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Background: The severity of sepsis is associated with systemic clotting activation. Atrial fibrillation (AF) is the most commonly observed arrhythmia in patients with sepsis and can lead to a poor prognosis. The aim of this study is to elucidate the association between oral anticoagulants and survival from septic patients complicated with AF.



Methods: The data of 8,828 septic patients, including 2,955 AF and 5,873 without AF, were all originated from the Medical Information Mart for Intensive Care IV (MIMIC-IV) database. Patients with sepsis and AF are divided into OAC- group (n = 1,774) and OAC+ group (n = 1,181) based on OAC therapy. Septic patients with no AF were considered as the control group (n = 5,873, sepsis and no AF group). The main outcome endpoint was the survival rate of 30 day. The secondary outcome endpoint was the length of stay (LOS) from intensive care unit and hospital. Propensity score matching (PSM) was used to adjust the influence of superfluous factors, and a restricted mean survival time (RMST) analysis was used for calculating the benefit of survival time and survival rate. Analysis including univariate and multivariate logistic regression analysis was conducted to find prognosis-related predictors.



Results: After PSM, the OAC+group had a higher 30-day survival rate compared to the OAC- group (81.59% vs. 58.10%; P < 0.001) in the ICU. Despite the higher survival, the hospital LOS (14.65 days vs. 16.66 days; P = 0.15) and ICU LOS (6.93 days vs. 5.92 days; P = 0.02) were prolonged at OAC+ group than OAC- group. No difference was found in survival rate of 30 day between the sepsis patients using warfarin and patients using NOAC (85.60% vs. 79.84%, P = 0.12). The sepsis patients using warfarin had a prolonged LOS in ICU and hospital compared with the sepsis patients using NOAC. In the vasopressor subgroup, patients who received NOAC therapy were associated with a reduced 30-day survival rate (73.57% vs. 84.03%; P = 0.04) and reduced LOS in ICU and hospital than those on warfarin therapy.



Conclusion: This study demonstrated that oral anticoagulants may increase the 30-day survival rate of patients with sepsis and AF.
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Introduction

Atrial fibrillation (AF) is the most commonly observed arrhythmia from people who suffer from sepsis (1). There was strong association between sepsis and AF (2). Sepsis is characterized by systemic inflammation activation, intravascular volume overload, excessive adrenergic stimulation, and impairment of cardiovascular system. all factors above can contribute to abnormal development of atrial electrophysiology, resulting in the occurence of AF (3–5).

Sepsis is responsible for the majority of mortality in the ICU (6). Patients who have experienced severe shock and atrial fibrillation tend to cause the aggravation of illness and have poor prognosis (7). Sepsis patients with new-onset AF had higher risk of death than sepsis patients with no AF (8).

The severity of sepsis is highly associated with systemic clotting activation. Enough evidence was found between hemostasis and inflammation and hemostasis is important for the development of illness in patients with sepsis (9). Sepsis patients and DIC may develop severe complications, which can result in failure of multiple organs (10, 11). The evidence was cumulating for beneficial effect of anticoagulation therapy in sepsis patients (12). In addition, more reseach demonstrate that sepsis patients need to prevent venous thrombosis (13).

Novel oral anticoagulants (NOAC) and warfarin are the most common drugs used in clinical anticoagulation therapy, but their effects on the prognosis of sepsis complicated by atrial fibrillation have rarely been studied. This study aimed to better interpret the deep relationship between anticoagulation therapy (NOAC and warfarin) and its impact on prognosis of sepsis and AF patients.



