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Methods
and results

Although the number of hospitals performing cardiac surgery has increased rapidly in China, information regarding
the trends in coronary artery bypass grafting (CABG) outcomes remains unknown.

We used data from the Chinese Cardiac Surgery Registry, the largest registry system that accounts for nearly 50%
of total annual CABG volume in China, to assess trends of in-hospital mortality and major complication rates for
patients receiving isolated CABG in 102 urban teaching hospitals in China from 25 January 2004 through 31
December 2013 (except 2006 and 2009). Using a mixed effects model, we estimated annual trends in each of these
two outcomes overall and by age groups (18-64 and 65 years or older), adjusted for patient characteristics. We
also assessed the trends in pre-operative, post-operative, and total length of stay (LOS). The study included 40 652
patients across 102 hospitals. Between 2004 and 2013, patients’ mean age decreased from 62.7 to 61.4years, in-
hospital mortality decreased from 2.8% to 1.6% (difference, 1.3%, 95% Cl: 0.70-1.85), and major complication rates
decreased from 7.8% to 3.8% (difference, 4.0%; 95% Cl: 3.05-4.90). The reduction in mortality and major complica-
tion rates were consistent across age groups. Between 2004 and 2013, the median (inter-quartile range) pre-
operative LOS remained unchanged, post-operative LOS declined from 12.0 (8.0) to 10.0 (7.0) days, and total LOS
declined from 22.0 (13.0) to 20.0 (12.0) days.

Conclusion Isolated CABG-related in-hospital mortality, major complication rates, and LOS have improved in urban teaching
hospitals in China over the last decade.
Keywords Quality and outcomes of care e Coronary artery bypass graft
Introduction CAD related hosplta.llzatlons increased by 11.166 annually, ranking
. second after stroke in terms of growth rate.” Between 1985 and
Coronary artery disease (CAD) has become one of the most 2010, CAD-related mortality increased from 24.2 to 86.3 per
prevalent diseases in China. From 1980 to 2011, the number of : 100000 person-years," and in 2012, there were approximately
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45 milion CAD-related hospitalizations.> During the same
period, cardiac surgery developed rapidly in China; the number of
cardiac surgery centres increased from fewer than 500 in 2003 to
approximately 750 in 2013.* Coronary artery bypass grafting
(CABG) was carried out in more than 55% of those centres and
more than 40 centres had an annual CABG volume of over 100.
Overall, isolated CABG procedures were carried out in approxi-
mately 28 000 Chinese adults in 2012.%°

With the rapid increase in CABG volume in China, national ef-
forts have been initiated to monitor and improve the care and
outcomes of CABG. Patients, healthcare providers, insurance
companies, and the government are increasingly interested in the
results achieved and whether there are changes over time."*’
Previous studies on CABG outcomes in China were cross-
sectional and limited to single institutions or regions,>® which are
important, however they have not shown trends of outcomes at
the national level. Information from a diverse group of institutions
regarding the temporal changes in CABG outcomes, including
mortality, post-operative major complications, and length of stay
(LOS), remains unknown. As the CAD population continually in-
creases in China, it is important to identify gaps in CABG out-
comes to inform future healthcare planning to enhance the future
care of the CAD population in China. Additionally, identifying a
reduction of outcomes provides the opportunity to learn what
processes may be responsible for the success.

Accordingly, we used data from the Chinese Cardiac Surgery
Registry,®” the largest multi-hospital CABG registry in China, to
evaluate isolated CABG outcomes and to assess trends of CABG
outcomes through investigation of in-hospital mortality, major com-
plication rates, and LOS for a large sample of urban and teaching hos-
pitals in which CABG surgery is carried out.”

Methods
Study sample

The Chinese Cardiac Surgery Registry recruited hospitals on a volun-
tary basis. All the hospitals are located in urban areas and are desig-
nated by the Chinese government as tertiary hospitals. All of them
are teaching hospitals as defined by being associated with a medical
school and being engaged in training doctors. Participating hospitals
received detailed information on data collection requirements and
definitions of variables. Specifically, they used a Standardized Case
Report Form to collect patient information, including demographics,
pre-operative risk factors, operative information, post-operative
treatment course, and surgical outcomes. All the data were collected
by trained clinical research staff and were subsequently double-
entered into databases. Data quality measures have been reported
elsewhere.® Demographics, clinical characteristics, and in-hospital
events following cardiac surgery, were complete for all patients
involved in the study. All patients signed informed consent forms
when they were admitted for CABG. The study sample was restricted
to patients who were aged 18years or older and underwent an
isolated CABG from 1 January 2004 through 31 December 2013
(except 2006 and 2009 in which no data were collected) across 102
hospitals. Some hospitals were not repeated in every vyear.
Patients receiving other surgeries (e.g. valve surgery, aortic surgery,
ventricular aneurysm repair) with CABG were also excluded from
the study.

