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�*23#�,31��

4
5�������1�Hospital readmissions are common after surgery and can be considered a marker of the quality 

of surgical care. Little is known about the influence of implementing a case�based payment system on the 

readmission rate. To analyze changes in 30�day all�cause readmission rates following discharge for all 

surgical procedures performed in all hospitals in France before, during and after the implementation of the 

case�based payment system. 

2������1�Using claims data for all surgical procedures performed in nearly all hospitals (740 hospitals) in 

France over 11 years (2002–2012; n=51.6 million stays). 

6������������1�We analyzed all�cause 30�day readmission rates after surgery using a logistic regression 

model. 

#������1�The overall 30�day all�cause readmission rate following surgery discharge significantly 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. 

However, there was a marked increase in some specialties, such as ophthalmology (+91%), and a major 

decrease in patients treated for human immunodeficiency virus (−21%). Both trends were due to an 

improvement in practices and not the deleterious effect of implementing the case�based payment system for 

hospital funding.  

,���������1�In France, considering changes in care practices, the increase in the readmission rate appeared 

to be relatively steady in both the private and public sector and did not appear to be affected by the 

introduction of a case�based payment system.�

7��&����: surgery, readmissions, acute care, hospital reimbursement, inpatient care 

�

2������%��������
�������������%��������� 

�� Nationwide population�based analyses using 11 years (2002�2012; N=51.6 millions of surgical stays, 

740 hospitals) of linked data. 

�� Regression was used to explore the relation between the introduction of case�based payment system 

and readmissions for surgery. 
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�� Readmissions in the main groups of pathologies were analyzed (i.e. 19 French DRG). �
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�8� 6������������

Financing hospitals is a challenge for any healthcare system. Many countries in the Organization for 

Economic Cooperation and Development (OECD) have chosen payment by disease�related group 

(DRG). In 1983, the United States was the first to introduce a case�based  payment system according to 

diagnosis�related groups of patients insured by Medicare (1–3). Many countries around the world (4) 

wished to adopt the principles of this model as a tool to regulate hospital expenditure. Certain countries, 

including the United States, applied the system to one aspect of hospital activity, such as patients over 65 

years (Medicare) or the underprivileged (Medicaid). In other countries, only a part of the hospital 

financing is paid according to the DRG system, as is the case in Portugal (5,6), where this payment 

system only concerns certain care activities. To our knowledge, only France and Norway have 

implemented this case�based payment system to finance all hospital care activities, and this since the 

early 2000s (7,8) . 

 

Certain countries, like Belgium, are pondering the interest of implementing the case�based payment 

system (Belgium) (9), and whether it should be extended or reduced. Indeed, the system is thought to 

induce certain secondary effects, such as encouraging hospitals to unnecessarily increase their activity to 

improve their profitability. Moreover, although a decrease in length of stay was observed, the real 

improvement in quality of care (10�12), concerning the effect of the decreased length of stay on 

mortality and readmission rates, is a matter of debate (13�15). Although questionable, hospital 

readmission, when considered alone, can be used as an indirect marker of the quality or performance of 

healthcare (16,17). In addition, certain authors have hypothesized that the implementation of a tariff 

system based on activity would lead to an increase in rehospitalization so as to maximize income (18–

21). This effect was so feared that the United States and England set up an additional rule in the form of 

penalties for hospitals with abnormally high rehospitalization rates (22�24)  
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In France, we have an information system that has exhaustively gathered data on hospital activity since 

1997 (it has been possible to reliably link these data since 2002), that is to say well before the 

implementation of case�based tariffs in 2005. It is thus possible measure the evolution in 

rehospitalization rates from before to after implementation of a case�based payment system. Given that 

case�based payment is applied to every hospital activity and to the total funding for this activity, it is 

relatively easy to determine the impact of implementing case�based payment on the evolution of the 

rehospitalization rate. 

