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Abstract
Background: Enhanced recovery programs (ERPs) imply early discharge but few papers have assessed the effect of
ERPs on post-discharge mortality (PDM).
Methods: A multicenter nationwide case control study based on administrative data was carried out between
March and December 2019. Coding for every episode of care whether in the setting of ERP or not is mandatory for
hospital funding (public or private). Twelve surgical specialties or procedures were included. The episodes of care
coded with ERP were matched with those without ERP code for several factors such as the type of hospital (public
or private), age, gender, month of discharge, and updated Charlson score. Ninety-day PDM was the main outcome.
Results: Of 420,031 patients in the database, 78,119 had an ERP code. Finally, 132,600 patients with 66,300 matched
pairs were considered for the study. Overall, PDM was significantly reduced after ERPs: 0.075% vs 0.138% (p =
0.00042). Significant one-half and two-thirds reduction in PDM was observed respectively after hip arthroplasty
(odds ratio 0.48 [95% CI 0.21–0.99]) and colectomy (odds ratio 0.36 [95% CI 0.16–0.74]).
Conclusion: The findings, based on a large database and a rigorous matching, strongly suggest that ERPs reduce
PDM particularly after colectomy and hip arthroplasty. This is likely due to better post-operative care in ERPs.
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Background
Enhanced recovery programs (ERPs) are now well recognized as standards of care in several specialties. As ERPs
develop, we are facing increasing early discharge after
surgery, with events (complications or death) occurring
post-discharge.
Few studies (Zhang et al. 2020, Memtsoudis et al.
2020, Esper et al. 2020) have assessed the effect of ERPs
on post-operative short-term mortality. Comparisons
used historical controls or were limited to in-hospital
mortality, with conflicting conclusions.
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This study was necessary to explore the effect of ERPs
on post-discharge mortality (PDM) and to analyze this
effect by specialty.

Methods
Aiming to assess the effect of ERPs on PDM mortality,
this multicenter nationwide case control study was carried out based on data obtained from 1 March 2019 to
31 December 2019 through the French prospective payment system. In French legislation related to the research involving human participants (Law 2012–300 of
March 5, 2012, modified by Order 2016–800 of June 16,
2016) informed consent is not necessary since the data
were anonymous and obtained through an administrative database.
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Data provide episode-level information on patient
hospitalization and characteristics; each patient is
uniquely identified allowing for linkage between stay
records. Coding for every episode of care is mandatory
for hospital funding (public or private). From early
2019, all French teams using ERPs have been able to
code their care as ERP and are granted a specific financial incentive to promote this mode of care. The degree of ERP implementation was not reported. Coding
care as ERP was done by each participant whatever the
adherence to ERP.
Twelve surgical specialties or procedures were included. The episodes of care coded with ERP were
matched with those without ERP code, on a 1:1 basis
for surgical procedure. The classical post-operative
mortality factors such as the type of hospital (public
or private), age, gender, month of discharge (in order
to take into account the possible effects of seasonality), and updated Charlson score (Quan et al. 2011)
were considered for matching the groups. Therefore,
two contemporary groups were thus compared: ERP
vs. conventional care.
Post-discharge 90-day mortality (PDM, all causes) was
the main outcome. Potential impact of ERP on PDM
was studied using the Kaplan-Meier estimator. Subgroup
analyses were performed for each included specialty or
surgical procedure. Odds ratios were computed for overall PDM and subgroups.
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Results
Overall, 420,031 patients were retrieved in the database,
of whom 78,119 had an ERP code. Finally, 132,600 patients with 66 300 matched pairs were considered on the
basis of aforementioned matching criteria.
Characteristics of matched groups were mean age
64.01 years, sex-ratio (male/female) 0.79, mean Charlson
score 0.35, and public hospitals proportion was 29.03.
Overall 90-day PDM was significantly reduced after ERPs:
0.075% vs 0.138% (p = 0.00042). Figure 1 shows the evolution of PDM in both groups. Table 1 shows the details of
PDM rates in all included specialties or surgical procedures.
Briefly, a significant one-half and two-thirds reduction in
PDM was observed respectively after hip arthroplasty (odds
ratio 0.48 [95% CI 0.21–0.99]) and colectomy (odds ratio
0.36 [95% CI 0.16–0.74]). The differences were not statistically significant for the other specialties.
Discussion
To our knowledge, the present study is the largest one
to show a significant reduction of overall PDM associated with ERPs. This finding based on a comparison of
contemporary groups, refines those from historical comparisons or underpowered trials. The effect size is nevertheless more significant and relevant for hip arthroplasty
and colectomy. For the other specialties, we assume that
there is a lack of statistical power, larger studies are
necessary given their very low PDM. A selection bias in

