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Abstract

OBJECTIVE.—The objective of our study was to perform a systematic review and meta-analysis 

of the diagnostic performance of MRI in differentiation of papillary renal cell carcinoma (RCC) 

from other renal masses.

MATERIALS AND METHODS.—We performed searches of three electronic databases for 

studies that used MRI techniques to differentiate papillary RCC from other renal lesions. 

Methodologic quality was assessed, and diagnostic test accuracy was summarized using bivariate 

random-effects modeling or with construction of a summary ROC (SROC) curve.

RESULTS.—Thirteen studies involving 275 papillary RCC lesions and 758 other renal masses 

met the inclusion criteria. Resulting summary estimates for the performance of MRI to 

differentiate papillary RCC from other renal lesions were a sensitivity of 79.6% (95% CI, 62.3–

90.2%) and specificity of 88.1% (95% CI, 80.1–93.1%). In subgroup analysis, quantitative pooling 

of seven studies using enhancement in the corticomedullary phase resulted in a sensitivity of 

85.6% (95% CI, 67.8–94.4%), specificity of 91.7% (95% CI, 76.0–97.5%), and area under the 

SROC curve of 0.894. Four studies used tumor appearance on T2-weighted imaging to detect 

papillary RCC, and results showed a pooled sensitivity of 89.9% (95% CI, 73.0–96.7%) and 

specificity of 84.9% (95% CI, 69.0–93.4%). Three studies used signal loss on T1-weighted in-

phase imaging to detect papillary RCC but marked heterogeneity precluded pooling.

CONCLUSION.—Meta-analysis supports moderate sensitivity and excellent specificity of 

quantitative enhancement in the corticomedullary phase for differentiating papillary RCC from 

other tumors. The accuracy of combining enhancement and T2 signal-intensity characteristics 

merits further evaluation as a potential aid for management decisions.
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Renal cell carcinoma (RCC) is composed of a heterogeneous group of histologic subtypes 

with variable potential to metastasize [1, 2]. Papillary RCC (in particular, type 1 papillary 

RCC) is generally associated with lower histologic grade, lower incidence of distant 

metastasis, and better cancer-specific survival than the most common RCC subtype, clear 

cell RCC [2]. In one large surgical series, the 5-year cancer-specific survival for clear cell 

RCC was 76.9%, as compared with 85.1% for papillary RCC [3].

Despite these differences among histologic subtypes in the potential to metastasize and the 

incidental discovery of most renal tumors at an early stage (i.e., clinical T1a), the standard of 

care remains surgical resection with either partial nephrectomy or nephrectomy. As 

alternative treatment approaches gain acceptance, noninvasive subtype differentiation may 

potentially help guide management decisions [4, 5]. Urologic oncologists may include the 

subtype information in weighing the oncologic risks of active surveillance or thermal 

ablation against surgery in patients with medical comorbidities or advanced age.

MRI currently serves a problem-solving role in the diagnosis of and preoperative planning 

for suspected RCC, particularly for discernment of enhancing soft tissue within renal 

lesions. In addition, unique imaging features of papillary RCC on MRI have been reported, 

including hypointense T2 signal, marked hypoenhancement on all phases of dynamic 

contrast-enhanced MRI, and signal loss on opposed-phase imaging [6, 7]. However, even 

among studies assessing the same MRI characteristics to diagnose papillary RCC, reported 

sensitivities and specificities vary widely. The summary test accuracy and potential sources 

of heterogeneity in reported performance characteristics remain unclear.

The body of evidence on the performance of MRI for papillary RCC detection requires 

systematic appraisal to drive the clinical relevance of research in this area. We therefore 

performed a systematic review and meta-analysis of the diagnostic accuracy of MRI in 

differentiation of the papillary subtype of RCC from nonpapillary renal tumors.

Materials and Methods

Literature Search

A systematic literature search of PubMed (U.S. National Library of Medicine), Embase 

(Elsevier), and the Cochrane Library (John Wiley & Sons) electronic databases was 

performed during March of 2017. The search strategy (Appendix 1) used the following 

terms as they appeared in the title, abstract, or keyword list and used applicable medical 

subject headings: renal cell carcinoma, renal mass, renal lesion, DWI, apparent diffusion 

coefficient, signal loss, MRI, signal intensity, papillary, differentiation, classification, and 

characteristics. The date of the publication was set to be as early as January 2000, and the 

search was updated until May 1, 2017. There was no restriction on language of publication. 

