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Abstract

OBJECTIVE—The purpose of this article is to perform a systematic review and meta-analysis 

regarding the diagnostic test accuracy of MRI for detecting extramural venous invasion (EMVI) in 

patients with colorectal cancer.

MATERIALS AND METHODS—PubMed and EMBASE were searched up to November 9, 

2018. We included diagnostic accuracy studies that used MRI for EMVI detection in patients with 

colorectal cancer, using pathologic analysis as the reference standard. The methodologic quality 

was assessed using the Quality Assessment of Diagnostic Accuracy Studies–2 tool. Sensitivity and 

specificity were pooled and plotted in a hierarchic summary ROC plot. Metaregression analysis 

using several clinically relevant covariates was performed.

RESULTS—Fourteen studies (n = 1751 patients) were included. Study quality was moderate in 

general. Pooled sensitivity was 0.61 (95% CI, 0.49–0.71), and pooled specificity was 0.87 (95% 

CI, 0.79–0.92). There was substantial heterogeneity according to the Cochran Q test (p < 0.01) and 

Higgins I2 heterogeneity index (98% and 95% for sensitivity and specificity, respectively). 

Publication bias was present (p = 0.01). Higher rates of advanced T category, use of high-

resolution MRI, and use of antispasmodic drugs were shown to significantly affect heterogeneity 

(p < 0.01). Location of primary tumor, preoperative treatment status, study design, definition of 

reference standard, magnetic field strength, and use of functional MRI were not statistically 

significant (p = 0.17–0.92).

CONCLUSION—MRI shows moderate sensitivity and good specificity for the detection of 

EMVI in colorectal cancer. The use of high-resolution MRI may improve diagnostic performance.

Address correspondence to S. Woo (j_crew7@hotmail.com). 

HHS Public Access
Author manuscript
AJR Am J Roentgenol. Author manuscript; available in PMC 2020 September 11.

Published in final edited form as:
AJR Am J Roentgenol. 2019 September ; 213(3): 575–585. doi:10.2214/AJR.19.21112.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

colorectal cancer; extramural venous invasion; meta-analysis; MRI; systematic review

Colorectal cancer is the third most common cancer worldwide and the fourth leading cause 

of cancer death in the world [1]. Current treatment guidelines recommend preoperative 

chemoradiation therapy (CRT) followed by total mesorectal excision for patients with 

locally advanced rectal cancer (category T3 or higher, or node-positive disease). This 

approach decreases the risk of local recurrence [2], but at the expense of higher rates of 

treatment- related adverse effects that affect bowel and sexual functions [3]. Furthermore, up 

to 15% of patients are at risk of developing distant metastasis even with good local tumor 

control [4]. For colon cancer, although radical resection is currently the only established 

curative treatment, early clinical trials suggest that neoadjuvant CRT may be suitable for 

locally advanced disease [5]. Appropriate selection of patients who are more likely to benefit 

from CRT and identifying factors that carry a risk for worse prognosis are clearly warranted.

Extramural venous invasion (EMVI) is the presence of tumor cells in the vasculature beyond 

the muscularis propria layer in the pathologic specimen. In addition to T category, EMVI is 

a strong independent predictor of poor outcomes, such as local recurrence, lymph node 

metastasis, synchronous and metachronous distant metastases, and overall poor survival in 

patients with colorectal cancer [6, 7]. However, EMVI is based on pathologic assessment of 

the surgical specimen; thus, this information can be obtained only after surgery. If such 

information could be acquired before surgery, or even during initial diagnostic assessment, 

there is potential for enhanced decision making regarding the optimal management plan and 

for better prediction of outcomes.

MRI is routinely used as the standard of care for the preoperative local staging of rectal 

cancer [8] and is increasingly being used in the local staging of colon cancer because of its 

potential advantages over CT [9]. Several studies have reported that MRI may be helpful in 

the preoperative evaluation of EMVI. For instance, in one of the early reports, Smith et al. 

