshold was used, was it -specified N N N N/N N/N N/N YIY N N N
Risk of Bias L L L L/L L/L L/L L/L L L L

Concerns regarding applicability u U U 8/[8} U U L/L U u U

DOMAIN 3: REFERENCE STANDARD
Is the reference standard likely to correctly diggbe
N Y Y Y Y Y Y Y Y Y Y
target condition?
Were the reference standiresults interpreted withoi
) Y Y Y Y Y Y Y Y Y Y
knowledge of the results of the index test?

Risk of Bias L L L L L L L L L L

Concerns regarding applicability L L L L L L L L L L




DOMAIN 4: FLOW AND TIMING

Was there an appropriate interval between indefsjes

and reference standard? v v

Did all patients receive a reference stand u Y
Did patients receive the same reference stan U Y
Were all patients included in tlanalysis Y N
Risk of Bias u L

U: unclear; Y: yes; N: no; L: low; H: high
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DOMAIN 1: PATIENT SELECTION
Was a consecive or random sample of patiel
Y N N N N Y Y Y Y
enrolled?
Was a caseontrol design avoided? U N U Y U N U U Y
Did the study avoid inappropriate exclusic Y Y Y Y Y Y Y Y Y
Risk of Bias L H U L U L L L L
Concerns regardingapplicability L U ] ] U U L L L
Inlet/Outlet Inlet/Outlet Inlet/Outlet
DOMAIN 2: INDEX TEST(S) Inlet level Inlet level Inlet level Inlet level Inlet level Outlet level
levels levels levels

Were the index test results interpreted with

YIY Y Y Y Y Y/N Y YIY Y
knowledge of the results of the reference standard?
If a threshold was used, was it -specified N/N N Y N N YIN N N/N N
Risk of Bias L/L L L L L L/L L L/L L
Concerns regarding applicability u/u U L ] U u/u U u/u U
DOMAIN 3: REFERENCE STANDARD
Is the reference standard likely to correctly digshe
N Y Y Y Y Y Y Y Y Y
target condition?
Were the reference standard results interpretetbwi
. Y Y Y Y Y Y Y Y Y
knowledge of the results of the index test?

Risk of Bias L L L L L L L L L
Concerns regarding applicability L L L L L L L L L

DOMAIN 4: FLOW AND TIMING



Was there an appropriate interval between indefsjes

and reference standard? v v v v v v v v

Did all patients receive a reference stand Y U u Y U N Y u
Did patients receive the same reference stan Y U Y Y Y Y u Y
Were all patients included in the analy: Y Y U Y Y N Y U
Risk of Bias L U ] L L U L L

U: unclear; Y: yes; N: no; L: low; H: high.

S3 Table Subgroup analysis of the seven studies that iedudeasurements of inlet and outlet levels.



Sensitivity (%) Specificity (%) PLR NLR dOR

Inlet level  77.00 (59.70-99.4087.90 (79.90-96.60%.65 (2.46-12.96) 0.14 (0.06-0.36) 26.99 (11.79%&H1.

Outlet level 72.50 (59.80-87.90§5.00 (61.30—91.8014.41 (1.82-10.73) 0.26 (0.11-0.63) 15.88 (6.61-88.1

Values in parentheses are 95% confidence inter#R&.: fasting plasma glucose, PLR: positive likedit ratio, NLR: negative likelihood ratio,
dOR: diagnostic odds ratio.



ACCEPTED MANUSCRIPT

S1 Figure Quality Assessment of Diagnostic Accuracy Stud@sADAS-2) criteria, for the

reviewed studies.

Proportion of studies with low, high or unclear risk of bias

Patient selection
Index test
Outlet level

Inlet leve! | ——

Reference standard
Flow and timing
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

HlLow MHHigh ®mUnclear

Proportion of studies with low, high, or unclear concerns
regarding applicability

Patient selection
Index test
Outlet level

Inlet level

Reference standard

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Hlow MHigh mUnclear



S2 FigureForest plot of the sensitivity of each index festdiagnosing carpal tunnel syndrome

in the studies included.

