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Abstract

Context: Haematuria can be macroscopic (visible haematuria [VH]) or microscopic (non-
visible haematuria [NVH]), and may be caused by a number of underlying aetiologies.
Currently, in case of haematuria, cystoscopy is the standard diagnostic tool to screen
the entire bladder for malignancy.
Objective: The objective of this systematic review is to determine the diagnostic test
accuracy of cystoscopy (compared with other tests, eg, computed tomography, urine
biomarkers, and urine cytology) for detecting bladder cancer in adults.
Evidence acquisition: A systematic review of the literature was performed according to
the Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy and Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) extension for diag-
nostic test accuracy studies’ checklist. The MEDLINE, Embase, Cochrane CENTRAL, and
Cochrane CDSR databases (via Ovid) were searched up to July 13, 2022. The population
comprises patients presenting with either VH or NVH, without previous urological can-
cers. Two reviewers independently screened all articles, searched reference lists of
retrieved articles, and performed data extraction. The risk of bias was assessed using
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2).
Evidence synthesis: Overall, nine studies were included in the qualitative analysis. Seven
out of nine included trials covered the use of cystoscopy in comparison with radiological
imaging. Overall, sensitivity of cystoscopy ranged from 87% to 100%, specificity from 64%
to 100%, positive predictive value from 79% to 98%, and negative predictive values
between 98% and 100%. Two trials compared enhanced or air cystoscopy versus conven-
tional cystoscopy. Overall sensitivity of conventional white light cystoscopy ranged from
47% to 100% and specificity from 93.4% to 100%.
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Conclusions: The true accuracy of cystoscopy for the detection of bladder cancer within
the context of haematuria has not been studied extensively, resulting in inconsistent
data regarding its performance for patients with haematuria. In comparison with imag-
ing modalities, a few trials have prospectively assessed the diagnostic performance of
cystoscopy, confirming very high accuracy for cystoscopy, exceeding the diagnostic
value of any other imaging test.
Patient summary: Evidence of tests for detecting bladder cancer in adults presenting
with haematuria (blood in urine) was reviewed. The most common test used was cys-
toscopy, which remains the current standard for diagnosing bladder cancer.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Haematuria can be either visible (VH) or nonvisible (NVH),
detectable only on urine analysis. This distinction is impor-
tant as it determines the likelihood of finding urinary tract
malignancy and can be suggestive for different underlying
aetiologies [1]. Urothelial bladder cancer (UBC) is the most
common urinary tract malignancy and the tenth most com-
mon malignancy and often presents with painless VH [1].
The estimated risk of UBC ranges from 1.6% in patients pre-
senting with NVH up to 9% in VH [2].

Visualisation of the bladder by cystoscopy has been the
cornerstone diagnostic tool to inspect the entire bladder
for malignancy or other (benign) abnormalities in case of
haematuria. As such, most guidelines advise performing a
cystoscopy in case of VH [3,4]. For NVH, however, contro-
versies exist regarding the additive value of a diagnostic
cystoscopy, given the lower prevalence of UBC in this sub-
population [5,6]. Clinical practice guidelines differ on rec-
ommendations for which patients warrant further
investigation in case of NVH. There are differences regard-
ing age thresholds and patient characteristics. These contro-
versies are partly due to the high prevalence of NVH in the
general population and the relatively low risk of underlying
urological malignancies [5].

Over the years, cystoscopy has evolved from rigid cys-
toscopy under general anaesthesia to flexible cystoscopy
as an outpatient procedure using local anaesthesia. More
recently, enhanced cystoscopic modalities, such as fluores-
cence/photodynamic cystoscopy, narrow band imaging,
and/or confocal laser endomicroscopy, have become avail-
able. Although urinary biomarkers have been studied with
the aim of reducing the number of cystoscopies, currently
no urine-based markers other than cytology are used rou-
tinely in clinical practice.

