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Introduction

Extracorporeal Membrane Oxygenation (ECMO) is a valuable 
support system that can treat severe cardiopulmonary disease. 

ECMO support comes in two types: Veno-Venous (VV) 
and Veno-Arterial (VA). VV ECMO is typically indicated when 
cardiac function is sufficient, but the patient requires additional 
respiratory support. VV ECMO serves to provide additional 
oxygenation to supplement a patient’s lungs, and is commonly 
used in severe Acute Respiratory Distress Syndrome (ARDS) 
caused by aspiration, pneumonia, barotrauma, pneumonitis, 
etc [1]. It can also be used as a bridge therapy in patients 
awaiting lung transplant. In contrast, VA ECMO is typically used 
in patients with both cardiac and respiratory failure, as it can 
provide both oxygenation and circulatory support. Common 
indications for VA ECMO include cardiogenic shock, acute 
myocardial infarction, chromic heart failure and cardiac arrest 
[1].

However, ECMO is associated with several complications, 
such as hemolysis. Intravascular hemolysis can occur due to 
blood flow through the mechanical components of ECMO or 
due to underlying patient complications [2]. Hemolysis can be 
measured with markers such as Plasma Free Hemoglobin (PFH) 
and is associated with complications such as renal failure and 
multiorgan failure [3]. Much research has been done evaluating 
how ECMO’s mechanical support can cause hemolysis. Damage 
to red blood cells is thought to be due to pressure drop or shear 
stress caused by the ECMO circuit [4].

ECMO hemolysis has also been linked to an increase in 

mortality risk. Previous research has shown that PFH values 
over 50 mg/dL 24 hours after ECMO initiation can serve as an 
independent marker of mortality [5]. In VV ECMO, it has also 
been shown that non-survivors tended to have higher incidence 
of hemolysis and a higher average peak PFH compared to 
survivors [6].

While much research has been done on links between ECMO 
hemolysis and mortality as well as the mechanical causes of 
hemolysis, there is limited data on whether the presence of 
certain comorbidities in patients is linked to hemolysis while 
on ECMO support. While we know that ECMO hemolysis is 
primarily believed to be due to mechanical characteristics, we 
believe that underlying comorbidities can play a potentiating 
factor as well. We aim to evaluate whether presence of past 
Myocardial Infarction (MI), Heart Failure (HF) and Hypertension 
(HTN) is linked with increased rates of hemolysis while on 
ECMO. This will help inform future studies to further investigate 
this due to the lack of literature on the topic. 

Methods

Patient information and data collection: We conducted 
a retrospective study of patients receiving ECMO support at 
Tampa General Hospital from 2020 to 2023. This study was 
approved by the Institutional Review Board at the University of 
South Florida (IRB 005536). Patients who were over the age of 
18 and remained on ECMO support for less than 30 days in the 
specified time period were included. Patients were categorized 
into the type of ECMO support received (VA or VV). We then 
collected patient data such as Age, Sex, Body Mass Index (BMI), 
duration of ECMO support, use of Impala in VA ECMO, survival 
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outcome (defined as expiration during ECMO or within 30 days 
post ECMO decannulation), PFH levels per day, history of past 
MI, history of past HF (HF that occurred directly prior to ECMO 
cannulation was not included) and history of past HTN.

At our institution, ECMO decisions follow a structured 
organizational framework for all patients with cardiopulmonary 
failure.

For cardiogenic shock, a Cardiac Shock Alert activates a 
conference call with a multidisciplinary team that typically 
includes the primary cardiologist, cardiac surgeon (when 
indicated), intensivist, and sometimes an emergency physician. 
During this call, the team evaluates the patient’s rapid clinical 
deterioration and requests urgent heart failure consultation. 
The collective discussion determines whether to proceed with 
ECMO. A coordinator then assembles the ECMO team through 
text messages, managing personnel allocation and scheduling 
for VA-ECMO placement in either the operating room or ICU.

Following the COVID-19 pandemic, a parallel structure was 
established for respiratory failure through a Respiratory Shock 
Team comprising an ICU physician, admitting pulmonologist, 
and potentially lung transplant surgeons. After completing 
consultations, this pathway leads to VV-ECMO when 
appropriate.

Regarding anticoagulation practices, all VA-ECMO patients 
receive moderate-intensity anticoagulation, whereas VV-ECMO 
patients rarely require it. For both modalities, ECMO pump 
aspiration pressure is maintained below 100 mmHg.

Classification of hemolysis: Hemolysis was defined according 
to the 2024 ELSO Registry Data Definitions that described 
hemolysis as PFH over 50 mg/dL for at least two consecutive 
days. Using this definition, patients were sorted into either 
hemolysis present or hemolysis absent groups.

