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Abstract 

Background  To evaluate and synthesize existing evidence on non-invasive methods for diagnosing detrusor under-
activity (DU) in men presenting with lower urinary tract symptoms (LUTS), focusing on their feasibility and diagnostic 
accuracy.

Methods  A systematic search of PubMed, Scopus, and Web of Science databases was conducted for original articles 
reporting on non-invasive diagnostic tests for DU in men with LUTS. Data extraction focuses on study characteristics, 
diagnostic methods, and accuracy. The risk of bias was assessed using the QUADAS-2 tool.

Results  Eighteen studies involving 7390 patients, of whom 3194 were diagnosed with DU, were included in our 
analysis. The evaluated diagnostic methods included ultrasound parameters, biomarkers, uroflowmetry results, symp-
tom questionnaires, and clinical characteristics. Developed models, including those based on artificial intelligence (AI), 
and nomograms were also assessed. The symptom questionnaire DUA-SQ showed the highest sensitivity of 95.8%, 
while ultrasound measurements, such as detrusor wall thickness showed 100% specificity but limited sensitivity (42%). 
Models incorporating clinical variables achieved sensitivity rates of over 75%. Uroflowmetry parameters, particularly 
presence of "sawtooth" and "interrupted" waveforms, demonstrated sensitivity of 80% and specificity of 87%. Bio-
markers, including serum adiponectin and urine NO/ATP ratio, achieved sensitivity of 79% and 88.5%, respectively. 
AI models showed potential, with sensitivities ranging from 65.9% to 79.7%. Due to the poor quality of the studies 
and data heterogeneity, meta-analysis was not performed.

Conclusions  Non-invasive diagnostic methods for DU, particularly DUA-SQ, ultrasound measurements, and AI mod-
els, demonstrate potential, though their accuracies vary. Further research is needed to standardize these methods 
and enhance their diagnostic reliability.

Trial registration  The study protocol was registered with PROSPERO (CRD42024556425). Clinical trial number: 
not applicable.

Keywords  Detrusor underactivity, Non-invasive tests, Underactive bladder, Urodynamics, Pressure flow study, LUTS

Background
Detrusor underactivity (DU) has recently gained atten-
tion as a significant phenomenon among patients with 
lower urinary tract symptoms (LUTS). However, despite 
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its growing recognition, the medical condition still lacks 
a standardized definition and universally accepted diag-
nostic criteria [1]. The International Continence Society 
(ICS) defined DU as “a contraction of reduced strength 
and/or duration, resulting in prolonged bladder empty-
ing and/or failure to achieve complete bladder emptying 
within a normal time span” [2]. Recently, D’Ancona et al. 
revised this definition and described DU as “low detru-
sor pressure or short detrusor contraction time, usually in 
combination with a low urine flow rate resulting in pro-
longed bladder emptying and/or a failure to achieve com-
plete bladder emptying within a normal time span” [3].

A separate term, “underactive bladder” (UAB), has 
been introduced to describe the symptoms associated 
with DU [4]. Nevertheless, defining UAB is challenging 
due to its lack of specific symptoms and frequent over-
lap with those of overactive bladder (OAB) and bladder 
outlet obstruction (BOO), which makes the diagnosis 
especially challenging [5]. DU can, thus, present as a wide 
array of LUTS, including urgency, frequency, and noc-
turia in the storage phase, as well as hesitancy, weak or 
interrupted stream, straining to void, and a feeling of 
incomplete emptying during the voiding phase [6].

The prevalence of DU is estimated to range from 9 to 
23% in men under 50  years old, increasing to approxi-
mately 48% in men over 70  years old. In older women, 
the prevalence is estimated to be between 12 and 45% [6]. 
However, accurately determining prevalence remains dif-
ficult due to the absence of widely accepted non-invasive 
diagnostic methods [5].

The current gold-standard for diagnosing DU, pro-
posed by the ICS, is invasive urodynamics (UDS), which 
includes cystometry followed by a pressure-flow study 
(PFS) [7]. However, for an extended period of time, the 
ICS did not specify exact thresholds for diagnosing DU 
or define a normal bladder emptying time, leading to 
unstandardized diagnostic criteria [8]. One of the most 
commonly used criteria for men in both clinical practice 
and research is the Bladder Contractility Index (BCI), 
introduced by Abrams et al. in 1999 [9]. The BCI is cal-
culated using the formula BCI = Pdet@Qmax + 5Qmax, 
which in turn provides a quick and easily applicable 
assessment of detrusor contractility. A BCI below 100 
suggests DU, a BCI between 100 and 150 is considered 
normal, and a BCI greater than 150 indicates  the pres-
ence of strong detrusor [9].

