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Abstract

Background: Clinically useful predictors for risk stratification of long-term survival may assist in selecting patients for endovascular
abdominal aortic aneurysm (EVAR) procedures. This study aimed to analyze the prognostic significance of peroperative novel systemic
inflammatory markers (SIMs), including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), hemoglobin-to-
red cell distribution width ratio (HRR), systemic immune-inflammatory index (SIII), and systemic inflammatory response index (SIRI),
for long-term mortality in EVAR. Methods: A retrospective analysis was performed on 147 consecutive patients who underwent their
first EVAR procedure at the Department of Vascular Surgery, Beijing Hospital. The patients were divided into the mortality group (n =
37) and the survival group (n = 110). The receiver operating characteristic curves were used to ascertain the threshold value demonstrat-
ing the most robust connection with mortality. The Kaplan—Meier survival analysis was performed between each SIM and mortality.
The relationship between SIMs and survival was investigated using restricted cubic splines and multivariate Cox regression analysis.
Results: The study included 147 patients, with an average follow-up duration of 34.28 + 22.95 months. Deceased patients showed sig-
nificantly higher NLR (p < 0.001) and reduced HRR (p < 0.001). The Kaplan—Meier estimates of mortality were considerably greater
in the higher-NLR group (NLR >2.77) and lower-HRR group (HRR <10.64). The hazard ratio (HR) of 0.833 (95% confidence interval
(95% CI): 0.71-0.97, p < 0.021) was determined to be statistically significant in predicting death in the multivariable analysis. Conclu-
sions: Preoperative higher-NLR and lower-HRR have been associated with a lower long-term survival rate in abdominal aortic aneurysm
(AAA) patients undergoing elective EVAR. Multivariate Cox regression showed that decreased preoperative HRR is an independent risk
factor that increases mortality risk following EVAR. SIMs, such as the NLR and HRR, could be used in future clinical risk prediction
methodologies for AAA patients undergoing EVAR. However, additional prospective cohort studies are needed to identify these findings.

Keywords: novel systemic inflammatory markers; hemoglobin-to-red-cell distribution width ratio; abdominal aortic aneurysm; all-cause
mortality

1. Introduction

An abdominal aortic aneurysm (AAA) is character-
ized by an irreversible and progressive dilation of the ab-
dominal aorta and often presents an 80% mortality rate
after rupturing occurs [1-3]. Currently, the main surgi-
cal methods for treating an AAA are open surgical repair
(OSR) and endovascular aortic repair (EVAR) [4]. Strong
evidence from large randomized controlled trials has con-
firmed that EVAR is associated with reduced short-term
mortality rates similar to mid- and long-term survival rates,
although with higher reintervention rates during follow-up
[5-8]. Choosing a suitable surgical strategy is important
to evaluate carefully the additional risk factors influenc-
ing prognosis, the patient’s anatomical characteristics, and
preferences regarding follow-up [9,10]. In this context, it

is necessary to discover new, easily accessible, and gener-
ally applicable indicators for risk stratification in long-term
survival conditions, thus, guiding treatment decisions [11].

Systemic chronic inflammation status is evaluated us-
ing novel systemic inflammatory markers (SIMs) derived
from the whole blood cell count ratio. These markers in-
clude the neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), hemoglobin-to-red cell distri-
bution width ratio (HRR), systemic immune-inflammatory
index (SIII), and systemic inflammatory response index
(SIRI) [12—-14]. These markers can more accurately in-
dicate systemic inflammation for prognostic assessment
[13]. Multiple studies have demonstrated a correlation be-
tween the novel SIMs and cardiovascular disease [15,16],
cancer prognosis [14,17-19], and all-cause mortality [20].
The formation and development of the abdominal aorta are
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Table 1. Calculation formula for each index.

Novel SIMs Computing method

NLR Neutrophil count (N)/lymphocyte count (L)

PLR Platelet cell count (P)/lymphocyte count (L)

Sl Neutrophil count (N) x platelet count (P)/lymphocyte count (L)
SIRI Neutrophil count (N) x monocyte count (M)/lymphocyte count (L)
HRR Hemoglobin (Hb)/red cell distribution width (RDW)

SIMs, systemic inflammatory markers; NLR, neutrophil-to-lymphocyte ratio; PLR,

platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, sys-

temic inflammation response index; HRR, hemoglobin-to-red cell distribution width.

also closely related to the systemic inflammatory response
[21,22], and a cohort study has demonstrated a strong corre-
lation between higher neutrophil count and abdominal aor-
tic dissection [23]. Therefore, novel SIMs, which can serve
as potential prognostic markers that are easy to obtain and
widely used, are expected to be useful tools for identifying
patients with poor survival outcomes after EVAR.

