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ABSTRACT ARTICLE INFO
Objective: To compare the utilization, perioperative complications and predictors of  Key words:

LCA versus RPN in the treatment of localized renal tumors. Robotics; Kidney Neoplasms;
Methods: From the Nationwide Inpatient Sample we identified patients undergoing  therapy [Subheading];

RPN or LCA for the treatment of localized renal tumors from October 2008 through  Cryosurgery

2010. Patient and hospital-specific factors which predict postoperative complications
and use of LCA were investigated.

Results: 14,275 patients with localized renal tumors were identified: 70.3% had RPN
and 29.7% had LCA. LCA was more common in older patient and at hospitals without
robotic consoles. No difference was identified in perioperative complications (0.2%
vs. 0.29%), transfusion (5.1% vs. 6.2%), length of stay (2.9 vs. 3.0 days) or median
cost ($41,753 vs. $44,618) between the groups, LCA vs. RPN. On multivariate analysis
sicker patients were more likely to have LCA (OR 1.34, p=0.048) and sicker patients
had greater postoperative complications (OR 3.30, p<0.001); LCA did not predict more
complications (OR 1.63, p=0.138) and LCA was performed at hospitals without RCs
(OR 0.02, p<0.001). Limitations include observational study design, inability to assess
disease severity, operative time, or body mass index, which may affect patient selection
and outcomes.

Conclusions: More patients had RPN vs. LCA; surgical technique was not predictive of
postoperative complications. As technology develops to treat localized renal tumors,
it will be important to continue to track outcomes and costs for procedures including
RPN and LCA.
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INTRODUCTION

In the last decade there has been a rising
incidence of localized renal tumors largely related
to the increasing use of cross-sectional abdominal
imaging (1-3). These masses are often discovered
incidentally by abdominal ultrasound or cross-
-sectional imaging and they are generally slow

growing and detected at an earlier stage (4, 5).
Management options can broadly be classified as
active surveillance versus ablative or extirpative
surgery. Nephron sparing (NS) approaches are in-
creasing in utilization compared to the previous
“gold standard” radical nephrectomies, because
they offer equal oncologic and functional outco-
mes while preserving normal renal parenchyma
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(6). NS surgery for the localized renal tumors is
now the recommended approach whenever possi-
ble by urological guidelines (7).

In recent years there has been a rising in-
terest in minimally invasive treatment options.
This includes laparoscopic and robotic assisted
laparoscopic partial nephrectomy (LPN, RPN) and
ablative therapies such as radiofrequency ablation
(RFA) and cryoablation (CA). RPN has emerged
as a viable alternative to mitigate the technical
challenges of LPN, demonstrating perioperative
outcomes that are comparable to LPN, with the
benefit of reduced warm ischemia time (8).

A theoretical advantage to ablative te-
chniques for localized renal tumors is that they
represent a simpler operation, without a need for
hilar dissection, clamping of renal vessels, do
not result in kidney ischemia, and do not require
a renorrhaphy to repair the renal defect. Of the
ablative procedures available, cryoablation has a
more predictable ablative zone and there is some
evidence favoring cryotherapy over radiofre-
quency due to better surgical and oncological ou-
tcomes (9, 10). Laparoscopic assisted cryoablation
(LCA) has been utilized in various tumor types
in the kidney where the percutaneous approach
may not be feasible. In this regard, LCA could be
considered an alternative if perioperative compli-
cation rates and oncologic results are comparable
to RPN.

In 2011 Klatte et al. performed a systema-
tic review examining LCA and partial nephrec-
tomy; specifically, the study focused on compli-
cations and oncologic outcomes of LCA, open
partial nephrectomy (OPN) and LPN (11). After
multivariable analysis LCA was found to have sig-
nificantly worse oncologic outcomes with similar
perioperative outcomes. Given that RPN now re-
presents 70% of all PN performed nationally and
both LCA and RPN require general anesthesia,
similar patient positioning and port placement,
we sought to examine which patients would most
benefit from LCA (12). In this study we explore
the utilization and perioperative complications of
LCA and RPN; additionally we examined factors
which predicted the use of LCA in the treatment
of patients with localized renal tumors, using a
contemporary population-based cohort.