Methods


Study population

This study was a retrospective observational study. The data originated from the MIMIC-IV database (14, 15). This database was identified by the Massachusetts Institute of Technology. The single-center database had 257,366 individuals, including 13,478 sepsis patients according to the International Classification of Diseases (ICD)-9/10 code. We collect patients who were in ICU. The criteria of exclusion as folows: 1) Patients who were not in ICU; 2) Patients who took warfarin in combination with new oral anticoagulants during hospitalization. Of 13,478 patients with sepsis, 4,604 patients who were not in ICU were excluded. Remaining 8,828 patients were included to next analysis (Figure 1). 2,995 (33.9%) septic patients were complicated with AF. Of them, 1,181 (39.4%) patients were treated with OAC (NOAC or warfarin) and included in the OAC+ group. Remaining 1,774 septic patients complicated with AF who had not received OAC during hospitalization included in OAC- group. 5,873 patients with sepsis but no AF included in the control group (Sepsis, no AF).


[image: Figure 1]
FIGURE 1
Flow diagram of the selection of eligible patients.


Patients who had received vasopressor therapy in the hospital were included in a vasopressor subgroup indicating the severe condition of sepsis. The vasopressor subgroup consisted of septic patients who received the vasopressors therapy (norepinephrine, phenylephrine, epinephrine, dopamine, or dobutamine) during hospitalization.



Main and secondary outcomes

The main outcome endpoint was the survival rate of 30 day. The secondary outcome endpoint was the length of stay (LOS) from intensive care unit and hospital.



Establishment of Kaplan–Meier (KM) survival curve

The definition of Kaplan–Meier (KM) survival curve is included in this study (16). We used the R package (“survminer” (https://rpkgs.datanovia.com/survminer/index.html) and “survival” (17)) to establish curves of survical from two groups (OAC+ and the OAC- groups; warfarin and NOAC groups) and compared them in pairs.



Propensity score matching (PSM)

PSM was utilized to eliminate confounding factors from the OAC+ and the OAC- groups, as well as warfarin and NOAC groups. After PSM, standardized mean differences (SMD) were utilized to prove that confounding factors were balanced between the two groups (18).



Statistical analysis

Baseline characteristics of the study patients are showed as mean ± SD or percentages for continuous and categorical variables. T-test was used to compare the patients' characteristics between two groups. The pairwise comparison between the three groups was performed using ANOVA. Variables that is significant in univariate analysis were included in multivariate analysis.




Results


Baseline characteristics for all patients

Demographic characteristics for all sepsis patients are detailed in Supplementary Table S1 and the P-values for pairwise comparison are shown in Supplementary Table S2. The mean age of the study patients was 67.50 ± 16.20 years, 4,006 (45.38%) were female, and 863 (9.78%) had continuous renal replacement therapy (CRRT). 30-day mortality was significantly higher for OAC- group (47.75%) than that of OAC+ group (17.44%) and sepsis, no AF group (26.82%) (P all <0.001). The occurrence of shock induced by sepsis was also significantly higher for OAC- group (31.74%) compared with that of OAC+ group (22.18%) as well as sepsis, no AF group (27.15%) (P all <0.001). The 30-day survival curve suggested significant differences among the three groups (Supplementary Figure S1) (P < 0.001). OAC- group had higher ICU LOS and hospital than OAC+ as well as sepsis, no AF group (control group) (P all <0.001).



30-day survival and LOS in ICU & hospital after PSM

After PSM (1:1), the SMD of variables are totally smaller than 0.1, showing that The confounding factors of the two groups were basically balanced (Table 1). We performed a multifactor analysis of post-PSM data to identify factors that potentially influence 30-day mortality (Supplementary Figure S2A). The KM curve showed that the OAC therapy had an rising survival rate of 30 day (81.59% vs. 58.10%; P < 0.001) (Figure 2A). Prolonged ICU LOS (Length of Stay) (6.93 days vs. 5.92 days; P = 0.02) and shortened hospital LOS (14.65 days vs. 16.66 days; P = 0.15) were found in the OAC+ group compared to the OAC- group (Table 2A), the difference in ICU LOS was significant and the difference in hospital LOS was non-significant.