NLR has been proven to be associated with the peri-
operative morbidity of ruptured AAA and mortality after
selective EVAR [24,25]. However, the correlation between
novel SIMs and the long-term survival rates after EVAR
remains uncertain. Therefore, this study aimed to ascertain
the accuracy of novel SIMs as prognostic indicators for pre-
dicting all-cause mortality in patients following EVAR.

2. Materials and Methods
2.1 Study Design, Inclusion, and Exclusion Criteria

A retrospective review of medical records showed 147
sequential individuals who underwent their first EVAR pro-
cedure at Beijing Hospital’s Vascular Surgery department
between August 2016 and April 2023. The patients were
mainly treated according to the criteria set by the Euro-
pean Society for Vascular Surgery (ESVS) [26,27]. The
surgeon made the final decision, considering the patient’s
health characteristics and economic conditions.

The inclusion criteria were as follows: (1) patients
diagnosed with AAA by computed tomography angiog-
raphy (CTA), digital subtraction angiography (DSA), or
ultrasound; (2) patients undergoing EVAR for the first
time; (3) patients with complete perioperative and follow-
up data; (4) patients who have provided informed consent
and agreed to the intervention, including being told about
other choices. The exclusion criteria include the follow-
ing patients: (1) those who received conservative treatment,
open surgical repair, or have presented as emergency cases;
(2) those who have primary or secondary infectious AAA,
abdominal aortic stent infection; (3) those who had symp-
tomatic or ruptured AAA; (4) those who had congenital dis-
eases: Marfan syndrome, efc.; (5) those who had an en-
doleak after endovascular treatment. This study was con-
ducted with the approval of the Institutional Review Board.

2.2 Interventions and Baseline Characteristics

After a detailed assessment and personalized treat-
ment strategy, all patients underwent endovascular repair
for AAA under either general or local anesthesia. Pe-
rioperative information, including demographic informa-
tion, comorbidities (including the history of smoking, hy-
pertension, diabetes, coronary heart disease, and related
surgery, hyperlipidemia, chronic obstructive pulmonary
disease, chronic renal insufficiency), a preoperative com-
plete blood count, serum creatinine and serum albumin lev-
els, maximum diameter, interventional data, postoperative
complications, and follow-up information were collected
and recorded.

2.3 Novel Systemic Inflammatory Markers

Novel SIMs, including NLR, PLR, SII, SIRI, and
HRR, were calculated by preoperative whole blood count.
The calculation formula for each is shown in Table 1. The
receiver operating characteristic curve (ROC) was used to
evaluate the diagnostic potential of each novel SIM, and the
patients were divided into subgroups for subsequent anal-
ysis based on the cut-off value calculated by the Youden
index.

2.4 Follow-up and Endpoints

After discharge, patients were regularly monitored by
ultrasound, contrast-enhanced ultrasound, or CTA. The sur-
vival status was mainly obtained by telephone or outpatient
follow-up. Death was considered as the endpoint event, and
patients were monitored until either the event occurred or
censorship took place. Patients who did not have an end-
point event were considered until their last follow-up (April
2023), and the average duration of each follow-up was cal-
culated.

2.5 Statistical Analysis

Categorical variables are shown as counts and per-
centages and were compared using either Chi-squared or
Fisher’s exact tests, depending on the circumstances. Con-
tinuous variables were presented as mean £ standard de-
viation (SD) or median (interquartile range, IQR) depend-
ing on their distribution and were compared using either
the #-test or the Wilcoxon rank-sum test. Restricted cubic
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Fig. 1. Scatter plots of the NLR, PLR, SII, SIRI, and HRR show the distribution in the survival group (n = 110) and mortality
group (n = 37). (a) The NLR of the death group was higher than that of the survival group (p < 0.000). (b) The PLR of the mortality
group was similar to that of the survival group (p = 0.444). (c) The SII of the mortality group was similar to that of the survival group (p
=0.072). (d) The SIRI of the mortality group was higher than that of the survival group (p = 0.001). (¢) The HRR of the mortality group
was higher than that of the survival group (p < 0.000). NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII,

systemic immune-inflammation index; SIRI, systemic inflammation response index; HRR, hemoglobin-to-red cell distribution width.