Patient characteristics and outcomes
Patient characteristics included age, gender, body mass index (BMI),
smoking status, diabetes, hypertension, hyperlipidaemia, renal failure, his-
tory of acute myocardial infarction (AMI), peripheral vessel diseases, and
history of CABG. We divided patients into two age groups: 18—64 years
of age and 65 years or older to compare with younger and older patients.

The outcomes were in-hospital total post-operative mortality, in-
hospital 7-day post-operative mortality, in-hospital post-operative major
complication, and LOS. In-hospital post-operative mortality was defined
as any death during the hospitalization after CABG, and in-hospital 7-day
post-operative mortality was defined as any death within 7 days during
the hospitalization after CABG. A major complication was defined as the
occurrence of any of the following major post-operative events: death,
reoperation for bleeding, stroke, re-intubation, AMI, and renal failure (see
Supplementary material online, Table S1). For LOS, we assessed the
changes in pre-operative LOS (Pre-LOS), defined as the difference in
dates between operation and admission; post-operative length of stay
(Post-LOS), defined as the difference in dates between discharge and op-
eration; and total LOS, defined as the difference in dates between dis-
charge and admission; if the date of operation was the same as the date of
admission, Pre-LOS was counted as 0; if the date of discharge was the
same as the date of operation, Post-LOS was counted as 0.

Statistical analysis

To facilitate data presentation, we reported patient characteristics and
observed outcomes in 2-year interval periods: 2004—-2005, 2007-2008,
2010-2011, and 2012-2013. We examined patient demographics, clinical
characteristics, and outcomes across these four biannual intervals. Rates
of in-hospital mortality and in-hospital major complications were ex-
pressed as percentages and LOS as a median (interquartile range [IQR]).
We used the Cochran—Armitage trend test to determine the statistical
significance of changes in outcomes over time. We fitted a mixed effects
model with a logit link function and hospital-specific random intercepts,
adjusting for patient characteristics, to evaluate the trend in mortality
rates. We included an ordinal time variable, corresponding to each year
of the study period, after the visual inspection of crude rates revealed a
linear pattern in the model, in which the odds ratio of this variable repre-
sents the annual change in mortality rates. We fitted the same model to
evaluate the trend in major complications as well. We repeated each
model for the two age subgroups (18—64 and 65 years or older) to assess
whether the trends were consistent among both younger and older
patient groups. We quantified the variation in outcomes over time by cal-
culating the population-weighted quartile coefficient of dispersion.
Decreases in the dispersion imply less heterogeneity in hospital-specific
outcomes.

To address the possibility of different hospitals being included over
time, we conducted a sensitivity analysis by identifying hospitals that
were in each of the four bi-interval periods (2004-2005, 2007-2008,
2010-2011, and 2012-2013). These hospitals accounted for 66.7% of
total patients in the sample. We then fitted the mixed models based
on this subset of patients, who underwent a CABG procedure from
hospitals that were repeated in the whole study period. All statistical
testing was two-sided at a significance level of 0.05 and all analyses were
conducted with SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results

Study sample
The final study sample included a total of 40 652 consecutive patients
who underwent an isolated CABG surgery across 102 hospitals from
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2004 to 2013, except 2006 and 2009 (see Supplementary material
online, Table S2). The mean age of patients was 62.2 9.4 years,
22.4% were females, and 34.6% patients had an on-pump CABG sur-
gery. Patient characteristics varied slightly by measure periods
(Table 1). Between 2004-2005 and 2012-2013, the patients’ age
decreased slightly from 62.7 to 61.4 years, and the percentage of pa-
tients with a history of Ml also decreased, while the proportions of
patients with high BMI, and active smoking habits increased (Table 7).

