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ment outcome and survival (2, 3). It is possible therefore
that age and comorbidities rather than the tumor itself
may be the primary cause of death (3, 4).
Comorbidity is defined as “any co-existing disease or condi-
tion that can affect the diagnosis, treatment, and prognosis for
an index disease under study” and is used for assessing fit-
ness for surgery (5). Furthermore, its prognostic effect has
been present in various cancers including urological can-
cers such as prostate, bladder and renal cancer (6-8), the
effect being more prominent in indolent tumors.
Comorbidity should not be confused with quality-of-life
scales such as the Karnofsky and Eastern Cooperative
Oncology group scales, or functionality scales. 
Comorbidity can be represented by a mathematical index;
one of them is the Charlson Comorbidity Index (CCI) that
was developed in 1987 as a prognostic taxonomy for 19
medical conditions, each with its own associated weight,
which singly or in combination might alter the risk of
short-term mortality for patients enrolled in longitudinal
studies. The total score ranges from 0-37 and reflects the
cumulative likelihood of one-year mortality (9). The CCI
was further adapted to include increasing age (Age-adjust-
ed Charlson Comorbidity Index-ACCI) (8, 10). Both indices
are easy to use and have shown good reliability (11), while
Kutikov et al. (12) recently incorporated patient comorbid-
ity, as measured by CCI, into a nomogram in addition to
age, race, gender, and tumor size. This instrument calcu-
lates the probability of kidney cancer death compared to
death from other causes and helps in selecting those who
could really benefited from surgical intervention.
Complication rates have been mainly used in comparing
surgical techniques as well as surrogate markers of health
care quality. However, this is hampered by the lack of
standardized methodology in reports of surgical compli-
cations. In 2012 an ad hoc European Association of Urology
(EAU) Guidelines panel (13) recommended the preferen-
tial use of the Clavien-Dindo system that classifies com-
plications assigning a severity grade according to the type
of the intervention needed to resolve them (14). 
This system has been developed for use in general surgery
but has also been validated to be used in urological pro-
cedures (15).
While preoperative nomograms and comorbidity indices
have been widely used to assess short-and long-term
mortality following surgical interventions for kidney
tumors, there are only scares reports of objective predic-
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INTRODUCTION
Surgery (radical or partial nephrectomy using an open,
laparoscopic or robotic-assisted approach) is traditionally
the preferred treatment for renal cell carcinoma (RCC) (1).
Both tumor- (i.e., clinical stage) and patient-related (i.e.,
physical status and comorbidities) characteristics evaluat-
ed preoperatively are important prognosticators of treat-

Prediction of post radical nephrectomy complications
based on patient comorbidity preoperatively

Evangelos Fragkiadis, Christos Alamanis, Constantinos A. Constantinides, Dionysios Mitropoulos

1st Urology Department Univesity of Athens Laiko Hospital, Athens, Greece.

DOI: 10.4081/aiua.2021.3.251

Summary



Archivio Italiano di Urologia e Andrologia 2021; 93, 3

E. Fragkiadis, C. Alamanis, C.A. Constantinides, D. Mitropoulos

252

tion of postoperative morbidity using standardized
comorbidity assessment and complication grading (16-
19), often with contradicting results. We present a single-
center experience of open radical nephrectomies for RCC
evaluating the association between preoperative comor-
bidity and the severity of postoperative complications
using standardized systems (CCI and Clavien-Dindo,
respectively). 

MATERIALS AND METHODS
This was an analysis of data gathered prospectively over a
period of 3 years. We included all patients undergoing
radical nephrectomy for suspected RCC. 
Our study was approved by the Scientific and Ethics
Committee of our Hospital. Cases of nonmalignant final
pathology such as oncocytoma, mimicking renal tumors
and treated by radical nephrectomy, were also included in
the study. Patients treated with partial nephrectomy and
patients with vena cava infiltration were excluded, due to
different surgical approach. All operations were per-
formed under general anesthesia with standard retroperi-
toneal open approach, by experienced surgeons. Data
included gender, age, clinical tumor size (largest diameter
at computed tomography or magnetic resonance imag-
ing), pathological stage (TNM-UICC 2002), comorbidity
(CCI) and postoperative complications within 40 postop-
erative days. 
Complications were graded according to Clavien-Dindo
by an independent researcher not involved in medical
decisions. A drainage was left indwelling in all cases, typ-
ically removed on 3rd postoperative day and patients were
discharged on 5th postoperative day. Patients hospitalized
more than the 6th postoperative day were considered as
having a prolonged hospital stay. Complications with a
severity grade of > 2 were considered as “major”. 
In case of multiple complications in the same patient,
only the highest grade was used for the analysis. 
The prognostic value of each variable for Clavien, was pri-
marily assessed by univariate logistic regression analysis.
Variables that exhibit significant association with the out-
come were included in the multivariate logistic regression
model in a stepwise method (p for entry 0.05, p for
removal 0.10), in order to identify independent factors,
associated with Clavien results. 