MATERIALS AND METHODS

Data Source

Data from the Nationwide Inpatient Sam-
ple (NIS) were abstracted from October 2008 un-
til December 2010. The NIS includes all inpatient
hospital discharge data collected via federal-state
partnerships, as part of the Agency for Healthcare
Research and Quality’s Healthcare Cost and Uti-
lization Project. NIS is a nationally representable
database of hospitals within the United States, in-
cluding public and private hospital as well as aca-
demic medical centers. The NIS is the only hospital
database in the United States that collects charge
information on all patients regardless of payer, in-
cluding those patients covered by Medicare, Medi-
caid, private insurance, and the uninsured.

Sample Population and Surgical Procedures

Using a previously described extraction me-
thodology, all patients with a primary diagnosis code
189.0 of cancer of the kidney were identified using
the 9th Revision of the International Classification of
Disease, Clinical Modification (ICD-9-CM). Patients
who underwent LCA (55.34) were abstracted. Patients
who underwent PN (55.4) were also identified. Be-
ginning October 1, 2008, the robot-assisted modi-
fier (ICD-9-CM 17.4x) code was first utilized by the
Centers for Medicare and Medicaid Services and the
National Center of Health Statistics and was used to
identify all RPN (this excluded pure laparoscopic PN)
(13). We excluded patients <18 years old; with an ad-
mission type other than elective; and with diagnoses
of transplant (v59.4), renal pelvis tumor (189.1), and
pyelonephritis (590.00, 590.01, 590.10, 590.11).

To reduce the potential for confounding by
tumor complexity, we initially excluded from analy-
sis patients undergoing the following concomitant
procedures: splenectomy (41.4, 41.42, 41.43), liver re-
section (50.2, 50.21-26, 50.29, 50.3), pancreas resec-
tion (52.5, 52.51-53, 52.59, 52.6, 52.7), bowel or co-
lon resection (45.5, 45.50-52, 45.61-62, 45.7, 45.71,
45.73-76, 45.79, 45.8, 45.81-83), or thrombectomy
with vascular reconstruction (37.10, 38.05, 38.07,
38.45, 38.47, 38.65, 38.67, 38.75, 38.77, 38.87, 39.6,
39.61, 39.63, 39.66). This step resulted in exclusion
of 58 patients, 28 LCA and 30 RPN. Because the NIS
database does not have information on clinical sta-
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ging or pathologic data for these kidney cancers
that were amenable to RPN or LCA, we will refer
to these masses as localized renal tumors.

We also summed the total surgical proce-
dures performed each year within individual hos-
pitals and grouped each surgical procedure into
hospital volume tertiles (low, medium and high);
for RPN and LCA respectively (<5, 5-16, >16
and 1, 2-5, >5).

Baseline Patient and Hospital Characte-
ristics

Patient demographic characteristics in-
cluding age at surgery, gender, and race (white,
black and other races including: Hispanic, Asian,
Pacific Islander, Native American, or other/unk-
nown) were also examined. Secondary ICD-9
codes were used to define baseline Charlson Co-
morbidity Index (CCI) according to Charlson et
al. (14) and adapted according to Deyo et al. (15).
Patients were then stratified by CCI score as 0, 1,
and >2. To ensure uniformity of coding, detailed
insurance categories were combined into more
general categories including: private insurance,
Medicare, Medicaid, and other (self-pay). Hos-
pital characteristics included location (rural vs.
urban) and region (Northeast, Midwest, South,
West). The NIS does not provide any informa-
tion on tumor size or staging for any cancer.

Intraoperative Complications and Postope-
rative Complications During Hospitalization

NIS records up to 15 diagnoses and pro-
cedures per each patient’s in-hospital stay. Com-
plications were identified using ICD-9 diagnoses
2 through 15. ICD-9 codes used for complications
relied on previously published methodology; spe-
cifically seven groups of postoperative complica-
tions were identified, namely: Cardiac, Respiratory,
Bowel, Genitourinary, Deep Venous Thromboem-
bolism (DVT) and Pulmonary Embolism (PE), In-
fection, Hemorrhage and Wound (16). Additionally
intraoperative complications were defined as any
accidental puncture or laceration during a proce-
dure. Blood transfusions were identified using the
ICD-9 procedure for transfusion of homologous
blood (99.04). In-hospital complications were defi-
ned as the presence of one or more complications.
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Operative time, which may be related to peri-
-operative complications, is not a variable in-
cluded in the NIS.

