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Abstract: Purpose: Prior literature reviews have assessed the efficacy and safety of outpatient percutaneous neph-
rolithotomy (PCNL) with “outpatient” defined as discharge within twenty-four hours of surgery. To our knowledge, 
this is the first literature review analyzing ambulatory PCNLs (aPCNL) defined as hospital discharge on the same 
day as surgery. This review aims to assess the efficacy and safety of same-day discharge after PCNL. Methods: 
We conducted a search in the PubMed database for key search terms including “ambulatory PCNL”, “ambulatory 
percutaneous nephrolithotomy”, “outpatient PCNL”, “outpatient percutaneous nephrolithotomy”, and “day surgery 
percutaneous nephrolithotomy”. We reviewed articles defining “ambulatory” as discharge the same day the PCNL 
was performed. 13 papers were identified in our search. Results: Overall, we found no difference in complication 
rates, emergency department visits, and postoperative admissions when comparing outpatient PCNL to inpatient 
PCNL, and to previously published statistics for inpatient PCNL. Some studies even showed lower rates of adverse 
outcomes in ambulatory cohorts when compared to inpatient cohorts. Additionally, ambulatory PCNL conferred 
significant healthcare savings over inpatient PCNL. Conclusion: This literature review suggests that ambulatory 
PCNL can be safely performed in both optimal and suboptimal surgical candidates with no significant increase in 
complications. Additional high-quality studies are warranted to further the evidence surrounding outpatient PCNL 
and its outcomes.
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Introduction

Humble beginnings to a revolutionary proce-
dure

Percutaneous nephrolithotomy (PCNL) was first 
described as a treatment modality for nephroli-
thiasis in 1976 by Fernstrom and Johansson 
[1]. They detailed three cases of their novel 
technique, consisting of gaining percutaneous 
access to the kidney, placing a nephrostomy 
tube, and dilating the tract by increasing the 
size of the Couvelaire catheter daily. Once suf-
ficiently dilated, the tract was allowed to ma- 
ture for at least two weeks before stone re- 
moval [1]. The success of this percutaneous 
approach laid the groundwork for a minimally 
invasive surgical technique that would go on to 
replace open stone surgery and become a stan-
dard of care in urological management of large 
renal stones.

Five years later, Alken et al. published a case 
series on their experience with percutaneous 
stone manipulation in thirty-eight patients [2]. 
This report expanded on Fernstrom’s initial 
PCNL technique, incorporating disintegration  
by lithotrites and chemolysis of stones that 
were too large to be removed from the nephr- 
ostomy hole [2]. Postoperative hospitalization 
time for these 38 cases ranged from four to 
thirty days [2]. Similarly, Clayman et al. shared 
the results of the first one hundred PCNL cases 
they performed from 1979 to 1982 [3]. In sixty-
nine cases, removal of stones the same day  
as obtaining percutaneous renal access was 
attempted but not possible, leading the patients 
to wait another 2-4 days for maturation of the 
tract before stone removal [3]. At this point in 
time, patients were being hospitalized for an 
average of 8.1 days and those with larger 
stones often stayed for 12 days to undergo two 
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to three sessions of PCNL and clear all of the 
stone [3].

Additionally, they saw a sizable complication 
rate of 41-43% [3]. This was not outside the 
norm for that era. A retrospective study ana-
lyzed the outcomes of PCNL alone, extracor- 
poreal shock-wave lithotripsy (ESWL) alone, 
and PCNL and ESWL combined in a cohort of 
patients who underwent stone treatment from 
1983 to 1987 [4]. There was found to be a  
49% complication rate in those who underwent 
PCNL compared to a 24.5% complication rate 
in those who underwent ESWL [4]. As technol-
ogy has evolved and surgeons’ skills have been 
honed, the incidence of postoperative issues 
has decreased significantly, and in a large 
worldwide study performed in 2011, the com-
plication rate after PCNL was found to be  
20.5% [5]. This study of over 5,000 patients 
found a transfusion rate of 5.7% [5], a consider-
able difference from the transfusion rates of 
14.2-23% published by studies of percutane-
ous nephrolithotomies undergone in the 1980s 
and 1990s [6, 7].

