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Introduction
Prostate cancer (PCa) is the second most com-
mon cancer in men with 1.4 million cases diag-
nosed in the year 2020.1 Clinically localized PCa 
treatment modalities include radical prostatec-
tomy, cryosurgery, radiotherapy, focal therapy, 
and active surveillance.2,3 Robotic-assisted radical 
prostatectomy (RARP) has been extensively 
compared with the open surgical approach and 
has shown comparable and in some cases favora-
ble outcomes.4,5 Furthermore, RARP has also 

demonstrated better overall outcomes in terms of 
blood loss, nerve sparing, and urinary inconti-
nence which has increased its adoption in treating 
PCa.6 There is also an increasing interest in pop-
ulation frailty assessment whereby several scores 
have been developed to assess frailty preopera-
tively in urologic procedures.7,8 Improved medi-
cal standards worldwide have led to an increase in 
the geriatric populations; hence, making frailty a 
concern of increasing importance.9–11 Therefore, 
the need to refine surgical procedures to cater to 
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a frailer population has emerged. RARP is one of 
those surgical procedures that is being refined 
over the past decades and possibly being offered 
to more frail patients over the years. In this study, 
we used a nationally validated, risk-adjusted data 
set to illustrate the increase in population frailty 
that underwent RARP and compare morbidity 
and mortality postoperatively between the years 
2011 and 2019.

Materials and methods

Study design
The American College of Surgeons–National 
Surgical Quality Improvement Program (ACS-
NSQIP) data set was used to select patients who 
underwent RARP between the years 2011 and 
2019. The current procedural terminology (CPT) 
code 55866 and principal operative procedure 
CPT code description were used to select RARP 
patients. A total of 66,683 patients underwent 
RARP during the study period and were included 
in the study. The ACS-NSQIP database is a 
nationally validated, risk-adjusted, outcomes-
based program. It encompasses 963 centers and 
more than 65 collaboratives both inside and out-
side the United States. Data are collected by 
Surgical Clinical Reviewers (SCRs) that receive 
intensive training and follow-up support; in addi-
tion, data quality is ensured by an Intra-Rater 
Reliability Audit of participating sites.

Data availability
The (ACS-NSQIP) data are subject to a data use 
agreement. To access the data set, a request to 
the ACS-NSQIP participant use form should be 
placed at the following link (https://www.facs.org/
quality-programs/acs-nsqip/participant-use).

Patient demographics and outcomes
In this study, we aimed to compare the trends of 
age, overall frailty, operative time (OT), length of 
stay (LOS), and perioperative morbidity and 
mortality for patients undergoing RARP between 
the years 2011 and 2019. To assess frailty, we 
used three indicators of frailty or population 
health: 5-item frailty index (5-iFI), metabolic 
syndrome index (MSI), and American Society of 
Anesthesiologists’ (ASA) classification. To assess 
perioperative mortality and morbidity, we used 
the Clavien–Dindo grade, major morbidity, and 
30-day mortality.12,13 The compressed 5-iFI was 

derived from an 11-item frailty index score.14 The 
index allocated 1 point for each of the following 
comorbidities: chronic obstructive pulmonary 
disease (COPD) or pneumonia, congestive heart 
failure, dependent functional status, hyperten-
sion, and diabetes.14 Frailty scores were then 
divided into three groups: score of 0, 1, and ⩾2. 
The MSI allocated one point for each of the fol-
lowing comorbidities: hypertension requiring 
medication, diabetes, and obesity [body mass 
index (BMI) >30 kg/m2].15

Statistical analysis
Age, frailty indicators, OT, LOS, and periopera-
tive morbidity and mortality were compared 
between the years 2011 and 2019. Chi-square 
test (χ2) was used to compare categorical varia-
bles and the one-way analysis of variance 
(ANOVA) was used to compare continuous vari-
ables within different years. A 5-item frailty score 
⩾2, MSI score = 3, and ASA class ⩾3 indicated 
high frailty and poor population health and were 
compared between different years. Rates of mor-
tality, major morbidity, and the Clavien–Dindo 
grade ⩾4 were also compared between different 
years. Then, we constructed graphs depicting the 
changes in trends over the years. Two-sided p 
value significance was set at 0.05. IBM SPSS 
Statistics version 28 (190) (IBM Corp., Armonk, 
NY, USA) was used for the statistical analysis.

Results
A total of 66,683 patients underwent RARP 
between the years 2011 and 2019. Mean age 
increased from 61.68 ± 7.2 to 63.5 ± 7.1 between 
the years 2011 and 2019 (p < 0.001) (Table 1).

