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Background: Surgical mortality varies widely across hospitals, but

the degree of temporal variation within individual hospitals remains

unexplored and may reflect unsafe care.

Objectives: To add a longitudinal dimension to large-scale profiling

efforts for interpreting surgical mortality variations over time within

individual hospitals.

Design: Longitudinal analysis of the French nationwide hospital

database using statistical process control methodology.

Subjects: A total of 9,474,879 inpatient stays linked with open

surgery from 2006 through 2010 in 699 hospitals.

Measures: For each hospital, a control chart was designed to

monitor inpatient mortality within 30 days of admission and mor-

tality trend was determined. Aggregated funnel plots were also used

for comparisons across hospitals.

Results: Over 20 successive quarters, 52 hospitals (7.4%) experi-

enced the detection of at least 1 potential safety issue reflected by a

substantial increase in mortality momentarily. Mortality variation

was higher among these institutions compared with other hospitals

(7.4 vs. 5.0 small variation signals, P < 0.001). Also, over the 5-year

period, 119 (17.0%) hospitals reduced and 36 (5.2%) increased their

mortality rate. Hospitals with improved outcomes had better control

of mortality variation over time than those with deteriorating trends

(5.2 vs. 6.3 signals, P = 0.04). Funnel plots did not match with

hospitals experiencing mortality variations over time.

Conclusions: Dynamic monitoring of outcomes within every hos-

pital may detect safety issues earlier than traditional benchmarking

and guide efforts to improve the value of surgical care nationwide.

Key Words: surgical mortality, hospital performance, outcome
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H istorically, systems for monitoring health care outcomes
have been limited by difficulties related to data ac-

quisition. The development of large repositories of in-
formation over the past decades has partly resolved this
concern. What remains a challenge is how to optimally in-
terpret the data in a timely manner to better inform efforts
designed to improve the value of care delivery.1

Within the realm of surgery, traditional approaches to
evaluate hospital care have included comparisons of ag-
gregated outcomes between institutions. In-hospital mortality
has frequently been selected as a primary outcome measure
due to its gravity and the fact that it is more readily available
in hospital databases than other complications.2 However,
inferring that differences in mortality across institutions re-
flect differences in the quality of surgical care delivered must
be carefully considered in light of variations in data coding,
patient recruitment, and clinical pathways.3,4 Performance
ranking of hospitals may be heavily influenced by the
methodology used.5,6 Lastly, cross-sectional assessments of
institutions are not ideally suited to monitor hospital per-
formance prospectively, to highlight the occurrence of sud-
den increases in mortality caused by safety issues, or to
demonstrate that mortality has decreased or increased for a
specific hospital.

A more dynamic approach would rely on the mon-
itoring of hospital mortality longitudinally to interpret var-
iations in surgical outcomes over time. Although wide
variability across hospitals exists and has been intensively
investigated,7,8 the degree of temporal variation within in-
stitutions is still unknown and may reflect unsafe care. The
biomedical literature suggests transferability of quality im-
provement methodologies from the manufacturing industry
to the health care arena.9 In particular, statistical process
control (SPC) principles are based on the identification and
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reduction of variability in production processes utilizing
control charts.10 Validated through 50 years of experience,
these methods have proven useful for improving quality11

and now offer a potential foundation for the establishment of
prospective outcome monitoring to detect and reduce errors
in surgical care.12

To add a longitudinal dimension to large-scale profil-
ing efforts, we mainly investigated surgical mortality varia-
tions over time for individual French hospitals on a
nationwide basis utilizing SPC control chart methodologies.
Assuming that understanding of temporal fluctuations in
mortality may foster improved surgical safety, we have
secondarily sought to explore the degree to which better
control of small mortality variation over time was associated
with less detection of potential safety issues and a trend
toward better outcomes within hospitals.

METHODS

Study Population and Data Source
We used data from the French nationwide hospital

database in acute care from 2006 through 2010 to identify all
adults 18 years of age or older who underwent surgery and
possibly died during their hospitalization. This database has
the advantage that it includes information about all inpatient
stays that have occurred in every French public and private
hospital. In 2008, the French population amounted to
63,961,859 persons,13 resulting in 17,017,081 acute hospi-
talizations.14 Standard discharge abstracts for each of these
hospitalizations contain compulsory information about the
patient (sex and age), the primary and secondary diagnoses
using the International Classification of Diseases, 10th re-
vision (ICD-10 codes), as well as the procedural codes
associated with the care provided.

