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Abstract

Purpose The comprehensive complication index (CCI) is a new tool for reporting the cumulative burden of postoperative
complications on a continuous scale. This study validates the CCI for urological surgery and its benefits over the Clavien-
Dindo-Classification (Clavien).

Material and methods Data from a prospectively maintained data base of all consecutive patients at a university care-center
was analyzed. Complications after radical cystectomy (RC), radical prostatectomy (RP), and partial nephrectomy (PN) were
classified using the CCI and Clavien system. Differences in complications between the CCI and the Clavien were assessed
and correlation analyses performed. Sample size calculations for hypothetical clinical trials were compared between CCI
and Clavien to evaluate whether the CCI would reduce the number of required patients in a clinical trial.

Results 682 patients (172 RC, 297 RP, 213 PN) were analyzed. Overall, 9.4-46.6% of patients had > 1 complication cuamu-
latively assessed with the CCI resulting in an upgrading in the Clavien classification for 2.4-32.4% of patients. Therefore,
scores between the systems differed for RC: CCI (mean + standard deviation) 26.3 +20.8 vs. Clavien 20.4+ 16.7, p<0.001;
PN: CCI8.4+14.7 vs. Clavien 7.0+ 11.8, p<0.001 and RP: CCI 5.8 +11.7 vs. Clavien 5.3 +10.6, p=0.102. The CCI was
more accurate in predicting LOS after RC than Clavien (p <0.001). Sample size calculations based in the CCI (for future
hypothetical trials) resulted in a reduction of required patients for all procedures (— 25% RC, — 74% PN, — 80% RP).
Conclusion The CCI is more accurate to assess surgical complications and reduces required sample sizes that will facilitate
the conduction of clinical trials.

Keywords Complications - Comprehensive complication index - Clavien dindo classification - Urology - Surgery

Introduction

Surgery remains the mainstay of treatment for localized
urological cancers. Through the ongoing development of
new surgical innovations (e.g., robotic techniques), highly
complex procedures can generally be carried out in a safe
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and standardized manner. However, postoperative complica-
tions are inevitable, especially when elderly and multimor-
bid patients are deemed candidates for surgery [1, 2]. The
objective assessment of complications is essential in order
to minimize systematic errors and optimize patient care. The
Clavien-Dindo-Classification (Clavien) is the present stand-
ard to assess perioperative morbidity and mortality [3]. It
classifies complications into five grades based on increasing
severity, with grade 5 indicating patient death. A strength of
the Clavien system is, that its classification is based on the
invasiveness of the required treatment thereby taking into
account that a certain complication might present with a
different severity. Although originally designed for general
surgery, the Clavien system was additionally validated by
the European Association of Urology (EAU) for evaluat-
ing postoperative complications of urological surgeries [4].
Despite its validation, the Clavien system has considerable
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drawbacks that limit its readability and interpretation. For
instance, it is reported as ordinal data, which limits its abil-
ity to comprehensively compare two treatment options
(e.g., open vs. laparoscopic surgery) as each grade must be
considered separately in the absence of a summative inter-
pretation. Furthermore, the absence of a weighting system
restricts cross-grade comparison (e.g., inability to compare
three grade I complications vs. one grade III complication).
Moreover, several studies have shown that often only the
highest grade complication is captured [5-7], which leads
to data loss in patients who have both low- and high-grade
complications. In order to account for the aforementioned
limitations, the comprehensive complication index (CCI)—
not to be confused with the Charlson’s Comorbidity index—
was developed and is now the reported standard in general
surgery [8]. The CCI is based on the Clavien system but
accounts for all accumulated complications and provides a
continuous overall score between 0—100 (where 100 would
indicate patient death).

Despite its acceptance in general surgery, the CCI is not
yet validated for urological procedures. Despite Vetterlein
et al. and Furrer et al. applied the CCI to report on their
respective patient cohorts undergoing radical cystectomy
(RO) [9, 10], the CCI has not been used or validated for other
major uro-oncological procedures such as radical prostatec-
tomy (RP) or partial nephrectomy (PN). Therefore, the aim
of the presented study was to introduce and validate the CCI
for the three most common uro-oncological procedures (RC,
RP and PN) using a patient cohort from a tertiary university
referral center, and to analyze the CCI data distribution for
these procedures.

