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ABSTRACT

Aims and background: Extracorporeal membrane oxygenation (ECMO) is a mode of extracorporeal therapy to support oxygenation of patients
with severe cardiac or respiratory failure. Studies have shown that acute kidney injury (AKI) can worsen the outcome in these patients. This
study aims to assess the incidence and outcome of AKl in patients on ECMO support.

Materials and methods: This retrospective study included 64 patients who underwent ECMO for more than 24 hours. Patients who died within
48 hours of initiation of ECMO and patients with end-stage renal disease (ESRD) on maintenance hemodialysis were excluded. Acute kidney
injury was diagnosed and categorized according to the Kidney Disease Improving Global Outcomes (KDIGO) criteria.

Results: Of the 64 patients studied, 38 patients (59.38%) developed AKl and 17 patients (44.73%) among them developed AKI within 24 hours of
initiation of ECMO. Age, Acute Physiology and Chronic Health Evaluation (APACHE-II) score, hypertension, use of nephrotoxic agents, inotropic
support, and poor cardiac function were the risk factors associated with the development of AKI. Diabetes mellitus, type of ECMO used, and
duration of ECMO were not found to be risk factors for AKI. Renal replacement therapy was initiated in 31 patients (81.58%). The overall mortality
in the whole group was 67.19%, while it was 81.58% among the patients with AKI.

Conclusion: Acute kidney injury was found to be an independent risk factor for mortality in patients on ECMO. Early identification of the risk
factors for AKI and management may help to improve the survival rate.

Clinical significance: The occurrence of AKI among patients on ECMO support increases the risk of mortality significantly. Hence, measures to
prevent AKI, as well as early detection and appropriate management of AKI, would improve patient outcomes.

Keywords: Acute kidney injury, Acute respiratory distress syndrome, Continuous renal replacement therapy, Cohort study, Extracorporeal
membrane oxygenation, Renal replacement therapy.
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HIGHLIGHTS

Prevention and early detection of acute kidney injury (AKI) in patients
on extracorporeal membrane oxygenation (ECMO) are essential to
improve outcome.
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INTRODUCTION

Extracorporeal membrane oxygenation is a major lifesaving
treatment modality in those with potentially reversible severe
cardiac or respiratory failure.! The CESAR trial has shown survival
benefits with ECMO when compared with conventional ventilator
support in such patients.? Based on the vascular access, ECMO has
been classified into venoarterial (VA) and venovenous (VV) ECMO.
The VA ECMO is used in patients requiring cardiac support, as in
cases of cardiogenic shock, cardiac arrest, or postcardiac surgery.>
The venovenous ECMO (VV-ECMO) is used in patients having acute
respiratory failure, pneumonia-related acute respiratory distress
syndrome (ARDS), post lung transplant failure, or trauma to the
thorax causing respiratory failure.*

Acute kidney injury can occur in ECMO patients, with an
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The study aims to analyze the incidence and risk factors of AKI
in ECMO and its impact on mortality.

MATERIALS AND METHODS

incidence of 61% and 46% in VA-ECMO and VV-ECMO, respectively.>®
The mortality associated with VA-ECMO (40-60%) is reported
to be more when compared with VV-ECMO (21-37%).”® The
etiological factors causing AKI in patients receiving ECMO
include factors like decreased perfusion, low oxygenation, loss
of autoregulation, carbon dioxide retention, accumulation of
nephrotoxins, and sepsis; ECMO circuit-related factors include,
type of ECMO, positive end-expiratory pressure, blood shear stress,
and thromboembolism.>'°

This is a retrospective study conducted at a quaternary care center
in South India from February 2015 to March 2023. The study was
done with permission from the hospital ethics committee (ref. no.
AM/EC/246-2022). The study included all patients who underwent
ECMO for over 24 hours at our institution. The study excluded those
who died within 48 hours of initiating ECMO and those who were
on maintenance hemodialysis.

The demographic and clinical data were obtained from the
electronic medical records. The medication history, including
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the nephrotoxic drugs received by the patient before and after
ECMO initiation, was also collected. The indication for ECMO,
type of ECMO, duration of ECMO in days, and vascular access for
ECMO were determined. Acute Physiology and Chronic Health
Evaluation (APACHE-II) score was used to assess the severity of
iliness. Those with less than 40% left ventricular ejection fraction
(LVEF) on echocardiogram were considered to have poor cardiac
status. Kidney Disease Improving Global Outcomes (KDIGO) criteria
was used to define AKI, staging and recovery of AKI, and chronic
kidney disease (CKD)."""2 The details of renal replacement therapy
(RRT), including the type of RRT, the number of sessions planned,
fluid removal achieved, and the requirement of inotropic support,
were recorded.

