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Background: This observational, retrospective study aims establishing the role of red blood cell 
distribution width (RDW) for identifying abdominal aortic aneurism (AAA) patients at risk of developing 
post-implantation syndrome (PiS) after endovascular aneurysm repair (EVAR).
Methods: The study population consisted of all patients undergoing EVAR for AAA at the University 
Hospital of Verona (Italy), between June 1, 2016 and May 31, 2018. Blood samples for measuring 
hemoglobin, mean corpuscular volume (MCV) and RDW were collected at hospital admission and the 
day after EVAR. The primary endpoint was PiS development. Delta variations were calculated as the ratio 
between values measured after and before EVAR.
Results: The final study population consisted of 124 patients (10 women and 114 men; median age,  
75 years), 55 of whom developed PiS. In patients with or without PiS hemoglobin significantly decreased 
after EVAR, whilst RDW significantly increased in patients with PiS and decreased in those without. Age, 
sex, hypertension, diabetes and renal failure were similar in patients who developed PiS or not, whilst a 
positive history of coronary artery disease was more frequent in PiS patients. Although hemoglobin and 
MCV changes after EVAR did not differ in patients with or without PiS, delta RDW was higher in those 
with PiS. The rate of patients with delta RDW >1 was significantly higher in patients with PiS that in those 
without (61.8% vs. 34.8%; P=0.002). In multivariate analysis, delta RDW remained independently associated 
with PiS (β coefficient, 2.023; P=0.001). A delta RDW >1 after EVAR was associated with ~3-fold enhanced 
risk of PiS (odds ratio, 3.04; P=0.003) and exhibited a good prognostic performance (area under the curve, 
0.69; P<0.001). 
Conclusions: Calculation of delta RDW after EVAR seems an efficient prognostic tool for stratifying the 
risk of developing PiS, especially in the early postoperative period.
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Introduction

Abdominal aortic aneurysm (AAA) is conventionally defined 
as a focal dilation in the lower part of the aorta, displaying 
a diameter of not less than 1.5-fold the normal aorta 
diameter at the level of renal arteries (i.e., >3 cm) (1). The 
vast majority of AAA (i.e., up to 80%) occur in the segment 
comprised between renal arteries and aortic bifurcation (1).  
The most frequent underlying causes of AAA include 
atherosclerosis, hypertension, infections, arteritis and 
vasculites, disorders of connective tissue (e.g., Marfan 
and Ehlers-Danlos syndromes), genetic abnormalities 
and traumas, among others (2). Recent epidemiological 
data suggests that AAA represents an important cause 
of morbidity and mortality worldwide, accounting for 
over 5,000 deaths in the United States. Most deaths are 
attributable to AAA rupture, which is the most severe 
complication of this pathology, and whose risk increases 
from <5% for AAA with diameter <5 cm to approximately 
50% for those with diameter >8 cm (3).

Surgical management is the recommended approach 
for symptomatic AAA, as well as for patients with AAA 
diameter larger than 5.5 cm (4,5). Endovascular aneurysm 
repair (EVAR) is now regarded as the standard technique 
for treatment of infrarenal AAA. Although the long-
term outcome remains controversial (6), EVAR carries 
many benefits, especially those attributable to minivasive 
approach and clinical effectiveness in the short- and 
mid-term term (7,8). Nevertheless, some complications 
have been shown to influence the outcome of patients 
undergoing EVAR. In particular, endoleaks and graft 
thrombosis are relatively frequent complications, both 
necessitating accurate radiological monitoring and possible  
reintervention (9,10). Graft infection is also a rare but life-
threatening event after EVAR, whose surgical treatment 
requires high technical skills (11). Finally, an unexpected 
systemic inflammatory response, conventionally known 
as “post-implantation syndrome” (PiS), may occur several 
hours or days after EVAR. This condition is typically 
characterized by fever, leucocytosis and, occasionally, by 
coagulation abnormalities (12,13). Although this serious 
complication has been known for quite a long time, its 
pathogenetic mechanisms and clinical relevance are still 
debated. In most cases PiS develops as a transient systemic 
inflammatory response, with no major adverse consequences 
for the patients. Nevertheless, some severe cases have also 
been described, in whom serious clinical signs develop, up 
to onset of severe systemic inflammatory response syndrome 

(SIRS) and multi-system organ failure (MOF), and who 
shall hence necessitate aggressive medical treatment and 
prolonged hospital stay (13). Several laboratory biomarkers 
have been measured in the attempt of timely predicting 
PiS, especially C reactive protein (CRP), interleukin (IL)-6 
and IL-8, but none of these was found to have a satisfactory 
prognostic performance (14,15).

