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Purpose: Despite several national initiatives, centralization of cancer care in Germany remains
insufficient for most malignancies. Currently, there is a plethora of centers, including 290 volun-
tary certified and audited colorectal cancer (CRC) centers by the end 0of 2017, in the nation with
many patients still being treated outside of such centers. This study aimed to assess morbidity
and mortality rates of surgical procedures for primary colorectal CRC in Germany over the last
decade through a comprehensive unbiased analysis.

Patients and methods: We performed an analysis of the national diagnosis-related group
inpatient statistics from 2005 to 2015 including all German hospitals. All patients who underwent
surgeries for primary CRC during the study period were included.

Results: A total of 351,028 cases were analyzed (61.6% colonic and 38.4% rectal resections).
The mortality rate of colonic resections remained high during the study period (4.9% in 2005
vs 4.5% in 2015; P=0.57). Reduced perioperative mortality after rectal surgery was observed
only after 2012 compared to previous years (3.8% in 2005 vs 3.0% in 2015; P<0.001), with no
further improvement. In-hospital morbidity such as anastomotic leak, wound infections, hemor-
rhage, pneumonia, deep vein thrombosis, and lung embolism did not improve for either rectal
or for colonic surgery, but in contrast, most outcomes deteriorated over time.

Conclusion: The present study challenges the current national health policies aiming to
improve outcomes of surgical patients. CRC care in Germany remains decentralized with high
in-hospital morbidity and mortality rates. New national strategies focusing on the implementa-
tion of centralization and high-quality CRC care are urgently needed.
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Introduction

In Germany, over 60,000 cases of colorectal cancer (CRC) are diagnosed each year.
CRC is the third most common cancer in both men and women, and 25,000 patients
die because of CRC each year.!

Traditionally, CRC surgery has been performed in most hospitals across Germany,
with no legal restriction for hospitals to treat CRC patients, and even nowadays, the
situation remains the same.

In 2015, ~30,000 surgical procedures for CRC were undertaken in Germany. The
recently published German data suggest excellent outcomes, with low morbidity and
mortality rates.? However, these data were generated by single- or multicenter studies
in high-volume centers, whereas smaller or less-experienced centers do not tend to
publish their results. Given that a large proportion of patients do not undergo surgery
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in high-volume centers, the published data may thus lead
to misinterpretations of the outcomes of surgery for CRC
in Germany. A recent population-based study reported a
mortality rate of 3.2% in Germany, which is higher than that
reported in a randomized trial (1.1%).%*

In the early 2000s, a European study suggested that
despite enormous financial resources, the results regarding
cancer survival in Germany were only moderate compared to
the results obtained in other European countries.* This led to
several initiatives aimed at improving care for CRC patients,
such as the development of clinical guidelines and a novel
but voluntary auditing process by the German Cancer Society
[Deutsche Krebsgesellschaft, DKG] at institutions treating
CRC patients. Institutions complying with the requirements
set by the DKG are certified as CRC centers.

Since 2004, the German hospital remuneration process for
inpatient treatment has been regulated through the diagnosis-
related group (DRG) system. Data relating to every inpatient
hospital stay, including the diagnosis and procedure codes,
are entered into the nationwide DRG database. Individuals’
hospitalization data are available for research purposes within
the context of the regulations that surround confidentiality.
Federal law allows the data to be used for scientific purposes
without an ethical review. In the past, several important studies
based on DRG data have been published.’* In 2005, the DRG
database included 1,725 hospitals with a continuous decrease
in the number of hospitals, which counted 1,514 in 2015.

This study aimed to evaluate trends in in-hospital mor-
bidity and mortality associated with primary CRC patients
undergoing operations in Germany over the last decade,
through a comprehensive and unbiased analysis using DRG
data.

Patients and methods
Data

A controlled remote analysis of the nationwide DRG data-
base from 2005 to 2015 was undertaken to evaluate inpatient
data provided by the Research Data Centers of the Federal
Statistical Office and the Statistical Offices of the Lander.
The German adaptation of the International Classification
of Diseases (ICD) Tenth Revision and the procedure coding
system [Operationen- und Prozedurenschliissel, OPS] were
used to identify diagnoses and procedures.

