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AbstrACt
Objectives To determine whether implementation 
of a case-based payment system changed all-cause 
readmission rates in the 30 days following discharge after 
surgery, we analysed all surgical procedures performed in 
all hospitals in France before (2002–2004), during (2005–
2008) and after (2009–2012) its implementation.
setting Our study is based on claims data for all surgical 
procedures performed in all acute care hospitals with 
>300 surgical admissions per year (740 hospitals) 
in France over 11 years (2002–2012; n=51.6 million 
admissions).
Interventions We analysed all-cause 30-day readmission 
rates after surgery using a logistic regression model and 
an interrupted time series analysis.
results The overall 30-day all-cause readmission rate 
following discharge after surgery increased from 8.8% 
to 10.0% (P<0.001) for the public sector and from 5.9% 
to 8.6% (P<0.001) for the private sector. Interrupted time 
series models revealed a significant linear increase in 
readmission rates over the study period in all types of 
hospitals. However, the implementation of case-based 
payment was only associated with a significant increase in 
rehospitalisation rates for private hospitals (P<0.001).
Conclusion In France, the increase in the readmission 
rate appears to be relatively steady in both the private 
and public sector but appears not to have been affected 
by the introduction of a case-based payment system after 
accounting for changes in care practices in the public 
sector.

IntrOduCtIOn 
Financing hospitals is a challenge for any 
healthcare system. Many countries in the 
Organisation for Economic Cooperation 
and Development have chosen payment by 
diagnosis-related group (DRG). In 1983, the 
USA was the first country to introduce a case-
based payment system according to DRGs of 
patients insured by Medicare.1–3 Many coun-
tries around the world4 chose to adopt this 
model as a tool to regulate hospital expendi-
ture. The USA applied DRG-based reimburse-
ment to one specific patient group, those 65 
years and over (Medicare) and eventually for 

the poor (Medicaid). In other countries, only 
a part of hospital reimbursement is based on 
the DRG system, as in Portugal,5 6 where this 
payment system concerns only certain care 
activities. To our knowledge, only France and 
Norway have implemented this case-based 
payment system to finance all hospital care 
activities since the early 2000s.7 8 

Other countries, like Belgium, are consid-
ering the implementation of a similar case-
based payment system,9 but wonder whether it 
would induce certain unintended effects such 
as encouraging hospitals to increase their 
activity to improve their financial balance 
sheets. Moreover, whether or not there was 
improvement in quality of care10–12 with 
regard to the decreased length of stays and 
in terms of mortality and readmission rates 
is a matter of debate.13–15 Although hospital 
readmissions, when considered alone, can 
be used as an indirect marker of healthcare 
quality, their value in this setting is controver-
sial.16 17 In addition, there is some evidence 
that the implementation of a tariff system 
based on activity would lead to an increase in 

strengths and limitations of this study

 ► To our knowledge, this is the first study to analyse 
30-day all-cause readmission rates before, during 
and after the introduction of the case-based 
payment system in France.

 ► We linked individual patient data over 11 years for 
all surgical procedures performed in all acute care 
hospitals with >300 surgical admissions per year in 
France (n=51.6 million surgical admissions and 740 
hospitals).

 ► We analysed rates of readmission for surgery with 
logistic regression models and with an interrupted 
time series analysis, in order to measure changes in 
readmission rates over time.

 ► One limitation of this study is that we considered all-
cause readmissions as it is not possible to rule out 
planned readmissions in French claims data.
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rehospitalisation so as to maximise hospital revenues.18–21 
This effect was so feared in the USA and England that 
policy-makers imposed penalties for hospitals with abnor-
mally high rehospitalisation rates.22–24

The medical information system in France has gath-
ered exhaustive data on hospital activity since 1997, well 
before the implementation of case-based reimbursement 
in 2005. It is thus possible to obtain baseline rehospital-
isation rates before the implementation of the case-based 
payment system. Since case-based payment was applied to 
all hospital activities, it is relatively easy to measure the 
evolution of readmissions after surgical procedures over 
the period of implementation.

