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ABSTRACT
Background: Recent work suggests that having aortic valve surgery in the 
morning increases risk for cardiac-related complications. This study therefore 
explored whether mortality and cardiac complications, specifically low cardiac 
output syndrome, differ for morning and afternoon cardiac surgeries.

Methods: The study included adults who had aortic and/or mitral valve 
repair/replacement and/or coronary artery bypass grafting from 2011 to 
2018. The components of the in-hospital composite outcome were in-hospital 
mortality and low cardiac output syndrome, defined by requirement for at least 
two inotropic agents at 24 to 48 h postoperatively or need for mechanical 
circulatory support. Patients who had aortic cross-clamping between 8 and 
11 am (morning surgery) versus between 2 and 5 pm (afternoon surgery) were 
compared on the incidence of the composite outcome.

Results: Among 9,734 qualifying operations, 0.4% (29 of 6,859) died after 
morning, and 0.7% (20 of 2,875) died after afternoon surgery. The composite 
of in-hospital mortality and low cardiac output syndrome occurred in 2.8% 
(195 of 6,859) of morning patients and 3.4% (97 of 2,875) of afternoon 
patients: morning versus afternoon confounder-adjusted odds ratio, 0.96 
(95% CI, 0.75 to 1.24; P = 0.770). There was no evidence of interaction 
between morning versus afternoon and surgery type (P = 0.965), and opera-
tion time was statistically nonsignificant for surgery subgroups.

Conclusions: Patients having aortic valve surgery, mitral valve surgery, 
and/or coronary artery bypass grafting with aortic cross-clamping in the 
morning and afternoon did not have significantly different outcomes. No evi-
dence was found to suggest that morning or afternoon surgical timing alters 
postoperative risk.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic

•	 Whether complications differ with morning and afternoon cardiac 
surgery remains unclear

What This Article Tells Us That Is New

•	 A retrospective cohort study evaluated 9,734 patients who had aor-
tic valve, mitral valve, and/or coronary artery bypass graft surgery 
over 7 yr at a single center

•	 The confounder-adjusted incidence of the composite outcome of 
in-hospital low cardiac output syndrome or mortality was similar for 
morning and afternoon surgery

•	 The results do not support selective morning or afternoon schedul-
ing for cardiac surgery

There is conflicting evidence as to whether late-in-the-
day scheduling of cardiac surgery alters postoperative 

complications. Worse outcomes may be related to reduced 
availability of personnel and hospital resources or pro-
vider fatigue,1 whereas other possible explanations include 
nonrandom timing for severe illness and emergent cases.2 

In contrast, others found no difference in morbidity and 
mortality when cardiac procedures were performed in the 
morning versus afternoon3–5 or overnight.6–8 Higher mor-
tality and morbidity after noncardiac surgery have also 
been reported when they occur late in the day,9–13 although 
some report no difference.14–16 None of these investigations 
reported higher risk with morning surgery.

In contrast, a recent retrospective investigation (N = 596)  
by Montaigne et al.17 demonstrated higher myocardial 
infarction, heart failure, and cardiovascular death when aor-
tic valve replacement surgery occurred in the morning, with 
worse outcomes attributed to reduced myocardial ischemic 
tolerance. The same investigators randomized 88 patients to 
morning versus afternoon aortic valve replacement surgery 
and reported that postoperative troponin concentrations 
were 20% greater after morning surgery.
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Various factors, such as fewer available providers and 
provider fatigue, may contribute to worse outcomes in the 
afternoon. In contrast, many biologic processes, including 
tolerance to myocardial ischemia, may be governed by cir-
cadian rhythms and vary by time of day with worse out-
comes in the morning. In nonsurgical patients, for example, 
myocardial infarctions are more severe in the morning. 
Patients who experience myocardial ischemia from mid-
night to 6 am develop larger myocardial infarcts, more heart 
failure, and worse left ventricular dysfunction than those 
with ischemia in the afternoon.18–20 The large prospec-
tive First Acute Myocardial Infarction study reported that 
ST-segment elevation myocardial infarctions are more likely 
between 6 am and noon.21 Whether cardiac-related compli-
cations are increased after aortic valve surgery with respect 
to morning risk remains unclear. Given previous conflicting 
studies, we tested the hypothesis that the incidence of a 
composite of mortality and low cardiac output syndrome is 
higher for morning than afternoon surgery when adjusted 
for previously identified risk factors.

Materials and Methods
This retrospective, observational, single-center cohort 
study was approved by the Cleveland Clinic Institutional 
Review Board with waived informed consent. We obtained 
data from the Cleveland Clinic Perioperative Health 
Documentation System, the Automated Record Keeper 
System (electronic intraoperative anesthesia record), and our 
institutional Society of Thoracic Surgeons database. Patient 
data were linked across databases through medical record 
numbers and dates of surgery. Variable definitions and data 
sources are reported in Supplemental Digital Content, table 
1 (http://links.lww.com/ALN/C559). This report follows 
the Reporting of studies Conducted using Observational 
Routinely collected health Data (RECORD) and 
STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) guidelines.

