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Abstract
Limited hospital resources and access to care during the COVID-19 pandemic led us to implement a quality-improvement 
study investigating the feasibility, safety, and costs of same-day discharge after PCNL. The outcomes of 53 consecutive 
first-look PCNL patients included in a same-day discharge protocol during COVID-19 were compared to 54 first-look 
PCNL patients admitted for overnight observation. Control group had a similar comorbidity profile. Demographics, opera-
tive details, 30 day outcomes and readmissions, complications, and cost were compared between the two groups. Same-day 
discharge and one-day admission post-PCNL patients did not have significantly different baseline characteristics. The study 
group were more likely to have mini-PCNL (81% vs 50%, p < 0.01). Operative characteristics including median pre-operative 
stone burden (1.4 vs 1.7  cm3, p = 0.47) and post-operative stone burden (0.14 vs 0.18  cm3, p = 0.061) were similar between 
the two groups. Clavien–Dindo complication rates were lower in the study group compared to controls (0 vs 7%, p = 0.045). 
Readmission rates (2 vs 4%, p = 0.569) and ED visits (4 vs 6%, p = 0.662) were similar between the two groups. Total cost 
($6,648.92 vs $9,466.07, p < 0.01) was significantly lower and operating margin ($4,475.96 vs $1,742.16, p < 0.01) was 
significantly higher for the same-day discharge group. Percutaneous nephrolithotomy may be performed in select patients 
without an increase in short-term complications, ED visits, or readmissions. Patients undergoing mini-PCNL are particularly 
amenable to same-day discharge, however, standard PCNL patients should not be excluded from consideration. Avoiding 
overnight admission decreases total cost and increased hospital operating margin.
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Introduction

Nephrolithiasis is the most common genitourinary condi-
tion, with an estimated incidence of 600,000 people in the 
United States, yearly. Surgical treatment options depend on 
location and size of stone burden. Percutaneous nephroli-
thotomy (PCNL) remains the treatment of choice for large 
renal stone burden > 2 cm [1]. Traditionally, patients were 
admitted for observation after PCNL to monitor for signs 
and symptoms of complications including systemic inflam-
matory response syndrome (SIRS), hemorrhage, visceral or 
pleural injury, among others. An international, multi-center 
study of almost 6000 patients using the Clinical Research 
of the Endourological Society (CROES) database demon-
strated an overall complication rate of 21.5% after PCNL, 
however, almost 80% of these complications were Clavien 
grade 1 or 2 complications [2]. With technologic advance-
ments and increasing experience, rates of hemorrhage are 
reportedly less than 2% and rates of sepsis range from 0 to 

 * Jorge Gutierrez-Aceves 
 gutierj8@ccf.org

 Parth U. Thakker 
 pthakker@wakehealth.edu

 Prabhakar Mithal 
 Pmithal@gaurology.com

 Rahul Dutta 
 rdutta@wakehealth.edu

 Gabriel Carreno 
 gcarreno@wakehealth.edu

1 Atrium Health Wake Forest Baptist Medical Center, 
Winston-Salem, NC 27101, USA

2 Cleveland Clinic Foundation, 9500 Euclid Ave/Q10, 
Cleveland, OH 44195, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00240-022-01392-5&domain=pdf


 Urolithiasis (2023) 51:22

1 3

22 Page 2 of 6

3%. Other complications including hollow visceral injury 
(0.2–1%), pleural injury (0.3–1%), renal collecting system 
injury (up to 8%), and death (0.1–0.7%) are also uncommon 
and as such post-operative admission after PCNL may be 
unnecessary for all patients [3].

During the COVID-19 pandemic, hospital census rose 
rapidly at our institution necessitating that surgical patients 
requiring admission be triaged according to urgency. The 
need for resource consolidation during the pandemic led us to 
reconsider our standard practice of post-operative admission 
after PCNL. Although PCNL is typically considered an elec-
tive surgery, patients requiring this procedure often represent 
a high-risk population with multiple comorbidities. As such, 
delaying definitive management for such patients puts them at 
risk for significant morbidity. To mitigate the risks of delayed 
care for our patients in need of PCNL during the pandemic, we 
implemented a same-day discharge protocol as part of a qual-
ity improvement study aimed at conserving hospital resources 
and improving access to care. We hypothesized that we would 
be able to safely discharge a significant proportion of patients 
the same day after PCNL while maintaining equivalent post-
operative complication and readmission rates relative to a 
standard one-day admission. We also explored differences in 
cost between same-day and admitted PCNL patients, as cost is 
a critical factor for continued implementation of our protocol.

