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Abstract
Purpose The reliability of magnetic resonance imaging (MRI) as a local and nodal staging tool in radio-recurrent prostate 
cancer (PCa) is still unclear. The present study aims at evaluating the predictive value of MRI in the detection of extracapsular 
extension (ECE), seminal vesical invasion (SVI) and nodal involvement (LNI) in patients after primary radio (EBRT) and/
or brachytherapy (BT) before salvage radical prostatectomy (SRP).
Methods This systematic review and meta-analysis were performed in line with the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines. Pubmed, Scopus, and Web of Science databases were systemically 
reviewed to extract the data on diagnostic performance of MRI in radio-recurrent PCa.
Results Four studies comprising 94 radio-recurrent PCa patients were included. The pooled prevalence of ECE, SVI, 
and LNI was 61%, 41%, and 20%, respectively. The pooled sensitivity for ECE, SVI and LNI detection was 53% (CI 95% 
19.8–83.6%), 53% (CI 95% 37.2–68%) and 33% (CI 95% 4.7–83.1%) respectively, whereas specificity was 75% (CI 95% 
40.6–92.6%), 88% (CI 95% 71.7–95.9%) and 92% (CI 95% 79.6–96.8%). The sensitivity analysis revealed that a single out-
lying study using only T2-weighted imaging instead of multiparametric MRI reported significantly higher sensitivity with 
significantly lower specificity.
Conclusions This is the first meta-analysis reporting reliability of staging MRI in a radio-recurrent setting. MRI provides 
poor sensitivity while maintaining high specificity for local and nodal staging before SRP. However, current evidence is 
limited to the low number of heterogenous studies at meaningful risk of bias.
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Introduction

In patients with non-metastatic prostate cancer (PCa) 
radiation therapy (RT), and brachytherapy (BT) can sub-
stitute radical surgery as treatment with curative intent 
in the primary disease setting. The 9-year cancer con-
trol rate for external beam radiotherapy (EBRT) in local-
ized disease is estimated to be 50–80% depending on the 
risk group [1]. Approximately 10 to 40% of patients will 
recur biochemically after permanent BT during 12 years 
of follow-up [2]. Patients who fail primary radiotherapy 
because of local recurrence can be candidates for local 
salvage therapy, which might spare or postpone systemic 
treatment. Exclusion of distant metastases in patients 
who recur biochemically can be early achieved with 
positron emission tomography (PET) in particular when 
utilizing novel radiotracers like 68 Ga-PSMA [3]. How-
ever, the value of PET-CT is mainly proven for recur-
rent lesion localization since its value in local staging 
remains limited due to poor spatial resolution. In this 
setting magnetic resonance imaging (MRI) constitutes 
the most useful imaging modality. In the treatment-naïve 
cohorts, multiparametric MRI (mpMRI) has shown het-
erogenous T-staging performance with pooled sensitiv-
ity and specificity of 61% and 88% respectively in the 
overall T3 assessment [4]. Assessment of irradiated 
gland is, however, associated with certain tissue altera-
tions [5] which might affect the assessment of MRI and 
might require multiparametric protocol using dynamic 
contrast-enhanced sequences. The evidence on the reli-
ability of MRI in patients after primary radiation and/or 
brachytherapy is limited to several studies using biopsy 
as a reference, which cannot accurately reflect the mul-
tifocality and the exact extent of recurrent, aggressive 
lesions [6–9]. Since biopsy provides limited and indirect 
insight into local pathological advancement these studies 
cannot be used for the validation of MRI as a staging tool. 
To the best of our knowledge, to date, only four studies 
have used whole-mount specimens as references for the 
evaluation of MRI staging performance [10–13] before 
salvage radical prostatectomy (SRP).

We aimed to perform a systematic review and meta-
analysis summarizing existing evidence on the predic-
tive value of MRI in assessing extracapsular extension 
(ECE), seminal vesicle involvement (SVI) and lymph 
node involvement (LNI) in radio-recurrent prostate can-
cer patients who are candidates for salvage prostatectomy.