LOS, In-hospital Mortality and Costs

LOS is calculated by subtracting the admis-
sion date from the discharge date. In-hospital mor-
tality information is abstracted from disposition of
patient. We do not have capital cost data or cost of
acquiring surgical systems and costs presented only
include in-hospital total costs. All cost data was cal-
culated from the cost to charge ratio as provided by
the NIS. All total hospitalization costs were adjusted
to 2013 U.S. dollars using the Consumer Price Index.

Statistical analysis

Descriptive statistics include estimated fre-
quencies or proportions for categorical variables.
Means, medians and ranges were reported for any
continuously coded variable. Chi-square and inde-
pendent-sample t-tests calculated the differences in,
respectively, proportions and means.

Categorical distributions are reported as
counts (%) and continuous variables as means and
standard deviations (SD), and medians and interquar-
tile ranges (IQR). Fisher’s exact test, Chi-square test,
and Mantel-Haenszel test were used to assess diffe-
rences in distribution among the categorical varia-
bles. The median test and t-test were used to assess
the difference in distributions among continuous va-
riables.

We fitted multi-level/mixed effects multiva-
riable logistic regression models to test the associa-
tions of patient and hospital variables as predictors
for performance of LCA and also for postoperative
complications, while adjusting for clustering of pa-
tient covariates to the hospital level. All tests were
two-sided with a statistical significance set at p<0.05.
All analyses were computed using SAS 9.3 (Cary, NC).

RESULTS

14,275 patients were identified from the NIS
database from 2008-2010, of which 70.3% (10,034)
had a RPN and 29.7% (4,421) had a LCA. Characte-
ristics of the patient populations are presented in Ta-
ble-1. Patient populations differed by race, insurance
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status, preoperative comorbidity, and age. A greater
percentage of LCA patients were white (68.8% vs.
62.1%), had Medicare (57.9% vs. 33.2%), had a
preoperative CCI score >2 (56.7% vs. 46.2%), and
were 270 years old (42.4% vs. 16.2%). No differen-
ce was noted between groups when stratified by
gender or income quartile. Hospital characteris-
tics were significantly different between the two
groups. Specifically, a higher proportion of RPN
was performed at teaching institutions (74.8%
vs. 57.1%) and government hospitals (80.6% vs.
63.9%). RPN was more often performed in the Mi-
dwest (37.0%), whereas LCA was most commonly
performed in the South (40.9%). The largest per-
centage of each surgery was performed at high
volume institutions (44.2% and 51.0%; LCA and
RPN, p<0.001 for both). Of note 73.1% of all LCA
were performed at a hospital that does not per-
form robotic surgeries.

Table-2 identifies the rate of intraope-
rative and postoperative outcomes, stratified by

surgery. The rate of any complication occurring
was found to be equivalent between (10.14% vs.
9.9200), as was the rate of blood transfusion (5.14%
vS. 6.15%), Length of Stay (LOS) (2.89+0.18 vs.
3.04+0.13) and median cost ($41,753 vs. $44,618;
p=0.49) for LCA vs. RPN respectively. However,
statistically significant differences were noted for
individual complications; specifically, patients
undergoing RPN had lower rates of respiratory
(4.17% vs. 5.80%, p<0.001), infection (2.06% vs.
4.07%, p<0.001), and genitourinary complications
(4.50% vs. 3.87%, p=0.035).

On multivariate analysis (Table-3), pa-
tients were more likely to have their renal mass
treated with LCA if they had multiple preoperative
comorbidities compared to none (OR 1.34, 1.02-
1.79; p=0.048) or were from the highest income
bracket vs. lowest (OR 1.58, 1.03-2.43; p=0.038).
Younger patients were significantly less likely to
undergo LCA compared to older patients. Hospital
factors that predicted LCA vs. RPN treatment in-

Table 2 - Complications by Surgical Approach for the Treatment of Small Renal Masses.