The primary objective of the study was to determine the
incidence of AKI in patients undergoing ECMO. The secondary
objectives were to analyze therisk factors and characteristics of AKI.

Statistical Analysis

R software (version 4.1.1) was used for statistical analysis. Mean and
standard deviation were used to describe quantitative variables,
while percentage distribution was used to describe qualitative
variables. Independent sample t-test and Chi-square test were used
to compare quantitative variables and discrete variables between
groups, respectively. To analyze the effects of outcome and
predictive variables, binary logistic regression was used. p < 0.05
was taken to be significant.

REesuLTs

The study had 64 eligible patients with 35 males and 29 females in
the age range of 4 months-73 years (mean age, 42.58 + 18.63 years).
Among them, 43 patients (67.19%) had an APACHE-II score above 25.
A good LVEF was found in only 26 patients (40.63%). Venoarterial
ECMO was done in 35 patients (54.69%), and venovenous ECMO in
29 patients (45.31%). The indication for VA-ECMO included severe
left ventricular dysfunction/heart failure (n = 14, 40.00%), cardiac
arrest (n = 7, 20.00%), support for cardiac surgery (n = 7, 20.00%),
cardiogenic shock (n = 3, 8.57%), and myocarditis (n = 4, 11.43%).
The indication for all patients on VV-ECMO was ARDS, of which
16 patients (55.17%) had Coronavirus disease of 2019 (COVID-19)
infection as the cause for ARDS.

The minimum duration of ECMO was 2 days, and the maximum
was 33 days (mean duration of ECMO 6.60 + 5.6 days). Of the patients
who underwent ECMO, AKI occurred in 38 patients (59.38%), 17
patients (44.73%) developed AKI on the first day after initiating
ECMO, 10 patients (26.33%) developed AKl on the second day, three
patients (7.89%) developed AKI on the third day, three patients
(7.89%) developed AKI between the fourth and seventh day, and
five patients (13.16%) developed AKI after 7 days of initiation of
ECMO. Table 1 compares the characteristics of ECMO patients who
had AKI with the non-AKI group. Three patients had acute on CKD
following ECMO initiation.

The etiology of AKI was sepsis (n = 24, 63.16%), septic shock
(n=6,15.79%), cardio renal syndrome (n =7, 18.42%), and pulmonary
renal syndrome (n =1, 2.63%). Among the patients who developed
AKI, nine patients (23.68%) had stage-1 AKI, 20 patients (52.64%) had
stage-Il AKI, and 9 patients (23.68%) had stage-IIl AKI.

Thirty-one patients (81.58%) who had AKI needed dialysis. The
indications for RRT were oliguria/volume overload (n = 15, 48.39%),
anuria (n =10, 32.26%), refractory hyperkalemia (n = 2, 6.45%), and

Table 1: Risk factors for acute kidney injury

Patient AKl during ECMO  No AKlI during ECMO
characteristics (n=38) (n=26) p-value
Age group
<18 years 3 6 0.02%®
18-60 years 24 19
>60 years 11 1
Hypertension
Yes 13 3 0.04*°
No 25 23
Nephrotoxic drugs
Yes 25 9 0.007**
No 13 17
Cardiac status
Good >55% 9 17 0.002%°
Moderate 40-55% 8
Poor <40% 21
Inotropic support
Yes 31 1 0.01*2
No 7 15
APACHE-II score 26.12 +4.02 22.54+3.95 0.003*¢
Diabetes mellitus
Yes 10 6 1.00°
No 28 20
Type of ECMO
Veno-arterial 24 1 0.09°
Veno-venous 14 15
Total ECMO days 6.27 £4.41 6.96 £6.73 0.67¢

aChi-square test, “Fisher exact test, “t-test; *Statistically significant
variables — age, hypertension, nephrotoxic drugs, inotropic support, and
APACHE-II score; AKI, acute kidney injury; APACHE-II, Acute Physiology
and Chronic Health Evaluation score; ECMO, extracorporeal membrane
oxygenation