For this study, we first identified a subgroup of
15,357,111 stays with open surgical procedures performed in
1365 hospitals (Appendix 1 illustrates the study flow chart).
Ophthalmologic, dental, and obstetric procedures were ex-
cluded, as well as pediatric, ambulatory and palliative care,
and organ retrieval and stays longer than 30 days. As out-
patient surgery is associated with a very low rate of mor-
tality, we further restricted our analysis to 11,218,969
inpatient stays with at least 1 night spent in the hospital.
Finally, given our interest in monitoring surgical mortality
longitudinally, we further limited the study population to
hospitals that had 50 or more discharges per quarter, where at
least 1 death was recorded per year, and with low variation in
annual volume of stays (under 50%) over the 5-year period.
Thus, we were expecting to exclude some hospitals whose
particular activity would have jeopardized the relevance and
feasibility of performance monitoring over time, and to
minimize artifacts due to systematic coding errors or non-
adjustable case-mix variations. With these exclusions, our
study cohort included 9,474,879 inpatient stays with open
surgery performed in 699 facilities.

Study Design and Outcome Assessment
The main outcome measure in our study was in hos-

pital death within 30 days of patient admission. To fit models

for outcome adjustment independently from the data to be
monitored, the database was randomly split into training and
testing datasets with stratification by hospital and quarter of
discharge.15 The arbitrary choice for a 20/80 splitting was
made in consideration of the large study sample, allowing us
to compute robust estimates from the training dataset without
reducing heavily the size of the testing dataset. Accordingly,
the training data included 20% of the initial dataset
(1,900,588 stays) and served to identify the risk factors and
estimate their effect on surgical outcome. In the final model,
death was the outcome of interest, whereas patients’ char-
acteristics (sex, age, Elixhauser comorbidities,16 and surgical
procedure codes) were selected a priori as clinically im-
portant covariates, and the year of hospital discharge to
control for potential secular trends17 and coding variations.18

We estimated parameters of the multivariate logistic re-
gression model using generalized estimating equations with
an exchangeable working correlation structure to account for
clustering of surgical cases from the same hospital.19,20 The
intraclass correlation coefficient was used to estimate the
design effect for each hospital, reflecting inflation in the
variance due to clustering of patients within a hospital.21 A
conservative inflation factor was imputed to limits calcu-
lation on both control charts and funnel plots for avoiding
over detection of outliers within hospitals and dealing with
mortality over dispersion across hospitals.

The testing data included the remaining 80% of the
initial dataset (7,574,291 stays), with the aim of studying
variations in mortality both longitudinally for each in-
dividual hospital using control charts and cross-sectionally
between all hospitals using funnel plots. For every surgical
case, the expected probability of in-hospital death was
computed, leading to an expected mortality rate for each
hospital. To derive each hospital’s risk-adjusted operative
mortality, we calculated the hospital-specific ratio between
the observed and the expected mortality multiplied by the
overall mortality rate from the pooled hospital data.

Statistics and Charts
Aggregated funnel plots were initially generated to

depict every hospital’s mortality as a function of its total
number of surgical cases to illustrate a traditional bench-
marking approach.22 Control and warning limits were set at 3
and 2 SDs around the central line, respectively, using a
continuity correction in the Wald asymptotic confidence
limits.23 Confidence limits crossing 1 indicated whether a
particular hospital’s performance differed from the overall
population mortality rate for the entire study period. Poor
performing hospitals were positioned above the upper limits,
whereas high performing hospitals with unusually good
results were below the lower limits.

