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Abstract
Background/Objectives: Despite being constructed from polyurethane and establishing direct blood
device interaction within the arterial circulation, the effect of intra-aortic balloon pump support on
systemic inflammatory biomarkers remains incompletely defined. This study aimed to quantify the
inflammatory response associated with preoperative IABP using the inflammatory prognostic index (IPI)
and to determine whether this response differs according to sex. 

Methods: After propensity score matching, 168 patients with preoperative IABP support (Group A: 63
women, 105 men) and 190 patients without IABP (Group B: 60 women, 130 men) were analyzed. The IPI,
derived from C-reactive protein, serum albumin, neutrophil, and lymphocyte levels, was assessed at
hospital admission and at 24 and 72 hours, and was evaluated between groups and in sex-stratified
analyses. The IPI was calculated using the following formula: C-reactive protein-to-albumin ratio (CAR) ×
neutrophil-to-lymphocyte ratio (NLR). 

Results: IPI values were consistently higher in the IABP group than in the non-IABP group, with the
greatest difference observed at 24 hours (r_rb = 0.62; p < 0.001). Within the IABP group, women
exhibited significantly higher IPI levels than men, reaching large effect sizes at 24 hours (r_rb = 0.52; p <
0.001) and 72 hours (r_rb = 0.45; p < 0.001), accompanied by higher CRP levels and neutrophil counts
and lower lymphocyte counts and albumin levels. IABP support was associated with an approximately
34% greater increase in IPI in women at 24 hours and a 23% greater increase at 72 hours compared with
men. 

Conclusions: Preoperative IABP support is associated with a marked early increase in systemic
inflammatory burden, particularly in women, followed by a more rapid subsequent decline over time.
These findings support the value of early, sex-specific monitoring of integrated inflammatory indices in
patients undergoing mechanical circulatory support.

Introduction
Mechanical circulatory support (MCS) devices play a central role in the management of hypoperfusion
secondary to cardiac pathology by augmenting ventricular function and stabilizing systemic
hemodynamics [1, 2]. The intra-aortic balloon pump (IABP) represents a well-established modality that
increases diastolic pressure and coronary perfusion while reducing afterload and myocardial oxygen
consumption, thereby providing modest yet clinically meaningful hemodynamic support [3, 4]. These
hemodynamic benefits and their downstream physiological effects, together with lower invasiveness,
procedural simplicity, and cost-effectiveness, have contributed to the sustained and widespread use of
the IABP, with an estimated annual utilization exceeding 150,000 cases worldwide and continuous
clinical application since the 1960s [5, 6]. Despite this extensive experience, IABP implantation is not
without risk and has been associated with procedure-related complications such as bleeding, vascular
injury, limb ischemia, and aortic dissection [7, 8]. The frequency and clinical spectrum of these
mechanical and vascular complications have been comprehensively summarized by Motia et al. [9]. In
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contrast, although the device is composed of polyurethane and directly interfaces with circulating blood
elements, its impact on systemic inflammatory biomarkers remains incompletely elucidated.

In the early stages of its clinical development, the IABP balloon was manufactured from latex to
withstand aortic pressure and minimize the risk of rupture; however, concerns regarding latex allergy,
susceptibility to tensile stress, and the requirement for sustained durability during prolonged
counterpulsation led to the subsequent adoption of polyurethane materials [5, 10, 11]. Although surface
modifications have been developed to improve the biocompatibility of IABP balloons, blood contact with
a foreign material result in the rapid adsorption of plasma proteins, thereby initiating a cascade of
biological processes involving inflammation, coagulation, and platelet activation [12, 13]. In an
experimental study by Segan et al. [14], immune cell adhesion to polyurethane surfaces was
demonstrated using primary human peripheral blood mononuclear cells and macrophages derived from
the human monocytic cell line THP-1, and subsequent cytokine analyses indicated a mild pro-
inflammatory response after prolonged material contact.

Given this biological background, the evaluation of the systemic inflammatory response in patients
receiving preoperative IABP support requires an integrated and clinically applicable biomarker. The
inflammatory prognostic index (IPI), a composite parameter incorporating neutrophil and lymphocyte
counts together with C-reactive protein (CRP) and albumin levels, has been used as a prognostic
indicator in clinical conditions such as malignancy, aortic dissection, and coronary artery bypass grafting
(CABG) [15–18]. However, despite its application in these settings, the behavior of IPI in patients
supported with preoperative IABP—particularly with respect to potential sex-related differences—has not
yet been systematically investigated. Accordingly, the present study aimed to evaluate the inflammatory
status of patients with coronary artery disease (CAD) receiving preoperative IABP support using the IPI,
with a specific focus on sex-related differences.