The aim of this study is to determine whether imple-
mentation of case-based payment system was associated 
with a change in all-cause rehospitalisation rates in France. 
To do this, we compared rehospitalisations before the 
implementation of the case-based payment system (2002–
2004), which was introduced stepwise in the middle of the 
study period (2005–2008) and after the implementation 
(2009–2012), after adjustment for the principal charac-
teristics of patients. Previous studies conducted in France 
have not analysed the evolution of readmission rates over 
time25 or only examined certain regions,13 or were based 
only on specific diseases.26 27 In this study, we include all 
surgical procedures and consider all readmissions, what-
ever the surgical subspecialty and cause of readmission.

MethOds
source of data
The hospital discharge abstract database (Programme 
de Médicalisation des Systèmes d’Informations (PMSI)) 
contains individual, exhaustive and linkable but anony-
mous data on healthcare use for the whole French popu-
lation and collects primary and associated diagnoses 
(secondary events and comorbidities) encoded using 
WHO International Statistical Classification of Diseases 
and Related Health Problems, 10th revision, and proce-
dures performed during all hospital stays using the 
common classification system for medical procedures 
(Classification commune des actes médicaux). The very 
good quality of the French hospital database has previously 
been evaluated and has enabled us to carry out several 
epidemiological and health services research studies 
concerning hospitalised patients in France.25 26 28–31 The 
study was approved by the National Committee for Data 
Protection.

Population
This study was a retrospective multicentre study based on 
nationwide PMSI data.

We include all patients admitted to all acute care hospi-
tals with surgical wards (740 hospitals including 295 
public hospitals and 445 private hospitals) for surgical 
procedures (as defined by the French DRG classification) 
over 11 years (2002–2012). Hospitals with fewer than 300 
surgical admissions per year were not included, because 

many of them closed during the study period. We consid-
ered separately public and private hospitals, as hospital 
funding was completely different between these two 
types before the introduction of case-based payment in 
all hospitals. The 46 private not-for-profit hospitals were 
classified in the public sector, as their hospital funding 
was the same as for public hospitals.

Main outcome measure: readmission within 30 days following 
discharge
For each selected surgery admission, the time from patient 
discharge to a new admission was calculated according 
to the linked information. Initial hospitalisations and 
stays ending in death or transfer, iterative treatments and 
neonatology were excluded. In ‘iterative treatments’, 
we considered 1 day admissions for treatments such as 
chemotherapy, radiation therapy and haemodialysis. 
All-cause readmission was defined as ‘a new hospitaliza-
tion within 30 days30 following discharge after an admis-
sion for surgery, whatever the reason for this second 
admission’ as done before,25 26 that is, if a patient was 
readmitted for a reason other than the diagnosis for the 
first admission, it was still considered a readmission. The 
hospital where the readmission took place was also noted.

Variables studied: characteristics related to readmission
The characteristics of the admissions were studied 
according to the variables available in the national medi-
cal-administrative database, namely year of hospitalisa-
tion, age, gender, mode of admission (from home, via 
an emergency service and transfer), the type of hospital, 
morbidity (Charlson score, Major Diagnostic Categories of 
French classification in DRGs that we called DRG groups) 
and length of stay.15 We also added the urban/rural clas-
sification of patients’ place of residence according to the 
French institute of statistics and censuses. We subdivided 
information regarding urban areas into three categories: 
city centres, suburbs of big cities and small towns.

statistical analysis
In the first analysis, we studied the influence of the vari-
ables defined above (all dichotomised) on readmission 
at 30 days with two logistic regression models. The prob-
ability of readmission was analysed separately for the 
two types of hospital sector (ie, public and private). The 
first model (M0) concerned all hospital admissions for 
surgery.