Adjusted mortality was then plotted on a Shewhart
P-control chart to simulate prospective outcome monitoring
for every individual hospital. Each data point depicted the
hospital mortality per quarter. The central line reflected the
mean mortality for each individual hospital. Control, warn-
ing, and small variation limits were set at 99.7% (3 SD),
95.5% (2 SD), and 68.3% (1 SD) around the mean,
respectively, based on the binomial distribution.24 The
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detection of a potential safety issue was defined as a single
point outside the upper control limit or 2 out of 3 successive
points outside the upper warning limit, reflecting a sub-
stantial increase in mortality temporarily.25 According to
these rules, the false-positive rate of a control chart for de-
tecting a safety issue based on 20 time-ordered points was
8.9%.26 Furthermore, small variations in mortality were
monitored and quantified as the total number of signals over
the upper or lower 1 SD limits for a given hospital. On the
basis of the control chart interpretation, we estimated the
proportion of hospitals having experienced the detection of at
least 1 safety issue, and the mean frequency of small varia-
tions signals per hospital during the study period.

For each hospital, we then determined separately mor-
tality trends over the 5-year period using a weighted propen-
sity score approach to facilitate outcome comparisons over
time. We selected this approach due to a concern about the
possibility that in small hospitals some procedures were not
done very often or some particularly sick people were rarely
seen. Accordingly, to avoid skewing the results, we wanted to
down-weight these people when examining trends. Despite
adding to computational burden when implementing our ap-
proach on a large scale, this was assumed to avoid dis-
couraging the hospital from performing surgery on these
atypical patients. Each patients’ characteristics (sex, age,
Elixhauser comorbidities,16 and surgical procedure codes)
were weighted by the inverse probability of being in a given
hospital by year combination, with the goal of balancing all
patients’ characteristics across hospitals and years. Computa-
tion of the adjusted mortality trend was then based on a lo-
gistic regression model. In-hospital death was the outcome of
interest, whereas the year of hospital discharge was considered
as the predictor. In cases in which the linear term for the
predictor was noted to be significant, we determined whether
the hospital had experienced a trend toward improvement
(decreased mortality) or deterioration (increased mortality).

Finally, the aggregated funnel plots were updated to
depict the supplemental individual institutional signaling
data on control chart and trend data described above. In
addition, hospitals characteristics and the frequency of small
variation signals per hospital were compared between in-
stitutions having experienced the detection of a potential
safety issue or not, and between those with improvement or
deterioration in their mortality rate. All analyses were per-
formed using SAS software (version 9.2; SAS Institute Inc.,
Cary, NC), tests were 2-sided and based on nonparametric
statistics where appropriate.

RESULTS

Population
A total of 699 French hospitals had 9,474,879 hospital

discharges related to open surgery during the study period,
with an overall in-hospital mortality rate of 1.14%, ranging
from 0.05% to 3.69% per institution (Table 1). On the basis
of a multivariate analysis using training dataset, there was a
reduction in the risk of postoperative death from 2006
through 2010 (supplementary Table, Supplemental Digital
Content 1, http://links.lww.com/MLR/A610 that details the

estimates for the logistic regression model). Patient charac-
teristics that were independently associated with in-hospital
death included male sex, increasing age, and various Elix-
hauser comorbidities. The more risky procedures were op-
erations on the respiratory (odds ratio 6.2; 95% confidence
interval, 5.7–6.7), digestive (4.7, 4.5–4.9), nervous (3.5,
3.3–3.8), or cardiovascular systems (2.1, 2.0–2.2), whereas
procedures on the genital organs (0.3, 0.3–0.4), the endocrine
system (0.4, 0.3–0.5), or on the ear, nose, mouth, or pharynx
(0.6, 0.5–0.7) were associated with a lower risk of death.

Mortality Variation
Individual institutional control chart generation from

the testing dataset revealed that 52 hospitals (7.4%) detected
at least 1 potential safety issue over the 20 successive
quarters (Table 2). Among these hospitals, the mean

TABLE 1. Hospitals and Population Studied for Fiscal Years
2006–2010 in France

Characteristics

Hospitals (n = 699)
Public or private non-for-profit hospital

[N (%)]
365 (52.2)

Volume of stays per hospital [median
(min–max)]

9,803 (1,808–439,097)

Inpatient mortality rate per hospital
[median (min–max)] (%)

0.99 (0.05–3.69)

Inpatient stays (n = 9,474,879)
Women [N (%)] 4,900,064 (51.7)
Age [mean (SD)] (y) 57.5 (18.6)
No. different Elixhauser comorbidities*