Although cystoscopy is commonly used as a diagnostic
tool for the detection of UBC in VH and NVH, data regarding
the diagnostic accuracy of cystoscopy itself are limited.
Moreover, cystoscopy is an invasive procedure associated
with complications such as urinary tract infection, bleeding,
bladder perforation, scar tissue formation, and urinary
retention that is more common in men with pre-existing
urination problems. The aim of this systematic review was
to assess the diagnostic accuracy of cystoscopy for UBC in
patients with NVH and VH.
F. Hofmann et al., The Diagn
from the European Associat
2. Evidence acquisition

2.1. Review protocol and search strategy

The protocol of this study was a priori registered in PROS-
PERO, and the protocol is available online
(CRD42020202431). This systematic review was reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) for diagnostic test
accuracy [7] and performed according to the Cochrane
methods for systematic reviews of diagnostic test accuracy
and the EAU Guidelines Office Methods Committee recom-
mendations [8,9]. Studies that reported the use of cys-
toscopy for detecting bladder malignancies in adult
patients with haematuria were identified. The full search
strategy is included in the Supplementary material. Data-
bases searched included MEDLINE, Embase, Cochrane CEN-
TRAL, and Cochrane CDSR databases (via Ovid), and the
search was performed until July 13, 2022. Studies written
in English and published from 1990 onwards were consid-
ered for inclusion.
2.2. Eligibility criteria

Only prospective studies were included in this systematic
review. All other designs were excluded.

The population comprises patients presenting with
either VH or NVH, without previous urological cancers.
There is no uniform definition for NVH; thus, in this system-
atic review the authors’ descriptive definition stated in each
study was used. Studies in children, on urothelial malignan-
cies before the start of the study, and on diagnosis of haem-
orrhagic cystitis were excluded.
2.3. Data collection

Two review authors independently extracted data (W.D.
and J.d.J.). Any disagreements were resolved by discussion
or by consulting a third review author (F.H. and M.B.). A
standardised data extraction form was developed and
piloted before its use. In case of incompletely reported data,
manuscript authors were contacted and asked for addi-
tional information. Extracted data for inclusion within the
‘‘characteristics of included studies’’ table consisted of study
design; countries and institutions where the data were
ostic Accuracy of Cystoscopy for Detecting Bladder Cancer in Adults Pre-
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collected; patient characteristics, tumour characteristics,
and the use of index and reference standard tests; losses
and exclusions of participants, with reasons; and diagnostic
2 � 2 table with the four cells: the number of true positives,
false negatives, false positives, and true negatives, and
reported accuracies.
2.4. Data analysis

When investigating the actual performance of cystoscopy,
one should be able to confirm the diagnosis using a gold
standard examination that is histological confirmation.
Therefore, positive cystoscopies were divided into true
and false positives based upon pathological confirmation
of malignant bladder tissue obtained via transurethral
resection. In contrast, defining true and false negatives is
more challenging in patients with a negative cystoscopy,
as in most cases, no further examinations are planned or a
standardised follow-up protocol is lacking. We therefore
implemented a surrogate gold standard in cases with a neg-
ative cystoscopy, which was defined as either no malig-
nancy at transurethral resection and/or absence of
urothelial cancer within 12 mo after the initial negative cys-
toscopic evaluation.

In the prospective diagnostic studies identified, cys-
toscopy was mainly used as a comparator rather than as a
follow-up strategy, thereby invalidating the 12 mo surro-
gate endpoint of cancer development. To overcome the lack
of specified follow-up after a negative cystoscopy, we
defined the alternative gold standard as negative on diag-
nostic imaging modalities and/or urine analyses.

We also assessed the sensitivity and specificity of alter-
native cystoscopic techniques (index) compared with con-
ventional white light (WL) cystoscopy (comparator).