Material and methods
Patient population

Patient information was retrieved from prospectively-main-
tained databases for RC, RP and PN (institutional review
board approval 2015-549 N-MA & 2014-811R-MA).
Therefore, it should be acknowledged, that we did not start
a prospective data collection at the beginning of the study,
but reviewed our database. For the RC and PN cohorts, all
patients between January 1st, 2017 and December 31st, 2018
were considered. For PN, patients who had bilateral tumors
or additional procedures at the same time were excluded
from analysis. For RP, patients between January 1st, 2018
and December 31st, 2018 were considered. The time frames
differ because prospective data acquisition was established at
different points of time at our department. Only events that
occurred during the hospital stay or within 30 days of the
initial procedure were considered.
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Assessment of complications

Data was extracted and entered into a dedicated spread-
sheet which listed all complications for each patient (not-
ing the highest-grade complication based on the Clavien
classification). For each of the three data bases (RC, PN,
RP) an urologist from our department is responsible for
the quality and integrity of the data. Before the data bases
were established, the complications were defined based
on the EAU proposal. This also guaranteed consistency
during the assessment. With this data a CCI score was
generated for each patient using the freely available online
tool www.assesssurgery.com. As mentioned before, the
CCI provides a continuous scale between 0 and 100 (100
indicating death of a patient). To this end, each of the Cla-
vien grades is assigned a specific CCI value and weight of
complication (wC) as follows:

Clavien — I : — CCI score 8.7 — wC1 = 300
Clavien — II : - CCI score 20.9 - wC1 = 1750
Clavien — IIla : — CCI score 26.2 - wCl1 = 2750
Clavien — IIIb : — CCI score 33.7 - wCl = 4550
Clavien — IVa :— CCl score 42.4 — wC1 = 7200
Clavien — IVb : - CClI score 46.2 — wC1 = 8550

Clavien — V : — always results in a CCI score of 100

The overall CCI score is then calculated with the formula:

VWC1 +wC2 ... + wCx

CCI =
2

Finally, in order to adhere with the EAU guidelines for
reporting and grading complications, detailed information
on mortality was additionally reported [11].

Surgical techniques

Characteristics of the reported procedures (number per
year, surgical approach, type of urinary diversion) are sum-
marized in Table 1. At our department, all procedures are
overseen by an experienced attending who is specialized
in uro-oncologic surgery (> 100 procedures). Minimally
invasive procedures are performed with robotic-assistance
and conventional laparoscopy is not performed. RC is
always performed with an open approach. Finally, RP and
RC were performed with concomitant lymphadenectomy.
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World Journal of Urology (2021) 39:1631-1639 1633
Table 1 Baseline characteristics of included patients
Year No. patients Age (years)* BMI (kg/m?)* Gender (male)® Surgical approach Length of stay (days)®
(open)”
Radical prostatectomy 2018 297 65.8+72 272440 297 (100) 15 (5.1%) 7(7-7)
Partial nephrectomy ~ 2017-2018 213 63.1+122 27.1+5.3 146 (68.5) 167 (78.4%) 7 (6-8)
Type of urinary
diversion ®
Open radical cystec- 2017-2018 172 679+11.0 26.8+5.1 132 (76.7) Tleal NB: 61 (35.5) 16 (12-23)
tomy IC: 86 (50.0)
CU: 16 (9.3)
Other: 9 (5.2)
Overall 2017-2018 682 65.5+10.1 27.1+4.7 576 (84.3) n.a 10.7+7.8

IC Ileal conduit, NB Neobladder, n number, SD standard deviation, CU Cutaneous ureterostomy

*Values reported as mean + SD if not indicated otherwise
Values reported as n (percentage) if not indicated otherwise