[mean (SD)]
0.7 (1.1)

No. different anatomical sites operated
[mean (SD)]

1.1 (0.3)

Operation on the nervous system [N (%)] 273,416 (2.9)
Operation on the ear, nose, mouth, and

pharynx [N (%)]
452,589 (4.8)

Operation on the cardiovascular system
[N (%)]

1,393,754 (14.7)

Operation on the hematologic and
lymphatic system [N (%)]

284,757 (3.0)

Operation on the respiratory system
[N (%)]

118,492 (1.3)

Operation on the digestive system [N (%)] 1,040,122 (11.0)
Operation on the urinary system [N (%)] 199,255 (2.1)
Operation on the male genital organs

[N (%)]
459,697 (4.9)

Operation on the female genital organs
[N (%)]

504,765 (5.3)

Operation on the endocrine system
[N (%)]

242,546 (2.6)

Operation on the musculoskeletal system
[N (%)]

3,808,466 (40.2)

Operation on the integumentary system
[N (%)]

1,529,182 (16.1)

Inpatient mortality rate [N (%)] 107,644 (1.14)

*Elixhauser comorbidities include congestive heart failure, cardiac arrhythmias,
valvular disease, pulmonary circulation disorders, peripheral vascular disorders, hy-
pertension uncomplicated/complicated, paralysis, other neurological disorders, chronic
pulmonary disease, diabetes uncomplicated/complicated, hypothyroidism, renal failure,
liver disease, peptic ulcer disease excluding bleeding, AIDS/HIV, lymphoma, meta-
static cancer, solid tumor without metastasis, rheumatoid arthritis/collagen vascular
diseases, coagulopathy, obesity, weight loss, fluid and electrolyte disorders, blood loss
anemia, deficiency anemia, alcohol abuse, drug abuse, psychoses, depression.
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frequency of safety issues detected per hospital was 1.2 (95%
confidence interval, 1.1–1.3). Collectively, 691 hospitals
(98.9%) signaled at least once for small mortality variations
with a mean number of signals per hospital of 5.2 (5.0–5.3),
including 2.2 (2.1–2.3) lower limit signals, and 3.0 (2.9–3.1)
upper limit signals (data not shown in the table). The mean
number of small variation signals was significantly higher
among hospitals that detected a potential safety issue on
control charts compared with those that did not (7.4 vs. 5.0
signals, P < 0.001). Among 23 hospitals characterized by
more than 10 small variation signals, 39.1% also detected a
safety issue with a substantial increase in mortality tempo-
rarily, compared with 11.7% of 257 hospitals having had
6–10 signals and 3.1% of 419 hospitals with less than 5
signals (P < 0.001, data not shown in the table).

The detection of a safety issue was higher among private
hospitals than public hospitals (73.1% vs. 26.9%, P = 0.001).
Conversely, institutional surgical volume was not associated

with substantial variation in mortality, as shown by similar rates
of safety issue occurrence across hospitals (P = 0.37).

Mortality Trends
Concomitantly, 119 (17.0%) hospitals reduced and 36

(5.2%) increased their mortality rate over the 5-year study
period (Table 3). Hospitals with improved performance
demonstrated better control of small mortality variation over
time than those with a deteriorating trend (5.2 vs. 6.3 signals,
respectively, P = 0.04). Among hospitals having experienced
less than 5 quarters with small variation signals, 82.3% re-
duced their mortality, compared with 72.3% of hospitals
having had 6–10 signals and 40.0% of hospitals with more
than 10 signals (P < 0.05, data not shown in the table).