 

The aim of this study was to determine whether the implementation of this case�based payment system 

led to an increase in rehospitalizations in France. In order to do this, we studied the effect of the period 

(before the case�based payment system (2002–2004) and after the reform (2010–2012)) on the evolution 

of rehospitalizations after adjustment for the principal characteristics of patients (age, sex, 

comorbidities), or stays (type of establishment, mode of admission, length of stay). The previous studies 

conducted in France did not analyze the evolution of readmission rates with time (25) or only examined 

certain regions (13), or were based only on predefined diseases (26,27). In the present study, we included 

all types of surgeries and considered all readmissions, whatever the sector of surgery and readmission. 

 

�8� ��������������
��%����

�8��2���������������

This study was based on medical and administrative data that have been used for 20 years for medical 

research and provide a huge amount of epidemiological information concerning hospitalized patients in 

France (25,26,28�31). This study was approved by the National Committee for Data Protection (registration 

numbers: 913291 for Dijon University Hospital and 723116 for the Ministry of Health). 

�8��$����������

Page 5 of 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

 on A
pril 10, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2017-018164 on 1 F

ebruary 2018. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

6 

 

 

We included all patients admitted to hospital for a surgical procedure (as defined by the French DRG 

classification) during an 11�year period (2002–2012) in nearly all hospitals (740 hospitals). Hospitals with 

fewer than 300 stays per year were not included, because many of them closed during the study period.  

�8"������
��������������1�����
����������"9������

For each selected surgery stay, the time from patient discharge to a new admission was calculated according 

to the linked information. Initial hospitalizations and stays ending in death or transfer, iterative treatments 

and neonatology were excluded. Readmission was defined as “a new hospitalization in the 30 days (30) 

following discharge after a stay for surgery, whatever the reason for this second stay” as done before 

(25,26). The hospital where the readmission took place was also noted. 

�8' �����
�����������1��%�����������������������������
������ 

The characteristics of the stays were studied according to the variables available in the national medical�

administrative database, namely year of hospitalization, age, gender, mode of admission (from home, via an 

emergency service and transfer), the type of hospital, morbidity (Charlson score, French classification in 

DRG groups) and length of stay (15). 

�8)�2��������������������

To measure the changes in the readmission rate over time by taking into account the variables defined 

above, two logistic regression models were created. To determine the evolution of readmissions, all other 

things being equal, the probability of readmission at 30 days was analyzed separately for the two types of 

hospital sector (i.e., public and private).  

The first model (M0) concerned all hospital stays 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, other types of care). They also excluded cases with 

major modifications in care practices during the period, either for changes in care management (e.g., in 
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ophthalmology) or therapeutic changes for the treatment of human immunodepression virus (HIV). This 

model thus made it possible to measure the evolution of readmissions over time without the influence of 

changes in practices.  

SAS 9.2 was used for all of the analyses. The threshold of statistical significance was set at �<0.05. 

 

"8� #�������

"8��������������������

The study sample contained almost 52 million stays, accounting for 81% of all stays with DRGs related to 

surgery in the medical�administrative database. The remaining 19% included stays for surgery in hospitals 

with fewer than 300 stays per year (14%) and the absence of linkage information or in�hospital deaths (5%). 

The number of stays 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 stays over the 11 years (Table 1). Of the surgeries, 60% and 40% took 

place in profit�making private and in public or non�profit�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 stays in ophthalmology units.  

Between 2002 and 2012, the readmission rate following stays for surgery (Figure 1) increased in both the 

public and private sector: from 8.8% to 10.0% and 5.9% to 8.6%, respectively). Although the overall 

readmission rate was higher in public than in private hospitals (�<0.001), its increase appeared to be 

relatively steady in both sectors and was not affected by the implementation of a case�based payment 

system. However, this increase was significantly greater in the private than in the public sector (�<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 
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rate ranged from 2.7% for ear, nose and throat (ENT) stomatology to 26% for hematology and 27% for the 

surgical treatment of burns. Two types of surgery in particular showed a major change in the readmission 

rate: ophthalmology and HIV�related surgery. For ophthalmology the readmission 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 variations 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 

particularly 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.   