Laparoscopic Renal

Robotic Partial Nephrectomy

Cryoablation

% Complication Overall Overall p-value
Any 10.14% 9.92% 0.139
Infection 4.07% 2.06% <0.001
Respiratory 5.80% 417% <0.001
Genitourinary 4.50% 3.87% 0.035
Cardiac 2.12% 0.05% 0.019
DVT/PE 1.29% 0.67% 0.364
Bowel 9.02% 8.86% 0.144
Hemorrhage 8.16% 7.96% 0.122
Wound 1.45% 1.39% 0.23
Reoperation During Hospitalization 3.77% 2.49% 0.466
Intraoperative Intestinal Injury 4.48% 3.59% 0.727
Intraoperative Ureteral or Bladder Injury 2.59% 3.79% 0.585
Other Operative Injury 3.33% 2.79% 0.301
% Blood Transfusion 5.14% 6.15% 0.400
Mean + SD LOS (days) 2.89+£0.18 3.04+£0.13 0.610
Median $ costs (IQR) $41,753 $44,618 0.490

($31,781- $60,087)

($33,548- $60,532)
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cluded large hospital vs. small (OR 2.93, 1.07-8.03;
p=0.037), and LCA was less likely to be performed
at hospitals that performed robotic surgeries (OR
0.02, 0.01-0.05; p<0.001).

Additionally, patients with preoperative
comorbidities were more likely to have a postope-
rative complication compared to patients without
comorbidities (OR 1.63-3.30, p<0.001) (Table-4).
Interestingly, female gender was protective of com-
plications (OR 0.77, 0.62-0.96; p=0.017); age, race
and income were not predictors of post-operative
complications. Regional variation existed with re-
gard to complications and government hospitals,
compared to private hospitals, were more likely to
have complications (OR 0.77, 0.62-0.96; p=0.017).
LCA was not more predictive of perioperative com-
plications compared to RPN (OR 1.63, 0.53-1.09
p=0.138); and only RPN showed a reduction in
complications with increasing procedure volume at
the hospital (OR 0.71-0.40, p<0.05).

DISCUSSION

RPN was initially described in 2004 and re-
presents an acceptable alternative to open or lapa-
roscopic PN for select localized renal tumors (17). Tt
has been hypothesized that RPN may help overcome
the technical challenges of LPN and may offer an
easier transition to minimally invasive PN (18). In
this retrospective study, we compared short-term pe-
rioperative outcomes of RPN vs. LCA, relying on a
contemporary (2008-2010) population-based cohort
of individuals undergoing minimally invasive treat-
ment for localized renal tumors.

Our findings are several-fold. First, our
contemporary analysis shows that RPN has si-
milar blood loss and LOS compared to LCA, with
reduced perioperative complications. In this na-
tionally representative sample of inpatient ad-
missions between October 2008 and December
2010, nearly three times as many RPNs were
performed compared to LCAs (10,034 vs. 4,241),
thus accounting for 70.3% of treatment for this
sample cohort. Although objective evidence has
shown that the utilization of RPN has increased
dramatically in recent years, no previous reports
have identified this in the context of nephron
sparing treatment (19).
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Second, the characteristics of RPN wvs.
LCA cases differed regarding several patient
and hospital attributes. However, on multiva-
riate analysis, patients who were older and had
a higher preoperative Charlson score were more
likely to undergo LCA.

While treating, physicians might expect
that older or sicker patients might benefit from LCA
vs. RPN; we found that neither age nor treatment
approach predicted complications. Despite the fact
that there were no differences in complications, the
groups that underwent the treatments were diffe-
rent. While we understand that there are patient
and physician factors that may have influenced
a patient to undergo a specific treatment beyond
preoperative comorbidities, our study is similar to
other publications which have shown that preope-
rative comorbidities are the most significant pre-
dictor of perioperative complication, and therefore
all patients should be offered the treatment that gi-
ves the best oncologic outcome (20).

As a result of the increasing use of ima-
ging techniques in the general population, there
has been an increase in the detection rate of lo-
calized renal tumors.There is a general acceptance
of nephron sparing approach as the first option in
the management of a patient with an incidental
localized renal tumors. Additionally it is accepted
that the standard of care is still surgery due to its
low level of postoperative complications and high
oncologic efficacy (7, 21).