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation and compared using Wilcoxon rank sum. Categorical 
variables were expressed by counts and percentages. 
Comparisons were done by utilizing Chi-squared tests or Fisher’s 
Exact Test if expected counts were less than 5. Univariate analysis 
was used to see if any variables had a significant association 
with hemolysis. Variables with a p-value of less than 0.15 were 
included in a multivariable logistic regression. P-values less than 
0.05 were considered significant. 

Results

Patient characteristics between VA and VV ECMO: A total 
of 182 patients received ECMO with 74 patients receiving VA 
ECMO and 108 patients receiving VV ECMO. VA patients tended 
to suffer greater hemolysis compared to patients receiving VV 
ECMO, though the difference was not statistically significant 
(p=0.078). VA patients tended to be older (p=0.002) and 
spent less days on ECMO (p<0.001) compared to VV patients. 
Additionally, among VA patients, there was a higher incidence 
of a positive history for past MI (p<0.001), past HF (p<0.001) and 
HTN (p=0.020). There was no statistically significant difference 
in BMI and mortality rates between patients receiving either VA 
or VV ECMO.

Table 1: VA ECMO indications.

Indications  Sample Size (N)

Cardiogenic Shock  51 

Cardiac Arrest  5 

Respiratory Failure  4 

Cardiomyopathy  3 

Cardiac Surgery  7 

Transplant Related  4 

Table 2: VV ECMO indications.

Indications  Sample Size (N)

Covid Pneumonia 55

Transplant Related 15

Respiratory Failure 25

ARDS (Non-COVIDP) 7

Cardiac Arrest 4

Aspiration 2

Table 3: Characteristics of patients receiving VA and VV ECMO.

Variables  VA (N=74) VV ECMO (N=108) P Value 

Body Mass Index (Kg/M2)  28.6 ± 7.15  28.82 ± 7.91  0.948 

Age (Years) 56.3 ± 14.5  49.79 ± 14.03  0.002 

Duration of ECMO (Days)  6.91 ± 5.45  10.94 ± 7.65  P < 0.001 

History of Past Mi  31 (41.9%)  6 (5.6%)  P < 0.001 

History Of Past Hf  32 (43.2%)  16 (14.8%)  P < 0.001 

History of Hypertension  52 (70.3%)  56 (51.9%)  0.020 

Presence of Hemolysis 38 (51.4%) 40 (37.0%) 0.078

Mortality 50 (67.6%) 66 (61.1%) 0.464
Note: Variables with P<0.05 are displayed in bold.

Univariate analysis of risk factors for hemolysis in patients 
receiving VA ECMO: Among patients receiving VA ECMO, 
patients who suffered hemolysis had a lower BMI (p=0.044). 
Additionally, there was a higher incidence of hemolysis in 
patients who had a history of MI compared to those without 
(p=0.031). While the difference was not statistically significant 
(p=0.072), patients with hemolysis tended to spend more 
days on ECMO than those without hemolysis. There was no 
statistically significant difference in age between patients with 
and without hemolysis. History of HF and history of HTN was 
also not significantly associated with hemolysis in patients. 
There was also no statistically significant association between 
use of an impala and hemolysis. 

Table 4: Risk factors for hemolysis in VA ECMO (Univariate 
Analysis).

Variables  Hemolysis (N=38)  No Hemolysis (N=36)  P Value

Body Mass Index (Kg/M2)  27.22 ± 7.17  30.06 ± 6.91  0.044 

Age (Years)  56.56 ± 14.01  56.05 ± 15.12  0.697 

Duration of ECMO (Days)  7.68 ± 5.26  6.08 ± 5.58  0.072 

History of Past Mi  21 (55.3%)  10 (27.8%)  0.031 

History of Past Hf  15 (39.5%)  17 (47.2%)  0.585 

History of Hypertension  27 (71.1%)  25 (69.4%)  1.0 

Use of Impala 13 (34.2%) 15 (41.7%) 0.674

Note: Variables with P<0.05 are Displayed in Bold While Variables 
with 0.05<P<0.15 Are Italicized 
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Multivariable analysis of risk factors for hemolysis in patients 
receiving VA ECMO: After conducting multivariable analysis, 
the association between BMI and hemolysis did not show 
significance. However, history of past MI was independently 
associated with hemolysis (OR=2.91, 95% confidence level = 
1.07-8.87, p=0.036).

Table 5: Risk factors for hemolysis in VA ECMO (Multivariable 
Analysis).

Variables  Odds Ratio  95% Ci  P Value 

Body Mass Index (Kg/M2)  0.97  0.90-1.04  0.362

Age (Years)  -  -  - 

Duration of ECMO (Days) 1.04 0.94-1.14  0.457

History of Past Mi  2.91  1.07-8.87  0.036 

History of Past Hf  -  -  - 

History of Hypertension  -  -  - 

Use of Impala - - -
Note: Variables with P<0.05 are displayed in bold.

