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Abstract


Background/Objectives: Extracorporeal membrane oxygenation (ECMO) is increasingly used in adult critical care, but tracheostomy during ECMO remains controversial because of bleeding risk, anticoagulation exposure, and variability in patient selection. This systematic review evaluated the safety, timing, and clinical outcomes of tracheostomy in adult patients receiving ECMO. Methods: A systematic search of PubMed/MEDLINE was supplemented by additional searches in the Cochrane Library/CENTRAL and Scopus to identify studies evaluating tracheostomy in adult ECMO patients. The review was conducted according to PRISMA 2020 guidelines. After database searching and screening, 13 observational studies were included in the qualitative synthesis. Results: Across 13 studies encompassing 1918 patients, tracheostomy during ECMO was feasible and was not associated with procedure-related mortality. Bleeding was the main procedural complication, with reported rates varying according to study design, ECMO configuration, timing of tracheostomy, anticoagulation management, and bleeding definitions. Tracheostomy performed during active ECMO support was generally associated with a higher burden of bleeding or minor procedure-related complications than tracheostomy performed after decannulation. Tracheostomy was performed using percutaneous, surgical, open, or hybrid techniques, although comparative evidence between approaches remained limited. Early tracheostomy was associated with shorter ECMO duration, shorter mechanical ventilation, or improved clinical outcomes in selected cohorts, but timing definitions and outcome measures were heterogeneous. Conclusions: Tracheostomy during ECMO may support airway management, sedation reduction, and ventilatory progression, particularly in prolonged ECMO courses, but it carries a relevant bleeding and transfusion burden. Timing, anticoagulation management, patient selection, ECMO configuration, and procedural technique are likely to influence the risk-benefit balance. Prospective studies are needed to standardize definitions, compare techniques, and clarify optimal timing strategies.
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1. Introduction


Extracorporeal membrane oxygenation (ECMO) has become an established rescue therapy for patients with severe acute respiratory or cardiopulmonary failure refractory to conventional management. Its use has markedly increased over the past decade, particularly following the H1N1 influenza pandemic and, more recently, during the COVID-19 era, where ECMO has demonstrated a survival benefit in selected patients with severe acute respiratory distress syndrome (ARDS) [1,2,3,4,5]. Despite advances in technology and patient selection, ECMO remains associated with substantial morbidity, including bleeding, thrombosis, and other treatment-related complications [6,7].



Prolonged invasive mechanical ventilation is common among ECMO-supported patients, often necessitating tracheostomy to facilitate ventilatory weaning, reduce sedation requirements, and improve patient comfort and airway management. In the general intensive care unit (ICU) population, tracheostomy has been associated with improved secretion clearance, reduced duration of mechanical ventilation, and facilitation of rehabilitation, although the optimal timing of the procedure remains debated [8,9,10,11]. However, its role in ECMO patients remains controversial because the usual advantages of tracheostomy must be balanced against the specific risks associated with extracorporeal support.



One of the main concerns in this setting is the requirement for systemic anticoagulation to maintain circuit patency, which significantly increases the risk of procedural bleeding. Hemorrhagic complications are among the most frequently reported adverse events during ECMO, and their clinical relevance extends beyond major hemorrhage to include transfusion burden, interruption of anticoagulation, and circuit-related consequences [6,7]. More broadly, the relevance of anticoagulation strategy in critically ill patients with severe respiratory failure is underscored by randomized data comparing bivalirudin and enoxaparin in intubated COVID-19 patients, highlighting the ongoing uncertainty regarding optimal anticoagulant management in high-risk populations [12].



Conversely, tracheostomy during ECMO may provide clinically relevant benefits. Observational ECMO-specific studies suggest that early tracheostomy may be associated with reduced duration of ECMO support and mechanical ventilation [13], likely through facilitation of sedation reduction and improved patient interaction. In selected patients, tracheostomy may also enable awake ECMO strategies, allowing spontaneous breathing and early mobilization during extracorporeal support [14].



ECMO patients are also exposed to additional complications, including infectious events, which may contribute to overall morbidity and clinical complexity [15].



Current evidence on tracheostomy in ECMO patients is limited by heterogeneity in patient populations, ECMO configurations, timing of tracheostomy, and anticoagulation management strategies. Moreover, available data suggest substantial variation in tracheostomy practice across centers, with no shared approach yet emerging for this high-risk population [16].



Therefore, a comprehensive synthesis of the available evidence is needed to better define the safety, optimal timing, and clinical impact of tracheostomy during ECMO support.



The aim of this systematic review is to evaluate the current literature on tracheostomy in adult patients receiving ECMO, focusing on procedural safety, complications—particularly bleeding—and relevant clinical outcomes, including duration of ECMO support, mechanical ventilation, and mortality.




2. Materials and Methods


2.1. Study Design and Selection


This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [17].



The review protocol was not registered.



