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Abstract
Purpose  ERAS® (Enhanced Recovery After Surgery) describes a multimodal, interdisciplinary, and interprofessional 
treatment concept that optimizes the postoperative convalescence of the patient through the use of evidence-based measures.
Goal of the work.
The aim of this article is to examine the economic feasibility of the ERAS® concept in the German DRG (diagnosis-related 
groups) system.
Material and methods  Since August 2019, patients have been treated in our clinic according to the later certified 
ERAS® concept. The last 50 patients before ERAS® implementation are compared below with 50 patients after 
ERAS® implementation, who were identified using a matched pair analysis. In addition to the comparison of costs 
and revenues, the clinical outcome of the patients is also presented.
Results  The cases of the patients in the pre-ERAS® cohort caused median costs of € 7432.83. BWR (valuation ratio) of 3.38 were 
billable. The resulting DRG revenue for the patients in this group amounted to € 11,325.78. The proceeds generated in the end 
amounted to € 4575.14. The cases of patients in the ERAS® cohort resulted in costs of € 5582.96. BWR of 2.84 could be billed. 
The DRG proceeds for the patients in this group therefore amounted to € 10,014.18. The profit generated was thus € 4993.84.
Conclusion  The cost reduction generated by ERAS® was more pronounced than the “loss” due to the decrease in BWR. 
ERAS® is therefore also possible in the German DRG system at absolutely cost-covering levels.
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Introduction

Dane Henrik Kehlet is the founder of modern fast-track 
concepts. In the 1990s, he began to design perioperative 
treatment processes based on evidence [1, 2]. Olle Ljun-
gqvist and Ken Fearon further developed this concept and 
named it the Enhanced Recovery After Surgery (ERAS) 

process [3, 4]. Since the beginning of the 2000s, numer-
ous studies have been published on the effectiveness of 
this concept [5–7]. By standardizing and optimizing the 
perioperative processes based on available current evi-
dence, the complication rate is reduced, and the length 
of stay is shortened [4–7]. Despite convincing results 
and initial indications that a reduction in complications 
can also improve patients’ oncological outcomes [8], the 
concept is spreading very slowly in Germany. One of the 
reasons relates to the refinancing of the DRG system. This 
study aimed to compare the costs and refinancing of the 
DRG system between a preERAS® and an ERAS® cohort. 
Patient and clinical outcomes were also considered.

ERAS® concept

ERAS® is an interdisciplinary and interprofessional concept 
that improves patient recovery after surgery. In the current 
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guidelines published by the ERAS® Society 2018 for colo-
rectal resections, 24 recommendations were made [9]. The 
recommendations covered different aspects of the patient’s 
surgical journey, including pre-admission (patient education, 
nutritional screening, and anemia treatment), and the pre-, 
intra-, and postoperative phases (intestinal lavage, sedating 
premedication, anesthesia form, analgesic questions, intestinal 
stimulation, and thrombosis prophylaxis). ERAS® describes 
a concept with interlocking sub-steps. In February 2020, our 
clinic became the first clinic in Germany to be certified by 
the ERAS® Society to use the ERAS® concept for colorectal 
resections.

Flat rates and calculations for hospital funding

In Germany, billing between hospitals and health insurance 
companies is based on flat rates. The flat rate case grouping 
in the DRG is computer-assisted and determined by the diag-
nosis, the severity of the disease, and the services provided 
(operations and procedures) [10]. The so-called valuation ratio 
(BWR) ultimately results from this grouping. The BWR is 
multiplied by the annually adjusted base rate for the state to 
determine the funding allocation. For the analysis in this work, 
the state-based case value of Mecklenburg-Western Pomerania 
valid in the year of treatment was used.

