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Abstract—Since at least the 1960s, the average length of stay in
German hospitals has been declined. Early discharge can cause
health risks for the patient and incurs cost risks for health
insurers. Otherwise, a shorter length of stay can also indicate
more efficient and better care in hospitals. The aim of this
research project is therefore to investigate whether the decreasing
length of stay has an effect on the quality of care provided by
hospitals, and whether a shorter length of stay in inpatient care
results in an increase in follow-up outpatient care. Routine data
will be used.

I. RESEARCH QUESTION AND MOTIVATION

S
INCE at least the 1960s, the average length of stay

(ALOS) of patients in German hospitals has been declined

(see [1]), and almost halved since the early 1990s (see [2]

and [3]). It is assumed that the introduction of Diagnosis

Related Groups (DRGs) in hospital reimbursement in 2003

was an additional driver of this development (see [4] and

[5]). Compared to previously used equal daily reimbursement

rates, the DRG system reduces a hospital’s profit if a patient

stays longer. The upper bound of the length of stay in a

DRG determines up to which length of hospital stay a flat

rate is paid (see [6]). As soon as the duration of stay in an

individual case exceeds the upper bound, additional payments

are made. However, these additional payments are unprofitable

for the hospital (see [7]). This creates an economic incentive

for hospitals to discharge patients as early as possible (see [8]

and [9]). In order to counteract early and premature discharges

for cost reasons, hospitals have to accept reductions in the per-

case flat rates if the length of stay falls below the lower bound

due to early discharge or transfer to another hospital (see [10]).

As a result, hospitals generate the greatest profit per case at

the lower bound. This is illustrated in Fig. 1. The difference

between the amount of the flat rate payment per case P and the

costs of the hospital stay K is greatest at the point of the lower

bound DRG_L. Depending on the slope of the hospital’s cost

curve, profit is generated up to the point of the upper bound

DRG_U.

Early discharge from the hospital can cause health risks

for the patient and incurs cost risks for health insurers (see

[11]). If, for example, more outpatient treatment, nursing care

or readmission to hospital becomes necessary (revolving door

effect), this can increase the total costs for the payer (see [12]).
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Fig. 1. Hypothetical relation between costs and returns

Source: Own representation

The implementation of the length of stay boundaries follows

the objective of more efficient care in hospitals in terms of the

pay for performance principle (see [13]). On the other hand,

there is the concern that an excessively shortened length of

stay will lead to underuse and misuse of care and an increased

workload for medical staff (see [14] and [15]). Whether the

DRG system leads to changes in the quality of care due to

earlier discharge of patients is therefore still controversial and

not clearly evident (see [16]).

The aim of this research project is therefore to investigate

whether the decreasing length of stay has an effect on the

quality of care provided by hospitals in Germany and whether

a shorter length of stay in inpatient care results in an increase

in follow-up outpatient care. More specifically, we aim to

answer the following research questions:

1) Does the decreasing length of hospital stay have an

effect on the quality of care or on the patient’s health

status after discharge?

2) Is a shorter length of stay substituted for increased

follow-up outpatient care?

Position and Communication Papers of the 16
th Conference on

Computer Science and Intelligence Systems pp. 169±173

DOI: 10.15439/2021F115

ISSN 2300-5963 ACSIS, Vol. 26

©2021, PTI 169



II. BRIEF LITERATURE REVIEW

Current scientific literature provides little clarity on the

potential relationship between individual length of stay and

a patient’s quality of care. Previous studies could only show

associations for specific areas of health care. If the length of

stay is reduced solely on grounds of economic considerations,

premature discharge can have negative health effects on the pa-

tient. Cases like these are also referred to as bloody discharge

(see [11]). In the REDIA study by von Eiff et al. ( [11]),

the authors examined the effects of the introduction of the G-

DRG system on rehabilitation. The authors argue that because

of shorter hospital stays, orthopedic patients start rehab earlier

and in poorer health. Nevertheless, the treatment goals of the

rehab process could be achieved. The authors explain this with

the increased treatment effort by the medical staff in the rehab

facilities.