TABLE 1 Baseline table of demographic characteristics after PSM.
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TABLE 2A Outcomes for all patients.
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TABLE 2B Outcomes for vasopressor subgroup.
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FIGURE 2
Kaplan–Meier survival curve of the OAC + and OAC- groups. Figure 2A showed the Kaplan–Meier survival curve of the OAC+ and OAC- groups after PSM in all patients; Figure 2B showed the Kaplan–Meier survival curve of the OAC+ and OAC- groups after PSM in the vasopressor subgroup. OAC, oral anticoagulants; AF, atrial fibrillation; PSM, propensity score matching.




30-day survival and LOS in vasopressor subgroup after PSM

The use of vasopressor drugs in sepsis is a sign of severe disease, and we analyzed this subset of patients separately. We performed a multifactor analysis of post-PSM data to identify factors that potentially influence 30-day mortality in vasopressor group (Supplementary Figure S2B). After PSM, the KM curve showed that the OAC therapy was associated with an increased 30-day survival rate (78.47% vs. 49.57%; P < 0.001) in the vasopressor subgroup (Figure 2B). The LOS in ICU was reduced in the OAC+ group than in the OAC- group (9.39 days vs.7.23 days; P < 0.001) (Table 2B).



30-day survival and LOS between warfarin group and NOAC group

For oral anticoagulants, it mainly includes warfarin and NOAC. Of 1,181 patients taking anticoagulants, 871 used warfarin, and 310 used NOAC. After PSM (1:1) (Supplementary Table S2), the KM curve showed no difference was found in the 30-day survival rate from the warfarin and NOAC group (85.60% vs. 79.84%, P = 0.12) (Table 3A and Figure 3A). The hospital LOS (18.13 days vs. 13.92 days; P = 0.002) and ICU LOS (6.75 days vs. 4.84 days; P = 0.004) were prolonged in the warfarin group than the NOAC group.


TABLE 3A Outcomes for all patients.
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TABLE 3B Outcomes for vasopressor subgroup.
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FIGURE 3
Kaplan–Meier survival curve of the warfarin and NOAC groups. Figure 3A showed the Kaplan–Meier survival curve of the warfarin and NOAC groups after PSM in all patients; Figure 3B showed the Kaplan–Meier survival curve of the warfarin and NOAC groups after PSM in the vasopressor subgroup. NOAC, novel oral anticoagulants; PSM, propensity score matching.


In the vasopressor subgroup, patients who received NOAC therapy were associated with a reduced 30-day survival rate (73.57% vs. 84.03%; P = 0.04) than the warfarin group after PSM (Table 3B). The ICU LOS (9.43 days vs. 6.46 days, P = 0.003) and hospital LOS (20.66 days vs. 14.82 days; P = 0.003) both were prolonged in the warfarin group compared to the NOAC group (Table 3B).



Risk factors related to all-cause mortality in sepsis combined with AF

We investigated the risk factors related to mortality in sepsis and AF patients. Chronic Kidney disease (CKD) significantly increased all-cause mortality of sepsis patients with an adjusted OR of 1.44 (95% CI, 1.08–1.91; P = 0.012) (Figure 4A). CRRT during hospitalization significantly increased all-cause mortality with an adjusted OR of 2.23 (95% CI, 1.52–3.26; P < 0.001) and 2.49 (95% CI, 1.66–3.74; P < 0.001) in vasopressor subgroup. Use of warfarin and NOAC both significantly reduced all-cause mortality with an adjusted OR of 0.18 (95% CI, 0.13–0.24; P < 0.001) and 0.29 (95% CI, 0.19–0.44; P < 0.001) and verified in vasopressor subgroup. The higher temperature on the first day of hospitalization and lower GCS score reduce all-cause mortality in all patients, including the vasopressor subgroup. In contrast, higher SOFA scores increase all-cause mortality in all patients, including the vasopressor subgroup.
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FIGURE 4
Forest plot of related factors affecting death for sepsis with atrial fibrillation patients. Figure 4A showed a Forest plot of related factors affecting death for sepsis with atrial fibrillation for all patients; Figure 4B showed a Forest plot of related factors affecting death for sepsis with atrial fibrillation for the vasopressor subgroup. CKD, chronic kidney disease; CRRT, continuous renal replacement therapy; NOAC, novel oral anticoagulants; GCS, glasgow coma scale; SOFA, sequential organ failure assessment.