“Values reported median + interquartile range

Statistical analysis

Patient characteristics such as age, gender, body mass
index (BMI), surgical approach, and length of hospital stay
(LOS) were extracted and reported with descriptive statistics
(mean =+ standard deviation (SD), relative and absolute fre-
quencies). Scatter and bar plots were created to easily visu-
alize the data. The Shapiro-Wilks test was performed and
Quantile—Quantile-Plots (Q-Q-plots) were created to test for
normality and thereby analyze whether parametric or non-
parametric testing should be applied in future studies [12].
Parametric tests were applied to normally distributed data.
Otherwise, non-parametric testing was performed using the
Wilcoxon—-Mann—Whitney test for group comparisons and
Spearman’s rank correlation coefficient. Sample size cal-
culation for a fictive future superiority trial was based on
the assumption of a 30% reduction for complication inci-
dence (yes vs. no) on the Clavien scale. As done elsewhere,
sample size calculation using the CCI was performed using
Noether’s formula [13] and made under the assumption that
a ten point reduction in score for the RC cohort would reflect
clinical relevance [14]. However, due to the small overall
number of complications for RP and PN a delta of five points
was assumed. The SD values were also estimated from the
presented RC, RP, and PN cohorts, respectively. All statisti-
cal analyses were performed with R [15] using an alpha level
of 0.05 and power of 0.80.

Results

Overall there were 682 included patients, of which 172
underwent open RC (2017-2018), 213 underwent PN
(2017-2018), and 297 underwent open or robotic-assisted
RP (2018). Baseline characteristics can be found in Table 1.

Complications and additional value of the CCI
compared to the Clavien system

The total number of complications stratified by the Clavien
system can be found in Fig. 1. The overall complication
rate was low for RP and PN while RC was associated with
considerable morbidity. For RC, the Clavien grades were as
followed: 52 grade I, 185 grade II, 51 grade Illa, 31 grade
IIIb, 1 grade IVa, 1 grade IVb and 4 grade V complications.
For PN, the Clavien grades were: 34 grade I, 53 grade II,
19 grade Illa, 13 grade IIIb and 4 grade I'Va complications.
Finally, for the RP cohort there were 74 grade I, 38 grade
II, 18 grade Illa, 5 grade IIIb, 3 grade IVa and 1 grade V
Clavien complication. Furthermore, six out of the 172 RC
patients developed wound complications.

Figure 2 depicts the complication burden with the adop-
tion of the CCI compared to the traditional Clavien grading.
Since the CCI summarizes and accounts for complications of
various grades rather than just the most severe, 56 (32.4%)
patients in the RC cohort ended up with a CCI score that
correlated with a higher Clavien grade than their highest-
grade complication alone. For the RP and PN cohorts, seven
(2.4%) and 24 (11.3%) patients were also re-classified with
a higher Clavien grade, respectively. The five most common
complications by grade for each procedure can be found in
Table 2. Overall the CCI accounted for relevant data that
may have not been analyzed using the traditional Clavien
system, as a total of 84 (48.6%) RC patients, 28 (9.4%) RP
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Distribution of Clavien grades
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Fig. 1 Distribution of complications stratified by Clavien grade among all procedures
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Fig.2 Comparison of the highest Clavien—-Dindo Grade (blue bars) with the cumulative comprehensive complication index (red line) for each

patient

patients, and 34 (16.0%) PN patients experienced more than
one complication. One death occurred in the RP cohort due
to an unwitnessed intraoperative bowel perforation during a
robotic-assisted RP, which led to peritonitis and small and
large bowel ischemia. A total of 5 deaths occurred in the
RC cohort: one from gastric ulcer bleeding, one from tumor
progression with brain metastases, one from anastomotic
leakage, one from pneumonia and one from sepsis.

Data distribution of the CCI

Statistical testing via the Shapiro—Wilks test revealed a non-
normal data distribution with significant results for RC, RP,
and PN (p <0.001 for each). In addition, Q-Q-plots (Supple-
mentary) and visualization of the data distribution confirmed
these findings (Fig. 1).

@ Springer

Correlation with length of stay

Comparing the correlation between cumulative CCI and
LOS versus the Clavien system and LOS showed that the
CCI enabled a more accurate prediction of LOS for the
RC cohort (CCI: r=0.45; p <0.001 vs. Clavien: r=0.35;
p <0.001; statistical difference between correlations
p <0.001) while correlation indices for RP (CCI: r=0.23;
p<0.001 vs. Clavien: r=0.22; p <0.001; statistical differ-
ence between correlations p=0.213) and PN (CCI: r=0.4;
p <0.001 vs. Clavien: r=0.4; p <0.001; statistical differ-
ence between correlations p=0.999) were not significantly
different from each other (Fig. 3).