Moreover, improving hospitals were more likely to be
public institutions than private institutions (69.7% vs. 30.3%,
P < 0.001). Institutional surgical volume was not associated
with trends in mortality, as shown by similar rates of safety

TABLE 2. Factors Associated With Mortality Variation Over Time Within Hospitals

Mortality Variation

Stable Safety Issue Occurrence*

(n=647) (95% CI) (n=52) (95% CI) P

Small variation signals per hospital on longitudinal control chart, mean
1 SD lower limit 2.1 (2.0–2.2) 3.5 (2.8–4.2) < 0.001
1 SD upper limit 2.9 (2.8–3.0) 3.9 (3.6–4.3) < 0.001
1 SD limits 5.0 (4.8–5.2) 7.4 (6.6–8.3) < 0.001

Hospital status [N (%)] 0.001
Public or private non-for-profit 351 (54.3) (50.3–58.1) 14 (26.9) (15.6–41.0)
Private for profit 296 (45.7) (41.9–49.7) 38 (73.1) (59.0–84.4)

Hospital volume of surgical cases [N (%)] 0.37
Very low volume 163 (25.2) (21.9–28.7) 11 (21.2) (11.1–34.7)
Low volume 165 (25.5) (22.2–29.0) 10 (19.2) (9.6–32.5)
High volume 157 (24.3) (21.0–27.8) 18 (34.6) (22.0–49.1)
Very high volume 162 (25.0) (21.7–28.6) 13 (25.0) (14.0–39.0)

*One point outside of the upper control limit or 2 out of 3 consecutive points outside of the upper warning limit on control chart.
CI indicates confidence interval.

TABLE 3. Factors Associated With Mortality Trend Over Time Within Hospitals

Mortality Trend

Improvement Deterioration

(n=119) (95% CI) (n=36) (95% CI) P

Small variation signals per hospital on longitudinal control chart, mean
1 SD lower limit 2.2 (2.0–2.5) 2.9 (2.2–3.5) 0.07
1 SD upper limit 3.0 (2.7–3.2) 3.5 (3.1–3.9) 0.02
1 SD limits 5.2 (4.8–5.6) 6.3 (5.4–7.3) 0.04

Hospital status [N (%)] < 0.001
Public or private non-for-profit 83 (69.7) (60.7–77.8) 6 (16.7) (6.4–32.8)
Private for profit 36 (30.3) (22.2–39.4) 30 (83.3) (67.2–93.6)

Hospital volume of surgical cases [N (%)] 0.82
Very low volume 28 (23.5) (16.2–32.2) 10 (27.8) (14.2–45.2)
Low volume 29 (24.4) (17.0–33.1) 10 (27.8) (14.2–45.2)
High volume 30 (25.2) (17.7–34.0) 9 (25.0) (12.1–42.2)
Very high volume 32 (26.9) (19.2–35.8) 7 (19.4) (8.2–36.0)

CI indicates confidence interval.
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issue occurrence between improving and deteriorating
hospitals (P = 0.82).

Aggregate Versus Longitudinal Interpretations
Concordance in the interpretation of mortality varia-

tion across and within hospitals was limited. A total of 102
hospitals (14.6%) were identified as high performers and 50
(7.2%) as poor performers on traditional funnel plot analy-
ses, whereas 547 (78.3%) hospitals were average performers
and plotted within the warning limits (Fig. 1). When com-
paring outlier detection on aggregated funnel plots against
longitudinal control charts, 11.8% (12/102) of hospitals that
were identified as high performers on funnel plot also had
detected a potential safety issue during the study period
compared with 6.6% (36/547) among the average performers
and 8.0% (4/50) among the hospitals identified as poor
performers (P = 0.18). Also, the corresponding number of

signals for small mortality variation the 20 successive
quarters were, on an average, 5.7 for high performers, 5.1 for
average performers, and 4.8 for poor performers (P = 0.63).
In contrast, 56.5% (13/23) of hospitals that were identified as
high performers on funnel plot also improved their mortality
during the study period, against 76.4% (84/110) of hospitals
plotted within the warning limits and 100% (22/22) for poor
performers (Fig. 2, P < 0.01).