The review question, eligibility criteria, and outcomes of interest were defined a priori, and study selection was structured according to the PICOS framework [18].



A systematic literature search was conducted in PubMed (MEDLINE) to identify studies evaluating tracheostomy in adult patients receiving extracorporeal membrane oxygenation (ECMO). To improve the comprehensiveness of the review, the search was subsequently extended to include the Cochrane Library/CENTRAL and Scopus using adapted search strategies. The search strategy combined Medical Subject Headings (MeSH) and free-text terms related to ECMO and tracheostomy, including extracorporeal membrane oxygenation/extracorporeal life support and tracheostomy/tracheotomy. The search was restricted to studies involving adult patients, articles published within the last 10 years, and those written in English. The final search was completed during the revision process. Overall, the PubMed/MEDLINE search yielded 164 records. Additional searches identified 15 records in the Cochrane Library/CENTRAL and 37 records in Scopus. The full PubMed/MEDLINE search strategy was as follows: (“extracorporeal membrane oxygenation” OR ECMO OR “extracorporeal life support” OR ECLS) AND (tracheostomy OR tracheotomy OR “percutaneous tracheostomy”). Adapted search strategies using the same core terms were applied in the Cochrane Library/CENTRAL and Scopus.



After application of the predefined filters, 97 PubMed/MEDLINE records remained for screening. Titles were reviewed for relevance to the review question, and records were excluded if they were unrelated to ECMO, did not include tracheostomy, involved pediatric populations, or represented review articles, editorials, or non-clinical studies. Two independent reviewers screened titles and abstracts for eligibility. Full-text articles were assessed independently, and any discrepancies were resolved by consensus. Data extraction was performed independently by two reviewers, and disagreements were resolved through discussion. Following title screening, 81 PubMed/MEDLINE records were excluded and 16 full-text articles were assessed for eligibility. Records identified through Cochrane Library/CENTRAL and Scopus were screened using the same eligibility criteria. Three additional eligible studies were identified through the extended database search and incorporated into the qualitative synthesis. During full-text evaluation, studies were excluded if ECMO was used exclusively for airway surgery or tracheostomy-related complications, if they were case reports, conference abstracts, pediatric studies, low-quality reports, or if they did not provide extractable clinical outcome data relevant to the review question. Ultimately, 13 studies were included in the qualitative synthesis. The study selection process is illustrated in Figure 1. The PRISMA 2020 checklist is provided as Supplementary Materials (Table S1).




2.2. Eligibility Criteria, Data Extraction and Outcomes


Eligibility criteria were defined according to the PICOS framework [18]. The population of interest consisted of adult patients admitted to the intensive care unit and supported with ECMO, either veno-venous (VV) or veno-arterial (VA), during the index hospitalization. The intervention was tracheostomy performed during ECMO support, irrespective of technique, including percutaneous dilatational, open, hybrid, and surgical tracheostomy. Comparators varied according to study design and included patients managed with versus without tracheostomy, patients undergoing early versus late tracheostomy, and patients receiving tracheostomy during ECMO versus after decannulation. Outcomes of interest included procedural safety, bleeding complications, transfusion requirements, duration of ECMO support, duration of mechanical ventilation, sedation requirements when available, length of stay, and mortality. Observational clinical studies with extractable quantitative data, including retrospective or prospective cohort studies and case series, were considered eligible, whereas case reports, review articles, editorials, experimental studies, and studies in which ECMO was used solely as support for airway surgery were excluded.



Data extraction was performed manually using a structured framework. For each included study, information was collected on study design, sample size, patient population, indication for ECMO, ECMO configuration, timing and technique of tracheostomy, anticoagulation management when reported, bleeding complications, transfusion requirements, duration of ECMO support, duration of mechanical ventilation, mortality, and additional clinical outcomes.



The primary outcome of the review was the safety of tracheostomy during ECMO, with particular emphasis on bleeding complications. Secondary outcomes included transfusion requirements, duration of ECMO support, duration of mechanical ventilation, sedation reduction, length of stay, and mortality. Comparisons were examined according to the data available within each study, with specific attention to differences between VV and VA ECMO populations, early versus late tracheostomy, tracheostomy performed during ECMO versus after decannulation, and tracheostomy versus no tracheostomy when a comparator group was available.



Given the observational design of the included studies, a formal risk of bias assessment was not performed; however, methodological quality and study limitations were considered during data interpretation.




2.3. Data Synthesis


Because the included studies differed substantially in design, patient selection, ECMO indication, tracheostomy timing, anticoagulation strategies, and outcome definitions, a meta-analysis was not performed. Instead, a qualitative synthesis was undertaken in accordance with general methodological recommendations for systematic reviews of heterogeneous observational studies [19]. Results were synthesized narratively and organized according to the main clinical domains of interest, including ECMO configuration, tracheostomy technique, anticoagulation management, safety and bleeding complications, transfusion requirements, timing of tracheostomy, and overall clinical outcomes.