Pushing the limit

PCNL has evolved over the past four and a half 
decades into a procedure that can be feasibly 
performed on an outpatient basis. The first 
report of outpatient PCNL was a case series 
published by Preminger et al. in 1986 [8]. They 
described five cases of healthy young men with 
singular stones and average stone size <1 cm 
who underwent PCNL with same-day discharge 
and had no reported complications [8]. While 
the procedure was performed on an outpatient 
basis, the patients followed up in clinic the next 
day, underwent a nephrostogram, and had their 
nephrostomy tube removed if deemed appro-
priate [8]. Nonetheless, this study exemplified 
the safety and efficacy of outpatient PCNL even 
in the immediate years following its birth.

While prior reviews have assessed the efficacy 
and safety of outpatient PCNL, these reviews 
defined “outpatient” as discharge within twen-
ty-four hours of surgery [9, 10]. To our knowl-
edge, this is the first review of the literature sur-
rounding ambulatory PCNL defined as hospital 
discharge on the same day as surgery [9, 10]. 
Previously published reviews and meta-analy-

ses have used a broader definition of “ambula-
tory” and included studies that discharged 
patients the day after surgery [9, 10]. Herein, 
we aim to review the literature describing the 
efficacy and safety of same-day discharge fol-
lowing percutaneous nephrolithotomy.

Methods

We conducted a search in the PubMed data-
base for key search terms including “ambula-
tory PCNL”, “ambulatory percutaneous nephro-
lithotomy”, “outpatient PCNL”, “outpatient per- 
cutaneous nephrolithotomy”, and “day surgery 
percutaneous nephrolithotomy”. We reviewed 
articles defining “ambulatory” as discharge the 
same day the PCNL was performed (i.e., no 
overnight stays). 13 papers (one prospective 
randomized control trial (RCT), one prospec- 
tive cohort study, six retrospective studies, two 
case series, and three case reports) were iden-
tified in our search. We aimed to review safety 
outcomes (complications, emergency depart-
ment (ED) visits, and postoperative admissions) 
and cost effectiveness of ambulatory PCNL 
(aPCNL).

Results and discussion

Optimal candidacy

Many of the analyzed studies published the  
criteria they used to decide who was a candi-
date for outpatient PCNL. Commonly used pre-
operative inclusion criteria were age greater 
than 18 years old, body mass index (BMI)  
less than 30-35 kg/m2, American Society of 
Anesthesiologists (ASA) score less than 3, and 
no indwelling preoperative ureteral stent or 
nephrostomy tube. Active cardiac disease, soli-
tary kidney, and renal insufficiency (serum cre-
atinine 1.2 mg/dL or greater) were utilized as 
preoperative exclusion criteria in multiple stud-
ies. Social guidelines such as the patient living 
in proximity to the hospital and having ade-
quate family support were highly considered 
when deciding eligibility for aPCNL. Intraope- 
rative exclusion criteria included 3 or more 
punctures needed to obtain access to the col-
lecting system, pelvicalyceal injury, significant 
intraoperative bleeding, and residual stone bur-
den. Postoperatively, abnormal chest radio-
graph, need for transfusion, fever, hemodynam-
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ic instability, and pain uncontrolled by oral 
medications were deemed adequate reasons 
to justify an overnight stay or admission 
[11-19].

A majority of the reviewed papers used many of 
these aforementioned guidelines, leading their 
optimal candidate for outpatient PCNL to be of 
a very specific population. However, a retro-
spective study published by Hosier et al. report-
ed 92 of their ambulatory PCNL cases that 
pushed the boundaries by using less strict 
inclusion/exclusion criteria [11]. They included 
patients with one or more of the “extended cri-
teria”: BMI >30 kg/m2, ASA score >2 (45% were 
ASA 3 or greater), age >75 years old, pre-exist-
ing nephrostomy tubes or stents, solitary kid-
ney, transplant kidney, stone burden >40 mm, 
bilateral stone burden, complete staghorn 
stones, and multiple tracts [11]. Additionally, 
they compared outcomes of this “extended cri-
teria” group (92 patients) to that of a “standard 
criteria” group which included 26 patients who 
underwent PCNL but did not meet any of the 
extended criteria. They found no significant dif-
ferences in complication rates (18% vs. 12%), 
postoperative ED visits (18% vs. 12%), and 
readmissions (5% vs. 4%) between the ex- 
tended criteria and standard criteria cohorts, 
respectively [11]. This study is critical in dem-
onstrating that same-day discharge after PCNL 
can be safely implemented in a larger popula-
tion of patients including the elderly and those 
with multiple comorbidities.

