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ABSTRACT (250 words)  39 

Objective: Recently, daytime variation in perioperative myocardial injury (PMI) has 40 

been observed in patients undergoing cardiac surgery. We aim at investigating 41 

whether daytime variation also occurs in patients undergoing non-cardiac surgery. 42 

Methods: In a prospective diagnostic study we evaluated the presence of daytime 43 

variation in PMI in patients at increased cardiovascular risk undergoing non-cardiac 44 

surgery, as well as its possible impact on the incidence of acute MI (AMI), and death 45 

during one-year follow-up in a propensity-score matched cohort. PMI was defined as 46 

an absolute increase in high-sensitivity cardiac troponin T (hs-cTnT) concentration of 47 

≥14 ng/L from preoperative to postoperative measurements. 48 

Results: Of 1641 patients, propensity score matching defined 630 with similar baseline 49 

characteristics, half undergoing non-cardiac surgery in the morning (starting from 8 50 

a.m. to 11 a.m.) and half in the afternoon (starting from 2 p.m. to 5 p.m.). There was 51 

no difference in PMI incidence between both groups (morning: 50, 15.8% (95%-CI 52 

12.3-20.3), afternoon: 52, 16.4% (95%-CI 12.7-20.9), p=0.94), nor if analyzing hs-cTnT 53 

release as a quantitative variable (median morning group: 3ng/L (95%CI 1-7ng/L); 54 

median afternoon group: 2ng/L (95%CI 0-7ng/L; p=0.16). During one-year follow-up, 55 

the incidence of AMI was 1.2% (95%CI, 0.4-3.2%) among morning surgeries versus 56 

4.1% (95%CI, 2.3-6.9%) among the afternoon surgeries (corrected HR for afternoon 57 

surgery 3.44, bootstrapped 95%CI 1.33-10.49, p-log-rank=0.03), whereas no 58 

difference in mortality emerged (p=0.70). 59 

Conclusions: Although there is no daytime variation in PMI in patients undergoing 60 

non-cardiac surgery, the incidence of AMI during follow-up is increased in afternoon-61 

surgeries and requires further study. 62 
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Clinical Trial Registration— URL: https://www.clinicaltrials.gov. Unique identifier: 63 

NCT02573532. 64 

  65 
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Key questions 66 
• What is already known about this subject? 67 

Acute spontaneous myocardial infarction seems to happen more commonly 68 
during the morning hours. Patients undergoing cardiac surgery in the morning 69 
seem to present with a higher risk for peri-operative myocardial damage.   70 

• What does this study add? 71 

Peri-operative myocardial damage following non-cardiac surgery does not 72 
seem to be associated with a daytime variation. Patients operated in the 73 
afternoon suffered an acute myocardial infarction during one-year follow-up 74 
more often than patients operated in the morning.  75 

• How might this impact on clinical practice? 76 

Understanding surgery-associated biorhythms could allow scheduling the 77 
operation during a time interval associated with a lower risk. 78 

	79 

 80 

  81 
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INTRODUCTION 82 

Perioperative myocardial injury (PMI) has been identified as an important, yet 83 

commonly unrecognized complication after non-cardiac surgery, substantially 84 

increasing short- and long-term mortality.[1,2] Considering that >300 million surgeries 85 

are performed annually and that demographic change is resulting in an increasing 86 

number of surgical patients with elevated cardiovascular risk, a better understanding 87 

of the pathophysiology underlying PMI may have the potential to provide major medical 88 

benefits.[1–3]  89 

Daytime variations have been observed for various cardiovascular events with most of 90 

the events peaking during the morning hours.[4,5] For spontaneous cardiovascular 91 

events, the knowledge of the existence of a daytime variation has not yet been able to 92 

be translated into direct benefit to patient care. In contrast, knowledge of the possible 93 

existence of a daytime variation of iatrogenic cardiovascular complications such as 94 

PMI could rather effectively be translated into direct benefit to patient care by 95 

scheduling the operation during a time interval associated with a lower risk. 96 

Following this concept, a recent pilot study exclusively enrolling patients undergoing 97 

on-pump cardiac aortic valve replacement suggested the presence of a daytime 98 

variation for PMI occurring during cardiac surgery with a lower event rate triggered by 99 

operations that are performed in the afternoon.[6] Such a daytime-dependent 100 

cardioprotective strategy based solely on the time of surgery could represent an 101 

inexpensive and easily implementable way to improve short and long-term outcome in 102 

patients at increased cardiovascular risk undergoing surgery.[7] It is currently unknown 103 

whether a similar daytime variation in PMI also occurs in patients undergoing non-104 

cardiac surgery.  105 

Therefore, in order to address this major gap in knowledge, the aims of the present 106 

work were to assess the impact of the timing of surgery first on the incidence of PMI 107 
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and, second, on the incidence of AMI, death and cardiovascular death during one-year 108 

follow-up in a propensity-score matched cohort.  109 

 110 
  111 
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METHODS 112 
 113 

Patients 114 

Between October 2014 and November 2015, we included consecutive patients 115 

undergoing non-cardiac surgery at the University Hospital Basel, Switzerland, who 116 

were eligible for the institutional routine PMI screening program and provided written 117 

general consent to registration in a dedicated prospective database. The study was 118 

approved by the local ethics committee (NCT02573532).  119 

Patients were screened if they had a planned hospital stay exceeding 24 hours after 120 

surgery and were considered at increased mortality risk, defined as ≥65 years of age, 121 

or ≥45 years with history of coronary artery disease (CAD), peripheral artery disease 122 