The second model (M1) excluded DRG groups with 
low volumes of activity (burns, infectious diseases, HIV 
diseases, multiple trauma, psychiatry in acute care and 
other types of care). They also excluded cases with 
major modifications in care practices during the period, 
either for changes in care management (eg, in ophthal-
mology) or therapeutic changes for the treatment of HIV. 
Regarding ophthalmological surgery, since cataract 
surgery is more and more frequently performed to one 
eye and rapidly after to the other (<1 month after), we 
had to take into account this change with time, which 
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results in an increase in readmission rates in ophthal-
mology substantially greater than in other specialties.

In the second analysis, an interrupted time series anal-
ysis was performed to measure changes in the readmis-
sion rate over time while taking into account the variables 
defined above. This model used monthly readmission 
rates over the study period and included a linear time 
trend. Three periods were considered: the pre-case-based 
payment system period (from 2002 to 2004), the imple-
mentation period (from 2005 to 2008) and the postim-
plementation period (from 2009 to 2012). In accordance 
with seasonal fluctuations, random error was modelled by 
an autoregressive model with a parameter at lag 12.

We thus quantified the impact of the implementation 
as changes in the level and slope compared with the 
preimplementation period. SAS V.9.4 was used for all of 
the analyses. The threshold of statistical significance was 
set at P<0.05.

results
descriptive study
The study sample contained almost 52 million admis-
sions, accounting for all admissions with DRGs related 
to surgery in hospitals with >300 admissions per year. 
Admissions with in-hospital deaths or without linkage 
information were excluded and represented <5% of our 
admissions.

The number of admissions with surgery selected in the 
database increased from 4.1 million in 2002 to 5.3 million 
in 2012, for a total of 51.6 million admissions over the 
11 years (table 1). Of the surgeries, 60% and 40% took 
place in profit-making private and in public or non-prof-
it-making private hospitals, respectively. During the study 
period, there was a steady increase in the mean age of 
patients (from 48.6 to 51.3 years) and a decrease in the 
mean length of stay (from 4.3 to 3.0 days). The disease 
profile remained relatively stable, except for a slight 
increase in admissions in ophthalmology units.

Between 2002 and 2012, the readmission rate following 
admissions for surgery (figure 1) increased in both the 
public and private sectors: from 8.8% to 10.0% and 
5.9% to 8.6%, respectively. Although the overall readmis-
sion rate was higher in public than in private hospitals 
(P<0.001), its increase appeared to be relatively steady 
in both sectors. However, this increase was significantly 
greater in the private than in the public sector (P<0.001).

The descriptive results underlined the disparity in 
readmission rates at 30 days between the different DRG 
groups over the study period (figure 2), in terms of 
both volume and evolution. In 2012, the readmission 
rate ranged from 2.7% for ear, nose and throat surgery 
to 26% for haematology and 27% for the surgical treat-
ment of burns. Two types of surgery in particular showed 
a major change in the readmission rate: ophthalmology 
and HIV-related surgery. For ophthalmology, the read-
mission rate increased from 9.3% in 2002 to 16.5% in 
2012 in the public sector and from 10.0% to 19.7% in the 

private sector. For HIV-related surgery, the readmission 
rate in the public sector fell from 31.4% in 2002 to 25.4% 
in 2012, but peaked at 39.3% in 2006, with major varia-
tions from one year to another.

The profile for the evolution of readmission rates by 
type of surgery also differed according to the type of 
hospital and surgery (figure 2). For example, the increase 
in the readmission rate for ophthalmology was particu-
larly pronounced in private hospitals, rising from 10.0% 
in 2002 to 19.7% in 2012. Concerning other types of 
surgery, the readmission rate for the public and private 
sectors remained quite stable.

Multivariate models: study of factors associated with 
readmission
After adjustment for the DRG groups and morbidity, the 
probability of readmission at 30 days increased with time 
(table 2, model M0) in both the public and private sectors. 
We can see that the effect of the risk of readmission also 
increased with age and that this effect was greater in the 
private than in the public sector (eg, for patients aged 80 
years and over, OR=1.9 in the public sector vs 5.3 in the 
private sector). Moreover, patients living in urban areas 
were slightly more at risk of readmission, with a more 
marked risk in small towns.