All of the 102 hospitals were teaching hospitals, 11.8% were CVD-
specific hospitals, and 11.8% were military hospitals that treated non-
military patients (see Supplementary material online, Table S3).
Overall, the Chinese Cardiac Surgery Registry had 32.4% of partici-
pating hospitals from Eastern China, 7.8% from Southern China,
16.7% from Western China, 30.4% from Northern China, and 12.7%
from Central China (see Supplementary material online, Table S3).
Between 2004 and 2013, the number of individual hospitals in the
Chinese Cardiac Surgery Registry increased from 32 to 85 and the
median (IQR) annual hospital volume of CABG decreased from 70
(41 to 119) to 40 (16 to 85); but the maximum annual volume of an
individual hospital increased from 1107 to 3822 (see Supplementary
material online, Table S2). The aggregated mean (SD) CABG volume
for the 102 hospitals was 398.5 (1702.6) over the study period (see
Supplementary material online, Table S3).

Trends in mortality and major
complication rates

The aggregated in-hospital total mortality, 7-day mortality, and com-
plication rates during the study period were 1.8, 0.9, and 5.5%, re-
spectively. Patients undergoing CABG surgeries in recent years had
significantly lower mortality and major complication rates than previ-
ous years. Between 2004 and 2013, the in-hospital total mortality
rate decreased from 2.8% (95% Cl: 2.32-3.36) to 1.6% (95% Cl:
1.31-1.81), with a difference of 1.28 percentage points (95% Cl:
0.70-1.85), and 7-day in-hospital mortality rate decreased from 1.5%
(95% ClI: 1.11-1.88) to 0.8% (95% Cl: 0.62-0.99), with a difference of
0.7 percentage points (95% Cl: 0.25-1.08). The major complication
rate decreased from 7.8% (95% Cl: 6.96-8.64) to 3.8% (95% Cl:
3.44-4.21), with a difference of 4.0 percentage points (95% ClI: 3.05—
4.90) (Figure 1, Table 7). These findings did not change substantially
after accounting for patients’ demographic and clinical characteristics.
After adjusted for age, sex, and comorbidities, annual declines
were 7.5 percentage points (95% Cl: 3.95-10.93), 8.2 percentage
points (95% Cl: 3.26 to 12.91), and 7.3 percentage points (95% Cl:
5.22-9.24) for in-hospital total mortality, 7-day mortality, and major
post-operative complication rates, respectively (Figure 2A); age and
sex adjusted annual declines were 10.4 percentage points (95% Cl:
3.95-10.93), 11.1 percentage points (95% Cl: 3.26 to 12.91), and 9.9

Table | Pre-operative characteristics and outcomes
Measure Overall 2004-2005 2007-2008 2010-2011 2012-2013 P-value
(n=40652) (n=8082) (n=8739) (n=10046) (n=13785)

Patient characteristics
Age, mean (SD), years 622+94 62.7+9.2 622+92 620+92 614+88 <0.001
Age group <0.001

18-64 years old (%) 60.7 554 58.1 613 65.1
65 years or older (%) 393 44.6 419 387 349

Female (%) 224 209 21.6 236 231 <0.001
BMI, Mean (SD), kg/m? 251437 251429 252+28 253+32 25.6+10.5 0.701
Current smoker (%) 58.0 48.0 49.0 51.8 579 <0.001
Diabetes (%) 29.2 282 313 316 26.9 0.003
Hypertension (%) 59.8 65.3 65.8 62.9 512 <0.001
Hyperlipidaemia (%) 62.0 55.9 643 614 62.7 <0.001
Renal failure (%) 0.7 0.7 1.1 0.5 0.5 <0.001
History of Ml (%) 355 444 40.5 380 372 0.01
PVD (%) 23 25 13 33 22 <0.001
Previous CABG (%) 0.4 0.4 02 04 0.6 0.0042

Post-operative outcomes
In-hospital mortality (%) 1.77 2.66 215 115 144 <0.001
Myocardial infarction (%) 0.4 0.5 04 04 04 0.2168
Reoperation for bleeding (%) 225 356 29 227 1.06 <0.001
Stroke (%) 0.44 0.46 0.39 0.56 0.38 0.6402
Reintubation (%) 035 0.37 0.65 0.54 <0.01 <0.001
Renal failure (%) 1.87 2.26 3.28 121 1.21 <0.001
One or more above events (%) 547 7.32 7.32 4.95 3.58 <0.001

