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Abstract

Background/Objectives: Green light laser photosensitive vaporisation of the prostate
(GLL-PVP) is a common procedure for bladder outlet obstruction, with a low incidence of
post-operative bleeding. At Northern Health, postoperative management involved limited
bladder washout with two bags of 2 L saline, spigotting, and undergoing a trial of void
(TOV) the next morning. A new model of care was commenced in which patients were
discharged after the two bags of washout, and the TOV occurred at home through the
Hospital in the Home service. The aim of this study was to audit patient outcomes, patient
satisfaction, and health service benefits of this novel program. Methods: Patients assigned
to the program between March 2023 and June 2024 were analysed. Catheter removal
occurred the morning after surgery, and the decision on the success of the TOV was made
following an afternoon review. Results: A total of 93.3% (28/30) patients passed their
TOV at home. There were no readmissions in the first 48 h postoperation, with only three
emergency department (ED) presentations in this time. On a five-point rating scale, 25/25
questionnaire respondents were happy with their care, 20/25 rated the service as very good,
and 5/25 rated the service as good. An extra AUD 3377.56 in revenue was generated per
patient from the freed inpatient beds, which correlated to a net revenue of AUD 83,016.83
generated over the study period. Conclusions: At-home TOV after GLL-PVP is safe and
feasible. There is high patient satisfaction and significant benefits to the healthcare system.
This framework can additionally be adopted after other urological surgeries.

Keywords: trial without catheter; trial of void; prostate surgery; green light laser; Hospital
in the Home

1. Introduction
Green light laser photosensitive vaporisation of the prostate (GLL-PVP) is an alterna-

tive to transurethral resection of the prostate (TURP) for the surgical treatment of bladder
outlet obstruction in men. GLL-PVP has been the second most common bladder outlet
surgery procedure performed after TURP in Australia over the past few years [1]. Com-
pared to TURP, GLL -PVP is associated with decreased postoperative bleeding, decreased
time with a catheter, and a low incidence of a failed first trial of void (TOV) post opera-
tion (between approximately 3.7% and 9%) [2–6]. These factors allow for a postoperative
day 1 TOV rather than on day 2, as is standard for TURP.

At Northern Health, the standard protocol for postoperative patients undergoing
GLL-PVP to receive two bags of two-litre bladder washout at the full rate, which is
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then ceased Patients then proceed to a trial of void (TOV) day 1 after the operation after
a morning review. It has been shown that patients undergoing GLL-PVP can perform the
TOV on the same day as surgery, with some success [7,8]. However, same-day discharge
with TOV has been trialled in patients treated with Holmium enucleation of the prostate
(HoLEP). The findings indicated a steep learning curve for staff as well as significant time
resource requirements and was impacted by extraneous factors, such as changes in surgical
scheduling [9,10].

To mitigate these issues, our centre has implemented an at-home TOV pilot program.
Even though patients were discharged on the day of surgery, they remained admitted
under the care of Northern Health’s Hospital in the Home (HITH) service. The TOV was
commenced on postoperative day (POD) 1 in the comfort of their own home. The benefit
to the hospital was the freeing up of a bed, which would otherwise have been occupied
during the time taken for the TOV. This improved patient flow and allowed for additional
revenue generation from the freed acute inpatient bed, occupied by a new patient. The aim
of this study was to audit the outcomes of the patients enrolled in this pilot program, as
well as the health economics of running such a program.

2. Materials and Methods
2.1. Study Design

This was a retrospective audit of all patients enrolled in the pilot at-home TOV program
after GLL-PVP between March 2023 and June 2024.

After GLL-PVP, all patients received bladder irrigation, consisting of two bags of
2 L saline, running at full rate. There was no further washout after this time. Following
this, patients were transferred to the HITH service and discharged home on the day of
surgery. Patients or carers were given an instruction sheet by the HITH nursing staff, which
included the contact numbers of the HITH service and Northern Health’s virtual emergency
department (ED). Catheter education was also provided prior to the patient going home.

The next morning, a HITH nurse visited the patient, assessed the status of the urine
colour, and, if appropriate, commenced the TOV. The nurse instructed the patient or carer
on how to measure their urine output; a bottle was given as an aid to assist with measuring
this. Fluid input was also recorded. Approximately three hours after catheter removal, the
HITH service contacted the patient to assess their progress, and any issues were escalated.
Otherwise, a HITH nurse, trained in male urinary catheter insertion, returned in the
afternoon to assess the patient. They reviewed the urine volume passed and performed
a bladder scan, ideally soon after voiding.

