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Summary
Objective A clear relationship between higher surgeon
volume and improved outcomes has not been con-
vincingly established in rectal cancer surgery. The aim
of this study was to evaluate the impact of individual
surgeon’s caseload and hospital volume on perioper-
ative outcome.
Methods We retrospectively analyzed 336 consecutive
patients undergoing oncological resection for rectal
cancer at two Viennese hospitals between 1 January
2015 and 31 December 2020. The effect of baseline
characteristics as well as surgeons’ caseloads (low vol-
ume: 0–5 cases per year, high volume >5 cases per
year) on postoperative complication rates (Clavien-
Dindo Classification groups of <3 and ≥3) were eval-
uated.
Results No differences in baseline characteristics were
found between centers in terms of sex, smoking sta-
tus, or comorbidities of patients. Interestingly, only
14.7% of surgeons met the criteria to be classified as
high-volume surgeons, while accounting for 66.3% of
all operations. There was a significant difference in
outcomes depending on the treating center in univari-
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ate andmultivariate binary logistic regression analysis
(odds ratio (OR)= 2.403, p= 0.008). Open surgery was
associated with lower complication rates than mini-
mally invasive approaches in univariate analysis (OR=
0.417, p= 0.003, 95%CI= 0.232–0.739) but not multi-
variate analysis. This indicated that the center’s pol-
icy rather than surgeon volume or mode of surgery
impact on postoperative outcomes.
Conclusion Treating center standards impacted on
outcome, while individual caseload of surgeons or
mode of surgery did not independently affect com-
plication rates in this analysis. The majority of rectal
cancer resections are performed by a small number of
surgeons in Viennese hospitals.
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Introduction

Colorectal cancer (CRC) remains the third most com-
monly diagnosed cancer worldwide, accounting for
approximately 1.9 million new cases annually [1].
Despite the implementation of screening programs,
a better understanding of the underlying molecular
mechanisms and individualized treatment algorithms
defined in multidisciplinary team meetings, CRC still
accounts for approximately 9.2% ormore than 800,000
cancer-related deaths per year globally, ranking it the
second most deadly cancer after lung malignancies
[2]. Surgery is the treatment of choice for colon
cancer without metastases or infiltration of adjacent
organs as well as for locally advanced rectal can-
cer after neoadjuvant treatment. Both neoadjuvant
treatment and surgery for rectal cancer are associ-
ated with a risk of severe complications for patients,
partly due to the patient’s baseline characteristics and
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partly due to technical challenges within the often
narrow pelvis [3]. As most patients diagnosed with
CRC are older than 70 years of age [4] and often suffer
from concomitant comorbidities [5–7], individualized
treatment and limiting surgical trauma is of utmost
importance. Existing guidelines and standardized
training for surgeons aim to reduce rates of postop-
erative complications but surgical practices still vary
greatly in terms of surgeon’s caseload and center’s pol-
icy. While in some countries subspecialization within
general surgery or even colorectal surgery is common,
general surgeon’s in Austria still cover a wider practice
than in other countries, albeit subspecialization is
common in bigger units. To compare the effects of
this practice and benchmark internationally, a more
detailed evaluation and comparison of case counts
and performance between hospitals and surgeons are
necessary but not readily available; however, a multi-
tude of studies, mainly from North America but also
a meta-analysis including several European coun-
tries and Japan, underscored the correlation between
hospital and surgeon volumes and patient outcomes.
This was shown for malignancies such as hepatobil-
iary and pancreatic [8], thoracic [9], esophageal [10],
and urological cancers [11]. Studies in CRC are incon-
clusive and do not clearly demonstrate an advantage
for high-volume centers [12–15].