[10] proposed a 5-point scoring system (0–4) for assessing EMVI at MRI (Fig. 1). The 

presence of intermediate signal intensity (SI) within only slightly expanded vessels or 

definitely irregular contour or nodular expansion of vessel by tumor SI (scores 3 or 4) 

resulted in a sensitivity and specificity of 62% and 88%, respectively, in 142 patients with 

locally advanced rectal cancer. The potential predictive value of MRI-detected EMVI has 

been reported in many studies showing that patients with MRI-detected EMVI have 

increased risk of distant metastases [11], local recurrence [12], and lymph node metastasis 

[13]. Furthermore, recent guidelines by the European Society for Medical Oncology [14] 

recommend assessment of MRI-detected EMVI preoperatively for stratification of 

recurrence risk and for deciding whether to perform neoadjuvant therapy. In this regard, 

several investigators have evaluated the accuracy of MRI for detecting EMVI but have found 

variable diagnostic performance (sensitivity, 37–94%; specificity, 56–99%), which limits its 

clinical application [12, 15–17]. The purpose of our study is to systemically review the 

literature and perform a meta-analysis regarding the diagnostic test accuracy of MRI for 
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detecting EMVI in patients with colorectal cancer, using surgicopathologic results as the 

reference standard.

Materials and Methods

The current study was performed in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis of Diagnostic Test Accuracy guidelines [18]. A 

research question based on the patient, index test, comparator, outcome, and study design 

criteria was constructed as follows: What is the diagnostic performance of MRI for the 

detection of EMVI in patients with colorectal cancer, compared with surgicopathologic 

results, in original research articles?

Literature Search

A computerized search of PubMed and EMBASE databases up to November 9, 2018, was 

conducted. The search query, which constituted keywords and related terms, was as follows: 

(colorectum OR colorectal OR colon OR colonic OR rectum OR rectal) AND (“extramural 

venous invasion” OR “extramural vascular invasion” OR EMVI) AND (“magnetic resonance 

imaging” or MRI). The reference lists were also checked to identify additionally includable 

studies. We did not limit the search to any particular language.

Inclusion Criteria

Studies that were relevant to our patient, index test, comparator, outcome, and study design 

criteria were included [18]: patients had colorectal cancer; the index test was MRI; 

surgicopathologic results were provided to determine EMVI status as the reference standard 

or comparison; the diagnostic test accuracy of MRI in determining EMVI, or raw data for 

calculating sensitivity and specificity, the outcome of interest, was extractable; and the 

publication type was original article.

Exclusion Criteria

Studies were excluded if they involved fewer than 10 patients, were publication types other 

than original articles, dealt with topics other than detection of EMVI using MRI, had 

overlapping patient populations, and did not provide enough data to calculate sensitivity and 

specificity. If multiple publications with an overlapping study population were identified, we 

included only the study with the largest patient cohort.

Two reviewers (with 1 and 3 years of experience in meta-analysis) conducted the search and 

study selection processes independently. A third reviewer (with 2 years of experience in 

meta-analysis) was consulted for disagreements between the two reviewers.

Data Extraction and Quality Assessment

Data from the included studies were extracted using a standardized form. Patient 

characteristics included number of patients, sex, median age and range, location of primary 

cancer, preoperative treatment status, and distribution of pathologic T category. Study 

characteristics included origin of study (authors, institution, and country), publication year, 

duration of patient recruitment, study design (prospective vs retrospective and whether 
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enrollment was consecutive), multicenter study, number of MRI readers, definition of 

reference standard, and criteria for assessment of EMVI at MRI. Finally, MRI characteristics 

included magnet field strength, scanner model and manufacturer, in-plane voxel size, 

inclusion of contrast-enhanced (CE) MRI or DWI, and use of antispasmodic drugs. We 

evaluated the quality of the included studies with the Quality Assessment of Diagnostic 

Accuracy Studies–2 tool [19].