Discussion

In this study, we revealed that oral anticoagulants can increase the 30-day survival rate but prolonged LOS in ICU in sepsis patients complicated with AF after matching heparin use. No difference was found in survival rate of 30 day between warfarin and NOAC groups. However, warfarin showed significantly increased LOS in hospitals and ICU than NOAC in the vasopressor subgroup. CRRT and CKD were independent risk factors for all-cause mortality.

Among patients with severe sepsis, patients with new-onset AF were at increased risk of in-hospital stroke and death compared with patients with no AF and patients with preexisting AF (19, 20). The question of whether patients with sepsis and atrial fibrillation should receive anticoagulation therapy is still controversial (21).We observed that anticoagulant therapy effectively reduces 30-day mortality in septic and AF patients. Allan J Walkey et al. proved that after hospitalization with new-onset AF during sepsis, oral anticoagulation use was uncommon and associated with potentially higher stroke/TIA risk (22). Umemura et al. reported a meta-analysis showing that anticoagulant therapy could improve the mortality in sepsis-induced DIC patients. However there was no beneficial effect on survival in sepsis patients (23). The foundation for anticoagulant method comes from increasing evidence suggesting beneficial effects in sepsis patients (24). More and more studies had reported the important relationship between anticoagulant therapy and inflammation in sepsis patients (24). Damage-associated molecular patterns (DAMPs), has been proved to participate in the pathogenesis of sepsis.

We have not found any difference in survival rate of 30 day between warfarin and NOAC groups in sepsis and AF patients. However, some studies showed that NOAC reduces mortality in AF patients compared with warfarin (25, 26). This may be due to different subjects. In our study, the patients had severe sepsis and AF, while the previous studies included AF patients without sepsis.

Similarly, prolonged LOS in hospital and ICU were found in the OAC+ group compared to the OAC- group, which was different from the previous study (23). In fact, heparin, not NOAC or warfarin, was used for reducing LOS in hospitals of sepsis patients. Studies have shown that NOAC has a shorter hospital stay than warfarin in AF patients with higher body weight or post-cardiac surgery (27, 28). This may contribute to lower complications (such as bleeding) in NOAC compared with warfarin.

A similar conclusion was gained that NOAC had no difference in survival rate compared with warfarin but reduced LOS in hospitals in post-cardiac surgery atrial fibrillation patients (29). We have found that warfarin therapy prolonged LOS in ICU and hospitals compared to NOAC, which was similar with previous studies.

We also found that CRRT and CKD were independent risk factors for all-cause mortality in sepsis patients with AF, which was consistent with previous studies (30).

This study has several limitations. Firstly, PSM analysis may reduce the size of sample. The distribution of matched datasets was less than the main dataset; Secondly, although the PSM were to reduce the confounders, some confounders may not be measured in this study. Thirdly, the data about the outcome of bleeding and embolism after anticoagulant therapy is missing in the MIMIC public database. Fourth, as a retrospective observational study, the credibility of this study needs to be further confirmed in prospective studies. Fively, due to the use of a shared database for analysis, there are too many messy diagnostic codes related to DIC, so it is impossible to assess that the patients who were on vasopressor therapy is DIC. Sixly, the basis that patients with atrial fibrillation and sepsis not treated with an anticoagulant is unclear. Finally, the work completely lacks a reference to which patients had newly diagnosed atrial fibrillation and which ones were previously diagnosed with atrial fibrillation.



Conclusion

This retrospective study confirms that oral anticoagulants can increase the 30-day survival rate in sepsis patients complicated with AF. No significant difference was found in the 30-day survival rate between warfarin and NOAC groups. Warfarin was associated with prolonged LOS in ICU and hospital compared with NOAC.



Data availability statement

The original presented in the study are included in the article/Supplementary Materials, further inquiries can be directed to the corresponding authors.