Safety outcomes

With the technological advancement of tools 
utilized intraoperatively and refinement of sur-
geon expertise over the years, PCNL has be- 
come a routinely used procedure that can be 
performed safely. Nonetheless, like any sur-
gery, safety outcomes are a major concern 
amongst many urologists especially when con-
sidering same-day discharge after PCNL. The 
most commonly assessed safety outcomes are 
complication rate, postoperative emergency 
department (ED) visits, and rate of postopera-
tive admission.

Complications: Twelve of the included studies 
commented on complications following ambu-
latory PCNL. In these twelve studies, the com-

plication rates of outpatient PCNL ranged from 
0-20% [11-22]. This is in line with the overall 
PCNL complication rate of 20.5% found in the 
widely referenced Clinical Research Office of 
the Endourological Society (CROES) Percuta- 
neous Nephrolithotomy Global Study - a world-
wide, multi-center analysis of more than five-
thousand patients who underwent percutane-
ous nephrolithotomy [5]. Four of the five studies 
found that all of their reported complications 
after aPCNL were low-grade, Clavien I and II 
[12-15]. The fifth study, a retrospective review 
of 500 ambulatory PCNL cases published by 
Chong et al., did not collect information on 
Clavien I complications, as they deemed that it 
was difficult to accurately capture all Clavien I 
complications in the outpatient setting [20]. 
However, they reported a 2.4% rate of Clavien 
II-IV complications, lower than the 9.43% rate 
of complications of the same severity found in 
the CROES study [5, 20]. Of the remaining stud-
ies that did not classify their complications in 
terms of the Clavien-Dindo system, minor com-
plications such as fever, stent colic, flank pain, 
mild-moderate hematuria, and urinary tract 
infection were most commonly seen [11, 16-18] 
(Table 1). Of the 146 aPCNL patients in Fahmy 
et al.’s study, there was one report of arterial 
pseudoaneurysm and one report of severe 
postoperative hematuria [17]. Hosier et al. ana-
lyzed 118 cases of ambulatory PCNL and saw 
one case of non-ST-elevation myocardial infarc-
tion [11]. While these complications are serious 
and life-threatening, their prevalence seen in 
these two studies concurs with that reported by 
the CROEs study for Clavien III-IV complications 
[5].

Four of the studies in our analysis compare the 
complication rate of ambulatory PCNL to that of 
standard PCNL (sPCNL) (admitted/observed at 
least one night) [12, 14, 17, 18]. Three of the 
aforementioned studies are retrospective re- 
views, and all found lower complication rates in 
the ambulatory PCNL group than the inpatient 
PCNL group [12, 14, 17] (Table 1). However, 
these retrospective studies did not comment 
on the statistical significance of the differences 
in complication rates. In contrast, the fourth 
aforementioned study, published by Kumar et 
al., was conducted as a prospective random-
ized control trial [18]. A total of 113 patients 
were randomly assigned to either tubeless am- 
bulatory PCNL with a hemostatic seal (Group 1; 
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Table 1. Complication rates

Study Study Type Sample Size Study 
Period

aPCNL complication 
rate Complications sPCNL compli-

cation rate p-value

Hosier et al. [11] (34812729) Retrospective 118 (92 extended 
criteria, 26 standard 
criteria)

2007-
2018

17% (18% extended, 
12% standard, P=0.56)

Stent colic (10), hematuria (1), urinary 
retention (4), UTI (1), cellulitis (1), pyelone-
phritis (1), pleural effusion (1), NSTEMI (1)

N/A N/A

Chong et al. [20] (34036805) Prospectively col-
lected, retrospec-
tively analyzed

500 cases (12 
transferred to hospital, 
2.4%)

2015-
2019

2.4% (*didn’t report Cla-
vien I complications*)

