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ABSTRACT
Background With increasing surgical workload, it is 
common for cardiac surgeons to perform coronary artery 
bypass grafting (CABG) after other procedures in a workday. 
To investigate whether prior procedures performed by the 
surgeon impact the outcomes, we compared the outcomes 
between CABGs performed first versus those performed 
after prior procedures, separately for on- pump and off- pump 
CABGs as they differed in technical complexity.
Methods We conducted a retrospective cohort study of 
patients undergoing isolated CABG in China from January 
2013 to December 2018. Patients were categorised as 
undergoing on- pump and off- pump CABGs. Outcomes of 
the procedures performed first in primary surgeons’ daily 
schedule (first procedure) were compared with subsequent 
ones (non- first procedure). The primary outcome was an 
adverse events composite (AEC) defined as the number of 
adverse events, including in- hospital mortality, myocardial 
infarction, stroke, acute kidney injury and reoperation. 
Secondary outcomes were the individual components of the 
primary outcome, presented as binary variables. Mixed- 
effects models were used, adjusting for patient and surgeon- 
level characteristics and year of surgery.
Results Among 21 866 patients, 10 109 (16.1% as 
non- first) underwent on- pump and 11 757 (29.6% as 
non- first) off- pump CABG. In the on- pump cohort, there 
was no significant association between procedure order and 
the outcomes (all p>0.05). In the off- pump cohort, non- first 
procedures were associated with an increased number 
of AEC (adjusted rate ratio 1.29, 95% CI 1.13 to 1.47, 
p<0.001), myocardial infarction (adjusted OR (ORadj) 1.43, 
95% CI 1.13 to 1.81, p=0.003) and stroke (ORadj 1.73, 95% 
CI 1.18 to 2.53, p=0.005) compared with first procedures. 
These increases were only found to be statistically significant 
when the procedure was performed by surgeons with <20 
years’ practice or surgeons with a preindex volume <700 
cases.
Conclusions For a technically challenging surgical 
procedure like off- pump CABG, prior workload adversely 
affected patient outcomes.

INTRODUCTION
With increasing surgical workload, 
surgeons often have multiple operations 
in a day, especially in countries where 
surgical resources are relatively scarce.1–3 
Extended work hours and excessive 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ Increased workload adversely 
affects surgical outcomes. However, 
whether prior procedures performed 
by the surgeon in a workday impact 
the outcomes of on- pump and the 
technically more complex off- pump 
coronary artery bypass grafting (CABG) 
remains unclear.

WHAT THIS STUDY ADDS

 ⇒ For off- pump CABG, prior surgical 
workload has negative impacts on 
patient outcomes, particularly if 
procedures were performed by less 
experienced or lower volume surgeons. 
These findings were consistent across 
several patient subgroups and multiple 
sensitivity analyses.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE AND/OR POLICY

 ⇒ Daily schedules should ensure that 
complex procedures are assigned 
first in a surgeon’s shift, while taking 
patient and surgeon characteristics into 
account.
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workload have been proved to bring negative influ-
ences on patient outcomes.4–7 Therefore, various 
measures to evaluate workload and strategies to reduce 
workload impacts have been suggested.8 9 However, 
whether prior procedures performed by the surgeon 
in a workday will affect surgical outcomes remains 
unclear, which could be instructive in arranging 
surgeons’ daily workflow patterns.

Coronary artery bypass grafting (CABG), the stan-
dard of care for patients with extensive coronary 
artery disease, has been among the most common and 
major surgical procedures.10 In a CABG procedure, 
the most critical and challenging step is performing a 
surgical anastomosis between autologous vessel grafts 
and coronary arteries, which requires extremely high 
mental concentration and great physical strength of 
the surgeon. To achieve the precision requirement for 
a successful CABG, the heart is typically arrested with 
a cardiopulmonary bypass (CPB) machine to support 
the circulation. The off- pump procedure, however, 
has also evolved as another option that the anasto-
mosis is performed on a beating heart without CPB,11 
which avoids the adverse effect from cardiac arrest and 
CPB, but adds to the complexity and difficulty of the 
procedure. Thus, the off- pump CABG is considered 
to be more technically challenging than the on- pump 
CABG (with CPB).12–14 Considering on- pump and off- 
pump CABGs are two procedures with similar surgical 
process but different complexity, prior workload may 
have varying impacts on them. It is highly necessary to 
examine the association between the procedure order 
and outcomes, with on- pump and off- pump CABGs 
regarded as two typical clinical scenarios.

The purpose of this study was to examine whether 
intraday workload (ie, prior procedures conducted on 
the same day) would affect the outcomes after CABG, 
accounting for surgical complexity. We compared 
the outcome differences between the first CABG and 
subsequent ones performed in a day, for on- pump 
CABG and off- pump CABG separately. We also inves-
tigated the effect across different patient health condi-
tions and surgeon experience.

METHODS
Study design
Data of patients undergoing CABG at a cardiovas-
cular specialty hospital with the annual CABG volume 
exceeding 4500 cases in China from 1 January 2013 
through 31 December 2018 were collected through 
the hospital electronic health record (EHR) system. 
Data audit and quality measures have been reported 
previously.15 16 Briefly, we established an EHR- derived 
database by linking the structured EHR to a registry 
database to enable real- time data collection, including 
baseline patient characteristics, surgical records and 
in- hospital outcomes. To assure the accuracy of the 
linkage, 5% of patients were randomly selected and 
all variables of these patients were compared between 

the original EHR and EHR- derived database, and the 
EHR- derived data were 100% consistent with the 
original records.

Study population
This study included all consecutive patients aged 
18 years or older who underwent isolated, elective 
CABG, which meant that patients undergoing emer-
gent CABG, CABG combined with valvular surgeries 
or other cardiovascular surgeries were not included. 
All the CABG surgeries were performed according to 
the operating standards (online supplemental method 
1). Patients who were converted from off- pump to 
on- pump procedure during the surgery (n=736) were 
excluded as their outcomes were influenced by both 
procedures, and it was inappropriate to include them 
into either cohort. Other exclusion criteria included: 
(1) patients treated by surgeons after night shift in the 
preceding overnight hours (00:00 to 07:00, n=175) 
to avoid bias from extra preceding workload; and (2) 
patients without surgeon information (n=4). Patients 
were categorised as undergoing on- pump and off- pump 
CABGs by the use of CPB, and the association between 
intraday procedure order and patient outcomes was 
assessed in both CABG cohorts separately.