Ethics statement

Ethical approval was not required for the studies involving humans because ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements because written informed consent was not required for the study on human participants in accordance with the local legislation and institutional requirements.



Author contributions

GG: Writing – review & editing, Data curation, Formal Analysis, Investigation, Methodology. DB: Data curation, Formal Analysis, Methodology, Writing – review & editing. RJ: Writing – review & editing, Investigation, Supervision. WZ: Conceptualization, Software, Writing – original draft. YL: Funding acquisition, Project administration, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This work was supported by the Youth medical science and technology Innovation project of Xuzhou Municipal Health Commission (grant no. XWKYHT20200067), the Xuzhou National Clinical Key Specialty Cultivation Foundation (grant no. 2018ZK0003), and the National Natural Science Foundation of China (grant no. 82300444).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1322045/full#supplementary-material



References

1. Bosch NA, Cimini J, Walkey AJ. Atrial fibrillation in the ICU. Chest. (2018) 154(6):1424–34. doi: 10.1016/j.chest.2018.03.040

2. Shahreyar M, Fahhoum R, Akinseye O, Bhandari S, Dang G, Khouzam RN. Severe sepsis and cardiac arrhythmias. Ann Transl Med. (2018) 6(1):6. doi: 10.21037/atm.2017.12.26

3. Bosch NA, Massaro JM, Winter MR, Quinn EK, Chon KH, McManus DD, et al. New-onset atrial fibrillation as a sepsis-defining organ failure. Ann Am Thorac Soc. (2019) 16(10):1332–4. doi: 10.1513/AnnalsATS.201902-176RL

4. Burgdorff AM, Bucher M, Schumann J. Vasoplegia in patients with sepsis and septic shock: pathways and mechanisms. J Int Med Res. (2018) 46(4):1303–10. doi: 10.1177/0300060517743836

5. Harada M, Van Wagoner DR, Nattel S. Role of inflammation in atrial fibrillation pathophysiology and management. Circ J. (2015) 79(3):495–502. doi: 10.1253/circj.CJ-15-0138

6. Asghar A, Hashmi M, Rashid S, Khan FH. Incidence, outcome and risk factors for sepsis–a two year retrospective study at surgical intensive care unit of a teaching hospital in Pakistan. J Ayub Med Coll Abbottabad. (2016) 28(1):79–83. PMID: 27323568

7. Balik M, Matousek V, Maly M, Brozek T. Management of arrhythmia in sepsis and septic shock. Anaesthesiol Intensive Ther. (2017) 49(5):419–29. doi: 10.5603/AIT.a2017.0061

8. Walkey AJ, Hammill BG, Curtis LH, Benjamin EJ. Long-term outcomes following development of new-onset atrial fibrillation during sepsis. Chest. (2014) 146(5):1187–95. doi: 10.1378/chest.14-0003

9. Levi M, van der Poll T. Coagulation and sepsis. Thromb Res. (2017) 149:38–44. doi: 10.1016/j.thromres.2016.11.007

10. Levi M. The coagulant response in sepsis. Clin Chest Med. (2008) 29(4):627–42. doi: 10.1016/j.ccm.2008.06.006

11. Levi M, Sivapalaratnam S. Disseminated intravascular coagulation: an update on pathogenesis and diagnosis. Expert Rev Hematol. (2018) 11(8):663–72. doi: 10.1080/17474086.2018.1500173

12. Zarychanski R, Abou-Setta AM, Kanji S, Turgeon AF, Kumar A, Houston DS, et al. The efficacy and safety of heparin in patients with sepsis: a systematic review and meta-analysis. Crit Care Med. (2015) 43(3):511–8. doi: 10.1097/CCM.0000000000000763

13. Lewis TC, Cortes J, Altshuler D, Papadopoulos J. Venous thromboembolism prophylaxis: a narrative review with a focus on the high-risk critically ill patient. J Intensive Care Med. (2019) 34(11-12):877–88. doi: 10.1177/0885066618796486