In 2023, the ICS and the Society of Urodynamics, 
Female Pelvic Medicine & Urogenital Reconstruction 
(SUFU) recommended adopting the BCI under the new 
term “Detrusor Contraction Index” (ICS-DCI), retain-
ing the same formula for use in clinical practice, scientific 
analyses and cohort reporting [10]. The working group 
replaced the terms “contractility” with “contraction” and 

“bladder” with “detrusor,” and advised using ICS-DCI as 
a continuous scale to grade detrusor voiding contraction 
(DVC). They suggested the clinical classes “normal DVC” 
and “weak DVC”, while also recognizing “strong DVC” 
and “very weak DVC” for specific sub-cohorts (male 
patients). Although the group proposed a nomogram (the 
ICS-PFS plot nomogram) with a recommended cutoff at 
DCI = 100 to differentiate normal from weak DVC, it also 
called for further studies on the provisional cutoffs of 
DCI = 50 (very weak) and DCI = 150 (strong) [10].

In addition to the lack of standardized diagnostic cri-
teria, invasive PFS are usually time-consuming, and may 
pose a risk of infectious complications in predisposed 
individuals, while at the same time are not widely acces-
sible due to relatively high costs and the need for highly 
trained urodynamics specialists. Thus, patients are often 
reluctant to undergo these invasive procedures because 
of the associated discomfort and above-mentioned 
potential risk of infection. Consequently, there has been 
a growing interest in developing new non-invasive diag-
nostic methods, including uroflowmetry (UFL) analysis 
[11, 12], bladder wall thickness (BWT) or detrusor mus-
cle thickness (DMT) measurement via ultrasound [13, 
14], use of artificial intelligence (AI) [15, 16] and poten-
tial biomarkers in blood serum [17] or urine [18].

Consequently, the aim of our study was to assess the 
diagnostic value and feasibility of emerging non-invasive 
tests for diagnosing DU in men with LUTS compared to 
the invasive gold-standard PFS.

Methods
Search strategy
Our study protocol was registered with PROSPERO 
(CRD42024556425).

A systematic literature review was performed in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) statement 
to identify all scientific studies investigating a non-inva-
sive diagnostic method for DU in men with non-neuro-
genic LUTS.

The Population, Intervention, Control, Outcome 
(PICO) framework was used to specify the review ques-
tion. The following inclusion criteria were considered for 
evaluation:

•	 Type of study and study population (P): We included 
only full-text original studies in English language, 
published after the year 2000, covering a non-invasive 
diagnostic method for DU. Non-invasive method 
meant no need for performing an invasive PFS. The 
study population consisted of adult men (≥ 18  years 
old) with non-neurogenic LUTS. We excluded studies 
that included females in the study group or patients 
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with neurogenic bladder or any diagnosed neurologic 
disease that could account for neurogenic LUTS.

•	 Index test (I): Index tests included any type of non-inva-
sive tests or predictors used for the diagnosis of DU.

•	 Reference standard (C): In all studies, the reference 
standard used for the diagnosis of DU must have 
included PFS (conventional, video, or ambulatory 
urodynamics).

•	 Outcome (O): The accuracy of the non-invasive meth-
ods was reported using sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value 
(NPV) and overall accuracy for the diagnosis of DU.

We searched Medline (PubMed), Scopus and Web 
of Science databases in June 2024 for all relevant pub-
lications to date using the following terms: (“underac-
tive bladder” OR “detrusor underactivity” OR “impaired 

detrusor contractility” OR “acontractile detrusor” OR 
“underactive detrusor” OR “detrusor failure” OR “detru-
sor areflexia”).

Data selection
Abstracts of all identified studies after exclusion of dupli-
cates (n = 1899, see Fig. 1 for details) were independently 
reviewed and screened for eligibility by two authors (KG, 
ŁZ). Further selected original studies reporting on non-
invasive diagnostic methods for DU were reviewed in full 
text (n = 51). Disagreements between individual judge-
ments, when present, were referred to the third reviewer 
(TP), and the final decision was made based on the 
majority vote of the three reviewers. Finally, we decided 
to include 18 studies in our review. Studies were only 
included in our systematic review, if they were original 
studies in English language with full-text available and 

Fig. 1  Flowchart for study selection process using Medline, Web of Science and Scopus databases to identify the original articles investigating 
a non-invasive diagnostic method for DU in men with non-neurogenic LUTS



Page 4 of 28Garbas et al. BMC Urology           (2025) 25:44 

they covered any type of non-invasive tests used for the 
diagnosis of DU or DU predictors in men with non-neu-
rogenic LUTS. Data from the eligible reports and their 
supplementary data files were extracted by two review-
ers independently (KG, HP). Any discrepancies were 
resolved through consensus among the authors.