Procedure order and study group
Procedure order was determined within work hours 
(from 08:00 to 19:00) in a single day, when all the 
elective CABG procedures were performed. All 
surgical procedures (included but not limited to 
CABG) performed by the surgeon were taken into 
account to determine the order, regardless of whether 
the surgeon served as a primary surgeon or an assis-
tant. More details on the duties of the primary surgeon 
and surgical team during the surgery are described in 
online supplemental method 1.

‘First procedure’ was defined as the CABG surgery 
being the first procedure of the primary surgeon in a 
day, whereas other CABG surgeries were also assigned 
their number in the ordering but included as the 
‘non- first procedure’ considering the lower volumes 
observed for the third or later procedures (figure 1). 
Thus, in both on- pump and off- pump CABG cohorts, 
the patients were further divided into ‘first procedure’ 
and ‘non- first procedure’ groups separately.

Outcome measures
The primary outcome was an adverse events 
composite (AEC), including in- hospital all- cause 
mortality, non- fatal myocardial infarction (MI), non- 
fatal stroke, acute kidney injury (AKI) and reopera-
tion, which are widely used for evaluating the quality 
of CABG procedures.17–19 The AEC was expressed as 
the number of adverse events that occurred during 
the index hospitalisation, and the analysis was at the 
individual patient level with each type of the adverse 
event being counted only once.20 Secondary outcomes 
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included the individual components of the primary 
outcome mentioned above, expressed as binary vari-
ables (yes/no). MI was defined as an absolute rise in 
cardiac troponin to over 70 times the 99th percentile 
upper reference limit (URL), or an increase in creatine 
kinase - muscle/brain (CK- MB) to over 10 times the 
99th percentile URL. Stroke was defined as brain, 
spinal cord or retinal cell death attributable to focal 
arterial ischaemia. AKI was defined as any one of 
the following: (1) an increase in the serum creatinine 
level over three times the latest preoperative value; 
(2) a serum creatinine level reaching 4.0 mg/dL with 
a minimum increase of 0.5 mg/dL relative to the last 
preoperative value; and (3) a new postoperative dial-
ysis. Reoperation was defined as the re- exploration for 
mediastinal bleeding either in the intensive care unit 
(ICU) or operating room. Detailed definitions of the 
outcomes are further described in online supplemental 
method 2.

Patient and surgeon characteristics
Patient characteristics were collected and some were 
selected as covariates for risk adjustment because 
they were previously shown to be risk factors among 
patients undergoing CABG in China,21 including (1) 
demographic characteristics: age, sex; (2) comorbid-
ities: body mass index, angina, estimated glomerular 
filtration rate (eGFR); (3) medical history: history of 
chronic obstructive pulmonary disease, MI, stroke, 

cardiac surgery, percutaneous coronary intervention; 
and (4) cardiovascular status: New York Heart Asso-
ciation (NYHA) class, preoperative left ventricular 
ejection fraction (LVEF), left main disease, number 
of lesions and aortic calcification. Covariates for each 
model are listed in online supplemental table 2. Other 
characteristics that were not included in the multivari-
able regression models (following the general principle 
of variable selection, like sample size, collinearity or 
clinical importance) but were often reported in other 
cardiovascular studies were also listed in table 1, and 
they were also used to predict the propensity score in 
the sensitivity analysis (see below).

All surgeons performed first and non- first CABG 
procedures. Surgeon characteristics including years in 
practice and CABG volume before the index proce-
dure were calculated dynamically for each patient as 
surgeon- level covariates. Years in practice was defined 
as the number of years a surgeon served as a cardiac 
surgeon until the date of the index CABG procedure. 
The CABG volume was defined as the cumulative 
number of CABGs a surgeon had performed from the 
year 2012 to the date of the index CABG procedure. 
The annual CABG volume in 2012 was included to 
indicate a surgeon’s surgical experience at baseline.

Statistical analyses
We performed the analyses in the on- pump and off- 
pump CABG cohorts separately. The patient and 

Figure 1 Study flow chart. The flow chart shows detailed inclusion and exclusion criteria for this study as well as corresponding patient numbers. 
*Multiple exclusions may apply to one patient so that the number in each criterion adds up greater than the total ineligible or excluded patients in the grey 
boxes. CABG, coronary artery bypass grafting.
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surgeon characteristics between first and non- first 
procedure groups were compared, with the χ2 test used 
for categorical variables and the Kruskal- Wallis test for 
continuous variables. The completeness of patient- level 
variables ranged from 96% to 100% (online supple-
mental table 1). For those key variables with missing 
data, we implemented multiple imputation with the 
Markov Chain Monte Carlo method, and the predic-
tors included other variables of patient demographic 
characteristics, comorbidities and medical history with 
100% completeness listed in online supplemental table 
1. The final imputed value was an average of 20 impu-
tations for all analyses.

To investigate the AEC difference between first and 
non- first procedure groups, assuming a Poisson distri-
bution for the number of adverse events, we fitted a 
mixed- effects model with a Poisson link function and 
surgeon- specific random intercepts to model the AEC 
as a function of procedure order (non- first procedure 
vs first procedure; when examining the potential ‘dose- 
effect’ relationship between the number of prior proce-
dures performed by the surgeon and patient outcomes, 
we compared the third or later procedure, the second 
procedure vs the first procedure). Rate ratios (RR) 
were calculated to present the outcome differences. 
For each individual adverse event (binary outcome), 

Table 1 Patient demographic and clinical characteristics

Overall

On- pump CABG cohort (n=10 109) Off- pump CABG cohort (n=11 757)

First procedure
(n=8480)

Non- first 
procedure
(n=1629) P value*

First procedure 
(n=8279)

Non- first 
procedure 
(n=3478)

P 
value*

Age, mean (SD), 
years

61.2 (8.6) 60.8 (8.5) 60.5 (8.5) 0.33 61.7 (8.8) 61.2 (8.6) 0.005

Female, n (%) 4975 (22.8) 1893 (22.3) 388 (23.8) 0.19 1887 (22.8) 807 (23.2) 0.63
BMI, mean (SD), 
kg/m2†