The resulting abstracts were then cataloged by an investigator for further analysis. Full-text 

articles were then reviewed for eligibility based on our inclusion criteria, and final studies 

for inclusion were agreed on by consensus.
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Selection Criteria

We included both retrospective and prospective studies that evaluated specific MRI 

techniques in differentiating the papillary RCC subtype from the other RCC subtypes as well 

as those that distinguished papillary RCC from all other renal tumors. After initial screening 

of the titles and abstracts, the complete text of the relevant articles was reviewed. Articles 

were included if they reported sensitivity and specificity values for differentiating papillary 

RCC from nonpapillary renal tumors and included sufficient data for construction of 2 × 2 

tables. Articles that reported the test accuracy for differentiating clear cell RCC from non–

clear cell RCC, studied the separation of type 1 from type 2 papillary RCC, contained 

datasets that were redundant with other published studies, or assessed the differentiation of 

all benign from all malignant renal lesions were excluded from the study. A flowchart that 

shows the study selection process is presented in Figure 1.

Data Extraction

The data were extracted independently from the individual articles by two reviewers; any 

discrepancies were then resolved by consensus with a third reviewer. The extracted data 

consisted of the name of the first author, title of the study, year of publication, total number 

of patients, total number of lesions, number of each type of lesion (e.g., clear cell RCC, 

papillary RCC, angiomyolipoma), MRI protocol specifics (e.g., TR, TE, use of contrast-

enhanced imaging, timing of contrast-enhanced imaging), technique of ROI measurement 

(where applicable), and what specific imaging parameter was measured (e.g., percentage 

signal intensity change, relative enhancement, apparent diffusion coefficient [ADC] value) 

as well as the specific cutoff values that were used for ROC analysis. The values for 

sensitivity, specificity, and accuracy were also recorded.

Assessment of Methodologic Quality

The methodologic quality of each study was evaluated using the Quality Assessment of 

Diagnostic Accuracy Studies-2 (QUADAS-2) [8]. QUADAS-2 is a tool used in systematic 

reviews that facilitates assessment of each individual study’s potential sources of bias. The 

QUADAS system assesses the risk of bias and identifies applicability concerns for both the 

index test and the reference test of each study to be included in the systematic review. Also 

included are critical assessments of the patient selection techniques and the overall study 

design. For each assessment, the potential sources of bias have the level of risk designated as 

low, high, or unclear.

Data Analysis

For each individual study, the sensitivity and specificity for the detection of papillary RCC 

were calculated on a per-lesion basis. The bivariate random-effects model of Reitsma et al. 

[9] was then applied to the overall group of studies to combine data from studies for pooled 

sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio, along with 

95% CIs. The heterogeneity among studies was assessed using the chi-square statistic for the 

pooled estimates (p < 0.05, indicating significant heterogeneity). To determine whether 

heterogeneity could be explained at least in part by differing test thresholds for test 

positivity, the sensitivity and false-positive rate (FPR) were assessed for positive correlation. 

Chiarello et al. Page 3

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The variation across studies caused by heterogeneity rather than by chance was estimated by 

calculating the I2 [10]; I2 values were defined as follows: 0–25%, heterogeneity might not be 

important; 26–50%, low heterogeneity; 51–75%, moderate heterogeneity; and 76–100%, 

high heterogeneity [11]. A Deeks funnel plot was used to assess for publication bias as 

indicated by an asymmetric appearance [12]. Subgroups were identified by study 

characteristics potentially affecting test accuracy, and sensitivity and specificity were 

compared for the pairwise combinations using the bivariate random-effects model. Subgroup 

analysis involved forest plot and pooled estimates for sensitivity and specificity using the 

DerSimonian-Laird random-effects model.

A summary ROC (SROC) curve was constructed for overall analysis, and the area under the 

SROC curve (SROC AUC) was calculated [13]. Test performance accuracy was categorized 

as low (SROC AUC, 0.50–0.69), moderate (0.70–0.89), or high (0.90–1.00) [14]. Statistical 

analysis was performed using the Meta-Analysis of Diagnostic Accuracy (i.e., mada) 

package within the R software (version 3.1.1, The R Foundation) environment [15] 

Statistical significance was determined using a p value of < 0.05.