*** indicates the p-value is less than 0.001; **** indicates the p-value is less than 0.000; ns indicates not statistically significant.

spline models with 3 knots were used to explore the rela-
tionship between novel SIM values and the survival after
EVAR in Cox proportional hazards models. This method
is a flexible statistical strategy that uses the observed data
to discover the most suitable mathematical relationship be-
tween exposure and response. It provides a p-value to as-
sess whether the relationship is linear or nonlinear. The pre-
dictive ability was assessed by calculating the area under
the receiver operating characteristic curve (AUC). The best
cut-off values for novel SIMs related to survival were deter-
mined as those that maximized the Youden index. Patient
categorization into lower- and higher-novel SIMs groups
was performed using a cut-off value for comparison. Sur-
vival was assessed by Kaplan—Meier survival analysis, and
differences were compared using the log-rank test. We also
conducted both univariable and multivariable analyses us-
ing Cox regression, considering the period at risk and in-
cluding variables that differed significantly in the univari-
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ate analysis and multivariable logistic regression models.
A p-value < 0.05 on both sides was considered statistically
significant. Statistical analyses were performed using IBM
SPSS 25.0 (IBM Crop, Chicago, IL, USA), GraphPad Prism
9.5.0 (GraphPad Software, San Diego, CA, USA), and R
version 4.3.1 (R Foundation, Vienna, Austria).

3. Results

3.1 Patient Characteristics and Preoperative Complete
Blood Results

The study included a cohort of 147 patients who un-
derwent elective EVAR for AAA. Table 2 displays the clin-
ical demographics and baseline characteristics of the par-
ticipants in this investigation. The average age was 72.24
=+ 8.59 years old, and most were male (83.07%). Among
the participants, 44.26% were ever (current and past) smok-
ers. The most prevalent comorbidities in this cohort were
hypertension (72.79%, 107/147), coronary artery disease
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Fig. 2. ROC curves of the NLR, PLR, SII, SIRI, and HRR for predicting death. (a) ROC curves of the NLR, PLR, SII, SIRI,
and HRR for predicting mortality. (b) ROC curves and the cut-off value of the NLR for predicting mortality. (c) Kaplan—-Meier survival
curves of the lower-NLR and higher-NLR groups (p < 0.0001). (d) ROC curves and the cut-off value of the HRR for predicting mortality.
(e) Kaplan—Meier survival curves of the lower-NLR and higher-NLR groups (p < 0.0001). ROC, receiver operating characteristic curve;
AUC, the area under the receiver operating characteristic curve.
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(47.62%, 70/147), and hyperlipidemia (29.25%, 43/147).
The median AAA diameter was 55.0 mm (50.0-65.0). Ta-
ble 2 displays the results of the preoperative whole blood
test, which revealed no significant abnormalities.

3.2 Perioperative Complications and Death

The incidence of perioperative complications was
11.5% (17/147). Four patients died during the periopera-
tive period; three of them died of acute coronary syndrome,
and one died of upper gastrointestinal bleeding due to post-
operative stress, as shown in Table 2.

3.3 Differences between the Mortality Group and the
Survival Group

The median duration of follow-up was 34.28 4+ 22.95
months, ranging from 0 to 84 months. Participants were di-
vided into survival and mortality groups based on outcome
events. During the follow-up period, 37 patients (37/147,
25.17%) died, of which 15 patients (15/37, 40.54%) died
due to cardiovascular and cerebrovascular events. The de-
mographics and baseline characteristics of the two groups
are outlined in Table 2. The mortality group showed a
higher average age (p < 0.001) and a lower body mass index
(BMI) (p=0.007). More patients in the mortality group had
chronic obstructive pulmonary disease (COPD) (p =0.020),
chronic renal insufficiency (p = 0.015), and higher preop-
erative creatinine (p = 0.001). The two groups had no sig-
nificant difference in the incidence of other complications.

The results of the preoperative whole blood exami-
nation indicated that the mortality group had significantly
lower preoperative hemoglobin levels (p < 0.001), lower
preoperative albumin levels (p < 0.001), and higher platelet
counts (p = 0.003). The mortality group had significantly
higher NLR (p < 0.001) and SIRI (p = 0.001) but lower
HRR (p < 0.001) compared to the survival group, as shown
in Table 3 and Fig. 1.

3.4 ROC Analysis and Kaplan—Meier Survival Curves
Evaluating the Novel SIMs to Predict Death after Elective
EVAR

The ROC curve was used to analyze the predictive
ability of novel SIMs for death after elective EVAR. Based
on the AUC value, we found that NLR (AUC: 0.72, 95%
confidence interval (95% CI): 0.63—0.82) and HRR (AUC:
0.78, 95% CI: 0.70-0.85) had significantly higher abilities
to predict patient death compared to PLR (AUC: 0.54, 95%
CI: 0.44-0.65), SII (AUC: 0.60, 95% CI: 0.49-0.71) and
SIRI (AUC: 0.70, 95% CI: 0.60-0.79), as shown in Table 4
and Fig. 2a. The NLR and HRR values corresponding to
the greatest value of the Youden index were calculated as
the ideal cut-off points on the ROC curve of death.

