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Abstract
Background and Purpose

Hemolysis is a common and significant complication associated with Impella implantation, primarily
attributed to shear stress. This retrospective study investigates the potential relationship between iron
metabolism and hemolysis in patients with Impella devices to better understand the underlying
mechanisms of this complication.

Materials and Methods

This study analyzed patients who underwent Impella implantation between 2018 and 2023. Iron
metabolism and hemolysis were assessed using transferrin saturation (TSAT) and serum transferrin
levels. Multivariate analysis was adjusted for body surface area, pulmonary artery pulsatility index, an
aortic and mitral annulus angle of less than 125 degrees, left ventricular end-diastolic dimension, and
maintenance pump level.

Results

Sixty-one patients with a mean age of 68 ± 11.8 years were included. Among these patients, 55.7% had a
TSAT greater than 20%, with 20.7% in the hemolysis group and 87.5% in the non-hemolysis group.
Average transferrin levels were 195 mg/dL (range: 173–249 mg/dL), with higher levels observed in the
hemolysis group (245 mg/dL; 218–267 mg/dL) compared to the non-hemolysis group (179.5 mg/dL;
164–194 mg/dL). Multivariate logistic regression analysis revealed significant associations between
hemolysis in Impella patients and TSAT (odds ratio [OR] = 0.03, 95% confidence interval [CI]: 0.00–0.18)
and transferrin levels (OR = 19.6, 95% CI: 3.48–111).

Conclusions

The findings provide preliminary evidence of a potential link between iron metabolism and hemolysis in
patients receiving Impella support. However, further exploration and validation through large-scale,
prospective studies are required to establish the strength and consistency of this association.

1. Introduction
Currently, the Impella device is anticipated to improve the survival rates of patients suffering from
cardiogenic shock [1]. The Ganger Shock Trial reported that in patients with ST-Elevation Myocardial
Infarction (STEMI) who also suffer from cardiogenic shock but have a stable level of consciousness, the
use of Impella improved hard endpoints compared to standard treatments [2]. However, the overall
effectiveness of Impella in cardiogenic shock has yet to be proven, presenting a significant challenge in
clinical practice [3]. A potential contributing factor to this uncertainty could be the high incidence of
complications associated with using Impella. Achieving and sustaining hemodynamic stability with
Impella can be challenging due to potential complications such as hemolysis, hemorrhage, vascular
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injury, and stroke [4]. In particular, hemolysis may cause acute kidney injury and require renal
replacement therapy [5, 6]. Moreover, hemolysis may prevent the elevation of Impella pump levels to high
settings, thus impeding the device's effectiveness. Therefore, it is urgent to investigate the causes of
hemolysis. Previously, it has been reported that the angles of the aortic and mitral valves are important
factors in hemolysis during the use of Impella [7]. Additionally, hemodynamic factors such as the
pulmonary artery pulsatility index (PAPi) have been reported to correlate with hemolysis [8]. Hemolysis
associated with Impella is primarily attributed to shear stress and impaired blood flow, which can
generally be mitigated through the appropriate implantation of the device [9]. From a biochemical
perspective, a positive correlation exists between shear stress and blood viscosity, suggesting that
elevated transferrin levels due to iron deficiency may increase blood viscosity [10]. This mechanism
could influence the occurrence of hemolysis during the use of the Impella device. Thus, we conducted a
study at our institution to explore the potential relationship between Impella-induced hemolysis and iron
metabolism.

2. Methods

2.1 Study population and data collection
This retrospective cohort study, conducted with strict adherence to ethical standards, was performed at
a single center. The study cohort included patients who required Impella support for cardiogenic shock
at our institution between August 2018 and March 2023. Patients undergoing dialysis were excluded due
to the difficulty in assessing hemolysis through urine analysis. Additionally, patients receiving both
Impella and extracorporeal membrane oxygenation (ECMO) were excluded to eliminate ECMO-induced
hemolysis as a confounding factor. Patient confidentiality was strictly maintained during data collection
and analysis. Blood samples were obtained immediately before Impella initiation, and Swan-Ganz
catheter data were collected while the Impella pump level was stable. Ethical approval was granted by
the Ethics Committee of Iwate Medical University (MH2022-052), and informed consent was obtained
from all participants.