Results

Literature Search

After the systematic review, 13 studies met the inclusion criteria and were included in the 

meta-analysis. The 13 studies included a total of 998 patients and 275 papillary RCC lesions 

for which MRI interpretation and histopathologic results were available (Appendix 2). The 

study characteristics of each of the included studies and the lesions evaluated in the task of 

separating papillary RCC from other lesion types are presented in Table 1.

Methodologic Quality

The results from the QUADAS-2 analysis are presented in Table 2. The risk of bias in 

patient selection was classified as unclear for six studies [4, 16–20]. Each of these studies 

included only patients whose pathologic confirmation was performed via surgical resection. 

This may have introduced bias by selecting against patients in whom watchful waiting was 

pursued because of small tumor size or lack of tumor growth during a period of surveillance 

and by favoring patients with higher histologic grade lesions or predominantly solid lesions. 

In terms of risk of bias related to the index test (MRI interpretation), most studies were 

designated low risk. One study had a potentially high risk of bias related to the index test 

because the interpreting radiologists were not blinded to clinical or laboratory information 

[4].

The reference standard, histopathologic diagnosis, showed an unclear risk of bias in eight 

studies [17, 20–26]. In most cases, this designation was given because the pathologic 

specimens in these studies were obtained via a combination of percutaneous biopsy or 

surgical resection. In three other studies, the reference standard had a potentially high risk of 

bias [4, 16, 19]. In these studies, the pathologic specimens were not independently assessed 

by a single pathologist; instead, the pathologic reports were reviewed and the authors did not 

mention whether the pathology reviewer was blinded to the imaging interpretation.
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The flow and timing of patients through the study was also unclear in nine studies [4, 16–19, 

21, 22, 25, 26]; these studies either did not mention the mean time between MRI and tissue 

sampling or did not specify the time interval between MRI and tissue sampling in the 

inclusion criteria [4, 16–19, 21, 22, 25, 26]. Concerns of the applicability of the index test 

arose as unclear in four studies [16, 18, 19, 27], two of which involved ADC measurements 

on 3-T scanners instead of 1.5-T scanners [18, 27] and one in which the scans were obtained 

on a mix of 3- and 1.5-T scanners with application of a numeric threshold for test positivity 

[16]. In the fourth study [19], the enhancement of the renal mass was measured on 

whichever sequence the interpreter determined maximum enhancement was shown; there 

was no standardized timed sequence to measure enhancement to enable direct comparison 

and reproducibility [19].

Assessment of Heterogeneity Between Studies

The 13 included studies exhibited significant heterogeneity using the chi-square statistic 

with p value < 0.05 for sensitivity and specificity. I2 values showed high variability for 

sensitivity (84.75%) and specificity (79.13%). However, there was evidence of mild positive 

correlation between the sensitivity and FPR with a rho value of 0.368, suggesting the 

possibility that different test thresholds created a trade-off in sensitivity for specificity along 

a single ROC curve and an appearance of heterogeneous values.

Assessment of Publication Bias

There was evidence of asymmetry on the Deeks funnel plot (Fig. 2). Funnel plot analyses 

can show asymmetry for a variety of reasons other than publication bias, including the type 

of lesions studied and study quality, if they are linked both to sample size and observed 

diagnostic accuracy [28]. In this case, the two outlier studies on the right half of the plot 

were the only studies studying separation of papillary RCC from a comparison group 

containing a substantial proportion of oncocytomas or angiomyolipomas [21, 24].

Overall Diagnostic Accuracy

The summary estimates of diagnostic performance for the detection of papillary RCC using 

MRI were a sensitivity of 79.6% (95% CI, 62.3–90.2%) and specificity of 88.1% (95% CI, 

80.1–93.1%) (Fig. 3). The partial AUC in the ROC curve of 0.819 supports overall moderate 

accuracy of the diagnostic test.