The above processes were conducted by the same two reviewers as mentioned previously. A 

third reviewer was consulted for disagreements.

Data Synthesis and Analysis

Data were formulated in 2 × 2 contingency tables to calculate sensitivity and specificity. 

When data from multiple independent readers were provided, the results were averaged for 

this meta-analysis.

Pooled sensitivity and specificity estimates were calculated with hierarchic logistic 

regression modeling, including bivariate modeling and hierarchic summary ROC modeling 

[20]. Hierarchic summary ROC curves, along with their 95% confidence and prediction 

regions, were used to visualize the results. Publication bias was evaluated using Deeks 

funnel plot and Deeks asymmetry test [21].

Heterogeneity (variation in study outcomes between the included studies) was assessed with 

the Cochran Q test, with p < 0.1 indicating heterogeneity, and with the Higgins I2 test, which 

was performed and interpreted as an inconsistency index (I2), where 0–40% indicates that 

heterogeneity might not be important, 30–60% indicates moderate heterogeneity, and 75–

100% indicates considerable heterogeneity [22]. Finally, we searched for a threshold effect, 

the positive correlation between the sensitivity and false-positive rate in included studies.

To investigate the cause of heterogeneity, metaregression analysis was performed using the 

following variables: location of primary tumor (rectum only vs any colon), preoperative 

treatment status (neoadjuvant therapy received vs not received), study design (multi- vs 

single-center study and prospective vs retrospective), definition of reference standard 

(strictly EMVI vs lymphovascular invasion or unclear definition), frequency of high T 

category (either T3c or higher, or T4 or higher [23]; ≥ 67.3% vs < 67.3% median of all 

included studies), magnetic field strength (3 vs < 3 T), use of antispasmodic drugs, use of 

high-resolution MRI (voxel size < 0.8 mm) [24], and inclusion of CE-MRI, inclusion of 

DWI, and multiparametric approach (inclusion of either CE-MRI or DWI functional MRI 

sequence). In addition, subgroup analysis was planned for each of the criteria for assessment 

of EMVI at MRI.

The midas module in Stata (version 10.0, Stata-Corp) and mada package in R (version 3.5.1, 

R Foundation for Statistical Computing) were used for statistical analyses, with p < 0.05 

indicating statistical significance.
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Results

Literature Search

The systematic literature search initially yielded 254 articles. After removing 52 duplicates, 

screening of the 202 titles and abstracts yielded 29 potentially eligible studies. Full-text 

reviews were performed and 15 studies were excluded because they had insufficient data to 

reconstruct 2 × 2 tables (n = 13) or they shared study populations with other studies (n = 2). 

Ultimately, 14 original articles including 1751 patients assessing the diagnostic performance 

of MRI for detection of EMVI in patients with colorectal cancer were included [9, 10, 12, 

13, 15–17, 25–31]. The detailed study selection process is shown in Figure 2.

Characteristics of Included Studies

The patient characteristics are described in Table I. The size of the study population ranged 

from 28 to 489 patients, and the number of patients with pathologically confirmed EMVI 

ranged from four to 87. The overall frequency of patients with EMVI detected at MRI was 

23.9% (418/1751). The patients had a median age of 60–74 years. Eight studies included 

only patients with rectal cancer [12, 13, 15, 17, 25, 28, 30, 31], whereas six studies included 

patients with cancer in other colon segments [9, 10, 16, 26, 27, 29]. Six studies included 

patients who did not receive neoadjuvant treatment [9, 13, 16, 26, 28, 29], and three included 

patients who did receive neoadjuvant CRT [12, 30, 31]. Another five studies included a 

mixed population (patients who did or did not receive neoadjuvant treatment combined) [10, 

15, 17, 25, 27] and among them, two studies separately provided diagnostic performance of 

MRI for EMVI detection for patients who did not receive neoadjuvant treatment and, 

therefore, were analyzed as part of the subgroup of patients who did not receive neoadjuvant 

treatment in the metaregression analysis [10, 25]. Results of MRI after neoadjuvant 

treatment were used in the current meta-analysis, including six studies that included patients 

who received neoadjuvant treatment (three with only patients who received preoperative 

CRT [12, 30, 31] and three with mixed populations [15, 17, 27]). Eleven studies provided 

information regarding pathologic T category [9, 10, 12, 13, 15–17, 26–29]. The frequency of 

high T category ranged from 33% to 100%.

