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Abstract

Background: The impact of seasonal patterns on the mortality and morbidity of surgical patients with cardiovascular diseases has gained
increasing attention in recent years. However, whether this seasonal variation extends to cardiovascular surgery outcomes remains un-
known. This study sought to evaluate the effects of seasonal variation on the short-term outcomes of patients undergoing off-pump
coronary artery bypass grafting (OPCABG). Methods: This study identified all patients undergoing elective OPCABG at a single car-
diovascular center between January 2020 and December 2020. Patients were divided into four groups according to the season of their
surgery. The primary outcome was the composite incidence of mortality and morbidity during hospitalization. Secondary outcomes
included chest tube drainage (CTD) within 24 h, total CTD, chest drainage duration, mechanical ventilation duration, and postoperative
length of stay (LOS) in the intensive care unit (ICU) and hospital. Results: Winter and spring surgeries were associated with higher
composite incidence of mortality and morbidities (26.8% and 18.0%) compared to summer (15.7%) and autumn (11.1%) surgeries (p <
0.05). Spring surgery had the highest median CTD within 24 hours after surgery (640 mL), whereas it also exhibited the lowest total
CTD (730 mL) (p < 0.05). Chest drainage duration was longer in spring and summer than in autumn and winter (p < 0.05). While no
significant differences were observed in mechanical ventilation duration and hospital stay among the four seasons, the LOS in the ICU
was longer in summer than in autumn (88 h vs. 51 h, p < 0.05). Conclusions: The OPCABG outcomes might exhibit seasonal patterns

in patients with coronary heart disease.
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1. Introduction

The impact of seasonal patterns on the mortality and
morbidity of surgical patients with cardiovascular diseases
has gained increasing attention in recent years, shedding
light on the complex interplay between external environ-
mental factors and cardiovascular health [1-3]. Several
contributing factors, including low temperature, respiratory
infections [4], and seasonal mood changes [5], have been
implicated in influencing the incidence rate and mortality of
coronary heart disease. Notably, there is a discernible peak
in winter and a trough in summer, suggesting a potential
connection between seasonal variations and cardiovascular
outcomes.

Whether seasonal variation extends to coronary artery
bypass graft (CABG) surgery outcomes has been a subject
of ongoing debate. While some studies have identified sea-
sonal fluctuations, a significant degree of inconsistency per-
sists among these findings. For instance, a comprehensive
study in the United Kingdom analyzed data from 12,221 pa-
tients who underwent cardiac surgery over ten years, reveal-
ing higher risk-adjusted hospital mortality and prolonged
length of stay (LOS) during the winter months [6]. Simi-

larly, a study by Torabipour ez a/. [7] in Oman found that the
surgery season significantly affected the length of hospital
stay after CABG, with winter showing the longest duration
and summer the shortest.

Contrastingly, other research has failed to establish
significant seasonal differences in surgical outcomes for
CABG patients. A retrospective cohort study conducted in
Turkey, comparing winter and summer surgical outcomes,
concluded that despite the increased frequency of cardio-
vascular events in winter, early surgical outcomes of CABG
remained unaffected by seasonal patterns [8]. Another
study in Iran by Nemati [9] found no significant differences
in postoperative mortality, morbidity, or LOS among the
four seasons.

However, it is crucial to acknowledge the potential
geographical variability of these findings, preventing the
derivation of generalized conclusions. Consequently, the
current study aims to contribute to this discourse by as-
sessing the correlation between seasonal variations and the
outcomes of off-pump coronary artery bypass graft (OP-
CABG) surgery.
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Fig. 1. Flowchart of the patient selection and categorization criteria. OPCABG, off-pump coronary artery bypass graft.

2. Materials and Methods
2.1 Study Design and Patient Population

The study included consecutive patients who under-
went primary and isolated OPCABG at our hospital from
January 2020 to December 2020. The inclusion criteria
comprised adult patients (>18 years old) undergoing pri-
mary and isolated OPCABG. Patients with concomitant
cardiac surgery, emergency status, and incomplete out-
comes of interest were excluded. Out of the 769 patients
who underwent OPCABG surgery during the study period,
681 were included based on the specified inclusion and
exclusion criteria. These patients were divided into four
groups according to the season of surgery. The classifi-
cation of seasons followed established definitions: autumn
(21st September to 20th December), winter (21st Decem-
ber to 21st March), spring (22nd March to 21st June), and
summer (22nd June to 20th September) (Fig. 1).

