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ORIGINAL RESEARCH                                           

Cost-effectiveness of a novel urethral catheter safety device in preventing 
catheterization injuries in the UK

Stefanie M. Croghana, Robert Malcolmb, Hugh D. Floodc, Stuart Mealingb, Brooke Aveyb, Gavin Leonardc,  
James Wrightd, Niall F. Davisa and Michael T. Walshe 

aDepartment of Surgery, Royal College of Surgeons in Ireland (RCSI), Dublin, Ireland; bYork Health Economics Consortium, Heslington, UK; 
cClass Medical Ltd, Limerick, Ireland; dMedTech Connect Ltd, Derby, UK; eBernal Institute and Health Research Institute, University of 
Limerick, Limerick, Ireland 

ABSTRACT 
Aims: Intraurethral catheter balloon inflation is a substantial contributor to significant catheter-related 
urethral injury. A novel safety valve has been designed to prevent these balloon-inflation injuries. The 
purpose of this evaluation was to assess the cost-effectiveness of urethral catheterisation with the 
safety valve added to a Foley catheter versus the current standard of care (Foley catheter alone).
Materials and methods: The analysis was conducted from the UK public payer perspective on a hypothet
ical cohort of adults requiring transurethral catheterization. A decision tree was used to capture outcomes in 
the first 30 days following transurethral catheterization, followed by a Markov model to estimate outcomes 
over a person’s remaining lifetime. Clinical outcomes included catheter balloon injuries [CBIs], associated 
short-term complications, urethral stricture disease, life years and QALYs. Health-economic outcomes included 
total costs, incremental cost-effectiveness ratio, net monetary benefit (NMB) and net health benefit.
Results: Over a person’s lifetime, the safety valve was predicted to reduce CBIs by 0.04 per person 
and CBI-related short-term complications by 0.03 per person, and nearly halve total costs. The safety 
valve was dominant, resulting in 0.02 QALYs gained and relative cost savings of £93.19 per person. 
Probabilistic sensitivity analysis indicated that the safety valve would be cost-saving in 97% of simula
tions run versus standard of care.
Conclusions: The addition of a novel safety valve aiming to prevent CBIs during transurethral cath
eterization to current standard of care was estimated to bring both clinical benefits and cost savings.
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Introduction

Urethral catheterization is a common medical procedure. 
Recent studies conducted in the United Kingdom reported 
catheter prevalence of 7.0–10.8% in the community setting 
and 18.6% in the general hospital setting, rising to as much 
as 76.6% in critical care patients1,2.

Given the blind nature of urethral catheterization, associ
ated iatrogenic injuries may, unfortunately, occur. In a 2016 
prospective study conducted over 6 months in two Irish ter
tiary care hospitals, 37 urethral catheterization injuries 
occurred, representing an overall incidence of 6.7/1,000 
catheterizations (1.3% of male catheterizations)3. None of 
these patients were known or subsequently found to have 
to have a stricture in the acute phase. In 26/37 cases bal
loon inflation was confirmed and in the remainder it was 
uncertain if it had occurred. The incidence of catheterization 
injuries was very similar in a subsequent expanded study 
spanning three UK and four Irish hospital Trusts/Groups, 
comprising a total of 3,836 beds, which identified 66 cases 

of catheterization injury over a mean follow-up of 
3.4 months, resulting in an injury incidence of 6.16/1,000 
catheterizations (1.23% of male catheterizations)4. This equa
ted to an average of 3 injuries occurring per every 500 hos
pital beds each month4.

Catheterization injuries have marked implications in terms 
of both patient wellbeing and health economics. An estimated 
acute care cost of e9,000 per injury has been calculated in a 
previous study; this figure does not include follow-up, man
agement of long-term complications, or medico-legal costing3. 
Of the 37 patients who suffered a catheterization injury in the 
former study, 12 patients developed sepsis and 3 patients 
developed acute kidney injury3. As a result of these acute 
complications, three patients required admission to an inten
sive care unit and one patient died3. In a 3-year follow-up 
study of the same patients, 29 (78%) had developed a urethral 
stricture including 10 who required a permanent suprapubic 
or urethral catheter5. These longer-term consequences impact 
both secondary care and community resources, such as the 
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regular replacement of long-term catheters and management 
of a urethral stricture. This highlights the fact that the 
long-term consequences frequently arise following acute cath
eterization injuries, with a potentially profound impact on an 
individual. Urethral stricture disease (USD) has a well-recog
nised deleterious impact on health-related quality of life6–8. 
Furthermore, major cost implications in addition to the afore
mentioned acute care expenditure become apparent as the 
provision of ongoing care for all-cause recurring USD imparts 
a financial burden on healthcare services9.