Group comparisons and sample size calculation
Comparing the overall complication burden of the CCI

with the Clavien syste, resulted in a significant dif-
ference for the RC (CCI mean =+ standard deviation;
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Table 2 Most common postoperative complications within 30 days

CDC grading Management Number of  Proportion in %
complica-
tions
Radical cystectomy
Anemia requiring transfusion I Blood transfusion 62 35.8
Urinary tract infection I Anti-infectious agents, Transurethral catheter insertion 17 9.8
IIIa Anti-infectious agents, Transurethral catheter, Cystos- 1 0.6
copy/Image-guided transurethral catheterization
Acute kidney injury/hydronephrosis 11 Anti-infectious agents 2 1.2
IIIa Nephrostomy; Transurethral catheter; Anastomotic inci- 16 9.2
sion
Tleus I Gastric tube; Medical stimulation; Anti-infectious agents 8 4.6
IIIb Re-Laparotomy 2.3
Vomiting, Nausea 1 Anti-emetic treatment 1 0.6
I Gastric tube; Medical stimulation, Anti-emetic treatment 10 5.8
Radical prostatectomy
Anastomotic leakage I Prolonged transurethral catheter 24 8.1
Lymphocele IIla Drainage; Anti-infectious agents 17 5.7
Urinary tract infection I Anti-infectious agents, Transurethral catheter insertion 12 4.0
Anemia requiring transfusion I Blood transfusion 6 2.0
Urinary retention I Transurethral catheter insertion 6 2.0
Partial nephrectomy
Anemia requiring transfusion I Blood transfusion 14 6.6
Pneumothorax I Conservative treatment 9 4.2
IIa Thoracic drainage 4 1.9
AV-Fistula IITa Coiling; Blood transfusion 9 4.2
Hematoma 1 Conservative treatment 5 2.3
IIIb Operative Revision 3 1.4
Pneumonia 1I Anti-infectious agents 7 33

[CI] 26.3 +20.8; [23.5-30.0] vs. Clavien: 20.4 +16.7;
[18.2-23.6], p <0.001) and PN cohorts (CCI: 8.4+ 14.7;
[6.4-10.4] vs. Clavien 7.0 +11.8; [5.4-8.6], p <0.001).
However, there were no differences for the RP cohort
(CCI: 5.8+ 11.7; [4.5-7.2] vs. Clavien mean [CI]:
5.3+10.6; [4.1-6.5], p=0.102).

Sample size calculations (for a theoretical trial with the
assumptions as indicated in Fig. 3) for each procedure based
on the traditional Clavien system or CCI revealed that using
the CCI would result in considerably smaller sample sizes
for each procedure (Table 3).

Discussion

This study introduces the CCI for uro-oncological proce-
dures using a large patient cohort at a tertiary university
referral center. The cumulative CCI can be used to repre-
sent the total burden of postoperative complications and
serves as a better predictor of postoperative LOS than the
Clavien system for RC. Application of the CCI as a measure

of complications in future trials would reduce the number
of patients needed to identify relevant treatment effects and
should be used with non-parametric testing for statistical
analyses.

