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ABSTRACT

Introduction: Traditionally, patients with septic stones KEY MESSAGES

(SS) remain hospitalized until clinically stable and
culture-directed oral antibiotic therapy can be initiated, ¢ The virtual home hospital discharge
leading to a prolonged hospital stay after source control. path way Is safe.

. ) e This pathway has led to reduced
A novel virtual home hospital (VHH) pathway was LOS and antibiotic duration.
introduced to enable early discharge with physician e The patients in this pathway are
oversight, including lab work and home-based generally not as clinically unwell.
intravenous antibiotics pending rationalization. Our
primary objective was to assess length of hospital stay
(LOS). Secondary objectives included representation rates and other complications.
Methods: A total of 137 SS patients were retrospectively analyzed at the University of
Alberta, of which 37 were enrolled in the VHH pathway. Collected data included
demographics, clinical course details, blood culture results, admission timelines, and
unplanned healthcare visits.
Results: No demographic differences were noted between groups. Intensive care unit
admission occurred in more non-VHH patients compared to VHH patients (17% vs. 3%,
p=0.03). Significantly more positive blood cultures were noted in the non-VHH group (49%
vs. 24%, p=0.009). Mean LOS was significantly shorter in the VHH group (3.8 vs. 2.3 days,
p=0.005). Mean antibiotic duration was shorter in the VHH group (12.3 vs. 10.2 days,
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p<0.001). No significant differences were observed for emergency or clinic representations
(p=0.77, p=0.006).

Conclusions: Preliminary results suggest that a novel VHH pathway is a feasible and safe
approach for managing SS patients. With implementation of the VHH pathway, there was a
significantly shorter LOS and antibiotic duration, which may be secondary to closer
outpatient followup and antibiotic rationalization. This has the potential to free up in-patient
hospital resources in a resource-limited socialized healthcare system.

INTRODUCTION

Kidney stone disease remains a common problem faced by many patients, with an estimated
prevalence of up to 15% (1). From a Canadian perspective, recent work has demonstrated an
increase of 4.7% in kidney stone episodes during a 5-year study period (2). Resultantly,
emergency department (ED) presentations and healthcare utilization have become increasingly
burdened; national US data have shown an estimated 3.6 million ED visits from 2006-2009 for
upper tract stones, with an increasing incidence throughout that time (3). Reflective of this trend
is the estimated $5 billion in stone-related ED charges in the US, in 2009 alone (3).

A portion of those that present to ED with kidney stone disease, have evidence of an
obstructing stone with concomitant urinary tract infection, referred to as “septic stones.” This
phenotype represents an acute, emergent situation in which rapid source control and initiation of
broad-spectrum IV antibiotics are necessitated. Clinical guidelines recommend urgent renal
decompression via ureteric stent or nephrostomy tube, as conservative measures alone are
unlikely to be successful without source control (4). These patients can rapidly deteriorate and
progress to septic shock with multi-organ dysfunction, further necessitating resuscitation and
ICU admission. In a large US inpatient analysis, delayed decompression (>2 days) in patients
with septic stones was independently associated with higher in-hospital mortality (5). Further,
data have demonstrated that rates of sepsis and severe sepsis in this cohort of patients has also
increased with time, over a 1999 to 2009 period (6). While local practices differ greatly in
selection of nephrostomy tube versus ureteric stent insertion, patients often rapidly improve once
source control is achieved. Hospital capacity constraints have underscored the importance of
safely expediting patient discharge without compromising care in this setting. Oftentimes,
culture-directed oral antibiotic rationalization remains the final barrier to discharge, which can
take several days. Thus, a large proportion of these patients remain admitted to hospital for
ongoing monitoring, while final culture sensitivities are pending.

At the University of Alberta, our practice includes urgent stenting preferentially to
nephrostomy tube placement, and admission to the surgical urology inpatient service. In a
publicly funded healthcare system, resource allocation is crucial. Traditionally, septic stone
patients have remained admitted until clinical stabilization and cultures with sensitivities have
been reported with subsequent antibiotic rationalization. The virtual home hospital (VHH) septic
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stone discharge pathway was created as a means to discharge patients faster. Once discharged
from hospital, patients maintain a “virtual bed”, and are remotely monitored by a physician.
Emergency medical services (EMS) personnel visit these patients in their home daily, collect
bloodwork, administer I'V antibiotics, and record vital signs which are reviewed by the
overseeing physician. Pharmacy and nursing support is also included in the pathway in a
collaborative effort to address further needs. From the comfort of their own homes, patients are
then rationalized to oral antibiotics, once final sensitivities are reported, and may be discharged
from the program pending the physician’s discretion. The flow of patients through the VHH
pathway is outlined in Figure 1, which also outlines the clinical criteria for inclusion in the
pathway.