Performance metrics for outcomes included sensitivity,
specificity, positive predictive value, negative predictive
value, (surrogate) true negatives, true positives, (surrogate)
false negatives, and false positives for cystoscopy. Table 1
summarises the eligibility criteria of the studies that were
included in this systematic review.
2.5. Risk of bias of studies and GRADE assessment of the body of
evidence

The risk of bias (RoB) was determined using the 11 items
from the Quality Assessment of Diagnostic Accuracy Studies
Table 1 – Eligibility criteria

Study design Only prospective studies were included in this system

Participants Inclusion criteria:
The population comprises patients presenting with either V
for NVH; thus, in this systematic review the authors’ descr
Exclusion criteria:
Case reports, studies in children, urothelial malignancies b

Index tests Cystoscopy (conventional or enhanced)
Enhanced may include fluorescence/photodynamic cystosc

Comparator tests Diagnostic tests other that index test, consisting of all cyto
Reference

standards
Positive reference: pathological examination of abnormal b
Negative reference: negative TURb or absence of urothelial
is assessed by the study investigators

Test accuracy
measures

Any metric pertaining to diagnostic accuracy for cystoscop
overall accuracy

NVH = nonvisible haematuria; TURb = transurethral bladder pathological examin
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(QUADAS-2) tool as recommended by the Cochrane Collab-
oration [10]. The RoB of each study was assessed indepen-
dently by two authors (W.D. and J.d.J.). Disagreements
were resolved by consensus or consultation of a third
review author (M.B./F.H.). Different criteria that were eval-
uated are the following: representative spectrum, accept-
able reference standard, acceptable delay between tests,
partial verification avoided, incorporation avoided, index
test blinded, reference standard results blinded, relevant
clinical information, uninterpretable results avoided, and
withdrawals explained. RoB summary and graph figures
were generated using the Cochrane Review Manager ver-
sion 5.4.1 (RevMan; The Cochrane Centre, Copenhagen,
Denmark). The overall RoB level was judged as ‘‘low’’, ‘‘in-
termediate’’, or ‘‘high’’. The overall certainty of the body of
evidence for the sensitivity and specificity of cystoscopy
was assessed using the GRADE approach for test accuracy
[9]. We considered the overall RoB across studies, inconsis-
tency, imprecision, indirectness, and publication bias to
judge the evidence as of high, moderate, low, or very low
certainty.
3. Evidence synthesis

3.1. Study population

From the initial 1730 records screened, a total of nine stud-
ies were eligible for inclusion for a qualitative analysis
(Fig. 1). This low number of eligible studies was caused by
a lack of prospective trials that were primarily investigating
the accuracy of cystoscopy. As such, most studies used cys-
toscopy as the gold standard, whereas we defined either
pathological confirmation of malignant bladder tissue (pos-
itive reference) or no malignancy at transurethral resection
and/or absence of urothelial cancer within 12 mo after the
initial negative cystoscopic evaluation (negative reference)
as the reference standard for this review. In this context,
we found several studies that studied the follow-up after
negative initial evaluation [11–14]. However, most of these
studies did not report information on the number of false
positive cystoscopies (ie, a suspicious lesion at cystoscopy
with negative transurethral resection of a bladder tumour)
and therefore were not included in this review. From the
eligible studies, our results are represented in two parts:
comparison of conventional cystoscopy with imaging
and with other cystoscopic modalities. Demographic
atic review. All other designs were excluded

H or NVH, without previous urological cancers. There is no uniform definition
iptive definition stated in each study was used

efore the start of the study, and diagnosis of haemorrhagic cystitis

opy, narrow band imaging, confocal laser endomicroscopy
logy, investigational assays, or imaging
ladder tissue
cancer within 12 mo after negative cystoscopy, if TURb is not performed. This

y, including sensitivity, specificity, negative/positive predictive value, and

ation; VH = visible haematuria.
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Fig. 1 – Flowchart of the study selection process. The nine selected studies consisted of studies comparing cystoscopy with both imaging (seven) and other
cystoscopic modalities (two).
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characteristics of the participants of the included studies
are summarised in Table 2. We planned to perform a statis-
tical analysis, but due to paucity of data and heterogeneity,
we summarised the results. Using the QUADAS-2 tool, RoB
was assessed and graphically represented in Figure 2. The
aggregated RoB assessment (Fig. 3) showed a low RoB of
the subdomains ‘‘patient selection’’, ‘‘index test’’, ‘‘reference
standard’’, and ‘‘flow and timing’’ in 78%, 33%, 56%, and 44%,
respectively.

