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Abstract Abstract 
Background:Background: Kidney stones are prevalent, and surgical treatment is based on multiple factors. Frailty is 
the collective decline of organ systems that can lead to adverse events and is considered prior to surgery 
for risk-benefit analysis. The National Surgical Quality Improvement Program (NSQIP) utilizes risk-
adjusted data to monitor outcomes, provide quality benchmarks, and decrease complications. The impact 
of frailty with the modified 5-item frailty index has not previously been evaluated for patients undergoing 
urolithiasis procedures. 

MethodsMethods: Data was collected from 1329 patients who underwent surgery for urolithiasis. The primary 
outcome was 30-day all-cause morbidity. Associations between variables, including those within the 
5-item modified frailty index (history (hx) of diabetes, CHF, COPD, antihypertensive usage, functional 
status), and all-cause morbidity were assessed. Additional analysis looked at two specific outcomes: 
readmissions and return to OR. 

Results:Results: A total of 1329 patients were assessed. Of the variables in the frailty index, COPD and HTN 
requiring medications were not associated with higher morbidity. Dependent functional status (OR = 2.47, 
p = 0.006), hx of CHF (OR = 4.69, p = 0.02), and insulin-dependent diabetes (OR = 1.89, p = 0.02) were 
associated with higher morbidity. Type of procedure was highly linked with morbidity, with percutaneous 
procedure (OR = 4.72, p < 0.001) and open procedures (OR = 2.43, p < 0.001) being associated with 
patient morbidity. Age was the only variable associated with increased return to OR and readmission 
rates. 

Conclusion:Conclusion: Urologists should consider patient age and comorbidities when selecting the surgical route 
for urolithiasis. 
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Abstract
Background: Kidney stones are prevalent, 
and surgical treatment is based on multiple 
factors. Frailty is the collective decline of 
organ systems that can lead to adverse events 
and is considered prior to surgery for risk-ben-
efit analysis. The National Surgical Quality 
Improvement Program (NSQIP) utilizes 
risk-adjusted data to monitor outcomes, 
provide quality benchmarks, and decrease 
complications. The impact of frailty with the 
modified 5-item frailty index has not previ-
ously been evaluated for patients undergoing 
urolithiasis procedures.

Methods: Data was collected from 1329 
patients who underwent surgery for urolithi-
asis. The primary outcome was 30-day 
all-cause morbidity. Associations between 
variables, including those within the 5-item 
modified frailty index (history (hx) of 
diabetes, CHF, COPD, antihypertensive usage, 
functional status), and all-cause morbidity 
were assessed. Additional analysis looked 
at two specific outcomes: readmissions and 
return to OR.

Results: A total of 1329 patients were 
assessed. Of the variables in the frailty index, 
COPD and HTN requiring medications 
were not associated with higher morbidity. 
Dependent functional status (OR = 2.47, p = 
0.006), hx of CHF (OR = 4.69, p = 0.02), and 
insulin-dependent diabetes (OR = 1.89, p = 
0.02) were associated with higher morbidity. 
Type of procedure was highly linked with 
morbidity, with percutaneous procedure (OR 
= 4.72, p < 0.001) and open procedures (OR 
= 2.43, p < 0.001) being associated with 
patient morbidity. Age was the only variable 
associated with increased return to OR and 
readmission rates.

Conclusion: Urologists should consider 
patient age and comorbidities when selecting 
the surgical route for urolithiasis.

Keywords
urolithiasis, frailty, morbidity, complications, 
readmission

Abbreviations
NSQIP - National Surgical Quality 
Improvement Program 
CHF - congestive heart failure
COPD - chronic obstructive pulmonary 
disease 
OR - operating room
HTN - hypertension
PCNL - percutaneous nephrolithotomy 
CPT - current procedural terminology
BMI - body mass index
CI - confidence interval
TURP - transurethral resection of the prostate 
LOS - length of stay
AUA - American Urologic Association