(PAD), or stroke. Patients could be included multiple times into the original PMI cohort 123 

but only once in all current analyses (n=1641) as only their first surgery was 124 

considered. 125 

 126 
Procedures: Detection of PMI and follow-up 127 

Plasma concentrations of high-sensitivity cardiac troponin T (hs-cTnT), a quantitative 128 

marker of cardiomyocyte injury[8,9], were measured within 30 days before surgery and 129 

on postoperative days 1 and 2, and later if clinically indicated. Overall, 83% of the 130 

patients received their pre-operative hs-cTnT measurement within 1 day and 94% 131 

within 3 days before surgery. PMI was defined as an absolute increase of hs-cTnT 132 

concentrations of 14ng/L or more above baseline concentrations. PMI was centrally 133 

adjudicated by 2 independent experts based on all clinical information obtained during 134 

index hospitalization. In addition, perioperative cardiomyocyte injury was evaluated 135 

using the absolute increase of hs-cTnT concentrations triggered by the operation as a 136 

continuous variable[8–10].  137 
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Hs-cTnT was measured by using an Elecsys System using the Modular Analytics E170 138 

or the Cobas e602 (Roche Diagnostics) assay with a limit of detection of 5 ng/L, a 10% 139 

coefficient of variation at 13 ng/L, and the 99th percentile of a healthy reference 140 

population at 14 ng/L.[11]  141 

PMI screening was implemented for patients undergoing visceral, orthopedic, trauma, 142 

vascular, urologic, spinal, and thoracic surgical procedures. Serial hs-cTnT 143 

measurements were ordered by the treating anesthesiologist. 144 

In case of an absolute increase in hs-cTnT of  ≥14 ng/L, a cardiology consultation 145 

request was triggered electronically. 146 

During follow-up, patients were contacted after 1 year by mail or telephone, and local 147 

death registries checked. In case of suspicion of AMI or death, study personnel 148 

requested reports from the general practitioners, treating facilities, or death registries. 149 

Patients lost to follow-up were censored at the last contact with the study team, a 150 

hospital, or their general practitioner. 151 

AMI during the follow-up was defined according to the Third Universal Definition of 152 

MI[12] from the 4th day after surgery and beyond. 153 

 154 
Objectives 155 

The primary objective of this study was to assess, whether the incidence of PMI or 156 

cardiomyocyte injury quantified as a continuous variable differs depending on the 157 

timing of the surgery (morning vs afternoon) in a propensity-matched cohort.  158 

The secondary objective of this study was to assess whether the incidence AMI, all-159 

cause death or cardiovascular death during one-year follow-up differs depending on 160 

the timing of the surgery (morning vs afternoon) in a propensity-matched cohort. 161 

Additionally, differences in other well-validated quantitative surrogate markers of other 162 
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critical organ function (kidney: estimated glomerular filtration rate (eGFR)) and the 163 

systemic inflammation (C-reactive Protein (CRP)) were investigated.  164 

 165 
Daytime variation 166 

Prior to analysis, we defined morning surgeries as the procedures for which the first 167 

incision took place between 8 a.m. and 11 a.m. and afternoon surgeries as the ones 168 

for which the first incision took place between 2 p.m. and 5 p.m. These time cut-offs 169 

allow for a clear separation of the morning and afternoon, reflect the standard on-duty 170 

hours of the study center and are in agreement with the previous study.[6]  171 

 172 
Statistical Analysis 173 

Propensity score matching was used to select comparable groups of patients 174 

undergoing surgery in the morning and in the afternoon. Details on the matching are 175 

available in the supplemental methods.   176 

After estimation of the propensity score, patients in the afternoon group were matched 177 

in a 1:1 ratio to those in the morning group. The “nearest neighbour” matching 178 

algorithm with a caliper size of 20% of the standard deviation of the estimated 179 

propensity score (absolute caliper of 3.1%) was used to construct a matched-paired 180 

sample. This caliper size is the one recommended in the literature for propensity score 181 

matching in observational studies.[6,13,14]  182 

The primary analysis used a Wilcoxon rank sum test on the difference of the pre-183 

operative and post-operative hs-cTnT values between the morning and afternoon 184 

matched cohort. A similar analysis was conducted for the other surrogate markers. 185 

Several potential predictors for logged maximal post-operative hs-cTnT were tested in 186 

our matched cohort, first in an univariable fashion, and then inserted in a multivariable 187 

model. The effect of the timing of surgery on the incidence of PMI and on the difference 188 

of the pre-operative and post-operative hs-cTnT values was evaluated using logistic 189 
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regression on the matched cohort. In this same matched cohort, the association of the 190 

timing of surgery with MACE was evaluated using Kaplan-Meier curves and Cox’s 191 

proportional hazard regression. To assess reliability of the matching process, we did 192 

multiple resampling 10,000 times for the primary and all secondary outcomes involving 193 

the matched cohort. We present all the results as median values of the bootstrapped 194 

statistics.  195 

Propensity-score matching allows taking into account a relatively large number of 196 

confounder variables while still providing accurate statistics. However, as it involves 197 

focusing on similar patients and therefore excluding the ones who could not find any 198 

match, we performed a sensitivity analysis on the whole cohort of eligible patients 199 

using co-variate adjusted analysis and correcting for one covariate per 10 events. 200 