Materials and Methods

Study Design and Patient Selection
This study represents a post hoc secondary analysis of prospectively collected data derived from a
registered observational cohort study (NCT06468982). Patient enrollment was continued in an
integrated manner beyond the initial registration phase, allowing expansion of the study population
within the same prospective framework. Among 340 patients who received IABP support, 215 met the
predefined inclusion criteria. To establish a balanced comparison cohort, these patients were matched
with 400 contemporaneous patients with CAD who were followed at our institution during the same
period but did not receive IABP support. Propensity score matching was performed using a nearest-
neighbor approach without replacement to reduce baseline differences between groups. Propensity
scores were calculated based on clinically relevant covariates, including age, sex, left ventricular ejection
fraction (LVEF%), EuroSCORE II, diabetes mellitus, hypertension, chronic obstructive pulmonary disease
(COPD), presence of left main coronary artery disease (LMCA), prior percutaneous coronary intervention
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(PCI), and acute myocardial infarction (AMI) without cardiogenic shock or mechanical complications.
Matching resulted in two well-balanced groups comprising 168 patients receiving preoperative IABP
support (Group A; 63 women and 105 men) and 190 patients without IABP support (Group B; 60 women
and 130 men). Following the establishment of balanced cohorts, sex-stratified analyses were performed
to explore potential differences in the IPI within the matched population.

Preoperative IABP support was used in patients with multivessel disease, left main coronary artery
(LMCA) disease, recurrent or persistent chest pain at rest, or failed or infeasible percutaneous coronary
intervention (PCI) due to diffuse and/or severely tortuous coronary anatomy. The IABP group comprised
adult patients (≥ 18 years) with coronary artery disease (CAD) in whom preoperative IABP support was
indicated and implanted by the cardiovascular surgery team. The IABP (Datascope® Medical Co., Ltd.,
Cambridgeshire, United Kingdom) was inserted percutaneously via the femoral artery.

Demographic characteristics, clinical variables, and daily laboratory data were prospectively recorded.
Laboratory parameters were evaluated at three predefined time points: at hospital admission (baseline
for both groups), and at 24 and 72 hours after IABP implantation in the IABP group, with corresponding
time points applied to the matched control group. Serum albumin (g/dL), C-reactive protein (CRP)
(mg/L), neutrophil count (×10³/µL), and lymphocyte count (×10³/µL) were measured from the same
blood samples collected at each time point.

The C-reactive protein–to–albumin ratio (CAR) was calculated by dividing the CRP level by the serum
albumin level. The neutrophil–to–lymphocyte ratio (NLR) was calculated as the ratio of neutrophil count
to lymphocyte count. The inflammatory prognostic index (IPI) was subsequently derived using the
following formula: IPI = CAR × NLR [15–19].

Exclusion Criteria
Patients presenting with cardiogenic shock; those requiring preoperative mechanical ventilation or
resuscitation after cardiac arrest; those receiving extracorporeal membrane oxygenation or other forms
of mechanical circulatory support; those with acute pulmonary edema; those undergoing emergency
coronary artery bypass grafting within three days; those with peripheral arterial disease precluding
femoral access; those with end-stage renal disease requiring dialysis; those with mechanical
complications secondary to acute myocardial infarction; and those undergoing concomitant cardiac
procedures other than isolated CABG were excluded to ensure cohort homogeneity. In addition, patients
who declined the procedure were excluded from the final analysis..

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics (version 28.0; IBM Corp., Armonk, NY,
USA) and Jamovi (version 2.7.13; The Jamovi Project, Sydney, Australia). Continuous variables were
expressed as mean ± standard deviation for normally distributed data and as median (interquartile range,
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Q1–Q3) for non-normally distributed data, whereas categorical variables were presented as counts and
percentages. Normality was assessed using the Shapiro–Wilk test, and homogeneity of variances was
evaluated using Levene’s test. Propensity score matching was applied to minimize baseline differences
between patients receiving preoperative IABP support and those not receiving IABP. Propensity scores
were estimated using a multivariable logistic regression model incorporating clinically relevant
covariates, and matching was performed using a nearest-neighbor approach without replacement.
Baseline characteristics were compared between female and male patients using Student’s t-test for
normally distributed continuous variables with homogeneity of variances. Variables that did not meet
normality assumptions were compared using the Mann–Whitney U test, and the robustness of these
comparisons was further evaluated using the Brunner–Munzel test in the presence of unequal variances
or distributional differences. Categorical variables were analyzed using the chi-square test or Fisher’s
exact test, as appropriate. Changes over time (baseline, 24 hours, and 72 hours) were analyzed using the
Friedman test for repeated measurements. Post hoc pairwise comparisons were performed using the
Wilcoxon signed-rank test with Bonferroni correction. Effect sizes were reported as Cohen’s d for
parametric comparisons and as rank-based effect size (r) for non-parametric tests. Where appropriate,
95% confidence intervals were estimated using bootstrap resampling (5,000 iterations). To evaluate
whether the effect of IABP on inflammatory response differed by sex, an interaction term (sex × IABP)
was included in a generalized linear model using log-transformed IPI values. A two-sided p value < 0.05
was considered statistically significant.