Introduction
Kidney stones are a common medical problem 
in the United States, with a prevalence of 
8.8%.1 If surgical treatment for urolithiasis 
is indicated, a variety of techniques can be 
utilized (shock wave lithotripsy, percutaneous 
nephrolithotomy, ureteroscopy, open surgery) 
based on stone location, size, and patient 
comorbidities, among other factors.2 Frailty 
is the collective decline of organ systems due 
to aging and medical comorbidities that can 
lead to adverse events after stressors, such as 
surgery.3 Because frailty is prevalent in older 
individuals and about two-thirds of urological 
procedures are performed on patients ≥65 
years old4, it is imperative to assess frailty 
when considering surgical procedures, like 
stone surgery, for risk-benefit analysis. 
Previous studies have linked preoperative 
frailty to postoperative complications, such 
as increased mortality, rate of return to the 
operating room, and hospital readmissions.4 
Specifically, in urology, more complications 
arose in frailer patients after major urolog-
ical surgeries.5 Frailty is a useful prognostic 
indicator when classifying risk for surgeries 
and has been shown to predict mortality from 
many procedures in many fields, including 
urologic oncology.6 

The National Surgical Quality Improvement 
Program (NSQIP) utilizes risk-adjusted data 
to monitor and track surgical outcomes to 
provide quality benchmarks and help decrease 
complications.7 The NSQIP frailty index 
was initially developed to measure patient 
frailty (physiological vulnerability) using 11 
measures of impairment. More recently, these 

11 criteria were modified into a 5-item frailty 
index (diabetes mellitus, history of CHF, 
functional status, history of COPD, history of 
antihypertensive usage),8 which has shown to 
predict adverse effects in areas such as trauma 
surgery,9 neurosurgery,10 and orthopaedics.11,12 
Pertaining to urolithiasis, only individual risk 
factors have been analyzed for post-operative 
complications, morbidity, and mortality. For 
example, studies have shown that diabetes 
mellitus, cardiovascular disease, and obesity 
are associated with increased complications 
after ureteroscopy.13,14 Moreover, diabetes, 
hypertension, and fasting plasma glucose are 
independent risk factors for increased compli-
cations after PCNL.15-17 However, many 
of the components of the modified 5-item 
frailty index have never been evaluated in 
patients undergoing any surgical management 
for urolithiasis. Utilizing NSQIP data, we 
analyzed associations between the compo-
nents of frailty as well as other variables of 
interest and stone surgery outcomes and, in 
turn, hope the results can help inform urolo-
gists of these risks when considering different 
surgical procedures for the management of 
urolithiasis. 

Methods
Data was collected from the NSQIP database 
between 2012 and 2018. Surgical procedures 
were categorized into procedure types (open, 
percutaneous, or retrograde endoscopic) 
based on the Current Procedural Terminology 
(CPT) codes. Patients undergoing concurrent 
procedures involving other organ systems 
or more involved urologic surgery (cyst 
decortication, liver biopsy, cholecystectomy, 
etc.) were excluded from our study. The 
primary research outcome was all-cause 
morbidity, such as infection, renal impair-
ment, and cardiovascular events within 30 
days. Variables analyzed included body mass 
index (BMI), diabetes mellitus (insulin-de-
pendent, insulin-independent, or no history), 
history of chronic obstructive pulmonary 
disease (COPD), history of congestive heart 
failure (CHF), hypertension (HTN) requiring 
medication, functional status (dependent or 
independent), smoking within the last year, 
chronic steroid usage, dialysis, and age. 

Descriptive statistics are presented as counts 
and percentages or means and standard 
deviations. Associations between variables, 
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including those within the 5-item modified 
frailty index (diabetes mellitus, history of 
CHF, functional status, history of COPD, 
history of antihypertensive usage), and the 
outcome variable of all-cause morbidity were 
assessed using Chi-Square or Fisher’s Exact 
tests for categorical variables of interest, and 
independent samples t-tests for continuous 
variables of interest. In addition, associations 
between each variable and two specific 
morbidity criteria (return to OR and readmis-
sion) were assessed. Variables with a p-value 
less than 0.20 were then entered into a logistic 
regression for each outcome. Odds ratios 
are presented with 95% confidence intervals 
(CIs). All analyses were performed using SAS 
software version 9.4 (SAS Institute Inc., Cary, 
NC).