3.2. Conventional cystoscopy versus imaging

Seven out of nine included trials (n = 5655 participants)
covered the use of cystoscopy in comparison with radiolog-
ical imaging [15–23]. Sensitivity of cystoscopy ranged from
Please cite this article as: W. Devlies, J.J. de Jong, F. Hofmann et al., The Diagn
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87% to 100%, specificity from 64% to 100%, positive predic-
tive value from 79% to 98% and negative predictive values
between 98% to 100% (Table 3). When considering the RoB
of the included studies, two studies at a high RoB [19,21]
found the lowest sensitivity and lowest specificity of cys-
toscopy. In the study by Tan et al. [15], flexible cystoscopy
was compared with ultrasound and computed tomography
(CT) imaging in the large, UK-based, multicentre DETECT 1
trial. This trial was originally designed to test the value of
a methylation test on the diagnosis of non–muscle-
invasive bladder cancer (NMIBC) and is the only trial includ-
ing both VH and NVH. The study at the lowest RoB, by
Dahmcke et al. [16], compared the use of DNA testing with
flexible cystoscopy in 482 patients initially presenting with
VH, and found 97% sensitivity and 96% specificity, which is
ostic Accuracy of Cystoscopy for Detecting Bladder Cancer in Adults Pre-
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Table 2 – Demographic characteristics of the participants of the included studies

Study
identification
[reference no.]

Design Country Setting Participants
assessed for
eligibility

Participants
with
haematuria

Age (yr), mean (SD) or median
(range)

Tan (2018) [15] Prospective study UK Hospital outpatient clinic 3556 3556 67.7 (55.6–75.7)
Dahmcke (2016) [16] Prospective study Denmark Hospital outpatient clinic 519 482 69 (26–91) patients with urothelial

carcinoma; 64 (18–91) patients with
normal findings

Helenius (2015) [19] Prospective study Sweden Hospital outpatient clinic 435 435 63 (16)
Gandrup (2015) [20] Prospective study Denmark Hospital outpatient clinic 227 199 60 (25–91)
Blick (2012) [17] Prospective study UK Hospital outpatient clinic 778 747 67.4 (36.7–97.5)
Ceylan (2010) [21,24] Prospective study Türkiye Hospital outpatient clinic 59 36 60.4 (13.02)
Turney (2006) [18] Prospective study UK Hospital outpatient clinic 200 200 Mean age 67 yr, median 68
Drejer (2017) [22] Prospective study Denmark Hospital (assumed

outpatient clinic)
955 483 67 (16–95)

Ciudin (2013) [23] Prospective study Spain Hospital outpatient clinic 57 57 Not reported

SD = standard deviation.

Fig. 2 – Risk of bias assessment of the includes studies.
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consistent with the other studies with a low to intermediate
RoB. In the study of Blick et al. [17], a UK-based study,
patients with VH only received flexible cystoscopy, CT,
and cytology to redefine the diagnostic strategy. The study
by Turney et al. [18] was designed to assess the value of
CT urogram (CTU) in patients with VH resulting in limited
data on the performance of cystoscopy. The trial by
Helenius et al. [19], a Swedish trial, compared the value of
Please cite this article as: W. Devlies, J.J. de Jong, F. Hofmann et al., The Diagn
senting with Haematuria: A Systematic Review from the European Associat
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cystoscopy and CTU in VH. Gandrup et al. [20] conducted
a Danish trial comparing magnetic resonance imaging
(MRI), CT, and cystoscopy in the diagnosis of VH patients.
A Turkish trial by Ceylan et al. [21] compared cystoscopy
with MRI in patients presenting with VH.

Based on the summary across studies, there is low cer-
tainty evidence that the sensitivity and specificity of cys-
toscopy in patients with VH are likely 97% and 96%,
ostic Accuracy of Cystoscopy for Detecting Bladder Cancer in Adults Pre-
ion of Urology Guidelines Office, Eur Urol Focus (2023), https://doi.org/
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Fig. 3 – Bar charts of risk of bias and applicability concerns indicating the level of bias per subdomain among all studies.

Table 3 – Conventional cystoscopy (WL) versus imaging modalities

Study identification
[reference no.]