RESULTS
Table 1 shows the characteristics of the 171 patients
included in the study. Of the total group, 10 patients
(5.8%) present with nodal disease and 17 (9.9%) with
metastases at time of diagnosis. CCI ranged from 0 to 8.
Eighty seven patients (50.8%) had no comorbidities at all,
while 59 patients (34.5%) had mild (CCI 1 or 2) comor-
bidities and only 25 patients (14.6%) had considerable
(CCI ≥ 3) comorbidities.
No notable complications were recorded in most of the
cohort (98 patients, 57.3%); the overall postoperative
complication rate was 42.6% (73 of 171 patients). Most
patients suffered minor complication of Clavien I (35 pts
20.5%) and Clavien II (14pts 8.2%). Major complications
(grade ≥ III) occurred in 14 patients (postoperative ileus,

pneumonia, respiratory insufficiency after pneumonia,
postoperative bleeding requiring intervention; of which 4
cases were fatal (grade V).
Univariate logistic regression analyses for the occurrence
of any complication (Clavien ≥ I) showed that: increased
CCI was associated with increased likelihood for the
manifestation of Clavien ≥ I with an OR (95% CI) of 1.45
(1.18-1.79), p < 0.001. Univariate logistic regression
analyses for major complication (Clavien ≥ III) indicated
that increased CCI was associated with increased odds for
the occurrence of Clavien ≥ III with an OR (95% CI) of
1.35 (1.08-1.7) and p = 0.01.
When multiple logistic regression analysis was applied for
any complication (Clavien ≥ I) in a stepwise method, it
was found that CCI was independently associated with
complications. Specifically for one unit increase of CCI
the likelihood for Clavien ≥ I increases 47% with a p
value of 0.011. Multiple logistic regression analysis for
major complications of Clavien ≥ III showed that CCI was
also an independent predictor and for one unit increase of
CCI the likelihood for Clavien ≥ III increases 29% with a
p value of 0.038.

Table 1. 
Characteristics of the study population.

Patients, n (%) 171 (%)

Age, years 63.6 ± 11.7 yrs (35-88)
≤ 65 years 87 (50.8)
> 65 years 84 (49.2)

Gender
Female 70 (40.9)
Male 101 (59.1)

Tumor size 5.8 ± 3.2 cm (4.4-8.2 cm)

Tumor stage
T1a 21 (12.2)
T1b 38 (22.2)
T2a 24 (14.0)
T2b 4 (2.3)
T3a 57 (33.3)
T3b 3 (1.7)
T4 12 (7.0)
N+ 10 (5.8)
M+ 17 (9.9)

CCI
O 87 (50.8)
1 38 (22.2)
2 21 (12.2)
3 8 (4.6)
4 4 (2.3)
5 1 (0.5)
6 8 (4.6)
7 2 (1.2)
8 2 (1.2)
≤ 2 86 (47.3)

Complications
None 98 (57.3)
Minor (Grade ≤ II) 49 (28.6)
Major (Grade ≥ III) 14 (8.2)
Grade I 35 (20.4)
Grade II 14 (8.1)
Grade III 4 (2.3)
Grade IV 6 (3.5)
Grade V 4 (2.3)
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DISCUSSION
Treatment decisions in oncology patients are based on
cancer type and stage, the assessment of life-expectancy
and the treatment benefits against treatment-related
adverse events. While age is the main determinant of life-
expectancy, comorbidity, physical and mental functioning
may also play a critical role.
RCC patients may have significant comorbidities at diag-
nosis. An analysis of 47 studies where CCI was used (ref-
erences on demand) revealed that at least 20% of the
patients had significant comorbidity at diagnosis. In our
cohort of patients, considerable (CCI ≥ 3) comorbidity
was observed in 14.6% of them. Several studies have
shown a significant correlation of CCI with cancer-specif-
ic and overall survival (3, 19, 20) this demonstrates that
survival in RCC is dependent on not only tumor-related
variables but also patient-related variables. Recording
comorbidity with a validated instrument like CCI may
even be incorporated into nomograms (11) to provide
useful prognostic information. 
In cases of competing causes of death, a more conserva-
tive management (i.e., active surveillance) could be advo-
cated, especially for T1a renal masses.
The relationship between comorbidity and postoperative
complications using standardized indices (CCI) and sys-
tems (Clavien-Dindo), accordingly, has not been studied
appropriately. Hennus et al. (8) studied 198 patients with
lesions suspected of RCC who underwent partial or radi-
cal nephrectomy. The complication rate was 34% while
preoperative comorbidities were present in 51% of all
patients. There were significantly more major complica-
tions (> grade II) in patients with major comorbidities
(CCI > 2). Watanabe et al. (17) studied 62 patients ≥ 65
years old who underwent open partial or radical nephrec-
tomy. Significant comorbidity (CCI ≥ 3) and grade ≥ II
complications was observed in 9.7% and 17.7% of
patients, respectively. The relationship between comor-
bidity and postoperative complications was statistically
insignificant. Lue et al. (18) studied 144 patient who
underwent nephrectomy along with excision of vena cava
thrombus. 
The complication rate was 50% and comorbidity was sig-
nificantly correlated with complication rate in multivari-
ate analysis. Trudeau et al. (19) studied patients who
underwent percutaneous or laparoscopic tumor ablation
(289 and 227 patients, respectively). While median CCI
was significantly different (2.1 vs 2.7, p = 0.03), postop-
erative complication rates were similar (21% vs 25%,
p = 0.3). 
In both groups the complication rate was independent of
comorbidity in multivariate analysis. In our study the
overall postoperative complication rate was 24.2% and
CCI was significantly correlated to the severity of postop-
erative complications.

CONCLUSIONS
Although no definite conclusions can be drawn, our
results along with those of Hennus and Lue are useful in
considering how to prevent complications or take proac-
tive action, when possible, in patients with considerable
comorbidity and RCC. For example, in patients with

chronic obstructive pulmonary disease postponing sur-
gery to give time for pulmonary rehabilitation and sys-
tematic postoperative physiotherapy may help to avoid
postoperative pneumonia or respiratory distress that
could require admission to intensive care. Moreover,
complication rate reports should be adjusted for comor-
bidity to allow fair comparisons of quality of care and per-
formance among individual surgeons, different tech-
niques, urology departments and hospitals.
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