Results
Our initial NSQIP data collection from 2015-
2018 revealed a total of 2666 patients. After 
removing 66 patients with emergent proce-
dures, 5 patients who underwent concurrent, 
more involved urologic procedures (TURP, 
nephrectomy, etc.), and 1,266 patients who 
had other non-urologic procedures, there were 
a total of 1,329 patients in our final sample. 
The sample consisted of 50.1% males. The 
average age in the group with no morbidity 
was 55.5, while the average age of the group 
with at least one morbidity was 57.9 (p = 
0.15). Most patients were white, 84.2% 
(Table 1). The breakdown of procedures was 
as follows: retrograde endoscopic (60.1%), 
open (36.0%), and percutaneous endoscopic 
(3.9%), and were performed equally over the 
years analyzed. 

The different variables present in the 5-item 
frailty index were each assessed individually. 

Patients with a dependent functional status 
had statistically significantly more morbidity 
(18.75%) than independent patients (6.74%, 
p = 0.006). Those with a history of CHF 
had significantly more negative outcomes 
(33.33%) vs. patients without a history of 
CHF (6.89%, p = 0.02). When looking at 
diabetes, Insulin-dependent diabetes mellitus 
patients had more negative outcomes 
(14.46%) than non-diabetics (6.43%) and 
insulin-independent diabetics (7.51%, p = 
0.02). Patients with a history of COPD (p = 
0.54) or hypertension requiring medication 
(p = 0.25) use did not have any associated 
difference in morbidity. When looking at 
the association between morbidity and the 
type of surgical procedure performed (open 
vs. Retrograde endoscopic vs. Percutaneous 
endoscopic), percutaneous endoscopic surgery 
(17.3%) and open surgery (10.7%) had statis-
tically significantly more prevalent negative 

outcomes compared to retrograde endoscopic 
(4.6%) surgery with a p-value of <0.0001. 
Several other common variables associated 
with morbidity were also analyzed. BMI (p 
= 0.33), chronic steroid use (p = 0.48), and 
current smoking status (p = 0.16) were all 
not associated with an increase in morbidity 
(Table 2). 

Among the variables assessed in the univari-
able analysis, those that had a p < 0.20 were 
analyzed further using logistic regression. In 
the adjusted logistic regression model, the 
surgical type was associated with all cause 
morbidity (p < 0.0001), where the adjusted 
odds of having a morbidity was 4.72 (95% CI: 
2.10, 10.60) for patients with percutaneous 
stone procedures and a 2.43 (95% CI: 1.54, 
3.85) for patients with open procedures, both 
relative to patients with retrograde endoscopic 
procedures. After adjusting for the other 

Table 1. Demographic Data from the NSQIP 
Data Set for Surgical Interventions for 
Urolithiasis.

Overall N (%)
Gender 

Male 669 (50.3)
Female 660 (49.7)

Race
American Indian or Alaska Native 8 (0.7)
Asian 66 (5.5)
Black or African American 106 (8.8)
Native Hawaiian or Pacific Islander 11 (0.9)
White 1014 (84.1)

Year
2015 225 (26.3)
2016 233 (27.2)
2017 206 (24)
2018 193 (22.5)

Table 2. Risk Factors and Their Associated All-Cause Morbidity in Procedures for Urolithiasis.

Outcome: All-Cause Morbidity No Morbidity
N = 1235 (%)

>/= 1 Morbidity
N = 94 (%)

p-Value

Functional Status* p = 0.006
Dependent 39 (81.3) 9 (18.7)
Independent 1177 (93.3) 85 (6.7)

Diabetes* p = 0.02
Insulin-Dependent 71 (85.5) 12 (14.5)
Non-Insulin Dependent 160 (92.5) 13 (7.5)
No 1004 (93.6) 69 (6.4)

Hx of COPD* p = 0.54
Yes 39 (90.7) 4 (9.3)
No 1196 (93) 90 (7.0)

Hx of CHF* p = 0.02
Yes 6 (66.7) 3 (33.3)
No 1229 (93.1) 91 (6.9)

HTN Requiring Medication* p = 0.25
Yes 568 (92.1) 49 (7.9)
No 667 (93.7) 45 (6.3)

Type of Surgery p < 0.0001
Percutaneous Endoscopic Surgery 43 (82.7) 9 (17.3)
Retrograde Endoscopic Surgery 764 (95.7) 34 (4.26)
Open Surgery 428 (89.3) 51 (10.7)