severe metabolic acidosis (n = 4, 12.90%). The initial mode of RRT
used was sustained low-efficiency dialysis (SLED) in 18 patients
(58.06%), continuous renal replacement therapy (CRRT) in 12 patients
(38.71%), and peritoneal dialysis in one patient (03.23%). Among the
12 patients who underwent CRRT, only four patients (33.33%) could
complete the planned hours of dialysis: one patient survived and
three patients were converted to SLED. Of those patients who were
on CRRT, eight patients (66.67%) had premature termination due
to clotting of the extracorporeal circuit (n = 1,12.50%), hypotension
(n=3,37.50%), or death (n =4, 50.00%). Among the 21 patients who
underwent SLED (including the three patients who were converted
to SLED from CRRT), nine patients (42.86%) could complete the
planned SLED sessions, and two patients (9.52%) were converted to
conventional hemodialysis. A total of 70 SLED sessions were planned
for the 21 patients, and 59 sessions were completed successfully,
achieving 82.52% of the target fluid removal. The reasons for
premature termination of SLED among 10 patients (47.62%) were
also the same, clotting of the extracorporeal circuit (n = 1, 10.00%),
hypotension (n = 2, 20.00%), or death (n = 7, 70.00%). The two
patients who underwent conventional hemodialysis completed
the 20 planned hemodialysis sessions.

Inotropic support was increased in 24 patients (77.42%)
after they were initiated on RRT. Recovery of renal functions was
observed in six patients (15.79%) among the 38 patients with AKI,

Indian Journal of Critical Care Medicine, Volume 28 Issue 1 (January 2024) 27



AKI in ECMO

Table 2: Risk factors for mortality

Characteristics Non-survivor Survivor p-value
Inotropic support
Yes 33 8 0.002%
No 10 13
APACHE-II score 2593+338 2210+4.67 0.001°
AKI
Yes 31 7 0.003?
No 12 14
RRT
Yes 27 4 0.001?
No 16 17
Duration of ECMO till AKI 4.16 £4.49 2.86+1.07 0.002°
(days)

aChi-square test, bi-test; Of the 64 patients who underwent ECMO,
43 patients (67.19%) died. All these variables were found to be significant
risk factors for mortality; AKI, acute kidney injury; APACHE-Il, Acute
Physiology and Chronic Health Evaluation score; ECMO, extracorporeal
membrane oxygenation; RRT, renal replacement therapy

of which three patients had complete recovery of renal function. Of
the remaining 32 patients (84.21%) who did not recover from AKI,
one patient became dialysis-dependent, and the remaining (n=31)
succumbed to death.

Among the 64 patients who underwent ECMO therapy, 43
patients (67.19%) succumbed to death while on ECMO therapy.
The mortality among the patients who developed AKI was 81.58%
(31 deaths), of which 27 patients (87.10%) were on RRT and four
patients (57.14%) were not on RRT. Table 2 shows the association
of risk factors with mortality. The odds ratio was 4.89 for mortality
associated with AKI. The mortality among patients who were
initially initiated on CRRT and SLED was 91.67% (11 patients) and
72.22% (13 patients), respectively. However, the modality of RRT
did not influence the survival of patients (p = 0.19). The cause of
death among patients who underwent ECMO was attributed to
sepsis and septic shock in 19 patients (44.19%), cardiogenic shock
and cardiacarrestin 14 patients (32.55%); the remaining 10 patients
(23.26%) died due to ARDS, diffuse alveolar hemorrhage, refractory
shock, acute myocardial infarction, low cardiac output syndrome,
recurrent arrhythmia, stroke, or acute liver failure.

Discussion

Our study was aimed at determining the incidence and the
associated risk factors for AKl in those who underwent ECMO. Data
from previous studies have shown that 26-85% of patients who
underwent ECMO developed AKL.'® This wide range was attributed
to varying patient characteristics and the study setting.>'* Qur
study population also showed a higher incidence of AKI (59.38%).
Acute kidney injury developed as early as within 24 hours of
initiation of ECMO in 57% and 85% of the patients in studies done
by Schmidt et al. and Tsai et al., respectively.”'® During the process
of ECMO, patients can have ischemic reperfusion injury due to the
restoration of microcirculation to the hypo-perfused tissues, leading
to an early onset of AKL'” In our study, even though there is a high
incidence of AKI, only 44.73% had developed AKI within 24 hours of
ECMOiinitiation. Thereis alack of evidence on whether the duration
of ECMOQ s arisk factor for developing AKI. In our study, the duration
of ECMO and AKI did not have any association.