Median length of stay, (interquartile range [IQR]) days
Pre-operative stay 9.0 (8.0) 9.0 (9.0) 10.0 (9.0) 8.0 (8.0) 9.0 (8.0) 0.0601
Post-operative stay 10.0 (7.0) 12.0 (8.0) 11.0 (7.0) 9.0 (6.0) 9.0 (6.0) <0.001
Total stay 20.0 (13.0) 22.0 (14.0) 22.0 (14.0) 19.0 (11.0) 19.0 (12.0) <0.001
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Figure | Observed in-hospital total mortality, in-hospital 7-day mortality, and complication rate from 2004 through 2013.

percentage points (95% Cl: 5.22-9.24) for in-hospital total mortality,
7-day mortality, and major post-operative complication rates, re-
spectively (Figure 2A). The age-specific subgroup analysis illustrates
that elderly patients had a greater decline in rates than the younger
group for both mortality and complication rates (Figure 2B).

The sensitivity analysis included 13 hospitals that were repeated in
each of the 2-year periods (2004-2005, 2007-2008, 2010-2011, and
2012-2013). These hospitals accounted for 27 130 patients, which is
66.7% of the total number of patients in the whole sample.
Supplementary material online, Figures ST and S2 show that the pat-
terns of trends in mortality and complication rates between this sub-
sample and the full sample are similar, but the reductions from these
hospitals were much larger than all other hospitals.

Trends in length of stay

Between 2004 and 2013, the median (IQR) Pre-LOS remained un-
changed from 9.0 (9.0) to 9.0 (8.0) days, Post-LOS declined from 12.0
(8.0) to 10.0 (7.0) days, and total LOS declined from 22.0 (13.0) to
20.0 (12.0) days (Figure 3A, Table 7). Supplementary material online,
Figure S3 shows the trends in median LOS among hospitals included
in the sensitivity analysis. Nevertheless, the proportion of patients
who had an overall LOS for more than 30 days declined remarkably
from 24.8% in 2004 to 17.4% in 2013 (P < 0.001, Figure 3B).

Trend variations at hospital level

Between 2004-2005 and 2012-2013, the quartile coefficients of dis-
persion changed from 0.49 to 0.33, 0.30 to 0.16, and 0.46 to 0.50 for
in-hospital mortality, major complication, and length of stag greater
than 30 days, respectively.

Discussion

In this comprehensive analysis of the trends in CABG outcomes in
urban teaching hospitals in China, there were marked reductions in

mortality and major complication rates. Improvements in the length
of hospital stay were observed, but the hospital stays were quite long
by international standards. During the study period, the absolute re-
ductions were 1.3% for the in-hospital total mortality, 0.7% for the in-
hospital 7-day mortality, and 4.0% for the major complication rate.
The risk of in-hospital death was approximately 40% lower in patients
undergoing CABG in 2013 than those in 2004 despite a shortened
LOS. The degree of reductions was similar between patients who
were 18—64years old, and those who were 65years or older.
According to the most recently reported annual isolated CABG vol-
ume of approximately 30000 cases,™ these decreases translate to
nearly 400 annual additional patients discharged alive and 1200 annual
additional patients discharged free from major complications. In con-
trast to our findings, McNeely et al. found, in a series involving 1, 264,
265 US Medicare patients over a 12-year period (2000-2012), a de-
cline in CABG volume with slightly higher in-hospital mortality (from
4.2% in 2000 to 2.7% in 2012) and much shorter total median LOS (8
days in the USA vs. 20 days in China)."® Different demographic char-
acteristics, epidemiological changes, and varied health policies might
underline the differences in results between the two registries.

There are numerous possible explanations for our findings. First, the
trends may be due to Chinese surgeons having acquired more experi-
ence with CABG procedures over the past decade. Unlike in the USA
where CABG rates have declined rapidly,’" "> CABG volume, as a
whole, in China has increased, most likely due to the great increase in
the incidence of CAD in the country over the past decade. For example,
among the 102 hospitals included in the study, the maximum annual
CABG volumes increased from 1107 in 2004 to 3822 in 2013. This is
consistent with studies that have shown that higher volumes of cardiac
surgeries are associated with better cardiac surgery outcomes.>™