Lower, average, and upper limits of the length of stay are 
defined for each flat rate per case. The hospital receives a 
fixed amount based on these limits. If the patient is discharged 
before the lower limit of the length of stay, a deduction is made 
to the flat rate per case. If the patient is discharged after the 
upper limit of the length of stay, the hospital receives addi-
tional payment for each additional day from the health insur-
ers. From a statistical point of view, the mean length of stay 
is the day on which the hospital’s costs are exactly covered by 
the flat rate per case payment. Therefore, it is ideal to discharge 
the patient between the lower and median limit of the length 
of stay. The lower length of stay was originally introduced to 
avoid “bloody” dismissals. Critics, on the other hand, believe 
that this is partly responsible for the lengthy hospital stays in 
Germany. In a European comparison, Germany ranked fourth 
in the longest hospital length of stay, with an average of 9 days 
[11]. For colon and rectum resections, the lower limit of the 
length of stay in Germany is currently 3 days.

Calculation hospitals

There are so-called calculation hospitals that orient the 
case flat rates to real needs and to further develop the DRG 
system. At the beginning of 2017, there were 242 clinics 
with an evaluable case volume of approximately 3.7 mil-
lion cases [12]. These hospitals transmit an extensive data 
set (the InEK cost matrix), to the Institute for the Hospital 
Remuneration System (InEK). This is initially divided into 

personnel, materials, and infrastructure costs. The person-
nel costs are broken down into medical, nursing, and func-
tional services. Material costs include the costs of drugs, 
transplants/implants, and other medical needs. Infrastructure 
costs are divided into medical and non-medical costs. The 
individual costs are split into the normal ward, intensive 
care ward, operating theater, radiology, laboratories, etc. 
This results in precise cost distribution. Our clinic is a cal-
culation hospital, and the costs are therefore available at the 
case level.

Material and methods

Since August 2019, patients have been treated in our clinic 
according to the certified ERAS® concept. In this study, the 
last 50 patients before ERAS® implementation were com-
pared with 50 patients after ERAS® implementation, who 
were identified using a matched pair analysis (criteria: age, 
sex, diagnosis, and colon/rectum resection). The t-test was 
used for group comparison. A p value of 0.05 was used as 
the cut-off for significance.

The costs per case were evaluated in the present study. To 
map the nursing costs more precisely, the nursing services in 
minutes per patient (documented by the nursing staff) were 
multiplied by the gross personnel costs per full-time position 
and included in the cost accounting.

The difference between the generated DRG revenue and 
costs was calculated as the generated revenue (colloquially, 
profit). The median and the minimum and maximum values 
are given.

In addition to the comparison of costs and revenues, the 
clinical outcomes of the patients were investigated. Com-
parisons were made for the following parameters:

–	 Length of stay
–	 Resumption rate (defined as any readmission to the hos-

pital)
–	 Re-operations (defined as patients who required at least 

one revision procedure)
–	 Stay at intermediate care or intensive care unit
–	 Mortality
–	 Complications (surgical complications, such as wound 

infections classified as defined by the CDC classification, 
secondary bleeding, and anastomotic leakage, and non-
surgical complications, such as urinary tract infections 
and pneumonia)

Statistics

In the case of a normal distribution, which was checked with 
Q-Q plots, the distribution of metric variables is described 
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with mean, standard deviation, and extreme values. The t test 
was used for group comparison. If there was no normal dis-
tribution, the distributions were characterized with median 
and extrema and the group comparisons were carried out 
using the Mann–Whitney U test. When comparing groups 
with regard to relative frequencies, the chi-square test or, in 
the case of low cell population, Fisher’s exact test was used. 
All p values are interpreted purely descriptively.

Results

Table 1 provides an overview of the patient characteristics 
of both groups. The groups were comparable in all the char-
acteristics listed (p value for matching criteria greater than 
0.05 in each case).

The patients in the preERAS® cohort were in the clinic 
for a median of 7 days and thus 2 days longer than those in 
the ERAS® cohort. In absolute numbers, this means that 
the 50 patients in the preERAS® cohort were treated in the 
hospital for 448 days altogether, whereas the patients in the 

ERAS® cohort were only treated for 348 days. The short-
ening of the primary stay did not increase the readmission 
rate (preERAS® 6% vs. ERAS® 8%). The number of com-
plications was halved in the ERAS® cohort (pre-ERAS® 
20%, ERAS® 10%). The re-operation rate decreased from 
16% in the pre-ERAS® cohort to 10% in the ERAS® 
group. The number of days that patients had to be looked 
after in an intermediate or intensive care unit reduced from 
87 days in the pre-ERAS® patients to 46 days in the ERAS® 
cohort. This corresponded to a reduction from an average 
of 1.7 days/patient pre-ERAS® to 0.9 day/patient after 
ERAS® implementation. In the pre-ERAS® cohort, two 
patients died. In the ERAS® cohort, there were no deaths. 
Table 2 summarizes the clinical outcome parameters of the 
two groups.