Intraurethral catheter balloon inflation is one cause of sig
nificant catheter-related urethral injuries10. A series of por
cine and human ex vivo experiments were conducted, 
resulting in the establishment of a threshold pressure for 
urethral injury of 150 kPa11. This pressure level suggests the 
inflating balloon is incorrectly positioned within the urethra. 
Based on this knowledge, a suitable safety valve, the trans
urethral catheter safety valve (CE-approved TUC Safety Valve, 
Class Medical, Limerick, Ireland) was designed12 to vent at 
this predetermined pressure level. Venting of the safety valve 
causes the inflation fluid to leak externally, preventing fur
ther inflation of the balloon and thus protecting the urethra, 
as well as alerting the user of the need to cease the inflation 
attempt and to reposition the catheter (Supplementary 
Figure 1).

In two studies conducted to date, no cases of catheter 
balloon injuries (CBI) were observed with the use of the 
safety valve,13,14. In a pre-post study conducted over 
6 months in two Irish hospitals (and including 2 community 
care groups), 13 CBIs were recorded over 3 months prior to 
safety valve use14. During the 3-monthly period following 
safety valve introduction, 12 episodes of the safety valve 
venting were recorded over 699 catheterizations, with each 
episode of the valve venting indicating a CBI prevented14.

In light of the favourable clinical evidence, the purpose of 
this evaluation was to assess the cost-effectiveness, from a 
UK public payer perspective, of urethral catheterization with 
the safety valve added to a standard Foley catheter when 
compared with the current standard of care, the use of a 
standard Foley catheter alone.

Methods

No ethics approval was required, as the study only involved 
the modelling of a hypothetical patient cohort based on 
published data.

The reporting in this manuscript follows the CHEERS 
checklist for health economic evaluation reporting15.

Description of the economic model

The model assessed the addition of a novel safety valve to 
standard of care (SoC), i.e. transurethral catheterization with 
a Foley catheter and the safety valve versus a Foley catheter 
alone in UK adults requiring transurethral catheterization. 
The perspective was that of the UK public payer (the 
National Health Service [NHS]) and outcomes were assessed 
over a lifetime horizon. Clinical outcomes of interest included 

the total number of adverse events (catheter balloon injuries 
[CBI], its short-term complications, and development of 
urethral stricture disease [USD]), total life years (LYs), and 
quality-adjusted life-years (QALYs). Health-economic out
comes included total costs, incremental cost-effectiveness 
ratio (ICER, representing the cost per QALY gained), net mon
etary benefit (NMB, representing the value of an intervention 
in monetary terms at a defined willingness-to-pay threshold, 
with positive incremental NMB indicating that the interven
tion is cost-effective relative to the comparator) and net 
health benefit (NHB, representing the impact of the interven
tion on population health, with positive NHB indicating an 
improvement in overall population health with the interven
tion). Both costs and QALYs were discounted at 3.5% per 
annum and a cost-effectiveness threshold of £20,000– 
£30,000 per QALY gained was adopted, in line with the rec
ommendations from the National Institute of Health and 
Care Excellence (NICE)16. The model was developed using 
Microsoft Excel.

The model adopted a hybrid structure using a decision 
tree to capture short-term outcomes in the first 30 days fol
lowing transurethral catheterization (Figure 1(A)), followed by 
a Markov model to estimate long-term outcomes over the 
remaining lifetime of the person (Figure 1(B)). The choice of 
model structure was informed by a pragmatic literature 
review. The model structure was validated with clinical 
experts (consultant urologists) in order to capture all the key 
relevant outcomes.

The decision tree separated short-term catheter users, 
who may only require the catheter for a few days while an 
unrelated procedure is being conducted in the hospital, and 
people who require long-term catheterization. Both groups 
were considered at risk of CBI, following which they could 
develop short-term complications. People who suffered 
short-term complications were at risk of mortality. All surviv
ing individuals who had developed a CBI, regardless of 
short-term complication status, could suffer longer-term from 
USD. The cohort mix at the final stages of the decision tree 
components determined the initial allocation of people 
across the Markov health states.

In the Markov model component, the “Alive” health state 
captured individuals who had had a one-time catheterization 
and did not suffer USD; therefore, they can be considered 
“equivalent” to the general population. The “Recurring USD 
treatment” health state captured one-time catheter users 
who had had a CBI and developed USD, incurring associated 
health decrements and costs. During each model cycle, indi
viduals in this health state could have successful treatment 
and move to the “Asymptomatic USD” health state or have 
unsuccessful treatment and remain in the “Recurring USD 
treatment” state. The “Asymptomatic USD” state was associ
ated with the costs of follow-up by a urologist every 6- 
months, but no health decrement. When in the 
“Asymptomatic USD” health state, people whose symptoms 
recurred could move back to the “Recurring USD treatment” 
state or require a more advanced treatment option (a long- 
term indwelling transurethral or suprapubic catheter) cap
tured by the “End of line USD treatment” health state. This 
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latter state captured the health decrement and costs associ
ated with long-term catheter use, including the risk of CBI 
and the associated management and short-term complica
tions. People who required repeat catheterization that had 
not developed USD entered the Markov component of the 
model in the “No stricture” health state. This health state 

captured the costs of catheter changes and the risk of CBI 
and subsequent complications with each change. People 
in the “No stricture” health state who developed USD moved 
to the “End of line USD treatment” health state. Transitions 
to the absorbing “Dead” state, representing mortality, were 
possible from all model states. The Markov cycle length was 