Subgroup Analysis: Tumor Enhancement for the Detection of Papillary Renal Cell 
Carcinoma

Seven of the 13 studies included relative tumor enhancement for prediction of papillary RCC 

and were therefore pooled quantitatively [16, 19, 20, 23–25, 27]. The pooled estimate for 

sensitivity was 85.6% (95% CI, 67.8–94.4%) and that for specificity was 91.7% (95% CI, 

76.0–97.5%) (Fig. 4A). I2 suggested high variability (sensitivity and specificity, 74.0, 

86.4%), and the chi-square test suggested significant heterogeneity (p < 0.05) for sensitivity 

and specificity, respectively, but mild correlation between sensitivity and FPR was also seen, 

suggesting that a trade-off in sensitivity for specificity may partially account for 
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heterogeneity (ρ = 0.397). Therefore, an SROC curve was constructed, and the area under 

the SROC curve was 0.894 (Fig. 4B).

Subgroup Analysis: T2 Signal-Intensity Characteristics of Tumor for Detection of Papillary 
Renal Cell Carcinoma

Four studies assessed the use of T2 signalintensity characteristics for separating papillary 

RCC from other lesions (Fig. 5A). The pooled estimate for sensitivity was 89.9% (95% CI, 

73.0–96.7%) and for specificity, 84.9% (95% CI, 69.0–93.4%). For sensitivities, I2 was low 

(0%), and the chi-square test indicated nonsignificant heterogeneity for sensitivity (p = 

0.281). For specificities, significant variability and heterogeneity were present (I2 = 81.9%; 

chi-square test, p < 0.001), and there was strong correlation of sensitivity and FPR, 

suggesting a trade-off of sensitivity for specificity in ROC space (ρ = 0.699). Sensitivities 

and specificities are therefore presented as an SROC curve, and the SROC AUC is 0.905 

(Fig. 5B).

Subgroup Analysis: Signal Loss on Opposed-Phase Imaging for Detection of Papillary 
Renal Cell Carcinoma

There were three studies that used signal loss on T1-weighted in-phase imaging compared 

with out-of-phase imaging to predict papillary RCC [17, 21, 26] (Fig. 6A). The chi-square 

test indicated marked heterogeneity (p < 0.001), and I2 was high (sensitivity and specificity, 

76.2, 86.7%). Because only two of three studies used the same quantitative measurement of 

signal loss (Fig. 6B), the studies’ sensitivity and specificity were not quantitatively pooled.

Discussion

A meta-analysis of the diagnostic test accuracy of MRI for papillary RCC detection supports 

a moderate summary sensitivity of 85.6% (95% CI, 67.8–94.4%) and specificity of 91.7% 

(95% CI, 76.0–97.5%) using the degree of tumor enhancement to differentiate papillary 

RCC from nonpapillary renal lesions. In addition to thresholds of enhancement in the 

corticomedullary (arterial) phase, inclusion of low tumor signal intensity on T2-weighted 

imaging can offer moderate sensitivity (89.9%) and specificity (84.9%); therefore, the 

combination of these features merits further prospective evaluation for clinical application. 

In this way, contrast-enhanced MRI may potentially provide supplemental risk information 

for decision-making by predicting papillary RCC as compared with other enhancing tumors 

without definitive benign features, including clear cell RCC, which has an overall greater 

likelihood of harboring histologically aggressive potential [2]. Other MRI techniques, such 

as DWI, and the detection of hemosiderin or intravoxel fat on opposed-phase imaging 

require further investigation to assess their diagnostic added value.

Percutaneous biopsy is generally considered a safe and accurate method for determination of 

malignant versus benign renal masses [29]. However, the potential for non-diagnostic yield 

and sampling error has restricted its acceptance as a standard-of-care test for urologic 

oncologists, and most patients undergo nephrectomy or partial nephrectomy for small 

enhancing renal tumors because of the high pretest probability of RCC and overall low but 

heterogeneous metastatic potential of early-stage renal cancers [30, 31]. Meanwhile, 
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alternative treatments continue to gain increasing recognition as underlying risk factors for 

poor postsurgical outcomes [32–34]. When surgery is questionably beneficial as compared 

with potential harms, clinicians and patients may increasingly seek to incorporate more 

specific risk assessment to aid in treatment selection.

The relative hypovascularity of the papillary subtype of RCC differentiates it from other 

nonpapillary renal lesions, particularly given the typically avid enhancement seen with other 

solid clear cell tumors including clear cell RCC, oncocytic lesions, and angiomyolipomas. 