However, after excluding cases with major modifica-
tions in care practices during the period (such as ophthal-
mological surgery) or with low volumes of activity, the 
overall increase in the readmission rate found in model 
M0 was not retrieved for public hospitals and the read-
mission rate did not seem to increase with time after the 
implementation of the case-based payment (model M1).

Interrupted time series model
The series exhibited significant linear trends over the 
period (see figure 3). Rehospitalisation rates increased by 
0.0170 percentage points per month in public hospitals 
(P<0.05) and by 0.0224 percentage points per month in 
private hospitals (P<0.001). However, the implementation 
of case-based payment was associated with a significant 
increase in rehospitalisation rates for private hospitals 
(P<0.001).

dIsCussIOn
Our nationwide population-based analysis of 51.6 million 
hospital admissions for surgery over the 2002–2012 
period found that the overall readmission rate within 
30 days following discharge increased with time both in 
the public and private sectors, after adjustment for age, 
gender and comorbidities. The increase was greater in 
the private sector than in the public sector. However, after 
excluding cases with major modifications in care practices 
during the period, such as ophthalmological surgery, 
the overall increase in the readmission rate found in 
the previous regression logistic model was not retrieved 
and, for public hospitals, the readmission rate did not 
seem to have been influenced by the implementation of 
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case-based payment. The interrupted time series anal-
ysis confirmed that the implementation of case-based 
payment was only associated with a significant increase in 
rehospitalisation rates for private hospitals. These results 
suggest that hospital reimbursement is not the only deter-
minant of readmission.

These findings contradict the results of a retrospective 
observational study in the USA,32 which found a decreased 
30-day readmission rate following inpatient discharge for 
nine surgical specialties in the Veterans Health Adminis-
tration (VHA) over a similar 10-year period (2001–2010). 
The fact that in France, no penalty is risked by hospitals in 
case of increased readmission rate may partially explain 
this difference. Moreover, our study included all types 
of surgery and specialties, including ophthalmology. We 
also considered all readmissions, whatever the sector, in 
contrast with the VHA study, in which patients having 
surgery at a VHA facility and then readmitted in the 
private sector could not be captured. In another study, 

comparing patients insured by Medicare before and after 
the implementation of the case-based payment system,33 
the authors found that case-based payment was accompa-
nied by a reduction in the length of stay. In parallel, the 
discharge mortality rate and the readmission rate did not 
increase. The same results were found by Kahn et al13 with 
a 24% decrease in the length of stay and an unchanged 
readmission rate. Another early study on the effects of 
implementing Medicare in the USA reported stable 
in-hospital mortality rates and care quality.34 At the same 
time, this stability of in-hospital mortality was put into 
perspective by Sager et al, who reported a significant rise 
in mortality at home and thus concluded that in-hospital 
deaths had been converted to at-home deaths in patients 
not covered by the new system.35 In Europe, it is difficult 
to say whether mortality rates have been affected by imple-
mentation of the case-based payment system. Studies have 
nonetheless shown that these systems are often accom-
panied by shorter lengths of stay and an increase in the 
number of admissions and in hospital productivity.5 6 20 36 
Cutler hypothesised that payment linked to activity could 
have influenced the readmission rate, given that these 
rates increased in hospitals with deficits and thus under 
financial pressure.14

The evolution of readmission rates was slightly different 
in the public and private sectors. In France, the former 
generally manages the most complex cases of each 
disease, including emergency cases.37 It is therefore not 
surprising to see a higher overall rate of readmissions in 
public than in private hospitals. However, comparison of 
the two sectors showed that the management of cataract 
surgery was reorganised faster in the private sector. The 
greater increase in readmissions in the private sector 
than in the public sector may be surprising, since the new 
pricing policy provided the least incentive for change in 
the private sector. The pricing policy before the case-based 
payment system already included payment according 
to activity in the private sector and readmissions were 

Figure 1 Thirty-day all-cause readmission rates after 
surgery according to hospital sector, all surgical procedures 
(France, 2002–2012).