The study selection process is illustrated in Figure 1. Due to the qualitative and heterogeneous nature of the included studies, a formal risk of bias assessment was not performed, as no standardized tool could be consistently applied across the different study designs. Artificial intelligence tools (Artificial intelligence tools (ChatGPT, GPT-5 model, OpenAI, San Francisco, CA, USA; https://chat.openai.com/, accessed on 7 April 2026) were used to assist in the preparation and revision of the PRISMA flow diagram and in language editing.) were used to assist in the drafting of the PRISMA flow diagram and in language editing.





3. Results


3.1. Study Characteristics


Thirteen studies met the inclusion criteria and were included in the qualitative synthesis. The main characteristics of the included studies are summarized in Table 1. All were observational, predominantly retrospective, and together accounted for 1918 patients. Sample size ranged from 24 patients in the smallest COVID-19 case series to 1168 patients in the largest international multicenter cohort [16,20]. Most studies were conducted in single-center settings and focused on adult ICU patients receiving ECMO for severe respiratory failure, particularly ARDS and COVID-19-related ARDS. However, the updated evidence base also included mixed VA/VV ECMO cohorts and predominantly VA-ECMO populations, thereby providing broader information on tracheostomy across different ECMO configurations [21,22,23,24]. Across the included studies, tracheostomy was most often evaluated in relation to procedural safety, bleeding risk, transfusion requirements, timing, and overall clinical outcomes.




3.2. VV Versus VA ECMO


Across the included studies, patients supported with VV-ECMO remained the most represented population, particularly in cohorts focused on ARDS or COVID-19-related respiratory failure [13,16,20,25,26,27,28,29]. These patients generally required prolonged invasive mechanical ventilation before tracheostomy and were managed in a clinical context dominated by refractory hypoxemia, prolonged sedation, secretion burden, and slow pulmonary recovery.



Within VV-ECMO cohorts, the proportion of patients undergoing tracheostomy varied widely, reflecting institutional practice and patient selection. In the comparative VV-ECMO cohorts, tracheostomy was performed in approximately 40% to 70% of eligible patients when reported, and the procedure was primarily undertaken to facilitate ventilatory weaning, reduce sedation burden, and optimize airway management rather than to address acute upper airway pathology [13,26,28,29]. Timing also varied, but in most studies tracheostomy was performed between day 5 and day 14 after ECMO initiation, consistent with prolonged ventilatory dependence in this population [13,16,27,29].



Compared with the original evidence base, the updated search identified additional mixed and predominantly VA-ECMO cohorts, providing broader information on tracheostomy across different ECMO configurations [21,22,23,24]. In the post-cardiac surgery cohort by Xin et al., tracheostomy timing was assessed in a predominantly cardiac ECMO population [21]. Similarly, Nukiwa et al. included a predominantly VA-ECMO cohort, whereas Jones et al. specifically reported outcomes in both VA- and VV-ECMO patients undergoing tracheostomy during ECMO or after ECMO explant [23,24]. In these settings, patients followed a different clinical course, often characterized by hemodynamic instability, vasopressor dependence, and the need to prioritize cardiac recovery over respiratory weaning.



Nevertheless, direct comparative evidence between VV- and VA-ECMO populations remains limited. Although Jones et al. provided stratified data according to ECMO modality, the available studies were not primarily designed to determine whether ECMO configuration independently modifies tracheostomy-related bleeding, transfusion burden, or survival [24]. Therefore, although tracheostomy during ECMO remains more commonly described in VV-ECMO populations, the updated evidence base suggests that the procedure is also feasible in selected VA-ECMO or mixed ECMO cohorts. Robust conclusions regarding differences in safety and clinical impact between VV- and VA-ECMO, however, cannot yet be drawn from the present evidence base.




3.3. Tracheostomy Technique


Across the included studies, percutaneous dilatational tracheostomy was the predominant procedural approach. Entire cohorts were managed with percutaneous techniques in several studies, including those by Xin et al., Kruit et al., and Dimopoulos et al. [21,25,27]. In the COVID-19 VV-ECMO series by Staibano et al., percutaneous tracheostomy accounted for 83.3% of procedures [20]. By contrast, explicit use of open or hybrid techniques was reported mainly in the studies by Jones et al. and Kelley et al., which included percutaneous, open, and hybrid tracheostomies in ECMO patients [24,28].



The available evidence does not allow a robust comparison between techniques, as most studies were either entirely percutaneous or did not stratify outcomes according to procedural approach. However, in the cohort by Kelley et al., post-procedural bleeding was observed across techniques and appeared numerically more frequent after percutaneous tracheostomy than after open or hybrid procedures, although the retrospective design and possible differences in patient selection preclude definitive conclusions [28]. Similarly, Jones et al. reported both percutaneous and open tracheostomy approaches in a mixed VA/VV ECMO cohort and found no difference in survival according to tracheostomy modality, although percutaneous tracheostomy was more frequently selected during active ECMO support [24]. Overall, the literature suggests that percutaneous tracheostomy is the most commonly adopted technique during ECMO, whereas comparative evidence between percutaneous and surgical approaches remains limited.