Clavien II (4), Clavien III (3), Clavien IV (5) N/A N/A

Schoenfeld et al. [12] 
(30489147)

Prospective 47 cases (47 sPCNL in 
control)

2014-
2016

8.5% Clavien I (4) 17% (Clavien II 
(6), Clavien III (2))

N/A

Beiko et al. (2015) [13] 
(25221917)

Retrospective 50 patients/52 renal 
units

2007-
2013

18% Clavien I (6) (stent colic (4), extruded ure-
teral stent (1), ovarian vein thrombosis (1)), 
Clavien II (3) (DVT (1), UTI (1), cellulitis (1))

N/A N/A

Shahrour, Andonian [16] 
(21130245)

Case series 10 cases 2009 20% UTI requiring IV antibiotics (1), DVT (1) N/A N/A

Bechis et al. [14] (29634376) Retrospective 43 same day discharge 
(d/c), 27 overnight 
(o/n) stay, 37 inpatient

2015-
2016

18.6% Clavien I (3) (gross hematuria (1), drainage 
from access site (2)), Clavien II (5) (pyelo-
nephritis (1), sepsis (1), UTI (3))

Overnight: 
23.5%, Inpatient: 
27%

0.43 (same day d/c + 
o/n VS. inpatient), 0.67 
(same day d/c VS. o/n)

Fahmy et al. [17] (28275511) Retrospective 146 same day d/c, 16 
inpatient

2011-
2014

13.7% Flank pain (12), mild-moderate hematuria 
(3), severe hematuria (1), fever (2), arterial 
pseudoaneurysm (1), pyelonephritis (1)

25%

Beiko et al. (2010) [19] 
(20694090)

Case series 3 cases 0% None N/A N/A

Kokorovic et al. [21] 
(24839499)

Case report 1 case 0% None N/A N/A

Beiko et al. (2009) [22] 
(19478955)

Case report 1 case 0% None N/A N/A

Kumar et al. [18] (27551557) Prospective RCT 56 day-surgery with 
seal, 57 inpatient with 
tube

2014-
2015

19.6% Fever (5), urine leak from wound (2), UTI 
(2), tract site abscess (3)

47.4% <0.05

Lee et al. [15] (34663076) Retrospective cohort 23 aPCNL, 19 sPCNL 2020 4.3% Clavien I (1) 21.1% 0.377
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n=56) or inpatient PCNL with placement of a 
nephrostomy tube (Group 2; n=57) [18]. They 
found a significant difference in the complica-
tion rates between Groups 1 and 2, with rates 
being 19.6% and 47.4%, respectively (P<0.05) 
[18]. All complications in the ambulatory group 
were Clavien I-III with the majority being fever 
[18]. It cannot be ignored that there are more 
variables acting in this study than just length of 
stay in the hospital (i.e., hemostatic seal vs. 
nephrostomy tube) that may account for some 
of the complications. Even so, the ambulatory 
PCNL complication rate (19.7%) is consistent 
with the overall PCNL complication rate found 
by the large CROES study, suggesting that per-
forming percutaneous nephrolithotomy as an 
outpatient procedure does not confer any in- 
creased risk of postoperative complications 
than standard PCNL with postoperative hospi-
tal admission [5]. An important point was made 
by Fahmy et al. in their discussion of complica-
tions after PCNL. They highlighted that routine 
hospitalization of patients after PCNL may very 
well lead to complications such as hospital-
acquired infection that can be avoided with 
same-day discharge, all the more reason for 
consideration of outpatient PCNL [17]. 

When reported, studies of aPCNL saw very low 
rates of transfusion. In Chong’s study of 500 
ambulatory PCNLs, they saw a transfusion rate 
of a mere 0.8% [20]. Two small case series of 
PCNL of ten and three patients both had no 
patients requiring transfusion during or after 
their surgeries [16, 19]. Additionally, two of the 
four studies that compared transfusion rates of 
ambulatory PCNL and inpatient PCNL had no 
patients requiring blood products [14, 15]. 
Fahmy et al. and Kumar et al. found less 
patients needing transfusion in the outpatient 
cohort than the inpatient cohort (25% vs. 0% 
(P<0.001), and 1.8% vs. 7% (P=0.36), respec-
tively) [17, 18]. Of note, Kumar’s study saw a 
significant difference in stone diameter, num-
ber of patients with ASA scores of 2 or 3, and 
BMI between the ambulatory and inpatient 
groups. These three parameters were all sig- 
nificantly greater in the inpatient group [18]. 
These studies made clear that same day dis-
charge does not increase the likelihood of a 
patient having a bleeding complication requir-
ing transfusion.