25.7 (3.0) 25.8 (3.0) 25.7 (3.1) 0.94 25.6 (3.0) 25.6 (3.1) 0.65

Smoking, n (%) 12 117 (55.4) 4578 (54.0) 866 (53.2) 0.54 4683 (56.6) 1990 (57.2) 0.51
Diabetes, n (%) 4952 (22.6) 2017 (23.8) 353 (21.7) 0.06 1820 (22.0) 762 (21.9) 0.93
Hypertension, n 
(%)

13 957 (63.8) 5418 (63.9) 1069 (65.6) 0.18 5291 (63.9) 2179 (62.7) 0.20

Hyperlipidaemia, 
n (%)

16 128 (73.8) 6178 (72.9) 1176 (72.2) 0.58 6172 (74.6) 2602 (74.8) 0.76

Prior COPD, n (%) 139 (0.6) 44 (0.5) 10 (0.6) 0.63 57 (0.7) 28 (0.8) 0.50
Prior MI, n (%) 8189 (37.5) 3209 (37.8) 633 (38.9) 0.44 3085 (37.3) 1262 (36.3) 0.32
Prior stroke, n (%) 1684 (7.7) 632 (7.5) 122 (7.5) 0.96 648 (7.8) 282 (8.1) 0.61
Prior PCI, n (%) 1233 (5.6) 433 (5.1) 89 (5.5) 0.55 523 (6.3) 188 (5.4) 0.06
Prior cardiac 
surgery, n (%)

828 (3.8) 322 (3.8) 59 (3.6) 0.73 309 (3.7) 138 (4.0) 0.54

Angina, n (%) 18 491 (84.6) 7032 (82.9) 1352 (83.0) 0.94 7061 (85.3) 3046 (87.6) 0.001
NYHA Ⅲ/Ⅳ, n (%) 6923 (31.7) 2367 (27.9) 502 (30.8) 0.017 2809 (33.9) 1245 (35.8) 0.05
eGFR, median 
(IQR), mL/min/1.73 
m2‡

91.6 (78.1–107.0) 92.0 (78.4–107.5) 91.2 (78.4–106.6) 0.41 91.5 (77.8–106.5) 91.2 (78.4–107.2) 0.40

PAD, n (%) 2790 (12.8) 881 (10.4) 146 (9.0) 0.08 1194 (14.4) 569 (16.4) 0.007
LM disease, n (%) 4145 (19.0) 1580 (18.6) 284 (17.4) 0.25 1633 (19.7) 648 (18.6) 0.17
Three- vessel 
disease, n (%)

13 296 (60.8) 5692 (67.1) 1116 (68.5) 0.27 4507 (54.4) 1981 (57.0) 0.012

Preoperative LVEF, 
mean (SD)

61.1 (7.4) 60.9 (7.6) 60.6 (7.8) 0.16 61.3 (7.2) 61.5 (6.9) 0.17

Aortic calcification, 
n (%)

1774 (8.1) 437 (5.2) 110 (6.8) 0.009 863 (10.4) 364 (10.5) 0.95

EuroSCORE >3, 
n (%)

4990 (22.8) 1727 (20.4) 304 (18.7) 0.33 2075 (25.1) 884 (25.4) 0.69

*The χ2 test is used for categorical variables and the Kruskal- Wallis test is used for continuous variables between first and non- first procedure groups in 
specific CABG cohorts. Those achieving a statistically significant level of 0.05 are in bold.
†BMI=weight (kg)/(height [m])2.
‡eGFR (mL/min/1.73 m2)=186×(serum creatinine level [mg/dL])−1.154×(age [years])−0.203.
BMI, body mass index; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; 
EuroSCORE, European System for Cardiac Operative Risk Evaluation; LM, left main; LVEF, left ventricular ejection fraction; MI, myocardial infarction; 
NYHA, New York Heart Association; PAD, peripheral artery disease; PCI, percutaneous coronary intervention.  on M
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we fitted separate mixed- effects models with a logit 
link function and surgeon- specific random intercepts, 
with ORs estimated. All models were adjusted for 
patient and surgeon- level characteristics listed in the 
online supplemental table 2, also including an interval 
time variable corresponding to the date of surgery 
(2013 (time=0) through 2018 (time=6)) to represent 
annual changes in outcomes.

To test whether prior workload had greater impact 
in clinically high- risk subsets,10 21 we repeated the anal-
ysis for AEC in eight prespecified patient subgroups 
defined by age (<65 or ≥65 years), sex, diabetes, 
eGFR (<60 or ≥60 mL/min/1.73 m2), LVEF (<50% 
or ≥50%), prior MI, three- vessel disease and European 
System for Cardiac Operative Risk Evaluation (≤3 or 
>3). Since surgeons’ skill and experience may over-
whelm the effect of workload, we further repeated the 
analyses in two surgeon subgroups defined by years in 
practice (<20 or ≥20 years), and the CABG volume 
(<700 or ≥700 cases) before the index procedure.

Sensitivity analyses
We performed several sensitivity analyses to test the 
robustness of our findings. First, we aimed to take into 
account possible confounding by indication as some 
high- risk patients may be more likely performed as a 
non- first procedure. We therefore included all patient 
characteristics (online supplemental table 1) in a 
multivariable logistic regression model to estimate the 
propensity for patients to undergo a non- first proce-
dure. The inverse probability of treatment weighting 
(IPTW) was used based on the inverse of the propensity 
score and the mixed- effects model analyses repeated. 
We also performed a 1:1 propensity score matching to 
form matched on- pump and off- pump CABG cohorts 
by matching first and non- first patients treated by the 
same surgeon with similar propensity score using the 
greedy nearest neighbour matching algorithm, with a 
calliper width at 0.01 according to the absolute value of 
the difference between propensity scores. Second, we 
took the surgeon and assistant as pairs and restricted 
the analysis to the pairs who had ever performed both 
first and non- first procedures, with at least five CABG 
cases in total. The pair identifiers were used as the 
random intercepts in mixed- effects models rather than 
the surgeon, thus reducing bias from assistants. Finally, 
we restricted the analysis to the surgeries that started 
after 11:00 in case that circadian variation of patients 
or surgical teams could influence the outcomes.