Mann-Whitney-U test was applied for comparison of continuous variables and Pearson 201 

Chi-square test or Fisher’s exact test for comparison of categorical variables. All 202 

hypothesis testing was two-tailed, p-values <0.05 were considered statistically 203 

significant. Statistical analyses were performed using the R statistical package 204 

(Vienna, Austria).    205 
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RESULTS: 206 
 207 
Patients characteristics: 208 

Between October 2014 and November 2015, 2350 patients undergoing non-cardiac 209 

surgery were screened for PMI, of which 1641 patients were operated in the predefined 210 

time frames: 1238 patients in the morning and 403 patients in the afternoon 211 

(Supplemental figure 1, Table 1A).  212 

Surgeries in the afternoon were less often urologic or spinal, but more often traumatic 213 

or visceral and lasted longer. Patients undergoing surgery during the afternoon more 214 

often already underwent a surgery during their hospitalization, had more comorbidities 215 

such as diabetes mellitus, renal insufficiency and hypertension, and a higher pre-216 

operative hs-cTnT concentration. 217 

  218 
Propensity-score matched cohorts 219 

Among the 403 patients undergoing surgery in the afternoon, 315 patients were 220 

successfully matched to a control patient undergoing a surgery in the morning.  221 

Accordingly, 630 patients with similar pre-operative characteristics (Table 1B) were 222 

available for the primary analysis. The time of the surgery did not influence on the 223 

number of post-operative cardiology consultations, the cardiac imaging performed or 224 

the medications newly prescribed at discharge (Supplemental table 1).    225 

One-year follow-up was available in 100% of patients for death and in 99.4% of patients 226 

(1632/1641) for AMI (Supplemental table 1).   227 

Table 1 : Baseline 
characteristics A) Before the match B) After the match 

 Morning 
N=1238 

Afternoon 
N=403 

p Morning 
N=315 

Afternoon 
N=315 p 

Age (mean (sd)) 73.69 (7.70) 73.18 (8.58) 0.261 73.99 (9.18) 73.44 (8.49) 0.434 
Women sex 527 (42.6) 186 (46.2) 0.229 156 (49.5) 145 (46.0) 0.425 
Type of surgery  
    Urology 246 (19.9) 39 ( 9.7) <0.001 26 ( 8.3) 36 (11.4) 0.229 
    Orthopedics 141 (11.4) 52 (12.9) 0.465 39 (12.4) 41 (13.0) 0.905 
    Spinal 231 (18.7) 39 ( 9.7) <0.001 39 (12.4) 33 (10.5) 0.531 
    Thoracic 105 ( 8.5) 46 (11.4) 0.095 37 (11.7) 37 (11.7) 1.000 
    Traumatology 169 (13.7) 91 (22.6) <0.001 83 (26.3) 70 (22.2) 0.265 
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Table 1 : Baseline 
characteristics A) Before the match B) After the match 

 Morning 
N=1238 

Afternoon 
N=403 

p Morning 
N=315 

Afternoon 
N=315 p 

    Visceral 151 (12.2) 69 (17.1) 0.015 55 (17.5) 51 (16.2) 0.749 
    Vascular 147 (11.9) 48 (11.9) 1.000 24 ( 7.6) 35 (11.1) 0.171 
ESC Surgical risk[15] (% in 
categories) 

 

    <1% 372 (30.0) 116 (28.8) 0.675 91 (28.9) 98 (31.1) 0.602 
    1-5% 739 (59.7) 237 (58.8) 0.798 195 (61.9) 184 (58.4) 0.416 
    >5% 127 (10.3) 50 (12.4) 0.265 29 ( 9.2) 33 (10.5) 0.688 
Type of anesthesia  
   General anesthesia 372 (30.0) 116 (28.8) 0.675 279 (88.6) 272 (86.3) 0.470 
   Local anesthesia 739 (59.7) 237 (58.8) 0.798 35 (11.1) 41 (13.0) 0.541 
Planned surgery duration 
(median [IQR]) 

135.0  
[105.0, 195.0] 

135.0  
[105.0, 165.0] <0.001 135.0  

[105.0, 165.0] 
135.0  

[105.0, 165.0] 0.216 

Effective surgery duration 
(median [IQR]) 

125.0  
[80.0, 183.0] 

115.0  
[70.0, 170.0] 0.001 116.0  

[77.0, 160.0] 
120.0  

[70.0, 170.0] 0.698 

Surgery for a tumor 252 (20.4) 61 (15.1) 0.025 59 (18.7) 53 (16.8) 0.602 
Palliative surgery 19 ( 1.5) 5 ( 1.2) 0.851 5 ( 1.6) 3 ( 1.0) 0.722 
Previous surgery in the 
same hospitalization 62 ( 5.0) 45 (11.2) <0.001 31 ( 9.8) 33 (10.5) 0.895 

Urgency of the surgery    
    

     Elective    969 (78.3)     211 (52.4)  
<0.001 

177 (56.2) 178 (56.5) 
0.976      Emergent (<1day)     74 ( 6.0)      87 (21.6)  50 (15.9) 48 (15.2) 

     Urgent (<7days)    195 (15.8)     105 (26.1)  88 (27.9) 89 (28.3) 
Chronic pre-operative 
medication 

 