The study characteristics are shown in Table 2. The study design was prospective in two 

studies [15, 26] and retrospective in 12 [9, 10, 12, 13, 16, 17, 25, 27–31]. Only one study 

had been conducted at multiple centers [26]. The number of MRI readers ranged from one to 

four. Seven studies [9, 13, 16, 26, 27, 29, 31] reported the interobserver agreement for the 

assessment of EMVI at MRI. Six of seven studies [9, 13, 16, 27, 29, 31] reported moderate 

to substantial agreement, with kappa values ranging from 0.52 to 0.801, and one study [26] 

reported only slight agreement (κ = 0.07). Patient recruitment was consecutive in all but one 

study [30]. EMVI was assessed at MRI using the 5-point scoring system by Smith et al. [10] 

in seven studies [10, 12, 13, 25, 27, 28, 31]. Four studies simply assessed the presence or 

absence of a serpiginous extension of tumor signal within or invasion of a vascular structure 

[15, 16, 26, 29]. The remaining three studies did not provide explicit criteria [12, 17, 30]. 

The definition of EMVI at pathologic examination was provided in nine studies [10, 12, 13, 

15, 25, 27, 28, 30, 31]; seven studies were strictly confined to tumor with venous invasion 

[10, 12, 13, 15, 27, 30, 31], whereas two studies encompassed not only venous but also 
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lymphatic invasion because their pathologic reports did not provide information separately 

[25, 28]. The other five studies did not specify the details [9, 16, 17, 26, 29].

The MRI characteristics are described in Table 3. Three studies used 3-T scanners [13, 25, 

28], nine used 1.5-T scanners [9, 10, 12, 15–17, 26, 29, 30], and two used either 1.5- or 3-T 

scanners [27, 31]. Regarding T2-weighted imaging, the FOV varied from 16 × 16 cm to 42 × 

42 cm, and the matrix size varied from 256 × 256 to 448 × 314. In-plane voxel sizes ranged 

from 0.5 to 1.3 mm. A total of 10 studies solely used T2-weighted imaging for EMVI 

detection [9, 10, 12, 13, 15, 17, 25, 26, 28, 31], whereas four studies also used CE-MRI [27], 

DWI [29, 30], or both [16]. An antispasmodic agent was used in five studies [9, 16, 25–27], 

not used in two [13, 15], and not specified in seven [10, 12, 17, 28–31].

Quality Assessment

In general, the quality of the 14 studies was considered moderate, with eight satisfying more 

than four of the seven Quality Assessment of Diagnostic Accuracy Studies–2 domains (Fig. 

3). Regarding the patient selection domain, only one study [30] was considered to have 

unclear risk of bias because it did not explicitly mention whether patients were consecutively 

enrolled. There was high risk of bias in one study [17] that excluded a number of patients for 

EMVI assessment without describing specific reasons. Regarding the index test domain, 

there was unclear risk of bias in five studies, because the criteria for MRI detection of EMVI 

were not explicitly described in three studies [9, 17, 30], and although the scoring system by 

Smith et al. [10] was used, the cutoff value for determining EMVI positivity was not 

provided in two studies [13, 28]. The three studies that did not provide explicit criteria were 

also considered to have unclear concern for applicability [9, 17, 30].