Other studies assess a decreasing length of stay less criti-

cally, as this can be interpreted as an indicator of an increase

in process quality (see [17]). The patient’s desired state of

health is achieved more quickly through better treatment. Thus,

improved treatment quality could also lead to a decrease in

length of stay. That a decreasing length of stay could have no

negative effects, but even positive effects, is suggested by the

studies of Kehlet and Wilmore ( [18]), of Husted et al. ( [19])

& of Barmer GEK ( [20]).

As already mentioned, since the introduction of the DRG-

based reimbursement system in Germany, the length of stay

has continued to decrease each year (see [3]). It should be

noted that the length of stay was already declining before

the introduction of the DRG-based system (see [16] and [1]).

Therefore, it is still unclear whether the introduction of the

DRG-based reimbursement system has an impact on length

of stay. This makes research on the effects of this system on

quality of care also interesting with regard to length of stay,

since the reduction of length of stay is an objective of the

introduction of the DRG-based system that has not yet been

sufficiently evaluated.

In principle, too little empirical research has been done to

investigate this relationship. Therefore, no reliable statements

can be made yet. Research to date has essentially been based

on structured quality reports. For Germany, for example,

Fürstenberg et al. (see [21] as well as [22]) observed a general

decline in post-hospital mortality in the period between 2004

and 2010. The effect of the DRG-based system and the length

of stay on the quality of care remained unclear. The overall

picture among international research is currently similarly

unclear (see [23]). An overview of international literature is

listed in Table I.

International research concerning other countries with DRG

systems there also indicates a given shift from inpatient care

to outpatient care structures (see [24]) and [25]). A shift from

inpatient to outpatient care influenced by decreasing length of

stay has not yet been observed in Germany. Therefore, it is

still unclear whether patients show increased use of outpatient

services as a result of earlier hospital discharges.

III. DATA

Routine data from the research database of the WIG2

Scientific Institute for Health Economics and Health Systems

Research [35] will be used primarily to answer the research

questions. Routine data are the accounting data of the statutory

health insurances. The pseudonymized personal reference of

the data is of central importance for answering the research

question of this thesis. This makes it possible to trace the

individual treatment paths of the insured and thus analyze the

influence of the length of stay. Since the methodology used

requires the largest possible sample, the entire available scope

of the research database will be used for the estimation. The

observation of the individuals should take place on a monthly

basis. Alternatively, the observation can be done quarterly, as

this corresponds to the rhythm of ambulatory care.

These data are to be supplemented with the publicly avail-

able data on DRGs from the German Institute for the Hospital

Remuneration System (InEK).

IV. METHODOLOGY

At the center of the empirical analysis is the investigation

of the potential relationship between hospital length of stay

and quality of care, as well as variables related to outpatient

follow-up treatment. Because quality of care is not directly

reflected in the data, recovery indicators such as mortal-

ity, medication use, complications, or comorbidities will be

used as proxies. These indicators can provide information

on whether and to what extent the patient’s state of health

has changed after hospitalization, depending on the length

of stay. In addition, variables on further treatment, such as

outpatient follow-up treatment (e.g., physician visits) and

hospital readmission, can provide information on whether a

shorter length of stay results in a shift in the care structure

(e.g., from inpatient care to outpatient care). Quality indicators

and variables for follow-up treatment are summarized below

as outcome indicators. Simple OLS regressions of the length

of stay on the indicators, as stated in model 1, would likely

be biased as differences in characteristics between hospitals

as well as seasonal variations most likely have an impact on

outcome indicators and on the individual length of stay.

Ei = α0 + α1 · lengthi + θX ·Xi + ηi (1)

with

Ei Vector of indicators for post stationary

recovery or for quality of medical treatment

lengthi Length of stay for patient i

Xi Vector of different control variables

ηi Error term
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Source Country Findings

[26] USA No effect of the DRG system on quality of care detected.