The red blood cell distribution width (RDW), an easy 
and simple parameter which can now be measured by the 
vast majority of modern hematological analyzers (16), 
reflects the presence of anisocytosis, i.e., the variability 
of erythrocyte volumes, expressed in percentage, as the 
ratio between the standard deviation of mean corpuscular 
volume (MCV) and the value of MCV. Several lines of 
evidence garnered over the past decade suggest that 
RDW is a valuable diagnostic and prognostic biomarker 
in patients with many cardiovascular disorders (17). More 
recently, Güngör et al. showed that an increased value of 
RDW displayed good performance for diagnosing AAA, 
thus suggesting that its measurement may provide useful 
information for the early management of this condition (18).  
Nevertheless, no information has been published so far 
on the prognostic performance of RDW after surgical 
management of AAA, especially for predicting the 
development of PiS after EVAR. Therefore, we planned 
this observational, retrospective study in order to evaluate 
the potential role of RDW in identifying AAA patients at 
greater risk of developing PiS after EVAR.

Methods

Study population

The study population consisted of all patients undergoing 
elective EVAR for infrarenal AAA at the Department of 
Vascular Surgery (n=124), University Hospital of Verona 
(Verona, Italy), during a 2-year period (i.e., between June 
1, 2016 and May 31, 2018). An updated prospectively 
held database was used for data collection. The dedicated 
database included all demographical information, relevant 
cardiovascular risk factors, anatomic morphology, operative 
features along with procedural time, hospitalization length, and 
follow up. Anatomical data included distal aortic bifurcation 
diameter, common iliac arteries width and aneurysm related 
measurements (maximum sack diameter, proximal and distal 
neck evaluation). Inclusion criteria were patients with suitable 
anatomy for standard EVAR affected by asymptomatic 
infrarenal AAA according to the clinical practice guidelines 
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of European Society for Vascular Surgery (19). We excluded 
patients with ruptured or symptomatic aneurysm, and those 
necessitating maneuvers during endovascular procedures 
(Chimney, Iliac branches, Snorkel, Endoanchors).

The endovascular procedure was performed according to 
the personal practice of the skilled vascular surgeon present 
at the operating room. Graft size was chosen according on 
preoperative planning, and graft oversize was calculated 
between 15–20% of proximal aortic diameter, accordingly 
to the Instructions for Use (IFU). Local anaesthesia and 
percutaneous approach were performed whenever possible. 
A standard dose of heparin was administered during the 
surgery (100 UI/kg). Early surgical outcomes were classified 
according to the current reporting standards for EVAR.

Technical success of the procedure was defined as 
completion of EVAR with evidence of patent graft without 
significant twist, kinks or obstruction (>30% luminal 
stenosis or a pressure gradient >10 mmHg) and absence 
of either a type I or III endoleak. After the procedure, all 
patients maintained their preoperative oral therapy and 
received a daily dose of antiplatelet or anticoagulant agents, 
which were continued indefinitely after discharge. All 
patients underwent clinical and radiological (abdominal 
ultrasound and CT-scan) follow up after one month of 
surgery.

Laboratory testing

Hematological testing, which included the assessment of 
hemoglobin, MCV and RDW, was carried out on K2EDTA 
(ethylenediaminetetraacetic acid) anticoagulated blood, 
using the same Sysmex XN instrumentation (Sysmex 
XN, Sysmex Inc., Kobe, Japan) throughout the study 
period. Blood samples were collected at patient admission 
(n=124) and the day after surgery (n=124). The mean 
inter-assay imprecision of hemoglobin, MCV and RDW 
on this analyzer has been earlier reported to be 1.1%, 
0.9% and 1.3%, respectively (20). The local laboratory 
is certified according to the ISO 15189:2012 standard, 
and the quality of test results has hence been validated 
during the study by regular performance of internal quality 
control (IQC) procedures and participation to an external 
quality assessment (EQA) scheme. The delta variation of 
hemoglobin, MCV and RDW was calculated as the ratio 
between the value measured the day after surgery and that 
obtained at patient admission [i.e., (postoperative value)/
(preoperative value)]. 