    Alpha Blockers 119 ( 9.6) 34 ( 8.4) 0.544 21 ( 6.7) 27 ( 8.6) 0.453 
    Calcium antagonists 253 (20.4) 77 (19.1) 0.612 59 (18.7) 62 (19.7) 0.840 
    Anti-diabetics 216 (17.4) 81 (20.1) 0.260 61 (19.4) 65 (20.6) 0.765 
    AT-II blockers 621 (50.2) 194 (48.1) 0.517 156 (49.5) 151 (47.9) 0.750 
    Aspirin 403 (32.6) 138 (34.2) 0.571 101 (32.1) 106 (33.7) 0.734 
    Beta-blockers 484 (39.1) 159 (39.5) 0.945 128 (40.6) 127 (40.3) 1.000 
    Nitrate 31 ( 2.5) 14 ( 3.5) 0.390 10 ( 3.2) 13 ( 4.1) 0.671 
    Statine 515 (41.6) 150 (37.2) 0.134 117 (37.1) 116 (36.8) 1.000 
Past history  
     CAD 327 (26.4) 111 (27.5) 0.704 78 (24.8) 86 (27.3) 0.525 
     Status post AMI 165 (13.3) 55 (13.6) 0.941 41 (13.0) 40 (12.7) 1.000 
    CHF 125 (10.1) 51 (12.7) 0.177 34 (10.8) 42 (13.3) 0.392 
    PAD 202 (16.3) 72 (17.9) 0.517 39 (12.4) 52 (16.5) 0.174 
     Stroke/TIA 109 ( 8.8) 37 ( 9.2) 0.897 28 ( 8.9) 32 (10.2) 0.684 
     Diabetes  
         None 969 (78.3) 303 (75.2) 0.223 245 (77.8) 238 (75.6) 0.572 
         NIDDM 170 (13.7) 54 (13.4) 0.932 37 (11.7) 44 (14.0) 0.475 
         IDDM 99 ( 8.0) 46 (11.4) 0.046 33 (10.5) 33 (10.5) 1.000 
     Hypertonia  822 (66.4) 237 (58.8) 0.007 199 (63.2) 189 (60.0) 0.461 
     COPD 167 (13.5) 58 (14.4) 0.708 28 ( 8.9) 44 (14.0) 0.060 
     Renal insufficiency 251 (20.3) 108 (26.8) 0.007 75 (23.8) 79 (25.1) 0.781 
     Smoking   0.061   0.224 
         Never smoked 317 (47) 141 (55)  73 (45) 103 (54)  
         Ex-smoker 225 (33) 67 (26)  54 (34) 51 (27)  
         Active smoker 132 (20) 48 (19)  34 (21) 35 (19)  
Medications at discharge  
    Alpha Blockers 104 ( 8.4) 35 ( 8.7) 0.940 25 ( 7.9) 29 ( 9.2) 0.669 
    Calcium antagonists 286 (23.1) 84 (20.8) 0.382 65 (20.6) 69 (21.9) 0.770 
    Anti-diabetics 230 (18.6) 80 (19.9) 0.622 62 (19.7) 65 (20.6) 0.843 
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Table 1 : Baseline 
characteristics A) Before the match B) After the match 

 Morning 
N=1238 

Afternoon 
N=403 

p Morning 
N=315 

Afternoon 
N=315 p 

    AT-II blockers 647 (52.3) 192 (47.6) 0.120 157 (49.8) 151 (47.9) 0.690 
    Aspirin 482 (38.9) 162 (40.2) 0.694 110 (34.9) 127 (40.3) 0.188 
    Beta-blockers 492 (39.7) 164 (40.7) 0.779 129 (41.0) 136 (43.2) 0.628 
    Nitrate 35 ( 2.8) 12 ( 3.0) 1.000 14 ( 4.4) 11 ( 3.5) 0.683 
    Statine 520 (42.0) 158 (39.2) 0.351 117 (37.1) 124 (39.4) 0.623 
Preoperative hs-cTnT level 
(median [IQR]) 12.0 [7.0, 22.0] 14.0  

[8.0, 30.0] 0.005 15.0  
[8.0, 26.0] 14.0 [8.0, 27.0] 0.903 

Data are presented as number (%) and compared using Mann-Whitney-U test for continuous variables 228 
and either Pearson Chi-square test or Fisher-exact test for categorical variables, as appropriate. 229 
AMI=Acute myocardial infarction, AT= Angiotensin, CAD= Coronary Artery Disease, COPD=Chronic 230 
Obstructive Pulmonary Disease, ESC = European Society of Cardiology, hs-cTnT= high sensitivity 231 
cardiac troponin T, IDDM = insulin-dependent diabetes mellitus, NIDDM = non insulin-dependent 232 
diabetes mellitus, Sd = standard deviation, TIA = Transient Ischemic Attack.  233 
 234 

 235 
PMI incidence: morning versus afternoon surgery 236 

In the bootstrapped matched cohort, 52 (16.4%, 95%-CI 12.7-20.9) patients operated 237 

in the morning and 50 (15.8%, 95%-CI 12.3-20.3; p=0.94) patients operated in the 238 

afternoon experienced a PMI in the 3 days following surgery (Figure 1A). Logistic 239 

regression corrected for residual imbalance in baseline comorbidities between the 240 

morning and afternoon cohort (vascular surgery, effective surgery duration, PAD and 241 

COPD) did not show any significant impact of the timing of surgery on the incidence of 242 

PMI (bootstrapped OR = 0.95 for a surgery in the afternoon, bootstrapped 95% CI = 243 