Regarding the reference standard domain, nine studies had unclear risk of bias, because the 

criteria for determining EMVI at pathologic examination were not explicitly described in 

three studies [9, 16, 29] and because it was unclear whether histopathologic assessment was 

performed blinded to MRI interpretation in eight studies [10, 13, 16, 17, 26, 28, 30, 31]. 

Three studies had high risk of bias, because one performed histopathologic examination 

without blinding to MRI findings [15], and two included both venous and lymphatic 

invasion for EMVI [25, 28]. The latter two also had high risk of applicability for the same 

reason [25, 28].

Regarding the flow and timing domain, six studies had unclear risk of bias, because the 

interval between MRI and histopathologic examination was not provided [10, 17, 25, 28, 30, 

31]. The reported time interval in the other eight studies ranged from 1 day to within 6 

weeks [9, 12, 13, 15, 16, 26, 27, 29].

Diagnostic Accuracy of MRI for Detection of Extramural Venous Invasion

The sensitivity and specificity of the individual studies (n = 14) that provided diagnostic 

performance values ranged from 0.28 to 0.94 and from 0.56 to 0.99, respectively. The 

Cochran Q test showed that heterogeneity was present (Q = 88.443; p < 0.001). The Higgins 

I2 statistics showed substantial heterogeneity in terms of both the sensitivity (I2 = 98%) and 

specificity (I2 = 95%). A possible threshold effect was suggested on visualization of the 

coupled forest plot of the sensitivity and specificity (Fig. 4), albeit without a strong 
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corresponding correlation coefficient (0.501; 95% CI, −0.040 to 0.815) between the 

sensitivity and the false-positive rate.

For the 14 studies combined, the pooled sensitivity was 0.61 (95% CI, 0.49–0.71) with a 

specificity of 0.87 (95% CI, 0.79–0.92). In the hierarchic summary ROC curve, there was a 

large difference between the 95% confidence and prediction regions, thereby indicating 

heterogeneity between the studies (Fig. 5). The hierarchic summary ROC AUC was 0.80 

(95% CI, 0.77–0.84). According to the Deeks funnel plot, the likelihood of publication bias 

was high, with p = 0.01 for slope coefficient (Fig. 6).

Heterogeneity Exploration

The results of metaregression analysis for the 14 studies providing diagnostic test accuracy 

results are shown in Table 4. Among the several covariates evaluated, the frequency of high 

T category, use of antispasmodic agents, and high-resolution MRI were significant factors 

affecting heterogeneity (p < 0.01). Regarding frequency of high T category, studies with a 

frequency greater than or equal to 67.3% showed similar sensitivity (0.61; 95% CI, 0.49–

0.74) but higher specificity (0.88; 95% CI, 0.80–0.96) compared with studies with a 

frequency less than 67.3% (sensitivity, 0.62; 95% CI, 0.44–0.79; specificity 0.77; 95% CI, 

0.62–0.93). Studies that used antispasmodic agents showed similar sensitivity (0.58; 95% 

CI, 0.37–0.79) and specificity (0.88; 95% CI, 0.78–0.97) compared with those without 

antispasmodic agents (sensitivity, 0.59; 95% CI, 0.30–0.87; specificity, 0.91; 95% CI, 0.81–

1.0). Studies with voxel sizes of less than 0.8 mm showed similar sensitivity (0.58; 95% CI, 

0.44–0.72) but higher specificity (0.89, 95% CI, 0.83–0.95) compared with those using 

voxel sizes of greater than or equal to 0.8 mm (sensitivity, 0.63; 95% CI, 0.44–0.82; 

specificity, 0.78; 95% CI, 0.64–0.92). Other factors did not significantly affect the 

heterogeneity (p = 0.17–0.92). Although this finding was not significant, the pooled 

sensitivity values were substantially higher when using functional MRI sequences than not: 

0.77 (95% CI, 0.54–1.00) versus 0.58 (95% CI, 0.47–0.69) for CE-MRI, 0.82 (95% CI, 