All statistical tests were two sided, with a significance 
level of 0.05. We conducted all the analyses using SAS 
software V.9.4 (SAS Institute).

RESULTS
Study cohorts
Among 27 266 consecutive patients undergoing CABG 
during the study period, 21 866 were included in the 
final analysis (table 1). The mean age was 61.2 (SD 

8.6) years and 22.8% were female. There were 10 109 
patients in the on- pump cohort and 16.1% underwent 
non- first procedures; 11 757 patients in the off- pump 
cohort and 29.6% underwent non- first procedures.

In the on- pump CABG cohort, patients in the non- 
first procedure group had higher prevalence of NYHA 
Ⅲ/Ⅳ (non- first vs first: 30.8% vs 27.9%) and aortic 
calcification (6.8% vs 5.2%) compared with the first 
procedure group, indicating higher risk of worse 
patient outcomes. In the off- pump CABG cohort, 
patients who underwent non- first procedures were 
younger (61.2 vs 61.7 years), and had higher preva-
lence of angina (87.6% vs 85.3%), peripheral artery 
disease (16.4% vs 14.4%) and three- vessel disease 
(57.0% vs 54.4%) than those who underwent a first 
procedure. Apart from the above, patient characteris-
tics were similar between the first and non- first proce-
dures in the on- pump and off- pump CABG cohorts 
(table 1).

Overall, 47 primary surgeons were included. 
Surgeons in the non- first procedure group had higher 
preindex CABG volume in both on- pump and off- 
pump CABG cohorts, and longer years in practice in 
the off- pump cohort (p<0.001, online supplemental 
table 3).

Primary outcome
In the on- pump CABG cohort, 8480 patients under-
going first procedures had 1173 AEC in total, and 
1629 patients undergoing non- first procedures had 
208 AEC (table 2 and online supplemental figure 1). 
The number of adverse events per 1000 hospitalisa-
tions was 127.7 (non- first) vs 138.3 (first). There was 
no significant difference in AEC between the two 
groups after risk adjustment (adjusted rate ratio (RRadj) 
0.90, 95% CI 0.77 to 1.06, p=0.19; table 2).

In the off- pump CABG cohort, 8279 patients under-
going first procedures had 759 adverse events in total 
(patients with AEC: one event, 658; two events, 44; 
≥three events, 4), and 3478 patients undergoing non- 
first procedures had 390 events (one event, 319; two 
events, 28; three events, 5). The number of adverse 
events per 1000 hospitalisations was 112.1 (non- first) 
vs 91.7 (first). After risk adjustment, undergoing a 
non- first procedure was associated with an increased 
number of AEC (RRadj 1.29, 95% CI 1.13 to 1.47, 
p<0.001; table 2). Further stratifying non- first proce-
dures, it was shown that the third or later procedure 
(accounting for 6.9% of all non- first procedures) was 
associated with a higher rate (RRadj 1.35, 95% CI 0.89 
to 2.04, p=0.16) relative to first procedures than 
second procedures (RRadj 1.28, 95% CI 1.12 to 1.46, 
p<0.001), but did not reach a statistical significance 
(online supplemental figure 2).

Secondary outcomes
In the on- pump CABG cohort, there was no statis-
tically significant difference between the first and 
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non- first procedure groups for any individual 
outcomes (table 2).

In the off- pump CABG cohort, non- first procedure 
group was associated with higher odds of MI (3.3% vs 
2.5%, adjusted OR (ORadj) 1.43, 95% CI 1.13 to 1.81, 
p=0.003) and stroke (1.2% vs 0.7%, ORadj 1.73, 95% 
CI 1.18 to 2.53, p=0.005) than the first procedure 

group, but were similar in both groups for all other 
outcomes (death, AKI and reoperation) (table 2).

Subgroup analyses
The AEC did not differ between first and non- first 
procedures in the on- pump CABG cohort among all 
the patient or surgeon subgroups (figure 2). However, 

Figure 2 Association between procedure order and adverse events composite (AEC) in the patient and surgeon subgroups of the on- pump and off- 
pump CABG cohorts. The forest plots show the subgroup- specific RRs for the AEC in patients of non- first procedure group compared with patients of first 
procedure group, adjusting for the patient and surgeon characteristics. Panels (A) and (B) show the subgroup- specific RRs in the on- pump and off- pump 
CABG cohorts, respectively. A RR of greater than 1 indicates an increased number of adverse events for non- first procedure group in specific subgroups. 
The horizontal lines indicate 95% CIs. CABG, coronary artery bypass grafting; EuroSCORE, European System for Cardiac Operative Risk Evaluation; eGFR, 
estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MI, myocardial infarction; RR, rate ratio.

Table 2 Outcome differences associated with non- first versus first procedure groups in the on- pump and off- pump CABG cohorts

Outcome

On- pump CABG cohort (n=10 109) Off- pump CABG cohort (n=11 757)

First 
procedure 
(n=8480)

Non- first 
procedure 
(n=1629)

RRadj*/ORadj†
(95% CI) P value

First 
procedure 
(n=8279)

Non- first 
procedure 
(n=3478)

RRadj*/ORadj†
(95% CI) P value

AEC, n (%)* 0.90 (0.77 to 1.06) 0.19 1.29 (1.13 to 1.47) <0.001
  One event 984 (11.6) 165 (10.1) 658 (7.9) 319 (9.2)
  Two events 71 (0.8) 17 (1.0) 44 (0.5) 28 (0.8)
  Three events 13 (0.2) 3 (0.2) 3 (0.0) 5 (0.1)
  Four events 2 (0.0) 0 (0.0) 1 (0.0) 0 (0.0)
Death, n (%) 32 (0.4) 10 (0.6) 1.44 (0.79 to 2.62) 0.23 16 (0.2) 12 (0.3) 2.01 (0.94 to 4.27) 0.07
MI, n (%) 379 (4.5) 71 (4.4) 0.84 (0.64 to 1.09) 0.19 204 (2.5) 114 (3.3) 1.43 (1.13 to 1.81) 0.003
Stroke, n (%) 98 (1.2) 11 (0.7) 0.57 (0.31 to 1.06) 0.08 57 (0.7) 40 (1.2) 1.73 (1.18 to 2.53) 0.005
AKI, n (%) 559 (6.6) 98 (6.0) 0.93 (0.72 to 1.21) 0.60 362 (4.4) 178 (5.1) 1.23 (1.00 to 1.51) 0.054
Reoperation, 
n (%)