In general, if the bladder scan was less than 250 mL and there were no other concerns,
the TOV was considered successful. If the bladder scan found to be between 250 and
450 mL, the nurse encouraged the patient to double void, and then repeated the ultrasound.
If the bladder scanned greater than 450 mL or there were clinical concerns regardless of the
values, the HITH nurse escalated the case and contacted the urology team for advice. If
advised, an indwelling urinary catheter (IDC) was reinserted. If the nurse was unable to
re-insert the catheter after one attempt, the urology team was notified, and the patient was
brought to hospital to a ward-located procedural room. Thus, the emergency department
was bypassed (unless there was a co-existing medical concern). The patient had the catheter
re-inserted by the on-duty urology resident. After catheter re-insertion, the patient was
either discharged back home or, if indicated, admitted directly to the ward.

On day two after surgery, the HITH team performed a telehealth assessment, and,
if clinically well, the patient was discharged from the HITH. If the patient consented,
a standardised HITH questionnaire was conducted (Appendix A). Figure 1 visually details
the study design as detailed above.
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Figure 1. Visual schematic of the at-home trial of void (TOV) process. Please note images created
using Gemini Imagen 3 (Google, Mountainview, CA, USA). D0: day 0, D1: day 1, HITH: Hospital in
the Home.

2.2. Inclusion/Exclusion Criteria

All patients who underwent GLL-PVP that were either independent functionally or
had a carer able to manage the urinary catheter and assist with measuring urine volumes
were able to be included. Notably, the indication for surgery and anaesthetic type used
during surgery were not factors that affected eligibility. Patients on anticoagulation at
time of surgery, patients who refused the at-home TOV service, patients with a clinical
concern upon time of transfer to home, and patients not able to be admitted to the HITH
were excluded.

2.3. Outcomes

The primary outcome measures were the rate of success of the trial of void, as well
as incidence of re-admission, urinary retention, and emergency department presentations
within 48 h post operation. The incidences of re-admission, urinary retention, and emer-
gency department presentations within 30 days after the operation were secondary outcome
measures. Patient satisfaction, assessed through the HITH questionnaire, and additional
revenue generation compared to costs involved were also assessed. Costs involved within
48 h post operation were calculated by Northern Health’s audit team.

2.4. Statistical Analysis

For continuous variables, the Shapiro–Wilk test was used to test for normality. For
normally distributed continuous variables, the mean and standard deviation were cal-
culated, with Student’s t-test used for comparison across outcomes. For non-normally
distributed, continuous variables, the median and 25th–75th quartiles were calculated,
with the Mann–Whitney U test used for comparison across outcomes. For all categorical
variables, Fisher’s exact test was used for comparison across outcomes. Univariate logistic
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regression analysis of all continuous and binary categorical variables was conducted to
identify potential predictors of failed TOV.

3. Results
Within the study period, 30 out of 45 GLL-PVP patients underwent the at-home TOV

process. The patient demographics of the whole cohort can be observed in Table 1.

Table 1. Patient demographics and operative metrics.

Demographics

Age in years 72.3 (9.4)

Prostate size in cc 76.0 [35.0, 205.0]

Preop PVR in mL 248.0 [10.0, 2050.0]

Urinary catheter dependence 12 (40.0%)

5-alpha reductase/alpha blocker usage 21 (70.0%)

Positive preoperative urine culture 9 (30.0%)

Anticoagulation use 6 (20.0%)

Antiplatelet use 6 (20.0%)

Indication for surgery
• High-pressure chronic retention
• Chronic urinary retention
• Lower urinary tract symptoms (including urinary

catheter dependence)
• Bladder calculi
• Haematuria

5 (16.7%)
3 (10.0%)
16 (53.3%)

2 (6.7%)
4 (13.3%)

Operative metrics

Kilojoules of energy from laser 317.6 (156.9)

Laser time in minutes 33.6 (18.4)

Anaesthesia used
• General anaesthesia
• Spinal

29 (96.7%)
1 (3.3%)

N.B. Age, laser time, and kilojoules are reported as mean (+/− standard deviation). Prostate size and preoperative
post-void residual (PVR) are reported as median [range]. Indwelling urinary catheter (IDC) dependence, 5-
alpha reductase/alpha blocker usage, indication for surgery, anaesthesia used, urinary tract infection (UTI),
anticoagulation, and antiplatelet are reported as number (percentage of total).