"8���������������
�����1�����������������������������&��%�����
�������

After adjustment for the DRG groups and morbidity, the probability of readmission at 30 days significantly 

increased with age (Table 2) in both the public and private sector, and the effect was linear. However, the 

effect of the risk of readmission according to age was greater in the private than in the public sector (for 

example, for patients aged 80 years and over, OR = 1.9 in the public sector vs. 5.3 in the private sector).  
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This nationwide population�based analysis, using an 11�year period (2002–2012) and including 51.6 million 

hospital stays for surgery, examined 81% of surgical activity in France. The overall readmission rate at 30 

days after a stay for surgery increased in both the public and private sector. This increase was greater in the 

private sector than in the public sector. During this period, there was a steady increase in the mean age at 

admission and a decrease in the mean length of stay. We showed that the probability of readmission within 

30 days increased significantly with age, even after adjustment for the DRG group and comorbidity. The 

introduction of a case�based payment system in France in the middle of this period did not seem to influence 

the readmission rate after adjustment for age, gender and comorbidities. The overall increase in the 

readmission rate found in the M0 model observed in France was regular and did not seem to have been 

influenced by implementing a case�based payment system. These results suggest that the funding system 

may not to be the only determinant in the organization of care.  

 

These findings contradict the results of an American retrospective observational study (32), which showed a 

decreased 30-day readmission rate after inpatient surgery discharge for nine surgical specialties in the 

Veterans Health Administration (VHA) during a similar 10�year period (2001–2010). However, our work 

included all types of surgeries and specialties. Moreover, we 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, the authors showed that 

payment according to activity was accompanied by a reduction in the length of stay. In parallel, the 

mortality rate and the readmission rate did not increase. The same results were found by Kahn et al. with a 

24% decrease in the length of stay and an unchanged readmission rate (13). Another early study on the 

effects of implementing Medicare in the United States reported stable in�hospital mortality rates and care 

quality (33). At the same time, this stability of in�hospital mortality was put into perspective by Sager et al., 
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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 (34). In Europe, it is difficult to say 

whether mortality rates have been affected by implementation of the case�based payment system. Studies 

have nonetheless shown that these systems are often accompanied by shorter lengths of stay and an increase 

in the number of stays and in productivity in healthcare establishments (5, 5, 20,35). Cutler hypothesized 

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 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. It is therefore not surprising to 

see a higher overall rate of readmissions in public than in private hospitals in the descriptive analysis. 

However, the comparison of the two sectors showed that the management of cataract surgery was 

reorganized 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 to 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 already paid for before the case�based 

payment system.  

As this rise in readmissions did not seem to be related to pricing reform, we could wonder whether it may 

have been related to changes in care practices. A more specific analysis of our results did not support this 

hypothesis. Two contrasting examples show the effect of changes in care practices on readmission rates: first 

ophthalmology: cataract surgery – nearly 500,000 surgeries per year in France – has moved from inpatient to 

outpatient hospitalization with prompt recovery leading to a shortened delay between surgeries for each eye. 

Consequently, in this particular case, the increased readmission rate only reflects this shortened delay 

between surgeries for each eye due to the improvement in practices and not a secondary deleterious 

influence of hospital funding, secondly, in HIV�related surgery, changes in the opposite direction were 
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observed, with a decrease in the readmission rate, which may only reflect the improved efficacy of 

antiretroviral treatments leading to fewer recurrent hospitalizations. These observations underline the fact 

that to interpret these results, all changes (population, clinical practices and legislation on hospitalization) 

need to be considered for each group of diseases. At the international level, the financial impact of 

readmissions to hospital has led to the implementation of different policies aiming to limit such admissions 

as much as possible. The impact of these measures has been investigated 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 practices of healthcare staff, as shown in 

our study (36,37). 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 (38). 

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 (36). 

In the US, 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 (39). 