ED visits: Of the 13 included studies, nine 
reported on emergency department (ED) visit 

rates postoperatively. ED visits ranged from 
0-18.6% [11-15, 17, 19, 21, 22] (Table 2). Four 
of these studies compared ambulatory PCNL to 
inpatient PCNL in terms of postoperative ED 
visits. Two of the four found an increased rate 
of ED visits in the ambulatory group but the dif-
ferences were not statistically significant [12, 
15]. Bechis et al. performed a retrospective 
review of PCNL cases at one tertiary care kid-
ney stone center [14]. They looked at three 
separate groups of patients: patients who were 
discharged on the same day as their surgery 
(ambulatory), patients who stayed for overnight 
observation, and patients who were admitted 
for longer than one night postoperatively [14]. 
In terms of postoperative visits to the ED, they 
found nearly identical rates in inpatient (19%), 
ambulatory (19%), and overnight observation 
(18%) PCNL groups [14]. There was no signifi-
cant difference in ED visits when comparing 
outpatient to overnight stay (P=0.93), and in 
comparing outpatient and overnight stay gr- 
oups to the inpatient group (P=0.94) [14]. 
However, the groups did slightly differ in their 
baseline characteristics. Compared to the inpa-
tient group, the ambulatory group had a greater 
presence of hydronephrosis, lower estimated 
blood loss, lower preoperative urine white 
blood cells, higher preoperative hemoglobin 
and hematocrit, less frequent access above 
the 12th rib, and less frequently required two  
or greater punctures to obtain access [14]. 
When compared to the ambulatory group, the 
overnight group had a higher incidence of hy- 
perlipidemia and a lower preoperative hemo-
globin [14]. Another retrospective study done 
by Fahmy et al. compared inpatient to ambula-
tory percutaneous nephrolithotomy and found 
less ED visits in the ambulatory group but did 
not analyze the significance of this difference 
[17]. Though the statistical analyses in some of 
these studies were incomplete, the aforemen-
tioned findings further support the safety of 
ambulatory PCNL with no significant differenc-
es seen in postoperative emergency depart-
ment visits when compared to inpatient PCNL.

Postoperative admissions: Another important 
safety outcome to consider in patients under-
going outpatient PCNL is the rate of postopera-
tive admissions. This parameter was described 
by twelve of the studies included in this re- 
view. Postoperative admission rates ranged 
from 0-11.6% [11-22]. Commonly cited reasons 
for postoperative admissions after ambulatory 
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Table 2. Emergency department visits

Study Study Type Sample Size Study 
Period % ED visits (aPCNL) % ED visits 

(sPCNL) p-value

Hosier et al. [11] (34812729) Retrospective 118 (92 extended criteria, 26 
standard criteria)

2007-2018 16.9% (12% standard, 
18% extended, P=0.56)

N/A N/A

Schoenfeld et al. [12] (30489147) Prospective 47 cases (47 sPCNL in control) 2014-2016 11% 9% 0.76

Beiko et al. (2015) [13] (25221917) Retrospective 50 patients/52 renal units 2007-2013 12% N/A N/A

Bechis et al. [14] (29634376) Retrospective 43 same day d/c, 27 o/n stay, 37 
inpatient

2015-2016 18.6% Overnight stay: 18%, 
Inpatient: 18.9%

Overnight + outpatient vs. inpatient: P=0.94; 
overnight vs. outpatient: P=0.93

Fahmy et al. [17] (28275511) Retrospective 146 same day d/c, 16 inpatient 2011-2014 3.4% 12.5% N/A