Figure 2 Thirty-day all-cause readmission rates after surgery according to the most frequent DRG groups, by hospital sector, 
all surgical procedures (France, 2002–2012). DRG, diagnosis-related group; ENT, ear, nose and throat.
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already paid for before implementation of the case-based 
payment system.

As this rise in readmissions did not seem to be only 
related to the pricing reform, one might wonder whether 

it was also related to changes in care practices. A more 
specific analysis of our results did not support this hypoth-
esis. Two contrasting examples show the effect of changes 
in care practices on readmission rates. First consider the 

Table 2 Multiple logistic regression of 30-day all-cause readmission rates according to characteristics of patients and 
admissions, all surgical procedures (France, 2002–2012)

Public hospitals (ORs) Private hospitals (ORs)

Model 0 Model 1 Model 0 Model 1

Year of surgery

  2002 Ref. Ref. Ref. Ref.

  2003 0.994 0.984** 1.023** 1.000

  2004 1.043** 1.039** 1.074** 1.036**

  2005 1.033** 1.018** 1.152** 1.096**

  2006 1.084** 1.070** 1.212** 1.147**

  2007 1.093** 1.075** 1.223** 1.121**

  2008 1.105** 1.077** 1.246** 1.127**

  2009 1.091** 1.059** 1.305** 1.151**

  2010 1.090** 1.040** 1.351** 1.155**

  2011 1.103** 1.045** 1.395** 1.166**

  2012 1.103** 1.033** 1.448** 1.191**

Comorbidity

  Charlson index (>0 vs =0) 1.943** 2.061** 1.529** 1.812**

Admission

  Home versus transfer from hospital 0.899** 0.850** 0.640** 0.613**

Gender

  Male versus female 1.096** 1.106** 1.024** 1.049**

Age

  <10 years Ref. Ref. Ref. Ref.

  10–19 years 0.918* 1.010* 1.438** 1.404**

  20–29 years 1.112** 1.274** 2.636** 2.592**

  30–39 years 1.400** 1.624** 3.692** 3.650**

  40–49 years 1.398** 1.599** 3.544** 3.401**

  50–59 years 1.615** 1.850** 4.150** 3.869**

  60–69 years 1.712** 1.962** 4.567** 4.142**

  70–79 years 1.777** 2.009** 5.028** 4.577**

  80 years and over 1.954** 2.263** 5.304** 5.433**

Place of residence

  City centre 1.004* 0.998 1.025** 1.032**

  Suburbs 1.018** 1.008** 1.017** 1.019**

  Small town 1.021** 1.011** 1.025** 1.002

  Fixed effects for each DRG group† Included Included Included Included

  Interaction term: DRG group×year No No No No

Number of observations 20 893 246 18 036 369 30 459 905 24 736 141

Concordance statistic

  Concordant pairs (%) 66.7 66.2 71.4 69.9

**P<0.01.
*P<0.10.
†French classification of DRGs.
DRG, diagnosis-related group.
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case of cataract surgery, nearly 500 000 surgeries per year 
in France. These procedures have moved from inpa-
tient to outpatient hospitalisation with prompt recovery 
leading to a shortened delay between surgeries for each 
eye. Consequently, their increased readmission rates 
only reflect this shortened delay between surgeries for 
each eye due to the improvement in practices and not 
a secondary deleterious influence of hospital funding. 
Second, in HIV-related surgery, we observed changes in 
the opposite direction, with a decrease in the readmis-
sion rate, which may only reflect the improved efficacy 
of antiretroviral treatments leading to fewer recurrent 
hospitalisations. These observations suggest that to inter-
pret these results, all changes (population, clinical prac-
tices and payment incentives) need to be considered for 
each group of diseases.