Cardiogenic shock was defined according to the Society for Cardiovascular Angiography and
Interventions (SCAI) criteria, stages C to E [11]. Hemolysis was defined as the presence of dark red urine,
lactate dehydrogenase (LDH) levels exceeding 1.5 times the normal upper limit, anemia confirmed by
blood tests, and elevated total bilirubin levels with a corresponding increase in indirect bilirubin [7]. Upon
confirmation of hemolysis, fluid management was reassessed using echocardiography and right heart
catheterization. Iron metabolism was assessed using transferrin saturation (TSAT) and serum transferrin
levels, with TSAT calculated as (serum iron/total iron-binding capacity) × 100%. Left ventricular ejection
fraction was measured via transthoracic echocardiography using the modified Simpson method. In
accordance with prior studies, a narrow angle between the aortic and mitral annulus was defined as < 
126.5° [7].

2.2 Statistical Analysis
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Continuous variables are presented as medians with interquartile ranges for non-normally distributed
data, while categorical variables are presented as frequencies and percentages. Group comparisons for
continuous variables were performed using the t-test for normally distributed data and the Kruskal–
Wallis test for non-normally distributed data. The chi-squared test was used to compare categorical
variables. The primary endpoint was the occurrence of hemolysis. Kaplan-Meier analysis was employed
to compare TSAT levels and time to hemolysis between groups, with significance assessed by the log-
rank test. Receiver operating characteristic (ROC) analysis was used to determine optimal cutoff values
for TSAT and transferrin levels. Kaplan-Meier analyses with log-rank tests were subsequently used to
compare transferrin cutoff values and time to hemolysis. Multivariate logistic regression was conducted
to assess the association between iron metabolism and hemolysis, adjusting for body surface area
(BSA), PAPi, narrow angle (< 125°), left ventricular end-diastolic dimension (LVDD), and Impella pump
level. Statistical analysis was performed using EZR (version 4.2.2) [12], with p-values < 0.05 considered
statistically significant.

3. Results

3.1. Baseline Characteristics of the Study Population
This study initially enrolled 90 patients. After excluding two patients undergoing hemodialysis, 11
patients on ECMO, and 16 patients with incomplete data, a total of 61 patients were included in the final
analysis. Table 1 presents the baseline characteristics of the study population. Hemolysis occurred in 29
out of the 61 patients managed with Impella. The median age of the participants was 70 years (63–74),
with 27.9% being female. The distribution of Impella types was as follows: 18% for 2.5, 80.3% for CP, and
1.6% for 5.0. In this study, 34 patients (55.7%) had a TSAT greater than 20%, with 6 patients (20.7%) in
the hemolysis group and 28 patients (87.5%) in the non-hemolysis group. Transferrin levels averaged 195
mg/dL (173–249 mg/dL) overall, with higher levels in the hemolysis group at 245 mg/dL (218–267
mg/dL) compared to 179.5 mg/dL (164–194 mg/dL) in the non-hemolysis group. The maintenance
pump level was consistently 6 (4–6) across all patients but varied between groups: 4 (3–6) in the
hemolysis group and 6 (4–8) in the non-hemolysis group. The cohort experiencing hemolysis exhibited a
larger BSA, higher iron levels, higher total iron-binding capacity (TIBC), a higher percentage of patients
with TSAT values below 20%, significantly elevated transferrin levels, and lower maintenance pump
levels. However, no significant differences were observed in PAPi or the narrow-angle between the
groups.
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Table 1
Baseline chactersistics

  Total Hemolysis group Non - hemolysis
group

P value

Number 61 29 32  

Age 70 (63–74) 71 (65–76) 69 (60.5–73) 0.54

male, n (%) 44 (72.1) 22 (75.9) 22 (68.8) 0.58

Height (cm) 163 (156–
170)

167 (160–171) 162.5 (155–167) 0.15

Body surface area (m2) 1.63 (1.49–
1.88)

1.73 (1.57–1.9) 1.55 (1.42–1.72) < 0.01

Acute coronary syndrome, n
(%)

40 (65.6) 22 (75.9) 18 (56.2) 0.18

Systolic blood pressure
(mmHg)

82 (75–100) 85 (75–92) 80 (74.75–101) 0.6

Diastolic blood pressure
(mmHg)

61 (57–70) 61 (59–70) 61 (55.25–70) 0.7

Heart rate (bpm) 104 (83–120) 108 (86–120) 103.5 (74.5–
118.25)

0.32

Support duration (days) 5 (3–8) 5 (3–8) 4.5 (3–9) 0.93

CHDFa, n (%) 15 (24.6) 9 (31) 6 (18.8) 0.37

LVEFb (%) 33 (27–42) 32 (29–42) 34 (26–42) 0.94

LVDDc (mm) 48 (43–53) 46 (44–54) 49 (42–53) 0.72

The narrow-angled, n (%) 35 (57.4) 19 (65.5) 16 (50) 0.3

PAWPe (mmHg) 17 (14–20) 18 (15–24) 15.5 (14–19.25) 0.05

Mean PAPf (mmHg) 25 (21–30) 24 (22–30) 26.5 (20.25–
30.75)