Figure 1. Structure of the model. A: Short-term decision tree component, B: long-term Markov model. Abbreviations. CBI: Catheter balloon injury; USD: urethral 
stricture disease
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1 month with half-cycle correction applied. The half-cycle cor
rection allows the model to better account for the fact that 
events driving state changes could occur at any point during 
the monthly cycle.

This structure of the model was associated with two 
important assumptions. Firstly, it assumed long-term use of 
an indwelling catheter continued over the person’s lifetime 
and therefore did not account for people who discontinue 
its use. Nonetheless, it is believed those who have been on 

an indwelling catheter for the longer-term already are very 
unlikely to transition away from this, resulting in life-time 
catheter use. Secondly, no one-time catheter users who 
developed USD were assumed to immediately receive 
an end of line treatment (i.e. a long-term indwelling cath
eter). Instead, it was assumed those people would first 
receive treatment aiming to alleviate their symptoms (e.g. 
urethrotomy), represented by the “Recurring USD treatment” 
state.

Table 1. Key clinical and HRQoL inputs.
Parameter Base case input Source

Clinical

2 Mean age of catheter at baseline 59 years Smith et al.20

3 Proportion of individuals using catheters who are 
male

52.5% Shackley et al.2

4 Proportion of repeat catheter users (applied across 
all care settings due to limited data)

2.06% Calculated based on Shackley et al.2 and Gage 
et al.21

5 Proportion experiencing a CBI per catheterization 
(SoC arm)

0.67% Davis et al.3

6 Proportion experiencing a CBI per catheterization 
(safety valve arm)

0.00% O’Connor et al.14

7 Proportion with short-term complications (defined as 
any Clavien-Dindo score) out of those with a CBI

81.08% Davis et al.3

8 Proportion who develop USD out of those with a CBI 78% Davis et al.3

9 Markov transition probability (monthly): “No 
stricture” to “End of line USD treatment” 
(SoC arm)

0.52% Calculated based on the proportion experiencing a 
CBI (5) and the proportion who then develop 
stricture (8)

10 Markov transition probability (monthly): “No 
stricture” to “End of line USD treatment” (safety 
valve arm)

0.00% Calculated from based on the proportion 
experiencing a CBI (6) and the proportion who 
then develop stricture (8)

11 Markov transition probability (monthly): “Recurring 
USD treatment” to “Asymptomatic USD”

55.0% Calculated based on Bayne et al. and informed by 
Davis et al.5,22 with additional information 
provided by the authors of Davis et al.

12 Markov transition probability (monthly): 
“Asymptomatic USD” to “End of line USD 
treatment”

0.52% Calculated based on Pickard et al. and Davis et al.5,23

with additional information provided by the 
authors of Davis et al..

13 Markov transition probability (monthly): 
“Asymptomatic USD” to “Recurring USD 
treatment”

1.42% Calculated based on Pickard et al. and Davis et al.5,23

with additional information provided by the 
authors of Davis et al..

14 Mortality (initial 30 days post-catheterization) among 
people with short-term complications

2.7% Davis et al.5

15 Long-term mortality SMR of 1.27 applied to age- and 
gender-specific UK mortality 

estimates

SMR: John et al.24

Age- and gender-specific general UK population 
mortality estimates: ONS25

HRQoL
Utility decrements associated with acute CBI management (applied for a single cycle only)

16 Guidewire and catheter 0.00 Assumption
17 Percutaneous insertion of suprapubic catheter 0.00 Assumption – the same as16

18 Cystoscopy performed under local anaesthetic 0.025 Assumption – half of19

19 Cystoscopy performed under general anaesthetic 0.05 NHS Assessment Report 201326

20 Open cystostomy 0.05
21 Urethrogram 0.00 Assumption

Utility decrements associated with short-term complication (applied for a single cycle only)
22 Urosepsis 0.115 Derived from Bermingham et al.27