Patient Population

We initially limited our investigation to patients having aor-
tic valve replacement; however, postoperative mortality and 
complications after aortic valve surgery are rare at our institu-
tion. We therefore broadened our inclusion criteria and con-
sidered all adults who had elective aortic valve replacement/
repair, mitral valve replacement/repair, and/or coronary 
artery bypass grafting with cardiopulmonary bypass between 
2010 and 2018 at the Cleveland Clinic main campus with 
aortic cross-clamp start times between 8 am and 5 pm.

We excluded patients who had end-stage renal disease 
requiring renal replacement therapy, elevated baseline tro-
ponin T, myocardial infarction within 7 days preoperatively, 
aortic cross-clamp start time before 8 am or after 5 pm, 
emergent surgery, heart transplantation, lung transplan-
tation, preoperative cardiogenic shock, and patients who 

were scheduled for insertion of right or left ventricular 
assist device.

Post hoc, we realized that surgical approach was not 
recorded for patients who had surgery in 2010 and was 
only sometimes recorded for patients who had surgery from 
January to June 2011, most likely because of a change in 
data collection protocol. Because surgical approach was an 
important confounder, associated with both exposure and 
outcome, we restricted our analysis to patients who had sur-
gery from January 1, 2011, to December 31, 2018. Patients 
who were missing surgical approach from the first half of 
year 2011 were excluded under a complete case analysis, 
assuming missing at random for all missing variables.

Exposure Variable: Morning versus Afternoon Case

Patients were divided into morning and afternoon groups 
based on their aortic cross-clamp start times. Patients with 
aortic cross-clamp start times between 8 and 11 am were 
defined as having morning surgery, and those with aortic 
cross-clamp start times between 2 and 5 pm were defined as 
having afternoon surgery. Patients with aortic cross-clamp 
application between 11 am and 2 pm were not included in 
the primary analysis to provide clear separation between the 
groups. All patients were followed until hospital discharge.

Clinical Processes of Care

Standard American Society of Anesthesiologists 
(Schaumburg, Illinois) monitors, brachial arterial catheters, 
central venous or pulmonary artery catheters, and trans-
esophageal echocardiography were used for all patients. 
Anesthesia was induced and maintained with midazolam, 
fentanyl, propofol, etomidate, ketamine, methadone, depo-
larizing and/or nondepolarizing muscle relaxants, and vola-
tile anesthetics. Standard procedures were used for initiation 
and separation from cardiopulmonary bypass. Intermittent 
retrograde and antegrade Buckberg or del Nido cardioplegia 
were given for cardioplegic arrest. Low cardiac index during 
separation from cardiopulmonary bypass was treated with 
epinephrine, milrinone, dobutamine, or dopamine infusion 
to achieve a cardiac index of more than 2.0 l ⋅ min−1 ⋅ m−2. 
The indications for use of two or more inotropic agents 
include continued hemodynamic instability caused by myo-
cardial failure/insufficiency assessed by pulmonary artery 
catheters with a cardiac index of less than 2.0 l ⋅ min−1 ⋅ m−2  
or left and/or right ventricular dysfunction assessed by 
echocardiography after optimizing preload and afterload 
and correction of all electrolyte and blood gas abnormalities. 
Hypotension with adequate intravascular volume status was 
treated with norepinephrine or vasopressin infusion for a 
target mean arterial pressure of more than 70 mmHg.

Study Endpoints

The primary endpoint was a composite outcome of in-hos-
pital mortality and/or low cardiac output syndrome. Low 
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cardiac output syndrome was defined as one or both of the 
following criteria:

(1)	 The need for two or more inotropic agents (epineph-
rine, milrinone, dobutamine, or high-dose dopamine 
[more than 5 μg · kg−1 · min−1]) at 24 to 48 h postoper-
atively with one or more of the following: (i) a docu-
mented low cardiac output (less than 2.0 l · min−1 · m−2)  
postcardiopulmonary bypass and/or immediately after 
surgery in the intensive care unit; (ii) left and/or right 
ventricular dysfunction on intraoperative postcardio-
pulmonary bypass transesophageal echocardiography; 
and (iii) chart documentation of postoperative cardiac 
insufficiency/cardiogenic shock. The need for vaso-
pressor support (norepinephrine, vasopressin, phen-
ylephrine) without the use of two or more inotropic 
agents (epinephrine, milrinone, dobutamine, or high-
dose dopamine [more than 5 μg · kg−1 · min−1]) does 
not fulfill the criteria for low cardiac output syndrome.

(2)	 Use of mechanical circulatory support with extracor-
poreal membrane oxygenation, left ventricular assist 
device, or intraaortic balloon pump within the first five 
postoperative days to treat patients with refractory car-
diac failure despite the use of multiple inotropic support. 
Patients who required extracorporeal membrane oxy-
genation for pulmonary insufficiency were excluded.