Studies that utilized invasive methods, specifically 
those diagnosing DU through UDS, were excluded [19–
21]. Nevertheless, we opted to include two studies [13, 
14] that involved cystometry to standardize the level of 
bladder filling. In these studies, the DMT/BWT ratio and 
BWT were measured with the use of ultrasound. Our 
rationale for including these studies was that, despite the 
invasive nature of cystometry used for standardizing the 
measurement conditions, the method itself employed 
ultrasound, which could be used non-invasively in clini-
cal practice. Patients could achieve an appropriate blad-
der filling by drinking a precise amount of fluids before 
the test. Studies in which the exclusion criteria did not 
precisely mention neurogenic bladder or a diagnosed 
neurogenic disease were excluded [22–26]. We also 
excluded studies performed before the year 2000, as we 
found the data outdated in comparison to the most up-
to-date knowledge about DU.

Data display
All data extracted from the studies were systematically 
organized and presented using tables to ensure clar-
ity and facilitate comparison across studies. Descriptive 
statistics, including means, medians, percentages, and 
ranges were displayed where applicable. When present-
ing the accuracy of the examined methods, sensitivity, 
specificity and prevalence were used to calculate missing 
NPV and PPV values, where available.

Risk of bias assessment
We used the Quality Assessment of Diagnostic Accuracy 
Studies 2 (QUADAS-2) Critical Appraisal Tool to evalu-
ate the methodological quality and risk of bias in the 
retrieved studies [27]. Two authors (KG and HP) individ-
ually and independently assessed all the studies based on 
the QUADAS-2 criteria, and any potential disagreements 
were resolved via consensus between those two authors. 
In the index test domain, the risk of bias was deemed 
“low” when the physicians interpreting the test were 
blinded to the reference standard results, and when the 
measurement methods were consistent across all patients 
(e.g., all measurements were performed using abdomi-
nal ultrasound). For the reference standard domain, the 
risk of bias was deemed “low” if the PFS was conducted 
according to ICS Standards by a physician blinded to 
the index test results, if both DU and non-DU patients 
underwent the reference standard, and if the diagnosis 

of DU was based on BCI and BOOI values. The risk of 
bias in the flow and timing domain was considered “low” 
when patient flow was clearly documented, all patients 
included in the study were included in the analysis, and 
all received the same reference standard. Regarding 
applicability concerns, most studies were assessed as hav-
ing “low” concerns, with some exceptions. The reference 
standard domain was classified as “unclear” when diag-
nostic criteria other than BCI/BOOI were used to diag-
nose DU. The QUADAS-2 template for tabular display 
was employed to visualize the risk of bias and applicabil-
ity [28] and the Robvis tool was utilized to create a sum-
mary plot of the risk of bias of all included studies [29].

Results
Characteristics of included studies
This systematic review included 18 studies with a total of 
7390 patients, of whom 3194 were diagnosed with DU.

The review comprised 18 observational studies, includ-
ing cross-sectional studies (n = 17) and a case–control 
study (n = 1). The studies were conducted across multiple 
geographic regions, with a majority from Asia (n = 13), 
followed by Europe (n = 3), Turkey (n = 1) and India 
(n = 1). The publication dates ranged from 2016 to 2024 
(see Table 1 for details).

Sample sizes varied from 44 to 1792 participants, 
with a median sample size of 252. All studies exclusively 
involved male patients, with a mean or median age over 
50  years. The studies addressed diverse populations, 
including study groups with pure DU (n = 17) and com-
parator groups consisting of individuals without DU 
(n = 11), DU combined with BOO (n = 1), BOO alone 
(n = 4), or healthy controls (n = 1). One study included 
two separate analyses: one compared a DU group with a 
DU + BOO + and BOO group, while the other compared 
DU + BOO + to both DU and BOO groups [16]. Baseline 
characteristics of patients are presented in Table 2.

BCI data were available in 11 studies for both DU and 
comparator groups and in one study for the DU group 
only. BOOI data were available in 13 studies. Other UDS 
data were less commonly reported, with Pdet@Qmax 
available in 9 studies, Qmax in both DU and comparator 
groups in 8 studies, and in 1 study for the DU group only. 
Pdetmax data were reported in only 2 studies (see Table 3 
for details).