Univariate analysis of risk factors for hemolysis in patients 
receiving VV ECMO: In patients receiving VV ECMO, patients 
with hemolysis spent more days on ECMO than those without 
hemolysis (p = 0.012). Additionally, there was lower incidence of 
hemolysis in patients with a history of HTN compared to higher 
incidence of hemolysis in patients without HTN (p=0.048).

Table 6: Risk factors for hemolysis in VV ECMO (Univariate 
Analysis).

Variables  Hemolysis 
(N=40) 

No Hemolysis 
(N=68) 

P Value 

Body Mass Index (Kg/M2)  29.11 ± 8.53  28.65 ± 7.6  0.627 

Age (Years)  47.08 ± 14.85  51.38 ± 13.38  0.142 

Duration of ECMO (Days)  13.12 ± 7.35  9.65 ± 7.59  0.012 

History of Past Mi  0 (0.0%)  6 (8.8%)  0.084 

History of Past Hf  4 (10.0%)  12 (17.6%)  0.563 

History of Hypertension  15 (37.5%)  41 (60.3%)  0.048 

Note: Variables with P<0.05 are displayed in bold while variables 
with 0.05<P<0.15 are Italicized.

  Multivariate analysis of risk factors for hemolysis in 
patients receiving VV ECMO: After conducting multivariable 
analysis, no variables remained significant and thus were not 
independently associated with hemolysis.

Table 7: Risk factors for hemolysis in VV ECMO (Multivariable 
Analysis).

Variables  Odds Ratio  95% CI  P value 

Body Mass Index (Kg/M2) -  -  - 

Age (Years)  1.00  0.97-1.03  0.831 

Duration of ECMO (Days) 1.04   0.99-1.11 0.127 

History of Past Mi  0.00  0.00-Inf  1.000 

History of Past Hf  -  -  - 

History of Hypertension  0.50  0.20-1.22  0.127 

Note: Variables with P<0.05 are displayed in bold.

Discussion/Conclusion

Our study found that a history of MI is significantly associated 
with increased risk of hemolysis while on VA ECMO in both 
univariate and multivariate analysis. While atherosclerosis is the 
main pathophysiology behind MI, it is unlikely that underlying 

atherosclerosis is the cause of increased risk of hemolysis in the 
MI cohort within VA ECMO. However, those with a history of MI 
tend to have other comorbid conditions such as an increased 
risk of coagulopathy due to underlying thrombophilia disorders 
[7]. Literature suggests that pre-existing coagulopathy increases 
hemolysis risk. Patients with elevated INR at cannulation 
(greater than 3.5) have a sevenfold risk of hemolysis [8]. 
ECMO is also known to cause complement activation, which 
can contribute to hemolysis potentiate the effect [9]. Patients 
with history of MI also demonstrate sustained complement 
activation beyond the acute phase which may also potentiate 
increased hemolysis [10]. While hemolysis that occurs during 
hemolysis is primarily due to mechanical and technical factors, 
these results may suggest that underlying cardiac history can 
also affect hemolysis. This can allow clinicians to monitor these 
patients more closely if they know their patient has had an MI 
in the past and may be at increased risk for hemolysis while on 
a VA ECMO circuit. 

Patients receiving VA ECMO had a significantly higher 
incidence of past MI (5.6% of VV patients vs. 41.9% of VA 
patients) as well as significantly higher incidences of past HTN 
and past HF. These findings align with expected trends, as VA 
ECMO is typically indicated for patients with cardiopulmonary 
insufficiency, while VV ECMO is reserved for isolated respiratory 
failure. However, past MI did not increase hemolysis in VV ECMO 
patients. With only 6 patients in the VV cohort presenting with 
history of MI, power is limited in this cohort. 

We also found that VV ECMO patients tended to spend 
significantly more days on ECMO than VA ECMO patients, 
which is consistent with previous research [11]. Additionally, 
our study showed that patients on VA ECMO tended to be 
significantly older compared to patients on VV ECMO, which is 
also consistent with previous research [12]. We found certain 
trends that were significant in univariate analysis but not 
significant in multivariate analysis. In the VA patient cohort, 
for example, patients with higher BMI showed less hemolysis. 
In the VV cohort, patients with past HTN had lower incidence 
of hemolysis while patients with hemolysis spent more days 
on ECMO. The loss of significance in the multivariate analysis 
suggests that relationships observed in univariate analysis may 
have confounded by other factors. 