This clinically relevant outcome of low cardiac output syn-
drome was selected because it was associated with a 12-fold 
increase in risk for postoperative mortality after cardiac 
surgery in a large cross-sectional observational analysis that 
included more than 59,000 patients.22 Importantly, those 
with low cardiac output syndrome comprised greater than 
60% of postoperative deaths.

Statistical Analysis

The Institutional Review Board–approved protocol 
included a detailed statistical analysis plan describing all 
variables required for the analysis, including the primary 
and secondary outcomes, exposure variables, and con-
founder variables, which were defined a priori before acces-
sion of the data. We initially planned to limit our analysis to 
patients having aortic valve replacement surgery, as in a pre-
vious analysis that demonstrated worse myocardial ischemic 
tolerance with morning surgery.18 However, the event rate 
is low in our aortic valve replacement surgery population, 
with an overall mortality of only ≈0.24% and low cardiac 
output syndrome of ≈1.2%. We therefore modified our sta-
tistical plan (before the data were accessed) by including 
more complex and combination procedures to increase the 
power and generalizability of our analysis.

Our a priori developed statistical plan included a primary 
composite outcome of mortality and/or low cardiac out-
put syndrome and a secondary outcome of postoperative 
troponin concentrations. Patients with low cardiac output 
syndrome were identified by the need for postoperative 

hemodynamic support with two or more inotropic agents 
and/or need for mechanical circulatory support. Database 
and/or chart review were performed to confirm that 
patients who required two or more inotropic agents also 
received two or more inotropic agents at the end of surgery 
(to confirm that myocardial insufficiency began intraoper-
atively rather than following a postoperative complication) 
and also exhibited one or more characteristics consistent 
with low cardiac output syndrome, including a documented 
low cardiac index, left and/or right ventricular dysfunction, 
and/or postoperative cardiac insufficiency/cardiogenic 
shock as described above.

For troponin T concentrations, blood for troponin assess-
ment in our institution is routinely sampled just once at 
approximately 2 am of the first postoperative morning. Post 
hoc, we realized that there were thus substantial systematic 
differences in the time elapsed between surgery and the tro-
ponin assay in the morning and afternoon groups, making 
the results uninterpretable. We therefore modified our a pri-
ori developed statistical plan and did not compare the pre-
specified secondary outcome of troponin concentrations.

Potential confounding factors including demographic 
characteristics, baseline comorbidities, preoperative medi-
cations, and surgery type were adjusted with stabilized pro-
pensity score weighting, in which the propensity score was 
calculated as the probability of cross-clamp occurring in 
the morning. The weight was then calculated for morning 
patients as the proportion of morning patients divided by 
the propensity score and for afternoon patients as the pro-
portion of afternoon patients divided by (1 – propensity 
score). Balance in confounding factors between morning 
and afternoon was assessed through absolute standardized 
difference, and any confounding factors with an absolute 
standardized difference of more than 0.10 were treated as 
imbalanced and adjusted for in the main analysis model.

The association between aortic cross-clamp start time 
(morning vs. afternoon) and the incidence of the collapsed 
outcome were assessed through a logistic regression model. 
The interaction between aortic cross-clamp start time and 
surgery type was assessed at significance level of 0.15, and 
subgroup analyses were performed for each type of surgery 
whether or not interactions were significant. All tests were 
performed two-sided.

In an a priori planned sensitivity analysis, we treated aortic 
cross-clamp start time as a continuous exposure including 
data from all patients who had application of aortic cross-
clamp between 8 am and 5 pm and assessed the association 
between cross-clamp start time and the incidence of the 
composite outcome through a logistic regression model, 
with confounding factors adjusted for directly in the model. 
Linearity of the association was visually checked by incor-
porating a restricted cubic spline term with smoothing 
parameter of 0.10 into the model. Upon finding a nonlin-
ear association, we instead estimated the difference between 
each hour.
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Post Hoc Sensitivity Analyses in Response to Reviewer 
Feedback

After the statistically nonsignificant association between 
cross-clamp hour and the outcome, we further assessed the 
association between surgery start hour and the composite 
outcome. Logistic regression with direct adjustment for 
confounding variables was used to assess the association, 
with surgery start hour analyzed as a categorical variable.

To adjust for a potential unmeasured surgical factor, 
we performed an analysis that included a variable for the 
attending surgeon in the propensity score. The surgeon was 
excluded if she/he usually operated at a specific time of day 
and performed either four or fewer surgeries in the morn-
ing, or four or fewer surgeries in the afternoon during the 
entire study time frame.