105 (1.2) 18 (1.1) 0.83 (0.50 to 1.38) 0.48 120 (1.4) 46 (1.3) 0.92 (0.64 to 1.32) 0.65

AEC indicates adverse events composite, which is defined as the number of any adverse events that occurred, including death, myocardial infarction, 
stroke, acute kidney injury or reoperation.
*For the adverse events composite (AEC, count variable), the ‘n (%)’ presents the number of patients with given number of events and the percentage 
of those patients among specific procedure group. A mixed- effects model with a Poisson link function and surgeon- specific random intercepts is fitted, 
adjusting for the patient risk factors and surgeon characteristics mentioned in the Methods section and listed in online supplemental table 2. The 
adjusted rate ratio (non- first vs first) is estimated, and when it achieves a statistically significant level of 0.05, the p value is in bold.
†For every individual event (binary variable; ie, death, MI, stroke, AKI and reoperation), a mixed- effects model with a logit link function and surgeon- 
specific random intercepts is fitted, also adjusting for the patient and surgeon characteristics listed in online supplemental table 2. The adjusted OR (non- 
first vs first) for each outcome is estimated, and when it achieves a statistically significant level of 0.05, the p value is in bold.
AKI, acute kidney injury; CABG, coronary artery bypass grafting; MI, myocardial infarction; ORadj, adjusted OR; RRadj, adjusted rate ratio.
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in the off- pump CABG cohort, the number of AEC 
increased significantly among most patient subgroups, 
except for patients with diabetes, or with eGFR <60 
mL/min/1.73 m2. In surgeon subgroups, a non- first 
procedure was associated with an increased AEC only 
when the procedure was performed by surgeons with 
<20 years in practice (RRadj 1.87, 95% CI 1.24 to 
2.82, p=0.003) or a preindex CABG volume <700 
cases (RRadj 1.35, 95% CI 1.04 to 1.76, p=0.02).

Sensitivity analyses
The results were robust and confirmed the primary 
findings across all sensitivity analyses. In the IPTW- 
weighted cohorts, similar results were obtained on 
an increased AEC (RRadj 1.28, 95% CI 1.14 to 1.45, 
p<0.001) associated with undergoing a non- first 
procedure in the off- pump CABG. Moreover, the odds 
of death and AKI were now significantly increased in 
addition to increased odds on MI and stroke (online 
supplemental table 5). In the 1:1 propensity score- 
matched cohorts (3084 patients in the on- pump 
CABG cohort and 6882 in the off- pump), patient 
characteristics were well balanced between matched 
first and non- first procedure groups (online supple-
mental table 4). Non- first procedures were also asso-
ciated with increased AEC (RRadj 1.32, 95% CI 1.13 
to 1.54, p<0.001), MI and stroke in the off- pump 
cohort (online supplemental table 5). For the analysis 
based on 316 surgeon–assistant pairs, including 8600 
on- pump and 11 185 off- pump CABGs, the non- first 
procedure was associated with increased AEC (RRadj 
1.29, 95% CI 1.14 to 1.47, p<0.001; online supple-
mental table 6), death, MI and stroke in the off- pump 
cohort. Among 4992 patients undergoing off- pump 
CABG after 11:00, the non- first group was also asso-
ciated with increased AEC (RRadj 1.30, 95% CI 1.04 
to 1.64, p=0.02; online supplemental table 7) and 
MI. As for reoperation, no significant association was 
observed in any of the sensitivity analyses. Besides, in 
the on- pump cohort, undergoing a non- first proce-
dure was associated with a significantly lower odds on 
stroke in several analyses (online supplemental tables 
5 and 6).

DISCUSSION
In this retrospective comparative study, procedure 
order of the surgeon in a day did not impact the 
outcomes after on- pump CABG, but patients under-
going a non- first off- pump CABG procedure had 
increased adverse events compared with those under-
going a first procedure. The results for off- pump 
CABG were found across most patient subgroups but 
only for less experienced and lower volume surgeons, 
as well as being robust across multiple sensitivity anal-
yses.

Outcome differences among scheduled surgeries 
during routine work hours should not be neglected, 
especially when increased workload or inappropriate 

arrangement could be possible reasons. Nevertheless, 
evidence is still scarce on surgeons’ prior workload 
impact on subsequent procedures, with inconclusive 
results of existing studies.7 22–24 Lee et al22 found that 
preceding endoscopic procedures impacted polyp 
detection, independent of surgical time, and detection 
rates declined as time passed during an endoscopist’s 
schedule. However, Bagrodia et al7 demonstrated that 
performing several urological procedures consecu-
tively was irrelevant to worse outcomes. Gruskay et 
al23 observed that postoperative infection was associ-
ated with the case order of decompression procedures 
but not for fusion procedures in spine surgery. The 
controversy may partly be attributed to the procedure 
type and selected outcome indicators. Nevertheless, all 
these studies implied the importance of daily schedule 
drafting and rational work arrangement.

Our study took CABG as a specific clinical scenario, 
one of the complicated but protocolised cardiac 
surgeries, to study whether prior procedures could 
impact patient outcomes. The procedure order in a 
day for a surgeon was regarded as a metric to study 
surgeon workload and workflow pattern. Addition-
ally, we tested our hypothesis in the on- pump and 
off- pump CABGs separately, giving full consideration 
to the technical differences. Meaningful results were 
found that for off- pump CABG, surgical performance 
was influenced by preceding procedures performed 
by the surgeon, as it was associated with an increased 
number of adverse events. Moreover, the outcome of 
the third or later procedure may deteriorate further, as 
suggested by the higher point estimate although it did 
not reach statistical significance in the current sample. 
But for on- pump CABG, there was no significant asso-
ciation between the procedure order and outcomes. 
We considered the explanation for the difference 
between procedures may be the high technical demand 
and concentration required for off- pump CABG made 
it more susceptible to be affected by the fatigue status 
of primary surgeons. It is reasonable to assume that 
physical and cognitive fatigue have greater detrimental 
impact on the performance of surgeons who have 
performed more procedures before the index surgery. 
Apart from the primary composite endpoint, non- first 
procedures were also associated with higher odds of 
MI and stroke after off- pump CABG, the most devas-
tating complications and common causes of early and 
late mortality after CABG.25–27 As there is growing 
research investigating the surgery time or operative 
hours on surgical outcomes,28–30 our study adds new 
evidence on evaluating the workload impact during 
regular work hours.