The ROC curve analysis showed that an NLR value of
2.77 was the calculated cut-off point for predicting death,
with a sensitivity of 76% and a specificity of 65%. Ac-
cording to the cut-off value, patients were divided into the
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Table 2. Perioperative complications and deaths for the
entire patient cohort following endovascular AAA repair.

Variable Overall (N = 147)
30-day mortality 4 (2.70%)
Coronary artery syndrome 3 (2.04%)
Gastrointestinal bleeding 1 (0.68%)
30-day complications 17 (11.5%)
Hemorrhage 4 (2.70%)
Gastrointestinal hemorrhage 2 (1.35%)
Puncture site hematoma 2 (1.35%)
Pseudoaneurysm 1 (0.68%)
Radiographic contrast nephropathy 2 (1.35%)
Myocardial infarction 5(3.38%)
Congestive heart failure 4 (2.70%)
Respiratory failure 2 (1.35%)
Gastrointestinal ischemia 4 (2.70%)

AAA, abdominal aortic aneurysm.

lower-NLR (<2.77) and the higher-NLR (>2.77) groups.
Of the 37 patients who died, 28 (75.68%) belonged to the
higher-NLR group, as shown in Table 3 and Fig. 2b. The
Kaplan—Meier survival curve revealed a significant associ-
ation between the higher-NLR group and an elevated risk
of death (p < 0.001), as shown in Fig. 2c.

Moreover, the determined threshold for HRR was
10.64. Further, HRR <10.64 was strongly linked to a
higher risk of death, as shown in Table 3 and Fig. 2d,e.
The patients were classified based on ideal cut-off values
for SIMs, and a subgroup analysis was conducted to exam-
ine the cause-specific and all-cause deaths of the patients.
We found a significant increase in all-cause and cardiovas-
cular mortality in the higher-NLR and lower-HRR groups
(p < 0.05). However, there was no significant variation in
mortality for any other causes, as indicated in Table 5.

We modeled and visualized the relationships of
NLR/HRR and all-cause mortality using restricted cubic
splines. The results showed that when the NLR >2.6, there
was an elevated risk of mortality (p-value for non-linearity
trend test = 0.0031). This was supported by the observa-
tion that the NLR value was 2.6, corresponding to a hazard
ratio (HR) of 1. Similarly, when HR was equal to 1, it cor-
responded to an HRR of 10.10. Further, an HRR value of
less than 10.10 was found to considerably increase the risk
of all-cause mortality (p-value for non-linearity trend test <
0.0001), as shown in Fig. 3.

3.5 Univariate and Multivariate Cox Regression Analyses
of the HR for Death after Elective EVAR

The variables included in the Cox regression analy-
sis were age, gender, smoking history, hypertension, dia-
betes, hyperlipidemia, COPD, coronary heart disease, my-
ocardial infarction, previous coronary artery bypass graft-
ing (CABG), previous percutaneous coronary interven-
tion (PCI), cerebrovascular accident, chronic renal insuf-
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Table 3. Demographics and clinical characteristics for the entire patient cohort following endovascular AAA repair.

Variable All (N = 147) Survival (N = 110) Death (N =37) p-value
Demographic characteristics

Age, years 72.24 £+ 8.59 70.52 £+ 7.80 77.38 + 8.90 0.000*
Sex, male 128 (83.07%) 97 (88.18%) 31 (83.78%) 0.490
BMI, kg/m? 24.34 +3.84 24.83 +£3.81 22.87 +3.58 0.007*
Medical history and comorbidities

Smoking history 67 (44.26%) 50 (45.45%) 17 (45.95%) 0.959
Hypertension 107 (72.79%) 78 (70.91%) 29 (78.39%) 0.377
Diabetes 26 (17.69%) 18 (16.36%) 8 (21.62%) 0.468
Hyperlipidemia 43 (29.25%) 32 (29.09%) 11 (29.73%) 0.941
COPD 11 (7.48%) 5(4.55%) 6(16.21) 0.020%*
Coronary artery disease 70 (47.62%) 50 (45.45%) 20 (54.05%) 0.365
Myocardial infarction 33 (22.45%) 26 (23.64%) 7 (18.92%) 0.552
Prior CABG 7 (4.76%) 6 (5.45%) 1(2.70) 0.497
Prior PCI 25 (17.01%) 21 (19.09%) 4 (10.81%) 0.246
Cerebrovascular accident 25 (17.01%) 16 (14.55%) 9(24.32) 0.171
Chronic renal impairment 16 (10.88%) 8 (7.27%) 8(21.62) 0.015%
Clinical features