Results
A total of 340 patients who received preoperative IABP support were screened for eligibility. Of these,
215 met the predefined inclusion criteria and constituted the pool for propensity score matching. During
the same study period, 400 contemporaneous patients with CAD who were managed without IABP
support were identified as potential controls. Propensity score matching yielded two well-balanced
cohorts comprising 168 patients in the IABP group (Group A; 63 women and 105 men) and 190 patients
in the non-IABP group (Group B; 60 women and 130 men). All baseline clinical covariates included in the
propensity score model were adequately balanced after matching, with standardized mean differences
(SMDs) below 0.10. Following the establishment of the matched cohorts, patients were stratified by sex,
and demographic and clinical characteristics were analyzed separately for women and men. A post hoc
power analysis performed using G*Power under a two-sided independent-samples framework (α = 0.05)
indicated that the final matched sample provided approximately 80% power to detect moderate effect
sizes in both between-group comparisons and sex-stratified analyses.

Baseline demographic, clinical, and laboratory characteristics stratified by sex for each group are
presented in Table 1. In both groups, most comorbidities and demographic variables were comparable
between women and men. However, women consistently exhibited lower LVEF% and higher EuroSCORE
II values. In addition, markers of metabolic and myocardial injury were more pronounced in women, as
reflected by higher HbA1c and high-sensitivity troponin I levels. In contrast, men had a higher prevalence
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of active smoking and a less favorable lipid profile, characterized by higher LDL cholesterol and
triglyceride levels. The magnitude of these differences was in the moderate range.

Table 1
Baseline demographic, clinical, and laboratory characteristics stratified by sex in the IABP and non-IABP

groups

  IABP group (n = 168) Non-IABP group(n = 190)

Female (n 
= 63)

Male (n = 
105)

p
value

Female (n 
= 60)

Male (n = 
130)

p
value

Age, (years) 65.5 ± 9.2 63.5 ± 8.4 0.124 66.8 ± 8.5 63.9 ± 8.0 0.106

Hypertension, n (%) 43 (68.2) 73 (69.5) 0.863 38 (63.3) 85 (65.3) 0.783

Diabetes mellitus, n (%) 35 (55.5) 50 (47.6) 0.319 31 (51.6) 53 (40.7) 0.160

Smoker, n (%) 25 (39.6) 57 (54.2) 0.055 21 (35) 68 (52.3) 0.026

COPD, n (%) 29 (46.0) 54 (51.4) 0.604 22 (36.7) 43 (33.1) 0.636

LVEF%; median (Q1-Q3) 43.0 [35–
50]

48.0 [40–
55]

0.018 47 [40–55] 50 [45–
60]

0.041

EuroScore II, % 2.2 ± 1.2 1.8 ± 1.1 0.020 1.9 ± 1.1 1.6 ± 1.2 0.151

PCI before CABG, n (%) 14 (22.2) 26 (24.7) 0.712 12 (20) 28 (21.5) 0.670

LMCA, n (%) 17 (27.0) 33 (31.4) 0.763 8 (13.3) 14 (10.7) 0.545

Hemoglobin, g/dL 13.3 ± 0.8 15.1 ± 0.5 < 
0.001

14.0 ± 1.3 15.3 ± 1.5 < 
0.001

Platelet count, 109/L;
median [Q1-Q3]

220 [174–
266]

243
[205–
281]

0.072 235 [190–
280]

255
[215–
295]

0.095

HbA1c%a 7.4 ± 2.2 6.3 ± 1.6 < 
0.001

6.8 ± 1.6 6.1 ± 1.3 0.002

LDL, mg/dL 124 ± 25 138 ± 23 < 
0.001

115 ± 32 132 ± 35 < 
0.001

Triglyceride, mg/dL 144 ± 41 177 ± 53 < 
0.001

127 ± 45 158 ± 55 0.001

hsCTI; ng/m; median
[Q1-Q3]