Although the adoption of general concepts such
as total mesorectal excision (TME) are universally ac-
cepted [16], implementation of different enhanced re-
covery after surgery bundles and utilization of mini-
mally invasive techniques vary between units. Public
healthcare is provided by several large district gen-
eral hospitals (DGH) as well as a university clinic in
addition to several smaller privately run but publicly
accessible providers in Vienna, and the two analyzed
units are the biggest units offering a dedicated col-
orectal service. Staffing levels between hospitals ana-
lyzed in this study are comparable as the vast majority
of the staff are employed by the same employer but
doctors in the university clinic are employed by the
Medical University of Vienna. In recent years, central-
ization and subsequently the establishment of high-
volume centers has been thought to aid proficiency
and ultimately improve postoperative outcomes [17];
however, the CRC population has not been examined
in this respect in Austria and concrete criteria and out-
come parameters to clearly define and examine high-
volume centers and high-volume surgeons are cur-
rently missing for colorectal surgery. There is no Eu-
ropean consensus but analyses have shown that a cut-
off of 5 rectal cancer resections per year is an accept-
able cut-off to differentiate between low-volume and
high-volume surgeons [18]. In Vienna, few data are
available on individual surgeon’s performance, espe-
cially in relation to postoperative outcomes. Hence,
we investigated the impact of surgeon’s caseload on
perioperative complication rates, analyzing data of
two specialized centers in Vienna.

Material and methods

Data source and study population

Data were collected from electronic health records
from two centers between 1 January 2015 and 31 De-
cember 2020. Overall, data from 471 consecutive pa-
tients undergoing surgery due to rectal cancer at the
Medical University of Vienna and the KH Floridsdorf
were evaluated. Inclusion criteria were ≥18 years of
age and histologically verified diagnosis of rectal can-
cer. Exclusion criteria were colonic cancer locations
other than rectal cancer, emergency surgery, surgery
performed by trainees and data completeness <90%.

A total of 336 patients met the criteria and were
included in the analyses. Data were subjected to
quality control by two additional independent re-
searchers and subsequently analyzed. The collected
variables for every patient included sex, neoadjuvant
(chemo)radiotherapy, tumor location, TNM stage,
smoking habits at the time of surgery and comorbid-
ity burden, summarized by the Charlson comorbidity
index. For perioperative characteristics we assessed
operating surgeon’s case volume per year and the
mode of surgery (minimally invasive or open).

Outcome measures

To assess the postoperative outcome we utilized the
Clavien-Dindo Classification (CDC) [19], a widely
used classification system for postoperative compli-
cations. The CDC differentiates five severity grades
for postoperative complications, from “any deviation
from a normal postoperative course” to “death”. The
CDC was dichotomized for statistical analysis with a
CDC of 0-2 being classified as a minor complication
and a CDC of 3-5 as major complication, reflecting the
clinical relevancy of minor complications not need-
ing any invasive procedures and major complications
needing invasive procedures for treatment.

Surgeon volume variable

Surgeons were divided into two groups based on their
surgical volumes: low (0–5 cases per year), and high
(>5 cases per year), calculated as mean volume per
year over the observed period, as indicated by inter-
national guidelines [20].

Statistical analysis

Statistical analysis was performed using SPSS (Ver-
sion 29.0.0.0 (241), IBM, Armonk, New York, United
States). Distribution of baseline characteristics was
compared between groups using χ2 or t-test, as ap-
propriate. Univariate and multivariate binary logis-
tic regression was conducted in order to determine
whether surgeon volumes impact on postoperative
outcomes. The other variables tested for their im-
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pact on postoperative outcomes, such as neoadjuvant
therapy [21], CCI as a measure for comorbidities [22],
and type of surgery [23] were selected due to previous
studies showing a possible influence on postoperative
outcomes. A p-value <0.05 was considered to indicate
statistical significance.

Data visualization

Data were visualized using GraphPad Prism (Ver-
sion 9.5.1 (528), GraphPad Software, Inc.).

Results

Lower complication rates in open resections

To first address center effects, we investigated the rela-
tionship between hospital volume with the postopera-
tive outcome of patients. Overall 336 patients from the
2 centers met the inclusion criteria of the study, with
259 (77.1%) having undergone surgery in Center A and
77 (22.9%) in Center B. Examination of the postoper-
ative complications, as assessed by the CDC, showed
that 83.8% of patients undergoing a rectal resection in
Center A and 62.3% of patients in Center B showed no
major postoperative complications (Fig. 1, p< 0.001).
These differences were not attributable to a difference
in baseline characteristics, as sex, active smoking sta-
tus, and comorbidities as assessed by the CCI were
similar between centers (Supplemental Table 1).