Materials and methods

Search strategy

The study was registered with the International prospec-
tive register of systematic reviews PROSPERO (ID: 
CRD42022359818). A systemic literature review was per-
formed in line with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses statement. We queried 
Medline (Pubmed), Scopus and Web of Science databases 
on September 2022. The search terms included the fol-
lowing: “MRI”, “magnetic resonance imaging”, “prostate 
cancer”, “radiotherapy” and “salvage prostatectomy”. Two 
investigators (PZ and AŚ) performed an independent initial 
screening based on the titles and abstracts. The causes of the 
exclusion of ineligible reports were noted. Full texts were 
retrieved and evaluated for eligibility. In case of discrepan-
cies, disagreements were solved by the authors’ consensus.

Study selection

We included studies analyzing patients with radio-recur-
rent, clinically non-metastatic PCa managed with salvage 
prostatectomy (population) who underwent preoperative 
prostate MRI with detected ECE, SVI and LNI (interven-
tion) compared with patients without the following features 
(comparison). We analyzed the diagnostic performance of 
MRI detecting ECE, SVI and LNI (outcome) in prospective 
and retrospective studies (study design). Only studies using 
postprostatectomy (whole-mount) specimens as references 
were considered eligible. Studies were included if they pro-
vided true positives (TPs) defined as the presence of both 
radiological and pathological ECE, SVI or LNI, true nega-
tives (TNs) defined as lack of radiological suspicion of ECE, 
SVI or LNI in patients without corresponding pathological 
feature in the postprostatectomy specimen, false positives 
(FPs) defined as radiological suspicion of ECE, SVI or LNI 
in patients without corresponding pathological feature in 
the postprostatectomy specimen and false negatives (FNs) 
defined as lack of radiological suspicion of ECE, SVI or LNI 
in patients with presence of the corresponding pathological 
feature in the postprostatectomy specimen. Reviews, meta-
analyses, letters, editorials, meeting abstracts, case reports, 
and non-English articles were excluded. In the case of dupli-
cate cohorts, the study with more robust data were selected. 
The references of manuscripts considered eligible were also 
screened for additional studies.

Data extraction

Two reviewers (PZ and AŚ) separately extracted data on the 
study including the author’s name, publication year, number 
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of patients, radiotherapy modality, use of endorectal coil 
(ERC), MRI modalities sequences (T2, DCI, DCE), MRI 
protocol used, Prostate Imaging Reporting and Data System 
(PIRADS) use, the experience of a radiologist, type of MRI 
scanner (1.5 T vs 3 T), previous hormonotherapy as well as 
the number of TP, FP, FN, and TN for the main outcomes 
(ECE, SVI and LNI). Extraction discrepancies were resolved 
by the authors’ consensus.

Risk of bias and applicability

Included studies were analyzed for risk of bias and appli-
cability with the revised Quality Assessment of Diagnostic 
Accuracy Studies tool (QUADAS-2). The index test was 
defined as the staging MRI of the prostate. Pathological 
staging based on the whole-mount specimen was used as 
a reference.

Statistical analysis

All data were analyzed using R version 4.0 (2020; R Foun-
dation for Statistical Computing, Vienna, Austria). Statis-
tical significance was set at p < 0.05. Pooled sensitivity, 
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and diagnostics odds ratio (DOR) were 
calculated and supplemented with forest plots with 95% 
confidence intervals (CI). For heterogeneity evaluation, the 
Cochrane Q test and the I2 test were used with significant 
heterogeneity indicated by p < 0.05 in the Cochrane Q tests 
and I2 > 50%. The sensitivity analysis included separate anal-
ysis of studies utilizing mpMRI [10, 12, 13] and the study 
where only T2-weighted MRI was used [11].

Evidence synthesis

Study selection and characteristics

The PRISMA flowchart is depicted in Fig. 1. A total of 4 
studies with 94 patients were included (Table 1A) [10–13]. 
All studies were single-center and retrospective. Imaging 
reviews were performed centrally by two independent geni-
tourinary MRI radiologists in three studies [10–12] whereas 
in 1 study review path was not specified [13]. The prevalence 
of ECE ranged from 50% [13] to 87.5% [12] and the preva-
lence of SVI ranged from 33.3% [13] to 68.42% [10]. Nodal 
involvement was reported in 26.32% and 17.78% of patients 
in the studies by Zattoni and Sala, respectively [10, 11]. 