14. Zhou S, Zeng Z, Wei H, Sha T, An S. Early combination of albumin with crystalloids administration might be beneficial for the survival of septic patients: a retrospective analysis from MIMIC-IV database. Ann Intensive Care. (2021) 11(1):42. doi: 10.1186/s13613-021-00830-8

15. Johnson AEW, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, et al. MIMIC-IV, a freely accessible electronic health record dataset. Sci Data. (2023) 10(1):1. doi: 10.1038/s41597-022-01899-x

16. Hakulinen T, Seppä K, Lambert PC. Choosing the relative survival method for cancer survival estimation. Eur J Cancer. (2011) 47(14):2202–10. doi: 10.1016/j.ejca.2011.03.011

17. Kumar M, Sonker PK, Saroj A, Jain A, Bhattacharjee A, Saroj RK. Parametric survival analysis using R: illustration with lung cancer data. Cancer Reports. (2020) 3(4):e1210. doi: 10.1002/cnr2.1210

18. Zhang Z, Kim HJ, Lonjon G, Zhu Y. Written on behalf of AME big-data clinical trial collaborative group. Balance diagnostics after propensity score matching. Ann Transl Med. (2019) 7(1):16. doi: 10.21037/atm.2018.12.10

19. Walkey AJ, Wiener RS, Ghobrial JM, Curtis LH, Benjamin EJ. Incident stroke and mortality associated with new-onset atrial fibrillation in patients hospitalized with severe sepsis. JAMA. (2011) 306(20):2248–54. doi: 10.1001/jama.2011.1615

20. Gandhi S, Litt D, Narula N. New-onset atrial fibrillation in sepsis is associated with increased morbidity and mortality. Neth Heart J. (2015) 23(2):82–8. doi: 10.1007/s12471-014-0641-x

21. Induruwa I, Hennebry E, Hennebry J, Thakur M, Warburton EA, Khadjooi K. Sepsis-driven atrial fibrillation and ischaemic stroke. Is there enough evidence to recommend anticoagulation? Eur J Intern Med. (2022) 98:32–6. doi: 10.1016/j.ejim.2021.10.022

22. Walkey AJ, Myers LC, Thai KK, Kipnis P, Desai M, Go AS, et al. Practice patterns and outcomes associated with anticoagulation use following sepsis hospitalizations with new-onset atrial fibrillation. Circ Cardiovasc Qual Outcomes. (2023) 16(3):e009494. doi: 10.1161/CIRCOUTCOMES.122.009494

23. Umemura Y, Yamakawa K, Ogura H, Yuhara H, Fujimi S. Efficacy and safety of anticoagulant therapy in three specific populations with sepsis: a meta-analysis of randomized controlled trials. J Thromb Haemost. (2016) 14(3):518–30. doi: 10.1111/jth.13230

24. Iba T, Gando S, Thachil J. Anticoagulant therapy for sepsis-associated disseminated intravascular coagulation: the view from Japan. J Thromb Haemost. (2014) 12(7):1010–9. doi: 10.1111/jth.12596

25. Kim IS, Kim HJ, Kim TH, Uhm JS, Joung B, Lee MH, et al. Non-vitamin K antagonist oral anticoagulants have better efficacy and equivalent safety compared to warfarin in elderly patients with atrial fibrillation: a systematic review and meta-analysis. J Cardiol. (2018) 72(2):105–12. doi: 10.1016/j.jjcc.2018.01.015

26. Kumana CR, Cheung BM, Siu DC, Tse HF, Lauder IJ. Non-vitamin K oral anticoagulants versus warfarin for patients with atrial fibrillation: absolute benefit and harm assessments yield novel insights. Cardiovasc Ther. (2016) 34(2):100–6. doi: 10.1111/1755-5922.12173

27. Perales IJ, San Agustin K, DeAngelo J, Campbell AM. Rivaroxaban versus warfarin for stroke prevention and venous thromboembolism treatment in extreme obesity and high body weight. Ann Pharmacother. (2020) 54(4):344–50. doi: 10.1177/1060028019886092