3.4. Anticoagulation Management


Anticoagulation management around the time of tracheostomy was variably reported across the included studies, and no uniform protocol emerged. Most patients remained on systemic unfractionated heparin during ECMO support, but peri-procedural strategies differed considerably between centers [16,25,27,28].



In the studies that described anticoagulation in more detail, tracheostomy was usually preceded by temporary reduction or interruption of heparin infusion. In Schmidt et al., heparin was typically stopped 4 h before the procedure and restarted approximately 2 h afterward if no major bleeding occurred [16]. In Kruit et al., anticoagulation management was similarly individualized, with variable heparin cessation before tracheostomy and early re-initiation after the procedure; however, no significant association was demonstrated between heparin interruption and the occurrence of post-procedural bleeding [25]. In the comparative transfusion study by Harris et al., the proportion of ECMO days without heparin and the number of heparin interruptions were not significantly different between tracheostomized and non-tracheostomized patients, suggesting that the increased blood product requirement observed in the tracheostomy group could not be explained by anticoagulation interruption alone [26].



Overall, the available data indicate that anticoagulation was almost always modified around tracheostomy, but the extent, timing, and monitoring of these modifications were inconsistently reported.



This heterogeneity makes it difficult to compare strategies across studies and likely contributes to the observed variability in bleeding outcomes. Recent large multicentre observational studies have further highlighted the complexity of anticoagulation and transfusion management during veno-venous ECMO, confirming the high incidence of bleeding complications and the lack of standardized strategies across centres [30,31]. In addition, the available studies primarily focused on unfractionated heparin, with limited data on alternative anticoagulation strategies (e.g., direct thrombin inhibitors such as bivalirudin or argatroban), precluding any meaningful comparison of their potential impact on bleeding risk.



A structured summary of bleeding definitions, bleeding outcomes, transfusion requirements, and anticoagulation management across the included studies is provided in Table 2.




3.5. Safety and Bleeding Complications


Tracheostomy performed during ECMO support was consistently reported as technically feasible and was not associated with procedure-related mortality in any of the included studies [16,25,27,28]. Additional mixed ECMO cohorts confirmed the procedural feasibility of tracheostomy during ECMO, with no procedure-related mortality reported [22,23,24]. Nevertheless, bleeding emerged as the most frequent procedural complication across the review.



The reported incidence of bleeding and bleeding-related complications varied substantially, depending on cohort characteristics, anticoagulation practices, ECMO configuration, timing of tracheostomy, and the definitions used to classify bleeding events [16,20,23,24,25,26,27,28,29]. In the study by Kruit et al., which specifically examined bleeding after percutaneous tracheostomy during VV-ECMO, the overall documented bleeding rate was 40%, with 32% minor bleeding and 8% significant bleeding [25]. In the single-center study by Dimopoulos et al., 10 of 65 patients (15%) developed at least one major complication, of whom 7 patients (11%) experienced major bleeding; in some of these cases, bleeding was accompanied by ECMO circuit dysfunction requiring oxygenator change [27]. In Kelley et al., 28 of 96 tracheostomized VV-ECMO patients developed post-procedural bleeding, including 9 major bleeding events and a larger number of minor airway or stoma-site bleeds [28]. In Nukiwa et al., bleeding requiring transfusion or intervention occurred in 13.3% of patients, without significant differences across tracheostomy timing quartiles [23]. Jones et al. reported major complications in 13 of 54 patients and found that minor complications were significantly more frequent when tracheostomy was performed during ECMO than after ECMO explant; however, these complications did not appear to reduce survival to hospital discharge [24]. Grewal et al. reported no major tracheostomy-related complications and no significant increase in packed red cell transfusion after tracheostomy [22]. In contrast, Staibano et al. reported a comparatively low perioperative bleeding burden in their COVID-19 VV-ECMO cohort, particularly in the context of withholding anticoagulation before and after the procedure [20]. Tamargo et al. also reported respiratory bleeding in their obese COVID-19 cohort but did not identify significant differences between early and late tracheostomy groups [29].



The clearest comparative evidence on bleeding risk was provided by the multicenter study by Schmidt et al., in which tracheostomy performed during active ECMO support was associated with a markedly higher incidence of local bleeding within 24 h than tracheostomy performed after ECMO decannulation (25% vs. 7%, p < 0.01) [16]. Across studies, bleeding events were predominantly local rather than catastrophic, and most were managed conservatively or with supportive measures. Taken together, the available evidence indicates that bleeding is common after tracheostomy in ECMO patients, but it is usually non-fatal and frequently manageable, with the highest risk observed when the procedure is performed under ongoing extracorporeal support.