0.62-1.45, p=0.74).  244 

 245 
Perioperative cardiomyocyte injury as a continuous variable 246 

The difference between pre- and post-operative hs-cTnT levels as defined as a 247 

bootstrapped collective of matched patients undergoing surgery in the morning versus 248 

in the afternoon are presented in Figure 1B. There was no difference in the median 249 

release of hs-cTnT in the morning or afternoon group (bootstrapped median of pre-250 

operative/post-operative difference for the morning group= 3ng/L (95% CI 1-7), 251 

bootstrapped median of pre-operative/post-operative difference for the afternoon 252 
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group= 2ng/L (95% CI 0-7), bootstrapped p-value =0.16). While several comorbidities 253 

and surgery variables were significantly predicting maximal post-operative hs-cTnT, a 254 

surgery in the afternoon (versus in the morning) was not (Supplemental table 2). 255 

 256 
Renal function and systemic inflammation in the cohort of matched patients 257 

The perioperative decrease in renal function and perioperative increase in systemic 258 

inflammation did not differ between patients undergoing a surgery in the morning and 259 

patients undergoing surgery in the afternoon (pcomparison eGFR=0.27 and pcomparison 260 

CRP=0.43; Supp. Figure 2) 261 

 262 
Survival analysis in the cohort of matched patients 263 

During follow-up, 104 patients died (53 in the morning group, 51 in the afternoon group) 264 

and 22 death were recorded as cardiovascular (11 in the morning group and 11 in the 265 

afternoon group). 18 patients suffered an AMI (4 in the morning group, 14 in the 266 

afternoon group).  Bootstrapped estimates corrected for residual imbalance in baseline 267 

comorbidities between the morning and afternoon cohort for the three outcomes are 268 

presented in table 2. A surgery in the afternoon was associated with a significantly 269 

higher risk for AMI during follow-up (bootstrapped HR = 3.44, 95%-CI = 1.33-10.49, p-270 

value = 0.03, Figure 2A). No difference in risk was observed for death or cardiovascular 271 

death between the morning and afternoon group (Figure 2B and 2C). 272 

 273 
Table 2 : 
Bootstrapped 
outcome 
estimates 

Hazard 
ratio 95%-CI p-

value 
Overall 
event 

number 

Morning 
event 

number 

Afternoon 
event 

number 

Number of 
patients 

available for the 
match 

All-cause 
death 0.94 0.64-1.38 0.70 104 53 51 690 

Cardiovascular 
death 1.00 0.44-2.32 0.73 22 11 11 690 

AMI 3.44 1.13-10.49 0.03 18 4 14 680 
AMI	=	acute	myocardial	infarction,	CI	=	confidence	interval.	All	estimated	have	been	274 
corrected	for residual imbalance in baseline comorbidities between the morning and 275 
afternoon cohort (vascular surgery, effective surgery duration, PAD and COPD).	276 
 277 
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Sensitivity analyses in the whole cohort 278 

Results of the sensitivity analysis using covariate adjusted analysis as an alternative 279 

approach to address differences in baseline characteristics were similar to the results 280 

of the matched cohort (Supplementary material).   281 
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DISCUSSION 282 

This prospective study evaluated the presence of day-time variation in the incidence 283 

of PMI, AMI, death and cardiovascular death following non-cardiac surgery during one-284 

year follow-up in a propensity-score matched cohort.  Despite the observational 285 

character of the present study, the robust methods used for analysis including 286 

bootstrapped estimates obtained after propensity score matching allowed us to 287 

minimize the effects of confounders. We report 3 major findings. First, the incidence 288 

of PMI was comparable among patients undergoing surgery in the morning versus in 289 

the afternoon. Second, similarly, even when assessing perioperative cardiomyocyte 290 

injury as a continuous variable using the hs-cTnT assay, no difference was observed 291 

between morning versus afternoon surgery. Third, patients undergoing a surgery in 292 

the afternoon had more than 3-times the rate of AMI during one-year follow-up as 293 

compared to patients undergoing surgery in the morning. No difference in all-cause 294 

mortality was observed. 295 

These findings extend and corroborate previous work assessing biorhythms in 296 

cardiovascular function, the tolerance of the cardiovascular system to external 297 

stressors, and cardiovascular disorders.[16,17] A recent pilot study observed a lower 298 

ischemia/reperfusion tolerance and higher incidence of PMI among patients 299 

undergoing on-pump aortic valve replacement in the morning as compared to patients 300 

undergoing the same operation in the afternoon.[6] This daytime variation in 301 

ischemia/reperfusion tolerance achieved enormous attention, as it was associated with 302 

a difference in major cardiovascular events during follow-up. Major uncertainties 303 

remain regarding the exact pathophysiology underlying this observation, as well as its 304 

possible generalizability to other medical interventions. The findings of this study 305 

evaluating non-cardiac surgery, in conjunction with prior work assessing other medical 306 
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interventions including elective coronary angioplasty and coronary artery bypass 307 

grafting revealed either no day-time variation or one that suggested even an inverse 308 

susceptibility with more pronounced cardiomyocyte injury as quantified by hs-cTn 309 

release during the interventions taking place in the afternoon.[18,19]  310 

These discrepancies may be explained by differences in procedure-specific details 311 

including the patient population undergoing these procedures, the exact nature of the 312 

procedure, the duration of the surgery or anesthesia, the type of sedative medication 313 

used, predominant mechanisms underlying PMI, or aspects of peri-interventional 314 