Three studies employed diagnostic criteria for DU that 
differed from the commonly used BCI and/or BOOI. 
One study defined DU by exclusion, identifying DU 
patients with PVR > 30 ml but without BOO or dysfunc-
tional voiding in PFS [31]. Another study defined DU as 
Pdet.max < 50 cmH2O on PFS [36]. A third study used 
a combination of criteria: BCI < 100, BOOI < 40, and 
bladder voiding efficiency (BVE) < 90% [13]. Medication 
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potentially affecting detrusor function was specified in 14 
studies. Studies included patients without LUTS therapy 
(n = 8), LUTS therapy was stopped 8 weeks prior to UDS 
(n = 1) or 3 days prior to UDS (n = 1) or patients were on 
constant medication (n = 4). One study included patients 
with LUTS refractory to medication, without detailing 
their current medication intake, and one study included 
healthy controls without LUTS or medication. Comor-
bidities were reported in only 6 studies, with the most 
prevalent being hypertension (HTN) and diabetes melli-
tus (DM) (see Table 2 for details).

The investigated non‑invasive diagnostic methods
Diagnostic methods, their descriptions, sensitivity, and 
specificity were demonstrated in Table 4.

Nomograms and scoring models
Five studies developed and applied nomograms or scor-
ing models for DU diagnosis, comparing patients with 
DU to non-DU individuals. One study introduced a visual 
nomogram combining age, prostate volume (PV), blad-
der wall thickness (BWT) measured via ultrasound, and 
maximum flow rate (Qmax) on UFL. This model dem-
onstrated a 70% predictive probability of DU for patients 
scoring 14 points, which increased to approximately 93% 
when the total score reached 16 points [14]. Another 
study used a three-parameter nomogram composed of 
International Prostate Symptom Score (IPSS) question 4 
(Q4), PV and age. A patient aged 74 or older, with a PV of 
34.8 ml or less and an IPSS Q4 score of 1 or lower, scored 
3 points in the nomogram, which corresponded to a 77% 
probability of DU [32]. Namitome et al. developed a five-
parameter scoring model that incorporated age, PV, IPSS 
Q4 and Q5, and Qmax on UFL. In this model, scores of 
1, 2, or 5 were assigned to each variable. For example, 
a 75-year-old male patient (2 points) with an IPSS Q4 
score of 2 (1 point), an IPSS Q5 score of 3 (1 point), a PV 
of 30  ml (2 points) and a Qmax on UFL of 5  ml/sec (2 
points) would have a total score of 8 points, correspond-
ing to 72% probability of DU [33]. One study employed a 
nomogram based on PV and PVR, achieving 77% sensi-
tivity and 73% specificity for DU diagnosis [36]. Another 
study developed a 10-factor model that incorporated 
symptoms, the Core Lower Urinary Tract Symptoms 
score (CLSS), PVR ratio (calculated as the percentage of 
PVR to bladder volume [voided volume + PVR]), and UFL 
curve shapes. The ten factors included nocturia, intermit-
tency, weak stream, straining points in CLSS, slow stream 
points in CLSS, incomplete emptying points in CLSS, 
PVR ratio, and fluctuating, fluctuating-intermittent and 
intermittent UFL curve shapes. This model demonstrated 
sensitivity of 75.8%, similar to the abovementioned mod-
els, but had a lower specificity of 62.4% [39].

UFL analysis
Four studies utilized various UFL parameters as a diag-
nostic method for DU. One study investigated the pres-
ence of "sawtooth" and "interrupted" waveforms on UFL, 
characterized by an interrupted flow curve with three 
or more discrete peaks, as well as repeated decrease in 
urine flow to zero followed by an increase, during mic-
turition. This method achieved a sensitivity of 80% and 
a specificity of 87.2%, for differentiating DU from BOO 
patients. Additionally, the study assessed bladder void-
ing efficiency (BVE), defined as the ratio between voided 
volume and total bladder capacity [9]. However, it per-
formed worse, with a sensitivity of 66% and specificity of 
57% [11]. Another study also evaluated the utility of BVE, 
showing that DU could be diagnosed with a 93% sensitiv-
ity and a 60% specificity in men over 80 years old, with 
UFL measurements indicating voiding efficiency higher 
than 46% [37]. Lee et al. tested a DeltaQ parameter, cal-
culated as Qmax – Qmean on UFL. The area under the 
curve (AUC) for DeltaQ (0.806) was significantly higher 
than that from Qmax (0.763) and Qmean (0.574). With 
a cutoff value of 6.65 mL/s, it had a sensitivity of 71.3% 
and specificity of 70.3% [12]. Qmax was also evaluated 
in another study, showing a sensitivity of over 80% and 
specificity of 63%. However, it performed worse than the 
combined PV and PVR for predicting DU [36].