Although the increase in incidence of lo-
calized renal tumors has been seen among all age
groups, it is most evident in the elderly popula-
tions who have more medical comorbidities. It is
not surprising, therefore, that the potential appli-
cation of minimally invasive treatment options for
these incidental lesions has been of wide interest.
Many retrospective studies have identified older
age and preoperative comorbidity as predictors of
receiving cryoablation, but these studies represent
single centers and their conclusions could be in-
fluenced by sampling error and the surgeon’s pre-
ferences within that institution (11).

While treating patients with localized re-
nal tumors, three competing factors have to be
balanced: cancer control, patient morbidity, and
preservation of renal function (7). In examining
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the advantages and disadvantages of the treat-
ment and surgical options, only a few studies have
formally compared ablation and extirpative sur-
gery for localized renal tumors (22-24) and even
fewer examining LCA and RPN (25, 26). The lar-
gest series from the Cleveland Clinic reported only
436 patients over a 12-year period with a mean
follow-up of 4.8 months (27). A recent study by
Emara et al. showed that with a mean follow-up of
16.5 months, there was no difference in periope-
rative measures (EBL or LOS) but LCA had a 3.6%
local recurrence rate vs. 0% in RPN (9). This data
is in line with a recent report by Klatte et al., who
reported a higher recurrence rate in the LCA group
compared with LPN and RPN group (28).

In the present series, there would appear
to be no significant differences between the two
treatment methods in terms of perioperative com-
plications, blood transfusion, length of stay and
cost. Our study was not able to assess any oncolo-
gic outcomes including positive surgical margins
or local recurrence rate; however, a recent meta-
-analysis showed that no recurrence was detec-
ted in the RPN group, and had a positive surgical
margin rate similar to other published series (27).
Others have noted that RPN is a less challenging
technique, compared to pure laparoscopic partial
nephrectomy; specifically the shorter learning
curve, minimal perioperative morbidity and shor-
ter postoperative hospital stay (8, 29).

Nevertheless, our findings would support
our general belief that RPN can truly challenge
LCA; both procedures require general anesthesia,
similar patient positioning and surgical incisions,
and result in similar intra-operative and posto-
perative morbidity. As robotic systems presence
in medical centers and surgeon experience with
this platform continues to grow, the real question
becomes clear: if patients are healthy enough to
undergo general anesthesia, why should LCA be
offered? Clearly, further and longer-term follow-
-up, preferably within a formal randomized study
will be necessary to confirm oncologic and perio-
perative outcomes.

Several limitations of our study need to be
considered. This analysis is affected by selection bias
because of its retrospective design and because the
NIS represents a large sample of patients with locali-

zed renal tumors managed by RPN or LCA. Additio-
nally, the NIS has no data on oncologic details such
as stage, size, pathologic grade, atomic complexity,
or margin status; additionally short and long term
oncologic control is not reported in the NIS. Addi-
tionally we were unable to examine surgeon cha-
racteristics for the surgeries performed, as it is only
complete for approximately half of the states in the
NIS database, and therefore are unable to identify if
the same surgeon or even practitioners from the same
field (urology versus interventional radiology) perfor-
med these surgeries. And finally, NIS data is derived
from hospital billing data based on ICD9 coding and
not chart review and like any administrative database
we cannot be sure of coding errors because this data
was not confirmed by chart review.

CONCLUSIONS

Kidney tumors can be managed via a va-
riety of techniques; for masses not amendable to
percutaneous access for ablation, the choice is ex-
tirpative surgery or laparoscopic ablation.
Theoretically, LCA is a simpler surgical procedu-
re than a RPN, which requires a hilar dissection,
clamping of renal vessels, and renorrhaphy. Ho-
wever, our analysis of a large population-based
cohort indicates that LCA does not appear to be
associated with decreased complications compa-
red to RPN. As studies suggest possible decreased
oncologic control with CA compared to extirpa-
tive surgery, these findings call into question the
utility of LCA as opposed to RPN in localized renal
tumors not amenable to percutaneous ablation.
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