19.3 [11.5–
32.0]

17.6 [9.8–
27.5]

0.551 12.4 [7.2–
18.9]

11.8 [6.5–
17.6]

0.750

CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; hsCTI, high
sensitivity cardiac troponin I; IABP, intra-aortic balloon pump; LDL, low-density lipoprotein LMCA, left
main coronary artery disease; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary
intervention
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Inflammation-related laboratory parameters, including complete blood count components, CRP, serum
albumin levels, and composite inflammatory indices, were evaluated at three predefined time points
(Table 2). At baseline, most inflammatory markers were comparable between the groups; however, the
IPI was significantly higher in the IABP group. At 24 hours, patients receiving IABP support exhibited a
pronounced inflammatory response, with significant increases in IPI, NLR, CAR, CRP levels, and
neutrophil counts, accompanied by a marked reduction in lymphocyte counts and serum albumin levels
compared with the non-IABP group. Although partial recovery was observed at 72 hours, IPI, NLR, CAR,
CRP levels, and neutrophil counts remained significantly higher, and lymphocyte counts remained
significantly lower in the IABP group. Overall, the non-IABP group demonstrated a more attenuated
inflammatory trajectory, with earlier normalization of laboratory parameters over time.
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Table 2
Temporal changes in inflammatory indices in IABP and non-IABP groups

Parameter Time point IABP (n = 168) non-IABP (n = 
190)

p-value*

IPI Baseline 19.41 (9.98–30.13) 15.6 (10.8–22.4) < 0.05

  24 h 181.39 (117.45–
339.92)

78.9 (52.4–
118.6)

< 0.001

  72 h 61.88 (38.88–
116.95)

36.2 (24.9–58.3) < 0.001

NLR Baseline 2.93 (2.43–3.98) 2.61 (2.10–3.42) NS

  24 h 7.74 (5.26–10.82) 5.63 (4.10–7.85) < 0.001

  72 h 4.59 (3.54–6.10) 3.62 (2.85–4.92) < 0.001

CAR Baseline 6.33 (3.61–9.42) 5.10 (3.80–7.10) NS

  24 h 24.87 (19.99–31.06) 14.6 (10.8–20.2) < 0.001

  72 h 14.14 (10.47–17.79) 8.9 (6.9–12.8) < 0.001

CRP (mg/L) Baseline 25.79 (15.90–38.90) 22.1 (14.8–32.6) NS

  24 h 95.68 (79.86–
114.65)

57.4 (41.2–82.9) < 0.001

  72 h 56.36 (39.47–69.87) 34.9 (25.6–52.8) < 0.001

Albumin (g/dL) Baseline 4.30 (4.16–4.45) 4.28 (4.10–4.42) NS

  24 h 3.90 (3.54–4.10) 4.02 (3.78–4.25) < 0.001

  72 h 4.03 (3.68–4.20) 4.15 (3.92–4.36) NS

Neutrophils (×10⁹/L) Baseline 6.50 (5.65–7.32) 6.05 (5.30–6.90) NS

  24 h 10.10 (8.44–12.44) 8.25 (6.90–
10.10)

< 0.001

  72 h 8.28 (7.22–9.48) 7.10 (6.25–8.45) < 0.01

Lymphocytes (×10⁹/L) Baseline 2.14 (1.86–2.37) 2.18 (1.92–2.48) NS

  24 h 1.31 (1.08–1.66) 1.58 (1.32–1.96) < 0.01

  72 h 1.86 (1.44–2.14) 2.05 (1.72–2.38) < 0.05

CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive protein; IABP, intra-aortic balloon pump; IPI,
inflammatory prognostic index; NLR, neutrophil-to-lymphocyte ratio. * Wilcoxon rank-sum (Mann–
Whitney U); Values are presented as median [Q1–Q3]; NS = Not Significant
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Within the IABP group, clear sex-specific differences were observed across all inflammatory indices
(Table 3). At baseline, women already had higher CAR, NLR, CRP, and IPI values together with lower
serum albumin levels than men, with a moderate effect size for IPI (rank-biserial correlation r_rb = 0.40,
95% CI: 0.25–0.53; p < 0.001). These differences became more pronounced at 24 hours after IABP
implantation. The between-sex separation was accompanied by concomitant increases in both NLR and
CAR, with a greater contribution from CAR at this time point, reflecting marked CRP elevation and
hypoalbuminemia. Accordingly, IPI values were significantly higher in women, reaching a large effect size
(r_rb = 0.52, 95% CI: 0.39–0.65; p < 0.001). Although partial recovery was observed at 72 hours,
inflammatory indices in women remained significantly different from those in men, and the effect size
for IPI persisted in the moderate-to-large range (r_rb = 0.45, 95% CI: 0.30–0.58; p < 0.001), indicating a
sustained inflammatory burden in female patients receiving IABP support.
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Table 3
Sex-specific temporal changes in inflammatory indices in the IABP group