Ultrasound parameters
Three studies focused on ultrasound parameters. Two 
investigated detrusor wall thickness (DWT), bladder wall 
thickness (BWT), or their derivatives, and one assessed 
intravesical prostatic protrusion (IPP). The FORCE 
Research Group evaluated DWT in combination with 
bladder capacity (BC) as a method for diagnosing DU. 
DWT measurements were taken at the anterior bladder 
wall, using a 7.5  MHz ultrasound array with the blad-
der filled to over 250 mL. A mean of three DWT meas-
urements was used for the analysis. BC was calculated 
as BC = [voided volume + PVR)] on UFL. A DWT of 
1.23 mm or less, combined with BC of over 445 mL dem-
onstrated a 100% specificity for DU diagnosis but had 
poor sensitivity of only 42% [31]. In contrast, Lee et  al. 
studied the ratio of detrusor muscle thickness (DMT) to 
BWT, calculated as (DMT/BWT × 100) %, which showed 
better sensitivity but lower specificity. A thickness ratio 
of less than 47.5%, measured at 20% of the maximal cys-
tometric capacity (MCC), provided a sensitivity of over 
86% and a specificity of approximately 64%. In this study, 
ultrasound measurements of the DMT and BWT were 
performed every 50  mL during filling in a cystometric 
study up to 500 mL or MCC. Both DMT and BWT were 
measured at the anterior wall of the bladder with the 
patient in the supine position. BWT was defined as the 
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width of the bladder wall, including the two thin hyper-
echoic layers of the mucosa, while DMT was specified as 
the width of the hypoechoic space, excluding the hyper-
echoic layers [13]. The third study investigated IPP, which 
was calculated as the vertical distance from the tip of the 
protrusion to the circumference of the bladder at the 
base of the prostate gland, using transabdominal ultra-
sonographic longitudinal imaging, with a bladder urine 
volume of approximately 150–200 mL. In this study, IPP 
had a significant correlation with BCI and was a useful 
predictor of DU, with a sensitivity of 77% and a specificity 
of 66% [11].

Biomarkers
Three studies investigated potential biochemical mark-
ers for DU diagnosis, focusing on those detectable in 
blood and urine samples. Ishikawa et al. examined total 
serum adiponectin levels, measured using a particle-
enhanced turbidimetric immunoassay, as a potential 
predictor of DU. This method demonstrated a sen-
sitivity of 79% and a specificity of 90% [17]. Krishnan 
assessed the NO/ATP ratio in urine samples with the 
use of ELISA kits, comparing DU patients to healthy 
controls. This marker reached both sensitivity and 
specificity levels exceeding 88% for DU diagnosis [18]. 
In contrast, the third study showed that several hema-
tological serum markers, including Prognosis Nutrition 
Index (PNI), Systemic Immune Inflammation Index 
(SII), Neutrophil to Lymphocyte Ratio (NLR), and 
Platelet to Lymphocyte Ratio (PLR), were not signifi-
cant predictors of DU [38].

Artificial intelligence and machine learning
Three studies incorporated AI and deep learning to 
diagnose DU. Matsukawa et  al. developed an AI-based 
model established using only UFL data, tenfold stratified 
cross-validation, and data augmentation, which dem-
onstrated a sensitivity of almost 80% and a specificity of 
over 88% for DU diagnosis and over 50% sensitivity and 
83% specificity for DU + BOO + diagnosis [16]. Another 
study investigated parameters developed with the help of 
AI based on UFL, including first peak flow rate and the 
ratio of the first peak flow rate to Qmax. The first peak 
flow was defined as the point in the voiding wave shape 
at which the urine flow rate decreases. Even if the gradi-
ent of the urine waveform decreased, it was not judged 
as the first peak flow unless the gradient was negative. 
Both parameters showed good diagnostic performance, 
with sensitivities of 72% and 76%, and specificities of 
86% and 83%, respectively [34]. The third study utilized a 
deep learning diagnostic platform based on UFL graphs 
analysis, achieving a sensitivity of over 65% and specific-
ity of 68% [15].

Symptom questionnaires
One study developed a new questionnaire, the DUA 
Symptom Questionnaire (DUA-SQ), consisting of eight 
targeted questions addressing urinary symptoms. These 
questions included erectile dysfunction, long duration 
of void, nocturia, abdomen distention, sensation of void, 
straining, bowel dysfunction, and weak stream. Each 
symptom was assessed based on its severity and was 
assigned a score of 0, 5, 10, or 15 points. The question-
naire demonstrated a sensitivity of 95.8% and a specificity 
of 95.4% for predicting DU in patients who scored more 
than 45 points [35].

Additional parameters
Other studies evaluated various parameters, including 
PV, age, and PSA level. Kiba et al. found that smaller PV, 
older age, and less urgency may be clinical features of DU. 
The study identified 39 mL as the optimal cutoff value for 
PV for the diagnosis of pure DU, with a sensitivity of 75% 
and a specificity of 67% [30]. Wu et al. examined a PSA 
cut-off value of 2.9  ng/mL; however, the sensitivity and 
specificity were low, reaching 30% and 49%, respectively. 
Age was also considered an ancillary factor in assessing 
the likelihood of DU [38].