28. Nauffal V, Trinquart L, Osho A, Sundt TM, Lubitz SA, Ellinor PT. Non-vitamin K antagonist oral anticoagulant vs warfarin for post cardiac surgery atrial fibrillation. Ann Thorac Surg. (2021)33440173

29. Liu Z, Zhu H, Ma X. Heparin for treatment of sepsis: a systemic review. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue (Chinese). (2014) 26(3):135–41. doi: 10.3760/cma.j.issn.2095-4352.2014.03.003

30. Griffin BR, Liu KD, Teixeira JP. Critical care nephrology: core curriculum 2020. Am J Kidney Dis. (2020) 75(3):435–52. doi: 10.1053/j.ajkd.2019.10.010



OPS/images/fcvm-11-1322045-t004.jpg
After PSM (1:1)

Warfarin group (n=871)

Values

95% Cl

NOAC group (n=310)

Values

95% ClI

Difference (95% Cl)

30-day survival rate (%)

LOS ICU (days)

5.67-7.84

4.11-5.56

-192 (-3.22-061)

LOS hospital (days)

15.76-20.49

12.65-15.19

(~6.89-1.53)





OPS/images/fcvm-11-1322045-t005.jpg
Warfarin group (n = 538)

Values 95% Cl

After PSM (1:1)

NOAC group (n=175) Difference (95% Cl)

Values

95% Cl

30-day survival rate (%)

LOS ICU (days) 943 7.78-11.08

5.41-7.50 —297 (-4.93-101) 0.003

LOS hospital (days) 2066 17.26-24.06

13.09-16.56 —5.84 (=9.67-2.01) 0.003

LOS.ICU, Isngth of 1CL) stay: LOS Hospital. ishath of Hospital stay: PSM. sropansity scors matching.





OPS/images/fcvm-11-1322045-t002.jpg
Sepsis and AF, OAC- Sepsis and AF, OAC + Difference (95% Cl) P
(n=1,774) (n=1,181)

Values 95% Cl Values 95% Cl

After PSM (
s |






OPS/images/fcvm-11-1322045-t003.jpg
Sepsis and AF, OAC-

Values

After PSM (1:1)

(n=1,166)
95% Cl

Sepsis and AF, OAC +

Values

(n=713)
95% Cl

Difference (95%Cl)

30-day survival rate (%) 4957

7847
LOS ICU (days) 723 6.60-7.86 939 857-1021 2.16 (1.12-3.20) <0.001
LOS hospital (days) 1392 12.84-14.99 18.90 17.58-2021 4.98 (3.28-6.68) <0.001

LOS ICU: Length of ICU stay: LOS Hospital: Length of hospital sk

S BroHensity scons ratihing.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Oral anticoagulants increased 30-day survival in sepsis patients complicated with atrial fibrillation: a retrospective analysis from MIMIC-IV database

		Introduction



		Methods



		Study population



		Main and secondary outcomes



		Establishment of Kaplan–Meier (KM) survival curve



		Propensity score matching (PSM)



		Statistical analysis











		Results



		Baseline characteristics for all patients



		30-day survival and LOS in ICU & hospital after PSM



		30-day survival and LOS in vasopressor subgroup after PSM



		30-day survival and LOS between warfarin group and NOAC group



		Risk factors related to all-cause mortality in sepsis combined with AF











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Oral anticoagulants increased
30-day survival in sepsis patients
complicated with atrial fibrillation:

a retrospective analysis from

MIMIC-1V database





OPS/images/fcvm-11-1322045-g002.jpg
>

‘Survival probabilty

Kaplan-Meier

104 B 1
o9 oo
o o
o7 z o7
i
o0 i o
o £ o
04 § 04
031 @ 034
p— p—
02 togranktetp: Pe0001 i 02f gk et Pecconn - yo?
b - poond o | s
oo oo
g % % 3 0 %
Folow up ) Foow up )
Number atrisk 5 Number atisk
s o - o w1 o . s o
aronce] w0 e o ™ o - o -
T % 5 5 § 5 m =
Follow up time(d) Follow up time(d)