23 Acute kidney injury 0.323 Constanti et al.28 and NICE AKI Guideline29

24 Repeat cystoscopy 0.0375 Assumption – simple average of18 and19

25 Bladder irrigation 0 Assumption
26 Blood transfusion 0.0219 Assumption based on Sullivan et al.30

27 Orchitis 0.15 Clinical opinion
Long-term health state-specific utility decrements

28 Alive (one-time catheterization) 0 Assumption
29 No stricture (repeat catheterization) 0.54 Assumption – assumed to be the same as for having 

an indwelling catheter, derived from Liu et al. 
using methods described by Ara et al.31,32

30 Asymptomatic USD 0 Assumption
31 Recurring USD treatment. 0.049 Derived from Bermingham et al.27

32 End of line USD treatment 0.54 Assumption – assumed to be the same as for having 
an indwelling catheter, derived from Liu et al. 
using methods described by Ara et al.31,32

Abbreviations. AKI, acute kidney injury; CBI, catheter balloon injury; NHS, National Health Service; NICE, National Institute for Health and Care Excellence; ONS, 
Office for National Statistics; SMR, standardised mortality ratio; SoC, standard of care; USD, urethral stricture disease.
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Key model inputs

The key source of clinical inputs related to the novel safety 
valve was a real-world pre-post study describing the inci
dence of CBI in two Irish hospitals over 3-month periods 
before and after the safety valve introduction14. A prospect
ive real-world study by Davis et al. conducted in two teach
ing hospitals in Ireland was a major source of clinical data 
for the SoC arm3,5. The initial report from a 6-month study 
period3 provided information on CBI incidence and short- 
term complications, and the long-term follow-up study 
(mean 37 months, range 31–42 months) of people who expe
rienced CBI5 largely informed transition probabilities in the 
Markov model component. More detail on the derivation of 
Markov transition probabilities is provided in Supplementary 
Table 1.

The data from the two aforementioned studies was sup
plemented with a variety of literature sources to inform 
long-term clinical outcomes and disutilities associated with 
CBI management, short-term CBI complications, and 
long-term Markov health states. Utilities are measures of 
health-related quality of life (HRQoL) defined on a scale of 0 
(representing death) to 1 (representing perfect health). Age- 
and gender-specific UK general population utilities17, repre
senting the HRQoL of the UK general population served as 
the basis for calculating the utilities of the modelled cohort. 
Disutilities are values subtracted from the health state-associ
ated utility to reflect the worsening of HRQoL associated 
with a particular event, e.g. disease worsening, treatment, 
procedure, or an adverse event. Disutilities associated with 
CBI management and short-term complications were applied 
only in the model cycle in which the causative events 
occurred, while disutilities associated with a particular 
Markov health state were applied at each monthly cycle dur
ing which the person remained in that state.

Resource use associated with acute CBI management, 
management of short-term complications, recurring USD 
treatment, and long-term indwelling catheter use (end of 
line treatment) was primarily sourced from Davis et al.3,5. 
Details on the proportion of people requiring each type of 
healthcare resource are provided in Supplementary Table 2. 
Costs were derived from standard UK sources such as NHS 
reference costs and the Personal Social Services Research 
Unit (PSSRU)18,19. The cost of the safety valve was £15. Key 
clinical and HRQoL inputs are summarised in Table 1 and 
unit costs are summarised in Table 2.

Sensitivity analyses

Deterministic and probabilistic sensitivity analyses were per
formed to assess uncertainty around the model estimates. 
One-way deterministic sensitivity analyses (DSA) estimated 
the effect of varying input parameter values, one at a time, 
on model results. Parameters were varied by ±20% from the 
base case input value unless otherwise specified. 
Probabilistic sensitivity analyses were performed to estimate 
multivariate and stochastic uncertainty in the model. All 
inputs were simultaneously sampled from plausible 

distributions for 2,000 iterations, and the incremental costs 
and QALYs generated from each iteration were examined 
collectively by computing the mean and 95% credible inter
vals (CrIs). In addition, the spread of the results from the iter
ations was visually presented on a cost-effectiveness plane.

Results

Base case results

In the base case analysis, the addition of the safety valve 
during catheterization was estimated to result in both QALY 
gains (0.02 QALYs per person) and cost savings (£93.19 per 
person) over a lifetime horizon when compared with the SoC 
of catheterization with a Foley catheter alone. The safety 
valve was therefore the dominant technology. A summary of 
the base case results is presented in Table 3. At a willing
ness-to-pay threshold of £20,000 per QALY (the lower range 
used in the UK), the NMB associated with introducing the 
safety valve was £536.57 per person, and at the willingness 
to pay threshold of £30,000 per QALY (upper range used in 
the UK) the NMB was £758.27. The NHB associated with 
introducing the safety valve was estimated at 0.03 QALYs per 
person at both willingness-to-pay thresholds.