The occurrence of complications was inversely
correlated to utilization of minimally invasive tech-
niques, with Center B utilizing minimally invasive
surgery more frequently (Fig. 2, p< 0.001). Center A
had an approximately equal distribution between
minimally invasive (124 cases) and open (135 cases)
surgery, whereas more than 94% of surgeries in Cen-
ter B were minimally invasive procedures; however,
when analyzing both centers combined, minimally
invasive surgery was associated with higher compli-
cation rates than open surgery (Fig. 3; p=0.003). Ulti-
mately, we performed univariate analysis to evaluate

Fig. 1 Percentages of low Clavien-Dindo Classification
(CDC; 0–2) and high CDC (>2) for the two centers demonstrate
a significant difference (χ2-test p< 0.001) between centers

Fig. 2 Distribution of utilization of minimally invasive surgery
between centers (χ2-test p< 0.001)

Fig. 3 Frequency of complications in minimally invasive and
open rectal cancer resections (χ2 test p= 0.003)

the risk for complications for several variables. Uni-
variate binary logistic regression analysis showed that
patients operated on at Center B had a higher risk for
severe postoperative complications (odds ratio, OR=
3.122, p< 0.001) and that open surgery was associated
with improved postoperative outcome (OR= 0.417, p=
0.003). Importantly, the effect of the center on postop-
erative outcome remained an independent risk factor
for complications while the mode of surgery did not
in multivariable binary logistic regression analysis
(Table 1).

Higher surgeon volume does not improve
postoperative outcomes

While we identified a center effect to impact on the
risk of complications, we additionally assessed dif-
ferences in outcomes depending on surgeon’s case
volume. We found that only 14.7% of surgeons met
the criteria to be classified as high-volume surgeons
but performed 66.3% of all operations. Thus, we fur-
ther examined whether high-volume surgeons oper-
ated on patients with a higher comorbidity burden, as
assessed by CCI, and found that there was no correla-
tion between either low or high surgeon volume and
low or high CCI (Fig. 4, p=0.121). Equally, surgeon
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Table 1 Logistic regression analyses evaluating impact of distinct variables on postoperative complications
Univariate logistic regression Multivariate logistic regression

95% CI 95% CIVariable OR

Lower Upper

p-Value OR

Lower Upper

p-Value

Center (Center B vs. Center A) 3.122 1.77 5.504 <0.001 2.403 1.263 4.573 0.008

Surgeon volume (high vs. low) 1.387 0.78 2.466 0.265 1.296 0.712 2.359 0.397

Neoadjuvant therapy (yes vs. no) 1.422 0.827 2.444 0.203 1.459 0.83 2.565 0.189

OP type (open vs. minimally invasive) 0.417 0.232 0.749 0.003 0.563 0.286 1.109 0.097

CCI (high vs. low) 1.495 0.883 2.531 0.134 1.658 0.951 2.89 0.075

Evaluated variables were center (Center A or Center B), surgeon volume (low or high volume), neoadjuvant therapy (yes or no), OP type (minimally invasive or
open), and CCI (high or low). Univariate logistic regression identified a significant association between Center (Center A) and open surgery for improved post-
operative outcomes. The association between center and a better postoperative outcome also translated to the multivariate analysis, while the relationship
between type of surgery and postoperative outcome narrowly did not. The other variables did not show any significant association, although the CCI was close
to significance with the multivariate analysis.
OR odds ratio, CI confidence interval, CCI Charlson comorbidity index, OP

Fig. 4 Relationship of surgeon volumes (low volume
≤5 cases per year, high volume >5 cases per year) and Charl-
son comorbidity index (CCI, χ2 test p=0.121)

Fig. 5 Surgeon volume (low volume ≤5 cases per year, high
volume >5 cases per year) and postoperative outcome, indi-
cated by the Clavien-Dindo Classification (CDC) (p= 0.264)

volume did not impact on postoperative complication
rates (Fig. 5; p= 0.264), and surgeon case volume did
not influence outcomes in univariate or multivariate
binary logistic regression analysis (Table 1). The re-

sults therefore indicate that center effects other than
individual surgeon’s performance are equally crucial
for excellent results.