The findings were robust across multiple sensitivity 
analyses. Both the IPTW and the propensity score 
matching method to reduce confounding by indica-
tion resulted in estimates very close to the primary 
analysis. For concerns on the possible bias from the 
assistant, surgeon–assistant pairs were used as random 
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effects instead of primary surgeons alone, and results 
were consistent. As for other surgical team members 
like anaesthesiologists, nurses or perfusionists, they 
were scheduled for the entire day and hardly changed 
during the daytime surgeries. Considering that incon-
clusive discussions remain on the natural circadian 
variability in surgical performance,31–34 the analysis 
on surgeries performed after 11:00 demonstrated the 
procedure order still had a consistent negative impact 
on outcomes after off- pump CABG. Additionally, 
higher odds of death and AKI also reached statistical 
significance in some sensitivity analyses. Larger sample 
size is needed to confirm the findings particularly for 
events that occur infrequently such as death. As for 
reoperation, we hypothesise that the lack of a signif-
icant association among primary and sensitivity anal-
yses was because reoperation- related processes, such 
as sternal closure and haemostasis, were performed by 
assistant rather than primary surgeons. We also found 
that in the on- pump cohort, non- first procedure was 
associated with lower odds of stroke in some sensi-
tivity analyses. This should be interpreted with caution 
since some risk factors for stroke after on- pump CABG 
such as aorta atheroma or carotid artery disease were 
not recorded in our study, and may bias the result.

The subgroup analyses further enriched our findings. 
In most high- risk subsets, the primary findings were 
consistent for both on- pump and off- pump CABGs, 
which ensured that the effect of procedure order 
was not driven by a narrow patient group. The asso-
ciation between procedure order and outcomes after 
off- pump CABG was non- significant in patients with 
diabetes or low eGFR. Since these subgroups indicated 
more severe patients, we hypothesise the outcomes 
were largely and primarily determined by patient 
conditions so that the effect of procedure order was 
relatively small in that context. Interesting findings 
were observed in surgeon- specific subgroup analyses, 
as the association was only found for less experienced 
and lower volume surgeons, which indicates that accu-
mulating surgical experience and skills might outweigh 
the adverse effect of workload.

There are some clinical implications of our study. 
Surgeons performing multiple surgeries in a day is 
common in clinical settings. The number of prior 
procedures can be a new metric of workload, and 
may have similar impact on outcomes among other 
clinical specialisations or surgical procedures. Our 
study suggests that better arrangement on daily sched-
ules can be an actionable and cost- effective approach 
to balance the workload without major changes on 
existing infrastructure, for example, prioritising more 
difficult and complex procedures first, while also 
taking patient characteristics and surgeon experience 
into account.

Our study has several potential limitations. First, as 
an observational study, unmeasured confounders may 
affect the results. However, we have made every effort 

to achieve sufficient adjustment using patient and 
surgeon characteristics, and tried several methods to 
reduce confounding. Though we still lack information 
on receiving teams in the wards and ICUs, the personnel 
distribution among different wards and ICUs is similar 
and they provide equal care to the patients regardless 
of the procedure order. There are no data to distinguish 
between on- pump arrest and on- pump beating CABG, 
but hardly any on- pump CABG was performed with a 
beating heart in our hospital. Second, as a retrospective 
analysis, we cannot estimate surgeons’ extra workload 
other than recorded procedures, such as working on 
medical records, or measure their subjective fatigue by 
standard scales. Moreover, we did not choose the oper-
ative time to represent the workload because primary 
surgeons usually perform key surgical steps only, and 
the operative time does not really capture their exact 
operating time. Third, we chose a composite endpoint 
as our primary outcome that has both advantages and 
disadvantages.35 Though without formal validation, 
the composite is widely used in related fields and we 
carefully interpreted the composite and individual 
endpoints. Last, we took CABG (representing techni-
cally complicated surgeries) and in- hospital outcomes 
as a specific scenario to study this question, and the 
study was limited to a single hospital, which may limit 
the generalisation of study findings. Further research 
in different clinical settings is required to unravel the 
mechanism for the observed findings, and longer term 
effects need to be taken into account.

In conclusion, procedure order of the surgeon in a 
day impacts patient outcomes after off- pump CABG, 
as undergoing a non- first procedure was associated 
with higher rates of in- hospital events, but outcomes 
of on- pump CABG did not appear to be affected by 
procedure order. Further research is needed to unravel 
the underlying mechanism and put forward quality- 
improving measures, such as improvement in the daily 
workflow patterns.

Author affiliations
1National Clinical Research Center of Cardiovascular Diseases, State Key 
Laboratory of Cardiovascular Disease, Fuwai Hospital, National Center for 
Cardiovascular Diseases, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, People’s Republic of China
2Department of Cardiovascular Surgery, Fuwai Hospital, National Center for 
Cardiovascular Diseases, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, People’s Republic of China
3National Health Commission Key Laboratory of Cardiovascular Regenerative 
Medicine, Fuwai Central- China Hospital, Central- China Branch of National 
Center for Cardiovascular Diseases, Zhengzhou, People’s Republic of China

Acknowledgements We appreciate the multiple contributions 
made by the research team at the Fuwai Hospital, National 
Center for Cardiovascular Diseases, particularly in data 
collection and auditing by Ying Zhang and Qiongqiong Yang. 
We appreciate Cheng Sun for sharing his idea, and Jianyu Qu 
for his support in data cleaning.