The base case results indicated important clinical benefits 
associated with introducing the safety valve. The estimated 
reduction in the number of CBIs relative to the use of a 
Foley catheter alone was 0.04 per catheterized person over a 
lifetime horizon, including in those who require repeat, life- 
time catheterization. Important reductions were also pre
dicted in the number of CBI-related short-term complications, 
which fell by 0.03 per person. Both of these events were 
reduced by 100% by introducing the safety valve.

Overall, the introduction of the safety valve was predicted 
to nearly halve the total costs from £186.75 to £93.56 (a 
49.8% reduction) over a persons lifetime. The detailed break
down of costs predicted by the model is presented in 
Supplementary Table 3.

Sensitivity and scenario analyses

Deterministic sensitivity analyses revealed that the cost- 
effectiveness estimates derived from the model were most 
sensitive to the starting age of the cohort, the proportion of 
people experiencing a CBI per catheterization when using 
the Foley catheter alone (SoC arm of the model), the propor
tion of people who develop USD after a CBI, the efficacy of 
the safety valve, and the disutility associated with having an 
indwelling catheter (Supplementary Figure 2, top panel). The 
case was similar when only costs were considered, with add
itional hospital stay associated with a CBI becoming a more 
important factor, and disutilities no longer having an impact 
(Supplementary Figure 2, bottom panel) However, no individ
ual parameter variation changed the direction of the results. 
For example, even using a lower bound for the frequency of 
CBIs, the safety valve remained cost-effective.

In probabilistic sensitivity analyses at a £20,000 per QALY 
gained willingness-to-pay threshold, the safety valve was 
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cost-effective in all simulations and was cost-saving in 97.0% 
of the simulations (Supplementary Figure 3), increasing the 
confidence in the model predictions. The 95% CrIs around 
the base case incremental cost (mean −£105.44; 95% CrI: 
−£301.74 to £2.16) and the incremental QALY gain (mean 
0.02; 95% CrI: 0.01–0.05) were tight.

Finally, two series of scenario analyses were run: (1) trun
cating the model’s time horizon and assessing the costs gen
erated by the model and (2) varying the efficacy of the 
safety valve and assessing the cost-effectiveness (expressed 
as NMB). Detailed results for 1-, 5-, and 10-year time horizons 
are presented in Table 3 and the per-person costs accrued 

Table 2. Unit costs applied in the model.
Parameter Base case input Source

Acute CBI management
1 Guidewire and catheter £208.08 NICE Advice MIB11633. Inflated from 2017 to current cost prices using the 

PSSRU inflation indices19

2 Percutaneous insertion suprapubic 
catheterization

£406.72 NHS reference costs 2019/2020. LB18Z: Minor Bladder Procedures, 19 years 
and over, (contains suprapubic catheterisation)18

3 Cystoscopy performed under local 
anaesthetic

£474.97 Cox et al.34. Cost of flexible cystoscopy inflated to current cost prices using 
the PSSRU inflation indices19

4 Cystoscopy performed under general 
anaesthetic

£1,244.02 Cox et al.34. Cost of rigid cystoscopy inflated to current cost prices using 
the PSSRU inflation indices19

5 Open cystostomy £2,627.38 NHS reference costs 2019/2020 – LB13C-LB13F. Major endoscopic bladder 
procedures, (contains open cystoscopy)18

6 Urethrogram £28.62 NHS reference costs 19/20. Imaging: Direct access. Plain film18

7 ICU stay £1,262.77 NHS reference costs 2019/2020. XC06Z and XC07Z: Adult critical care, 
weighted average of surgical adult patients with 0 and 1 organ 
supported18

Hospital stay outside of complications
8 Hospital bed day £371.30 Guest et al.35. General ward cost per excess bed day, inflated from 2016/ 

2017 to current cost prices using the PSSRU inflation indices19

Short-term complications unit costs
9 Urosepsis £5,637.48 NHS reference costs 2019/202018. LA04H and LA04J: Kidney or Urinary 

Tract Infections, with Interventions, with CC Score >8. A weighted 
average was calculated

10 Acute kidney injury £1,961.20 NHS reference costs 2019/202018. LA07H-LA07P: Acute Kidney injury with 
varying CC scores. A weighted average was calculated based on the 
number of episodes for each code

11 Repeat cystoscopy £859.50 Cox et al.34. Average of the costs of cystoscopy procedures performed 
under local and general anaesthetic, each inflated to current cost prices 
using the PSSRU inflation indices19

12 Bladder irrigation £355.85 NHS reference costs 2019/202018. LB18Z: Urethral irrigation of bladder is 
contained within this code

13 Blood transfusion £586.85 NHS reference costs 2019/202018. SA44A: Single Plasma Exchange or Other 
Intravenous Blood Transfusion, 19 years and over