METHODS

From the VHH implementation in June 2024, to October 2025, 137 septic stone patients at the
University of Alberta, were retrospectively reviewed. Institutional research ethics board approval
was confirmed prior to initiation (PRO00150475). Data collected included demographics,
clinical course during admission, if [ICU admission was required, blood and urine culture results,
means of decompression, antibiotic choice and duration, re-presentation to ED, unscheduled
clinic phone calls, and any other complications. For the 37 patients within the VHH pathway,
their virtual LOS was also included. Descriptive statistics, unpaired t-tests and chi squared tests
were utilized where appropriate. All analyses were done within SPSS software.

RESULTS

There were no statistically significant differences in age (p=0.93) or gender (p=0.45) between the
non-VHH and VHH cohorts. Similarly, no differences existed in the methods of attaining renal
decompression, with 92% non-VHH and 100% VHH undergoing stent placement, compared to
8% and 0% undergoing nephrostomy tube placement (p=0.20). 17 (17%) non-VHH patients
required ICU admission, while only 1 (3%) VHH patient did (p=0.03). Positive blood culture
results were significantly different between groups, occurring in 49 (49%) non-VHH patients
compared to 9 (24%) VHH patients (p=0.009). Additionally, the length of stay was significantly
longer in the non-VHH compared to the VHH groups; 3.8+3 days vs 2.31+2.3 days respectively
(p=0.005). Finally, total duration of antibiotics was significantly longer in the non-VHH group at
12.31+2.8 days compared to 10.24+3.1 days for the VHH group (p=<0.001). See table 1 for
additional healthcare utilization features.

DISCUSSION

Nephrolithiasis remains a significant global healthcare burden. When an obstructing stone is
paired with a concurrent urinary tract infection, these “septic stone” patients are urologic
emergencies that require emergent decompression for source control. With variable clinical
courses sometimes necessitating ICU admission, patients oftentimes convalesce well once
ureteric stent or nephrostomy tube placement is achieved. A patient’s admission timeline is often
dictated by culture results predicating the switch to oral antibiotics.
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Hospital capacity, bed constraints, and limited resources are constant issues faced within
publicly funded health care systems. In an effort to alleviate this, the virtual home hospital
discharge pathway was created and implemented at our institution for septic stone patients. By
reallocating resources from an inpatient to an outpatient “virtual bed”, the goal was to achieve
expedited discharge safely, without increasing downstream healthcare utilization like emergency
room and ambulatory clinic visits.

137 patients with septic stones from June 2024 to October 2025 were retrospectively
reviewed. Of the 37 that went through the VHH pathway, we found there to be a significant
reduction in LOS, antibiotic duration, and no increase in adverse outcomes or re-presentation
rates. We additionally found these patients to be admitted to the ICU at a lower rate than the non-
VHH counterparts, which will be discussed below.

Our primary finding of decreased LOS logically makes sense; an expedited discharge
equates to a reduced length of hospital stay. We accounted for LOS based on the calendar date,
regardless of time of day. The most significant contributor to this decreased LOS is patients are
no longer having to wait in hospital for final cultures and sensitivities. They can be discharged
home on IV antibiotics and then be stepped down to oral antibiotics as an outpatient. Another
factor contributing to the decreased LOS is the ability to discharge patients home with vital sign
monitoring as an outpatient. VHH has EMS personnel check on the patient daily and can give IV
antibiotics and fluids. Though not as intensive as the monitoring that occurs in hospital, the vast
majority of patients who get through the most acute phase of urosepsis with a septic stone do
well with this level of care. Given the significant difference of 3.84+3 days vs 2.3+2.3, we hope
to strengthen the robustness of this program and increase stakeholder buy-in from administration
with objective data, highlighting real change. As the pathway demonstrates success, we aim to
increase the number of patients enrolled in the VHH and make this part of the standard practice.
With emergency rooms full and wait times exacerbated by bed shortages, patient care is
oftentimes delayed. The VHH program is utilized by other services within our centre, including
medicine, nephrology, general surgery and more. While the septic stone pathway was the first
partnership with our urology service, its success may yield future pathways for other clinical
scenarios.