Risk of bias assessment
When assessing the risk of bias using the QUADAS-2 
tool, the risk of bias in the patient selection domain was 
evaluated as “low” for prospectively recruited, retro-
spectively analyzed cross-sectional studies [11, 13, 14, 
17, 31], and “high” for retrospective cross-sectional and 
case–control studies. In one case–control study [18], 
applicability concerns were rated as”high” for patient 
selection and the reference standard, as the control 
group consisted of healthy individuals without LUTS 
who did not undergo PFS. Overall, due to the poor qual-
ity of the studies and data heterogeneity, the meta-anal-
ysis was not performed, and only a qualitative synthesis 
was conducted. For a detailed risk of bias assessment, 
see Figs. 2 and 3.

Discussion
In this systematic review, we conducted a comprehen-
sive analysis of non-invasive tests for diagnosing DU in 
men with non-neurogenic LUTS. Our review under-
scores the diversity of emerging non-invasive diagnostic 
methods, which include ultrasound parameters, bio-
markers, uroflowmetry results, symptom questionnaires, 
and clinical characteristics, as well as models developed 
with the help of AI and machine learning. Notably, the 
methods identified as having the highest sensitivity and 
specificity were the symptom questionnaire DUA-SQ 
and DWT measured with ultrasound in combination 
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with BC, respectively. Furthermore, our review high-
lights the potential role of machine learning and AI in 
developing predictive models for DU. Our study also 
reveals the problem of significant variability in the diag-
nostic criteria for DU. This underscores the need for 

developing standardized diagnostic criteria in order 
to improve both the consistency and reliability of DU 
diagnoses. To our knowledge, this is the first systematic 
review that comprehensively summarizes the up-to-date 
data on the non-invasive tests for DU diagnosis in men 

Fig. 2  Risk of bias and applicability concerns assessment of the studies included in the systematic review using QUADAS-2 tool

Fig. 3  A summary plot of the risk of bias for main domains of the studies created with the use of the Robvis tool [29]
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with non-neurogenic LUTS, indicating their accuracy, 
strengths, and limitations.

UDS, currently considered the gold-standard for diag-
nosing DU, poses several inconveniences for patients, 
including embarrassment, pain, and dysuria. UDS is 
also not devoid of complications, such as urinary reten-
tion, macroscopic hematuria, or urinary tract infection 
[40], which can be dangerous for immunocompromised 
patients. On the contrary, non-invasive diagnostic meth-
ods, especially UFL analysis [11, 12], symptom question-
naires [35] and diagnostic nomograms [32, 33, 36, 39], 
offer a more convenient, non-traumatic, and safer alter-
native. These methods rely on easily accessible param-
eters (e.g., UFL, IPSS, age, PV), facilitating quicker 
diagnoses, even in uncooperative patients and during 
initial outpatient visits. Additionally, symptoms ques-
tionnaires and diagnostic nomograms are intuitive, easy 
to follow and integrate into daily clinical practice, unlike 
UDS, which requires highly trained experts for accurate 
interpretation and diagnosis.

The integration of AI into diagnostic methods has 
only recently begun but holds significant promise for the 
future. Matsukawa et al. were pioneers in developing an 
AI system capable of diagnosing lower urinary tract dys-
function (LUTD) by calculating BCI and BOOI directly 
from UFL waveforms. Preliminary findings indicated that 
the AI system diagnosed DU or BOO with high sensitiv-
ity and specificity, utilizing only limited data. When the 
diagnostic accuracy of the AI system was compared to 
that of three urologists, the AI system outperformed the 
clinicians, achieving a sensitivity of 80% and a specificity 
of 100% for DU diagnosis, whereas the urologists had a 
sensitivity of 46.7% and a specificity of 80% [16]. AI also 
contributes to the development of new diagnostic param-
eters derived from established tools like UFL. In another 
study, Matsukawa et al. proposed using the first peak flow 
rate and the ratio of the first peak flow rate to Qmax in 
UFL as diagnostic markers for DU. Both parameters were 
developed with AI assistance and can be easily imple-
mented into clinical practice [34]. Additionally, deep 
learning diagnostic platforms, such as one developed by 
Bang et al., can interpret UFL results and assist clinicians 
in decision-making by quickly analyzing and comparing 
vast data sets [15].