There have been several theorized mechanisms to account for the T2 hypointensity relative 

to renal parenchyma found in papillary RCCs, which include the presence of fibrin, 

hemosiderin, calcification, high nucleus-to-cytoplasm ratio, papillary architecture, and the 

presence of a fibrovascular stalk on histologic analysis [6, 22, 35].

To date, we are not aware of a meta-analysis of the performance of MRI in the detection of 

papillary RCC. Our pooled studies show significant heterogeneity among studies’ 

sensitivities and specificities as diagnostic accuracy meta-analyses most often do [36] given 

nonstandardization of criteria for test positivity. However, at least some of the apparent 

heterogeneity in accuracy reported among studies for papillary RCC detection may be 

accounted for by varied thresholds determining test positivity—in particular, for thresholds 

of lesion contrast enhancement and T2 signal intensity.

Our study has several limitations, including the moderate quality of the literature and 

retrospective design of all included studies with some variability in the reference standard. 

In several studies, histologic diagnosis was obtained using either percutaneous biopsy or 

surgical resection [21, 23–25]. In three studies, only a review of the pathology reports was 

performed instead of a single blinded pathologist reviewing all available tissue specimens [4, 

16, 19]. Study heterogeneity may be partially explained by differences in specified threshold 

values for test positivity; however, differences in image acquisition and quantitative image 

analysis may also play a role, such as the timing of contrast-enhanced phase imaging or 

other imaging parameters or methods of measuring the degree of tumor contrast 

enhancement. More uniform quantitative analysis based on timing of the contrast-enhanced 

phase may decrease study heterogeneity and help establish the optimal cutoff values for 

relative tumor enhancement. In addition, the types of lesions included in the comparator 

groups varied across studies, and the studies included in the meta-analysis did not address 

differentiation of type 1 from type 2 papillary RCC. The latter question is clinically relevant 

because type 2 papillary RCC may have disease-related mortality more similar to clear cell 

RCC than to type 1 papillary RCC [37]. Our literature search yielded two studies using MRI 

for differentiation of type 1 versus type 2 papillary RCC [38, 39]; these studies suggest 

qualitative assessment of lesion borders may be most predictive of the subtype of papillary 

RCC because type 2 lesions tend to appear to have ill-defined borders rather than well-

circumscribed borders (as seen with type 1 papillary RCC). Still, the characteristics of type 2 

papillary RCC lesions are not addressed explicitly in most of the studies in this meta-

analysis, and reliable separation of papillary RCC subtypes would strengthen the utility of 

MRI for decision-making.
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In conclusion, the moderate sensitivity and high specificity of contrast-enhanced MRI in the 

prediction of papillary RCC merit further evaluation as supplemental risk information for 

small renal tumor treatment. Prospective assessment of diagnostic test accuracy for 

combined features of the degree of tumor enhancement and T2 signal-intensity 

characteristics may help establish the utility of MRI as a noninvasive tool for aiding risk 

stratification and its role in decision-making for the management of small renal tumors.
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APPENDIX 1:: Database Search Strategies

Database Search Terms

PubMed (U.S. National 
Library of Medicine)

Renal cell carcinoma [MeSH] OR renal mass [All Fields] OR renal lesion [All Fields] 
AND (MRI [MeSH terms] OR DWI [All Fields] OR apparent diffusion coefficient [All 
Fields] OR signal intensity [All Fields] OR signal loss) AND (differentiation OR 
differentiate OR classification OR characterization OR characteristics)

Embase (Elsevier) [MRI OR exp nuclear MRI] AND [papillary OR exp papillary carcinoma] AND [renal 
cell carcinoma OR renal mass OR renal tumor OR kidney tumor OR exp kidney 
carcinoma] AND [differentiation OR exp differentiation OR characterization OR exp 
tissue characterization] AND [histology OR exp histology OR pathology OR exp 
histopathology OR histologic OR diagnosis]

Cochrane Library (John 
Wiley & Sons)

[renal cell carcinoma] AND [papillary]

Note—MeSH = medical subject heading, exp = explode.