2.2 Perioperative Management

Chronic cardiac medications were continued until
the morning of surgery, with antiplatelet and anticoagu-
lation medications discontinued preoperatively. No anes-
thetic premedication was administered. Standardized anes-
thetic protocols were employed, including induction with
0.2 mg/kg etomidate, 2—-3 pg/kg sufentanil, and 0.15-0.2
mg/kg cis-atracurium, and maintenance with 100-200 mg/h
propofol, 30-50 ug/h dexmedetomidine, 10-20 mg/h cis-
atracurium, and 0.5%-2.5% sevoflurane. Surgical proce-
dures involved a median sternotomy, with the left internal
thoracic artery and/or great saphenous veins harvested for
coronary grafts. A heparin dose of 200 U/kg was used to
achieve an activated clotting time (ACT) of >300 seconds.
Heparin was neutralized with protamine at a ratio of 0.5—
0.8:1 at the end of revascularization. All patients received
intraoperative autologous blood salvage by cell saver sys-
tems.

Blood products were transfused in adherence to the
hospital’s transfusion protocol. An allogeneic red blood
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Table 1. Patient characteristics.

Spring (n =205) Summer (n=127) Autumn (n=252)  Winter (n=97) p-value
Demographics
Age,y 64 (57, 69) 61 (55, 67) 64 (57,70) 63 (54, 68) 0.142
Male sex, n (%) 156 (76.1%) 104 (81.9%) 196 (77.8%) 77 (79.4%) 0.647
BMI, kg/m? 25.4(23.7,274)  25.6(23.5,28.0) 25.9(23.7,27.7)  25.2(23.2,27.0) 0.292
Risk factor and comorbidities, n (%)
Smoking 97 (47.3%) 71 (55.9%) 123 (48.8%) 39 (40.2%) 0.134
Drinking 10 (4.9%) 9 (7.1%) 25 (9.9%) 12 (12.5%) 0.088
Hypertension 148 (72.2%) 82 (64.6%) 169 (67.1%) 62 (63.9%) 0.370
Diabetes mellitus 91 (44.4%) 58 (45.7%) 99 (39.3%) 40 (41.2%) 0.585
Hyperlipidemia 179 (87.3%) 98 (77.2%) 208 (82.5%) 75 (77.3%) 0.058
COPD 3 (1.5%) 5(3.9%) 3 (1.2%) 1 (1.0%) 0.299
Atrial fibrillation 6 (2.9%) 8 (6.3%) 10 (4.0%) 3 (3.1%) 0.459
Heart block 2 (1.0%) 1 (0.8%) 3 (1.2%) 2 (2.1%) 0.849
Previous MI
<6m 4 (2.0%) 7 (5.5%) 11 (4.4%) 4 (4.1%) 0.316
>6m 25 (12.2%) 23 (18.1%) 47 (18.7%) 17 (17.5%) 0.270
PCI 7 (3.4%) 6 (4.7%) 7 (2.8%) 7 (7.2%) 0.257
Heart failure 3 (1.5%) 2 (1.6%) 2 (0.8%) 2 (2.1%) 0.702
Renal failure 5(2.4%) 3 (2.4%) 4 (1.6%) 3 (3.1%) 0.739
Stroke 34 (16.6%) 17 (13.4%) 29 (11.5%) 8(8.2%) 0.189
Peripheral vascular diseases 15 (7.3%) 9 (7.1%) 8 (3.2%) 7 (7.2%) 0.186
Preoperative medications, n (%)
B-blockers 187 (91.2%) 118 (92.9%) 232 (92.1%) 87 (89.7%) 0.835
Nitrates 189 (92.2%) 118 (92.9%) 241 (95.6%) 91 (93.8%) 0.466
ACEI 27 (13.2%) 16 (12.6%) 49 (19.4%) 20 (20.6%) 0.120
CCB 82 (40.0%) 47 (37.0%) 78 (31.0%) 36 (37.1%) 0.231
Insulin 24 (11.7%) 16 (12.6%) 40 (15.9%) 20 (20.6%) 0.179
Hypoglycemic agent 63 (30.7%) 39 (30.7%) 80 (31.7%) 27 (27.8%) 0.919
Statins 188 (91.7%) 111 (87.4%) 230 (91.3%) 77 (79.4%) 0.006
Aspirin 50 (24.4%) 32 (25.2%) 54 (21.4%) 18 (18.6%) 0.577
Ticagrelor 2 (1.0%) 5(3.9%) 6 (2.4%) 2 (3.7%) 0.225
Clopidogrel 34 (16.6%) 24 (18.9%) 46 (18.3%) 7 (7.2%) 0.063
Operative parameters
Surgery duration, min 211 (175, 245) 210 (180, 255) 205 (175, 242) 207 (176, 240) 0.603
Anesthesia duration, min 260 (222, 299) 260 (225, 300) 255(225,291) 250 (220, 289) 0.428
Graft number 3(3,4) 33,4 33,4 3(3,4) 0.516