3.6. Transfusion Requirements


Transfusion requirements were reported less consistently than bleeding rates but generally paralleled the burden of post-procedural hemorrhage. The most detailed comparison was provided by Harris et al., who showed that patients undergoing tracheostomy while on VV-ECMO required significantly higher daily red blood cell transfusion volumes than patients managed without tracheostomy (0.47 vs. 0.23 units/day; p = 0.02) and also had higher total blood product use (0.60 vs. 0.31 units/day; p = 0.01) [26]. In the same cohort, this increased transfusion exposure was not accompanied by significant differences in ECMO duration, weaning, or survival, suggesting that transfusion burden reflected procedural bleeding rather than overt differences in illness severity.



By contrast, Grewal et al. found no significant difference in packed red cell use after tracheostomy compared with the pre-tracheostomy period, suggesting that transfusion burden may vary substantially across centers and patient populations [22]. Kruit et al. similarly documented post-tracheostomy blood product administration in patients who bled after the procedure, including platelet transfusions in 6%, fresh frozen plasma in 2%, and packed red blood cells in 2% of cases [25]. In Kelley et al. and Dimopoulos et al., transfusion was incorporated into the definition of major bleeding, reinforcing the close relationship between hemorrhagic events and blood product exposure [27,28]. In Nukiwa et al. and Jones et al., transfusion was also embedded within the definition of bleeding or major complications, further highlighting the lack of standardized reporting across studies [23,24]. Although transfusion thresholds, reporting units, and peri-procedural anticoagulation policies were not standardized across studies, the overall pattern was consistent: when tracheostomy-related bleeding occurred, it frequently translated into additional transfusion requirements.




3.7. Timing of Tracheostomy


Timing of tracheostomy was one of the most clinically relevant and heterogeneously reported domains. The strongest direct early-versus-late comparison came from DiChiacchio et al., in which early tracheostomy, defined as placement within 7 days of ECMO initiation, was associated with a significantly shorter duration of ECMO support than late tracheostomy (12 vs. 21 days; p = 0.005) [13]. In the same study, time from ECMO initiation to discharge and to liberation from mechanical ventilation also tended to be shorter in the early tracheostomy group, although those differences did not consistently reach statistical significance [13]. Nukiwa et al. further evaluated tracheostomy timing in 98 ECMO patients and found a stepwise association between later tracheostomy and worse outcomes. Patients undergoing tracheostomy within 15 days had the lowest hospital mortality, whereas those undergoing tracheostomy after 26 days had the highest mortality; later tracheostomy timing was independently associated with increased hospital mortality [23]. Most tracheostomies in the included VV-ECMO cohorts were performed between day 5 and day 14 after ECMO initiation, suggesting that tracheostomy was generally considered once prolonged ventilatory dependence became established [13,16,27,29].



A different but equally important temporal comparison was provided by Schmidt et al., who examined tracheostomy performed during ECMO versus after ECMO decannulation [16]. In that study, tracheostomy during ECMO was associated with more frequent local bleeding, whereas tracheostomy performed after decannulation was associated with more rapid reductions in sedative and analgesic exposure and a higher level of consciousness in the early post-procedural period [16]. Jones et al. also compared tracheostomy during ECMO with tracheostomy after ECMO explant in a mixed VA/VV cohort, reporting more frequent minor complications during active ECMO support but no clear reduction in survival to hospital discharge [24]. By contrast, Tamargo et al. did not demonstrate significant differences in respiratory bleeding, ECMO duration, length of stay, or mortality between early and late tracheostomy in obese COVID-19 patients on VV-ECMO [29]. Overall, the literature suggests that timing is highly relevant, but it was defined inconsistently across studies, either by the number of days from ECMO initiation, the duration of mechanical ventilation before tracheostomy, or by the relation of the procedure to decannulation/explant, which limits direct comparison.




3.8. Clinical Outcomes


Clinical outcomes were reported variably across studies, but several recurring patterns emerged. Mortality in the COVID-19 VV-ECMO cohorts ranged from approximately 33% to 38%, as reported by Staibano et al. and Tamargo et al. [20,29]. In the comparative study by DiChiacchio et al., in-hospital mortality was numerically lower in the early tracheostomy group (9.1% vs. 24.1%) but did not reach statistical significance [13]. Nukiwa et al. reported a time-dependent association between later tracheostomy and higher mortality, with hospital mortality increasing from 19.2% in patients tracheostomized within 15 days to 50.0% in those tracheostomized after 26 days [23]. Likewise, Harris et al. and Kelley et al. did not identify consistent survival differences attributable to tracheostomy itself [26,28]. Jones et al. similarly found no clear survival disadvantage associated with tracheostomy during ECMO compared with no tracheostomy after correction for survival to explant, although patients undergoing tracheostomy had longer ventilator duration, likely reflecting selection of patients requiring prolonged support [24]. In the multicenter study by Schmidt et al., hospital survival was 67% in patients tracheostomized during ECMO and 87% in those tracheostomized after decannulation, although this comparison reflected differences in timing and clinical trajectory rather than an isolated effect of the procedure [16].