14 Orchitis £973.91 NHS reference costs 2019/202018. LB35C-LB35H: Scrotum, Testis or Vas 
Deferens Disorders (contains orchitis). A weighted average was 
calculated based on the number of episodes for each code

Recurring USD treatment unit costs
15 Self-dilation £5.50 NHS Drug Tariff, Nov 202136 Average of the prices of a catheter for men 

and women. The cost also includes delivery fees of the catheter
16 OPD flow rates, PVR £75.50 NHS reference costs 2019/202018. DIM007: Ultrasound (non-obstetric) 

outpatient procedures
17 Repeat dilation (clinician-performed) £937.00 NICE Advice MIB241 202137

18 Repeat urethrotomy £937.00 NICE Advice MIB241 202137

19 Urethroplasty £4,496.56 NICE Advice MIB241 202137. Inflated from 2017 to current cost prices using 
the PSSRU inflation indices19

Catheter unit costs
20 Urethral catheter (SoC) £5.00 NICE Advice MIB210 202038. This cost incorporates the full kit for the 

catheter
21 Safety valve £15.00 Cost provided by the manufacturer
22 Suprapubic catheter £6.64 NHS Greater Glasgow Formulary, October 201939. Inflated from 2018/2019 

to current cost prices using the PSSRU inflation indices19

Health care professional unit costs
23 Nurse time to change catheter £7.33 PSSRU19. Cost per hour of work band five nurse in the community, 

assuming 10 min of nurse time
24 GP time to change catheter £33.19 PSSRU19. Cost per average GP appointment (including direct staff care 

costs).
25 Urologist time to change catheter £30.00 PSSRU19. Cost per working hour, £120 (associate specialist), assuming 

15 min of urologist time
Asymptomatic health state cost

26 Asymptomatic health state cost 
(monthly)

£18.41 NHS reference costs 2019/202018. Urology outpatient attendance (Service 
code 101), assuming a check-up every six months and converted into a 
monthly cost

Abbreviations. CBI, catheter balloon injury; CC, complication and comorbidity; GP, general practitioner; ICU, intensive care units; NHS, National Health Service; 
NICE, National Institute for Health and Care Excellence; OPD, outpatient department; PSSRU, Personal Social Services Research Unit; PVR, post-void residual; SoC, 
standard of care; USD, urethral stricture disease.
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over all studied time horizons are presented in Figure 2 (top 
panel) for both the safety valve and the SoC arm. As a large 
proportion of the costs, particularly in long-term catheter 
users, are expected to be generated over the person’s life
time, these scenario analyses specifically assessed the 
shorter-term impact of introducing the safety valve. Across 
all horizons assessed, the introduction of the safety valve 
was consistently associated with substantially lower costs 
than SoC, suggesting that the cost savings resulting from 
introducing the safety valve begin early after its introduction 
and continue as long-term complications are spared. In the 
other series of scenario analyses, the efficacy of the safety 
valve was varied from 5% to the base case value of 100% 
and the NMB was assessed at the £20,000 per QALY willing
ness-to-pay threshold (Figure 2, bottom panel). The NMB was 
positive, indicating the safety valve was cost-effective relative 
to SoC, at all efficacy levels higher than 10%, suggesting that 
any uncertainty around the real-world efficacy of the safety 
valve is very unlikely to change the direction of model 
results in such a way that the use of a Foley catheter alone 
would be the more cost-effective technology.

Discussion

Deterministic and probabilistic analyses were conducted over 
a lifetime horizon from the UK NHS perspective to assess the 
cost-effectiveness of the safety valve combined with a stand
ard Foley catheter versus the standard catheter alone for 
urethral catheterization. The addition of the safety valve was 
estimated to be the dominant strategy, i.e. associated with 
both improved clinical outcomes and cost savings. 
Furthermore, since the valve was estimated to prevent vari
ous short- and long-term complications such as urosepsis, 
kidney injury, flexible/rigid cystoscopy, and others, its intro
duction can be expected to have a positive health benefit to 
society, with a gain of 0.02 QALYs per catheterized person 

over their lifetimes. We acknowledge that CBI is an under- 
researched area and that further studies are desirable to 
investigate the incidence and long term sequelae of CBI on a 
global scale. Importantly, however, no individual parameter 
variation changed the direction of the results. Hence, even at 
higher starting ages or lower CBI incidence, the safety valve 
remained cost-effective.