Parameter Time point Female (n = 63) Male (n = 105) p-value

IPI Baseline 26.3 (14.8–46.5) 14.0 (8.3–25.5) < 0.001

  24 h 323.9 (174.2–574.4) 160.8 (105.8–258.9) < 0.001

  72 h 117.0 (54.7–194.8) 52.9 (36.3–76.4) < 0.001

CAR Baseline 7.1 (5.2–11.1) 5.4 (3.4–8.4) < 0.01

  24 h 31.5 (23.6–41.0) 23.5 (19.7–27.3) < 0.001

  72 h 19.9 (14.0–26.0) 12.8 (9.6–15.3) < 0.001

NLR Baseline 3.4 (2.9–4.6) 2.7 (2.3–3.4) < 0.01

  24 h 10.3 (7.1–14.1) 6.9 (4.6–9.7) < 0.001

  72 h 5.5 (4.4–8.0) 4.2 (3.3–5.3) < 0.001

CRP (mg/L) Baseline 28.0 (19.7–47.3) 23.5 (14.5–36.0) < 0.05

  24 h 101.2 (82.9–129.8) 91.9 (79.9–103.3) < 0.001

  72 h 69.9 (53.6–87.3) 51.4 (37.5–62.0) < 0.001

Albumin (g/dL) Baseline 4.10 (3.82–4.32) 4.34 (4.24–4.48) < 0.01

  24 h 3.50 (3.10–3.90) 4.01 (3.80–4.17) < 0.001

  72 h 3.65 (3.28–4.00) 4.11 (3.90–4.25) < 0.01

Neutrophils (×10⁹/L) Baseline 6.9 (6.1–8.4) 6.3 (5.4–7.1) < 0.05

  24 h 11.3 (9.4–13.3) 9.6 (8.0–11.6) < 0.001

  72 h 9.4 (8.1–10.3) 7.8 (7.0–8.6) < 0.001

Lymphocytes (×10⁹/L) Baseline 2.0 (1.7–2.2) 2.2 (2.0–2.5) < 0.01

  24 h 1.1 (0.9–1.4) 1.4 (1.2–1.7) < 0.001

  72 h 1.7 (1.2–1.9) 1.9 (1.6–2.2) < 0.01

Values are presented as median [Q1–Q3]; CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive
protein; IABP, intra-aortic balloon pump; IPI, inflammatory prognostic index; NLR, neutrophil-to-
lymphocyte ratio.

In Group B, sex-related differences in inflammatory indices were limited and transient (Table 4). At
baseline, women had higher IPI values than men, with a small effect size (r_rb = 0.20, p < 0.05). This
difference persisted at 24 hours, when IPI values remained significantly higher in women (r_rb = 0.26,
95% CI: 0.10–0.40; p < 0.01). However, by 72 hours, IPI values had converged between the sexes and the
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between-sex difference was no longer statistically significant. A similar temporal pattern was observed
for CAR, NLR, CRP levels, and neutrophil counts, with sex-related differences mainly evident at 24 hours
and disappearing over time.

Table 4
Sex-specific temporal changes in inflammatory indices in the non-IABP group

Parameter Time point Female (n = 60) Male (n = 130) p-value

IPI Baseline 17.0 (11.5–24.5) 13.9 (9.7–19.8) < 0.05

  24 h 92.0 (62.0–140.0) 72.0 (50.0–
105.0)