Sensitivity (95% CI)

0.76 (0.57, 1.01)
0.99 (0.83, 1.19)
0.76 (0.57, 1.01)
0.80 (0.66, 0.98)
0.90 (0.79, 1.02)
0.82 (0.67, 1.01)
0.69 (0.53, 0.89)
0.84 (0.63, 1.12)
0.96 (0.80, 1.17)
0.65 (0.47, 0.89)
0.80 (0.55, 1.16)
0.92 (0.71, 1.19)
0.99 (0.86, 1.14)
0.83 (0.60, 1.15)
0.43 (0.37, 0.50)
0.92 (0.73, 1.16)
0.65 (0.52, 0.81)
0.89 (0.65, 1.24)
0.80 (0.63, 1.02)
0.80 (0.62, 1.04)
0.73 (0.55, 0.98)
0.85 (0.61, 1.19)
0.90 (0.67, 1.21)
0.87 (0.66, 1.14)
0.82 (0.62, 1.08)
0.89 (0.67, 1.18)
0.89 (0.75, 1.06)
0.75 (0.51, 1.09)
0.81 (0.74, 0.88)

0.97 (0.81, 1.16)
0.86 (0.71, 1.05)
0.36 (0.22, 0.60)
0.57 (0.50, 0.65)
0.65 (0.49, 0.86)
0.75 (0.56, 1.00)
0.80 (0.59, 1.08)
0.89 (0.63, 1.26)
0.82 (0.64, 1.05)
0.74 (0.62, 0.87)

%
Weight

3.30
4.22
3.30
4.03
4.65
4.02
3.56
3.27
4.13
3.07
2.65
3.54
4.53
2.97
4.49
3.73
3.90
2.97
3.70
3.52
3.30
2.90
3.25
3.42
3.37
3.32
4.30
2.60
100.00

13.09
12.83
6.60
14.14
10.91
10.78
10.49
9.46
11.70
100.00
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Cl: confidence interval

S3 Figure Forest plot of the specificity of each index tést diagnosing carpel tunnel

syndrome in the studies included.

4.59




%
References Specificity (95% ClI) Weight
INLET LEVEL
Akcar et al (2010) — 0.77 (0.52, 1.14) 2.65
Azami et al (2014) — 0.83 (0.63, 1.10) 4.21
Bueno-Garcia et al (2015) —_— 0.74 (0.51, 1.09) 2.72
CsilliK et al (2016) — 0.87 (0.63, 1.20) 3.55
Dejaco et al (2014) —_—— 0.45 (0.29, 0.69) 2.32
Duncan et al (1999) —a 0.97 (0.76, 1.24) 4.91
Ghasemi-Esfe et al (2010) —— 0.94 (0.70, 1.25) 4.00
Hunderfund et al (2011) — 0.84 (0.62, 1.14) 3.72
Kang et al (2012) —— 0.92 (0.66, 1.28) 3.36
Kantarci et al (2013) —_—1 0.88 (0.62, 1.24) 3.16
Keleg et al (2005) — 0.77 (0.55, 1.10) 3.09
Lu et al (2015) 0.86 (0.62, 1.19) 3.48
Mhoon et al (2012) _— 0.22 (0.12, 0.40) 1.36
Moghtaderi et al (2012) —T 0.90 (0.64, 1.27) 3.16
Nakamichi et al (2002) o 0.96 (0.87, 1.06) 8.66
Ooi et al (2014) — 0.90 (0.62, 1.31) 2.80
Paliwal et al (2014) —— 1.00 (0.72, 1.39) 3.36
Pinilla et al (2008) —_— 0.93 (0.64, 1.35) 2.87
Roll et al (2011) —— 0.91 (0.72, 1.14) 5.24
Sarraf et al (2013) — 0.76 (0.54, 1.07) 3.23
Sarria et al (2000) —_— 0.57 (0.38, 0.85) 2.57
Sernik et al (2006) —— 0.92 (0.71, 1.19) 4.58
Shahenn et al (2011) —_— 0.71 (0.44, 1.12) 2.05
Shim et al (2011) —T 0.89 (0.63, 1.26) 3.16
Wang et al (2008) —— 0.88 (0.63, 1.22) 3.36
Wong et al (2002) —e—r 0.83 (0.64, 1.07) 458
Yesildag et al (2004) —e— 0.95 (0.75, 1.19) 5.13
Yu et al (2016) —_— 0.76 (0.52, 1.12) 272
Subtotal (I-squared = 39.4%, p = 0.018) <> 0.84 (0.78, 0.90) 100.00
OUTLET LEVEL
Azami et al (2014) —— 0.55 (0.39, 0.77) 10.97
CsilliK et al (2016) —e— 0.93 (0.68, 1.26) 11.83
Moghtaderi et al (2012) — e 0.93 (0.66, 1.31) 10.97
Nakamichi et al (2002) - 0.97 (0.88, 1.07) 16.72
Ooi et al (2014) —e 0.85 (0.57, 1.26) 9.79
Sarria et al (2000) — 0.57 (0.38, 0.85) 9.62
Wong et al (2002) — 0.51 (0.37, 0.71) 11.32
Yu et al (2016) —— 0.76 (0.52, 1.12) 9.96
Ziswiler et al (2005) —_— 0.87 (0.56, 1.35) 8.82
Subtotal (I-squared = 70.3%, p = 0.001) L 0.76 (0.63, 0.92) 100.00
| |
119 1 8.21