[27] USA No effect of the DRG system on quality of care detected.

[28] USA Shift from inpatient hospital care to lower-cost providers.

[29] USA Unclear whether the DRG system leads to a reduction in quality of care. Suggestive evidence for

premature discharge.

[30] USA Unclear whether the DRG system leads to a reduction in quality of care. Suggestive evidence for

premature discharge. (Rate of unstably discharged patients increased from 10% to 15% within 3

years after introduction of the DRG-based system).

[24] Norway Suspicion of treatment preference for patients with milder orthopedic diagnoses. Also, evidence

of a shift from inpatient care to outpatient care.

[31] Great Britain No effect of the DRG system on quality of care detected.

[32] Japan DRG system introduction is associated with lower mortality and higher readmissions.

[25] Great Britain Expansion of better reimbursed hip TEP procedures compared to less highly reimbursed proce-

dures. Also, evidence of a shift from inpatient care to outpatient care.

[33] France No effect of DRG system on readmissions after surgical procedures.

[34] Switzerland DRG system is associated with lower mortality and higher readmissions.

TABLE I
INTERNATIONAL LITERATURE

We expect that the model behind the structural equation

1 would be still biased by unobserved factors and that the

exogeneity assumption is thus violated even if we control for

hospital and time fixed effects. An example of an uncontrolled

influencing factor of this kind is the varying adaptation of

new treatment methods between hospitals, as well as the

varying adaptation of technical innovations in medical care.

Also, unobservable variables (such as the actual health status

of patients, actual quality of care or the cost structure of

hospitals) or measurement errors (incorrectly or incompletely

maintained database) could lead to biases and violation of the

exogeneity assumption. By means of an instrument variable

estimation, an attempt can be made to counteract this problem.

The upper and lower bounds of stay of the billed DRGs will

be used as instruments for this purpose. As Figure 1 already

illustrates, these boundaries are expected to have a relevant

influence on the individual length of stay, since they determine

the area of the greatest profit for the hospital. The boundaries

applicable for a particular year are specified externally by the

InEK in the respective previous year. The actual length of stay

of the calculation hospitals from the respective previous year

is used as the basis for this determination. Therefore, these

calculation hospitals potentially have the opportunity to influ-

ence the length of stay boundaries in the next year with their

discharge and transfer behavior. However, we do not assume

that this potential influence is intentional or particularly high.

For this to be the case, the calculation hospitals would have

to behave strategically in a coordinated manner to increase

the length of stay and the costs per case in the same way.

However, such behavior seems rather unlikely. Furthermore,

the overall trend towards decreasing length of stay and case

costs do not suggest such behavior. It can therefore be assumed

that the length-of-stay boundaries are set externally by InEK

and that the calculation hospitals have little or no influence.

Accordingly, these quasi-experimental circumstances result in

the following stages of the IV-regression:

First stage: Lengthi =β0 + β2 ·DRG_Li+

β3 ·DRG_Ui + θX ·Xi + ui

(2)

Second stage: Ei = γ0 + γ1 · ̂Lengthi + θX ·Xi + ǫi (3)

with

DRG_Li Lower limit length of stay per billed DRG

DRG_Ui Upper limit length of stay per billed DRG

ui, ǫi Error terms
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V. NEXT STEPS

We consider the following points as the next main steps for

our research project. First, quality indicators for individual dis-

eases and procedures will be identified by means of a literature

search. At the time of writing, the scope of research includes

quality indicators for procedures such as appendectomies,

transcatheter aortic valve implantation and the insertion of

artificial hip joints. We are currently concentrating on these

three medical procedures, since they are very common, and

therefore we expect to have a high number of observations

in the database. In a further step, the relevant DRGs will

be derived from the relevant procedures and diagnoses to be

included in the regression. Based on this, the dataset will

be compiled and validated. After compiling the data, the

described analyses can be performed and the results will be

described.
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