Index
test

Reference
standard

Surrogate
comparator for TN
and FN

Haematuria Patients Accuracy Sensitivity Specificity PPV NPV

Tan (2018) [15] Flexible Histology US and CTU NVH + VH 3556 NR NR 98 84 NR
Dahmcke (2016) [16] Flexible Histology Urine DNA testing and

imaging
VH 482 NR 97 96 87 99

Helenius (2015) [19] Flexible Histology CTU VH 435 NR 87 100 98 98
Gandrup (2015) [20] Flexible Histology CTU and MRU VH 199 41 NR NR NR NR
Blick (2012) [17] Flexible Histology CT VH 747 NR 98 94 80 99
Ceylan (2010) (21) Unclear Histology DW-MRI VH 36 NR 100 64 79 100
Turney (2006) [18] Flexible Histology CTU VH 200 NR 98 98 NR NR

CT = computed tomography; CTU = computerised tomography urogram; DW-MRI = diffusion-weighted magnetic resonance imaging; FN = false negative;
MRU = magnetic resonance urography; NPV = negative predictive value; NR = not reported; NVH = nonvisible haematuria (or microscopic); PPV = positive
predictive value; TN = true negative; US = ultrasound; VH = visible haematuria; WL = white light.
Sensitivities and specificities are reported in %.

Table 4 – Comparison of conventional cystoscopy (WL) with alternative cystoscopy modalities

Study identification [reference no.] Setting haematuria Patients Index Sensitivity Specificity Comparator Specificity Comparator

Drejer (2017) [22] Haematuria (unclear) 483 WL 100 95 NBI NR 93
Ciudin (2013) [23] Active haematuria 57 WL 47 100 Air 88 97

NBI = narrow band imaging; NR = not reported; WL = white light.
Sensitivities and specificities are reported in %.
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respectively. This means that in a population of 100 people
with VH, cystoscopy would likely miss one urothelial blad-
der cancer and falsely identify three people as having can-
cer. It is uncertain whether this evidence applies to people
with NVH.
3.3. Conventional cystoscopy versus enhanced or air cystoscopy

Two trials (n = 540 participants) compared enhanced or air
cystoscopy versus conventional WL cystoscopy in people
with haematuria [22,23]. Overall, the evidence was incon-
sistent for the sensitivity of WL cystoscopy, which ranged
from 47% to 100%, but more consistent for specificity, which
ranged from 93.4% to 100% (Table 4). Drejer et al. [22]
reported in a multicentre Danish trial (DaBlaCa-7 study) a
high RoB assessing the additional benefit of narrow band
imaging (enhanced) cystoscopy versus WL cystoscopy in
both NMIBC follow-up and haematuria evaluation. Ciudin
et al. [23] in a Spanish trial investigated the additional ben-
efit of air cystoscopy to WL cystoscopy in active haematuria
Please cite this article as: W. Devlies, J.J. de Jong, F. Hofmann et al., The Diagn
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patients and reported an intermediate RoB. Given the total
sample size, RoB, and inconsistency, the evidence is uncer-
tain for the sensitivity and specificity of cystoscopy from
studies where enhanced/air cystoscopy was used as the ref-
erence standard.
3.4. Risk of bias

RoB was assessed with the QUADAS-2 tool, and graphically
represented in Figures 2 and 3.
3.5. Discussion

To our knowledge, this is the first systematic review of the
diagnostic value of cystoscopy for the diagnosis of bladder
cancer in patients with haematuria. Our search strategy
was very comprehensive starting from 1990. During this
period, technology has changed, and flexible cystoscopes
have widely been available. Cystoscopic performance was
generally well in the included studies. Conventional WL
ostic Accuracy of Cystoscopy for Detecting Bladder Cancer in Adults Pre-
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cystoscopy outperforms imaging modalities, with sensitivi-
ties of cystoscopy ranging from 87% to 100% and specificity
ranging from 64% to 100%. Two trials compared enhanced or
air cystoscopy versus conventional cystoscopy. Overall sen-
sitivity of conventional WL cystoscopy ranged from 47% to
100% and specificity from 93.4% to 100%.