Materials and methods

Patient selection

Following Institutional Review Board approval, we retro-
spectively collected data on all consecutive patients under-
going first-look PCNL, either conventional PCNL (cPCNL) 
or miniature PCNL (mPCNL), performed by a single sur-
geon at our institution from July 2019 to March 2021. We 
then divided these patients into two groups: those who 
underwent PCNL performed according to standard proce-
dure with 23 h observation from July 2019 to May 2020 and 
those who underwent PCNL with same-day discharge from 
June 2020 to March 2021.

Patients were excluded from this study for the follow-
ing reasons: (1) positive pre-operative urine culture 2 weeks 
prior to procedure, (2) history of ≥ 2 episodes of pyelone-
phritis 6 months prior to procedure, (3) history of admission 
for urosepsis 6 months prior to procedure, (4) history of 
lower urinary tract diversion, (5) patients requiring base-
line ventilatory or cardiac support, (6) patients with history 
of neurogenic bladder secondary to spinal cord injury and 
associated recurrent urinary tract infections, (7) debilitating 
neurologic conditions or severely limited baseline mobility. 

Exclusion criteria are listed in Table 3. Notably, no pre-
operative stone burden cutoff was used.

Operative technique

Details regarding our operative technique are outlined in a 
previous publication [4]. Briefly, with the patient in prone 
position, we begin by instilling contrast through an open-
ended ureteral catheter placed previously via supine flexible 
cystoscopy. Percutaneous access is gained with fluoroscopy 
at 30 degrees angle away from the target calyx or with ultra-
sound guided access [5]. Conventional PCNL is defined 
as dilating the percutaneous tract to 30 Fr using a balloon-
dilator or, in selected cases, sequential metal dilators and 
then performing stone fragmentation using dual ultrasound 
lithotripsy (Olympus  ShockPulse®). Complimentary flexible 
nephroscopy with Ho-YAG or Thulium fiber lithotripsy was 
employed as needed. mPCNL is performed by dilating the 
percutaneous tract to either 16.5 Fr using a minimally inva-
sive percutaneous access set (Karl Storz  Endoscopy®) or to 
16 or 18 Fr when using a disposable percutaneous sheath 
with suction attachment (Wellead Clear-Petra®). Lithotripsy 
is completed using a 12 Fr rigid nephroscope and Ho:YAG 
or Thulium fiber laser; an 8.5–10.5 Fr flexible ureteroscope 
or 16 Fr flexible cystoscope may also be utilized for compli-
mentary nephoscopy and lithotripsy as needed.

Post‑operative protocol

Patients in the standard protocol group were admitted to the 
hospital outpatient observation unit post-operatively. They 
were rounded on by the surgical team the evening of their sur-
gery and the morning after. Patients in the same-day discharge 
group were observed in the post-anesthesia care unit (PACU) 
with a foley catheter in place and evaluated 60–90 min post-
operatively by the surgical team. Vital signs were reviewed 
and a physical exam was performed. The patient was also 
interviewed to assess their overall readiness for discharge. 
Patients were considered safe for discharge if they were awake 
and alert, without signs of sepsis or hemorrhage/evidence of 
significant bleeding through the urethral catheter, adequately 
controlled pain, were tolerating intake per os, and were at their 
baseline mobility. Patients were discharged only if a plan was 
in place for them to reach home safely and have a level of care 
available consistent with their baseline health needs. Patients 
with nephrostomy tubes were scheduled to present to our clinic 
24–48 h after surgery for tube removal and those with stents 
in 1–2 weeks with a low-dose CT scan prior to removal. If the 
procedure was tubeless, patients followed up at 4 weeks with 
a CT scan. No second look or additional procedures were per-
formed during the same hospital stay. All patients were man-
aged with intravenous pain medications in PACU until able 
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to tolerate oral pain medications. At this point 1000 mg oral 
acetaminophen was scheduled every 6 h and low-dose narcot-
ics were provided on an as needed basis. At discharge, 3 days 
of low-dose narcotics were given to take as needed.