Age (mean +/- std dev) 55.5 +/- 15.6 57.9 +/- 16.5 p = 0.15
BMI p = 0.32

<25 264 (90.4) 28 (9.6)
25-29.9 377 (93.6) 26 (6.4)
30-34.9 303 (93.8) 20 (6.2)
35+ 279 (93.3) 20 (6.7)

Smoking Status p = 0.16
Current 217 (90.8) 22 (9.2)
Not Current 1018 (93.4) 72 (6.6)

Chronic Steroid Use p = 0.48
Yes 28 (90.3) 3 (9.7)
No 1207 (93) 91 (7.0)

* Denotes variable in a 5-item frailty index
BMI, body mass index; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; Hx, 
history; std dev, standard deviation.
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variables in the model, dependent patients 
have 2.47 (95% CI: 1.11, 5.48) times the odds 
of experiencing a negative outcome relative 
to independent patients (p = 0.03). Patients 
with a history of CHF had an adjusted OR of 
4.69 (95% CI: 1.05, 21.02) relative to patients 
without a history of CHF. Age, presence of 
diabetes (insulin or non-insulin dependent), 
and smoking all showed no statistically signif-
icant increase in all-cause morbidity (Table 
3). Interestingly, patients who had all five 
conditions that define frailty had an odds ratio 
of 4.79 for having any morbidity compared to 
those who had zero conditions (p < 0.01). 

Outside of all-cause morbidity, a secondary 
analysis was performed, which looked at the 
relationship between each of these variables 
and two common clinical measures, “return 
to the OR” and “readmission rates.” There 
was no statistically significant relationship 
between “return to OR” and any examined 
variables (history of diabetes, CHF, or COPD, 
BMI, HTN requiring medication, functional 
status, smoking status, chronic steroid usage, 
or age), except for age (p = 0.014). Similarly, 
age was the only variable significantly asso-
ciated with “readmission” (p = 0.032); there 
was no statistically significant relationship 
between readmission and any other examined 
variable mentioned above. In addition, the 
analysis revealed that older patients are frailer 
(p < 0.001) and frailer patients have increased 
hospital LOS (p < 0.01).

Discussion
Percutaneous endoscopic and open surgery 
were both found to be statistically signifi-
cantly associated with all-cause morbidity 
than retrograde ureteroscopy for surgical 
intervention for urolithiasis. This corroborates 
existing literature showing that PCNL led to 
an increase in negative outcomes compared to 
ureteroscopy.18,19 Given previous data and the 
data presented here, urologists must consider 
the surgical method selected and its associated 
morbidity for the treatment of urolithiasis in 
all patients. AUA guidelines allow significant 
flexibility to both providers and patients when 
selecting the type of surgery appropriate for a 
procedure, especially for larger stones. Thus, 
it is important that the provider thoroughly 
discuss the risks and morbidities associated 
with each procedure versus the different bene-
fits (operative times and stone-free rates). The 
data presented here may suggest that retro-
grade endoscopic procedures for urolithiasis, 
even if requiring a second look or procedure, 
could provide morbidity benefits over either 
percutaneous or open surgical options. This 
is especially true as modern medicine and 
surgical tools, including lasers, are constantly 

improving. A recent study revealed that a 
high-powered MOSES laser was associated 
with significantly less stone fragmentation 
time and procedural time when compared to a 
regular holmium laser.20

Of the modified 5-item frailty index, only 
insulin-dependent diabetes mellitus, history 
of congestive heart failure, and dependent 
functional status were significantly associated 
with increased morbidity. Of the three, after 
adjusting for other variables, a history of 
CHF had the highest odds ratio, followed 
by dependent functional status and then 
insulin-dependent diabetes, which was not 
statistically significant. Each of these pieces 
in the 5-item frailty index does not simi-
larly contribute to all-cause morbidity, as it 
specifically relates to surgical intervention for 
urolithiasis. Thus, emphasis should be placed 
on assessing their individual utility, along 
with other potential morbidity predictors, 
rather than using the summed frailty score. In 
fact, a logistic regression model performed 
slightly better when considering only the 
5-item frailty variables individually (c-statistic 
of 0.60) rather than as a summed frailty score 
(c-statistic of 0.58), and the performance was 
better in the model used in this study which 
excluded some components of the original 
frailty items, and included other predictors of 
all-cause morbidity, like surgical type (c-sta-
tistic = 0.69). 