< 0.01

  72 h 39.0 (27.0–63.0) 34.0 (24.0–50.0) NS

CAR Baseline 5.6 (4.1–7.8) 4.8 (3.5–6.6) NS

  24 h 16.2 (12.0–22.5) 13.8 (10.2–19.0) < 0.05

  72 h 9.6 (7.3–13.8) 8.6 (6.7–12.1) NS

NLR Baseline 2.8 (2.2–3.7) 2.5 (2.0–3.2) NS

  24 h 6.0 (4.5–8.4) 5.3 (3.9–7.2) < 0.05

  72 h 3.8 (3.0–5.2) 3.5 (2.8–4.7) NS

CRP (mg/L) Baseline 23.8 (16.5–35.0) 21.2 (14.0–31.0) NS

  24 h 62.0 (44.0–90.0) 54.0 (39.0–76.0) < 0.05

  72 h 37.0 (27.0–56.0) 34.0 (24.0–49.0) NS

Albumin (g/dL) Baseline 4.22 (4.05–4.36) 4.30 (4.14–4.44) < 0.05

  24 h 3.95 (3.70–4.15) 4.06 (3.82–4.28) < 0.01

  72 h 4.08 (3.88–4.28) 4.18 (3.96–4.38) < 0.05

Neutrophils (×10³/µL) Baseline 6.2 (5.4–7.2) 5.9 (5.2–6.8) NS

  24 h 8.6 (7.1–10.6) 8.0 (6.6–9.7) < 0.05

  72 h 7.2 (6.3–8.7) 7.0 (6.2–8.3) NS

Lymphocytes (×10³/µL) Baseline 2.1 (1.8–2.4) 2.2 (1.9–2.5) NS

  24 h 1.5 (1.2–1.9) 1.6 (1.3–2.0) NS

  72 h 2.0 (1.6–2.3) 2.1 (1.7–2.5) NS

Values are presented as median [Q1–Q3]; CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive
protein; IABP, intra-aortic balloon pump; IPI, inflammatory prognostic index; NLR, neutrophil-to-
lymphocyte ratio. NS = Not Significant
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Given the higher inflammatory burden observed in patients receiving IABP support compared with those
managed without IABP, we further examined whether this effect differed according to sex. A significant
sex × IABP interaction was identified for changes in IPI at both 24 and 72 hours, indicating that the
relative increase in inflammatory burden associated with IABP support (on the log-transformed IPI scale)
was significantly greater in women than in men. Specifically, IABP support was associated with an
approximately 34% greater increase in IPI in women at 24 hours and a 23% greater increase at 72 hours
compared with men (24 h: p = 0.002; 95% CI: 0.11–0.47; 72 h: p = 0.014; 95% CI: 0.05–0.37)..

Discussion
This study demonstrates that IABP support is associated with an increased early systemic inflammatory
burden and that this response differs according to sex. Patients managed without IABP showed only
modest and transient sex-related differences in inflammatory indices, whereas women receiving IABP
support exhibited higher levels of inflammation than men. This pattern was consistently observed
across multiple inflammatory markers, including IPI, CAR, NLR, CRP, neutrophil counts, and serum
albumin levels, particularly during the first 24–72 hours of hospitalization. Notably, interaction analysis
indicated that IABP modifies the relationship between sex and inflammation, suggesting that sex acts as
a biological modifier of the early inflammatory response in patients receiving IABP support.

The IABP, the most widely used form of mechanical circulatory support, consists of a cylindrical
polyurethane balloon positioned in the descending thoracic aorta, thereby creating a non-endothelialized
artificial surface in direct contact with circulating blood [11, 20]. Polyurethane is designed to preserve
structural integrity with minimal deformation under mechanical stress and offers improved
biocompatibility compared with earlier latex-based materials, which were associated with
hypersensitivity reactions and other material-related limitations [21]. Nevertheless, the implantation of
any biomaterial inevitably elicits host responses, as blood–material interaction modulates leukocyte
activity and innate immune signaling, leading to the initiation of acute inflammation [22]. Because no
artificial surface can fully replicate the thromboresistant and immunologically quiescent properties of
the native endothelium, recognition of these non-self structures by the innate immune system activates
complement pathways and cellular inflammatory cascades, thereby precluding complete
biocompatibility and promoting a systemic inflammatory response [23, 24]. During inflation, the IABP
balloon transiently occupies a substantial portion of the aortic lumen, increasing blood–material contact
and mechanical interaction with the vascular wall while altering local shear conditions. These factors
may promote endothelial activation and contribute to the initiation of an inflammatory response [5, 25].
Bia et al. [26] demonstrated that IABP induces regionally heterogeneous vascular responses, including a
mechanically driven reduction in aortic diameter and elasticity together with an apparent increase in
vascular viscosity, reflecting complex interactions with vascular smooth muscle function. These
alterations in aortic wall mechanics and shear conditions may influence both endothelial and adventitial
biology and represent a plausible pathophysiological link through which IABP support contributes to
inflammatory activation [27, 28].
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These biomaterial- and hemodynamics-related mechanisms provide a biologically plausible explanation
for the heightened systemic inflammatory response observed in patients receiving IABP support in the
present study. To specifically delineate the inflammatory impact of IABP, a propensity score–matched
comparison was performed with patients managed without mechanical support, and systemic
inflammation was quantified using the inflammatory prognostic index (IPI). The IPI, derived from CRP,
serum albumin levels, and neutrophil and lymphocyte counts, integrates key components of the acute-
phase response, innate and adaptive immune activation, and immunonutritional status [29].