Two studies enrolled patients after EBRT and/ or BT as 
primary treatment [10, 11] whereas in the remaining two 
[12, 13] all patients recurred after EBRT. MRI sequences, 
as well as the MRI field and endorectal coil use, differed 
between the studies. In the study by Zattoni et al. 3.0 Tesla 

field was used [10], in the study by Sala et al. 1.5 Tesla field 
was used [11], whereas Kowa et al. used a 1.5 T field in 
two patients (8.33%) and a 3.0 Tesla field in the remaining 
twenty-two (91.67%) [12]. In the study by Sutani [13] data 
regarding the MRI field utilized was lacking. All the stud-
ies [10, 12, 13] except for the study by Sala et al. [11] used 
T1- and T2-weighted sequences supplemented with dynamic 
contrast-enhanced imaging and diffusion-weighted imag-
ing. In the study by Sala et al. only T1- and T2-weighted 
imaging (T1-WI, T2-WI) was used [11]. In the studies by 
Sala and Zattoni endorectal coil was used routinely [10, 
11], whereas in the study by Kowa et al. it was used in four 
patients (16.67%) [12]. The use of an endorectal coil was 
not specified in the study by Sutani et al. [13]. Two studies 
used PIRADS for the evaluation of MRI images [10, 12] 
whereas the study by Sala et al. was published before the 
release of PIRADS recommendations [11] and in the study 
by Sutani it was not specified [13]. The median time interval 
between staging MRI and SRP was 137.5 (IQR 84.5–177.3) 
and 154 days (IQR 95.2–179.2) in studies by Zattoni and 
Sala respectively [10, 11], whereas it was not reported in 
the remaining studies [12, 13]. In the studies by Zattoni and 
Sala surgery was performed in a retropubic approach [10, 
11] and in the studies by Kowa and Sutani it was performed 
in a robot-assisted approach [12, 13]. Differences between 
primary treatment, MRI and prostatectomy are depicted in 
Table 1B.

The risk of bias and applicability concerns are presented 
in Supplementary Fig. 1. Due to the use of systemic treat-
ment before SRP after MRI assessment which might result 
in pathological downstaging, the risk of bias of flow and tim-
ing was generally high. The study by Sutani et al. provided a 
poor description of confounders regarding the index test and 
the reference which limited bias evaluation, whereas the lack 
of data on systemic treatment in the study by Kowa impacted 
flow and timing evaluation.

Meta‑analysis

MRI for detection of extracapsular extension

The pooled ECE prevalence was 61%. There was significant 
heterogeneity between included studies. Pooled sensitivity, 
specificity, PPV and NPV were 53%, 75%, 81.7% and 49.5% 
respectively. Forest plots are depicted in Fig. 2. The pooled 
DOR was 7.92 (95% CI 2.12–29.58). Dot plot illustrating the 
association of sensitivity and false positive rate of included 
studies is depicted in Supplementary Fig. 2.

MRI for detection of seminal vesicle invasion

The pooled SVI prevalence was 41%. There was no sig-
nificant heterogeneity between included studies. Pooled 
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sensitivity, specificity, PPV and NPV were 52.9%, 88.5%, 
80.7% and 71% respectively. Forest plots are depicted in 
Fig. 3. The pooled DOR was 9.56 (95% CI 2.97–30.74). 
Dot plot illustrating the association of sensitivity and false 

positive rate of included studies is depicted in Supplemen-
tary Fig. 3.

Fig. 1  PRISMA flowchart. MRI 
magnetic resonance imaging, 
TPs true positives, TNs true 
negatives, FPs false positives, 
FNs false negatives
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MRI for detection of lymph node involvement

The pooled LNI prevalence was 20%. There was no sig-
nificant heterogeneity between included studies. Pooled 
sensitivity, specificity, PPV and NPV were 33.1%, 91.6%, 
50.3% and 84.2% respectively. Forest plots are depicted 
in supplementary Fig. 4. The pooled DOR was 5.23 (95% 
CI 0.94–29.04). Dot plot illustrating the association of 
sensitivity and false positive rate of included studies is 
depicted in Supplementary Fig. 5.