The CCI was initially introduced in general surgery and
has become increasingly adopted as a clinical endpoint in
surgical trials [16—18]. It has additionally been validated and
implemented for various procedures such as gastric cancer
surgery [19], hyperthermic intraperitoneal chemotherapy
[7], and natural orifice transluminal endoscopic surgery [20].
The current standard for urology remains the Clavien system
[4]. Vetterlein et al. provided a thorough analysis of compli-
cations following RC using the CCI as an adjunct measure
[10]. They found comparable results (mean non-cumulative
CCI: 21; mean cumulative CCI: 29) to our study (mean non-
cumulative CCI: 21 mean cumulative CCI: 27). Furrer et al.
proposed a modified Berne CCI specifically for RC since
complicated postoperative courses can also result in a CCI
of 99.4 for non-death cases [9]. The Berne CCI was able to
predict death between postoperative day 90 to 1 year. Out of
our cohorts the CCI yielded the most benefit for RC, which
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Table 3 Sample size calculation Procedure Assumption Sample size
and assumption for each (per group)
procedure
RP cohort
No. of patients with CDC complication 87/291=29.3%  30% reduction in complication 378
Mean CCI+SD 53+10.6 A '5;SD 10.6 77
PN cohort
No. of patients with CDC complication 63/213=29.6% 30% reduction in complication 372
Mean CCI+SD 7.0+£11.8 A5;SD11.8 95
RC cohort

No. of patients with CDC complication

Mean CCI+SD

133/172=77.3%
20.4+16.7

30% reduction in complication 65
A 10; SD 16.7 49

CCI comprehensive complication index, CDC Clavien—Dindo-Classification, No. Number, PN partial
nephrectomy, SD Standard deviation, RP radical prostatectomy, RC radical cystectomy

is unsurprising considering its complexity with advanced
resection and reconstruction. Almost 50% of patients under-
going RC experienced more than one complication, and
since the CCI accounts for all complications rather than just
those of the highest-Clavien grade, one third of RC patients
were re-classified to a higher Clavien grade. This is consist-
ent with the fact that the CCI provided a more accurate pre-
diction of LOS compared to the traditional Clavien system.
In contrast, RP and PN generally have lower complication
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rates, especially in the era of robotic-assisted surgery. Hence,
the CCI did not differ from the Clavien system for the major-
ity of patients undergoing these procedures. However, dif-
ferences were demonstrated for 16% of PN and 9.4% of RP
patients, which is still remarkable. Furthermore, the CCI
might be used to further analyze the impact of the surgeon’s
experience [21] and the role of hospital volume [22, 23]
on perioperative outcomes. These factors are increasingly
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considered and might help to predict the potential impact
of centralization after major cancer surgery in urology [24]

Aside from the more comprehensive overall assessment,
an additional benefit of the CCI is the reduction of required
sample sizes in clinical trials. In general, the CCI is a more
sensitive measure to identify slight differences compared to
the Clavien system. In order to calculate sample size based
on the Clavien system, total complications are often dichot-
omized to either occurrence (yes/no) or severity (minor/
major). This results in the loss of pertinent information that
can otherwise be accounted for with the CCI through its
weighted complication estimates. Slankamenac et al. sup-
ported the aforementioned benefit by using the CCI to dem-
onstrate a sample size reduction in a pancreatic and esopha-
geal surgery clinical trial [14]. Since the CCI is simple to
calculate and based on the well-known Clavien system, there
should be minimal difficulty in implementation. Coupling
this with a decrease in sample size requirement and clinical
trials become more feasible, which is of paramount impor-
tance considering nearly 70% of phase III oncology trials
fail to reach their planned sample sizes and 30% are termi-
nated early due to low accural [25, 26]. Furthermore, this
would allow for minor differences between slightly differ-
ent surgical techniques to be detected for both retrospective
and prospective cohorts. In summary, the CCI provides a
more complete analysis of postoperative complications and
thereby depicts a more accurate mean severity of postopera-
tive complications for both individual patients and cohorts.

In terms of data distribution, normality of the CCI cannot
be assumed for all three procedures based on samples from
the current cohort (RC, RP, and PN). This is important to
consider since plans for statistical analysis in clinical trials
should be defined a priori. Furthermore, preliminary testing
may result in uncontrolled error rates which is discussed in
detail elswhere [12]. On the other hand, it has been shown
that the parametric 7 test remains viable with large sample
sizes even if the assumption of normality is violated [27,
28]. When in doubt, the use of non-parametric tests such as
the Mann—Whitney-U test for group comparison appears
adequate [12].