WBCs (x 103/mL) 6.18 (5.35-7.74) 6.09 (5.26-7.55) 6.56 (5.66-8.06) 0.252
Neutrophil count (x 103/mL) 3.84 (3.11-5.03) 3.69 (3.08-4.55) 4.78 (3.49-6.15) 0.006*
Lymphocyte count (x 103/mL) 1.50 (1.14-2.02) 1.66 (1.19-2.13) 1.22 (1.03-1.62) 0.001*
Monocyte count (x 103/mL) 0.49 (0.39-0.57) 0.49 (0.38-0.57) 0.48 (0.40-0.56) 0.975
Red cell distribution width 12.9 (12.5-13.5) 12.8 (12.4-13.4) 13.2 (12.65-14.45) 0.054
Hemoglobin (mg/dL) 129.0 (115.25-141.0) 136.0 (120.0-144.0) 116.0 (98.50-124.50) 0.000%*
Platelets (n/pL) 181.0 (146.0-220.0) 186.0 (158.0-231.5) 161.0 (106.5-191.5) 0.003*
NLR 2.58 (1.79-3.70) 2.18 (1.70-3.31) 3.63 (2.72-5.21) 0.000%*
PLR 116.07 (85.95-155.45) 113.84 (84.54-157.52) 130.68 (92.33-147.8) 0.444
SII 445.33 (311.03-708.63)  426.21 (305.83—-646.41)  597.73 (345.26-786.11) 0.072
SIRI 1.20 (0.77-1.94) 1.06 (0.70-1.74) 1.72 (1.06-2.72) 0.001
HRR 10.08 (8.35-11.20) 10.48 (9.44-11.52) 8.49 (7.28-9.80) 0.000%*
Creatinine (mmol/L) 83.0 (77.50-104.0) 80.0 (70.0-99.0) 99.5 (78.0-130.5) 0.001
Albumin (g/L) 39.0 (36.0-41.0) 39.0 (37.0-41.0) 36.0 (34.5-38.5) 0.000%*
Aneurysm diameter (mm) 55.0 (50.0-65.0) 55.0 (48.0-60.0) 64.0 (54.0-75.0) 0.001*

* indicates the p-value is less than 0.05.

Data are presented as n (%), mean + standard deviation, or median (interquartile range, IQR). BMI, body mass index; COPD,

chronic obstructive pulmonary disease; WBCs, white blood cells; CABG, coronary artery bypass grafting; PCI, percutaneous

coronary intervention.

Table 4. Receiver operating characteristic curve analysis.
Variable AUC (95% CI) Cut-off point Sensitivity Specificity

NLR 0.72 (0.63-0.82) 2.77 0.76 0.65
HRR 0.78 (0.70-0.85) 10.64 1.00 0.47
PLR 0.54 (0.44-0.65) 130.30 0.54 0.62
SII 0.60 (0.49-0.71) 589.12 0.54 0.75
SIRI 0.70 (0.60-0.79) 1.67 0.58 0.75

95% CI, 95% confidence interval; AUC, the area under the receiver

operating characteristic curve.

ficiency, hemoglobin, platelet count, NLR, HRR, albumin,
and aneurysm diameter. The results of the univariate Cox
regression analysis showed that age (HR = 1.083, p <
0.001), renal impairment (HR = 5.57, p < 0.001), platelets
(PLT) (HR = 0.993, p < 0.015), NLR (HR =1.128, p <

0.001), HRR (HR = 0.783, p < 0.001), albumin (HR =
0.813, p < 0.001), and aneurysm diameter (HR = 1.045,
p < 0.001) were risk factors for death. After eliminating
collinearity and considering clinical experience, factors that
demonstrated a p-value < 0.05 in the univariate Cox regres-
sion analysis were included in the multivariate Cox regres-
sion analysis. Results showed that renal impairment (HR
=0.152, p < 0.001), HRR (HR = 0.833, p = 0.021), albu-
min (HR = 0.881, p = 0.032), and aneurysm diameter (HR
=1.056, p < 0.001) were the independent risk factors for
death, as shown in Fig. 4.

4. Discussion

We presented a detailed analysis of clinical factors and
hematologic markers that have predictive significance for
death in AAA patients undergoing EVAR, particularly the
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Table 5. Comparison of all-cause death between the lower-/higher-NLR and HRR groups.