We also assessed the difference between morning versus 
afternoon patients on other major postoperative complica-
tions as defined by the Society of Thoracic Surgeons (Chicago, 
Illinois) including stroke, renal failure, prolonged ventilation, 
deep sternal wound infections, and cardiac reoperation.23 All 
the outcomes were assessed through logistic regression, with 
confounders adjusted through stabilized inverse probability 
of treatment weighting, as described above. Because the anal-
ysis was exploratory, Bonferroni correction was not applied.

Only our statistical team had access to raw data. SAS 9.4 
statistical software (USA) and R statistical software version 
3.5.1 for 64-bit Windows operating system (R Foundation 
for Statistical Computing, Austria) were used for all data 
processing and analyses.

Sample Size Considerations

A low incidence of mortality (0.24%) and low cardiac out-
put syndrome (1.18%) after aortic valve replacement at our 
center would require a sample size of 386,000 patients for 
90% power to detect a difference in our composite out-
come, which was not feasible. When mitral valve and coro-
nary artery bypass grafting procedures were included, 9,734 
patients and an incidence of 3% in the composite outcome 
provided 90% power to detect an odds ratio of 1.50 or 
higher comparing morning patients to afternoon patients.

Results
We identified 15,349 cardiac surgeries from 15,224 patients 
that met inclusion and exclusion criteria from January 1, 
2011, through December 31, 2018. The last index cardiac 
surgery for each patient was considered in the analysis. For 
this cohort, we assessed the missing pattern for the baseline 
variables, including surgical approach, and proceeded with 
a complete case analysis involving 13,344 patients (fig. 1).

Primary Analysis

For the main analysis, we included 9,734 patients who had 
aortic cross-clamping started between 8 and 11 am or 2 

and 5 pm. In 6,859 (70.5%) patients, aortic cross-clamping 
occurred in the morning (8 to 11 am), and 2,875 (29.5%) 
had aortic cross-clamping in the afternoon (2 to 5 pm). 
Morning patients had less severe left ventricular dysfunc-
tion, fewer previous myocardial infarctions, and less preop-
erative aspirin use. The two groups were also imbalanced in 
year of surgery, surgical approach, and surgical procedure. 
All baseline confounding variables were balanced after pro-
pensity score weighting (table 1).

The raw incidence of mortality was 0.5% (49 of 
9,734) overall, 0.4% (29 of 6,859) for morning surgery, 
and 0.7% (20 of 2,875) for afternoon surgery (morning 
vs. afternoon unadjusted odds ratio, 0.61; 95% CI, 0.34 to 
1.07; P = 0.086) The raw incidence of low cardiac out-
put syndrome was 2.7% (263 of 9,734) overall, 2.6% (175 
of 6,859) for morning surgery, and 3.1% (88 of 2,875) 
for afternoon surgery (morning vs. afternoon unadjusted 
odds ratio, 0.83; 95% CI, 0.64 to 1.08; P = 0.158). The 
perioperative profiles of patients with low cardiac output 
are summarized in Supplemental Digital Content, table 
2 (http://links.lww.com/ALN/C559). The incidence of 
the collapsed composite outcome of in-hospital mortality 
and/or low cardiac output syndrome was 3.0% (292 of 
9,734) overall, 2.8% (195 of 6,859) for morning surgery, 
and 3.4% (97 of 2,875) for afternoon surgery (morning 
vs. afternoon unadjusted odds ratio, 0.84; 95% CI, 0.65 to 
1.07; P = 0.162). The incidence of mortality and low car-
diac output syndrome by surgery type is listed in table 2. 
The median (quartile 1, quartile 3) length of hospital stay 
was 7 (6, 10) days for morning patients and 8 (6, 10) days 
for afternoon patients.

Intraoperative use of inotropic and vasopressor med-
ications, including epinephrine, norepinephrine, milri-
none, dopamine, dobutamine, and vasopressin, was similar 
between groups. Intraoperative medications, blood prod-
uct transfusion, and other descriptive variables are summa-
rized in table 3. 

The incidence of the composite outcome did not differ 
significantly when comparing morning and afternoon sur-
gery, with an adjusted odds ratio estimated at 0.96 (95% CI, 
0.75 to 1.24; P = 0.770). The interaction between morning 
versus afternoon and surgery type was also statistically non-
significant (P = 0.965), and the time effect was nonsignifi-
cant in all of the surgery type subgroups (table 2).

Post Hoc Sensitivity Analyses

We included 13,344 patients whose surgeries had aortic 
cross-clamp started between 8 am and 5 pm. The incidence 
of the composite outcome was similar across aortic cross-
clamp start hours (overall P = 0.989; fig.  2), suggesting 
no significant variation by time. We also assessed the inci-
dence of the composite outcome against surgery start hour. 
Because our usual surgery start time is 7 am on weekdays, a 
large number of surgery start times were clustered between 
6:45 and 7:15. We thus partitioned the surgery start time at 
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the half hour after every full hour (e.g., 7:30 am, 8:30 am, 
etc.). Overall, there was not a significant association (overall 
P = 0.291; Supplemental Digital Content, table 3, http://
links.lww.com/ALN/C559).