0.83

Values are expressed as median (25–75%) or number of subjects (percentage).

p < 0.05 by Fisher’s exact test as appropriate.

aContinuous hemodiafiltration, bLeft ventricular ejection fraction, cLeft ventricular end-diastolic
dimension, dThe patient with angle of aortic and mitral annulus < 125°, ePulmonary artery wedge
pressure, fPulmonary artery pressure, gRight atrium pressure, hPulmonary artery pulsatility index,
iCreatinine kinase, jestimated glomerular filtration rate, kTotal iron binding capacity, lTransferrin
saturation
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  Total Hemolysis group Non - hemolysis
group

P value

RAPg (mmHg) 10 (8–13) 11 (8–12) 8.5 (6–13) 0.28

PAPih 1.77 (1.3–2.2) 1.75 (1.09–2) 1.81 (1.44–2.34) 0.37

Cardiac index (L/min/m2) 2.3 (1.9–2.5) 2.2 (1.8–2.4) 2.4 (2.08–2.5) 0.19

Hemoglobin (g/dl) 13.5 (11.7–
15.3)

13.7 (11.8–15.4) 13.35 (11.67–
15.15)

0.49

Maximum CKi (IU/L) 7281 (4057–
13583)

8473 (4565–
13760)

7000 (3867–
12491)

0.42

eGFRj (ml/min/1.73m2) 53 (30.1–
67.1)

56.7 (31.5–71.8) 51.3 (29.93–
63.67)

0.44

Lactic acid (mmol/L) 3.3 (2.3–4.9) 3.3 (2.3–5.1) 3.35 (2.3–4.8) 0.72

Iron (µg/dL) 54 (39–65) 49 (37–55) 57.5 (45–68.25) 0.01

TIBCk (µg/dL) 233 (198–
279)

268 (215–304) 216 (181.5–
257.25)

< 0.01

Transferrin (mg/dL) 195 (173–
249)

245 (218–267) 179.5 (164–194) < 0.01

Ferritin (ng/mL) 262 (169–
398)

219 (102–470) 270 (197–338) 0.29

TSATl >20%, n (%) 34 (55.7) 6 (20.7) 28 (87.5) < 0.01

Maintenance Pump level 6 (4–6) 4 (3–6) 6 (4–8) < 0.01

Impella device type        

Impella 2.5, n (%) 11 (18) 5 (17.2) 6 (18.8) 0.99

Impella CP, n (%) 49 (80.3) 24 (82.8) 25 (78.1) 0.75

Impella 5.0, n (%) 1 (1.6) 0 (0) 1 (3.1) -

Values are expressed as median (25–75%) or number of subjects (percentage).

p < 0.05 by Fisher’s exact test as appropriate.

aContinuous hemodiafiltration, bLeft ventricular ejection fraction, cLeft ventricular end-diastolic
dimension, dThe patient with angle of aortic and mitral annulus < 125°, ePulmonary artery wedge
pressure, fPulmonary artery pressure, gRight atrium pressure, hPulmonary artery pulsatility index,
iCreatinine kinase, jestimated glomerular filtration rate, kTotal iron binding capacity, lTransferrin
saturation
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Table 2
Correlates of elevated Hemolysis group using logistic regression analysis

Variable Model 1 Model 2

OR (95%CI) P value OR (95%CI) P value

TSATa >20 0.04 (0.01–0.15) < 0.01 0.03 (0.00–0.18) < 0.01

Transferrin ≥ 218 22 (5.71–84.8) < 0.01 19.6 (3.48–111) < 0.01

p < 0.05

Model 1: Univariate analysis.

Model 2: Adjusted for body surface area, left ventricular end-diastolic dimension, the angle of aortic
and mitral annulus < 125, pulmonary artery pulsatility index, and maintenance pump level.

aTransferrin saturation

3.2. Association of TSAT and Transferrin with Hemolysis in
Impella Patients
The Kaplan-Meier curve illustrating the relationship between time to hemolysis and TSAT in patients
using Impella demonstrated a significantly higher incidence of hemolysis in the TSAT ≤ 20% group, with a
marked increase in hemolysis within 5 days (p < 0.01, Fig. 1). ROC analysis determined the cutoff for
transferrin to be 218 mg/dL, with an area under the curve of 0.837 (Fig. 2). A comparison of hemolysis
incidence between groups with transferrin levels above and below 218 mg/dL confirmed a significant
association, with a higher incidence in the group with transferrin levels above 218 mg/dL (p < 0.01,
Fig. 3).