A total of 93.3% (28/30) of patients passed their TOV at home. The same two patients
who failed their TOV at home were the only patients who showed urinary retention within
48 h post operation; these patients are now catheter-free. There were no re-admissions
within 48 h of the operation. A total of 3 out of the 30 patients presented to the ED within
48 h post operation. One of the ED presentations was for a blocked IDC, which was resolved
with a flush, and the patient subsequently proceeded to a successful TOV with the HITH.
Another was for haematuria that did not require admission. The third ED presentation was
for one of the patients that failed the TOV for their catheterisation; they did not go attend
the treatment room for catheterisation due to a logistical error.

There were four patients who required re-admission during the 30-day period post
operation. Three of these were for urinary tract infections (UTIs) requiring intravenous
antibiotics, and one was for clot retention, which required a washout and evacuation in
theatre. The clot retention in this patient occurred in the context of recommencing recent
anticoagulation therapy. This patient was the same individual that had failed his TOV
at home and had presented to the ED for catheterisation in error. There were six more
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ED presentations within the 30-day postoperative period; two of these were for dysuria,
two were for haematuria, and the final two were for UTIs. Notably, one of the haematuria
ED presentations was for a patient who subsequently required re-admission for their UTI,
as mentioned above. The two further incidences of retention were in a patient who was
re-admitted for a UTI and in a patient who presented to the ED with a UTI.

Table 2 shows that there were no statistically significant differences between those
who experienced urinary retention, those who presented to the ED, and those who required
re-admission compared to those who did not. This was true for both the 48 h and 30-day
time periods post operation. There were no significant differences in the results when
a univariate logistic regression was conducted to investigate the factors associated with the
failed TOV; thus, no multivariate analysis was performed.

A total of 83% (25/30) patients consented and participated in the HITH questionnaire
at the end of their admission. The results of the questionnaire are detailed in Table 3.
Most patients had no concerns with the service, and all reported as being happy with
their care. Patient satisfaction was extremely high; 20 patients rated the service as very
good, and 5 patients rated the service as good on the five-point scale. The most common
experiences and positive remarks expressed were related to positive interactions with the
HITH nursing staff.

An extra AUD 3377.56 in revenue was generated (0.56 of a national-weighted activity
unit) per patient in the program by admitting another patient in the freed inpatient bed.
This amounted to AUD 101,326.80 gross revenue generated. The revenue generation was
in the context of a once-off purchase of a bladder scanner for AUD 15,249. The cost of the
three ED presentations that occurred within 48 h of the GLL-PVPs was estimated to be
AUD 3060.97. Since there was no impact on Northern Health’s HITH services’ workload
or capacity, there was no additional costs to the HITH; if the volume of work increased,
then additional HITH-equivalent full time would be an additional expense. Therefore, a
net revenue of AUD 83,016.83 was generated over the study period.
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Table 2. Analysis of demographic and operative factors for those who went into retention, presented to emergency department (ED), or were re-admitted.

48-Hour Retention 48-Hour ED 30-Day Retention 30-Day ED 30-Day Re-Admission

Yes No p-Value Yes No p-Value Yes No p-Value Yes No p-Value Yes No p-Value

Demographics

Age in years 68.5
(12.0)

72.57
(9.4) 0.56 80.0 (7.9) 71.4 (9.26) 0.14 71.00

(10.23)
72.50
(9.45) 0.77 72.00

(10.27)
72.43
(9.24) 0.91 73.25

(12.34)
72.15
(9.15) 0.83

Prostate size in cc
93.0
[81.0,
105.0]

76.00
[53.3,
96.3]

0.59 82.0
[63.0, 99.5]

73.00
[56.50,
99.50]

0.94
69.50
[61.75,
81.75]

80.50
[55.75,
102.75]

0.71
65.00
[44.00,
82.00]

84.00
[60.00,
106.00]

0.33
69.50
[55.00,
88.50]

77.50
[55.75,
102.75]

0.67

Preop PVR in mL
518.0
[377.0,
659.0]

246.0
[86.8,
683.5]

0.42
678.00
[344.00,
739.00]

236.00
[94.50,
625.00]

0.89
615.00
[381.50,
1100.00]

221.00
[82.25,
646.00]

0.11
430.00
[80.00,
800.00]

236.00
[109.00,
550.00]

0.75
565.00
[349.75,
725.00]

234.00
[82.25,
646.00]

0.34

Urinary catheter dependence 1 (50.0%) 11
(39.29%) 1.0 2 (66.67%) 10 (37.04%) 0.55 2