DISCUSSION

Main Findings and Comparison With
Other Studies

Our study yields 3 notable findings. First, the applica-
tion of industrial quality control principles to health care of-
fers a solution for improving the reliability of surgical
processes as evidenced by temporal fluctuations in mortality

0%

1%

2%

3%

4%

A
dj

us
te

d 
M

or
ta

lit
y

No. of Surgical Cases

Funnelplot - Hospitals Hospital with Safety Issue Occurrence on Control Chart

Hospital with Stable Mortality on Control Chart

Overall Mortality Rate

3SD Limits

2SD Limits

0%

1%

2%

3%

4%

5%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A
dj

us
te

d 
M

or
ta

lit
y

Quarter

Control chart - Hospital A Mortality Rate
Mean 
3SD Control Limits
2SD Warning Limits
1SD Small Limits

0%

1%

2%

3%

4%

5%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A
dj

us
te

d 
M

or
ta

lit
y

Quarter

Control chart - Hospital B Mortality Rate
Mean 
3SD Control Limits
2SD Warning Limits
1SD Small Limits

0%

1%

2%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A
dj

us
te

d 
M

or
ta

lit
y

Quarter

Control chart - Hospital C Mortality Rate
Mean 
3SD Control Limits
2SD Warning Limits
1SD Small Limits

A

B

C

FIGURE 1. Aggregated funnel plot of adjusted mortality rates in French hospitals depending on longitudinal mortality variation
(2006–2010). The distribution of surgical mortality rates versus surgical volumes in French hospitals is depicted in a standard
funnel plot. Individual representative hospitals are indicated at points A, B, and C. By aggregated approaches, these would be
considered poor, average, and good performers, respectively. Complementary utilization of longitudinal control charts, however,
demonstrates that each of these 3 institutions has actually detected a potential safety issue during the 5-year period as reflected by
substantial increase in mortality rates temporarily.
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within individual hospitals. Second, it illustrates the advan-
tages of using dynamic, as opposed to static, analytic meth-
odologies to assess institutional performance monitoring
efforts as the latter are unable to capture temporal trends.
Finally, it suggests that top performing institutions would have
better control of small mortality variations over time, whereas
those experiencing the detection of potential safety issues or
with a deteriorating trend in performance are characterized by
an increased variability in their surgical mortality.

The past decade has been marked by an emphasis in
comparing institutions based on their aggregate outcomes or
their volume of procedures,27 with the assumption that these
metrics would reflect quality of care and that market com-
petition would lead to improved surgical care.28 In addition
to methodological flaws and lack of evidence for most pro-
cedures,29,30 such assumptions may not apply to the dynamic

monitoring of outcomes within institutions. SPC and derived
approaches have been previously applied to surgical out-
comes monitoring.9,12,31 Nevertheless, most of these expe-
riences were conducted locally, and no formal investigation
of the magnitude of mortality variations over time within
hospitals has been published to date at the national level. Our
study demonstrates how the depiction of performance data
over time allows concerning spikes in mortality to be iden-
tified that may be masked by more traditional, static ap-
proaches. These findings not only include sentinel spikes in
quarterly mortality, but also lower-grade mortality variations
that would otherwise be undetectable. Identification of
such variations is the cornerstone of the SPC methodology,
as correction of unwarranted variability is typically corre-
lated with improved outcomes.10 Our data provide further
evidence supporting this point, as optimally performing
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FIGURE 2. Aggregated funnel plot of adjusted mortality rates in French hospitals depending on longitudinal mortality trends
(2006–2010). The distribution of surgical mortality rates versus surgical volumes in French hospitals is depicted in a standard
funnel plot. Individual representative hospitals are indicated at points D, E, F, and G. By aggregated approaches, these would be
considered poor, average, average, and good performers, respectively. Complementary assessment of temporal trends, however,
demonstrates that institutions D and E actually manifested a trend toward gradual performance improvement, whereas in-
stitutions F and G demonstrated a decline in performance over time.
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hospitals that experienced fewer potential safety issues or a
trend toward reduced mortality were also noted to demon-
strate the lowest variability in quarterly mortality.

Policy Implications
We have utilized large national databases to elucidate

meaningful institution-specific performance analyses. As-
suming adequate data integrity and granularity, this study
provides a model for efforts to achieve improvements in
health care equivalent to those achieved in other industries. It
reveals the value of implementing control charts to track
temporal variation in surgical mortality. This methodology
lays the foundation for prospective monitoring of institu-
tional performance, and can subsequently be used to identify
appropriate ways of improving patient safety.32,33 Iterative
assessment permits more ready identification of aberrant
patterns of mortality and may therefore trigger more timely
investigations and interventions to correct them routinely.34

Although control limits detect potential alteration in patient
safety that should be addressed promptly, the repetition of
small variation signals over time period may reflect poor
control of surgical processes that could be gradually resolved
for avoiding safety issues and achieving better outcomes.