Fig. 1 Kaplan-Meier curves of post-discharge mortality after enhanced recovery programs (red) and conventional care (blue)
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Table 1 Post-discharge mortality after conventional versus ERPs by surgical specialty or procedure
Specialty or surgical
procedure

Matched groups PDM after
PDM rate
PDM after ERP PDM rate (%) Odds ratio
(n per group)
conventional (%) after
after ERP
[95%CI]
conventional

P value

Hip arthroplasty

21,436

21

0.097

10

0.046

0.48 [0.21–0.99]

0.0457

Knee arthroplasty

20,726

15

0.077

11

0.053

0.73 [0.33–1.59]

0.4317

Shoulder arthroplasty

1352

2

0.148

2

0.148

1 [0.12–8.34]

1.0000

Lumbar spine surgery

5524

1

0.18

1

0.18

1 [0.04–25.29]

1.0000

Cervical spine surgery

1992

0

0

0

0

/

/

Bariatric surgery

5098

1

0.019

1

0.019

1 [0.04–25.29]

1.0000

Colectomy with anastomosis

2963

25

0.844

9

0.303

0.36 [0.16–0.74]

0.0050

Anterior rectal resection

1380

6

0.435

3

0.217

0.5 [0.11–1.9]

0.3119

Hysterectomy for benign diseases 2196

0

0

1

0.045

/

0.2390

Hysterectomy for malignancy

587

4

0.681

1

0.170

0.25 [0.11–1.9]

0.1642

Radical prostatectomy

1835

0

0

0

0

/

/
0.2523

Lung resection for malignancy

1211

17

1.404

11

0.908

0.64 [0.29–1.36]

All

66,300

92

0.138

50

0.075

0.54 [0.38–0.76] 0.00042

Abbreviations: ERP Enhanced recovery programs, PDM Post-discharge mortality, / = no possible calculation

ERP group is likely since mortality rates were low as
compared with the mortality in other French studies
(Manfredi et al. 2017). However, after matching for
several mortality factors, our findings suggest that in
low-risk patients, ERPs do reduce post-operative mortality. This observational study was not designed to
address the mechanism of PDM reduction or cause of
death, which will need further research. Several postoperative complications such as cardiac ischemia, delirium and cognitive dysfunction, thrombolembolic
events are known to impact PDM. The welldocumented reduction in post-operative complications
after ERP might therefore contribute to the reported
decrease in PDM. We can discuss some other causes
such as better nutritional status, fewer thromboembolic events, and better post-discharge risk management. Furthermore, despite likely different degree
of ERP implementation we observed a favorable effect
on PDM. We think that these results are probably related to better post-discharge care owing to established clinical pathway. A recent study from Germany,
in colorectal cancer field, showed the same favorable
results owing to a formal inpatient rehabilitation
(Scherer-Trame et al. 2021).
This study has some limitations: it is based on administrative data, but the large number of patients and
rigorous matching (including hospital characteristics)
offset this weakness. Since ERP coding was financially
incentive, ERP was probably not under-represented. One
can advocate a Hawthorne effect, but this is unlikely
since the study was retrospective and based on the real
life. Nevertheless, these are preliminary findings, to be
confirmed in other countries.

The strengths are the size of the cohort, and that comparison is based on contemporary groups, escaping the
biases of historical controls and that it is real life, enhancing its external validity.

Conclusion
In conclusion, our finding strongly suggests that ERPs
reduce PDM particularly after colectomy and hip arthroplasty. This finding is likely the results of a better postoperative care in the setting of ERPs.
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