(50.00%)
10
(38.46%) 1.00 4

(44.44%)
8
(38.10%) 1.00 5 (17.86%) 10

(38.46%) 1.00

5-alpha reductase/alpha
blocker usage 1 (50.0%) 20

(71.43%) 0.52 2 (66.67%) 19 (70.37%) 0.84 3
(75.00%)

18
(69.23%) 1.00 6

(66.67%)
15
(71.43%) 1.00 3 (75.00%) 18

(69.23%) 1.00

Positive pre-operative urine culture 1 (50.0%) 8
(28.57%) 0.52 2 (66.67%) 7 (25.93%) 0.21 2

(50.00%)
7
(26.92%) 0.56 4

(44.44%)
5
(23.81%) 0.39 1 (25.00%) 8

(30.77%) 1.00

Anticoagulation use 1 (50.0%) 5
(17.86%) 0.37 1 (33.33%) 5 (18.52%) 0.50 1

(25.00%)
5
(19.23%) 1.00 2

(22.22%)
4
(19.05%) 1.00 2 (50.00%) 4

(15.38%) 0.17

Antiplatelet use 1 (50.0%) 5
(17.86%) 0.37 1 (33.33%) 5 (18.52%) 0.50 1

(25.00%)
5
(19.23%) 1.00 2

(22.22%)
4
(19.05%) 1.00 0 (0.00%) 6

(23.08%) 0.56

Operative metrics

Kilojoules 441.4
(101.9)

308.7
(157.6) 0.26 297.98

(191.10)
319.75
(156.79) 0.82 318.20

(153.97)
317.48
(160.29) 0.99 277.14

(146.58)
334.90
(161.33) 0.37 354.64

(212.13)
311.87
(151.28) 0.62

Laser time 47.0
(12.7)

32.61
(18.6) 0.29 44.00

(25.24)
32.41
(17.78) 0.31 33.00

(17.76)
33.65
(18.88) 0.95 32.56

(19.20)
34.00
(18.57) 0.85 38.50

(25.75)
32.81
(17.62) 0.57

Age, laser time, and kilojoules are reported as mean (+/− standard deviation). Prostate size and preoperative post-void residual (PVR) are reported as median [25th percentile, 75th
percentile]. Indwelling urinary catheter (IDC) dependence, 5-alpha reductase/alpha blocker usage, urinary tract infection (UTI), anticoagulation, and antiplatelet are reported as number
(percentage of total). There was no 48 h re-admission, and therefore no comparative analysis was made.
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Table 3. Results of patient questionnaire (n = 25 respondents).

1. How would you rate your overall experience
with the at-home TOV service?

—p value 0.003 (very good vs. good)
• Very good
• Good
• Adequate
• Poor
• Very poor

20 (80%)
5 (20%)
0 (0%)
0 (0%)
0 (0%)

2. Did you have any difficulties/problems with the
HITH (having the TOV at home)?

—p value < 0.0001
• No
• Yes

22 (88%)
3 (12%)

Details for those who said yes:
• Miscommunication between inpatient and HITH nurses regarding plan at time

of discharge
• Having to present to ED for flush of catheter was particularly unpleasant due to

long wait prior to being seen
• Timing of HITH nurse home visits not as flexible as he would have liked

3. Were you happy with your care?

—p value < 0.0001
• No
• Yes

Themes of responses for what was performed well
(n = 15 gave details):
• Professionalism of nursing staff
• Communication
• Attention to detail

0 (0%)
25 (100%)

10 (67%)
3 (20%)
2 (13%)

4. What would have made a difference? Responses (n = 4):

• “Improving on miscommunication” (following up from response above)
• “Not needing to wait in emergency” (following up from response above)
• “I would have liked a better explanation of the TOV at home process”
• “If I’m honest, would have rather gone to the infusion centre to have my TOV as

the nurses there were a bit more experienced”

All numbers are expressed as number and percentage of either total or percentage of number of responses for
that question. TOV: trial of void; HITH: Hospital in the Home; ED: emergency department.

4. Discussion
In this proof-of-concept study, it was found that TOV at home after GLL-PVP was

highly successful with the framework that was used. Whilst this study was limited due
to low number of patients overall, there were still various conclusions and areas of im-
provement that could be extrapolated from the patterns and trends observed in this study.
Additionally, the review of the patient experience and economics involved provided vital
insight and further justified the use of a program such as ours. The program could be
identically translated to incorporate patients with HoLEP, which is also associated with
lower postoperative bleeding than TURP [11,12]. Furthermore, TOV at home could be used
for all patients after urological surgery, including TURP (on POD 2).
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The zero re-admission rate at 48 h postoperation and the extremely high rate of success
of TOV in this study’s patient group attest to the robustness of our study design. There
could be unknown factors that pertain to a higher rate of success of TOV at home compared
to in the hospital, which could be further investigated in a prospective study. Additionally,
with better patient and staff communication, we believe that the all ED presentations
during the 48 h after the operation could have been prevented; two patients could have
been reviewed in the treatment room instead of the ED, and the other could have been
cleared by review of our hospital’s virtual ED.