Sensitivity analysis: T2‑weighted imaging MRI vs 
multiparametric MRI

To take into account, the lack of functional imaging in 
the study of Sala et al. we decided to perform a sensi-
tivity analysis. After excluding the study by Sala et al. 
from analysis, sensitivity, specificity, PPV and NPV 
were 39.4%, 89.1%, 94.1% and 34.4% for ECE whereas 
52.9%, 83.7%, 82.3% and 63.4% for SVI respectively. 
In the detection of ECE mpMRI [10, 12, 13] revealed 
higher pooled specificity (p = 0.03) and PPV (p = 0.02) 
but lower sensitivity (p = 0.01) and NPV (p = 0.02) than 
T2-WI [11].

Discussion

We present the first meta-analysis on the accuracy of 
magnetic resonance imaging in local staging of prostate 
cancer after primary radiation, based on final pathology 
in RP specimens. The outcomes of our systematic review 
emphasize the limited evidence on the diagnostic perfor-
mance of MRI in the radio-recurrent setting. The analysis 
of included studies indicates that MRI used as the stan-
dalone local staging tool has low sensitivity in screening 
for adverse pathological features after radiation which 
might undermine its utility in qualification to focal salvage 
therapy as well as guiding salvage surgery. Simultaneously 
we observed relatively high specificity of MRI when pre-
dicting ECE and SVI which indicates low harm of T3 over-
diagnosis. Results of our sensitivity analysis suggest that 
supplementing T1- and T2-weighted sequences with DWI 
and/or DCE can be necessary for maintaining specificity. 
Unexpectedly, additional sequences might not be how-
ever incremental in terms of sensitivity or even increase 
the harm of false negatives when detecting extraprostatic 
disease.

Several key confounders result in high heterogeneity in 
included studies. The variety of MRI sequences utilized 

Table 1  Baseline characteristics with adverse features’ frequencies (A) and type of primary treatment, MRI assessment and systemic therapy 
before salvage prostatectomy in analyzed studies (B)

ECE extracapsular extension, SVI seminal vesicle invasion, LNI lymph node involvement, USA United States of America, UK United Kingdom, 
MRI magnetic resonance imaging, PIRADS Prostate Imaging Reporting and Data System, HT hormonal therapy, CHT chemotherapy, SRP 
salvage radical prostatectomy, IQR interquartile range, EBRT external beam radiotherapy, BT brachytherapy, DCE dynamic contrast-enhanced 
imaging, DWI diffuse-weighted imaging, N/R not reported

A

Author (refer-
ences)

Year Country Study period Number of 
patients

ECE (n, %) SVI (n, %) LNI (n, %)

Zattoni [10] 2017 USA 2007–2014 19 14 (73.68%) 13 (68.42%) 5 (26.32%)
Sala [11] 2006 USA 1998–2004 45 19 (42.22%) 19 (42.22%) 8 (17.78%)
Kowa [12] 2021 UK 2014–2017 24 21 (87.5%) 11 (45.83%) Not provided
Sutani [13] 2019 Japan 2010–2017 6 3 (50%) 2 (33.33%) Not provided

B

Author (refer-
ences)

Primary treat-
ment

MRI field MRI sequences Endorectal coil 
use

PIRADS use HT or CHT 
before SRP

Time from MRI 
to SRP (days; 
median, IQR)

Zattoni [10] EBRT and/or BT 3.0 Tesla T1, T2, DCE, 
DWI

Yes, routinely Yes Yes (21%) 137.5 (84.5–177.3)

Sala [11] EBRT and/or BT 1.5 Tesla T1, T2 Yes, routinely No Yes (32%) 154 (95.2–179.2)
Kowa [12] EBRT 1.5 or 3.0 Tesla T1, T2, DCE, 