Discussion

Our study aimed to investigate the relationship be-
tween surgeon volume and the postoperative out-
comes of patients undergoing surgery for colorectal
malignancies in two dedicated units in Vienna. By
addressing this relationship, we sought to contribute
further evidence to the ongoing debate regarding
subspecialization within general surgery, and estab-
lishment of larger centers for CRC.

Consistent with previous research, our findings
support a better postoperative outcome of patients
in the higher volume hospital compared to the lower
volume hospital, irrespective of the surgeon. Specif-
ically, the higher volume hospital exhibited little or
no postoperative complications in 83.8% of cases,
whereas the lower volume hospital achieved this out-
come in only 62.3% of cases; however, we found no
significant association between surgeon volume and
postoperative outcomes of patients. The more expe-
rienced surgeons did not primarily operate on more
morbid patients, highlighting the role of hospital vol-
ume as the only significant predictor of postoperative
outcomes of patients undergoing CRC surgery. While
previous studies and the clinical context show that the
individual surgical expertise is without a doubt cru-
cial for patient outcomes [12, 24], our results indicate
that the individual surgical expertise cannot function
in isolation of the institutional framework in which
it operates. Yet, regionalization of colorectal surgery
could have compounding effects on the surgeon vol-
ume variable as well, which, as mentioned before, has
been shown to be linked to improved postoperative
outcomes [9, 25].

Importantly, we do not have specific data on
1) learning curves of individual surgeons or 2) com-
pliance with the Enhanced Recovery After Surgery
(ERAS) guidelines for individual patients in the ana-
lyzed cohort, as these data are not routinely assessed
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and difficult to investigate retrospectively, highlight-
ing the need for further prospective observational
data generation to improve service provision. An-
other noteworthy finding was the inverse relation-
ship between worse postoperative outcomes and the
higher rates of minimally invasive surgery at Center A,
with the less invasive surgery also being associated
with a higher risk for complications in univariate
logistic regression analysis; however, this effect was
not demonstrable in multivariate analysis including
known risk factors. Center A conducted significantly
less minimally invasive surgeries, while still having
the better postoperative outcomes, even though la-
paroscopic surgery has been associated with better
short-term outcomes after left-sided colon cancer
resections [23]. This seemingly counterintuitive ob-
servation may be attributed to two limitations of this
study: 1) Center A often performs laparoscopic mobi-
lization of the splenic flexure, ligation of the inferior
mesenteric artery and vein and entry into the TME
plane, followed by a lower midline incision and com-
pletion of low anterior resections in patients with
neoadjuvant therapy but codes this as open opera-
tion; 2) Center B had a higher fraction of transanal
TME resections, which has been shown to result in
higher complication rates at the beginning of the
learning curve [26, 27].

Additionally, our study is of a retrospective nature
and has respective limitations: the retrospective study
design impairs identifying minor complications such
as wound infections; To reduce the risk of not be-
ing able to accurately identify postoperative compli-
cations due to the retrospective nature of this study,
dichotomization into major and minor complications
was performed. Since all major complications (CDC
> 2) require invasive treatments, all major complica-
tions must be documented and can therefore be con-
fidently identified. Additionally, we did not separately
analyze robotic surgery, due to the implementation of
robotic programs and thus limited case volume during
the study period. Moreover, we entered data from the
electronic patient records that were logged at the time
of surgery. These records did not account for teaching
operations during the study period, but highly experi-
enced surgeons are present and supervise rectal resec-
tions, and thus this limitation is unlikely to influence
the overall outcome [28].

In conclusion, this work contributes valuable in-
sights into the ongoing debate regarding the region-
alization of surgery, especially CRC surgery in Aus-
tria. While the individual surgeon’s experience re-
mains a crucial premise, we have shown that the cen-
ter’s policy and set-up are of vital importance to the
postoperative outcomes of CRC patients, irrespective
of the operating surgeon. Future research should fo-
cus on implementing prospective real-time outcome
monitoring in all hospitals offering colorectal resec-
tions to evaluate impact of individual and center’s
caseloads on relevant outcome variables.
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