The cost of caring for patients in the pre-ERAS® 
cohort was € 7030.20 (median; min. € 4211.79, max. € 
18,554.59). A BWR of 3.38 (min. 2.24, max. 15.64) was 
billed. The resulting DRG revenue for the patients in this 
group amounted to € 11,325.78 (min. € 7499.18, max. € 

Table 1   Patient characteristics

preERAS® ERAS®

Female:male 21:29 22:28
Age (mean) 68.5 (min. 48, max. 87) 69 (min. 38, max. 85)
Colon resection (n) 30 29
Rectal resection (n) 20 21
Benign disease (n) 7

Diverticulitis 4
Adenoma 3

9
Diverticulitis 5
Adenoma 4

Malign disease (n) 43
Rectal cancer 19
(12 × neoadjuvant chemoradiotherapy)
Colon cancer 24
UICC I: 14
UICC II: 15
UICC III: 13
UICC IV: 1

41
Rectal cancer 21
(13 × neoadjuvant chemoradiotherapy)
Colon cancer 20
UICC I: 9
UICC II: 12
UICC III: 19
UICC IV: 1

Open access (n) 5 2
Minimally invasive access (laparoscopic; n) 39 42
Converted operation from minimally invasive to 

open (n)
6
Due to:
1 × conglomerate tumor
2 × tumor size
3 × narrow pelvis

6
Due to:
1 × adhesions
1 × firm adhesions to the retroperitoneum
1 × adipositas
1 × narrow pelvis
1 × tumor size
1 × conglomerate tumor

Duration of surgery (mean) 153 min (min. 95, max. 355) 162 min (min. 75, max. 375)
ASA 1 (n) 3 1
ASA 2 (n) 17 25
ASA 3 (n) 29 24
ASA 4 (n) 1 0
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52,383.81). The revenue ultimately generated was € 4339.50 
(min. € − 8111.09, max. € 41,360.86).

The ERAS® cases were included in 2019 and 2020 (2019, 
24 cases; 2020, 26 cases). The coronavirus disease (COVID-19) 
pandemic has led to further changes in the DRG system. Hence, 
the cases were separated by year for further consideration.

The cost of caring for patients in the 2019 ERAS® 
cohort was € 5599.61 (min. € 3686.21, max. € 16,369.37). 
A BWR of 2.84 (min. 1.47, max. 8.4) was billed. The DRG 
revenue for the patients in this group was € 10,014.18 
(min. € 5171.23, max. € 29,654.27). The profit gener-
ated amounted to € 4766.98 (min. € − 2239.40, max. € 
17,083.78). In contrast, the cost of caring for patients in 
the 2020 ERAS® group was € 7481.85 (min. € 4668.95, 
max. € 25,793.90). A BWR of 2.87 (min. 1.91, max. 8.35) 
was billed. Accordingly, a DRG revenue of € 10,127.14 
was generated (min. € 7013.50, max. € 29,777.81). The 
profit from the 2020 ERAS® cohort amounted to € 
2724.01 (min. € − 11,011.65, max. € 9,000.44). Table 3 
provides a summary of the cost and revenue of the three 
groups.