Collaborators Chinese Cardiac Surgery Registry Collaborative 
Group.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-014244 on 1 June 2022. D

ow
nloaded from

 

http://qualitysafety.bmj.com/


200 Zhang D, et al. BMJ Qual Saf 2023;32:192–201. doi:10.1136/bmjqs-2021-014244

Original research

Contributors Conception and design: ZZ, DZ, DG. 
Acquisition, analysis and interpretation of data: all authors. 
Drafting the manuscript: DZ, DG. Revising the manuscript for 
important intellectual content: all authors. Statistical analysis: 
DZ, SC. Obtained funding: ZZ. Administrative, technical, 
material support: ZZ. Supervision: ZZ. Guarantor: ZZ.

Funding This study was funded by the National Key Research 
and Development Program (grant number: 2016YFC1302000), 
Beijing Municipal Commission of Science and Technology 
Project (grant number: D171100002917001), and the 
Graduate Innovation Fund of Peking Union Medical College 
(grant number: 2019- 1002- 30).

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval The local institutional review board at Fuwai 
Hospital approved the study (approval number: 2017- 880) and 
waived the requirement to obtain informed consent.

Provenance and peer review Not commissioned; externally 
peer reviewed.

Data availability statement No data are available.

Supplemental material This content has been supplied by the 
author(s). It has not been vetted by BMJ Publishing Group 
Limited (BMJ) and may not have been peer- reviewed. Any 
opinions or recommendations discussed are solely those of 
the author(s) and are not endorsed by BMJ. BMJ disclaims 
all liability and responsibility arising from any reliance placed 
on the content. Where the content includes any translated 
material, BMJ does not warrant the accuracy and reliability of 
the translations (including but not limited to local regulations, 
clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising 
from translation and adaptation or otherwise.

ORCID iD
Zhe Zheng http://orcid.org/0000-0002-9162-6492

REFERENCES
 1 Liu JH, Etzioni DA, O'Connell JB, et al. The increasing 

workload of general surgery. Arch Surg 2004;139:423–8.
 2 GBD 2016 Healthcare Access and Quality Collaborators. 

Measuring performance on the healthcare access and 
quality index for 195 countries and territories and selected 
subnational locations: a systematic analysis from the global 
burden of disease study 2016. Lancet 2018;391:2236–71.

 3 Vervoort D, Meuris B, Meyns B, et al. Global cardiac surgery: 
access to cardiac surgical care around the world. J Thorac 
Cardiovasc Surg 2020;159:987–96.

 4 Barger LK, Ayas NT, Cade BE, et al. Impact of extended- 
duration shifts on medical errors, adverse events, and 
attentional failures. PLoS Med 2006;3:e487.

 5 Whelehan DF, Alexander M, Ridgway PF. Would you allow a 
sleepy surgeon operate on you? A narrative review. Sleep Med 
Rev 2020;53:101341.

 6 Elliott DJ, Young RS, Brice J, et al. Effect of hospitalist 
workload on the quality and efficiency of care. JAMA Intern 
Med 2014;174:786–93.

 7 Bagrodia A, Rachakonda V, Delafuente K, et al. Surgeon 
fatigue: impact of case order on perioperative parameters and 
patient outcomes. J Urol 2012;188:1291–6.

 8 Silber JH, Bellini LM, Shea JA, et al. Patient safety outcomes 
under flexible and standard resident duty- hour rules. N Engl J 
Med 2019;380:905–14.

 9 Nuckols TK, Bhattacharya J, Wolman DM, et al. Cost 
implications of reduced work hours and workloads for resident 
physicians. N Engl J Med 2009;360:2202–15.

 10 Alexander JH, Smith PK. Coronary- Artery bypass grafting. N 
Engl J Med 2016;374:1954–64.

 11 Head SJ, Börgermann J, Osnabrugge RLJ, et al. Coronary 
artery bypass grafting: Part 2--optimizing outcomes and future 
prospects. Eur Heart J 2013;34:2873–86.

 12 Blackstone EH, Sabik JF. Changing the discussion about on- 
pump versus off- pump CABG. N Engl J Med 2017;377:692–3.

 13 Lazar HL. Should off- pump coronary artery bypass grafting be 
abandoned? Circulation 2013;128:406–13.

 14 Alexander JH. Clinical- outcome trials in cardiac surgery--have 
we primed the pump? N Engl J Med 2013;368:1247–8.

 15 Gu D, Zhang X, Diao X, et al. Surgeon- Specific quality 
monitoring system for coronary artery bypass grafting. Ann 
Thorac Surg 2019;107:705–10.

 16 Rao C, Zhang H, Gao H, et al. The Chinese cardiac 
surgery registry: design and data audit. Ann Thorac Surg 
2016;101:1514–20.

 17 Hu S, Zheng Z, Yuan X, et al. Coronary artery bypass graft: 
contemporary heart surgery center performance in China. Circ 
Cardiovasc Qual Outcomes 2012;5:214–21.

 18 Yuan X, Zhang H, Zheng Z, et al. Trends in mortality and 
major complications for patients undergoing coronary 
artery bypass grafting among urban teaching hospitals in 
China: 2004 to 2013. Eur Heart J Qual Care Clin Outcomes 
2017;3:312–8.

 19 Hicks KA, Tcheng JE, Bozkurt B, et al. 2014 ACC/AHA key 
data elements and definitions for cardiovascular endpoint 
events in clinical trials: a report of the American College of 
Cardiology/American heart association Task force on clinical 
data standards (writing Committee to develop cardiovascular 
endpoints data standards). Circulation 2015;132:302–61.

 20 Wang Y, Eldridge N, Metersky ML, et al. National trends in 
patient safety for four common conditions, 2005- 2011. N Engl 
J Med 2014;370:341–51.

 21 Hu Z, Chen S, Du J, et al. An in- hospital mortality risk model 
for patients undergoing coronary artery bypass grafting in 
China. Ann Thorac Surg 2020;109:1234–42.

 22 Lee A, Iskander JM, Gupta N, et al. Queue position in the 
endoscopic schedule impacts effectiveness of colonoscopy. Am 
J Gastroenterol 2011;106:1457–65.

 23 Gruskay J, Kepler C, Smith J, et al. Is surgical case order 
associated with increased infection rate after spine surgery? 
Spine 2012;37:1170–4.

 24 Li X, Zhang Q, Dong J, et al. Impact of surgical case order on 
peri- operative outcomes for total joint arthroplasty. Int Orthop 
2018;42:2289–94.