To the authors’ knowledge, no cost-effectiveness assess
ments of a similar safety device have been published. 
Therefore, this analysis presented is important to highlight 
the impact that preventing CBI can have on the UK health 
care system. Acute management and short-term complica
tions, which occur in many cases due to preventable errors 
by the clinician performing the catheterization can be par
ticularly costly for the NHS. If people who are not necessarily 
long-term catheter users already end up having an injury in 
the community, the development of urethral stricture and 
longer-term consequences could have a large impact on 
community resource use through the need for repeating 
catheterisation or treatment and recovery for alleviating the 
stricture symptoms. Furthermore, given the greater introduc
tion of step-down care from hospital, it is difficult to identify 
how much extra resource use would be required in the com
munity for short-term complications of a catheter-related 
injury.

The analysis conducted suggests that the acute manage
ment and short-term complications prevented by the safety 
valve more than outweighs the cost of implementing the 
valve, without including other prevented costs such as USD. 
Importantly, as the safety valve is compatible with all types 
of commercially available indwelling catheters, it can be 
expected to improve the clinical outcomes and cost-effect
iveness of urethral catheterization regardless of the preferred 
strategy or catheter type used by a given practitioner or 
centre. Given the number of catheters a clinician is likely to 
place, particularly in community settings, the expected 

Table 3. Results of the base case and scenario analyses, per patient.
Safety valve plus  

Foley catheter
SoC Incremental

Time horizon¼ Lifetime (base case)
Cost per person £93.56 £186.75 -£93.19
QALYs per person 11.91 11.89 0.02
Life years per person 24.11 24.09 0.02
Number of injuries requiring acute management per person 0 0.04 0.04
Number of injuries with short term complications per person 0 0.03 0.03
ICER Dominant

Time horizon ¼ 1 year
Cost per person £24.44 £44.75 −£20.31
QALYs per person 0.73 0.73 0.00
Life years per person 0.90 0.90 0.00
ICER Dominant

Time horizon ¼ 5 years
Cost per person £41.86 £80.97 −£39.11
QALYs per person 3.50 3.49 0.00
Life years per person 4.44 4.44 0.00
ICER Dominant

Time horizon ¼ 10 years
Cost per person £59.53 £117.44 -£57.92
QALYs per person 6.31 6.31 0.01
Life years per person 8.07 8.07 0.00
ICER Dominant

Abbreviations. ICER, Incremental cost effectiveness ratio; QALYs, quality-adjusted life-years; SoC, standard of care.
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training cost per person catheterised in terms of clinician 
time is likely to be minimal and would be captured in the 
bounds of sensitivity analysis on the cost of using the valve 
(given that no charge is provided for this training). Whilst 
the catheterization procedure takes a few seconds longer if 
the safety valve is used, the additional time required to use 
the safety valve is negligible for any cost impact.

While the present analysis aimed to assess the cost-effect
iveness of the safety valve relative to standard care, the 
budget impact of introducing the valve is also of interest in 
the setting of limited resources within the NHS. Although a 
full budget impact assessment is out of scope of this ana
lysis, it can be approximated based on the published number 
of catheter users within NHS England and the cost saving 
associated with the introduction of the safety valve in the 
current model. In the NHS, the annual number of people 
using urinary catheters has previously been estimated to be 
997,814 per year20. Some of these will be long-term users, 
however, the majority of cases are expected to be one-time 
catheter users. Assuming, for simplification, that all catheter 

users are one-time users, over a one-year time horizon, the 
model estimated that introducing the safety valve will bring 
savings of £17.27 per person. Across the published number 
of catheter users in the NHS, this would result in a saving of 
£17,232,248 per year. Although likely an underestimate due 
to the exclusion of long-term catheter users, clinical oppor
tunity costs and medico-legal claims, this simplified analysis 
highlights the large potential impact the safety valve may 
have on NHS finances.

Catheter injuries have been reported to occur more fre
quently when catheterization was performed by junior doc
tors at early stages of training, particularly when they were 
unsupervised10. Since the current analysis did not factor in 
the experience and training level of the personnel perform
ing catheterization or the setting (hospital, community, or 
hospice), it is possible that in particular settings where junior 
personnel training takes place (i.e. there is a higher abun
dance of junior doctors), such as training hospitals, the 
health and cost benefits of safety valve introduction would 
be even more pronounced, given the complete prevention 

Figure 2. Results from scenario analyses evaluating time horizon truncation (panel A) and safety valve efficacy (panel B). Abbreviations. SoC: standard of care
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of CBI observed in clinical studies conducted to date13,14 and 
the results of the present analysis. The results of the sensitiv
ity analysis highlight how one of the key drivers of the 
model is the frequency at which catheter injuries occur, 
where a higher base line incidence of these injuries will 
result in the safety valve being more cost-effective.

A considerable strength of the current evaluation was the 
robustness of the results when sensitivity and scenario analy
ses were performed. None of the individual model parame
ters were able to change the direction of model results (i.e. 
result in catheterization with a Foley catheter alone being 
more cost effective than with the safety valve added to the 
Foley catheter). In probabilistic sensitivity analyses, catheter
ization using the safety valve was cost-effective in all itera
tions and cost-saving in 97.0% of the iterations.