0.63–1.00) versus 0.57 (95% CI, 0.46–0.67) for DWI, and 0.73 (95% CI, 0.54–0.93) versus 

0.57 (95% CI, 0.46–0.69) for either. The pooled sensitivities and specificities of the 

subgroup of studies based on MRI criteria were as follows: 5-point scoring system by Smith 

et al. [10], 0.59 (95% CI, 0.46–0.72) and 0.86 (95% CI, 0.76–0.92), respectively; 

serpiginous extension of tumor signal within or invasion of a vascular structure, 0.69 (95% 

CI, 0.47–0.85) and 0.86 (95% CI, 0.65–0.95), respectively; and no explicit criteria, 0.53 

(95% CI, 0.24–0.83) and 0.89 (95% CI, 0.76–1.00), respectively.

Discussion

In this meta-analysis, we evaluated the diagnostic performance of MRI for the detection of 

EMVI in patients with colorectal cancer. The pooled sensitivity and specificity of the 

included studies were 0.61 (95% CI, 0.49–0.71) and 0.87 (95% CI, 0.79–0.92), respectively. 

Despite moderate sensitivity, the relatively high specificity may allow MRI to provide 

incremental value in the preoperative assessment of patients with colorectal cancer. A recent 

meta-analysis based on six studies found that the detection of EMVI at MRI is also 

associated with an increased rate of synchronous and postoperative metachronous metastasis 
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[11]. In addition, another study showed that patients with stage II rectal cancer with EMVI 

detected at MRI have 3-year disease-free survival rates similar to those for patients with 

stage III disease [32]. Despite such promising results, only approximately half of the 

physicians treating patients with rectal cancer assess EMVI at preoperative MRI [33]. If the 

diagnostic accuracy and prognostic value of MRI-detected EMVI are validated in future 

studies, it may have the possibility to be incorporated into staging systems and standardized 

MRI interpretation templates, and, in turn, may help individualize patient management with 

regard to deciding whether to perform neoadjuvant treatment and estimating postoperative 

prognosis.

In this study, MRI showed only moderate sensitivity of 0.61, and this may be attributed to 

both histopathologic- and MRI-related aspects. First, there was heterogeneity with respect to 

histopathologic definitions and methods used to determine EMVI in the studies included. 

The frequency of EMVI ranged from 8% to 42%, and there were seven studies that used a 

strict definition of tumor with venous invasion [10, 12, 13, 15, 27, 30, 31], whereas two 

studies used a broader definition in which tumors with not only venous but also lymphatic 

invasion were considered positive for EMVI [25, 28]. This corroborates the study by Chand 

et al. [34], which summarized inconsistent rates of histopathologic venous invasion in rectal 

cancer ranging from 9% to 61% and stressed the need to standardize the histopathologic 

definitions, including methods (i.e., H and E staining or elastin-based stains) and 

standardized reporting to achieve high-quality and consistent histopathologic results. 

Regarding MRI, because of the limited spatial and contrast resolution, microscopic EMVI 

may not be detectable with current technology [35]. Yet, in our metaregression analysis, 

studies that used high-resolution MRI—that is T2-weighted imaging with an in-plane voxel 

size smaller than 0.8 mm—showed higher specificity (0.89 vs 0.78) compared with those 

that did not use high-resolution MRI. This finding indicates that improved spatial resolution 

and an improved ability to acquire better anatomic detail may help increased diagnostic 

performance of detecting EMVI in patients with colorectal cancer.