There remains a large knowledge gap in terms of antibiotic duration post septic stone
decompression; no guideline or recommendations exist, and there are currently no available
randomized or high-quality trials prospectively examining antibiotic duration. Within the
available literature, one study examined sepsis in the post-operative period following definitive
stone surgery, and noted the incidence was higher for those receiving less than 14 days (7). A
similar retrospective review found that of 215 septic stone patients included, the median
antibiotic duration was 13 days, however duration did not impact post stone-surgery urosepsis
rates (8). Finally, a retrospective observational study from a Canadian centre, could also provide
no insight into antibiotic duration following septic stone decompression (9). We believe that
given these patients remained in a monitored “virtual bed”, with ongoing daily labs, vitals, and
assessment by medical professionals, antibiotic discontinuation could be done more confidently,
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and earlier. Given the global implications of rising resistance patterns, antimicrobial stewardship
should be emphasized and sought whenever possible. We feel as though this pathway does in fact
enable stringent antibiotic use and has the potential to aid in local resistance patterns.

While the VHH pathway aimed to expedite discharge, its safety profile and prevention of
subsequent healthcare utilization downstream were secondary objectives. We feel as though the
VHH pathway has proven to be a safe option, given no major complications were faced by any
of the 37 patients enrolled. We reviewed for any >2 Clavien-Dindo complications, of which were
there none, providing evidence it is a safe means of virtually monitoring patients. Further, rates
of ED visits, and clinic presentations were not statistically different between groups. This further
bolsters the VHH pathway as a prudent way to reallocate healthcare utilization without causing
an uptick in downstream consequences. Future directions of the VHH pathway will include cost
analysis to assess for potential monetary savings that could be used in other patient care domains.
Additionally, a prospective randomized trial comparing the VHH pathway to the standard in
patient management pathway would be the next step in assessing the outcomes from this
initiative.

Our study is not without limitations. First, the retrospective nature of our study is a
limitation of itself. Second, after the implementation of the VHH pathway, we were slow to
initiate enrollment, resulting in lower than expected numbers. This may be in part to buy-in from
all urologists at our centre, in addition to the mere fact of any systems change requiring time for
implementation. Further, patients who were enrolled in the VHH pathway were admitted to the
ICU at a significantly lower rate and had a lower rate of bacteremia which would indicate a less
sick population overall. This may introduce an element of bias in our results, however for those
who required the ICU, their antimicrobial rationalization was likely reported by the time they
were transferred to the ward or ready for discharge, precluding their need for VHH.

CONCLUSIONS

This study provides early data that a VHH pathway is likely a safe means for expedited discharge
for septic stone patients that have achieved renal decompression. Given the significant reduction
in antibiotic duration, the VHH pathway is a tenable means of antimicrobial stewardship. While
hospital LOS was significantly less in our VHH cohort, these patients likely represent a
phenotype that is not as clinically unwell, given their reduced rates of positive blood cultures and
ICU admission. In a resource limited environment, we have demonstrated that a VHH pathway
can free up valuable inpatient bed resources.
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Figure 1. VHH septic stone pathway (EZVHH= Edmonton zone virtual home hospital).
Having been implemented in 2024, this retrospective review aims to analyze and critically

appraise this pathway as a means of quality improvement. With the potential to change local
practices and thereby impact a larger systems-based issue, we hoped to provide evidence on the
safety and efficacy of this pathway, without compromising patient care or experience. The
primary objective was to discern whether the VHH pathway had a significant impact on inpatient
LOS, while secondary objectives included re-presentation to ED, unscheduled clinic phone
calls/appointments, and further complications.
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Does not require IV antibiotics more that 2x per day

Table 1. Demographics, clinical course, and healthcare utilization characteristics
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Non-VHH VHH (n=37) |p
(n=100)

Age, mean (SD) 58.9 (16.1) 58.6 (15.7) 0.93
Gender (male), (%) 31 (31) 14 (38) 0.45
Method of drainage, (%) 0.20

OR 70 (70) 26 (70)

Cystoscopy 22 (22) 11 (30)

Nephrostomy Tube 8 (8) 0(0)
ICU stay, (%) 17 (17) 1(3) 0.03
Laterality, (%) <0.001

Left 48 (48) 7 (19)

Right 46 (46) 21 (57)

Bilateral 6 (6) 9(24)
Positive blood culture, n(%) 49 (49) 9(24) 0.009
Length of hospital stay (days), mean (SD) | 3.8 (3.0) 2.3 (2.3) 0.005
Time to surgery (days), mean (SD) 35.3(22.3) 28.7 (12.1) 0.10
Length of Abx (days), mean (SD) 12.3 (2.8) 10.2 (3.1) <0.001
Re-presentation prior to URS, n (%) 13 (13) 4(11) 0.77
Clinic phone call prior to URS, n (%) 21 (21) 13 (38) 0.06
Other complication, n (%) 8 (8) 1(3) 0.28

Bolded values indicate statistical significance. Abx: antibiotics; ICU: intensive care unit; OR:
operating room; SD: standard deviation; URS: ureteroscopy; VH: Virtual Home Hospital.
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