Beyond mortality, tracheostomy was repeatedly associated with effects on sedation and respiratory management. In Schmidt et al., cumulative sedative and analgesic use decreased more rapidly after tracheostomy when the procedure was performed after ECMO decannulation, and the delay to achieve an awake state was shorter than in patients tracheostomized during active ECMO support [16]. Grewal et al. observed a significant reduction in inotrope and vasopressor requirements after tracheostomy, together with a trend toward reduced analgesic use, suggesting potential benefits beyond airway management alone [22]. Swol et al. emphasized the role of tracheostomy in facilitating spontaneous breathing and awake ECMO strategies, thereby supporting lighter sedation and greater patient interaction with care [14]. DiChiacchio et al. further suggested that earlier tracheostomy may favor shorter ECMO runs and potentially earlier liberation from the ventilator [13]. Finally, Xin et al. reported shorter mechanical ventilation duration when percutaneous tracheotomy was performed during ECMO rather than after ECMO weaning in post-cardiac surgery patients, without a significant increase in tracheostomy-related complications [21]. Overall, while mortality findings were inconsistent, the available evidence more consistently suggests that tracheostomy may influence sedation exposure, airway management, and ventilatory course.





4. Discussion


4.1. Principal Findings


This systematic review shows that tracheostomy during ECMO is feasible and, in the available literature, not associated with procedure-related mortality, but it is performed in a setting characterized by a substantial burden of bleeding and transfusion requirements, marked variability in anticoagulation practice, and important differences in timing and patient selection [16,20,21,22,23,24,25,26,27,28,29]. The evidence also indicates that the current clinical experience is still mainly derived from VV-ECMO populations, although the updated synthesis includes additional mixed and predominantly VA-ECMO cohorts. Overall, the central issue is therefore not whether tracheostomy can be performed during ECMO, but rather in which patients, at what time, and under which peri-procedural conditions the risk-benefit balance is most favorable.




4.2. Clinical Interpretation


The main finding emerging from this review is that bleeding is the dominant procedural trade-off of tracheostomy during ECMO. This is consistent with the broader ECMO literature, where coagulopathy, platelet dysfunction, anticoagulant exposure, and circuit-related blood activation all contribute to a fragile hemostatic balance [4,6,7,32]. In this context, the higher bleeding burden observed in the included tracheostomy studies appears biologically plausible rather than unexpected. At the same time, most reported bleeding events were local and manageable rather than catastrophic, which suggests that tracheostomy should not be considered contraindicated per se during ECMO, but rather a high-risk procedure that requires protocolized peri-procedural management and center expertise [16,22,23,24,25,27,28].



The impact of bleeding, however, should not be judged only by mortality or overt major hemorrhage. Several of the included studies indicate that even non-fatal bleeding frequently translates into additional transfusion exposure, closer monitoring, and modifications in anticoagulation management [23,24,25,26,27,28]. In practical terms, this means that the burden of tracheostomy-related bleeding extends beyond the immediate procedure and may affect the overall ICU trajectory. This interpretation is reinforced by the growing ECMO literature on anticoagulant strategy, including recent data suggesting that anticoagulant choice may influence thrombotic complications and circuit-related events without necessarily eliminating bleeding risk [12,33].



The review also supports the concept that timing reflects a balance between competing clinical priorities. On one hand, earlier tracheostomy may facilitate airway management, improve tolerance of prolonged ventilation, reduce sedation burden, and possibly shorten ECMO duration or improve clinical outcomes in selected patients [13,23]. On the other hand, the multicenter data from Schmidt et al. indicate that tracheostomy performed during active ECMO is associated with substantially more bleeding than tracheostomy performed after decannulation [16]. Similarly, Jones et al. reported more frequent minor complications when tracheostomy was performed during ECMO rather than after ECMO explant, although this did not translate into reduced survival to hospital discharge [24]. These observations are not contradictory; rather, they describe the same clinical dilemma from different angles. Earlier tracheostomy may offer respiratory or organizational advantages, but these potential benefits must be weighed against the greater procedural vulnerability of the patient while still under full extracorporeal support.