CI: confidence interval

S4 Figure Forest plot of the positive likelihood ratio

carpel tunnel syndrome in the studies included.

(PLB) each index test for diagnosing
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Cl: confidence interval

S5 Figure Forest plot of the negative likelihood ratio (NLBf) each index test for diagnosing

carpel tunnel syndrome in the studies included.
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References NLR (95% ClI) Weight
INLET LEVEL
Akcar et al (2010) - 0.31 (0.03, 3.54) 3.27
Azami et al (2014) — - 0.01 (0.00, 0.08) 4.16
Bueno-Garcia et al (2015) o 0.33 (0.03, 3.85) 3.17
CsilliK et al (2016) o 0.23 (0.02, 2.18) 3.74
Dejaco et al (2014) 0.22 (0.01, 4.48) 2.15
Duncan et al (1999) —_— 0.18 (0.02, 1.56) 417
Ghasemi-Esfe et al (2010) g 0.33 (0.03, 3.28) 3.66
Hunderfund et al (2011) - 0.19 (0.02, 1.86) 3.73
Kang et al (2012) — - 0.04 (0.00, 0.31) 4.49
Kantarci et al (2013) . 0.40 (0.04, 4.34) 3.39
Keleg et al (2005) . 0.26 (0.02, 2.82) 3.38
Lu et al (2015) — 0.09 (0.01, 0.83) 4.05
Mhoon et al (2012) 0.05 (0.00, 2.98) 1.10
Moghtaderi et al (2012) —_— 0.19 (0.02, 1.74) 3.93
Nakamichi et al (2002) . 0.59 (0.05, 7.15) 3.12
Ooi et al (2014) —_——— 0.09 (0.01, 0.75) 4.22
Paliwal et al (2014) ot 0.35 (0.04, 3.41) 3.73
Pinilla et al (2008) —_— 0.11 (0.01, 0.95) 4.26
Roll et al (2011) —_— 0.22 (0.02, 2.02) 3.87
Sarraf et al (2013) A 0.26 (0.02, 2.94) 3.32
Sarria et al (2000) 0.47 (0.03, 7.54) 2.49
Sernik et al (2006) —_—— 0.16 (0.02, 1.44) 4.07
Shahenn et al (2011) - 0.14 (0.01, 1.51) 3.33
Shim et al (2011) —_——— 0.15 (0.02, 1.35) 4.00
Wang et al (2008) d 0.21 (0.02, 1.96) 3.80
Wong et al (2002) - 0.13 (0.01, 1.25) 3.83
Yesildag et al (2004) 0.12 (0.01, 0.96) 4.32
Yu et al (2016) . 0.33 (0.03, 3.77) 3.23
Subtotal (I-squared = 0.0%, p = 0.981) O 0.16 (0.11, 0.26) 100.00
OUTLET LEVEL
Azami et al (2014) - 0.06 (0.00, 0.86) 9.47
CsilliK et al (2016) —e— 0.15 (0.02, 1.29) 14.44
Moghtaderi et al (2012) & 0.69 (0.05, 8.94) 10.22
Nakamichi et al (2002) e 0.44 (0.04, 4.74) 11.99
Ooi et al (2014) e 0.41 (0.04, 4.64) 11.48
Sarria et al (2000) L 0.44 (0.03, 7.01) 8.76
Wong et al (2002) ’ 0.39 (0.02, 6.99) 8.11
Yu et al (2016) e 0.15 (0.01, 1.50) 12.36
Ziswiler et al (2005) L 0.21 (0.02, 1.98) 13.18
Subtotal (I-squared = 0.0%, p = 0.947) <> 0.25 (0.11, 0.57) 100.00
|
.00069 1 1443

CI: confidence interval

S6 FigureRandome-effects meta regresion model.
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S7 Figure Funnel plot for the assessment of potential pabibn bias. ESS: Effective sample
size.
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