Second, the trends we observed may, in part, reflect the success of
national efforts to improve cardiovascular care. CABG in China was
developed during a period of extensive national efforts focused on
improving care, processes, and outcomes.® In the early 2000s, a series
of regulations calling attention to patient safety issues were
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released.”" By the end of 2009, legislation for improvements in med-
ical practice and quality control had been established.® In 2010, the
Chinese National Center for Cardiovascular Disease was founded.
The Center aims to develop a series of guidelines and conducts
evidence-based studies for CVD care in China. Then the Chinese
Health Ministry launched a non-communicable disease prevention
program aimed to establish a mortality-monitoring network to cover
90% of the Chinese population in 2012." Additionally, the Chinese
cardiac surgery community has launched numerous national pro-
grams to monitor, analyse, and improve outcomes.”® It has also con-
ducted various training programs and seminars to help Chinese
cardiac hospitals broaden their horizons, and improve surgeons’ pro-
ficiency with high healthcare standards."” All of these efforts may
have contributed to the improvement in CABG outcomes.

Third, some of the observed improvement in mortality and com-
plication rates may be attributed to the Chinese Cardiac Surgery
Registry. In 2004, the Chinese Cardiac Surgery Registry was estab-
lished to evaluate surgical outcomes in patients undergoing cardiac
surgery. The registry included more than 100 urban cardiac surgery
centres in 2016. The registry sends annual hospital-specific perform-
ance reports, including overall outcomes and ranking information, to
its members.” These reports provide useful information that helps
hospitals to identify areas for improvement and understand trajecto-
ries of change. The improvements observed in CABG performance
within Chinese Cardiac Surgery Registry hospitals may have been
motivated by these interventions.

Our study also indicates important areas for improvement. The
variations at the hospital level were significant. Notably, variation in
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Figure 3 Length of stay (LOS). (A) Observed pre-operative LOS, post-operative LOS, and total LOS; (B) Observed LOS over 30 days.

complication rates was larger than that observed in mortality rates,
suggesting that there is more potential for the rate of complications
to improve under the current Chinese healthcare system.
Additionally, despite dropping significantly, the absolute lengths of
Pre-LOS and Post-LOS are still much longer than those reported in
Western countries.'®'? Possible explanation might be that patients
too precarious to wait at home, often ‘squeezed’ themselves into
hospitals for an extended period before surgery. There are many rea-
sons for this situation, probably including restricted operating room
access, lack of ICU beds, or delays due to more urgent cases. What's
more, patients and doctors in China tend to prefer a longer LOS after
coronary angiography, percutaneous coronary intervention, and
CABG as a precautionary measure. High patient volume and rela-
tively few available operating rooms may also be responsible for
higher Pre-LOS because patients must wait until an operating room

becomes available. This latter reason for increased Pre-LOS is not
unique to China.?® Prolonged LOS, both pre- and post-operatively,
has been shown to be associated with higher utilization of hospital re-
sources and decreased quality of life after CABG, most likely due to
the increased risk for developing in-hospital adverse events.”' In add-
ition to opening more cardiac surgery centres, China should increase
investments in less-developed areas to reduce regional inequalities in
resource allocation, build capacity in community hospitals and re-
habilitation centres, and alter payment schemes to incentivize higher
quality of care.

Our study has several limitations. First, our findings represent only
the urban teaching hospitals in China. The Chinese Cardiac Surgery
Registry recruits its members on a voluntary basis and all of the par-
ticipating hospitals in the Chinese Cardiac Surgery Registry are urban
teaching hospitals. Thus, they may exhibit better performance than
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would be seen in hospitals that did not participate in the registry be-
cause teaching hospitals may have contributed in terms of having en-
vironments with continuous learning and improvements embedded
in patient care. The recent growth of percutaneous coronary inter-
vention in China may also have resulted in fewer high-risk patients
receiving CABG,** which could also be partially responsible for lower
CABG mortality and complication rates. The lack of national percu-
taneous coronary intervention data in China precluded our ability to
assess this factor in our analysis. However, because patient character-
istics did not change remarkably over the study period, the impact of
this factor should be small. Finally, our mortality and complication
rates were measured as in-hospital outcomes rather than 30-day out-
comes. Nevertheless, these in-hospital outcomes provide important
information about CABG quality and outcomes in China. Because
the scope of our study did not allow us to address these limitations in
depth, future studies are warranted to elucidate them.

In conclusion, we found that isolated CABG-related in-hospital
mortality, major complication rate, and LOS have improved in urban
teaching hospitals in China over the last decade. Despite these im-
portant improvements, our findings also suggest that there is ample
opportunity for further improvement in CABG care in China.

Supplementary material

Supplementary material is available at European Heart Journal — Quality
of Care and Clinical Outcomes online.
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