APPENDIX 2:: Key Imaging Parameters Extracted From the Investigated 

Studies
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Fig. 1—. 
Flowchart shows process of study selection. RCC = renal cell carcinoma.
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Fig. 2—. 
Deeks funnel plot for assessment of publication bias, plotting log (LN) diagnostic odds ratio 

(DOR) against reciprocal of square root of effective sample size (ESS). Each marker 

represents one study included in meta-analysis. Studies with more than one technique 

analyzed for differentiation of papillary renal cell carcinoma from other lesions are 

represented only once, with preference for contrast-enhanced characteristics as technique for 

differentiation.
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Fig. 3—. 
Forest plot of sensitivity and specificity of MRI in distinction of papillary renal cell 

carcinoma from other types of renal masses reported in each study included in meta-

analysis. Each study is identified by name of first author, reference number, and year of 

publication. Squares represent point estimates, and horizontal lines represent 95% CIs for 

sensitivity and specificity. True-positive (TP), false-positive (FP), false-negative (FN), and 

true-negative (TN) data are reported as number of lesions.
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Fig. 4—. Sensitivity and specificity of seven studies that assessed relative tumor contrast 
enhancement for differentiation of papillary renal cell carcinoma (RCC) from other types of 
renal tumors.
A, Forest plot of sensitivity and specificity for investigated studies. Each study is identified 

by name of first author, reference number, and year of publication. Squares represent point 

estimates, and horizontal lines represent 95% CIs for sensitivity and specificity. True-

positive (TP), false-positive (FP), false-negative (FN), and true-negative (TN) data are 

reported as number of lesions.

B, Summary ROC (SROC) curve of seven studies that included relative tumor contrast 

enhancement for differentiation of papillary RCC from other renal tumors. Area under 

SROC curve was 0.894. Conf.region = confidence region.
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Fig. 5—. Sensitivity and specificity for studies applying T2 signal-intensity characteristics of 
tumor for differentiation of papillary renal cell carcinoma (RCC) from other types of renal 
tumors.
A, Forest plot of sensitivity and specificity for investigated studies. Each study is identified 

by name of first author, reference number, and year of publication. Squares represent point 

estimates, and horizontal lines represent 95% CIs for sensitivity and specificity. True-

positive (TP), false-positive (FP), false-negative (FN), and true-negative (TN) data are 

reported as number of lesions.

B, Summary ROC (SROC) curve of studies that assessed use of T2 signal intensity for 

identification of papillary RCC presented as SROC curve. Area under SROC curve was 

0.905. Conf.region = confidence region.
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Fig. 6—. Sensitivity and specificity of studies that assessed signal loss on opposed-phase imaging 
for differentiation of papillary renal cell carcinoma (RCC) from other types of renal tumors.
A, Forest plot of sensitivity and specificity for investigated studies. True-positive (TP), false-

positive (FP), false-negative (FN), and true-negative (TN) data are reported as number of 

lesions.

B, Plot of included studies in ROC space shows studies that assessed signal loss on opposed-

phase imaging for identification of papillary RCC. Dots represent sensitivity and false-

positive rate reported in each study and lines represent 95% CI.
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TABLE 2:

Quality Assessment of Included Studies: Summarized Risk of Bias and Applicability

First Author [Reference 
No.] (Year)

Risk of Bias

Reference Standard Flow and Timing

Applicability Concerns

Patient Selection Index Test Patient Selection Index Test Reference Standard

Sun [25] (2009) Low Low Unclear Unclear Low Low Low

Cornelis [24] (2014) Low Low Unclear Low Low Low Low

Pedrosa [23] (2008) Low Low Unclear Low Low Low Low

Sevcenco [27] (2014) Low Low Low Low Low Unclear Low

Chandarana [20] (2012) Unclear Low Unclear Low Unclear Low Low

Cupido [19] (2017) Unclear Low High Unclear Unclear Unclear Low

Oliva [22] (2009) Low Unclear Unclear Unclear Low Low Low

Childs [26] (2014) Low Low Unclear Unclear Low Low Low

Ponhold [18] (2016) Unclear Low Low Unclear Low Unclear Low

Murray [21] (2016) Low Low Unclear Unclear Low Low Low

Yoshimitsu [17] (2006) Unclear Unclear Unclear Unclear Low Low Low

Fu [4] (2016) Unclear High High Unclear Low Low Low

Sasiwimonphan [16] (2012) Unclear Low High Unclear Unclear Unclear Low
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