medical care.  To the best of our knowledge, the current study is the very first one 315 

looking at a possible biorhythm in cardiac susceptibility during various types of non-316 

cardiac procedures. For instance, while our cohort underwent different type of non-317 

cardiac surgeries with variable durations and anesthesia types, and while we enrolled 318 

patients at higher cardiovascular risk, the cardiovascular stress introduced by non-319 

cardiac surgeries can be considered smaller than the one produced by on-pump aortic 320 

valve replacement. In addition, the predominant pathophysiological mechanism 321 

underlying PMI seem to be different between on-pump cardiac surgery versus non-322 

cardiac surgery. For example, during on-pump cardiac surgery, cardiac arrest induced 323 

by cardioplegic solution results in a duration of up to one hour of non-beating heart 324 

cells with no relevant oxygen supply. All other mechanisms possibly underlying PMI in 325 

patients undergoing non-cardiac surgery in addition also seem to apply to patients 326 

undergoing on-pump cardiac surgery. These include increased plaque instability or 327 

exacerbated myocardial oxygen supply-demand imbalance due to  increase in 328 

physiological/emotional stress, catecholamine surge, intra-operative tachycardia, 329 

bleeding or hypertension. While previous studies suggested the role of certain clock 330 

genes in the day-time specific cardiac ischemia-reperfusion tolerance,[6] little is known 331 
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on the damage threshold at which the increased susceptibility leads to prognostically 332 

relevant cardiac damage. This threshold might not be reached in most of non-cardiac 333 

surgeries. Similarly, our data showed no difference in dysfunction induced by non-334 

cardiac surgery in other critical organ systems such as renal function and systemic 335 

inflammation when a non-cardiac surgery took place in the morning or in the afternoon. 336 

Again, this emphasizes the lack of a systematic day-time dependent perturbation of 337 

system-specific circadian clocks following non-cardiac surgery.  338 

The absence of day-time variation in PMI does not necessarily equal the absence of 339 

day-time variation in MACE during follow-up. Based on the observed link between 340 

daytime variation for PMI and MACE in patients undergoing aortic valve replacement, 341 

we had hypothesized that the same link might exist in patients undergoing non-cardiac 342 

surgery. However, also other perioperative stressors, including inflammation, 343 

thrombogenesis and plaque rupture, might be associated with MACE during follow-up. 344 

Despite our morning and afternoon cohort presenting with a similar post-operative 345 

cardiac management, other non-measured post-operative factors, for instance staffing, 346 

including nurse-per-patient ratio on the intensive care units (ICU), intermediate care 347 

and ward, could have impacted on the increased AMI rate in patients undergoing non-348 

cardiac surgery in the afternoon.  Accordingly, further studies are necessary to 349 

elucidate possible mechanisms underlying this increased AMI rate. So-called “human-350 

factors” more than a real circadian rhythm may have contributed to the higher rate of 351 

AMI observed during follow-up in patients operated in the afternoon. First, increased 352 

fatigue of the operator might be present during afternoon surgeries, leading to poorer 353 

long-term results regarding the site of surgery itself, or possibly also to increased harm 354 

at other organ sites. Second, logistic variations on intensive care units (ICUs) (such as 355 

the presence of fewer and less experienced staff members in the evening or nightly 356 
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hours) could lead to a poorer care for patients undergoing a procedure during the 357 

afternoon.[20] Moreover, sleep-wake and fasting-feeding cycles have been recognized 358 

as the two major behavioral cycles the heart needs to anticipate[7]. Accordingly, the 359 

effect of anesthesia nearer to bed-time[21,22] as well as the negative role of a longer 360 

fasting for patients operated in the later hours[19,23] have also been suggested as 361 

possible factors influencing patients’ heart recovery. Also cell-intrinsic clocks sensible 362 

to proinflammatory stimuli, such as a surgical procedure, have been characterized in 363 

macrophages and other inflammatory cell lines involved in atherosclerotic plaque 364 

stability,[24] possibly impacting on the risk of AMI in the follow-up depending on the 365 

time of the intervention.  366 

The findings of this study extend and corroborate multiple prior studies that although 367 

commonly combined as MACE in a single end point for statistical reasons (increased 368 

power), death and AMI have largely different predictors and triggers.[25,26] E.g. the 369 

extent of cardiomyocyte injury present at the time of non-cardiac surgery as quantified 370 

by hs-cTnT concentrations is a rather precise predictor of 30-day mortality, but not the 371 

incidence of AMI following surgery.[26]  372 

Our finding of no day-time variation on postoperative all-cause mortality at one year is 373 

supported by another study showing no day-time variation on postoperative all-cause 374 

mortality at 30 days.[27] 375 

 376 

Some limitations merit consideration when interpreting our findings. First, in contrast 377 

to the small randomized control trial conducted in patients undergoing aortic valve 378 

replacement,[6] this analysis was based on a propensity score matched cohort. 379 