A more detailed consideration of the cost drivers based 
on the InEK cost matrix highlighted the cause of the cost 
increase in 2020. This is shown in Table 4. Using personnel 
costs for the medical staff as an example, the preERAS® 

cost (max. € 15,436.82) was reduced to € 1974.12 (min. € 
1200.89; max. € 6764.58) in the 2019 ERAS® group, and € 
2902.40 (median; min. 1589.94 €; max. 10,390.98 €) in the 
2020 ERAS® group. This trend is also evident in the nurs-
ing staff cost. The preERAS® cost amounted to € 515.76 
(min. € 50.96; max. € 2,882.88). After the implementation 
of ERAS®, the costs fell to € 249.38 in 2019 (min. € 55.29; 
max. € 826.50). In 2020, these costs rose again to € 337.90 
(min. € 89.28; max. € 2236.34).

In relation to the causative unit, a detailed breakdown 
of the figures showed that the increase in personnel costs 
mainly affected the costs in the normal ward [preERAS®: € 
2151.10 (min. € 1199.88; max. € 9051.06); 2019 ERAS®: 
€ 1148.41 (min. € 882.28; max. € 3944.28); 2020 ERAS®: 
2020 € 2272.33 (min. € 1057.25; max. € 9281.66)]. The top 
three cost drivers are listed in Table 5.

Discussion

The ERAS® concept has proven its clinical effectiveness in 
numerous studies. However, the topic of financial mapping 
within the German DRG system has not yet been analyzed. 
The present study aimed to address this gap.

Our study results highlighted two important considerations:

Table 2   Clinical outcome of the different groups

preERAS® ERAS® p

Length of primary stay (median and total) 7d (min. 4d, max. 39d); total 448 days 5d (min. 3d, max. 29d), total 348 days  < 0.001
Readmissions 3 (6%) 4 (8%) -
Length of stay including readmissions (median and 

total)
7d (min. 4d, max. 58d); total 560 days 5d (min. 3d, max. 29d), total 380 days  < 0.001

Nights in the intensive care or intermediate care 92 (Ø 1.8d/patient; SD 5.91) 46 (Ø 0.9d/patient; SD 3.3) 0.503
Complication rate 10 (20%) 5 (10%) -
Anastomotic leakage 4 (8%), all re-operated 2 (4%), all re-operated -
Patients with operative revisions 8 (16%)

Anastomotic leakage n = 4
Wound infection n = 2
Bleeding wound n = 1
Fascial dehiscence n = 1

5 (10%)
Anastomotic leakage n = 2
Mechanical ileus n = 2
Wound infection n = 1

-

Mortality 2 (4%) 0 (0%) -

Table 3   Economic outcome of the different groups. The DRG revenue was calculated using the state base rate for the respective year

preERAS® ERAS® 2019 p value ERAS® 2020 p value

Costs 7030.20 € (min. 4211.79 €, max. 
18,554.59 €)

5599.61 € (min. 3686.21 €, max. 
16,369.37 €)

0.302 7481.85 € (min. 4668.95 €, max. 
25,793.90 €)

0.667

Valuation ratio (BWR) 3.38 (min. 2.24, max. 15.64) 2.84 (min. 1.47, max. 8.4) 1 2.87 (min. 1.91, max. 8.35) 1
DRG revenue 11,325.78 € (min. 7499.18 €, 

max. 52,383.81 €)
10,014.18 € (min. 5171.23 €, 

max. 29,654.27 €)
0.09 10,127.14 € (min. 7013.50 €, 

max. 29,777.81 €)
0.001

Profit 4339.50 € (min. − 8111.09 €, 
max. 41,360.86 €)

4766.98 € (min. − 2239.40 €, 
max. 17,083.78 €)

0.73 2724.01 € (min. − 11,011.65 €, 
max. 9000.44 €)

0.25
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1.	 The ERAS® concept shortened the hospital stay of 
patients with colorectal resections

In our study cohort, the introduction of the ERAS® con-
cept and the associated treatment process alignment with 
evidence-based measures led to a significant shorter hospital 
stay, with the same rate of readmission. Overall, the median 
length of stay was reduced from 7 to 5 days. While this 
does not seem substantial in absolute numbers, the length 
of stay including readmission was reduced by 32% from 
560 days pre-ERAS® to 380 days after the ERAS® con-
cept was implemented. The need for intensive medical care 
was reduced by 48%. These results are consistent with other 
published studies [4, 7, 12, 13].