With respect to the 5-iFI, the frequency of hyper-
tension, diabetes, COPD or pneumonia, dependent 
functional status, and congestive heart failure were 
52.2%, 13.1%, 1.8%, 0.2%, and 0.1%, respectively 
(Table 2). In this study, 44.6% had a 5-iFI = 0, 
43.6% had a 5-iFI = 1, and 11.8% had a 5-iFI ⩾2. 
For the Clavien–Dindo grade, 65.1% had a grade of 
I and II, 13.4% had a grade of III, 20% had a grade 
of IV, and 1.5% had a grade of V. For the MSI, 
5.9% of patients had a grade of 3 (Table 2).

When compared between the years 2011 and 2019, 
patients with 5-iFI ⩾2 showed an increase from 
9.4% in 2011 to 12.5% in the year 2019 (p < 0.001). 
Similarly, patients with MSI = 3 also showed an 
increase from 4.1% in 2011 to 6.1% in 2019 
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(p < 0.001). Furthermore, patient with an ASA ⩾3 
also showed an increase from 32.8% in 2011 to 
42.4% in 2019 (p < 0.001). OT and LOS decreased 
from 212.3 ± 73 min and 1.81 ± 5 days in 2011 to 
206.3 ± 71 min and 1.47 ± 1.56 days in 2019, 
respectively (p < 0.001) (Table 1 and Figure 1).

With respect to morbidity and mortality, patient 
perioperative mortality, major morbidity, and 

Clavien–Dindo perioperative morbidity remained 
similar through the years 2011 and 2019 with no 
statistically significant difference between them 
(Table 1 and Figure 2).

Discussion
In this study, we found that RARP was being uti-
lized for a frailer population without an increase 

Table 2.  Components of 5-item frailty index, Clavien–Dindo classification adapted to the ACS-NSQIP, major 
morbidity, and metabolic syndrome index in our cohort.

5-item frailty index N (%)

Components Chronic obstructive pulmonary disease or pneumonia, 
congestive heart failure, dependent functional status, 
hypertension, and diabetes

 

  0 29,773 (44.6%)

  1 29,096 (43.6%)

  ⩾2 7814 (11.8%)

Clavien–Dindo classification adapted to ACS-NSQIP N (%)

Grades I and II Occurrences of SSI, deep incisional SSI, organ space SSI, 
wound dehiscence, pneumonia, urinary tract infection, deep 
vein thrombosis, progressive renal insufficiency, bleeding 
requiring transfusion

3567 (65.1%)

Grade III Unplanned reoperation 731 (13.4%)

Grade IV Sepsis, septic shock, pulmonary embolism, myocardial 
infarction, cardiac arrest necessitating CPR, unplanned 
intubation, ventilator dependent >48 h, acute renal failure 
necessitating dialysis, stroke, coma

1091 (20%)

Grade V Mortality 88 (1.5%)

Major morbidity N (%)

Deep incisional SSI, wound dehiscence, pneumonia, urinary tract infection, deep vein 
thrombosis, progressive renal insufficiency, bleeding requiring transfusion, sepsis, 
septic shock, pulmonary embolism, myocardial infarction, cardiac arrest necessitating 
CPR, unplanned intubation, ventilator dependent >48 h, acute renal failure 
necessitating dialysis, stroke, and coma

3563 (5.3%)

Metabolic syndrome index N (%)

Hypertension-requiring 
medication
Diabetes
Obesity (BMI >30 kg/m2)

0 0 Factor 22,023 (33%)

  1 1 Factors 25,012 (37.5%)

  2 2 Factors 15,707 (23.6%)

  3 3 Factors 3941 (5.9%)

ACS-NSQIP, American College of Surgeons–National Surgical Quality Improvement Program; BMI, body mass index.
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Figure 1.  Line graph depicting the change of 5-item frailty index, metabolic syndrome index, and ASA class for 
patients undergoing RARP between the years 2011 and 2019.

Figure 2.  Line graph depicting the change of mortality, Clavien–Dindo classification, and major morbidity for 
patients undergoing RARP between the years 2011 and 2019.

in overall morbidity or mortality. Our findings 
demonstrate that patients, who were previously 
considered as inoperable, are now offered surgery 
without any increase in morbidity and mortality. 
Expert guidelines advocate treatment of localized 
PCa with curative intent for patients with life 
expectancy >10 years.16,17 Moreover, radical 
prostatectomy for older patients heralded a higher 
complication rate, including higher medical com-
plications as well as higher incontinence and erec-
tile dysfunction rates.18,19 For these reasons, 
many surgeons shied away from operating on 

elderly and frail patients with curative intent and 
sought alternative management pathways.