Beiko et al. (2010) [19] (20694090) Case series 3 cases 0% N/A N/A

Kokorovic et al. [21] (24839499) Case report 1 case 0% N/A N/A

Beiko et al. (2009) [22] (19478955) Case report 1 case 0% N/A N/A

Lee et al. [15] (34663076) Retrospective cohort 23 aPCNL, 19 sPCNL 2020 13.6% 10.5% 0.762
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PCNL were of infectious origin. This included 
pyelonephritis, urinary tract infection (UTI) re- 
quiring intravenous (IV) antibiotics, tract site 
abscess, and sepsis [11, 13, 14, 17, 18, 20]. In 
large retrospective analysis of five-hundred out-
patient PCNLs by Chong et al., 1% of patients 
were postoperatively admitted for intubation 
due to respiratory failure and another 0.6% of 
patients were admitted for management of 
arterial pseudoaneurysm [20]. Fahmy et al. 
also saw one admission for postoperative pseu-
doaneurysm in their cohort of 146 patients 
undergoing aPCNL (0.68% incidence) [17]. In 
comparing the postoperative admission/read-
mission rates between ambulatory and inpa-
tient PCNL, no significant differences were 
found by the five studies that measured this 
parameter [12, 14, 15, 17, 18] (Table 3). 
Additionally, a previously published meta-analy-
sis by Jones et al. analyzed the outcomes of 
discharge within 24 hours of PCNL and found 
no significant difference in postoperative ad- 
mission rates when comparing same-day dis-
charge to next-day discharge [10]. Altogether, 
the results of these studies show that monitor-
ing patients in the hospital for a longer time 
postoperatively does not prevent readmissions 
or decrease complication rates.

Cost

A significant potential advantage of outpatient 
procedures is the decreased cost when com-
pared to inpatient surgery. In 2018, Kroczak et 
al. published an analysis of the difference in 
cost between ambulatory and inpatient PCNL 
in Canada [23]. It was assumed that the cost 
for the surgical procedure, cost of anesthesia, 
cost of the physician, operative time, and peri-
operative imaging were the same for inpatient 
and outpatient PCNL [23]. It was also assum- 
ed that postoperative safety outcomes (i.e., 
complication rates, ED visits) were identical 
between the two groups. The authors calculat-
ed the cost savings of ambulatory PCNL to be 
$3348 per case - the cost of the average hospi-
tal stay of 4.19 days for inpatient PCNL [23]. 
This indicates a significant cost reduction of 
34.6% per case [23].

Similarly, Lee et al. performed a cost analysis  
of a cohort of patients who underwent PCNL at 
a tertiary referral center in the United States 
(US), comparing the expenses of outpatient and 

inpatient procedures [15]. They found that for 
the surgery itself, inpatient PCNL cost $2929 ± 
832 (P<0.0001) more than ambulatory PCNL 
[15]. For unplanned care episodes, there was a 
cost difference of $4442 ± 4811 (P=0.368), 
with inpatient PCNL again causing a greater 
expense to the hospital [15]. Overall, it was 
determined that aPCNL allowed for $5327 ± 
442 (P<0.0948) in cost savings per case when 
compared to inpatient PCNL [15]. The case for 
aPCNL is strongly supported by the clear reduc-
tion of healthcare spending and resource usage 
that results from outpatient surgery.

Future studies

A majority of the papers included in our review 
of the literature are retrospective cohort stud-
ies, case series, and case reports. Higher qual-
ity studies such as prospective cohort studies 
and randomized control trials are warranted to 
provide further assessment of ambulatory per-
cutaneous nephrolithotomy and its outcomes. 
Additionally, there is an absence of data de- 
scribing the patient perspective of same-day 
discharge after PCNL. Future studies should 
incorporate parameters such as the effect of 
same-day discharge on patients’ quality of life, 
postoperative pain control, and satisfaction 
with the surgery when compared to inpatient 
surgery. These are incredibly important factors 
that should be prioritized when considering 
aPCNL.

Our optimal patient

While any patient can be considered for day 
surgery PCNL, there are several patients and 
procedural factors that favor admission. Our 
relative indications for someone who is not 
appropriate for same day discharge would be 
high risk of postoperative sepsis (for example, 
from a staghorn infective stone like struvite), 
severe comorbidities, extremes of age, and  
significant intraoperative blood loss or com- 
plication.