We included and balanced for individual surgeons after 
propensity score matching. Consistent with the primary 
results, no difference between morning and afternoon 
surgeries was found, with estimated odds ratio of 1.00 
(95% CI, 0.78 to 1.29; P = 0.987) comparing morning to 
afternoon.

We also compared the two groups on major postop-
erative morbidity as defined by the Society of Thoracic 
Surgeons. Afternoon patients had more prolonged venti-
lation (P = 0.036), but no difference was found for other 
postoperative complications, including stroke, renal failure, 
deep sternal wound infection, and cardiac reoperation. 
These results are summarized in Supplemental Digital 
Content, table 4 (http://links.lww.com/ALN/C559).

Discussion

The composite outcome of mortality and low cardiac out-
put syndrome did not differ in patients who had morning 
versus afternoon aortic valve, mitral valve, and/or coronary 
artery bypass grafting surgery. The results were consistent 
regardless of procedural type. The results were also consis-
tent regardless of whether surgical timing was considered 
dichotomously or as a continuous variable. Comparing sur-
gery start time rather than aortic cross-clamp start time also 
provided consistent results.

The absence of time-of-day variation in postoperative 
cardiac complications in our patients contrasts with the 
results of Montaigne et al.,17 who reported more major 
adverse cardiac events and higher postoperative troponin T 
concentrations in patients having aortic valve replacement 
(with or without coronary artery bypass grafting) in the 
morning. Although we evaluated various types of cardiac 

19,625 had essen�al surgery 
informa�on available

15,224 surgeries from 15,224 pa�ents 
considered in the analysis

13,344 used in the analysis

3,787 surgeries could not
be mapped across 

databases or did not have 
cross-clamp �me

3,902 had unspecified or 
unwanted surgery types; 

374 had cross-clamp 
outside 8am – 5pm

125 surgeries excluded 
from 124 pa�ents with 

mul�ple eligible surgeries

427 excluded for missing 
surgical approach;

1,453 excluded for missing 
other baseline variables

23,412 Cardiac Surgeries iden�fied 
between 2011 and 2018

15,349 surgeries met the 
inclusion/exclusion criteria

3,610 had aor�c cross-
clamping started between 

11 am – 1 pm.9,734 used in the main analysis

Fig. 1.  Consolidated Standards of Reporting Trials (CONSORT) patient flow chart.
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Table 1.  Baseline Variables before and after Stabilized Inverse Probability of Treatment Weighting (N = 9,734)

Variable

Before Weighting After Weighting

Morning Afternoon Absolute  
Standardized  

Difference Morning Afternoon

Absolute  
Standardized  

Difference(N = 6,859) (N = 2,875)