The ongoing search for serum or urine biomarkers for 
DU is also promising, as they could provide more objec-
tive diagnostic tools with straightforward interpreta-
tion. Ishikawa et  al. studied adiponectin, a beneficial 
adipokine with reported anti-inflammatory and anti-
atherogenic properties [41, 42], as a potential DU pre-
dictor. Adiponectin was easy to measure and had good 
reproducibility, with a cutoff value of 8 μg/mL, providing 
high sensitivity and specificity for DU diagnosis. These 

findings suggest that adiponectin could serve as a use-
ful screening marker for bladder dysfunction and may 
potentially predict treatment efficacy for LUTS, including 
surgical interventions. Nevertheless, the precise relation-
ship between urodynamic parameters and adiponectin 
remains unclear and warrants further investigation [17]. 
Another potential biomarker is the NO/ATP ratio in 
urine samples. Since ATP and nitric oxide (NO) released 
from the urothelium have been shown to affect the affer-
ent stimuli arising from the bladder [43], Krishnan et al. 
investigated the NO/ATP ratio in patients with DU, com-
paring it to healthy, age- and sex-matched volunteers 
without LUTS. Although the study found no correlation 
between urinary ATP and NO levels, and urodynamic 
parameters, the NO/ATP ratio showed excellent dis-
crimination between DU patients and controls, with an 
area under the curve (AUC) of 0.91. This indicates that 
urinary NO and ATP levels warrant further exploration 
as potential DU biomarkers. If implemented, this method 
would be entirely non-invasive, requiring only urine sam-
ples from patients [18].

Despite the strengths of the studies included in this 
review, several limitations and concerns about the meth-
ods, their quality, and reliability remain. Most studies 
were retrospective, single-center, and conducted in Asia, 
which introduces selection bias. Moreover, none of the 
studies published after 2023 applied the newly introduced 
ICS-SUFU standards on PFS analysis [10], likely because 
their research began before the updated guidelines 
took effect. Future studies that avoid relying on a strict 
DCI < 100 threshold are needed to more precisely assess 
the detrusor function. Given the limited utility of a single 
cutoff at 100 for defining a weak detrusor, using DCI as 
a continuous variable or introducing an additional “very 
weak” threshold (DCI < 50) may provide greater clini-
cal relevance and utility in daily practice. Additionally, 
none of the diagnostic methods have undergone external 
validation, further limiting their applicability. Although 
Krishnan et al. conducted a case–control study, the con-
trol group consisted of healthy, age- and sex-matched 
volunteers without any LUTS (indicated by a zero IPSS 
score), who did not undergo UDS. This may have led to 
overly optimistic findings [18]. Several studies did not 
account for patient medications [15, 32, 34, 35], included 
patients on drugs affecting detrusor function [13, 30, 33, 
39] or only ceased medication three days prior to UDS 
[37]. Overlooking the impact of medications on bladder 
function might have affected the studies’ results. Addi-
tionally, some researchers excluded patients who could 
not void over 150 mL during UFL [15, 37, 39] or whose 
total voided and residual urine volumes in UFL were 
under 100 mL [34]. These exclusions limit applicability, as 
patients with the most severe LUTS were omitted from 
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the study cohort. It is important to note that some diag-
nostic tools were restricted to specific patient subgroups. 
For example, Yoldas developed a diagnostic tool solely for 
men over 80 years old [37], while de Nunzio et al. created 
a method applicable to males with LUTS, a small prostate 
(median 30 g) not receiving medical treatment for LUTS 
[14]. This suggests that a universal tool applicable to all 
patients may not exist. Instead, various non-invasive 
diagnostic methods tailored for specific subgroups might 
be necessary.

Moreover, even though some methods seem quick and 
easy to follow, such as the newly developed DUA-SQ, 
proposed by Kim et  al. [35], they are highly subjective. 
Its results depend on a patient’s understanding of symp-
toms, current well-being, and patient-clinician dialogue, 
which can lead to significant variability.

Some methods rely on ultrasound to measure BWT 
[14, 31] or DMT/BWT ratio [13]. To standardize meas-
urement conditions, BWT was assessed in a bladder 
prefilled with a calculated volume of fluid via catheteriza-
tion. This approach is suboptimal, as each catheterization 
increases the risk of urinary tract infection, especially in 
patients with neutropenia or renal diseases [44]. Moreo-
ver, ultrasound diagnoses are operator-dependent, and 
require consistent training to ensure reproducibility of 
results.