A multiparametric MRI approach, consisting of two or more functional techniques such as 

CE-MRI or DWI in addition to conventional sequences (T2-weighted imaging), has been 

used in attempts to improve the diagnostic accuracy, not only in EMVI evaluation but also in 

rectal cancer staging evaluation. In our metaregression analysis, studies using a 

multiparametric approach showed substantially higher pooled sensitivity estimates than did 

those using T2-weighted imaging only, albeit without statistical significance. Both in rectal 

cancer T staging in general or evaluation of EMVI, the incremental value of CE-MRI or 

DWI has been a controversial issue. For instance, the addition of CE-MRI to T2-weighted 

imaging may improve the diagnostic performance and confidence level of readers [36], 

especially in equivocal cases where a filling defect seen at CE-MRI will lead to rescoring the 

study as definitely positive for EMVI. On the other hand, other studies also suggested that 

exaggerated peritumoral inflammatory reactions can mimic tumor invasion and result in 

overstaging and possible false-positive EMVI in rectal cancer [37, 38]. DWI has been shown 

to increase interobserver agreement for staging and to improve prediction of residual tumor 

after CRT compared with T2-weighted imaging alone [39]. On the other hand, DWI can be 

of nondiagnostic quality as a result of gas-induced susceptibility artifacts [40].
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Other relevant MRI-related methodologic aspects, such as magnetic field strength and usage 

of antispasmodic agents, were assessed as potential sources of heterogeneity. Compared with 

studies using 1.5-T MRI, those using 3-T MRI showed comparable results for detecting 

EMVI. Although higher magnetic field strength allows faster image acquisition, higher 

spatial resolution, and higher signal-to-noise ratio, no significant improvement with respect 

to diagnostic accuracy has been proven in rectal cancer, possibly because of potential 

amplification of artifacts [41]. Regarding antispasmodic agents, although their use was a 

statistically significant factor affecting heterogeneity, the differences in sensitivity and 

specificity between studies with and without antispasmodic agents were not significant. 

Likewise, the benefit of routine use of antispasmodic agents has been controversial and has 

not reached consensus in recent guidelines [41].

Studies with higher rates of high T categories showed similar sensitivity but higher 

specificity compared with studies with rates less than 67.3%. It is well known that the 

frequency of EMVI increases as rectal cancer T category increases [32]. Although sensitivity 

and specificity are theoretically not related to the frequency of the disease in the population, 

because those are properties of the diagnostic tool, there are also many studies that argue 

that sensitivity and specificity may vary with disease frequency [42, 43]. The frequency and 

diagnostic test accuracy can hypothetically be related because of factors such as patient 

spectrum and reader expectation (i.e., higher disease frequency may lower reader’s intrinsic 

threshold and, in turn, influence accuracy) [42]. Specifically, mathematic modeling with 

Pearson correlation coefficient and regression framework have shown that specificity tends 

to increase with higher frequency [43].

Preoperative CRT had no significant effect on the diagnostic performance of MRI in our 

metaregression analysis. This finding is in line with those of previous studies [12, 36, 44], 

substantiating the ability of MRI to detect EMVI even after CRT. We speculate that this may 

be due to the differences in SI between viable tumor and fibrosis after CRT. Fibrosis tends to 

show very low T2 SI, similar to that of muscularis propria, whereas viable tumors show 

intermediate T2 SI. However, there are also studies with conflicting results that argue that an 

intermediate or high T2 SI alone does not indicate viable tumor characteristic, and other 

factors, such as edema, desmoplastic reaction, and inflammation, can lead to overstaging or 

understaging after CRT [45]. This may be another area where there is potential for CE-MRI 

or DWI to provide added value. Future studies are needed to resolve such controversy.

One of the major limitations of this meta-analysis was the relatively small number of 

included studies (n = 14). One reason for this was that several recent studies dealing with 

relevant issues [11, 46, 47] mainly focused on the clinical effect of MRI-detected EMVI, 

presuming that the diagnosis of EMVI at MRI was accurate. However, to apply MRI-

detected EMVI in clinical practice, the accuracy of MRI in diagnosis of EMVI should be 

established first. This is the first study, to our knowledge, to systematically review and 

perform meta-analysis of the performance of MRI for diagnosis of EMVI in patients with 

colorectal cancer; therefore, it may provide insight into and justification for the application 

of MRI detection of EMVI. Another limitation of this meta-analysis is the presence of 