DWI
Yes (16.67%) Yes N/R N/R

Sutani [13] EBRT N/R T1, T2, DCE, 
DWI

N/R N/R No N/R
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Fig. 2  Forest plots for pooled accuracy, sensitivity, specificity, NPV and PPV of extracapsular extension detection including sensitivity analysis 
for multiparametric MRI (reference = 0) and T2-weighted imaging only (reference = 1)
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Fig. 3  Forest plots for pooled accuracy, sensitivity, specificity, PPV and NPV of seminal vesicle invasion detection including sensitivity analysis 
for multiparametric MRI (reference = 0) and T2-weighted imaging only (reference = 1)
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and PIRADS implementation seem to be crucial methodo-
logical discrepancies. The analysis by Sala et al. was the 
first one on MRI utility in a radio-recurrent setting and it 
was delivered in the pre-PIRADS era [11]. The staging 
evaluation consisted basically of T2-WI only. Based on 
the initial data derived from treatment-naive cohorts ECE 
detection was suggested to be significantly improved when 
using T2-WI combined with DCE [14] although the benefit 
of supplementing T2-WI + DWI with DCE has not been 
confirmed in the further meta-analysis [15]. In a radio-
recurrent setting, DCE is however considered superior to 
T2-WI. When localizing foci in patients recurring bio-
chemically after EBRT DCE performed significantly better 
in terms of sensitivity, PPV and NPV while maintaining 
specificity [16]. This was initially attributed to the con-
founding radiological presentation of post-radiation fibro-
sis in T2-WI, which can be however easily distinguished 
when observing early enhancement typical for hypervascu-
lar tumor lesions. Different observational studies suggested 
that DCE might be inferior to DWI when supplementing 
T2-WI yielding an accuracy of 0.79–0.86 [17]. Surpris-
ingly, sensitivity analysis evaluating additional functional 
imaging [10, 12, 13] yielded lower sensitivity and NPV 
compared to the sole T2-weighted imaging used by Sala 
[11]. It should be noted that the baseline assessment in the 
study by Sala included a 5-point scale evaluation with 3, 4 
or 5 points assumed to indicate the presence of pathologi-
cal features at the patient level. In turn, the sensitivities 
calculated for a higher suspicion threshold (4 or 5 points) 
on a lesion level were 64% and 39%, respectively, depend-
ing on the experience of the radiologist. Accordingly, 
specificities calculated for ECE detection using a lower 
cutoff on a patient level were strikingly lower (50% and 
46%) than those achieved with a higher cutoff on a lesion 
level (91% and 86%). Therefore, although sensitivities and 
specificities reported by Sala at the patient level differed 
from those in the remaining included studies, outcomes 
of less conservative, lesion-level analysis seem to corre-
spond with them. The significant accuracy gap between the 
two cutoffs and analysis levels emphasizes the impact of 
“language spoken” when assessing and reporting adverse 
pathology on MRI. The reporting system (PIRADS, Likert 
or other) and cut-off triggering clinical decisions requires, 
however, further validation. To reduce the variability of 
acquisition and reporting in recurrent PCa Prostate Imag-
ing for Recurrence Reporting (PI-RR) was introduced 
[18]. External, multi-reader validation of PI-RR system 
in the post-radiation setting has yielded satisfactory accu-
racy with AUC ranging from 0.77 to 0.92 for detection of 
recurrence [19], it was however not standardized for local 
and nodal restaging. Finally, from the practical point of 
view, what might also improve imaging performance is a 
comparison between pre- and post-radiotherapy MRI in a 

single-center setting, preferably by the same genitourinary 
radiologist.

Two of the studies included patients routinely staged uti-
lizing an endorectal coil [10, 11]. In turn, in the study by 
Kowa et al. endorectal coil was used only 16.67% of patients 
[12] whereas the study by Sutani et al. has not reported 
the use of an endorectal coil [13]. The use of ERC in 
T2-weighted imaging for staging has been previously intro-
duced as a superior diagnostic alternative to the body-array 
coil due to a higher signal-to-noise ratio. In the treatment-
naïve setting use of ERC increased the sensitivity of ECE 
detection from 7% to a range of 73–80% while maintaining 
a specificity of 100% [20]. Simultaneous use of endorectal 
and external coil was reported to improve staging accuracy 
from 59 to 78–79% [21]. When projecting these data onto 
our data, it can be therefore expected that lack of routine 
ERC use might result in underestimating diagnostic accu-
racy, especially the ECE detection rate. This seems valid 
when analyzing our outcomes in a study-by-study approach. 
Although sensitivity analysis could not be performed due 
to the heterogeneity of the cohort delivered by Kowa et al. 
[12], cohorts by Zattoni and Sala, which enrolled ERC MRI-
staged patients yielded the two highest sensitivity values 
for ECE detection [10, 11]. It should be, however, noted 
that extensive evidence from treatment-naïve setting meta-
analysis emphasizes heterogeneous T3-staging sensitivity 
and at best limited benefit of ERC use [4].