Data collection and analysis

Data for all patients were collected retrospectively. We 
used the electronic medical record to collect demograph-
ics, American Society of Anesthesiologists [ASA] score, 
Charlson comorbidity index [CCI], stone characteristics and 
operative details for each patient. Total initial stone volume 
was obtained from preoperative CT scan, and total residual 
stone volume was calculated from the CT scan performed 
between postoperative day one and 30. 3D volumetry was 
performed using open-source software capable of 3D render-
ing and segmentation of medical imaging (3D Slicer). Vol-
umes were rendered from density-based segmentation of CT 
scan study using a cutoff of 127 HU to exclude noise from 
the surrounding tissue to prevent false volumetric informa-
tion but including all the content inside the stone [6].

The primary outcomes measured were 30-day complica-
tions, emergency department (ED) visits, and readmissions. 
Other outcomes measured included pre- and post-operative 
stone burden, percent reduction in stone volume and costs 
of care.

Cost data were collected using software developed by 
Strata Decision  Technology® 2021 and is divided into cat-
egories as listed in Table 2. Direct costs refer those costs 
incurred by the departments involved in the care being 
delivered that is specific to the patient’s encounter. Indirect 
costs refer to the overhead departments required for running 
the hospital. Direct costs included perioperative costs (OR 
supplies, OR time, anesthesia and PACU-related costs), and 
non-operative costs (such as for care delivered on an inpa-
tient unit). Operating margin was calculated by subtracting 
total costs from total revenues and represents the net pay to 
the hospital system.

We compared all data between groups discharged the 
same day vs. those admitted. Statistical analysis was done 
using t-test for nominal variables and chi square or Fisher’s 
exact tests for categorical variables by the  IBM® Statistical 

Table 1  Demographics, pre-
operative stone burden and 
operative details

Bold values represent those findings that meet thresholdvalues for statistical significance
BMI body mass index, ASA American Society of Anesthesiologists

One-day admission Same-day discharge p value

Number of patients 54 53
Age (years), mean, SD 59 (13) 59 (14) 0.9794
BMI (kg/m2), mean, SD 31 (7.2) 32 (7.4) 0.8163
ASA score, median (IQR) 3 (2–3) 3 (2–3) 0.165
Charlson Comorbidity Index, median, IQR 2 (1–3) 3 (1–4) 0.3382
% male patients 41% 62% 0.0259
% right-sided surgery 54% 26% 0.004
% mini-PCNL 50% 81% 0.0007
Operating room time (min), mean, SD 86 (33) 94 (31) 0.1992
Fluoroscopy time (s), mean, SD 265 (142) 222 (108) 0.1815
Pre-operative stone volume  (cm3), median, IQR 1.4 (0.7–2.5) 1.7 (1.1–2.6) 0.47

Table 2  Cost data (USD)

Post-operative complications recorded using Clavien–Dindo classification
Bold values represent those findings that meet thresholdvalues for statistical significance

One-day admission Same-day discharge p value 

Complication (any) 7% 0% 0.0454
30 day ER visit 6% 4% 0.6624
30 day readmission 4% 2% 0.5692
Postoperative stone volume  (cm3), mean, SD 0.18 (0.07) 0.14 (0.06) 0.0605
Total Cost (Direct + Indirect) ($), mean, SD $9,466.07 ($1477.03) $6,648.92 ($1,278.30) <0.01
Direct Cost ($), mean, SD $5,682.70 ($933.80) $4,316.90 ($856.25) <0.01
OR Cost ($), mean, SD $472.30 ($56.16) $317.09 ($29.90) <0.01
OR supply cost ($), mean, SD $1,483.14 ($397.68) $1,632.22 ($639.30) 0.1102
PACU cost ($), mean, SD $233.50 ($59.82) $237.43 ($85.94) 0.30
Other direct costs ($), mean, SD $3,413.75 ($811.99) $2,076.25 ($702.98) <0.01
Operating margin ($), mean, SD $1,742.16 ($710.12) $4,475.96 ($679.73) 0.0108
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Package for the Social Sciences (SPSS) version 20 (Armonk, 
New York).

Results

Patient demographics, stone characteristics, and operative 
details are listed in Table 1. A total of 107 carefully selected 
patients underwent first-look PCNL were included in this 
study. 54 patients were in the standard admission group 
and 53 patients were in the same day discharge group. No 
patients in the standard admission group required more than 
1 day of post-operative observation. The two groups did not 
differ in mean age, BMI, ASA score, CCI, or median preop-
erative stone burden (p > 0.05). There was also no significant 
difference between time spent in the operating room and 
total fluoroscopy time between the two groups (p > 0.05). 
Patients discharged on the day of surgery were more likely to 
have undergone mPCNL than cPCNL (81 vs 50%, p < 0.01).