ACE]I angiotensin-converting enzyme inhibitor; BMI, body mass index; CCB, calcium channel blocker; COPD, chronic obstructive

pulmonary disease; MI, myocardial infarction; PCI, percutaneous coronary intervention.

Data are presented as the number (percentage) or median (interquartile range).

cell (RBC) transfusion was administered with hemoglobin
(HB) <80 g/L. Fresh frozen plasma (FFP) infusion was in-
dicated if diffuse bleeding with prothrombin time was 1.5
times longer than the baseline value. The transfusion trig-
ger for a platelet concentrate (PC) transfusion included a
platelet (PLT) count <50 x 10?/L or PLT dysfunction. Cri-
teria for reoperation were postoperative chest tube drainage
(CTD) volume >300 mL/within the first 2 hours or per-
sistent drainage >200 mL/h for 4 hours. Extubation was
performed under specified conditions, ensuring patient re-
sponsiveness, stable hemodynamics, and a CTD volume of
less than 100 mL/h.
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2.3 Endpoints

The primary outcome was the composite incidence
of in-hospital mortality and morbidity, which included
myocardial infarction (MI), low-cardiac output syndrome
(LCOS), use of intra-aortic balloon pump (IABP), new-
onset atrial fibrillation, ventricular fibrillation, new pace-
maker placement, acute kidney injury (AKI), stroke, pneu-
monia, wound infection, reoperation, intensive care unit
(ICU) readmission, and cardiac arrest. MI was defined as
an increase in cardiac biomarkers (>10 times the local lab-
oratory upper limit of normal) in combination with one of
the following: (1) new pathologic Q waves or new left bun-
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Table 2. Postoperative outcomes of patients undergoing OPCABG in different seasons.

Spring (n=205) Summer (n=127) Autumn (n=252) Winter (n=97) p-value
Mortality and morbidity, n (%) 37 (18.0%) 20 (15.7%) 28 (11.1%) 26 (26.8%) 0.004
Mortality, n (%) 1 (0.5%) 0 1(0.4%) 1 (1.0%) 0.651
Any morbidity, n (%) 36 (17.6%) 20 (15.7%) 27 (10.7%) 25 (25.8%) 0.006
MI 1(0.5%) 0 0 0 0.630
LCOS 5(2.4%) 0 0 1 (1.0%) 0.017
IABP 1(0.5%) 0 6 (2.4%) 2 (2.1%) 0.142
Atrial fibrillation 0 2 (1.6%) 4 (1.6%) 2 (2.1%) 0.139
Ventricular fibrillation 1 (0.5%) 0 1 (0.4%) 1 (1.0%) 0.651
New pacemaker 3 (1.5%) 0 0 1 (1.0%) 0.084
AKI 8 (3.9%) 1 (0.8%) 5 (2%) 4 (4.1%) 0.228
Stroke 3 (1.5%) 4 (3.1%) 0 2 (2.1%) 0.022
Pneumonia 15 (7.3%) 15 (11.8%) 15 (6.0%) 19 (19.6%) 0.001
‘Wound infection 0 0 2 (0.8%) 0 0.639
Reoperation 1 (0.5%) 0 0 1 (1.0%) 0.194
ICU readmission 2 (2.0%) 0 0 1 (1.0%) 0.042
Cardiac arrest 1 (0.5%) 0 0 0 0.630
CTD within 24 h, mL 640 (415, 955) 520 (335, 675) 480 (360, 650) 500 (350, 610)  <0.001
Total CTD, mL 730 (500, 1100) 940 (668, 1305) 970 (690, 1380) 880 (740, 1190)  <0.001
Chest drainage duration, d 4(4,5) 4(4,5) 4(3,5) 33,4 <0.001
Mechanical ventilation duration, h 16 (13, 18) 16 (14, 18) 16 (13, 18) 16 (12, 19) 0.687
LOS in the ICU, h 69 (45, 98) 88 (60, 116) 51 (24, 96) 68 (29, 100) <0.001
Postoperative LOS in hospital, d 7(7,9) 8 (7, 10) 7 (7, 10) 8 (7, 10) 0.213

AKI, acute kidney injury; CTD, chest tube drainage; IABP, intra-aortic balloon pump; ICU, intensive care unit; LCOS, low cardiac

output syndrome; LOS, length of stay; MI, myocardial infarction; OPCABG, off-pump coronary artery bypass graft.