Case definitions, types of surgery, and
principal diagnoses

Every inpatient case with a procedure code for an elective
colorectal resection with CRC as the primary diagnosis was

included. Laparoscopic, converted, and open colectomies
(right-sided, transverse colon, left-sided, and sigmoid) and
laparoscopic and open rectal resections (anterior, abdomi-
noperineal, and abdominosacral) were included. Converted
cases were classified as open surgery. Used ICD codes were
C18, C19, and C20, and the procedure codes were 5-455.01-
7,5-455.51-7,5-456.01-7,5-457.01-7,5-484.31-9, 5-484.51-
9, 5-484.61-9, 5-485.01-2, and 5-485.21-2.

Mortality

For each case, DRG data include the dismissal reason with
a specific code for in-hospital death. Therefore, our reported
mortality represents in-hospital mortality.

Morbidities

Secondary diagnoses 126, T81.0, T81.1, T81.3, T81.4,
180.2, K65, J1, and K91.83 were used to identify patients’
morbidities.

Statistical analyses

Data were analyzed descriptively. Temporal trends were
assessed by using weighted least squares based on the number
of observations. P-value <5% was considered as statistically
significant. IBM® SPSS® software for Windows, version
24.0 (IBM Corporation, Armonk, NY, USA) was used.
The reference was the outcome in 2005 where no certified
centers existed.

Results

Surgical procedures

A total 0f 351,028 elective procedures for CRC were identi-
fied, including 216,272 (61.6%) colonic and 134,756 (38.4%)
rectal resections (Figure 1). The proportion of cases that
underwent minimally invasive surgery increased continu-
ously. For colonic resections, the rate increased from 5.9%
in 2005 to 20.3% in 2015 (P<0.001); for rectal resections,
the corresponding rates were 7.4% and 38.4%, respectively
(P<0.001; Figure 2). A total of 35,857 colon cancer cases
were scheduled to undergo minimally invasive surgery, and,
ofthese, 4,527 (12.6%) cases were converted to open surgery.

Mortality

Over the 11-year period, no significant improvement in the
mortality rate was observed for colonic resections (4.9% in
2005 vs 4.5% in 2015; P=0.57). For rectal resections, a sig-
nificant improvement in the mortality rate was achieved since
2012 compared to 2005, with no further improvement found
after 2012 (3.8% in 2005 vs 3.0% in 2015; P<0.001), as shown
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Figure | Annual numbers of elective surgically treated CRC cases and development of certified center sites between 2005 and 2015.
Abbreviations: CRC, colorectal cancer; DKG, German Cancer Society [Deutsche Krebsgesellschaft].
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Figure 2 Annual rates of MIS.
Abbreviations: DKG, German Cancer Society [Deutsche Krebsgesellschaft]; MIS, minimally invasive surgery.
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in Figure 3. The overall mortality rates for open and minimally
invasive surgery were 4.7% and 1.8%, respectively (P<0.001).

Morbidity

We analyzed the rates of deep vein thrombosis, pulmonary
embolism, wound and abdominal infections, postoperative
hemorrhage, pneumonia, and anastomotic leaks. Between
2005 and 2015, no improvement in the morbidity rates was
achieved for either rectal or colonic resections, whereas there

Colonic resections

was a trend of increasing morbidity rates, which in some
cases reached statistical significance.

On comparing the morbidity rates in 2005 and 2015, the
colon cancer cases showed an increased rate of anastomotic
leaks from 3.9% to 5.9% (P<0.001), wound and abdominal
infections from 4.9% to 7.0% (P<0.001), postoperative hem-
orrhage from 3.1% to 4.1% (P<0.001), pneumonia from 4.6%
t0 6.0% (P<0.001), and deep vein thrombosis and pulmonary
embolism from 1.1% to 1.4% (P=0.018), as shown in Figure 4.

Rectal resections
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Figure 3 Annual mortality rates of surgically treated CRC cases.
Notes: *P<0.05 compared to 2005.
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For the rectal cancer cases, the rate of anastomotic
leaks increased from 7.7% to 10.9% (P<0.001), wound
and abdominal infections increased from 7.7% to 9.2%
(P<0.001), postoperative hemorrhage tended to decrease
from 4.8% to 4.6% (P=0.365), pneumonia increased from
4.2% to 4.9% (P=0.008), and deep vein thrombosis and
pulmonary embolism tended to increase from 1.1% to 1.2%
(P=0.751), as shown in Figure 5.