Variable Overall (N=147) NLR <2.77 (N =81) NLR >2.77 (N = 66) p-value
All cause death 37 (25.17%) 9 (11.11%) 28 (42.42%) 0.000*
Aneurysm-related death 2 (1.36%) 0 (0%) 2 (3.03%) 0.115
MACE 15 (10.2%) 3 (3.7%) 12 (18.18%) 0.004*
Renal failure 2 (1.36%) 1(1.23%) 1 (1.52%) 0.884
Multiple organ failure 5(3.4%) 1(1.23%) 4 (6.06%) 0.108
Cancer 3 (2.04%) 1(1.23%) 2 (3.03%) 0.444
COVID-19 6 (4.08%) 2 (2.47%) 4 (6.06%) 0.247
Others 4 (2.72%) 1(1.23%) 3 (4.55%) 0.220
Variable Overall (N=147) HRR <10.64 (N=88) HRR >10.64 (N =59) p-value
All cause death 37 (25.17%) 33 (37.5%) 4 (6.78%) 0.000%*
Aneurysm-related death 2 (1.36%) 2 (2.27%) 0 (0%) 0.224
MACE 15 (10.2%) 15 (17.05%) 0 (0%) 0.001*
Renal failure 2 (1.36%) 2 (2.27%) 0 (0%) 0.224
Multiple organ failure 5(3.4%) 5 (5.68%) 0 (0%) 0.062
Cancer 3 (2.04%) 2 (2.27%) 1 (1.69%) 0.808
COVID-19 6 (4.08%) 3 (3.41%) 3 (5.08%) 0.615
Others 4 (2.72%) 4 (4.55%) 0 (0%) 0.097

* indicates the p-value is less than 0.05.

Data are presented as n (%). MACE, major adverse cardiovascular event; COVID-19, coronavirus disease 2019.

relationship between SIMs and long-term death. The re-
sults suggested that an increased preoperative NLR and a
decreased HRR were associated with increased death after
EVAR. AAA patients with an NLR >2.77 or HRR <10.64
may have a higher risk of death during the follow-up af-
ter EVAR. In addition, multivariate Cox regression analysis
suggested that HRR is an independent risk factor for death
after EVAR, with a prediction accuracy of 0.78.

Recently, SIMs have received considerable attention
as independent prognostic indicators for mortality and mor-
bidity in several diseases, such as cancers, cardiovascular
and cerebrovascular diseases, and inflammatory conditions
[28-31]. Thus, using SIMs as inexpensive and easily ac-
cessible prognostic indicators for follow-up is steadily in-
creasing in clinical and academic settings. The application
of NLR in the prognosis of mortality and morbidity in coro-
nary artery disease [32], atherosclerosis [15], and periph-
eral artery disease [33] has been widely studied. In terms
of coronary artery disease, higher NLR values can predict
not only the progression of coronary atherosclerosis [34]
but also the risk of death after CABG and PCI [35,36]. In
addition, in five randomized trials involving 600,875 par-
ticipants, NLR has been a proven predictor of incident ma-
jor adverse cardiovascular events (MACEs) and all-cause
mortality [15]. However, SII and SIRI use three blood cell
subtypes and might provide a more accurate representa-
tion of the balance between inflammatory and immunolog-
ical responses. Several studies have shown that elevated
SII is associated with an increased incidence and severity
of coronary heart disease [37,38] and with a higher risk
of MACEs (HR: 1.65) and total major events (HR: 1.53)
in coronary artery disease (CAD) patients [39]. Similarly,
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SIRI was an independent predictor of MACE:s in acute coro-
nary syndrome (ACS) patients undergoing PCI [40]. How-
ever, there are relatively limited studies on HRR. In a ret-
rospective study of 6046 hospitalized coronary atheroscle-
rotic heart disease patients undergoing PCI, decreased lev-
els of HRR (HRR <10.25) were associated with a 1.470-
fold and 1.479-fold higher risk of long-term all-cause and
cardiac mortality, respectively [41]. SIMs provide sig-
nificant potential for application in cardiovascular disease
prognosis research.

The predictive significance of SIMs in aortic-related
surgery has also received increasing attention. Several stud-
ies have proposed the predictive value of SIMs for long-
term survival after EVAR. King et al. [24] found that preop-
erative NLR (NLR >4) was a strong independent predictor
of mid-term mortality after EVAR. Kordzadeh ef al. [42]
showed that a preoperative NLR >5, irrespective of age,
gender, AAA size, blood loss, length of stay, and comor-
bidities is an independent marker of 30-day death in patients
with a ruptured AAA. The study by Lecumberri ef al. [25]
revealed that NLR, PLR, and SII exhibited independent as-
sociations with survival outcomes in a 5-year follow-up of
AAA patients who underwent EVAR. However, only NLR
demonstrated a moderate enhancement in predicting a sur-
vival score. Hence, an NLR >3 can be used to identify
patients with poor outcomes and help in decision-making
[25]. In addition, Zhao et al. [12] conducted a survival
study and found that patients in the higher-SIRI group (SIRI
>4)had a 4.3 times higher risk of experiencing adverse out-
comes after EVAR compared to patients with a lower-SIRI.
However, it is important to note that the optimal thresh-
olds selected by different research teams for various char-
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Fig. 3. Restricted cubic splines of the NLR and HRR for pre-
dicting HR. (a) Restricted cubic splines of the nonlinear relation-
ship between NLR and HR. (b) Restricted cubic splines of the
nonlinear relationship between HRR and HR. 95% CI, 95% con-