Despite proving the lack of difference in baseline characteristics of our patients 380 

following matching, we cannot exclude that unmeasured confounders might have 381 

interacted with the observed outcomes. A similar consideration has to be made for our 382 
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survival analysis. However, in the absence of a randomized controlled study in patients 383 

undergoing non-cardiac surgery available, the methodology used in this analysis 384 

seems the best alternative approach. Still, further studies are warranted to address the 385 

remaining uncertainties. Second, our observations are based on patients undergoing 386 

different types of surgeries implying different peri- and post-operative risk. We 387 

voluntarily avoid focusing on a single type of surgery and corrected for the various risks 388 

to estimate the reaction of the human body to an overall surgical stress more than to 389 

the stress of few organs undergoing an acute trauma. While allowing us for a general 390 

conclusion regarding non-cardiac surgery, the heterogeneity brought by the different 391 

surgery types could have weakened or even obscured a potential signal solely 392 

associated with specific procedures. 393 

 394 
In conclusion, our propensity-score matched study did not identify any daytime 395 

variation in PMI in patients undergoing non-cardiac surgery. However, we observed a 396 

higher incidence of AMI during one-year follow-up in patients undergoing surgery in 397 

the afternoon, which requires further study. 398 

  399 
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Figure legends :  440 
 441 

 442 
Figure 1A: Incidence in perioperative myocardial injury (PMI) stratified according to 443 
the daytime of surgery 444 
Figure 1B: Preoperative increase in high-sensitivity cardiac troponin T 445 
Stratified according to the daytime of surgery. P-value is given by a Kruskall-Wallis 446 
test.  447 
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 449 
Figure 2: Kaplan Meier curve for the time to A) first AMI (acute myocardial 450 
infarction), B) to all-cause death and C) to cardiovascular death in a matched cohort 451 
of patients undergoing surgery in the morning or in the afternoon. P-value is the 452 
median p-value bootstrapping a cox proportional hazard model correcting for residual 453 
imbalance in baseline comorbidities between the morning and afternoon cohort 454 
(vascular surgery, effective surgery duration, PAD and COPD). 455 
  456 

+++++++++++++++++++++++++ + +++ + + +++ + + + ++ + ++ ++ +
++++++++++ ++++ + + +++++ + + + ++ + ++ ++ ++ + + ++ + + + +

p-value= 0.03

0.0%

5.0%

10.0%

15.0%

20.0%

0 90 180 270 360
Days

C
um

ul
at

iv
e 

ev
en

t

Timing of surgery + +Morning Afternoon

340 309 301 293 285
340 309 300 289 284Afternoon

Morning

0 90 180 270 360
DaysTi

m
in

g 
of

 s
ur

ge
ry

Number at risk

Kaplan-Meier Curve time to AMI

p-value= 0.7

0.0%

5.0%

10.0%

15.0%

20.0%

0 90 180 270 360
Days

C
um

ul
at

iv
e 

ev
en

t

Timing of surgery + +Morning Afternoon

340 310 304 296 289
340 315 305 296 290Afternoon

Morning

0 90 180 270 360
DaysTi

m
in

g 
of

 s
ur

ge
ry

Number at risk

Kaplan-Meier Curve time to all-cause death

+ ++++++++++++++++++++++ + +++ + + + + + + + + ++
+

+++++++ ++++ + + +++++ + + + + + ++ ++ ++ + + ++ + + + +

p-value= 0.74

0.0%

5.0%

10.0%

15.0%

20.0%

0 90 180 270 360
Days

C
um

ul
at

iv
e 

ev
en

t

Timing of surgery + +Morning Afternoon

340 310 304 296 289
340 315 305 296 290Afternoon

Morning

0 90 180 270 360
DaysTi

m
in

g 
of

 s
ur

ge
ry

Number at risk

Kaplan-Meier Curve time to cardiovascular deathC)

B)

A)



 25 

 457 
REFERENCES 458 

1  Puelacher C, Lurati Buse G, Seeberger D, et al. Perioperative Myocardial Injury After 459 

Noncardiac Surgery: Incidence, Mortality, and Characterization. Circulation 460 

2017;:CIRCULATIONAHA.117.030114. 461 

doi:10.1161/CIRCULATIONAHA.117.030114 462 

2  Devereaux PJ, Biccard BM, Sigamani A, et al. Association of Postoperative High-463 

Sensitivity Troponin Levels With Myocardial Injury and 30-Day Mortality Among 464 

Patients Undergoing Noncardiac Surgery. Jama 2017;317:1642. 465 

doi:10.1001/jama.2017.4360 466 

3  Kavsak PA, Walsh M, Srinathan S, et al. High sensitivity troponin T concentrations in 467 

patients undergoing noncardiac surgery: A prospective cohort study. Clin Biochem 468 

2011;44:1021–4. doi:10.1016/j.clinbiochem.2011.05.017 469 

4  Smolensky MH, Portaluppi F, Manfredini R, et al. Diurnal and twenty-four hour 470 

patterning of human diseases: Cardiac, vascular, and respiratory diseases, conditions, 471 

and syndromes. Sleep Med Rev 2015;21:3–11. doi:10.1016/j.smrv.2014.07.001 472 

5  Portaluppi F, Tiseo R, Smolensky MH, et al. Circadian rhythms and cardiovascular 473 

health. Sleep Med Rev 2012;16:151–66. doi:10.1016/j.smrv.2011.04.003 474 

6  Montaigne D, Marechal X, Modine T, et al. Daytime variation of perioperative 475 

myocardial injury in cardiac surgery and its prevention by Rev-Erbα antagonism: A 476 

single-centre propensity-matched cohort study and a randomised study. Lancet 477 

2017;6736:1–11. doi:10.1016/S0140-6736(17)32132-3 478 

7  Van Laake LW, Lüscher TF, Young ME. The circadian clock in cardiovascular 479 

regulation and disease: Lessons from the Nobel Prize in Physiology or Medicine 2017. 480 