Data from previous studies suggest that the pulsatility and
circuit pressures of ECMO, renal hypoxia, use of diuretics and
vasopressors, etc., may contribute to hemodynamic instability,
leading to renal microcirculation disturbance and reduced
glomerular filtration.”®=?° In our study too, increasing age, high
APACHE-II score, use of nephrotoxic drugs, low cardiac output,
and need for inotropic support were found to increase the risk
of developing AKI. Our study did not reveal any difference in
association on the type of ECMO and risk of developing AKI. There
are studies that reported higher risk of AKI with VA-ECMO when
compared with VV-ECMO, hence more studies are required to
conclude.”

Systemic hypertension and diabetes mellitus were the most
common comorbidities in our population. In general, hyperglycemic
milieu promotes renal mesenchymal transition with fibrosis of
endothelial cells contributing to AKI among patients undergoing
ECMO. A meta-analysis done by Mou Z et al. suggests that vascular
diseases and diabetes mellitus are contributors to AKl in patients
undergoing ECMO.2! In this analysis, hypertension was associated
with the risk for development of AKI, while diabetes mellitus was
not, this could possibly be due to an inadequate number in our
study population.

The major indication for RRT in AKI among our patients was
fluid overload. The fluid overload was due to large volumes of
intravenous fluid and blood transfusions required during ECMO.
The types of RRT used in most of our patients were SLED and CRRT.
In our study, there was no association with mortality and modality
of RRT used. The recovery of renal function in patients who had AKI
was only 19.2%. A study conducted by Bobba A et al. showed that
major adverse kidney events (MAKE) could affect the reversibility
of AKl and could increase the mortality.?

In a study reported by Kielstein et al. and Lee et al., the 90-day
survival of patients who developed AKI during ECMO ranged
between 20 and 40%.%>2* A 90-day follow-up was not done in our
study; we only studied in-hospital complications and mortality.
In-hospital mortality among our patients who underwent ECMO
therapy was 67.19%. It is reported that AKI and RRT are two
independent risk factors for mortality.2#?> The requirement for
inotropic support, high APACHE-II score, early-onset AKI, severity
of AKl, and need for RRT was found to be associated with high risk
of mortality. In this study, mortality among patients with severe AKI
requiring RRT was higher (87.10%) when compared with those who
did not need RRT. Hence, our study also suggests that AKl and the
need for RRT are independent risk factors for mortality.

Our single-center study was a retrospective one. We did not
study long-term complications; hence, the long-term outcome of
those who survived is unknown. The study is one of the few original
studies available from Indian population on this topic till date. The
study compares the prevalence and association of risk factors for AKI
in patients who underwent ECMO therapy in our population.26-2

CoNcCLUSION

The study showed a higher risk of developing AKI within 72 hours
of initiation of ECMO and was not related to the type of ECMO. The
combination of ECMO and AKI dramatically increased mortality,
hence, preventing AKI might have a significantimpact on survival.
Renal replacement therapy in AKI was found to be an independent
risk factor for in-hospital death. The main indication for RRT was
fluid overload, hence, appropriate use of diuretics and proper fluid
management is recommended.

28 Indian Journal of Critical Care Medicine, Volume 28 Issue 1 (January 2024)



AKI in ECMO

Clinical Significance

The occurrence of AKl among patients on ECMO supportincreases
therisk of mortality significantly. Hence, measures to prevent AKI, as
well as early detection and appropriate management of AKI, would
improve patient outcome.

ORrciD
Aswin Surjit ® https://orcid.org/0009-0001-3188-4158
Bipi Prasannan ® https://orcid.org/0009-0006-7216-6562

Jobin Abraham © https://orcid.org/0000-0002-8854-9748

Anuroop Balagopal © https://orcid.org/0000-0003-4701-527X
Vavullipathy Narayanan Unni © https://orcid.org/0009-0006-7701-
2669

REFERENCES

1.

10.

11.