Limitations

One limitation of the present study is that the CCI is based
on the Clavien system which has several limitations. For
example, complications of different morbidities may be clas-
sified similarly e.g., stenting of hydronephrosis and radical
nephrectomy may both be performed under general anesthe-
sia thereby classifying each as IIIB. Furthermore, grading of
the same complications may differ based on patient prefer-
ence of hospital-workflow e.g., the same intervention done
under general vs. local anesthesia. These issues were already

discussed in detail by Rassweiler et al. [29, 30]. However,
these limitations are limitation of the Clavien and should
not be considered as limitations of the CCI. Moreover, it is
possible that not all minor complications are recorded dur-
ing data acquisition, which would underestimate the true
number of complications. In addition, outpatient information
were not included, which might also leads to an underesti-
mation of the real burden of complications. However, as
shown for the RC cohort, the merits of the CCI are best seen
when patients have more than one complication, so future
studies should attempt to capture all surgical complications
in order to provide better data quality. In doing so, a more
accurate comprehensive analysis will better represent the
overall complication burden. However, neither the CCI nor
the Clavien system consider intraoperative complications.
However, the “Intraoperative Adverse Incident Classifica-
tion” was recently introduced to assess intraoperative com-
plications [31]. Moreover, future studies might also involve
patient opinions and views as well as quality of life in rela-
tion to perioperative complications.

Furthermore, as compared to other countries, the use of
robotic-assisted PN is underrepresented in Germany, mainly
due to reimbursement issues. This becomes obvious look-
ing the study by Flegar et al. who compared trends in renal
tumor surgery between the United States and Germany and
might also influence the LOS [32].

Lastly, additional procedures such as retroperitoneal lym-
phadenectomy or radical nephrectomy were not included and
may be subject of future studies.

Conclusions

The CCI serves as a valuable metric for more accurately
assessing postoperative complications in the three most
common uro-oncological procedures. Particularly for RC,
the CCI provided a significant comprehensive overview of
the true complication burden. It can reduce required sam-
ple sizes and thereby facilitate future clinical research. Due
to a skewed data distribution, statistical analysis via non-
parametric testing is recommended.

Acknowledgements Open Access funding provided by Projekt DEAL.

Author contributions Protocol/project management: KFK, MSM,
MCK; Data collection and management: DM, JM, FW, TSW, MTW;
Data analysis: KFK, JH, MSM; Manuscript writing/editing: JDH, PH,
PN, KFK, MCK.

Conflict of interest Karl-Friedrich Kowalewski received travel and
non-financial support from Intuitive Surgical and CMR Surgical. Den-
nis Miiller, Julia Miihlbauer, Frederik Wessels, Jonathan Hendrie,
Thomas S. Worst, Margarete T. Walach, Jost von Hardenberg, Philipp
Nuhn, Patrick Honeck, Maurice S. Michel and Maximillian C. Krieg-
mair have no conflicts of interest or financial ties to disclose.

@ Springer



1638

World Journal of Urology (2021) 39:1631-1639

Research involving human participants All procedures performed in
studies involving human participants were in accordance with the ethi-
cal standards of the institutional and/or national research committee
and with the Helsinki declaration and its later amendments or compa-
rable ethical standards.

Informed consent Before commencement, ethical approval was
obtained (institutional review board approval 2015-549 N-MA &
2014-811R-MA).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Haden TD, Prunty MC, Jones AB, Deroche CB, Murray KS,
Pokala N (2018) Comparative perioperative outcomes in septuage-
narians and octogenarians undergoing radical cystectomy for blad-
der cancer—do outcomes differ? Eur Urol Focus 4(6):895-899

2. Elkoushy MA, Elshal AM, Elhilali MM (2015) Changing patients’
profile presenting for surgical management of benign prostatic
hyperplasia over the past 16 years: a single-centre perspective.
Can Urol Assoc J 9(11-12):372-378

3. Dindo D, Demartines N, Clavien P-A (2004) Classification of
surgical complications: a new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann Surg 240(2):205

4. Mitropoulos D, Artibani W, Biyani CS, Jensen JB, Roupre™t M,
Truss M (2018) Validation of the Clavien—Dindo grading system
in urology by the European Association of Urology Guidelines
Ad Hoc Panel. Eur Urol Focus 4(4):608-613