At the international level, the financial impact of read-
missions to hospitals has led to the implementation of 
different policies aiming to limit such admissions as much 
as possible. The impact of these measures has been inves-
tigated in American studies showing that the decrease in 
the number of readmissions in the population studied 
did not stem from the implementation of such policies, 
but rather from the long-standing adaptation of prac-
tices of healthcare staff, as shown in our study.38 39 These 
results showed that an overall decrease in readmissions 

at 30 days has to be considered over the long term rather 
than as a direct and immediate result of healthcare policy. 
A secondary effect such as a concomitant increase in 
outpatient consultations needs to be considered as well.40 
However, a recent study reported significant effects of 
such incentives, leading to decreases in readmission rates 
in small public-sector hospitals located in rural areas.39 
In our study, we considered the place of residence of 
patients and not the location of the hospital as in France 
most hospitals are located in urban areas. We only found 
a slight effect of the patients’ place of residence on read-
missions. We do not think that this result can be affected 
by the risk of ecological fallacy as we only included one 
aggregated variable in our logistic regression model.41

In the USA, some hospitals regularly publish their 
30-day readmission rates with regard to cardiovascular or 
pulmonary diseases. However, a recent analysis of factors 
associated with readmission conducted in a cohort of 
patients insured by Medicare showed that not all hospitals 
were equally affected by readmissions.42 After adjustment 
for the characteristics of individual patients, hospitals 
recording the highest readmission rates were those with 
patients who were the most likely to be readmitted to 
the hospital due to the complexity of their illness or a 
low socioeconomic status.43 In our study, we could not 
include the socioeconomic status of patients. We are 

Figure 3 Global trends in 30-day all-cause readmission rates per month after surgery (France, 2002–2012): ITS analysis. ITS, 
interrupted time series.
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aware that one plausible explanation for the increase in 
hospital readmissions could be related to the patient’s 
socioeconomic environment, as social and economic 
support at home may not be sustained and place the 
patient at a higher risk of readmission. Indeed, the use of 
readmission as a marker of complications after an initial 
surgical admission remains controversial. Some studies 
reported that almost half of readmissions were not asso-
ciated with a currently assessed complication.44 More-
over, readmissions after surgery may be associated with 
new postdischarge complications related to the proce-
dure rather than exacerbation of complications related 
to a prior index hospitalisation45 or confounding issues 
such as substance abuse or homelessness. Some authors 
believe that reduced readmission rates alone cannot be 
used as an indicator of care quality; their effects must be 
studied more globally to determine whether such reduc-
tions coincide with improved quality of life in patients.46

To our knowledge, this study is the first to consider all 
hospital admissions resulting from all-cause readmissions 
within 30 days over such a long period in a given country. 
This study nevertheless has certain limitations. First, the 
global nature of readmission, chosen as an indicator in 
this study, can only be regarded as a partial assessment of 
the quality of surgical care. Other measurements should 
be considered, such as the mortality rate after hospi-
talisation. Among the readmissions identified, certain 
were scheduled and did not result from a complication 
following the first admission. It was not possible to distin-
guish between scheduled and unscheduled readmissions, 
because this information is not recorded in French claims 
data. This is why we decided to exclude admissions for 
ocular surgery in the M1 model so as to rule out most 
scheduled readmissions. Second, we could not compute 
a combined comorbidity score, as suggested by Mehta et 
al,47 from the information available in discharge abstracts. 
Further research is needed, first to characterise readmis-
sions, second to study the influence of the type or the 
location of hospitals in greater detail,48 to consider read-
missions after outpatient surgery, and finally to better 
explain the relationship between readmissions and length 
of hospital stay.49

COnClusIOn
Our nationwide observational study is the first to consider 
all hospital admissions resulting from all-cause readmis-
sions within 30 days after surgery over such a long period. 
It suggests that despite the slight temporary rise in read-
missions during the implementation of the case-based 
payment system, this pricing reform does not appear to 
have had a significant long-lasting effect on readmissions 
at 30 days in the public sector. The increase in the read-
mission rate at 30 days after an admission for surgery 
appears to be related mainly to modifications in care 
practices, notably for cataract surgery and, second, to a 
structural modification associated with the ageing patient 
population. To interpret these results, further studies are 

needed to examine the influence of the different changes 
in populations and clinical practices on readmissions for 
each group of diseases.
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