In considering each hospital as its own performance
benchmark, control chart provides a means to control for
institution-specific confounding variables in a manner not
offered by standard comparisons to a sample-wide mean.
Furthermore, the depiction of trended data provides an
indication as to the performance trajectory of individual
institutions compared with traditional cross-sectional
benchmarking of institutional outcomes that fails to identify
improving or worsening outcomes. One could argue that
league tables of hospitals performance should combine
temporal variability in their mortality over time based on
small variation signals, the detection of potential safety is-
sues with mortality exceeding control limits temporarily, and
the trend toward improving or deteriorating mortality.

Limitations of Study
We acknowledge several limitations to our study. First,

we were only able to monitor 30-day in-hospital mortality
for a broad range of procedures without knowing the prog-
nosis of patients outside hospital or separating preventable
from inevitable deaths.3 This point is critical, as we assumed
that hospital-wide mortality was a valid metric of the quality

of hospital care.5 The next step to corroborate our findings
would consist of focusing on specific surgical procedures and
measurement of related complications. Second, even if the
risk of misinterpretation due to variability in data coding and
patient case-mix over time within the same hospital may be
reduced compared with what is expected from one institution
to another,35 risk adjustment can only account for factors that
can be identified and measured accurately.36,37 Adjusting for
surgical complexity was difficult due to a broad range of
surgical procedures with a high heterogeneity related to
death risk and the fact that some patients may have a com-
bination of procedures during hospitalization. A few deaths
clustering together in time due to rarely occurring conditions
carrying a high surgical risk and difficult to consider rigor-
ously using our administrative dataset may have resulted in a
spike in the temporal control chart. “Do not resuscitate”
designations and admitting diagnoses were not available in
the French national database for adjusting mortality.38 Also,
we did not consider emergency admissions6 and were not
able to control for providers characteristics such as surgeons’
experience or surgical team familiarity.39,40 Third, there was
a discordance between the within-hospital and between-
hospital analyses. Although the between-hospital comparison
could be confounded in ways the within-hospital comparison
is not, this lack of agreement may raise a potential concern
about the method’s internal validity. Fourth, we have retro-
spectively simulated a prospective monitoring of outcomes,
supposing that the detection of a substantial mortality in-
crease on a control chart would reflect a potential safety issue
in the past. However, only the investigation and identi-
fication of a special cause of variation in the hospital would
provide confirmation that a safety issue actually occurred.24

CONCLUSIONS
In summary, our study demonstrates the feasibility of a

nationwide institutional monitoring of surgical outcomes
using existing data resources. This methodology can be re-
produced worldwide based on inpatient discharge abstracts
that are routinely collected in many countries with a common
set of variables.41 By interpreting variations in surgical
outcome within and across hospitals, this approach may
provide a more comprehensive assessment of institutional
performance and lead to earlier flagging of outliers to make
surgical care safer and more reliable.
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APPENDIX

Flow diagram of hospitals and surgical cases retained in final dataset.

Testing dataset = 7,574,291 staysTraining dataset = 1,900,588 stays

4,138,142 stays without at least 
one night within hospital 

15,357,111 stays in 1365 hospitals 

400 hospitals not providing con-
tinuously surgical care over 5 yrs 

11,218,969 stays in 1345 hospitals 

106 hospitals without at least 50 
stays per quarter over 5 yrs 

10,563,159 stays in 945 hospitals 

130 hospitals without at least 
one death per year over 5 yrs 

10,457,057 stays in 839 hospitals 

10 hospitals with variation in 
annual volume of stays >50%   

9,540,067 stays in 709 hospitals 

9,474,879 stays in 699 hospitals 

98,401,609 stays
- Not open surgery 
- Eye, dental, or obstetrical pro-
cedure
- Child or ambulatory care 
- Palliative care or organ retrieval 
- Length of stay >30 days 
- Missing or invalid data element 
or DRG 

113,758,720 stays in acute care 
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