CRP–albumin and neutrophil–lymphocyte–based indices provide information on the degree of
inflammation; however, composite markers such as the IPI allow a more integrated assessment of
inflammatory status and are increasingly used in the cardiovascular setting [15, 16, 19]. The routine use
of advanced molecular or metabolomic approaches in daily clinical practice remains limited by cost,
availability, and technical requirements, making indices derived from standard biochemical and complete
blood count parameters a pragmatic and widely accessible alternative. These readily obtainable indices
may provide clinically meaningful insight into the severity of systemic inflammation and its potential
adverse consequences [30, 31].

Despite the improved biocompatibility achieved with polyurethane-based IABP systems, evidence
regarding the associated inflammatory burden remains limited. By comparing patients managed with
and without IABP support, the present study provides additional insight into the potential prognostic
relevance of integrated inflammatory markers in this setting. In the IABP group, IPI values—driven by
marked increases in CRP levels and neutrophil counts at 24 hours—were significantly higher than in the
non-IABP group (181.39 [117.45–339.92] vs. 78.9 [52.4–118.6]), with a Hodges–Lehmann estimated
shift of 102.5 (r_rb = 0.62; 95% CI: 78.4–126.7; p < 0.001), indicating a large effect size and supporting a
potential contribution of blood–device interaction to early inflammatory activation. Although higher
troponin levels, lower left ventricular ejection fraction, and increased EuroSCORE II values in patients
requiring IABP support may have contributed to a more pronounced inflammatory profile, these baseline
differences were largely balanced by propensity score matching, allowing a more reliable evaluation of
the device-related effect. In the matched non-IABP cohort, elevations in CRP levels and neutrophil counts
were also observed, consistent with the inflammatory response accompanying acute coronary syndrome
and PCI; however, the magnitude of this response remained clearly lower than that in the IABP group
[32]. Collectively, these findings indicate that IABP support is associated with an additional early
inflammatory burden beyond that attributable to baseline clinical severity alone [33, 34].

Sex-related differences in cardiovascular risk profile, clinical presentation, and outcomes have been
consistently reported across a broad spectrum of coronary artery disease, and accumulating evidence
suggests that inflammatory pathways contribute to these disparities [35–38]. Nevertheless, most
inflammatory indices have historically been evaluated without adequate sex-specific stratification,
despite well-recognized differences in immune regulation between women and men [39–41]. In the study
by Bravo-Jaimes et al. [42], although women constituted nearly half as many patients as men in the IABP
cohort (p = 0.004), they experienced a higher incidence of adverse events and an approximately 15%
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greater mortality rate. This pattern may reflect a more pronounced inflammatory response in women that
cannot be fully explained by differences in baseline clinical risk alone [43–45]. In this context, our
findings extend the existing literature by demonstrating that the inflammatory response associated with
IABP support differs significantly according to sex, with women exhibiting a greater early inflammatory
burden despite comparable baseline characteristics after propensity score matching. These
observations support the concept that biological sex acts as an important modifier of early inflammatory
activation and may have direct implications for risk stratification and perioperative monitoring in this
high-risk population.

In the non-IABP cohort, women exhibited a transient peak in IPI at 24 hours compared with men,
primarily driven by increases in CRP levels and neutrophil counts (r_rb = 0.26, 95% CI: 0.10–0.40; p < 
0.01). However, this sex-related difference was substantially greater in patients receiving IABP support
(r_rb = 0.52, 95% CI: 0.39–0.65; p < 0.001). In contrast to the non-IABP group, the wider separation of IPI
values in the IABP cohort was related not only to higher CRP levels and neutrophil counts but also to a
more pronounced decline in serum albumin and lymphocyte counts in women (Tables 3 and 4). Although
myocardial injury, PCI, and procedure-related stress are known to augment systemic inflammation [46–
48], the percutaneous implantation of an IABP—introducing a non-endothelialized polyurethane surface
into the arterial circulation—together with the close apposition of the 40-cc balloon to the aortic wall,
particularly in women with a smaller aortic diameter, may have contributed to the early inflammatory
activation in this group through increased blood–device interaction and mechanical endothelial
perturbation [49–51].