Complications and cost data can be found in Table 2. 
There were significantly fewer 30-day complications (0 vs 
7%, p = 0.045) in the same-day discharge group. Emergency 
department visits (4 vs 6%, p = 0.662), readmissions (2 vs 
4%, p = 0.569), and post-operative stone volume (0.14 vs 
0.18  cm3, p = 0.061) did not vary significantly between the 
two groups. Total cost was significantly lower in the same 
day discharge group ($6,649 vs $9,466, p < 0.01). This was 
primarily driven by lower direct costs ($4,316 vs $5,683 
p < 0.01). OR Supply ($1,632 vs $1,483, p = 0.31) and 
PACU costs ($237 vs $234, p = 0.31) were not significantly 
different. Hospital operating margin was also greater in the 
same day discharge group ($4,475 vs $1742, p < 0.01).

Discussion

During the COVID-19 pandemic, opportunities to perform 
inpatient surgery at our institution were curtailed. Thus, 
we developed and successfully implemented a quality 
improvement protocol, transitioning from routine postop-
erative admission to routine same-day discharge of carefully 
selected patients undergoing PCNL. This transition occurred 
almost overnight, without any increase in rates of postop-
erative complications, readmissions, or ED visits between 
the two groups (Table 2). Given that surgical technique 
remained the same, we observed an equivalent reduction in 
stone burden. Additionally, we found a significant decrease 
in total cost and increase in operating margin in the same 
day discharge group which is likely related to the diminished 
need for hospital bed occupancy.

Despite PCNL first being demonstrated in the ambula-
tory setting over 3 decades ago, it is still performed as an 
inpatient procedure in all but a few settings [7]. Historically, 

the rationale for overnight observation has been to monitor 
for risk of hemorrhage and sepsis. Both systematic reviews 
and large case series, however, have shown rates of compli-
cations after PCNL to be low at high-volume centers [8, 9]. 
With this understanding, multiple studies from high-volume 
centers have attempted ambulatory PCNL [10–15]. While 
these studies have reported safe and successful implementa-
tion of ambulatory PCNL, widespread implementation has 
not followed, likely due to regional differences in practice 
patterns and surgical technique, which make it harder to gen-
eralize their findings.

In the United States, our study is one of the largest com-
parative series to date examining inpatient versus outpatient 
PCNL presented in a quality improvement study (n = 107). 
Only 2 observational studies have been done in a comparable 
number of patients, both of which used conventional PCNL 
exclusively (30fr) and only 1 of which included higher risk 
patients [16, 17]. Of all 53 selected patients who consecu-
tively underwent first-look PCNL in our study group, 53 
(100%) were able to be discharged home the same day. Simi-
larly, Bechis et al. excluded patients based primarily on base-
line medical comorbidities necessitating extensive nursing 
and were able to successfully discharge 43/60 (72%) of the 
patients designated as ambulatory [16]. Shoenfeld et al. were 
able to discharge 47/52 (90%) of their patients same-day 
but included only patients with ASA < 3 [13]. While this 
rate of same-day discharge is exceedingly high, it is critical 
to remember that these patients all met inclusion criteria 
listed in Table 3 and were counselled appropriately in the 
pre-operative setting.

In their outpatient PCNL cohort patients who underwent 
conventional PCNL, Bechis et al. observed an 18% 30 day 
ED visit rate and 10% 30-day readmission rate for patients 
discharged the same day. Another recent study from the 
same group in which mPCNL was used exclusively and 
37/60 (61%) were done as outpatient, the 30 day ED-visit 
and readmission rates were 21.7 and 18%, respectively. They 
experienced a 30-day complication rate of 17%, however, 
no complications were greater than Clavien 2 [18]. In our 
cohort of patients discharged the same day, 30-day rates of 

Table 3  Exclusion criteria for same-day discharge

Exclusion criteria

Positive pre-operative urine culture 2 weeks prior to procedure 
History of ≥2 episodes of pyelonephritis 6 months prior to procedure
History of admission for urosepsis 6 months prior to procedure
History of lower urinary tract diversion
Patients requiring baseline ventilatory or cardiac support
Patients with history of neurogenic bladder secondary to spinal cord 

injury and associated recurrent urinary tract infections
Debilitating neurologic conditions or severely limited baseline mobility
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complications (0%), ED-visits (4%) and readmissions (2%) 
were similarly low and either equivalent to or better than 
the outcomes of those patients who were admitted. Outpa-
tient PCNL has perhaps been best described by Beiko et al., 
who began developing their protocol in 2010 and have since 
arrived at an acceptable readmission rate, noting that com-
plications almost never would have been avoided had the 
patient been admitted [10, 19, 20].