Data are presented as the number (percentage) or median (interquartile range).

dle branch block; (2) angiographically documented new oc-
clusion in the graft or native coronary artery; (3) imaging
evidence of new loss of viable myocardium or new wall
motion abnormality [10]. LCOS was defined by decreased
heart pump function, resulting in reduced oxygen delivery
(DO3y), cardiac index (CI) <2.0 L/min/m?, systolic blood
pressure <90 mmHg, and signs of tissue hypoperfusion
[11]. AKI was defined as an increase in serum creatinine
(>0.3 mg/dL within 48 h or >1.5-1.9 times baseline level)
or urine volume <0.5 mL/kg/h for 6 hours [12].

Secondary outcomes included CTD within 24 h, total
CTD, chest drainage duration, mechanical ventilation dura-
tion, and postoperative LOS in the ICU and hospital.

2.4 Statistical Analysis

Continuous variables are expressed as the mean +
standard deviation if normally distributed or as the me-
dian and quartile range. Analysis of variance (ANOVA)
or Wilcoxon—-Mann—Whitney tests with the Bonferroni cor-
rection were used for comparisons. Dichotomous variables
are presented as the frequency and percentage following
analysis using chi-square or Fisher exact tests. All statis-
tical analyses were performed using SPSS 27.0 (IBM SPSS
Statistics 27.0, Chicago, IL, USA).

3. Results

Table 1 shows the baseline characteristics of the in-
cluded OPCABG patients. There were no major differences
in patient characteristics by season except for a disparity in
preoperative usage of statins (p = 0.004).

As shown in Table 2, the primary outcome exhibited
significant differences (p = 0.004), with winter and spring
surgeries revealing higher composite incidence of mortality
and morbidities compared to the summer (15.7%) and au-
tumn (11.1%) surgeries (p < 0.05). Spring surgery was as-
sociated with the highest median CTD at 24 h after surgery
(640 mL), whereas it was the lowest total TCD (730 mL)
compared to the other seasons (p < 0.05). Chest drainage
duration was longer in spring and summer than in autumn
and winter (p < 0.05). While no significant difference was
observed in mechanical ventilation duration and hospital
stay among the four seasons, LOS in the ICU was longer
in summer than in autumn (88 h vs. 51 h, p < 0.05).

4. Discussion

This study sought to investigate the influence of sea-
sonality on outcomes following OPCAB in a specific cen-
ter. While mortality rates were not significantly affected by
the season, our findings underscore a noteworthy impact on
postoperative complications and ICU length of stay.
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Winter emerged as a potentially unfavorable season
for OPCABG, with postoperative pulmonary infection be-
ing the most prevalent alongside severe complications.
Prior research has highlighted increased risks of postop-
erative pneumonia, influenza, and infections during the
winter season [13,14]. The incidence of pneumonia after
OPCABG showed a strong seasonal pattern, which might
also apply to other cardiothoracic surgical procedures [15].
Moreover, influenza season was identified as an indepen-
dent risk factor for developing acute respiratory distress
syndrome (ARDS) after cardiac surgery (odds ratio, 1.85;
95% confidence interval, 1.06 to 3.23) [16].

The underlying physiological mechanism driving sea-
sonal variations in OPCABG outcomes appears rooted
in the impact of cold exposure on coronary artery dis-
ease. Cold exposure may induce inflammatory and coagu-
lation responses, particularly affecting vulnerable individ-
uals [17]. Several climatic factors, such as light, temper-
ature, humidity, and atmospheric pressure, can profoundly
affect neurobiology, hormonal physiology, and cardiovas-
cular function [18]. Furthermore, it has been reported that
C-reactive protein levels show a seasonal dependence, be-
ing higher in winter and spring [19]. These factors may col-
lectively contribute to a higher risk of postoperative com-
plications when performing OPCABG in winter.