substantial heterogeneity among the studies, which may hinder the applicability of the 

results. Although we identified potential factors attributable to this heterogeneity by 
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metaregression analysis, a possible threshold effect suggested on visualization of the 

coupled forest plot of the sensitivity and specificity could also be important sources of 

heterogeneity between the included studies [48]. We speculate that this may stem from the 

fact that interpretation of EMVI at MRI was based on the 5-point scoring system by Smith et 

al. [10] in half of the included studies. In addition, publication bias was present among the 

included studies. Therefore, it is possible that the diagnostic performance of MRI for 

detecting EMVI may be overestimated in this meta-analysis. Finally, there were six studies 

in our meta-analysis that dealt with primary tumor in any part of the large bowel, not 

confined to rectum [9, 10, 16, 26, 27, 29]. Unlike rectal cancer, which typically involves 

preoperative local staging with MRI as a routine workup, there is no established imaging 

protocol for local staging of the primary colon cancer with MRI. Although we found 

comparable results regarding MRI-detected EMVI diagnostic accuracy in both rectum and 

colon in metaregression analysis, the protocol for MRI in local staging should be established 

for further application of MRI-detected EMVI in primary colon cancer.

In conclusion, MRI shows moderate sensitivity and good specificity for the detection of 

EMVI in patients with colorectal cancer. Caution is needed for clinical application of our 

results because of the large degree of heterogeneity among the studies. Using high-

resolution MRI has the potential to improve diagnostic performance.
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Fig. 1—. 
Three patients with rectal cancer, two of whom also had MRI-detected extramural venous 

invasion (EMVI), with corresponding pathologic results.

A, 68-year-old man with rectal cancer and MRI EMVI score of 0 (definitely absent) and 

negative EMVI at histopathologic examination. No definite extramural tumor extension is 

observed on T2-weighted oblique axial MR image. Normal-caliber perirectal vessels of low 

signal intensity are shown (arrowheads).

B, 61-year-old man with rectal cancer and MRI EMVI score of 2 (indeterminate) with 

positive EMVI at histopathologic examination. T2-weighted oblique axial MR image shows 

suspicious extramural tumor stranding (arrow) in vicinity of extramural vessels 

(arrowheads). However, tumor signal intensity does not extend to these normal-caliber 

perirectal vessels of low signal intensity. Note there is indeterminate perirectal lymph node 

(line), which was pathologically confirmed as regional lymph node metastasis.

C and D, 44-year-old woman with rectal cancer and MRI EMVI score of 4 (definitely 

present) with positive EMVI at histopathologic examination. T2-weighted oblique axial MR 

image (C) shows intermediate tumor signal with serpiginous extension (arrow) along 

vascular structure (arrowheads). On sagittal MR image (D), irregular tumor signal (arrow) 

extends cranially from primary rectal cancer along vein of low signal intensity (arrowheads).
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Fig. 2—. 
Flow diagram showing study selection process for meta-analysis.
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Fig. 3—. 
Grouped bar charts of risk of bias (left) and concerns for applicability (right) of 14 included 

studies using Quality Assessment of Diagnostic Accuracy Studies–2 (QUADAS-2) tool.
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Fig. 4—. 
Coupled forest plots of pooled sensitivity and specificity. Numbers are pooled estimates 

(dots within squares) with 95% CIs (horizontal lines). Corresponding heterogeneity statistics 

are provided at bottom right corners. Dashed vertical lines and diamonds indicate overall 

meta-analytically pooled estimate. Lateral points of diamonds indicate CIs for estimate.
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Fig. 5—. 
Hierarchic summary ROC curve of diagnostic performance of MRI for detection of 

extramural venous invasion in patients with colorectal cancer.
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Fig. 6—. 
Deeks funnel plot; p = 0.01 suggests that likelihood of publication bias is high. Numbers in 

circles are study number, in same order as shown in Table I. ESS = effective sample size.
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