From 24 to 72 hours, IPI declined significantly in both sexes in the IABP group (women: Z = − 6.901, p < 
0.001; men: Z = − 8.694, p < 0.001), indicating a rapid attenuation of the early inflammatory surge. A
similar but less pronounced reduction was observed in the non-IABP cohort (women: Z = − 5.12, p < 
0.001; men: Z = − 6.03, p < 0.001). Despite higher peak levels at 24 hours, the IABP group demonstrated a
steeper decline in IPI, largely driven by the marked decrease in CRP concentrations by 72 hours.
Consistent with these findings, Gu et al. [52] reported that CRP levels were substantially reduced by the
third day in patients with acute myocardial infarction treated with IABP compared with those managed
without mechanical support. This temporal reduction in inflammatory activity may be related to the well-
established hemodynamic effects of IABP, including enhanced coronary perfusion, improved myocardial
blood flow, and partial restoration of pulsatile arterial flow, which collectively improve tissue oxygenation
and may contribute to the attenuation of the inflammatory response over time [53, 54].

Another plausible mechanism underlying the higher IPI values observed in women relates to the age and
menopause-associated decline in the anti-inflammatory and vasoprotective effects of estrogen. In a
cohort with a mean age of approximately 65 years, this hormonal transition is accompanied by a shift
toward a more proinflammatory state, characterized by increased acute-phase reactants, including CRP,
together with altered immune cell regulation and enhanced innate immune activation [55]. These age-
related changes in immune and metabolic regulation have been associated with lower serum albumin
levels and relative lymphopenia, both of which directly contribute to higher IPI values. Within this
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framework, the more pronounced reductions in albumin levels and lymphocyte counts observed in
women may represent a biologically plausible substrate for the greater inflammatory burden identified in
this group [56, 57].

Given the distinct pathophysiological features of coronary artery disease in women, the identification of
sex-specific inflammatory profiles and risk determinants is of particular clinical relevance [58]. Variations
in metabolic and nutritional status, age- and menopause-related immune modulation, and the persistent
underrepresentation of women in studies of mechanical circulatory support have limited the
understanding of device-related inflammatory responses in this population [59–61]. In line with the life-
course approach proposed by Sambola et al. [62], the present findings underscore that women should
not be evaluated within a uniform disease framework and that preventive and therapeutic strategies
need to incorporate sex-specific biological differences. Notably, our results demonstrate that IABP
support is associated with a more pronounced inflammatory burden in women, highlighting the potential
clinical importance of inflammatory monitoring in this subgroup. These data indicate that the
inflammatory response to mechanical circulatory support is not sex-neutral and should be integrated
into risk stratification and management strategies, particularly in women undergoing IABP therapy [63].

Limitations
This study has several limitations that should be acknowledged. Although the data were collected
prospectively using a standardized protocol, the single-center design may limit the generalizability of the
findings. Inflammatory biomarkers are subject to biological and clinical variability and may be influenced
by factors that were not fully captured in the study dataset; therefore, residual confounding cannot be
entirely excluded despite the use of propensity score matching. The analysis focused on the early
inflammatory phase and does not provide information on the long-term trajectory of inflammatory
markers or their direct relationship with clinical outcomes. In addition, detailed cytokine or molecular
inflammatory profiling was not performed; therefore, the mechanistic pathways underlying the observed
inflammatory patterns cannot be fully clarified. The observational design also precludes causal
inference. Further studies with longitudinal follow-up and more comprehensive inflammatory
assessment may help to better define the clinical implications of these findings.

Conclusions
In this propensity score–matched prospective cohort of patients with coronary artery disease requiring
preoperative support, IABP implantation was associated with a marked early increase in systemic
inflammatory burden, particularly in women, followed by a more rapid decline over time. This response
was most prominent at 24 hours and was characterized by concurrent increases in CRP levels and
neutrophil counts together with reductions in lymphocyte count and serum albumin levels. These
findings identify biological sex as an important modifier of the inflammatory response to IABP and
support the clinical value of early, sex-specific monitoring using integrated inflammatory indices for risk
stratification and periprocedural management in patients undergoing mechanical circulatory support.
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CABG Coronary artery bypass grafting

CAD Coronary artery disease

CAR C-reactive protein to albumin ratio

COPD Chronic obstructive pulmonary disease

CRP C-reactive protein

IABP Intra-aortic balloon pump

IPI Inflammatory prognostic index

LEVF% Left ventricular ejection fraction

MCS Mechanical circulatory support

NLR Neutrophil-to-Lymphocyte Ratio

PCI Percutaneous coronary intervention
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