3.3. Iron Metabolism and Associated Factors in Hemolysis
Univariate logistic regression analysis revealed a positive association between transferrin levels ≥ 218
mg/dL and hemolysis (OR = 22, 95% CI: 5.71–84.8, p < 0.01). Conversely, TSAT > 20% was negatively
correlated with hemolysis (OR = 0.04, 95% CI: 0.01–0.15, p < 0.01). Furthermore, multivariate logistic
regression analysis, incorporating BSA, LVDD, the narrow-angle, PAPi, maintenance pump level, and
transferrin, revealed a positive correlation between hemolysis and transferrin (OR = 19.6, 95% CI: 3.48–
111, p < 0.01). Similarly, analysis including BSA, LVDD, the narrow-angle, PAPi, maintenance pump level,
and TSAT > 20% demonstrated a negative correlation between hemolysis and TSAT > 20% (OR = 0.03,
95% CI: 0.00–0.18, p < 0.01).

4. Discussion
In this study, we examined the relationship between hemolysis and iron metabolism in 61 patients who
received Impella devices at our hospital. In the hemolysis group, TSAT showed a negative correlation
with hemolysis, while transferrin levels showed a positive correlation. Although the Impella device

Page 7/14



provides effective circulatory support at higher pump levels, hemolysis may necessitate reduced
settings, making hemolysis management critical for optimal device performance. Previous studies have
associated hemolysis with structural factors such as the angle between the mitral and aortic valves and
hemodynamic factors like PAPi [7, 8]. Our study is the first to identify biochemical factors contributing to
hemolysis in Impella patients.

The negative correlation between TSAT and hemolysis, and the positive correlation with transferrin
levels, remained significant after adjusting for LVDD, indicating minimal fluid volume influence. Prior
studies have linked increased blood viscosity during ECMO use to hemolysis [13–15], with
hyperglycemia and red blood cell deformation identified as key contributors [16, 17]. Iron deficiency
anemia has also been associated with higher blood viscosity [18], and transferrin may elevate viscosity
through coagulation effects [19]. These insights highlight the potential of optimizing iron metabolism to
mitigate hemolysis, although large-scale prospective studies are needed to confirm these findings due to
our study’s retrospective design and small sample size.

While our study observed a trend toward narrower aortic-mitral angles in the hemolysis group, no
statistically significant differences were found. However, the inclusion of the narrow-angle in multivariate
analysis did not alter the relationship between iron kinetics and hemolysis, suggesting an independent
link between iron metabolism and hemolysis in Impella patients. Additionally, the hemolysis group had a
PAPi of 1.75 (1.09–2), indicating good right heart function, which contrasts with previous reports and
may explain the lack of association between hemolysis and PAPi in our study.

Given the complexity of managing Impella in cardiogenic shock patients, integrating hemodynamic,
anatomical, and biochemical factors such as iron metabolism is essential. Further prospective research
is necessary to enhance management strategies and improve outcomes in Impella-supported patients.

5. Limitations
This study is a single-center retrospective cohort. Dialysis patients were excluded due to the inability to
confirm the definition of hemolysis in this group, leaving the relationship between hemolysis and iron
kinetics during Impella use in dialysis patients unclear and warranting further research. Most cases in
this study exhibited relatively preserved right heart function, and the relationship between iron kinetics
and hemolysis in cases with impaired right heart function remains unknown. This study hypothesized
that iron kinetics could influence red blood cell viscosity, potentially increasing the likelihood of
hemolysis. However, no established evidence currently demonstrates a direct link between iron
metabolism and hemolysis, and whether iron metabolism directly contributes to hemolysis or if other
factors related to iron kinetics are involved remains an area for future investigation.

6. Conclusion
This study suggests a potential association between iron metabolism and hemolysis in patients
undergoing Impella management. However, it does not explore whether iron metabolism predisposes
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patients to hemolysis. Further validation through large-scale prospective studies is necessary to confirm
the extent and robustness of this association.
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Figure 1

Hemolysis in patients with Impella: TSAT level comparison using Kaplan-Meier Curves
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Figure 2

Transferrin levels in hemolytic events with Impella : A ROC curve analysis
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Figure 3

Hemolysis in patients with Impella: Transferrin level comparison using Kaplan-Meier Curves.
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