Different challenges arise in the current literature to
determine precise estimates of the performance of cys-
toscopy. First, most studies were retrospective and not
included for the present review as per the inclusion criteria.
Second, we noted that in the existing literature, cystoscopy
is, despite the lack of evaluation, used as the gold standard
test, with most studies comparing the diagnostic perfor-
mance of alternative tests as an index test compared with
cystoscopy. In case of a suspicious lesion with cystoscopy,
transurethral resection is performed to confirm UBC (true
positive) or rule out UBC (false positive). However, litera-
ture lacks a negative reference test to assess true negatives.
Possibilities for a negative reference test include follow-up
cystoscopies that are negative. Unfortunately, in case of a
negative initial cystoscopy, no further examinations were
planned, and if follow-up cystoscopy was planned, there is
no standardised schedule. Lastly, this review was planned
to evaluate the initial work-up setting in patients present-
ing with haematuria. In most studies, however, (commer-
cial) modalities were tested in the follow-up setting,
where sensitivity of cystoscopy is most likely lower and
more easily enhanced by any additional diagnostic
technique.

A number of studies that were screened investigated the
risk of UBC after a full negative diagnostic assessment, using
prospective studies with long follow-up. Again, these stud-
ies did not provide information on false positive results of
cystoscopy and therefore could not be included in the pre-
sent review. Nonetheless, bladder cancer incidence after a
negative diagnostic work-up remained low in both VH and
NVH. Namely, in case of persistent VH, Mishriki et al. [11]
collected data of 1804 patients with visible haematuria.
They found that 965/1804 (53.5%) patients had no pathol-
ogy, 386 (21.4%) patients had a malignant urological condi-
tion, and the remaining patients had a benign condition
including bladder stone (36 patients, 2%), urethral stricture
(37 patients, 2.1%), cystitis/urinary tract infection (36
patients, 2%), enlarged bleeding prostate (242 patients,
13.4%), and renal/ureteral calculi/hydronephrosis (99
patients, 5.5%).

In case of asymptomatic NVH, Madeb et al. [12] used the
state tumour registry to track the outcomes of 1575 male
patients who were screened for microscopic haematuria
(MH); 258 participants had MH. Urological cancer including
bladder cancer was not found in 234 males; however, two
were subsequently diagnosed with bladder cancer, one after
6.7 yr and the other at 11.4 yr. Jaffe et al. [13] performed an
intravenous urography in 75 of the 212 NVH patients who
had a negative initial evaluation. From these 75 patients,
two were diagnosed with ureteral tumours and one was
diagnosed with a renal pelvis tumour. In the study by Sells
and Cox [14], 146 patients with NVH were followed without
any bladder cancers missed at the initial diagnosis.

It is important that the patient should be informed about
the possible complications before undergoing cystoscopy.
The possible complications include pain and discomfort,
haematuria, dysuria, and urinary tract infection.
Please cite this article as: W. Devlies, J.J. de Jong, F. Hofmann et al., The Diagn
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Taken together, these studies highlight a low incidence
of malignancies after an initial negative work-up. Nonethe-
less, these follow-up studies could not be used to assess
complete diagnostic accuracy of cystoscopy, as data were
limited to the subpopulation that had a negative initial
diagnostic evaluation. Future trials should include methods
to evaluate the true value of cystoscopy or use indirect mea-
sures of true negative findings, for example, using a stan-
dardised follow-up protocol.
4. Conclusions

The true accuracy of cystoscopy itself has not been studied
extensively within the context of haematuria, resulting in
inconsistent data regarding its performance within haema-
turia patients. In comparison with imaging modalities, a
few trials have prospectively assessed the diagnostic perfor-
mance of cystoscopy, confirming a very high accuracy for
cystoscopy, exceeding the diagnostic value of any other
imaging test.

The benefits of enhanced cystoscopic techniques in
assessing haematuria have been proposed, although evi-
dence is limited, and their additional clinical value still
needs to be determined by conducting a robust clinical trial.

To improve the diagnostic pathway for our haematuria
patients, it is important to include measures of the accuracy
of cystoscopy in future prospective trials.
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