Interestingly, our study revealed that patients who un-
derwent OPCABG in the summer tended to have longer
ICU stays, which may be attributed to heat exposure on the
body. Heat exposure can cause physiological changes, such
as increased heart rate, blood viscosity, and coagulation
[20], leading to poor prognosis after OPCABG, which may
also be mediated by other factors such as the occurrence
of heart failure, conduction disturbances, and arrhythmias
[21,22]. In addition, a lower rate of OPCABG surgeries
was performed in winter, which was inconsistent with the
epidemiology of coronary heart disease. This discrepancy
may reflect the influence of the traditional Chinese festi-
val of Spring Festival, as patients might favor conservative
treatment or coronary stenting over OPCABG surgery due
to traditional cultural values or beliefs [23].

Notably, although difficult to interpret, the variations
in postoperative bleeding observed in our study raise in-
triguing questions about potential seasonal factors influ-
encing hemostasis and coagulation [24]. Weather-related
factors, patient physiology variations, or other seasonal dy-
namics may contribute to this phenomenon [25]. Thus, clin-
icians and surgical teams should be attuned to these sea-
sonal nuances, adjusting strategies for managing intraoper-
ative bleeding during autumn to optimize patient outcomes
[26].

Our study has some limitations. First, as a retrospec-
tive cohort study, the methodology contains some inher-
ent biases. Unmeasured or uncontrollable confounders re-
mained, such as admission variations or staff differences.
Second, the single-center characteristic of the study lim-
its the generalizability and applicability of these results.
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Third, our study only addressed in-hospital events and did
not capture long-term outcomes. Lastly, the study only de-
scribes the association between the seasons and OPCABG
outcomes, meaning an explanation of causal mechanisms
cannot be established.

5. Conclusions

In conclusion, our study provides valuable insights
into the nuanced impact of seasonality on OPCABG out-
comes in patients with coronary heart disease. More large-
scale, multicenter, prospective studies are warranted to ex-
amine the effects of seasonal variation on the clinical out-
comes of this population.

Availability of Data and Materials

The datasets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Author Contributions

YTY designed the research study. LW and PSL per-
formed the research. LW analyzed the data and wrote the
initial draft of the manuscript. All authors contributed to ed-
itorial changes in the manuscript. All authors read and ap-
proved the final manuscript. All authors have participated
sufficiently in the work and agreed to be accountable for all
aspects of the work.

Ethics Approval and Consent to Participate

The study was carried out in accordance with the
guidelines of the Declaration of Helsinki and approved
by the Ethics Committee of Fuwai hospital (Protocol No.
2019-1301). Due to the retrospective nature of the study,
the requirement for written informed consent was waived.

Acknowledgment

The authors would like to thank the colleagues and
statisticians at Fuwai Hospital for their indispensable help
with data collection and data analysis. During the prepa-
ration of this work, the authors used chatGPT in the writ-
ing process to improve the language and readability of the
manuscript.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Stewart S, Keates AK, Redfern A, McMurray JJV. Seasonal
variations in cardiovascular disease. Nature Reviews. Cardiol-
ogy. 2017; 14: 654-664.


https://www.imrpress.com

(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

Takagi H, Ando T, Umemoto T. Meta-Analysis of Seasonal In-
cidence of Aortic Dissection. The American Journal of Cardiol-
ogy. 2017; 120: 700-707.

Keller K, Hobohm L, Miinzel T, Konstantinides SV, Lankeit M.
Sex-specific and age-related seasonal variations regarding inci-
dence and in-hospital mortality of pulmonary embolism in Ger-
many. ERJ Open Research. 2020; 6: 00181-2020.

Grimes DS, Hindle E, Dyer T. Respiratory infection and coro-
nary heart disease: progression of a paradigm. QJM: Monthly
Journal of the Association of Physicians. 2000; 93: 375-383.
Sher L. Effects of seasonal mood changes on seasonal variations
in coronary heart disease: role of immune system, infection, and
inflammation. Medical Hypotheses. 2001; 56: 104—106.
Shuhaiber JH, Goldsmith K, Nashef SAM. The influence of sea-
sonal variation on cardiac surgery: a time-related clinical out-
come predictor. The Journal of Thoracic and Cardiovascular
Surgery. 2008; 136: 894-899.

Torabipour A, Arab M, Zeraati H, Rashidian A, Sari AA,
Sarzaiem MR. Multivariate Analysis of Factors Influencing
Length of Hospital Stay after Coronary Artery Bypass Surgery
in Tehran, Iran. Acta Medica Iranica. 2016; 54: 124-133.
Konuralp C, Ketenci B, Ozay B, Idiz M, Saskin H, Tavli M, et
al. Effects of seasonal variations on coronary artery surgery. The
Heart Surgery Forum. 2002; 5: 388-392.