Another important aspect is that the potential benefit of tracheostomy during ECMO is not limited to airway access alone. In selected patients, tracheostomy may fit into a broader strategy aimed at lighter sedation, improved interaction with care, spontaneous breathing, and functional recovery. This concept is indirectly supported by the included ECMO-specific studies and is consistent with the wider literature on early mobilization and spontaneous breathing during extracorporeal support [14,34,35]. In this context, Grewal et al. reported reduced inotrope and vasopressor requirements after tracheostomy, together with a trend toward reduced analgesic use, suggesting that the clinical effects of tracheostomy may extend beyond airway management alone [22]. Limited comparative data also suggest that procedural technique may contribute to outcome heterogeneity, as percutaneous tracheostomy predominated across the literature, whereas direct comparisons with open or hybrid approaches were rare and methodologically limited [20,21,22,23,24,25,26,27,28]. Accordingly, tracheostomy during ECMO should probably be viewed less as an isolated procedural decision and more as one component of a broader management pathway.



A further issue concerns generalizability. Most studies included in this review were conducted in VV-ECMO patients with severe respiratory failure, although the updated synthesis also includes mixed and predominantly VA-ECMO cohorts [21,23,24]. This distinction is clinically important because tracheostomy in VV-ECMO is usually considered in the context of prolonged ventilatory dependence, secretion management, and rehabilitation, whereas in VA-ECMO the immediate priorities are often hemodynamic stabilization and myocardial recovery. The broader adult ECMO literature also supports the view that respiratory and cardiac ECMO populations should not be interpreted as interchangeable when management decisions are considered [36]. Therefore, the conclusions of the present review should be applied most directly to respiratory ECMO populations, while recognizing that selected mixed and VA-ECMO cohorts provide additional but still limited evidence across other ECMO configurations.




4.3. Implications for Practice and Future Research


From a practical standpoint, these findings support a selective and individualized approach to tracheostomy during ECMO rather than a routine or reflexive strategy. In carefully selected patients—particularly those on prolonged VV-ECMO with persistent ventilatory dependence—tracheostomy may offer clinically meaningful advantages in airway management, sedation reduction, and progression toward spontaneous breathing. At the same time, the procedure should be embedded in a structured pathway that addresses anticoagulation interruption, bleeding surveillance, blood product availability, and multidisciplinary procedural planning.



The review also suggests that center-level organization probably matters as much as technical execution. High-volume ECMO centers may achieve acceptable safety profiles not only because of procedural expertise, but also because anticoagulation management, airway planning, and post-procedural monitoring are integrated within a coordinated clinical workflow. This likely explains part of the heterogeneity observed across the included studies.



Future research should address several unresolved issues. First, the field needs more consistent definitions of minor and major bleeding, as well as standardized reporting of transfusion thresholds and peri-procedural anticoagulation protocols. Second, prospective studies are needed to clarify whether specific timing strategies can improve respiratory outcomes without increasing procedural harm. Third, although the updated evidence base includes additional mixed and predominantly VA-ECMO cohorts, VA-ECMO populations remain less consistently studied than VV-ECMO populations and should be examined separately rather than extrapolated from respiratory ECMO data. Finally, future studies should move beyond mortality alone and incorporate outcomes that may be especially relevant in ECMO patients, including sedation burden, time to spontaneous breathing, mobilization, functional recovery, and the potential impact of different tracheostomy techniques.




4.4. Limitations


The findings of this review should be interpreted in light of several limitations. All included studies were observational and most were retrospective, making the available evidence vulnerable to selection bias, center effect, and confounding by indication. In addition, the included populations were heterogeneous, encompassing non-COVID ARDS, COVID-19-related respiratory failure, post-cardiac surgery patients, and mixed VA/VV ECMO cohorts, with important differences in clinical trajectory and indication for tracheostomy. Definitions of tracheostomy timing, bleeding complications, and transfusion thresholds also varied across studies, limiting direct comparison. Furthermore, although the updated synthesis includes additional mixed and predominantly VA-ECMO cohorts, most of the available evidence remains derived from VV-ECMO populations. Because of this heterogeneity in study design, patient selection, and outcome reporting, a meta-analysis was not feasible and the findings of this review should therefore be interpreted as qualitative rather than pooled quantitative evidence.





5. Conclusions


In adult ICU patients receiving ECMO, tracheostomy appears to be a feasible procedure that may support airway management, sedation reduction, and ventilatory progression, particularly in prolonged ECMO courses. However, it is consistently associated with a relevant burden of bleeding and transfusion requirements, especially when performed during active ECMO support. The currently available evidence suggests that timing, anticoagulation management, patient selection, ECMO configuration, and procedural technique are central determinants of the risk–benefit balance of the procedure. Given the predominance of observational data and the heterogeneity of ECMO populations, tracheostomy during ECMO should currently be considered a selective, individualized intervention best integrated within experienced multidisciplinary pathways. Further prospective studies are needed to clarify optimal timing, standardize anticoagulation strategies, better compare tracheostomy techniques, and define clinically meaningful outcomes beyond mortality alone.
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Figure 1. PRISMA 2020 flow diagram of study selection. 
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Table 1. Main characteristics of the included studies.
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	Study
	Design/Population
	ECMO Type
	Main Comparison or Focus