fidence interval; HR, hazard ratio.

acteristics in the prognosis of SIMs in AAA exhibit signif-
icant heterogeneity. Currently, there is no widely agreed
upon threshold of SIMs to predict perioperative complica-
tions, mid- and long-term survival, and length of hospital
stay of AAA patients following EVAR. Therefore, further
supplementation and improvement of relevant studies are
required. We comprehensively investigated the prognostic
value of SIMs, while to the best of our knowledge, this is
the first study that assessed the relationship between HRR
and long-term survival after EVAR.

NLR represents a chronic, mild systemic inflamma-
tory response, often accompanied by elevated levels of
proinflammatory cytokines. This reaction enables the body
to respond to inflammatory stimuli, activating inflamma-
tory cells within the plaque and leading to a catastrophic
cascade. Conversely, chronic inflammation appears to be
significantly involved in the development of AAA [43]. In-
flammatory cells, such as neutrophils, can generate oxygen-
derived free radicals that can trigger apoptosis and induce

phenotypic alterations in vascular smooth muscle cells.
This process eventually results in a partial decline in the
production and repair capability of the vascular matrix [44].
In addition, proteases secreted by inflammatory cells such
as neutrophils might result in the fragmentation of mi-
crofibrils inside the matrix, ultimately causing a reduction
in the elasticity of the cell wall [45]. When the extra-
cellular matrix (ECM) structure is destroyed and the me-
dia loses its elasticity, soluble blood components, includ-
ing various inflammatory cells, can move and build up
in the media through the highly vascularized adventitia.
This, combined with platelet aggregation and coagulation
system activation, encourages the development of lumi-
nal thrombosis. As a result, the aorta dilates and becomes
more susceptible to rupturing in cases of AAA [46]. On
the other hand, the development of atherothrombosis re-
lies on the systemic chronic inflammatory response. The
high neutrophil count is positively associated with the risk
of plaque rupturing [47,48] and increases the risk of mi-
crocirculation thrombosis [49]. Monocytes also play a
role in initiating and promoting atherosclerosis, and their
counts have been described as predictors of cardiovascu-
lar diseases (CVD) mortality, independent of other classi-
cal risk factors [50,51]. Lymphopenia is an immunosup-
pressive and adverse physiologically stressful state that is
associated with poor outcomes [52,53]. Therefore, a rise in
NLR may be linked to a high incidence of cardiovascular
and cerebrovascular events, as supported by our subgroup
analysis findings, which indicate that patients with a high
NLR value had more cardiovascular and cerebrovascular
deaths. Moreover, while NLR does not independently pre-
dict the postoperative prognosis of AAA, its predictive per-
formance is relatively better than that of novel SIMs, such
as PLR, SII, and SIRI. This may be attributed to the sta-
bility of NLR levels over time, as reported by Wang et al.
[54]. In five contemporary randomized trials, Adamstein et
al. [15] found that NLR levels remained stable over time
among patients assigned to the placebo, and this consis-
tency over time provides a clinical rationale for their use
as a simple and reliable measure for follow-up. The study
has also shown that medication interventions such as aspirin
and statins may regulate NLR by reducing the inflamma-
tory response through pleiotropic effects [ 15]. Patients with
high preoperative NLR should be closely monitored for the
development of cardiovascular and cerebrovascular events
during the perioperative period and in the long term. Addi-
tionally, assessing the need for prolonged administration of
lipid-lowering and antiplatelet medications for preventive
purposes is important.

Lower hemoglobin is a crucial marker of potential
inflammatory states and is associated with poor progno-
sis in several diseases [55]. In studies of AAAs, lower
hemoglobin concentration is independently associated with
higher probabilities of 30-day death, more in-hospital
adverse outcomes, and reduced long-term survival after
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Fig. 4. Cox regression analysis of the hazard ratio for death after EVAR in AAA patients. (a) Univariate Cox regression analysis of
HR after EVAR in AAA patients. (b) Multivariate Cox regression analysis of HR after EVAR in AAA patients. * indicates the p-value
is less than 0.05. 95% CI, 95% confidence interval; HR, hazard ratio; AAA, abdominal aortic aneurysm; PLT, platelets.