2.	 The ERAS® concept can be economically mapped to 
the German DRG system

The reduction in the length of hospital stay, and the rate 
of complications through the implementation of a function-
ing ERAS® concept consequently led to a cost reduction. 
This has been demonstrated for different entities in different 
countries [14–19]. Roulin et al. demonstrated an average 
cost reduction of € 1651 for colorectal resections in Switzer-
land (the costs for implementation were already deducted). 
In our cohort, a median cost reduction of € 1430.59 was 
achieved when comparing the preERAS® and 2019 ERAS® 
groups. This corresponded to 20% savings. The observed 
increase in costs in 2020 may be due to plummeted case 
numbers in German hospitals during the COVID-19 pan-
demic. Postponement of elective admissions and interven-
tions ensured sufficient hospital capacity to care for patients 
with COVID-19. This contributed to a relevant reduction in 

case numbers. For example, personnel and overhead costs 
were distributed in significantly fewer cases in 2020. In our 
2020 cohort, this led to an increase in the medical personnel 
cost per case to 1.5 times that of 2019. The nursing person-
nel cost was calculated using the documented nursing min-
utes; thus, the same effect was not observed. The increase 
may be explained as the lower number of cases left more 
time for the individual patient; therefore, the documented 
care minutes increased.

As mentioned, the length of hospital stay in Germany 
is one of the longest in Europe, with an average of 9 days 
[11]. From an economic viewpoint, the correspondingly high 
lower limit length of stay does not encourage patients to be 
discharged quickly. This “negative” effect was observed in 
our cohort. Deductions resulted due to cases falling below 
the lower limit of the length of stay. Moreover, as a result of 
the additional reduction in the complication rate achieved by 
the ERAS® concept, the median BWR generated per case 
fell by 16%.

However, the cost reduction generated by the 2019 
ERAS® group was slightly more pronounced than the “loss” 
due to the decrease in BWR. This suggests that the ERAS® 
concept is viable in the German DRG system based on abso-
lute cost coverage.

Conclusion

The effectiveness of the ERAS® concept in colorectal resec-
tions is undisputed and economically sensible, especially 
in financing the health system. In this study, the ERAS® 
concept halved the complication rate, shortened the length 
of stay, and reduced demand for the intensive care or 

Table 4   InEK cost matrix using the example of personnel costs

preERAS® ERAS® 2019 ERAS® 2020

1. Personnel costs Medical staff 2666.35 € (min. 1481.59 €; max. 
15,436.82 €)

1974.12 € (min. 1200.89 €; max. 
6764.58 €)

2902.40 € (min. 1589.94 €; max. 
10,390.98 €)

2. Personnel costs Nursing staff 515.76 € (min. 50.96 €; max. 
2882.88 €)

249.38 € (min. 55.29 €; max. 
826.50 €)

337.90 € (min. 89.28 €; max. 
2236.34 €)

3. Personnel costs Med. tech./
functional service

1152.54 € (min. 611.17 €; max. 
4463.48 €)

935.03 € (min. 620.87 €; max. 
2086.92 €)

1003.81 € (min. 552.61 €; max. 
3283.31 €)

Table 5   InEK cost matrix broken down by unit

preERAS® ERAS® 2019 ERAS® 2020

01. Normal ward 2151.10 € (min. 1199.88 €; max. 
9051.06 €)

1148.41 € (min. 882.28 €; max. 
3944.28 €)

2272.33 € (min. 1057.25 €; max. 
9281.66 €)

04. Operating room 2579.31 € (min. 726.39 €; 6035.61 €) 2709.46 € (min. 1553.70 €; max. 
5657.51 €)

3347.12 € (min. 2134.04 €; max. 
8834.56 €)

05. Anesthesia 1004.08 € (min. 598.92 €; max. 
2623.28 €)

979.50 € (min. 555.18 €; max. 1666.72 
€)

1048.29 € (min. 740.79 €; max. 3628.27 
€)
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intermediate care unit. Even during pandemic times, with 
increased personnel costs per case, overall costs were stable 
by the ERAS® concept.
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