	DiChiacchio et al. [13]
	Retrospective cohort, 50 ARDS patients
	VV
	Early vs. late tracheostomy



	Swol et al. [14]
	Retrospective cohort, 95 ECLS/ECMO surgical ICU patients
	Mixed
	Tracheostomy as bridge to spontaneous breathing/awake ECMO



	Schmidt et al. [16]
	International multicenter retrospective cohort, 1168 severe ARDS patients
	Predominantly VV
	Tracheostomy during ECMO vs. after decannulation



	Staibano et al. [20]
	Retrospective case series, 24 COVID-19 patients
	VV
	Descriptive cohort



	Xin et al. [21]
	Retrospective post-cardiac surgery cohort, 62 patients
	Predominantly VA/mixed cardiac ECMO
	Tracheostomy during ECMO vs. after ECMO weaning



	Grewal et al. [22]
	Single-center observational study31 tracheostomized ECMO patients from a cohort of 140 ECMO patients
	Mixed
	Safety and clinical effects of tracheostomy during ECMO



	Nukiwa et al. [23]
	Single-center retrospective observational study, 98 ECMO patients undergoing tracheostomy
	Predominantly VA/mixed
	Tracheostomy timing and clinical outcomes



	Jones et al. [24]
	Retrospective single-center cohort, 54 tracheostomized ECMO patients from 521 VA/VV ECMO patients
	Mixed
	Tracheostomy during ECMO vs. after ECMO explant; complications and clinical outcomes



	Kruit et al. [25]
	Retrospective cohort, 50 patients
	VV
	Bleeding after percutaneous tracheostomy



	Harris et al. [26]
	Retrospective comparative cohort, 63 patients
	VV
	Tracheostomy vs. no tracheostomy



	Dimopoulos et al. [27]
	Retrospective cohort, 65 patients
	VV
	Safety of percutaneous tracheostomy during VV-ECMO



	Kelley et al. [28]
	Retrospective cohort, 96 patients
	VV
	Safety and bleeding of tracheostomy during VV-ECMO



	Tamargo et al. [29]
	Retrospective cohort, 62 obese COVID-19 patients
	VV
	Early vs. late tracheostomy







Abbreviations: VV, veno-venous; VA, veno-arterial; ECMO, extracorporeal membrane oxygenation.













 





Table 2. Summary of bleeding and transfusion outcomes in studies evaluating tracheostomy during ECMO.
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	Study
	ECMO Type
	Bleeding Definition
	Bleeding Outcomes
	Transfusion Outcomes
	Anticoagulation Management





	DiChiacchio et al. [13]
	VV
	Not clearly defined
	No major increase in bleeding reported
	Not clearly reported
	Not clearly reported



	Swol et al. [14]
	Mixed
	Not reported
	Not reported
	Not reported
	Not reported



	Schmidt et al. [16]
	Predominantly VV
	Procedure-related bleeding
	No significant increase in major bleeding events
	Transfusions required in selected cases
	Heparin stopped before procedure and restarted after



	Staibano et al. [20]
	VV
	Not clearly defined
	Limited bleeding complications reported
	Not clearly reported
	Not clearly reported



	Xin et al. [21]
	Predominantly VA/mixed
	Procedure-related bleeding
	Low incidence of bleeding complications
	Not clearly reported
	Not clearly reported



	Grewal et al. [22]
	Mixed Not clearly defined
	Major tracheostomy-related complications reported
	No major tracheostomy-related complications reported
	No significant difference in packed red cell transfusion after tracheostomy
	Not clearly reported



	Nukiwa et al. [23]
	Predominantly VA/mixed
	Bleeding requiring blood transfusion or intervention

Bleeding occurred in 13.3% of patients
	no significant differences across timing quartiles
	Included in bleeding definition
	Not clearly reported



	Jones et al. [24]
	Mixed VA/VV
	Minor and major tracheostomy complications
	Major complications included transfusion-requiring events
	Transfusion included in major complication definition
	Not clearly reported



	Kruit et al. [25]
	VV
	Major bleeding (not uniformly defined)
	No significant increase in bleeding events
	Not clearly reported
	Anticoagulation managed individually



	Harris et al. [26]
	VV
	Not clearly defined
	Increased bleeding-related resource utilization in the tracheostomy group
	Higher transfusion requirements in tracheostomy group
	Not associated with anticoagulation interruption



	Dimopoulos et al. [27]
	VV
	Procedure-related bleeding
	Low incidence of major bleeding
	Not clearly reported
	Not clearly reported



	Kelley et al. [28]
	VV
	Not clearly defined
	No major increase in bleeding complications
	Not clearly reported
	Not clearly reported



	Tamargo et al. [29]
	VV
	Not clearly defined
	No significant increase in bleeding reported
	Not clearly reported
	Not clearly reported
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