5. Eisenberg MS, Dorin RP, Bartsch G, Cai J, Miranda G, Skinner
EC (2010) Early complications of cystectomy after high dose pel-
vic radiation. J Urol 184(6):2264-2269

6. Kadlec AO, Greco KA, Fridirici ZC, Hart ST, Vellos TG, Turk
TM (2013) Comparison of complication rates for unilateral and
bilateral percutaneous nephrolithotomy (PCNL) using a modified
Clavien grading system. BJU Int 111(4b):E243-E248

7. Dumitra S, O’Leary M, Raoof M, Wakabayashi M, Dellinger TH,
Han ES et al (2018) The comprehensive complication index: a
new measure of the burden of complications after hyperthermic
intraperitoneal chemotherapy. Ann Surg Oncol 25(3):688-693

8. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien P-A (2013)
The comprehensive complication index: a novel continuous scale
to measure surgical morbidity. Ann Surg 258(1):1-7

9. Furrer MA, Huesler J, Fellmann A, Burkhard FC, Thalmann
GN, Wuethrich PY (eds.) (2019) The comprehensive complica-
tion index CCI: a proposed modification to optimize short-term
complication reporting after cystectomy and urinary diversion.
In: Urologic Oncology: Seminars and Original Investigations.
Elsevier, Amsterdam

10. Vetterlein MW, Klemm J, Gild P et al (2020) Improving esti-
mates of perioperative morbidity after radical cystectomy
using the European Association of Urology Quality Criteria for

@ Springer

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Standardized Reporting and Introducing the Comprehensive Com-
plication Index. Eur Urol 77(1):55-65. https://doi.org/10.1016/j.
eururo.2019.08.011

Mitropoulos D, Artibani W, Biyani C, Graefen M et al (2012)
Reporting and grading of complications after urologic surgical
procedures: an ad hoc EAU guidelines panel assessment and rec-
ommendations. Eur Urol 61(2):341-349

Rochon J, Gondan M, Kieser M (2012) To test or not to test:
Preliminary assessment of normality when comparing two inde-
pendent samples. BMC Med Res Methodol 12(1):81

Noether GE (1987) Sample size determination for some common
nonparametric tests. ] Am Stat Assoc 82(398):645-647

. Slankamenac K, Nederlof N, Pessaux P, De Jonge J, Wijnhoven

BP, Breitenstein S et al (2014) The comprehensive complication
index: a novel and more sensitive endpoint for assessing outcome
and reducing sample size in randomized controlled trials. Ann
Surg 260(5):757-763

Team RC (2018) R: a language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.R-project.org/. Accessed 4 Jan 2020

Cloyd JM, Mizuno T, Kawaguchi Y et al (2020) Comprehensive
complication index validates improved outcomes over time despite
increased complexity in 3707 consecutive hepatectomies. Ann
Surg 271(4):724-731. https://doi.org/10.1097/SLA.0000000000
003043

de la Plaza LR, Angel JMR, Bellén JM, Peralta VA, Amador
CG, Marcano AJL et al (2018) Clinical validation of the compre-
hensive complication index as a measure of postoperative mor-
bidity at a surgical department: a prospective study. Ann Surg
268(5):838-844

Nederlof N, Slaman AE, van Hagen P, van der Gaast A, Slanka-
menac K, Gisbertz SS et al (2016) Using the comprehensive com-
plication index to assess the impact of neoadjuvant chemoradio-
therapy on complication severity after esophagectomy for cancer.
Ann Surg Oncol 23(12):3964-3971

Kim T-H, Suh Y-S, Huh Y-J, Son Y-G, Park J-H, Yang J-Y et al
(2018) The comprehensive complication index (CCI) is a more
sensitive complication index than the conventional Clavien—Dindo
classification in radical gastric cancer surgery. Gastric Cancer
21(1):171-181

Borchert DH, Federlein M, Miiller VA, Wagenpfeil S, Eisele
RM (2015) Comprehensive complication index for NOTES
procedures: results from a randomized controlled trial and com-
parison to published NOTES complication data. Surg Endosc
29(10):2928-2933

Dagenais J, Bertolo R, Garisto J, Maurice MJ, Mouracade P, Kara
O et al (2019) Variability in partial nephrectomy outcomes: does
your surgeon matter? Eur Urol 75(4):628-634