EVAR [56,57]. Meanwhile, red cell distribution width
(RDW) can reflect the underlying inflammatory state and
is associated with adverse cardiovascular disease outcomes
[58,59]. Forhécz et al. [60] conducted a retrospective co-
hort study involving 195 patients diagnosed with chronic
heart failure. The findings revealed a significant corre-
lation between RDW and inflammatory markers, includ-
ing C-reactive protein and other soluble cytokines [60]. A
higher preoperative RDW level is linearly and high-risk as-
sociated with 5-year survival after EVAR [23]. The reason
may be that inflammatory factors promote the formation of
lysophosphatidylcholine in systemic inflammation, and in-
creased phosphatidylserine exposure leads to lipid remod-
eling of the erythrocyte membrane, thereby impacting the
function and longevity of erythrocytes. Inflammation ac-
celerates the clearance of red blood cells (RBCs) by acti-
vating macrophages, reducing the life span of RBCs, and
decreasing hemoglobin levels. An increase in RDW may
reflect an elevation in the number of nonfunctional RBCs
or the destruction of healthy cells [61-63]. The decrease in
hemoglobin (Hb) represents the impaired oxygen-carrying
function, while the rise in RDW reflects the negative effect
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of inflammation and other causes on the erythroid func-
tion of the bone marrow [41]. The HRR, calculated by
Hb/RDW, reflects the superposition of these phenomena
and has a broader range of applications. A meta-analysis
reported the advantage of combining RDW with Hb for car-
diovascular disease prognostic ratios, indicating that HRR
is a highly effective strategy for predicting cardiovascular
disease outcomes [64]. In addition, Qu et al. [65] analyzed
233 elderly patients with coronary heart disease (CHD) and
found that HRR was a stronger predictor of frailty compared
to hemoglobin or RDW; moreover, frailty was identified
as a significant indication of prognostic factors for AAA.
However, this measure has only been studied in a particu-
lar fraction of cancer and cardiovascular disease instances
[66—68]. There is a lack of data on HRR in patients under-
going endovascular repair of AAAs. This is the first study
to include HRR in the prognosis analysis of AAA, and it
shows that decreased HRR indicates increased death after
AAA surgery and can be used as an independent risk factor
for long-term death. Subgroup analysis showed that cardio-
vascular and cerebrovascular mortality was more obviously
increased in the lower-HRR group. Thus, the Hb/RDW ra-
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tio is a simple and practical prediction tool that can help
clinicians estimate the risk stratification of EVAR patients.

Caution should still be exercised when considering us-
ing novel SIMs as a surgical consideration for AAA, as our
studies have several limitations. First, as a single-center
retrospective observational study, this study is limited by
its relatively small sample size, leaving certain confound-
ing factors unmeasured. Secondly, only preoperative whole
blood cell counts were collected and used to calculate the
SIMs, and there were no relevant data regarding the follow-
up. Therefore, it is hard to study the impact of the variation
in these SIMs, while their stability may also be uncertain.
In previous studies, the cut-off values of inflammatory indi-
cators in each system exhibited significant variation. There
is a lack of consensus on the best threshold and the degree
of association with various outcomes. Thirdly, the relevant
pathophysiological mechanisms remain uncertain. Lastly,
it should be emphasized that these SIMs have been reported
to be associated with other types of cardiovascular diseases.
Moreover, the use of SIMs as predictive markers for AAA
patients has potential overlap and can make it be compli-
cated by the fact that they can also be present in other types
of aortic disease, such as thoracic aortic aneurysm, aortic
dissection-renal aneurysm, and splenic aneurysm. These
issues may hinder the clinical application of SIMs. There-
fore, SIMs require additional comprehensive and carefully
designed multicenter investigations with large sample sizes
to validate these findings since they have the potential to
serve as a valuable clinical tool for categorizing the risk of
EVAR patients.

5. Conclusions

High preoperative NLR and low preoperative HRR
indicate a decreased long-term survival rate of patients
with an AAA after elective EVAR. HRR was identified
as an independent risk factor for postoperative prognosis
following elective EVAR via multivariate Cox regression.
Patients whose HRR is below 10.64 should have periop-
erative and long-term cardiovascular and cerebrovascular
events closely monitored, and the extension of anti-lipid
and anti-platelet drug therapies should be considered nec-
essary. However, further comprehensive and meticulously
planned multicenter investigations are required to confirm
these findings due to the existing limitations.
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