Demographics
  Age, yr 64 ± 13 65 ± 12 0.058 64 ± 13 64 ± 13 0.004
  Female 2,371 (35) 1,005 (35) 0.008 2,381 (35) 1,005 (35) 0.006
  Body mass index, kg/m2 28 ± 6 29 ± 6 0.043 28 ± 6 28 ± 6 0.005
Medical history
  Hypertension 5,158 (75) 2,239 (78) 0.063 5,216 (76) 2,189 (76) 0.004
  Atrial fibrillation or flutter 998 (15) 503 (17) 0.080 1,060 (15) 446 (16) 0.002
  Heart failure 859 (13) 421 (15) 0.062 906 (13) 385 (13) 0.005
  Coronary artery disease 2,515 (37) 1,101 (38) 0.034 2,552 (37) 1,077 (37) 0.006
 L eft ventricular dysfunction   0.118   0.004
    Normal 2,747 (40) 1,295 (45)  2,779 (40) 1,163 (40)  
    Mild 421 (6) 1,196 (42)  447 (7) 186 (6)  
    Moderate 67 (1) 216 (8)  80 (1) 33 (1)  
    Moderate–severe 3,404 (50) 48 (2)  3,315 (48) 1,388 (48)  
    Severe 220 (3) 120 (4)  242 (4) 103 (4)  
  Myocardial infarction 657 (10) 389 (14) 0.124 737 (11) 308 (11) 0.001
 P ulmonary hypertension 9 (0) 6 (0.2) 0.019 11 (0.1) 5 (0.2) 0.002
  Chronic obstructive pulmonary disease 224 (3) 111 (4) 0.032 237 (3) 102 (4) 0.005
  Moderate or severe mitral insufficiency 3,032 (44) 1,353 (47) 0.057 3,092 (45) 1,288 (45) 0.005
  Carotid artery stenosis 878 (13) 384 (13) 0.016 890 (13) 380 (13) 0.007
 P eripheral vascular disease 504 (7) 259 (9) 0.061 541 (8) 230 (8) 0.005
  Diabetes mellitus 1,398 (20) 624 (22) 0.032 1,427 (21) 606 (21) 0.007
  Cerebral vascular accident 440 (6) 193 (7) 0.012 447 (7) 191 (7) 0.006
Preoperative medication
  Aspirin 1,464 (21) 739 (26) 0.103 1,554 (23) 656 (23) 0.004
  β-Adrenergic blocking agents 2,372 (35) 1,052 (37) 0.042 2,418 (35) 1,020 (35) 0.005
  Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker 1,789 (26) 832 (29) 0.064 1,848 (27) 773 (27) 0.001
  Statins 1,667 (24) 781 (27) 0.065 1,729 (25) 730 (25) 0.005
  Diuretics 1,597 (23) 701 (24) 0.026 1,626 (24) 694 (24) 0.010
Preoperative laboratory values
  Hematocrit, % 41 ± 4 41 ± 4 0.059 41 ± 4 41 ± 4 0.006
  Creatinine, mg/dl 1.0 ± 0.3 1.0 ± 0.3 0.006 1.0 ± 0.3 1.0 ± 0.3 0.003
  Glucose, mg/dl 105 ± 33 106 ± 36 0.036 106 ± 33 106 ± 35 0.002
Surgical characteristics
  Duration of surgery, min 364 ± 95 371 ± 110 0.069 366 ± 92 367 ± 110 0.010
  Cardiopulmonary bypass time, min 96 ± 42 99 ± 41 0.069 97 ± 42 98 ± 41 0.015
  Aortic cross-clamp time, min 74 ± 33 76 ± 33 0.069 75 ± 34 75 ± 34 0.018
  Surgical approach   0.186   0.010
    Median sternotomy 4,762 (69) 2,211 (77)  4,918 (72) 2,066 (72)  
    Mini sternotomy 1,191 (17) 424 (15)  1,136 (17) 466 (16)  
  R  obot-assisted thoracoscopy 68 (1) 22 (1)  63 (1) 26 (1)  
    Thoracotomy 838 (12) 218 (8)  745 (11) 315 (11)  
 R eoperative surgery 1,017 (15) 414 (14) 0.012 1,013 (15) 433 (15) 0.009
  Surgical procedure   0.259   0.013
    Aortic valve replacement 1,994 (29) 663 (23)  1,876 (27) 796 (28)  
    Aortic valve replacement + ascending aorta replacement 145 (2) 51 (2)  138 (2) 57 (2)  
    Aortic valve replacement + coronary artery bypass grafting 581 (8) 273 (9)  604 (9) 255 (9)  
    Aortic valve replacement + coronary artery bypass grafting + other 125 (2) 56 (2)  127 (2) 54 (2)  
    Aortic valve replacement + mitral valve surgery 424 (6) 165 (6)  416 (6) 177 (6)  
    Coronary artery bypass grafting 665 (10) 456 (16)  791 (12) 331 (12)  
    Coronary artery bypass grafting + mitral valve repair 199 (3) 151 (5)  246 (4) 103 (4)  
    Coronary artery bypass grafting + mitral valve replacement 78 (1) 52 (2)  89 (1) 36 (1)  
    Mitral valve repair 2136 (31) 820 (29)  2081 (30) 859 (30)  
    Mitral valve replacement 512 (7) 188 (7)  493 (7) 205 (7)  
  Year of surgery   0.142   0.009
    2011 533 (8) 243 (8)  546 (8) 230 (8)  
    2012 877 (13) 403 (14)  904 (13) 380 (13)  
    2013 888 (13) 444 (15)  938 (14) 389 (14)  
    2014 881 (13) 435 (15)  925 (13) 384 (13)  
    2015 909 (13) 351 (12)  887 (13) 368 (13)  
    2016 872 (13) 336 (12)  853 (12) 364 (13)  
    2017 988 (14) 352 (12)  947 (14) 398 (14)  
    2018 911 (13) 311 (11)  862 (13) 361 (13)  

The variables were summarized as mean ± SD or N (%). An absolute standardized difference value of greater than 0.10 indicates imbalance between the two groups.
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surgery, subgroup analyses identified no substantive morn-
ing versus afternoon outcome differences across the entire 
cohort (n = 9,338) or within individual procedures includ-
ing aortic valve replacement (n = 2,547). Our results are 
consistent with another analysis of patients having cardiac 
surgery, which similarly did not identify daytime variation 
in outcomes, although sample sizes were smaller, and pro-
cedure type was not considered.5

Our primary endpoint was a composite of in-hospital 
mortality and low cardiac output syndrome, and our data 

were restricted to in-hospital outcomes. We did not include 
postoperative myocardial infarction as an outcome because 
this term is only defined for patients having coronary artery 
bypass grafting.24 In the prospective study by Montaigne 
et al.,17 troponin T concentrations were lower following 
afternoon surgery. We could not conduct valid comparisons 
of troponin T concentrations because the biomarker was 
only evaluated on postoperative day 1 at a fixed time point 
(approximately 2:00 am) for all patients, resulting in system-
atic differences in the time to blood sampling in morning 
and afternoon patients.