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 hospital due to the complexity of 

their illness or a low socioeconomic status (40). Indeed, the use of readmission as a marker of complications 

after an initial surgical stay remains controversial. Some reported that almost half of readmissions were not 

associated with a currently assessed complication (41). Moreover, readmissions after surgery can be 

associated with new post�discharge complications related to the procedure rather than exacerbation of 

complications related to a prior index hospitalization  (42) or confounding issues such as substance abuse or 

homelessness. Certain 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 reductions coincide with 

improved quality of life in patients (43).  
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To our knowledge, this study is the first to consider all hospital stays 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 can be considered, such as the mortality rate 

after hospitalization. Among the readmissions identified, certain were scheduled and did not result from a 

complication following the first stay. It was not possible to distinguish between scheduled and unscheduled 

readmissions, because this information was not recorded. This is why it was decided to exclude stays 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 (44), from the information available in 

discharge abstracts. Further research is needed, first to characterize readmissions, second to study the 

influence of the type or the location of hospitals in greater detail (45), to consider readmissions after 

outpatient surgery, and finally to better explain the relationship between readmissions and length of hospital 

stay (46). � �
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This nationwide observational study is the first to consider all hospital stays resulting from all�cause 

readmissions within 30 days after surgery over such a long period. It allowed us to conclude that despite the 

slight temporary rise in readmissions during the implementation of the case�based payment system, the case�

based pricing reform had no significant long�lasting effect on readmissions at 30 days. The increase in the 

raw readmission rate at 30 days after a stay for surgery seems to be mainly related to modifications in care 

practices, notably for cataract surgery and, secondly, to a structural modification associated with the aging 

population of patients. To interpret these results, further studies are needed to examine the influence of the 

different changes in population and clinical practices on readmissions for each group of diseases. 
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:%��������������;��&������%�����
5�����

High readmission rates within 30 days after discharge of hospital surgical stay have been linked to poorer 

quality in patient care: adverse events, lack of postoperative care coordination. Hospital funding through 

prospective payment may rise the 30 days readmission rates since each new stay is associated with 

additional income.  

�

:%����%���������������

It could not be demonstrated in France, that introduction of prospective payment was associated with an 

increase of 30 days readmission rates after surgery. Nationwide population�based analyses using 11 years 

(2002�2012; N=51.6 millions of surgical stays, 740 hospitals) of linked data showed, after adjustment for 

age, gender and comorbidities, no changes in overall 30 days readmission rates associated with prospective 

payment introduced stepwise in the middle of the period of time. Further analyses on subsets of stays 

according to kind of surgery, could investigate evolution in process of patient care and 30 days readmission 

rates. 
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��������: 30�day all�cause readmission rates after surgery according to hospital sector, all surgical 

procedures (France, 2002�2012) 

��������1 30�day all�cause readmission rates after surgery according to the most frequent DRG groups, by 

hospital sector, all surgical procedures (France, 2002�2012) 
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3�
����1�,%��������������������������������
���������������������������������=���������99�>�9��?�

  �99�� �99"� �99'� �99)� �99+� �99-� �99/� �990� �9�9� �9��� �9���

�����
������� 48.6 49.2 49.5 49.8 49.7 49.8 50.3 50.6 51.0 51.0 51.3 

<����%����������
������� 4.3 4.2 4.0 3.8 3.7 3.6 3.5 3.4 3.3 3.1 3.0 

(�������
�����@� 46.9 47.0 47.0 47.2 47.6 48.0 48.0 48.0 48.0 48.0 47.7 

3�������%�����������
�������@�
           

Private 60.2 61.3 60.1 60.5 59.9 59.1 58.2 58.4 58.2 58.2 58.6 

Public 39.8 38.7 39.9 39.5 40.1 40.9 41.8 41.6 41.8 41.8 41.4 

��
��������%����%��
��������������
�����@� � � � � � � 9.0 10.1 10.6 11.1 11.4 

(���������������������������	����������������@�
           

Orthopedics, rheumatology 26.4 26.2 26.5 27.0 27.3 27.4 27.6 27.8 27.7 27.6 27.4 

Ophthalmology 11.4 12.2 12.5 12.7 12.9 13.0 13.2 13.7 14.0 14.2 14.5 

Ear nose throat, stomatology 12.8 12.7 12.3 12.4 13.2 13.2 12.9 12.7 12.7 12.8 12.8 