Scenario analyses truncating the time horizon over which 
the costs and benefits were calculated resulted in lower 
incremental costs saved; however, the relative proportional 
cost savings remained the same between treatment arms, 
with the safety valve saving around half the costs when 
compared to using a Foley catheter alone. When the effect
iveness of the safety valve was varied in another set of scen
ario analyses, the results indicated that effectiveness below 
10% would be required to change the direction of model 
results. Given the 100% effectiveness of the safety valve 
observed to date13,14, the results of this scenario analysis 
indicate that as more evidence on real-world use of the 
safety valve emerges, the valve is very likely to remain cost- 
effective. Although it may be an overestimate that the safety 
valve is 100% effective, this scenario analysis highlights how 
the efficacy of the safety valve would have to be substan
tially different to the current evidence in order to change 
the direction of results.

In terms of study limitations, the analysis was limited to 
transurethral catheterization only, although there is no rea
son the safety valve could not be used for suprapubic cath
eterization, in which instance it would prevent urethral 
balloon inflation in the instance of inadvertent antegrade 
urethral passage of the catheter. Therefore, the full popula
tion that could potentially benefit from the introduction of 
the safety valve was not captured.

Another limitation, pertaining to the model structure 
itself, was that the model did not account for people who 
no longer required a long-term indwelling catheter; this was 
due to the paucity of available data to inform such an option 
in the model. The assumption that a long-term indwelling 
catheter was used for the person’s lifetime was validated 
through engaging with clinical experts.

Whilst there are a small number of cases where this 
assumption does not hold, such as for those catheterized for 
urinary retention who go on to have prostate surgery, it was 
expected that the majority of the assessed population would 
be catheterized for life. Inputs were collated from various 
sources to assess the cost-effectiveness of the safety valve 
based upon available data. It would be beneficial to conduct 
future data collection to validate and improve upon the 
robustness of the results. However, a randomized controlled 
trial would not be appropriate for this type of intervention. 

Firstly, for this type of intervention there is an inability to 
randomise, given both the clinician and individual are aware 
of what treatments are being used, and sham catheterization 
is not possible. Secondly, events are rare, meaning that a 
very large sample size would be required for a trial. Thirdly, 
resource use when there is an event may not reflect real- 
world resource use or patient management in a clinical trial.

The model starting age was based upon the mean age of 
catheterization from a very large study of catheterization 
across the UK. Given the previous study on the TUC valve 
reflected all people catheterised over a 6-month period in an 
Irish hospital, the average age used in the model should 
reflect the overall population, not those most likely to incur 
the event. Although it is noted this is more likely to occur in 
older people, if an older mean age was used, then a higher 
incidence of catheter injuries should also be used.

It is worth noting that, whilst the majority of the saving 
and benefit is likely to be in secondary care, a proportion of 
these costs will be incurred in the community setting in 
many cases, due to catheter users being more commonplace 
in the community. However, the model is not able to distin
guish the exact costs for either due to step-down care of 
events, while there may be variation of where procedures 
are conducted (between the community or secondary care) 
by region or ICB.

Regarding model inputs, no published utility values for 
many of the complications or health impacts associated with 
CBI could be identified, necessitating the use of clinical 
expert opinion or applying utilities for similar complications 
as proxies. While this produces some uncertainty about the 
health impact of the safety valve, such concerns can be 
largely alleviated by the PSA results that strongly indicated 
the safety valve remained cost-effective when all model 
inputs were repeatedly varied by random sampling from 
appropriate distributions.

Finally, the total QALY gains and cost savings associated 
with the introduction of the safety valve may appear to be 
small. This is because the majority of people who undergo 
transurethral catheterization would not be inflicted with any 
urethral trauma, and the valve would have a large positive 
impact for only the small subset of people who suffer a CBI. 
Given the burden of these injuries and their consequences 
to the person, as well as the costs associated with treating 
acute and long-term CBI complications3,5,9, prevention of CBI 
with an effective and cost-effective device is likely to be 
beneficial to people requiring catheterization, the health sys
tem, and society as a whole, despite the small number of 
affected people.

Conclusion

CBIs are recurring, preventable iatrogenic injuries that may 
have profound health consequences to the person under
going catheterization and incur unnecessary costs to health 
systems. The results of this analysis strongly indicate that the 
addition of a novel safety valve aiming to prevent CBIs dur
ing transurethral catheterization is both clinically beneficial 
and cost-saving compared with the use of a standard Foley 
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catheter alone, suggesting the device has the potential to 
improve the outcomes of individuals, improve overall popu
lation health, and bring savings to the already stretched 
healthcare budgets.
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