Although the incidence of the composite outcome did 
not differ significantly between morning and afternoon 
patients, the 95% CI spanned from a 25% reduction to a 24% 
increase in the odds for the outcome after morning surgery. 
The CIs were wide largely because the incidence of our pri-
mary composite outcome was low, and we were only ade-
quately powered to test an odds ratio of 1.50. Nonetheless, 
the odds ratio was near 1.0, suggesting that in-hospital mor-
tality and low cardiac output syndrome do not substantively 
differ for morning and afternoon aortic valve, mitral valve, 
and/or coronary artery bypass grafting surgeries. At the same 
time, the CI of the odds ratio (0.75 to 1.24) included a clin-
ically important boundary, 1.20, indicating that the real dif-
ference might in fact be clinically meaningful.

Low cardiac output syndrome was defined by the need 
for two or more inotropic agents after cardiopulmonary 
bypass, a cardiac index of less than 2.0 l · min−1 · m−2, docu-
mented left or right myocardial dysfunction, or documented 
cardiac insufficiency or cardiogenic shock postoperatively. 
Presumably, most patients experienced myocardial insuffi-
ciency/dysfunction consequent to cardioplegic arrest and 

Table 2.  Subgroup Analysis by Surgery Type Demonstrating Mortality and Low Cardiac Output Syndrome by Morning and Afternoon 
Surgery and Odds Ratio of the Primary Composite Outcome (Morning versus Afternoon)

 N

Incidence  
of Mortality

Incidence of Low Cardiac  
Output Syndrome

Odds Ratio  
(95% CI) P Value Morning Afternoon Morning Afternoon

Aortic valve replacement 2,657 0.3% (5 of 1,994) 0.8% (5 of 663) 1.3% (26 of 1994) 1.4% (9 of 663) 0.92 (0.48–1.76) 0.800
Aortic valve replacement + ascending aorta 

replacement
196 0 (0 of 145) 0 (0 of 51) 0 (0 of 145) 0 (0 of 51)   

Aortic valve replacement + coronary artery 
bypass grafting

854 0.7% (4 of 581) 0.4% (1 of 273) 2.8% (16 of 581) 3.7% (10 of 273) 0.86 (0.39–1.88) 0.697

Aortic valve replacement + coronary artery 
bypass grafting + other

181 1.6% (2 of 125) 5.4% (3 of 56) 12.0% (15 of 125) 14.3% (8 of 56) 0.72 (0.31–1.67) 0.444

Aortic valve replacement + mitral valve repair 
or mitral valve replacement

589 1.2% (5 of 424) 1.8% (3 of 165) 5.4% (23 of 424) 2.4% (4 of 165) 1.79 (0.74–4.34) 0.198

Coronary artery bypass grafting 1,121 0.6% (4 of 665) 0.4% (2 of 456) 1.5% (10 of 665) 2.4% (11 of 456) 0.84 (0.35–2.00) 0.690
Coronary artery bypass grafting + mitral valve 

repair
350 1.0% (2 of 199) 2.0% (3 of 151) 4.0% (8 of 199) 6.6% (10 of 151) 0.79 (0.31–2.07) 0.637

Coronary artery bypass grafting + mitral valve 
replacement

130 2.6% (2 of 78) 1.9% (1 of 52) 11.5% (9 of 78) 15.4% (8 of 52) 1.01 (0.34–3.02) 0.992

Mitral valve repair 2,956 0.05% (1 of 2136) 0.1% (1 of 820) 1.7% (37 of 2,136) 2.0% (16 of 820) 0.93 (0.52–1.67) 0.813
Mitral valve replacement 700 0.8% (4 of 512) 0.5% (1 of 188) 6.1% (31 of 512) 6.4% (12 of 188) 1.05 (0.54–2.03) 0.893

The values are adjusted for the potential confounding factors listed in table 1. The odds ratios are reported for afternoon versus morning.

Table 3.  Intraoperative and Postoperative Variables by 
Surgery Time

Variable

Morning Afternoon

(N = 6,859) (N = 2,875)

Intraoperative medications
  Epinephrine 2,805 (41) 1,298 (45)
  Norepinephrine 3,280 (48) 1,350 (47)
  Milrinone 369 (5) 197 (7)
  Vasopressin 432 (6) 244 (8)
  Propofol 6,206 (90) 2,610 (91)
  Etomidate 4,897 (71) 2,088 (73)
  Ketamine 68 (1) 23 (1)
Blood products
  Erythrocyte transfusion 1,061 (15) 552 (19)
  Platelets transfusion 967 (14) 535 (19)
  Fresh frozen plasma transfusion 480 (7) 270 (9)
  Cryoprecipitate transfusion 244 (4) 142 (5)
Intensive care unit length of stay, days 2 (2, 3) 3 (2, 4)
Hospital length of stay, days 7 (6, 10) 8 (6, 10)

Variables are summarized as n (%) or median (quartile 1, quartile 3).
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ischemia–reperfusion injury, although we lacked elevated 
troponin concentrations or other data to prove this etiology.