Hill JD, O'Brien TG, Murray JJ, Dontigny I, Bramson ML, Osborn JJ,
etal. Prolonged extracorporeal oxygenation for acute post-traumatic
respiratory failure (shock-lung syndrome). Use of the Bramson
membrane lung. N Engl J Med 1972;286(12):629-634. DOI: 10.1056/
NEJM197203232861204.

Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany
MM, et al. Efficacy and economic assessment of conventional
ventilatory support versus extracorporeal membrane oxygenation
for severe adult respiratory failure (CESAR): A multicentre randomised
controlled trial. Lancet 2009;374(9698):1351-1363. DOI: 10.1016/
S0140-6736(09)61069-2.

Harris DD, Saha SP. Extracorporeal membrane oxygenation as a
rescue measure after thoracic surgery. Asian Cardiovasc Thorac Ann
2018;26(3):203-206. DOI: 10.1177/0218492318760694.

Johnston L, Oldenburg G. Simulation for neonatal extracorporeal
membrane oxygenation teams. Semin Perinatol 2016;40:421-429.
DOI: 10.1053/j.semperi.2016.08.002.

Thongprayoon C, Cheungpasitporn W, Lertjitbanjong P, Aeddula
NR, Bathini T, Watthanasuntorn K, et al. Incidence and impact of
acute kidney injury in patients receiving extracorporeal membrane
oxygenation: A meta-analysis. J Clin Med 2019;8(7):981. DOI: 10.3390/
jcm8070981.

Combes A, Peek GJ, Hajage D, Hardy P, Abrams D, Schmidt M, et al.
ECMO for severe ARDS: Systematic review and individual patient
data meta-analysis. Intensive Care Med 2020;46(11):2048-2057. DOI:
10.1007/s00134-020-06248-3.

Delmas C, Zapetskaia T, Conil JM, Georges B, Vardon-Bounes F,
Seguin T, et al. 3-month prognostic impact of severe acute renal
failure under veno-venous ECMO support: Importance of time of
onset. J Crit Care 2018;44:63-71. DOI: 10.1016/j.jcrc.2017.10.022.

Gu M, Mei XL, Zhao YN. A review on extracorporeal membrane
oxygenation and kidney injury. J Biochem Mol Toxicol 2021;
35(3):22679. DOI: 10.1002/jbt.22679.

Villa G, Katz N, Ronco C. Extracorporeal membrane oxygenation
and the kidney. Cardiorenal Med 2015;6(1):50-60. DOI: 10.1159/
000439444.

Ostermann M, Lumlertgul N. Acute kidney injury in ECMO patients.
Crit Care 2021;25(1):313. DOI: 10.1186/513054-021-03676-5.

Akavipat P, Thinkhamrop J, Thinkhamrop B, Sriraj W. Acute physiology
and chronic health evaluation (APACHE) Il score — The clinical
predictor in neurosurgical intensive care unit. Acta Clin Croat
2019;58(1):50-56. DOI: 10.20471/acc.2019.58.01.07.

. KellumJA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Goldstein

SL, et al. Kidney disease: Improving global outcomes (KDIGO) acute
kidney injury work group. KDIGO clinical practice guideline for
acute kidney injury. Kidney Int Suppl 2012;2(1):1-138. DOI: 10.1038/
kisup.2011.32.

13.

14.

16.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Aubron C, Cheng AC, Pilcher D, Leong T, Magrin G, Cooper DJ,
etal. Factors associated with outcomes of patients on extracorporeal
membrane oxygenation support: A 5-year cohort study. Crit Care
2013;17(2):R73. DOI: 10.1186/cc12681.

Hei F, Lou S, Li J, Yu K, Liu J, Feng Z, et al. Five-year results of 121
consecutive patients treated with extracorporeal membrane
oxygenation at Fu Wai Hospital. Artif Organs 2011;35(6):572-578.
DOI: 10.1111/j.1525-1594.2010.01151.x.

Schmidt M, Bailey M, Kelly J, Hodgson C, Cooper DJ, Scheinkestel C,
et al. Impact of fluid balance on outcome of adult patients treated
with extracorporeal membrane oxygenation. Intensive Care Med
2014;40(9):1256-1266. DOI: 10.1007/500134-014-3360-2.