Nemati MH. Effects of seasonal variations on the outcome of
coronary artery bypass graft surgery. Iranian Journal of Medical
Sciences. 2013; 38: 89-92.

Tehrani DM, Seto AH. Third universal definition of myocar-
dial infarction: update, caveats, differential diagnoses. Cleve-
land Clinic Journal of Medicine. 2013; 80: 777-786.
Lomivorotov VV, Efremov SM, Kirov MY, Fominskiy EV,
Karaskov AM. Low-Cardiac-Output Syndrome After Cardiac
Surgery. Journal of Cardiothoracic and Vascular Anesthesia.
2017; 31: 291-308.

Wang Y, Bellomo R. Cardiac surgery-associated acute kidney
injury: risk factors, pathophysiology and treatment. Nature Re-
views. Nephrology. 2017; 13: 697-711.

Fischer MO, Brotons F, Briant AR, Suehiro K, Gozdzik W,
Sponholz C, et al. Postoperative Pulmonary Complications Af-
ter Cardiac Surgery: The VENICE International Cohort Study.
Journal of Cardiothoracic and Vascular Anesthesia. 2022; 36:
2344-2351.

Baghban M, Paknejad O, Yousefshahi F, Gohari Moghadam K,
Bina P, Samimi Sadeh S. Hospital-acquired pneumonia in pa-
tients undergoing coronary artery bypass graft; comparison of

[5s

—

[16

[

[17]

[18]

[19

—

[20]

(21]

[22

—

[25

—

[26]

the center for disease control clinical criteria with physicians’
judgment. Anesthesiology and Pain Medicine. 2014; 4: ¢20733.
Martin TJ, Eltorai AEM, Kennedy K, Sellke F, Ehsan A. Season-
ality of postoperative pneumonia after coronary artery bypass
grafting: A national inpatient sample study. Journal of Cardiac
Surgery. 2020; 35: 1258-1266.

Groeneveld GH, van Paassen J, van Dissel JT, Arbous MS. In-
fluenza Season and ARDS after Cardiac Surgery. The New Eng-
land Journal of Medicine. 2018; 378: 772-773.

Cold exposure and winter mortality from ischaemic heart dis-
ease, cerebrovascular disease, respiratory disease, and all causes
in warm and cold regions of Europe. The Eurowinter Group.
Lancet. 1997; 349: 1341-1346.

Chen H, Zhang X. Influences of temperature and humidity on
cardiovascular disease among adults 65 years and older in China.
Frontiers in Public Health. 2023; 10: 1079722.

Straatman J, Harmsen AMK, Cuesta MA, Berkhof J, Jansma
EP, van der Peet DL. Predictive Value of C-Reactive Protein
for Major Complications after Major Abdominal Surgery: A
Systematic Review and Pooled-Analysis. PLoS ONE. 2015; 10:
¢0132995.

Zhai G, Gao Z, Zhou W. Effects of apparent temperature on car-
diovascular disease admissions in rural areas of Linxia Hui Au-

tonomous Prefecture. Scientific Reports. 2023; 13: 14971.

Cui J, Sinoway LI. Cardiovascular responses to heat stress in
chronic heart failure. Current Heart Failure Reports. 2014; 11:
139-145.

Balmain BN, Jay O, Sabapathy S, Royston D, Stewart GM,
Jayasinghe R, et al. Altered thermoregulatory responses in heart
failure patients exercising in the heat. Physiological Reports.
2016; 4: e13022.

Phillips DP, Jarvinen JR, Abramson IS, Phillips RR. Cardiac
mortality is higher around Christmas and New Year’s than at any
other time: the holidays as a risk factor for death. Circulation.
2004; 110: 3781-3788.

Goswami N, Taucher AA, Brix B, Roessler A, Koestenberger M,
Reibnegger G, et al. Coagulation Changes during Central Hypo-
volemia across Seasons. Journal of Clinical Medicine. 2020; 9:
3461.

Mavri A, Guzic-Salobir B, Salobir-Pajnic B, Keber I, Stare J,
Stegnar M. Seasonal variation of some metabolic and haemo-
static risk factors in subjects with and without coronary artery
disease. Blood Coagulation & Fibrinolysis. 2001; 12: 359-365.
Shah A, Palmer AJR, Klein AA. Strategies to minimize intraop-
erative blood loss during major surgery. The British Journal of
Surgery. 2020; 107: e26—38.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design and Patient Population
	2.2 Perioperative Management
	2.3 Endpoints
	2.4 Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