Abdominal 13.0 12.9 12.4 12.1 11.8 11.7 11.7 11.5 11.6 11.4 11.2 

Gynecology 9.3 9.3 8.7 8.4 8.5 8.3 8.2 8.1 7.8 7.8 8.0 

Urology 6.8 6.8 6.8 6.9 7.1 7.3 7.3 7.4 7.6 7.7 7.7 

Skin 5.9 5.8 6.6 6.8 6.1 5.9 5.9 6.1 6.2 6.4 6.4 

Vascular peripheral 5.4 5.3 5.2 5.1 5.2 5.1 5.1 5.0 4.8 4.7 4.7 

Nervous system 2.9 2.8 3.0 2.8 2.4 2.5 2.5 2.5 2.6 2.5 2.4 

Cardiology 2.0 2.0 1.9 1.9 1.9 1.9 2.0 2.0 2.0 1.9 1.9 

Endocrinology 1.2 1.1 1.2 1.1 1.1 1.1 1.1 1.1 1.0 1.0 1.0 

Other 1.0 1.1 1.0 1.0 0.9 0.8 0.7 0.7 0.6 0.6 0.6 

Pneumology 0.6 0.6 0.5 0.5 0.5 0.5 0.6 0.6 0.5 0.5 0.5 

Hematology 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.5 0.5 0.5 

Burns 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Severe trauma 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Infectious diseases (HIV excluded) 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 

Psychiatry, suicide attempts 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Patients with HIV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

A�

��������
��������� 4,058,201 4,143,632 4,322,156 4,529,058 4,639,829 4,722,789 4,806,150 4,921,823 5,017,772 5,186,634 5,270,938 
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3�
��� �1� ��������� ��������� ����������� ��� "9	���� ���	������ ����
������� ������ ���������� ���

�%��������������������������������
���������������������������������=���������99�>�9��?�

  
$�
���� %��������� =�����

������?�

$������� %��������� =�����

������?�

  ������9� �������� ������9� ��������

 ��������������� �� �� �� ��

2002 
��,� 
��,� 
��,� 
��,�

2003 0.993* 0.984** 1.021** 0.999 
2004 1.042** 1.039** 1.073** 1.035** 
2005 1.035** 1.021** 1.150** 1.094** 
2006 1.083** 1.068** 1.211** 1.145** 
2007 1.092** 1.073** 1.222** 1.119** 
2008 1.102** 1.075** 1.244** 1.125** 
2009 1.089** 1.057** 1.304** 1.149** 
2010 1.088** 1.038** 1.350** 1.154** 
2011 1.101** 1.043** 1.393** 1.164** 
2012 1.101** 1.031** 1.446** 1.189** 
,�
��
������ �� �� �� ��

Charlson index, per point 1.944** 2.062** 1.528** 1.811** 

��
������� �� �� �� ��

Home vs transfer from 
hospital 

0.901** 0.852** 0.642** 0.615** 

(������ �� �� �� ��

Male versus female 1.096** 1.106** 1.024** 1.048** 
���� �� �� �� ��

less than 10 y 
$�,� 
$�,� 
$�,� 
$�,�

10–19 y 0.916** 1.009** 1.439** 1.404** 
20–29 y 1.107** 1.270** 2.637** 2.594** 
30–39 y 1.395** 1.621** 3.693** 3.650** 
40–49 y 1.395** 1.597** 3.544** 3.399** 
50–59 y 1.611** 1.848** 4.150** 3.867** 
60–69 y 1.707** 1.959** 4.566** 4.138** 
70–79 y 1.772** 2.006** 5.027** 4.573** 
80 y and over 1.949** 2.261** 5.304** 5.433** 
Fixed effects for each DRG 
group1 

Included Included Included Included 

Interaction term: DRG 
group * year 

No No No No 

A�

�������
����������� 21,028,100  18,153,894  30,590,881  24,842,304  
,����������������������         

concordant pairs, % 66.7 66.2 71.4 69.9 

* : �<0.10, ** �<0.01 
1: French Classification of Diagnosis�Related Groups 
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Figure 1: 30-day all-cause readmission rates 

after surgery according to hospital sector, 

all surgical procedures (France, 2002-2012)
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Figure 2: 30-day all-cause readmission rates after surgery according to the most frequent DRG groups, by hospital sector, all surgical procedures  

(France, 2002-2012) 
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