Tsai TY, Chien H, Tsai FC, Pan HC, Yang HY, Lee SY, et al. Comparison
of RIFLE, AKIN, and KDIGO classifications for assessing prognosis of
patients on extracorporeal membrane oxygenation. J Formos Med
Assoc 2017;116(11):844-851. DOI: 10.1016/j.jfma.2017.08.004.
Kilburn DJ, Shekar K, Fraser JF. The complex relationship of
extracorporeal membrane oxygenation and acute kidney injury:
Causation or association? Biomed Res Int 2016;2016:1094296. DOI:
10.1155/2016/1094296.

Vinclair C, De Montmollin E, Sonneville R, Jean Reuter, Jordane Lebut,
Radj Cally, et al. Factors associated with major adverse kidney events
in patients who underwent veno-arterial extracorporeal membrane
oxygenation. Ann Intensive Care 2020;10(1):44. DOI: 10.1186/s13613-
020-00656-w.

Thajudeen B, Kamel M, Arumugam C, Ali SA, John SG, Meister EE,
et al. Outcome of patients on combined extracorporeal membrane
oxygenation and continuous renal replacement therapy: A
retrospective study. Int J Artif Organs 2015;38(3):133-137. DOI:
10.5301/ijao.5000381.

Leong CL, Anderson WP, O'Connor PM, Evans RG. Evidence that renal
arterial-venous oxygen shunting contributes to dynamic regulation
of renal oxygenation. Am J Physiol Renal Physiol 2007;292(6):
F1726-F1733. DOI: 10.1152/ajprenal.00436.2006.

Mou Z, Guan T, Chen L. Risk factors of acute kidney injury in ECMO
patients: A systematic review and meta-analysis. J Intensive Care Med
2022;37(2):267-277.DOI: 10.1177/08850666211003485.

Bobba A, Costanian C, Bahous SA, Tohme FA. Determinants of major
adverse kidney events in extracorporeal membrane oxygenation
survivors. Crit Care Explor 2022;4(2):e0636. DOI: 10.1097/CCE.
0000000000000636.

Kielstein JT, Heiden AM, Beutel G, Gottlieb J, Wiesner O, Hafer C,
et al. Renal function and survival in 200 patients undergoing ECMO
therapy. Nephrol Dial Transplant 2013;28(1):86-90. DOI: 10.1093/
ndt/gfs398.

Lee SW, Yu MY, Lee H, Ahn SY, Kim S, Chin HJ, et al. Risk factors
for acute kidney injury and in-hospital mortality in patients
receiving extracorporeal membrane oxygenation. PLoS One
2015;10(10):e0140674. DOI: 10.1371/journal.pone.0140674.

Chen YC, Tsai FC, Fang JT, Yang CW. Acute kidney injury in adults
receiving extracorporeal membrane oxygenation. J Formos Med
Assoc 2014;113(11):778-785. DOI: 10.1016/j.jfma.2014.04.006.

Besen BAMP, Romano TG, Mendes PV, Gallo CA, Zampieri FG, Nassar
AP Jr, etal. Early versus late initiation of renal replacement therapy in
critically ill patients: Systematic review and meta-analysis. J Intensive
Care Med 2019;34(9):714-722. DOI: 10.1177/0885066617710914.

Wu MY, Lin PJ, Tsai FC, Haung YK, Liu KS, Tsai FC. Impact of
preexisting organ dysfunction on extracorporeal life support
for non-postcardiotomy cardiopulmonary failure. Resuscitation
2008;79(1):54-60. DOI: 10.1016/j.resuscitation.2008.05.002.
Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M,
et al. Timing of renal replacement therapy and clinical outcomes
in critically ill patients with severe acute kidney injury. J Crit Care
2009;24(1):129-140. DOI: 10.1016/j.jcrc.2007.12.017.

Indian Journal of Critical Care Medicine, Volume 28 Issue 1 (January 2024) 29


https://orcid.org/0009-0001-3188-4158
https://orcid.org/0009-0001-3188-4158
https://orcid.org/0009-0006-7216-6562
https://orcid.org/0009-0006-7216-6562
https://orcid.org/0000-0002-8854-9748
https://orcid.org/0000-0002-8854-9748
https://orcid.org/0000-0003-4701-527X
https://orcid.org/0000-0003-4701-527X
https://orcid.org/0009-0006-7701-2669
https://orcid.org/0009-0006-7701-2669
https://orcid.org/0009-0006-7701-2669