Grande P, Campi R, Rouprét M (2018) Relationship of surgeon/
hospital volume with outcomes in uro-oncology surgery. Curr
Opin Urol 28(3):251-259. https://doi.org/10.1097/MOU.00000
00000000490

Bruins HM, Veskimie E, Hernandez V, Neuzillet Y, Cathomas
R, Compérat EM et al (2020) The importance of hospital and
surgeon volume as major determinants of morbidity and mortality
after radical cystectomy for bladder cancer: a systematic review
and recommendations by the European Association of Urology
Muscle-invasive and Metastatic Bladder Cancer Guideline Panel.
Eur Urol Oncol 3(2):131-144

Williams SB, Ray-Zack MD, Hudgins HK, Oldenburg J, Trinh
QD, Nguyen PL et al (2019) Impact of centralizing care for geni-
tourinary malignancies to high-volume providers: a systematic
review. Eur Urol Oncol 2(3):265-273

Cheng SK, Dietrich MS, Dilts DM (2010) A sense of urgency:
evaluating the link between clinical trial development time
and the accrual performance of cancer therapy evaluation


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eururo.2019.08.011
https://doi.org/10.1016/j.eururo.2019.08.011
https://www.R-project.org/
https://doi.org/10.1097/SLA.0000000000003043
https://doi.org/10.1097/SLA.0000000000003043
https://doi.org/10.1097/MOU.0000000000000490
https://doi.org/10.1097/MOU.0000000000000490

World Journal of Urology (2021) 39:1631-1639

1639

26.

217.

28.

29.

30.

program (NCI-CTEP) sponsored studies. Clin Cancer Res
16(22):5557-5563

Schroen AT, Petroni GR, Wang H, Thielen MJ, Gray R, Benedetti
J et al (2012) Achieving sufficient accrual to address the primary
endpoint in phase III clinical trials from U.S. Cooperative Oncol-
ogy Groups. Clin Cancer Res 18(1):256-262

Ruxton GD (2006) The unequal variance ¢ test is an underused
alternative to Student’s ¢ test and the Mann—Whitney U test. Behav
Ecol 17(4):688-690

Rasch D, Guiard V (2004) The robustness of parametric statistical
methods. Psychol Sci 46:175-208

Rassweiler JJ, Rassweiler M-C, Michel M-S (2012) Classifica-
tion of complications: is the Clavien-Dindo classification the gold
standard? Eur Urol. 62(2):256-260. https://doi.org/10.1016/j.
eururo.2012.04.028

Poletajew S, Zapata L, Piotrowicz S, Wotyniec P, Sochaj M,
Buraczynski P et al (2014) Interobserver variability of Clavien—
Dindo scoring in urology. Int J Urol 21(12):1274-1278

31.

32.

Biyani CS, Pecanka J, Rouprét M, Jensen JB, Mitropoulos D
(2020) Intraoperative Adverse Incident Classification (EAUiaiC)
by the European Association of Urology ad hoc Complications
Guidelines Panel. Eur Urol 77(5):601-610

Flegar L, Groeben C, Koch R, Baunacke M, Borkowetz A, Kray-
winkel K et al (2020) Trends in renal tumor surgery in the United
States and Germany between 2006 and 2014: organ preservation
rate is improving. Ann Surg Oncol 27(6):1920-1928. https://doi.
org/10.1245/s10434-019-08108-x

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.eururo.2012.04.028
https://doi.org/10.1016/j.eururo.2012.04.028
https://doi.org/10.1245/s10434-019-08108-x
https://doi.org/10.1245/s10434-019-08108-x

	The comprehensive complication index (CCI): proposal of a new reporting standard for complications in major urological surgery
	Abstract
	Purpose 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patient population
	Assessment of complications
	Surgical techniques
	Statistical analysis

	Results
	Complications and additional value of the CCI compared to the Clavien system
	Data distribution of the CCI
	Correlation with length of stay
	Group comparisons and sample size calculation

	Discussion
	Limitations
	Conclusions
	Acknowledgements 
	References