Our minimally invasive PCNL technique likely played 
an important role in successful same-day discharge of our 
patients. Of patients who went home the same day, 43 
(81.1%) were done using either a 16fr or 18fr tract and only 
3 (6%) had a nephrostomy tube placed. Prior studies have 
shown that mPCNL results in decreased blood loss and rates 
of transfusion compared to conventional PCNL techniques 
[4, 21]. While the concern has been raised by some that 
prolonged operative time and potentially elevated intrarenal 
pressures could lead to higher rates of sepsis with mPCNL, 
when done with the appropriated surgical technique using 
low intrarenal pressure, there appears to be no increased 
morbidity when compared to conventions PCNL in our expe-
rience [4]. Rather, patients who went home same-day experi-
enced no complications and with no significant differences 
in operative time (Tables 1 and 2). In our subjective experi-
ence, smaller bore sheaths allow for greater maneuverability 
without causing tissue trauma or compromising visibility. In 
addition, we used a disposable access sheath with a suction 
extension to facilitate stone fragment extraction, which may 
be less traumatic and less time consuming than relying on 
basketing to remove fragments. The pre- and post-operative 
stone burden within the two groups were not significantly 
different indicating equally efficacious treatment, however, 
a more detailed analysis regarding the significance of resid-
ual stone burden is beyond the scope of this study. While 
80% of patients in the same-day discharge group received 
mini-PCNL, we believe that with improved laser technol-
ogy and mini-PCNL suction sheaths, mini-PCNL may be 
implemented where standard PCNL was previously required.

Traditionally, nephrostomy tube placement has been used 
both to monitor for hemorrhage postoperatively and to pro-
vide tamponade to the access tract. As evidenced by multiple 
large studies, however, routine placement of nephrostomy 
tube is not necessary most patients and can lead to wors-
ened pain and quality of life [22–24]. At our institution, we 
place nephrostomy tubes at the end of the procedure only for 
clear indications such as concerns for bleeding, infection or 
potential need for a second look.

Our study is the first to compare the cost of outpatient 
PCNL relative to inpatient PCNL in the US. Prior studies have 
assessed many factors that affect cost of PCNL, but none have 
specifically studied cost relating to outpatient PCNL [25]. We 
found a significant decrease in total cost when discharging 
patients undergoing PCNL with same day discharge versus 

those admitted for observation. This is reflected in the decrease 
in direct costs. Operating room related costs were not signifi-
cantly different between the two groups which is not surprising 
given OR time was similar. Conversely, PACU related costs 
were surprisingly no different between the two groups. Given 
our protocol entailed a longer than standard PACU dwell, simi-
lar costs between the two groups implies that our protocol does 
not incur greater hospital expenditure for post-operative moni-
toring. Additionally, we noted a significant increase in operat-
ing margin for same-day discharge patients which we believe 
is largely driven by decrease in requirement for inpatient stay.

This study has several limitations. First, this is a retrospec-
tive study and is therefore subject to a lack of standardization 
between groups as well as biases inherent to retrospective data 
collection such as more frequent selection for mPCNL for 
same day discharge group. Secondly, our criteria for admission 
are somewhat subjective and may benefit in the future from 
stricter protocolization. Despite these limitations, we believe 
that our study suggests that appropriately selected patients can 
be safely discharged on the same day following PCNL while 
improving operating margins. Larger, prospective randomized 
trials are warranted to define parameters for admissions in 
patients undergoing PCNL.

Ultimately, in this study we show that a large portion of 
selected patients undergoing PCNL can be safely discharged 
on the day of surgery after a 60–90 min observation period, 
without increased short-term post-op complications, ED visits, 
or hospital readmissions. Patients undergoing mPCNL may be 
especially amenable to same-day discharge. At our institution, 
outpatient PCNL is associated with a significant increase in 
operating margins, which is likely driven by the cost of over-
night admission.
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