 25 Steuer J, Hörte L- G, Lindahl B, et al. Impact of perioperative 
myocardial injury on early and long- term outcome after 
coronary artery bypass grafting. Eur Heart J 2002;23:1219–27.

 26 Domanski MJ, Mahaffey K, Hasselblad V, et al. 
Association of myocardial enzyme elevation and survival 
following coronary artery bypass graft surgery. JAMA 
2011;305:585–91.

 27 Gaudino M, Angiolillo DJ, Di Franco A, et al. Stroke after 
coronary artery bypass grafting and percutaneous coronary 
intervention: incidence, pathogenesis, and outcomes. J Am 
Heart Assoc 2019;8:e013032.

 28 Govindarajan A, Urbach DR, Kumar M, et al. Outcomes of 
daytime procedures performed by attending surgeons after 
night work. N Engl J Med 2015;373:845–53.

 29 Rothschild JM, Keohane CA, Rogers S, et al. Risks of 
complications by attending physicians after performing 
nighttime procedures. JAMA 2009;302:1565–72.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-014244 on 1 June 2022. D

ow
nloaded from

 

http://orcid.org/0000-0002-9162-6492
http://dx.doi.org/10.1001/archsurg.139.4.423
http://dx.doi.org/10.1016/S0140-6736(18)30994-2
http://dx.doi.org/10.1016/j.jtcvs.2019.04.039
http://dx.doi.org/10.1016/j.jtcvs.2019.04.039
http://dx.doi.org/10.1371/journal.pmed.0030487
http://dx.doi.org/10.1016/j.smrv.2020.101341
http://dx.doi.org/10.1016/j.smrv.2020.101341
http://dx.doi.org/10.1001/jamainternmed.2014.300
http://dx.doi.org/10.1001/jamainternmed.2014.300
http://dx.doi.org/10.1016/j.juro.2012.06.021
http://dx.doi.org/10.1056/NEJMoa1810642
http://dx.doi.org/10.1056/NEJMoa1810642
http://dx.doi.org/10.1056/NEJMsa0810251
http://dx.doi.org/10.1056/NEJMra1406944
http://dx.doi.org/10.1056/NEJMra1406944
http://dx.doi.org/10.1093/eurheartj/eht284
http://dx.doi.org/10.1056/NEJMe1706220
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.003388
http://dx.doi.org/10.1056/NEJMe1302717
http://dx.doi.org/10.1016/j.athoracsur.2018.09.053
http://dx.doi.org/10.1016/j.athoracsur.2018.09.053
http://dx.doi.org/10.1016/j.athoracsur.2015.09.038
http://dx.doi.org/10.1161/CIRCOUTCOMES.111.962365
http://dx.doi.org/10.1161/CIRCOUTCOMES.111.962365
http://dx.doi.org/10.1093/ehjqcco/qcx021
http://dx.doi.org/10.1161/CIR.0000000000000156
http://dx.doi.org/10.1056/NEJMsa1300991
http://dx.doi.org/10.1056/NEJMsa1300991
http://dx.doi.org/10.1016/j.athoracsur.2019.08.020
http://dx.doi.org/10.1038/ajg.2011.87
http://dx.doi.org/10.1038/ajg.2011.87
http://dx.doi.org/10.1097/BRS.0b013e3182407859
http://dx.doi.org/10.1007/s00264-018-3835-9
http://dx.doi.org/10.1053/euhj.2002.3171
http://dx.doi.org/10.1001/jama.2011.99
http://dx.doi.org/10.1161/JAHA.119.013032
http://dx.doi.org/10.1161/JAHA.119.013032
http://dx.doi.org/10.1056/NEJMsa1415994
http://dx.doi.org/10.1001/jama.2009.1423
http://qualitysafety.bmj.com/


201Zhang D, et al. BMJ Qual Saf 2023;32:192–201. doi:10.1136/bmjqs-2021-014244

Original research

 30 Althoff FC, Wachtendorf LJ, Rostin P, et al. Effects of 
night surgery on postoperative mortality and morbidity: a 
multicentre cohort study. BMJ Qual Saf 2021;30:678–88.

 31 Kork F, Spies C, Conrad T, et al. Associations of postoperative 
mortality with the time of day, week and year. Anaesthesia 
2018;73:711–8.

 32 Nemeth S, Schnell S, Argenziano M, et al. Daytime variation 
does not impact outcome of cardiac surgery: results from a 
diverse, multi- institutional cardiac surgery network. J Thorac 
Cardiovasc Surg 2021;162:56–67.

 33 Sessler DI, Kurz A, Saager L, et al. Operation timing and 
30- day mortality after elective general surgery. Anesth Analg 
2011;113:1423–8.

 34 Ronaldson A, Kidd T, Poole L, et al. Diurnal cortisol rhythm 
is associated with adverse cardiac events and mortality in 
coronary artery bypass patients. J Clin Endocrinol Metab 
2015;100:3676–82.

 35 Montori VM, Permanyer- Miralda G, Ferreira- González I, 
et al. Validity of composite end points in clinical trials. BMJ 
2005;330:594–6.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://qualitysafety.bm

j.com
/

B
M

J Q
ual S

af: first published as 10.1136/bm
jqs-2021-014244 on 1 June 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1136/bmjqs-2020-011684
http://dx.doi.org/10.1111/anae.14228
http://dx.doi.org/10.1016/j.jtcvs.2019.11.131
http://dx.doi.org/10.1016/j.jtcvs.2019.11.131
http://dx.doi.org/10.1213/ANE.0b013e3182315a6d
http://dx.doi.org/10.1210/jc.2015-2617
http://dx.doi.org/10.1136/bmj.330.7491.594
http://qualitysafety.bmj.com/

	Outcome differences between surgeons performing first and subsequent coronary artery bypass grafting procedures in a day: a retrospective comparative cohort study
	Abstract
	Introduction
	Methods
	Study design
	Study population
	Procedure order and study group
	Outcome measures
	Patient and surgeon characteristics
	Statistical analyses
	Sensitivity analyses

	Results
	Study cohorts
	Primary outcome
	Secondary outcomes
	Subgroup analyses
	Sensitivity analyses

	Discussion
	References