Conclusion

Ambulatory percutaneous nephrolithotomy was 
first described in the literature in 1986 and 
since its advent, has been growing in popularity 
with a number of papers reporting on its out-
comes [8]. In our review of the literature of 
PCNL with same-day discharge, overall, we 
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Table 3. Postoperative admissions

Study Study Type Sample Size Study 
Period

% Admissions 
(aPCNL) Admission Reasons % Readmis-

sions (sPCNL) p-value

Hosier et al. [11] (34812729) Retrospective 118 (92 extended crite-
ria, 26 standard criteria)

2007-2018 5% (5% 
extended, 4% 
standard, P=1)

Stent colic (1), hematuria (1), urinary 
retention (1), pyelonephritis (1), pleural 
effusion (1), NSTEMI (1)

N/A N/A

Chong et al. [20] (34036805) Prospectively col-
lected, retrospec-
tively analyzed

500 cases (12 trans-
ferred to hospital, 2.4%)

2015-2019 2.4% transferred 
to hospital 
postop; 4.2% 
readmission rate

Intubation for respiratory failure (5), 
embolization for pseudoaneurysm (3), 
UTI requiring IV antibiotics (?), anemia 
requiring transfusion (?)

N/A N/A

Schoenfeld et al. [12] (30489147) Prospective 47 cases (47 sPCNL in 
control)

2014-2016 2% Supportive care for pain and subjective 
fever (1)

6% 0.62

Beiko et al. (2015) [13] (25221917) Retrospective 50 patients/52 renal 
units

2007-2013 4% MDR E. Coli requiring IV Abx (1), pain 
control for stent colic (1)

N/A N/A

Shahrour, Andonian [16] (21130245) Case series 10 cases 2009 10% UTI requiring IV antibiotics (1) N/A N/A

Bechis et al. [14] (29634376) Retrospective 43 same day d/c, 27 o/n 
stay, 37 inpatient

2015-2016 11.6% Sepsis (1), pyelonephritis (1), drain-
age from access site (1), acute renal 
insufficiency (1), nephrostomy tube 
upsizing (1)

Overnight: 6%, 
Inpatient: 3%

Outpatient vs. overnight: 
P=0.26; Overnight + 
outpatient vs. inpatient: 
P=0.057

Fahmy et al. [17] (28275511) Retrospective 146 same day d/c, 16 
inpatient

2011-2014 1.2% Pseudoaneurysm (1), pyelonephritis (1) 0% N/A

Beiko et al. (2010) [19] (20694090) Case series 3 cases 0% None N/A N/A

Kokorovic et al. [21] (24839499) Case report 1 case 0% None N/A N/A

Beiko et al. (2009) [22] (19478955) Case report 1 case 0% None N/A N/A

Kumar et al. [18] (27551557) Prospective RCT 56 day-surgery with seal, 
57 inpatient with tube

2014-2015 7.1% Tract site abscess (3), hematuria (1) 1.8% 0.21

Lee et al. [15] (34663076) Retrospective cohort 23 aPCNL, 19 sPCNL 2020 0% None 5.3% 0.276
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found no difference in safety outcomes includ-
ing complication rates, emergency department 
visits, and postoperative admissions, when 
compared to inpatient PCNL and previously 
published statistics for PCNL. This conclusion 
is consistent with a previously published meta-
analysis by Jones et al. that found no signifi- 
cant difference in complication rates between 
same-day and next-day discharge after PCNL 
[10]. Some studies even found lower rates of 
adverse outcomes in ambulatory cohorts when 
compared to inpatient cohorts. It was demon-
strated by one paper that outpatient PCNL can 
even be safely performed, with no difference  
in complications, in less-than-optimal surgery 
candidates [11]. In regard to cost, it is over-
whelmingly clear that outpatient PCNL confers 
significant healthcare savings over inpatient 
PCNL due to the obvious decreased use of hos-
pital resources, as supported by more than one 
formally conducted study [15, 23]. Future stud-
ies, preferably prospective analyses and ran-
domized control trials, are warranted to en- 
hance the evidence surrounding outpatient 
PCNL and its outcomes.
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