The secondary analysis looked at two 
common clinically measured outcomes, 
“return to OR” and “readmission”, and their 
association with our variables of interest. 
Both “return to the OR” and “readmission” 
were only significantly associated with age. 
This suggests that age may be an important 
frailty variable to consider, especially when 
considering “readmission” rates, which is 
a commonly used clinical indicator that is 

highly associated with increasing health-
care costs and possibly even physician 
reimbursement. Aggregate expenditures for 
treating patients with urolithiasis are among 
the highest for any urologic condition, with 
costs exceeding $10 billion annually. With 
a recent study showing that an unplanned 
“readmission” after surgical intervention 
for urolithiasis costs an average of nearly 
$30,000, age may be an important variable 
to consider when considering the route of 
surgical intervention. Although not currently 
instituted, penalties for readmissions after 
operative intervention are a potential expan-
sion of current payer policies as part of a 
transition away from a system focused on 
volume rather than clinical outcomes.21

With the common incidence and increased 
prevalence of urolithiasis worldwide, surgical 
interventions are going to continue to be 
performed at a high rate. Thus, inherent 
morbidity and surgical complications are 
going to occur despite any preventative 
actions from urologic surgeons. With the 
significant health and financial costs of these 
morbidities, it is important to optimize poten-
tial surgical outcomes and minimize risk as 
much as possible in the preoperative setting. 
Thus, it is essential to use all tools available 
to help select the proper surgical intervention 
for each patient based on their age, morbidi-
ties, and specific stone size and location. The 
data presented above shows that the different 
components of the 5-item frailty index, 
age, and other comorbidities should all be 
considered and weighed appropriately when 
considering a certain route of surgery. It also 
highlights the importance of discussing the 
potential morbidity of each surgical type with 
the patient in an informed consent manner to 
help them select the best surgical intervention 
for them.

Table 3. Adjusted Odds Ratios for Morbidity for Each Risk Factor in Urolithiasis Procedures.

Outcome: All-Cause Morbidity Adjusted Odds Ratio 95% Confidence Interval p-value
Age 1.01 0.99-1.02 p = 0.25
Diabetes p = 0.19
Insulin vs. None 1.89 0.95-3.78
Non-Insulin vs None 1.06 0.56-2.00
Hx of CHF
Yes vs. No 4.69 1.05-21.02 p = 0.04
Functional Status
Dependent vs. Independent 2.47 1.11-5.48 p = 0.03
Smoking
Yes vs. No 1.45 0.86-2.45 p = 0.17
Surgery Group p < 0.0001
Open vs. Retrograde Endoscopic 2.43 1.54-3.85
Percutaneous vs. Retrograde Endoscopic 4.72 2.10-10.60
CHF, congestive heart failure; Hx, history.
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This study has several limitations. Even with a 
total assessment of 1,329 patients, there were 
few negative outcomes (94 patients), which 
caused the logistic regression to become too 
specific, potentially introducing significant 
errors. The data obtained via NSQIP revealed 
that 36.0% of surgical interventions were 
“open” surgeries, which may not be a true 
representation of the surgical interventions 
commonly selected for urolithiasis; thus, it 
may be skewing our data. Next, NSQIP data 
is retrospectively obtained and is only tracked 
for 30 days post-operatively, which limits full 
assessment of patient morbidity and mortality 
and our secondary variables, readmission, and 
return to the OR. 

Conclusion
With the common incidence and increased 
prevalence of urolithiasis worldwide, surgical 
interventions are going to continue to be 
performed at a high rate. Thus, inherent 
morbidity and surgical complications are 
going to occur despite any preventative 
actions from urologic surgeons. With the 
significant health and financial costs of these 
morbidities, it is important to optimize poten-
tial surgical outcomes and minimize risk as 
much as possible in the preoperative setting. 
Thus, it is essential to use all tools available 
to help select the proper surgical intervention 
for each patient based on their age, morbidi-
ties, and specific stone size and location. The 
data presented above shows that the different 
components of the 5-item frailty index, 
age, and other comorbidities should all be 
considered and weighed appropriately when 
considering a certain route of surgery. It also 
highlights the importance of discussing the 
potential morbidity of each surgical type with 
the patient in an informed consent manner to 
help them select the best surgical intervention 
for them. 
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