Other methods are based on UFL analysis, which has 
already demonstrated diagnostic utility in various uro-
logical conditions. Despite the quick and easy implemen-
tation of UFL, recent data suggest that several factors, 
including diurnal, postural, locational, and operator vari-
ability, may introduce variability in test results, affecting 
its overall diagnostic value [45]. Matsukawa et  al. faced 
challenges in precisely evaluating UFL flow patterns, par-
ticularly "sawtooth" and "interrupted" waveforms, noting 
that interpretations could vary between clinicians [11]. 
A study by Lee et al. identified DeltaQ as the most spe-
cific and sensitive UFL parameter, however, it exclusively 
included patients with DU or BOO, excluding men with 
mixed urodynamic issues. Limited data on other condi-
tions that may also affect DeltaQ highlights the need for 
further prospective trials [12].

Regarding DU biomarkers, Ishikawa et  al. introduced 
adiponectin as a possible DU predictor. However, this 
study did not evaluate other major pathological factors 
associated with lifestyle-related diseases and metabolic 
syndrome, such as leptin, TNF-α, or interleukin-6. Fur-
thermore, the study did not include patients with life-
style-related diseases or varying BMI—the median BMI 
of 23.0 appeared low compared to Western populations. 
Lastly, it remains unclear whether serum adiponectin 
levels increase following LUTS treatment or whether 
elevated adiponectin levels improve bladder function 

[17]. Wu et al. aimed to analyze the potential of systemic 
inflammatory markers in predicting DU in BPH patients 
with LUTS and low PV [38]. The study posited that 
inflammatory markers in the bloodstream might corre-
late with chronic bladder ischemia, contributing to DU. 
However, their role as potential markers was not con-
firmed. It is essential to recognize that identifying new 
biomarkers and incorporating them into clinical prac-
tice can be costly and time-consuming. Additionally, the 
pathogenesis of DU is multifactorial, involving a complex 
interplay of aging, neurogenic, myogenic, and iatrogenic 
factors [46], making it unlikely to find a single universal 
biomarker for DU.

Recent advancements in AI have also impacted DU 
diagnostic methods. The initial study by Matsukawa 
et  al. in 2021, which developed an AI-based model, 
encountered several limitations. The AI system did not 
learn normal patient waveforms, and the evaluation of 
reproducibility within the same patient was insufficient. 
Diagnosing coexisting pathological conditions, such as 
concurrent DU and BOO, also proved challenging [16]. 
In 2023, Matsukawa et al. utilized AI to develop new spe-
cific parameters derived from available UFL data to aid in 
DU diagnosis. However, this study also had limitations, 
including an analysis restricted to only 266 cases due to 
the requirement for precise 0.1-s interval measurements 
of urinary flow waveforms. Additionally, when the voided 
volume is too low, the UFL waveform often appears 
monophasic, regardless of LUTS pathophysiology, which 
may render parameters related to the first peak flow inef-
fective for differentiating DU [34]. Bang et  al., on the 
other hand, used deep learning in order to create a diag-
nostic platform based on UFL graphs analysis. However, 
the prediction rate was only slightly over 70%, and the 
capacity to set the basis for model predictions confined 
due to the absence of external data [15].

Future research on diagnostic methods should not only 
focus on identifying non-invasive markers for diagnosing 
DU but also on evaluating the degree of detrusor weak-
ness by considering the DCI as a continuous variable. A 
key question is whether these methods can determine a 
patient’s candidacy for surgical intervention and accu-
rately predict likely benefit. In the recent UPSTREAM 
trial, patients with LUTS who had BCI greater than 123.0 
showed more favorable outcomes following surgery [47], 
underscoring the need to develop non-invasive tools that 
can reliably identify those most likely to benefit from sur-
gical treatment.

Several non-invasive methods included in this analysis, 
particularly those that are straightforward to use in clini-
cal practice and have high sensitivity – such as the DUA-
SQ questionnaire [35] or the "sawtooth and interrupted" 
waveform on UFL [11] – could serve to preselect patients 
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for invasive UDS, after external validation of these meth-
ods. This approach would improve the diagnostic process 
and reduce costs. Moreover, combining multiple existing 
techniques into a single diagnostic algorithm and evalu-
ating its overall accuracy could further enhance clinical 
decision-making for DU.

Conclusions
Non-invasive diagnostic methods, including ultrasound 
parameters, biomarkers, UFL analysis, symptom ques-
tionnaires, clinical characteristics, and AI integration, 
show promise in diagnosing DU and offer safer, more 
convenient alternatives to invasive UDS. However, many 
methods face limitations such as a lack of accuracy and 
external validation, as well as variability in test condi-
tions, which affect their reliability and applicability. Our 
work provides a valuable resource for clinicians seek-
ing to optimize diagnostic strategies for DU by consoli-
dating evidence on the efficacy and limitations of these 
non-invasive tests. Furthermore, our analysis highlights 
important areas that require further investigation to 
refine existing methods, examine their applicability, and 
create diagnostic tools customized for specific patient 
subgroups.
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