What can greatly impact MRI staging outcome is andro-
gen deprivation prior to SRP which constituted uncontrolled 
confounder in 2 analyzed studies [10, 11] and potential 
confounder in 1 study [12]. In the primary, high-risk PCa 
patients treated with enzalutamide and conventional andro-
gen deprivation therapy more than 90% of lesions demon-
strated > 50% volume reduction in posttreatment MRI with 
almost 40% of patients bearing minimal residual disease 
only in a postprostatectomy specimen [22]. The effects of 
neoadjuvant ADT in a primary setting include downstag-
ing as well as lower incidence of positive surgical margins 
and nodal involvement [23] although evidence on long-term 
outcome is lacking.

The outcomes of our analysis suggest that the perfor-
mance of MRI in radio-recurrent patients might be com-
parable to this achieved in treatment-naïve cohorts before 
primary RP. Meta-analysis of MRI T-staging utility in 
treatment-naïve patients yielded poor sensitivity (61%; CI 
95% 54–67%) but high specificity (88%; CI 95% 85–91%) 
when detecting the overall T3 stage [4]. The major restric-
tion of T3 detection arises from the limited sensitivity of 
T3a prediction, which often presents as microscopic ECE. 
Notably, the specificities of ECE, SVI and LNI detection in 
the primary staging setting are generally high (91%, 96% 
and 88% respectively) which corresponds with our results 
[4]. In the light of MRI limitations, the potential role of 
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additional imaging including novel PET-CT modalities is 
increasing. In a radio-recurrent setting, the fundamental 
role of PET imaging is a primary tool of metastatic screen-
ing, however, PET-CT might be also a valuable supple-
ment to MRI with a combined detection rate of relapse site 
exceeding 70% [6]. Since the spatial resolution of PET-CT 
is being constantly improved, there is a strong rationale for 
the head-to-head comparison. Finally, promising pooled 
outcomes of systemic restaging with integrated PET-MRI 
scanners [24] indicate the feasibility of this novel modality 
for salvage treatment decision-making.

Our study has several limitations. The major limitation 
is the low number of included studies. All included stud-
ies were retrospective and evaluated small samples which 
makes the risk of bias unavoidable. MRI protocols as well as 
primary treatment (EBRT and/or BT) differed between stud-
ies. This should be highlighted because the use of metallic 
seeds in brachytherapy might potentially confound the image 
quality independently from post-radiative tissue changes. 
The heterogeneity of MRI diagnostic performance between 
the studies was significant. In particular, almost half of the 
sample was constituted by cohort staged with T2-WI imag-
ing only. The majority of studies were from high-volume 
oncological centers with expertise in MRI assessment mak-
ing our data not transferable to every clinical community. 
Furthermore, MRI assessment in analyzed studies was 
based on the index lesion concept similarly to this used in 
a primary setting. Since radio-recurrent PCa is commonly 
multifocal, the final MRI utility might be additionally com-
promised by missing secondary aggressive spots. Finally 
analyzed data were insufficient to estimate to what extent 
MRI would change management or benefit survival. The 
following limitations might potentially prevent drawing any 
definite conclusions.

Conclusions

Our systematic review of evidence revealed the true shortage 
of studies evaluating the utility of MRI in the radio-recurrent 
setting. We provide the first meta-analysis on the reliability 
of MRI as a local staging tool after primary radiation with 
the whole-mount specimen as a reference. The main findings 
of our study are poor sensitivity and high specificity of MRI 
when predicting adverse pathology in the post-SRP speci-
men. It should be, however, emphasized that due to the small 
sample size and major heterogeneity between the included 
studies, the results of our meta-analysis bear the inevitable 
risk of bias and should be interpreted with caution.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00345- 023- 04383-2.
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