OPS/images/fcvm-11-1322045-g001.jpg
its in MIMI
n=257.366

Sepsis patients (Sepsis-3)
478

n=1

No admission to

0=4,604

Sepsis patients (n=8,874)

Use warfarin and

NOAC
simultaneously
n=46
Sepsis patients (n=8,828)
No-AF group ‘ AF+NO-OAC group | AF+OAC group
n=5,873 n=1,774 n=1,181
‘Warfarin group NOAC group

n=871

n=310





OPS/images/fcvm-11-1322045-g004.jpg
A Forestplot for all patients

Variable OR(95% CI) Pvalue
Beta blocker - 0.54(0.42-0.7) <0.001
CKD v 1.44(1.08-1.91) 0.012
Creatinine “ 0.88(0.81-0.96) 0.004
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GCS score . 0.91(0.88-0.94) <0.001
Hemoglobin a 0.92(0.87-0.97) 0.001
Heparin bt 1.31(1.02-1.68) 0.032
Neutrophils 0.99(0.99-1)  0.04
PTT 1.01(1-1.02)  0.005
SOFA score . 1.11(1.07-1.16) <0.001
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Variable
CRRT
Warfarin
NOAC

First time temperature

GCS score

SOFA score

OR(95% Cl)  Pvalue

—e— 2.49(1.66-3.74) <0.001
0.15(0.11-0.22) <0.001
0.28(0.17-0.47) <0.001
0.71(0.6-0.83) <0.001
0.9(0.87-0.94) <0.001
1.01(1-1.02)  0.012

1.06(1.01-1.11) 0.017
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Age (Yr) 7600+1159 | 7616+1095
BMI (kg/m?) 29.37+ 8.66) 28.99+7.66
Female (%) 381 £403) 388+ 411

(g/dl) 10.52+2.24 10.55+2.24
Platelets (x10°/L) 22512212746 | 2227212487
Neutrophils (x10°/L) 8145+1139 | 80.65+1145
First time heart rate (bpm) 95.46 +21.61 95,66+ 22.89
First time SBP (mmHg) 115702414 | 11545+2408
First time temperature (°C) 3685085 36.84 2082
First time spo2 (%) 95922440 95.822424
ALP (IU/L) 1372212936 | 135569595
AST (1U/L) 197.80 £ 66697 | 188.42 £ 69032
Total bilirubin (mg/dl) 161+2.10) 151+185
Creatinine (mg/dl) 192+ 164 199+ 170
INR 2032172 217141
PT () 21.93+18.08 2329+1494
PTT () 40072357 | 40.89+2339
SOFA score 7.35+3.79 7.57 2401
GCS score 1172+381 1155377
CRRT (%) 99 (10.5) 113 (12.0)
Beta blocker (%) 744 (78.7) 729 (77.1) 0.038
CKD (%) 356 (37.7) 378 (400) 0.048
COPD (%) 101 (10.7) 101 (10.7) <0001
CVD (%) 2931 30 32) 0.006
DM (%) 336 (35.6) 322 (34.1) 0031
HP (%) 190 (20.1) 178 (18.8) 0032

G bleeding (%) 26 (28) 28 (3.0) 0013
Cerebral hemorrhage (%) 3(03) 4(04) 0017
Use of heparin (%) 536 (56.7) 556 (58.8) 0043

Data are presented as mean+SD, median (25th-75th percentie) or median
(percentite). NO-OAC, no use of oral anticoagulants; OAC, oral anticoagulants
INR, international normalized ratio; PT, prothrombin time: PTT, partial
thromboplastin time; SOFA, sequential organ failure assessment; GCS, glasgow
coma scale; SBP, systolic blood pressure; NOAC, novel oral anticoagulants; CRRT,
continuous renal replacement therapy; CKD, chronic kidney disease; COPD,
chronic obstructive pulmorary disease; CVD, cardiovascular disease; DM, diabetes
mellis: HE. Fypertension.