Discussion

By the end of 2015, a total of 1,956 hospitals nationwide
were providing acute care in Germany. Of these, 274 (14%)
institutions were voluntarily undergoing an annual external
auditing process to obtain certification as a CRC center. These
centers deliver care for approximately two-thirds of all CRC
patients. Currently, the requirements for certification by the
German Cancer Society include a series of quality outcome
measures (eg, anastomotic leak rate, reoperation rate),
multidisciplinary institutional collaboration (eg, multidisci-
plinary tumor conference), psycho-oncological support, and
a minimum number of annual primary operative cases for
colon (n=30) and rectal (n>20) cancers. Despite the growing
number of certified CRC centers over the last decade, the
present study showed that the in-hospital patient outcomes are

Wound and abdominal infections
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disappointing. Key outcome parameters such as the mortality
and morbidity rates did not improve substantially between
2005 and 2015. In fact, except for the mortality rate of rectal
cancer patients after the year 2012, most outcomes were
worse by the end of the study period compared to those in
2005. The causes that might have led to increased short-term
morbidity over the years are difficult to understand and can
only be speculated (eg, demographic and/or epidemiologic
changes or administrative changes such as “up-coding” of
disease). After the implementation of the DRG system, the
medical and administration staff learned to maximize the
hospital’s revenue by including every possible diagnosis and
procedure in the reimbursement process, and “up-coding”
of diagnosis might hence have contributed to some results
seen in this study; however, most outcome parameters are
dichotomous (eg, mortality, deep vein thrombosis) and allow
no room for interpretation.

In Germany, centralization of care is mainly driven by
medical societies and by health care insurance providers.
Legal regulations regarding centralization of patient care on
a national level are absent. For some organ systems, there
is more than one society offering certification pathways to
be credentialed as a specialized center. This obviously con-
tributes to the dispersion of expertise and caseload between
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Figure 5 Annual morbidity rates of surgically treated rectal cancer cases.
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the centers. Experiences in other countries which followed
centralization and in-service training strategies could show a
significant decrease of mortality rates. Results from Denmark
showed a decrease from 7.3% in 20012002 to 2.8%in 2011.°
In the Netherlands, a decrease from 3.4% to 1.8% in colon
cancer and from 2.3% to 1% in rectal cancer between 2009
and 2016 was reported.!'®

The development of minimally invasive surgery during
the last two decades has led to a steady increase in the number
of minimally invasive colorectal resections undertaken.' "
The results from several randomized trials have demonstrated
that the long-term oncologic outcomes associated with
laparoscopic resections are comparable with those of open
surgery, and that laparoscopic resection is superior regarding
short-term outcomes.!*?° In Germany, the use of minimally
invasive surgery for colon (20%) and rectal (38%) cancers
constantly increased over the study period, but still remains
far lower compared to the international benchmark. National
training programs, such as the laparoscopic colorectal surgery
national training program in the UK, help to develop surgi-
cal skills and promote acceptance of new techniques in the
surgical community. At present, similar national programs
have not been implemented in Germany.

A major strength of this study is the completeness of data.
The analysis was based on all nationwide hospital-based
visits and is, therefore, not affected by selection bias. The
present data represent comprehensive results rather than a
statistical sample, and the results are true values as opposed
to estimates. Moreover, the data were unaffected by the
hospitals’ self-reporting.

Although the study is likely to be representative of the
state of CRC care in Germany, it does have some limitations.
Especially, data were collected from administrative records in
an anonymized fashion. The anonymization of the DRG data
rules out any validation of the data that could be achieved by
comparing the assigned codes with representative samples of
the patients’ case notes. DRG validation studies at particular
hospitals would not be of any benefit because they would not
be representative of the population as a whole and routine
documentation in hospitals cannot necessarily be considered
the gold standard for validation. Furthermore, any compara-
tive analysis at the hospital level or between certified and
non-certified centers is missing.

Conclusion

The present study challenges the current national health
policies aiming to improve outcomes of cancer patients. This
population-based analysis of mortality and morbidity after

CRC surgery in Germany from an independent data source
revealed no substantial improvements over time despite
implementation of certification with minimum volume stan-
dards with high in-hospital morbidity and mortality rates.
New national strategies focusing on the implementation of
centralization and quality improvement of CRC care are
urgently needed.
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