While not significant, VA ECMO did seem to show more 
hemolysis than VV ECMO. Previous research has shown that 
VA ECMO has significantly more hemolysis than VV ECMO, with 
Applet et al. finding than hemolysis (defined as PFH>50 mg/dL) 
was found in 4% of patients in VA ECMO compared to 2% of 
patients in VV ECMO (p<0.001) [12]. Reasons for the increased 
hemolysis include higher shear stress and flow rates, different 
cannulation techniques, increased afterload and left ventricular 
stress as well as pre-existing conditions [12-14]. While our study 
did not show this trend significantly, our p-value of 0.07 suggests 
a possible correlation that may demonstrate significance at 
higher sample sizes.

Additionally, use of an impala alongside VA ECMO has been 
associated with a higher risk of hemolysis when compared to 
VA ECMO alone [9]. However, our data did not demonstrate 
a significant association between Impala use and hemolysis 
(p=0.674). We hypothesize that this may be due to different 
definitions of hemolysis being used. In the meta-analysis by 
Bhatia et al. [9], four studies were included. Papalardo et al. [15], 
defined hemolysis as an “increase in Lactate Dehydrogenase 
(LDH) > 1000 U/L and increase in plasma free hemoglobin in 
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at least two consecutive blood samples within 24 hours”. The 
second study used the definition “serum LDH 2.5 x upper 
limits of the normal range at the implanting center (normal 
LDH range at the center: 115-221 u/l) post device implant 
and an absence of elevated Aspartate Aminotransferase (AST) 
and Alanine Aminotransferase (ALT) levels over three times 
their normal ranges” [16]. Patel et al. [17], used the definition 
of “LDH ≥ 1,000 U/L associated with appropriate elevations 
in schistocytes, reticulocytes, or plasma-free hemoglobin in 
at least two consecutive blood samples” while Schrage et al. 
[18], defined hemolysis as “Lactate dehydrogenase ≥1000 U/L 
and haptoglobin <0.3 g/L in 2 consecutive samples within 24 
hours”. As seen, the definition of hemolysis was not constant 
and seemed to focus on LDH as the main marker of hemolysis. 
This differs from our approach, which defined hemolysis as 
PFH greater than 50 mg/dL for at least two consecutive days. 
This difference in definition can explain why we did not find a 
significant association. PFH is a direct marker of intravascular 
hemolysis while LDH is more a general marker of cell turnover 
and tissue damage, making it not as specific for hemolysis. While 
the other studies did use other clinical signs in conjunction 
with an elevation in LDH, our definition may have been more 
stringent resulting in there appearing to be no association 
between impala use and hemolysis.

Limitations

There are several limitations to this study. The study design 
was a single-center retrospective chart review with a moderate 
sample size. Additionally, this study used an updated definition 
of hemolysis which was PFH greater than 50 mg/dL for at least 
two consecutive days. Previous research defined hemolysis as 
PFH greater than 50 mg/dL for only one day, making it difficult 
to compare results with past studies. Another limitation is that 
the machine to measure PFH at Tampa General Hospital is 
not precise at PFL levels less than 30 mg/dL. Thus, any values 
less than 30 mg/dL were recorded as 30 mg/dL. However, 
considering that our cutoff for hemolysis was greater than 50 
mg/dL, this limitation should have no impact on our findings.

We also did not collect data regarding rate of AKI, urinary 
output and creatinine. We acknowledge that AKIs can decrease 
renal clearance of PFH, thus elevate plasma levels of PFH. 
Future research should evaluate these factors to gain a more 
comprehensive understanding of our findings. As the role of 
PFH monitoring during ECMO remains under investigation, our 
institution does not routinely measure pre-ECMO PFH levels. 
Additionally, oxygenator clotting risk was managed clinically 
rather than through systematic documentation; consequently, 
parameters such as pre- and post-oxygenator pressures 
and coagulation values were not consistently recorded in 
the electronic medical record. Furthermore, ECMO pump 
settings, including flow rate and RPM, were not systematically 
documented, precluding analysis of these variables. We 
acknowledge these limitations on our data analysis and future 
research should evaluate these factors for a comprehensive 
analysis. We also acknowledge limitations in our sample size 
and hope to include more patients in future explorations.

Future directions

Our study was primarily to establish framework regarding 
the impact of comorbidities on ECMO hemolysis. There is 
limited research in this area and further exploration can allow 
for clinicians to monitor certain patients closely for hemolysis 
and prevent associated complications. Future research should 

include larger sample sizes with additional variables that our 
study did not include. Additionally, our study focused on cardiac 
related co-morbidities, which tend to have higher prevalence 
in VA ECMO populations. In the future, it might be of use to 
examine comorbidities more prevalent in VV ECMO patients 
that can lead to hemolysis. We hope that this study can inform 
further research and exploration into this topic.
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