Eur Heart J 2017;:1–4. doi:10.1093/eurheartj/ehx775 481 

8  Twerenbold R, Boeddinghaus J, Nestelberger T, et al. Clinical Use of High-Sensitivity 482 

Cardiac Troponin in Patients With Suspected Myocardial Infarction. J Am Coll Cardiol 483 

2017;70:996–1012. doi:10.1016/j.jacc.2017.07.718 484 

9  Mueller C. Biomarkers and acute coronary syndromes: An update. Eur Heart J 485 

2014;35:552–6. doi:10.1093/eurheartj/eht530 486 

10  Reichlin T, Irfan A, Twerenbold R, et al. Utility of absolute and relative changes in 487 

cardiac troponin concentrations in the early diagnosis of acute myocardial infarction. 488 

Circulation 2011;124:136–45. doi:10.1161/CIRCULATIONAHA.111.023937 489 

11  Apple FS. A new season for cardiac troponin assays: It’s time to keep a scorecard. Clin 490 



 26 

Chem 2009;55:1303–6. doi:10.1373/clinchem.2009.128363 491 

12  Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial 492 

infarction. Circulation 2012;126:2020–35. doi:10.1161/CIR.0b013e31826e1058 493 

13  Austin PC. Optimal caliper widths for propensity-score matching when estimating 494 

differences in means and differences in proportions in observational studies. Pharm 495 

Stat 2011;10:150–61. doi:10.1002/pst.433 496 

14  Mazine A, David TE, Rao V, et al. Long-term outcomes of the ross procedure versus 497 

mechanical aortic valve replacement. Circulation 2016;134:576–85. 498 

doi:10.1161/CIRCULATIONAHA.116.022800 499 

15  Kristensen SD, Knuuti J, Saraste A, et al. 2014 ESC/ESA Guidelines on non-cardiac 500 

surgery: Cardiovascular assessment and management: The Joint Task Force on non-501 

cardiac surgery: Cardiovascular assessment and management of the European Society 502 

of Cardiology (ESC) and the European Society of Anaesth. Eur Heart J 2014;35:2383–503 

431. doi:10.1093/eurheartj/ehu282 504 

16  Durgan DJ, Pulinilkunnil T, Villegas-Montoya C, et al. Short communication: 505 

Ischemia/reperfusion tolerance is time-of-day- dependent: Mediation by the 506 

cardiomyocyte circadian clock. Circ Res 2010;106:546–50. 507 

doi:10.1161/CIRCRESAHA.109.209346 508 

17  Albrecht U. Timing to Perfection: The Biology of Central and Peripheral Circadian 509 

Clocks. Neuron 2012;74:246–60. doi:10.1016/j.neuron.2012.04.006 510 

18  Dhadwal AK, Vaynblat M, Balasubramanya S, et al. Circadian rhythm has no effect on 511 

mortality in coronary artery bypass surgery. J Card Surg 2007;22:26–31. 512 

doi:10.1111/j.1540-8191.2007.00333.x 513 

19  Fournier S, Puricel S, Morawiec B, et al. Relationship between time of day and 514 

periprocedural myocardial infarction after elective angioplasty. Chronobiol Int 515 

2014;31:206–13. doi:10.3109/07420528.2013.839561 516 

20  De Luca G, Suryapranata H, Ottervanger JP, et al. Circadian variation in myocardial 517 

perfusion and mortality in patients with ST-segment elevation myocardial infarction 518 

treated by primary angioplasty. Am Heart J 2005;150:1185–9. 519 

doi:10.1016/j.ahj.2005.01.057 520 

21  Brainard J, Gobel M, Bartels K, et al. Circadian rhythms in anesthesia and critical care 521 

medicine: potential importance of circadian disruptions. Semin Cardiothorac Vasc 522 

Anesth 2015;19:49–60. doi:10.1177/1089253214553066 523 

22  Kvaslerud T, Hansen M V., Rosenberg J, et al. Circadian aspects of post-operative 524 



 27 

morbidity and mortality. Acta Anaesthesiol Scand 2010;54:1157–63. 525 

doi:10.1111/j.1399-6576.2010.02296.x 526 

23  Nygren J. The metabolic effects of fasting and surgery. Best Pract Res Clin 527 

Anaesthesiol 2006;20:429–38. doi:10.1016/j.bpa.2006.02.004 528 

24  Steffens S, Winter C, Schloss MJ, et al. Circadian Control of Inflammatory Processes 529 

in Atherosclerosis and Its Complications. Arterioscler Thromb Vasc Biol 530 

2017;37:1022–8. doi:10.1161/ATVBAHA.117.309374 531 

25  Hochholzer W, Morrow DA, Giugliano RP. Novel biomarkers in cardiovascular 532 

disease: Update 2010. Am Heart J 2010;160:583–94. doi:10.1016/j.ahj.2010.06.010 533 

26  Weber M, Luchner A, Manfred S, et al. Incremental value of high-sensitive troponin T 534 

in addition to the revised cardiac index for peri-operative risk stratification in non-535 

cardiac surgery. Eur Heart J 2013;34:853–62. doi:10.1093/eurheartj/ehs445 536 

27  Sessler DI, Kurz A, Saager L, et al. Operation timing and 30-day mortality after 537 

elective general surgery. Anesth Analg 2011;113:1423–8. 538 

doi:10.1213/ANE.0b013e3182315a6d 539 

 540 

 541 