It is not suspected that 30-day retention rates, re-admission rates, and emergency
department presentations would differ between patients having a TOV at home and in
hospital. Having a control, which this study lacked, would prove this definitively. However,
the postoperative UTI rate observed in the patients in the study cohort (16.7%) is within
the rates seen in the literature for TURP (1–26%) and photosensitive vaporisation of the
prostate (PVP) (18–20%) [13–16]. The occurrence of haematuria requiring admission of one
of the patients (3.3%) was also not high given the sample size in the study cohort [14,17].
In terms of the 30-day ED presentations, better patient education on discharge and a
follow-up call, as well as encouragement to use Northern Health’s virtual ED, could have
prevented a significant amount of these. Specifically, a flowchart could have been provided
on what to do if specific symptoms such as dysuria or haematuria were experienced.
Confounding factors included the particular low health literacy and high prevalence of
non-English-speaking patients in the Northern Health service district [18–20].

The low sample size was a major factor in the inability to derive any statistically
significant differences in Table 2 and the insignificant results from the univariate analysis.
With a larger sample size, it may have been possible to elucidate particular demographic or
operative factors associated with the outcome measures used in this study to improve the
inclusion/exclusion criteria of the novel model. For example, prostate volume, laser time,
and 5-alpha-reductase inhibitors have been shown to be associated with urinary retention
after GLL-PVP [3]. Finally, the low sample size of patients studied and the low incidence of
patients with urinary retention may have skewed the rate of TOV success favorably.

Despite the positive statistically significant results of the questionnaire, there were
some key learning points derived. The education and teaching of the inpatient staff with
the new model of care was not completely conducted, which caused confusion in one case
(Table 3). Also, as highlighted earlier, the patient education of the process throughout all
steps could have been improved to address the case where the patient was unsure of the
process (Table 3). The patient who had to wait in the emergency department for a flush
of their catheter could have easily had their issue managed in the ward treatment room
(Table 3). One patient would have preferred to have had his TOV at Northern Health’s
infusion centre (where non-complex elective TOVs occur) (Table 3). It has been previously
shown that this has similar costs to TOV at home; however, it affects patient throughput
and requires a different allocation of funding [21]. In this study, even though our HITH
nurses were trained in male IDC insertion, the patients who failed TOV did not have
catheterisation attempted at home due to patient and nursing preference. Thus, this novel
model of care could also be improved by training the HITH nurses beyond basic male
IDC training.

A considerable strength of this study is the assessment of the costs involved and improved
patient flow. It has been shown that improved patient flow leads to decreased exposure to
iatrogenic risks but also improves quality of care and patient satisfaction [22,23]. The ability to
increase patient flow whilst also increasing net revenue generated is extremely noteworthy.
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5. Conclusions
This proof-of-concept study showed that a TOV at home after GLL-PVP is safe and

feasible. Not only did the program have high patient satisfaction, but there were improved
patient flow and additional revenue generated. A similar program may easily be adopted
with success in other healthcare systems; other centres in Australia have already begun
to adopt a similar model of care. The framework in this study can similarly be used for
patients following HoLEP, TURP (on POD Day 2), as well as other procedures.
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Abbreviations
The following abbreviations are used in this manuscript:

GLL-PVP Green Light Laser Photosensitive Vaporisation of the Prostate
TOV Trial of Void
HITH Hospital in the Home
TURP Transurethral resection of the Prostate
HoLEP Holmium Enuculation of the Prostate
POD Postoperative Day
ED Emergency Department
UTI Urinary Tract Infection
IDC Indwelling Urinary Catheter
PVP Photosensitive Vaporisation of the Prostate

Appendix A
‘Community programs client experience survey’
1. Overall, how would you rate the care provided by our health service?
Very poor Poor Adequate Good Very good
2. Did you have any difficulties/problems with HITH (having the TOV@home)?
Yes No
If yes, detail the problems:
3. Happy with your care?
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Yes No
Tell us what we did well:
4. What would have made a difference?
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