More recently, and with the adoption of robotic 
assistance over the past decades, studies have 
demonstrated that old age does not preclude 
offering radical prostatectomy for patients who 
were deemed to be nonsurgical candidates due to 
age alone. For instance, Yamada et al.20 showed, 
in their series of RARP, that age was not an inde-
pendent predictor of surgical as well as oncologi-
cal outcomes. Furthermore, Labanaris et al.21 in 

https://journals.sagepub.com/home/tau
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their retrospective cohort study of RARP showed 
that patients older than 75 years of age did not 
yield increased complications in terms of potency, 
continence, or oncologic outcomes.

Undoubtedly, surgeon experience in RARP has 
increased over the years and this has been reflected 
by a decreased OT in our cohort. Increased 
comorbidities such as diabetes, COPD, conges-
tive heart failure (CHF), dependent functional 
health status, and hypertension, which are com-
ponents of the 5-iFI, have shown to be predictors 
of prolonged LOS in RARP.22 Our cohort, how-
ever, demonstrated shorter LOS, and this could 
be explained by improved patient management, 
surgeon experience, and complication rates dur-
ing RARP. Indeed, increased surgeon experience 
has shown improvements in surgery time, length 
of stay, and complications rates in RARP.23

Several studies have been able to demonstrate 
that RARP is feasible in more elderly and frail 
patients. Ubrig et al.24 have demonstrated that 
RARP was feasible in patients ⩾75 with good 
functional and histopathologic results. Similarly, 
Roberts et al.25 have showed that prostatectomy 
has been also increasingly adopted in Australia in 
elderly men; however, they only used age, with-
out frailty indices, as a surrogate of overall health, 
which adds to the uniqueness of this study.

There are many contributing factors for the 
increased adoption of RARP among more elderly 
and frail patients. First, the US Preventive Services 
Task Force (USPSTF) has recommended for 
reduced serum prostate-specific antigen (PSA) 
screening since 2012; hence, possibly delaying the 
age at presentation of PCa to older patients.26 
Moreover, robotic assistance has allowed surgeons 
to be more comfortable in controlling for proce-
dure-specific complications such as incontinence 
and erectile dysfunction that are especially pro-
nounced in the elderly population.27,28

More importantly, assessing a patient’s best treat-
ment option based on age alone might be mis-
leading and, in some cases, false. Hence, there is 
a need for an individualized approach when 
determining the best treatment option for 
patients. Therefore, the use of individualized life 
expectancy predictors, through frailty or comor-
bidity indices, seems to be a more reasonable 
alternative rather than risk-stratifying patients 
using age alone.29 It has been previously shown 
that frailty indices are able to indicate increased 

patient vulnerability due to a decline in physio-
logic reserve and function as a result of aging.30 
Hence, serving as significant predictors of com-
plications after surgery and prostatectomy, in par-
ticular.13,31 These scores and indices can help 
surgeons better risk-stratify their patients and 
maximize the potential benefit of surgery.

In this study, we have included three independent 
frailty indices – the ASA class, the 5-iFI, and the 
MSI – as indicators of frailty and population 
health. These indices have helped us show that 
there is an overall trend over the past decade for 
the adoption of RARP in frailer and older popula-
tion, without compromising on perioperative 
morbidity and mortality. Therefore, proving the 
refinement of the technique over the years and 
the current generalizability of this procedure to 
patients previously deemed nonsurgical.

Limitations
Several limitations exist in this study and results 
must be interpreted within the context of the 
study design. Although we utilized a large multi-
center database, which is primarily focused on 
North America and is retrospective; thus, gener-
alization to other populations might be limited. 
Furthermore, the cohort data lack variables that 
are tumor or procedure-specific, such as tumor 
stage and Gleason grade, which are important in 
choosing therapy for PCa. Other comorbidity 
indices such as the Charlson Comorbidity Index 
could not be incorporated into the analysis due to 
variables lacking in the NSQIP data set. Finally, 
the NSQIP data set is a collaboration of different 
centers; hence, expertise and surgical techniques 
could vary between different centers.

Conclusion
RARP is being offered and performed on more 
frail patients, indicated by a higher age, 5-item 
frailty score ⩾2, MSI score = 3, and ASA class 
⩾3, without an increase in major morbidity, 
Clavien–Dindo grade, or mortality. Surgical 
treatment for PCa is expanding to a population 
previously deemed nonsurgical.
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