Low cardiac output syndrome is a clinically meaningful 
outcome, with a specific definition.22,25–27 There are limita-
tions, however, related to the selection of this outcome. Our 
definition included the need for two or more inotropic 
medications at 24 to 48 h, which aims to identify patients 
who experience sustained  myocardial dysfunction/failure 
after cardiac surgery. It is possible that inotropic agents were 
given for other reasons, such as right ventricular distention 
or fluid overload, although neither practice is routine at 
the Cleveland Clinic (Cleveland, Ohio). Importantly, our 
definition excludes patients who require only vasopressor 
therapy or “renal-dose” dopamine.

It is also possible that surgical complications including 
postoperative graft failure, surgical traumatic myocardial 
injury, or even cardiac dysfunction from cardiopulmonary 
bypass-induced systemic inflammatory response contrib-
uted to the development of low cardiac output syndrome. 
Although all patients required two or more inotropic agents 
at 1 to 2 days after surgery, our data show that these patients 
also received two or more inotropic agents intraoperatively, 
consistent with myocardial insufficiency caused by an intra-
operative event rather than a postoperative complication, 
suggesting that the cause of low cardiac output syndrome 

was not acute postoperative graft occlusion. Cardiac dys-
function from a pronounced inflammatory response is 
also less likely because this condition often resolves within 
the first 24 h. Intraoperative cardiac dysfunction from aor-
tic clamping and myocardial ischemia–reperfusion thus 
remains a likely explanation.

Other reports compared outcomes by time of day to assess 
whether factors such as availability of hospital resources or 
provider fatigue affected outcomes.1,5 Our analysis could 
not distinguish between logistic factors, daytime variation 
in tolerance to myocardial ischemia, and other causes of 
low cardiac output syndrome. Nonrandom scheduling, 
variation in hospital resources such as intensive care unit 
bed availability, provider fatigue, and follow-up restricted to 
in-hospital period might all contribute to time-of-surgery 
outcome differences, although none was observed. Overall, 
it seems likely that what subtle time-of-day variations might 
exist are overwhelmed by other perioperative factors.

Investigating risk for cardiac complications and mortality 
associated with time of day was the primary purpose of this 
study, although a post hoc analysis was performed to examine 
other major Society of Thoracic Surgeons complications, 
including stroke, renal failure, deep sternal wound infection, 
cardiac reoperation, and prolonged ventilation. No differ-
ences in these outcomes were found, with the exception 

Fig. 2.  Results of main analysis and sensitivity analyses. The incidence of the adjusted primary composite outcome, mortality and/or low 
cardiac output syndrome, is compared between patients who had morning versus afternoon surgery in all patients (primary analysis), by type 
of surgical procedure (sensitivity analysis), and by hour of aortic cross-clamp application (sensitivity analysis). *Morning surgery included 
those having aortic cross-clamp started between 8 and 11 am, and afternoon surgery included those having aortic cross-clamp started 
between 2 and 5 pm.
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of prolonged ventilation. We suspect that duration of ven-
tilation was prolonged in afternoon surgery patients simply 
because those patients arrived late to the intensive care unit, 
and there was some reluctance to extubate at night.

Other limitations to our study include those inherent 
to its retrospective nature, most notably, the possibility of 
unmeasured confounders. All patients were cared for at a 
single quaternary care medical center with special expertise 
in cardiac care. The results might differ at smaller or less-ex-
perienced institutions, but it seems unlikely that institu-
tion-specific factors will make time of surgery an important 
factor. We were unable to examine the difference in tro-
ponin concentrations because of systematic differences in 
time to measurement. Pulmonary artery catheters are only 
used in about half of our patients, and thus cardiac index 
could not always be measured. Our analysis did not adjust 
for anesthesiologists, but the same anesthesia and surgical 
teams routinely managed both morning and afternoon cases. 
Furthermore, sensitivity analysis detected no difference by 
surgeon. Anesthesia medications were not included in the 
analysis, although the induction medications were similar in 
both groups. Atrial fibrillation was not included in the com-
posite outcome because it is a less severe complication and 
occurs at a greater frequency than the other components 
of the composite and would heavily influence the result.28 
Finally, our analysis was restricted to in-hospital events 
because we did not have long-term outcomes postdischarge.

In summary, we found no evidence for time-of-day 
variation in mortality or low cardiac output syndrome in 
patients recovering from aortic valve surgery, mitral valve 
surgery, and/or coronary artery bypass grafting. Whereas 
there might be small time-of-day variations in outcome, 
they appear to be overwhelmed by other perioperative fac-
tors. Our results do not support selective morning or after-
noon scheduling for cardiac surgery.
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