Statistical analysis

Significance of differences among groups was assessed 
with Mann-Whitney (for continuous variables) or Chi-
square with Yates correction (for categorical variables) 
tests. Independent significant associations with the primary 
endpoint (i.e., development of PiS) were identified by 
multivariable linear regression analysis, in which PiS onset 
was entered as dependent variable, whilst sex, age, delta 
hemoglobin, delta MCV and delta RDW were entered 
as independent variables. The further risk of developing 
postoperative fever was expressed as odds ratio (OR) and 
the corresponding 95% confidence interval (95% CI). 
The diagnostic performance was finally evaluated using 
Receiver Operating Characteristics (ROC) curve analysis, 
with calculation of the area under the curve (AUC). The 
statistical analysis was performed with Analyse-it (Analyse-
it Software Ltd, Leeds, UK) and MedCalc Version 12.3.0 
(MedCalc Software, Mariakerke, Belgium). Statistical 
significance was set at P<0.05. 

This retrospective observational study was based on 
anonymized patients’ data, was carried out in accordance 
with the Declaration of Helsinki, under the terms 
of relevant local legislation, and was cleared by the 
Institutional Review Board. The requirement for informed 
consent was waived due to the observational, retrospective 
nature of this study.

Results

The final study population consisted of 124 patients  
(10 women and 114 men; median age, 75 years and 
interquartile range, 8 years). The mean procedural time was 
68±13 min (range, 42–162 min). Procedural success was 
100%, with no cases of perioperative mortality. No blood 
transfusion was necessary before discharge and no other 
complications were observed during hospital stay. The 
mean hospital stay was 1.3 days. 

In agreement with the frequency earlier reported by 
others (14), 55 patients (i.e., 44%) developed PiS (mean 
period of onset, 1 day; IQR, 1 day), whilst revascularization 
failure only occurred in two patients (i.e., 1.6%). The main 
results of this study are shown in Table 1. In both categories 
of patients who developed or not PiS, the hemoglobin 
values significantly decreased after surgery, by approximately 
15%. An opposite trend was noticed for MCV, although 
the increase did not reach statistical significance in patients 
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who developed PiS. The RDW value displayed an opposed 
trend in patients who developed PiS than in those who did 
not, wherein it was found to be significantly increased in 
the former cohort and it was marginally but significantly 
decreased in the latter (Table 1). Age and sex distributions 
were found to be similar in patients who developed PiS 
or not, as shown in Table 2. Patients who developed PiS 
were also more likely to have a positive history of coronary 
artery disease (CAD; 45.5% vs. 24.6%, P=0.012), but not 
of hypertension (98.2 vs. 98.6%; P=0.436), diabetes (14.5% 

vs. 8.7%; P=0.231), chronic renal failure (18.2% vs. 14.5%; 
P=0.379), and of receiving antiplatelet (92.7% vs. 88.4%; 
P=0.308) or oral anticoagulant (7.3% vs. 11.6%; P=0.308) 
therapy immediately after EVAR (Table 2).

Although the delta variation of hemoglobin and MCV 
did not reach statistical significance by comparing patients 
who developed PiS with those who did not, delta RDW 
was found to be significantly higher in the former cohort  
(Table 2). Accordingly, the rate of patients with delta RDW 
>1 was also significantly higher in patients who developed 
PiS that in those who did not (61.8% vs. 34.8%; P=0.002). 
Unlike age (β coefficient, −0.005; 95% CI, −0.018 to 0.008; 
P=0.406), sex (β coefficient, −0.028; 95% CI, −0.347 to 
0.299; P=0.860), delta hemoglobin (β coefficient, −0.381; 
95% CI, −1.329 to 0.567; P=0.428) and delta MCV  
(β coefficient, 2.422; 95% CI, −1.106 to 5.949; P=0.177), 
delta RDW remained independently associated with 
development of PiS (β coefficient, 2.023; 95% CI, 0.830–
3.216; P=0.001) in multivariate linear regression analysis. 
A highly significant inverse correlation was also noted 
between the time of PiS onset and delta RDW (Spearman’s 
correlation, −0.37; 95% CI, −0.58 to −0.11; P=0.006). 
Overall, a delta RDW >1 after EVAR was associated with 
over 3-fold enhanced risk of developing PiS (OR, 3.04; 
95% CI, 1.45–6.34; P=0.003). In ROC curve analysis, 
delta RDW exhibited a good diagnostic performance 
for predicting the development of PiS (AUC, 0.69; 95% 
CI, 0.60–0.79; P<0.001) (Figure 1). A delta RDW >1 
was characterized by 0.70 negative predictive value and  
0.56 positive predictive value for predicting PiS onset.

Discussion

Albeit EVAR is now regarded as the reference approach 
for managing patients with symptomatic and large AAAs, 
this endovascular procedure carries specific risks, including 

Table 1 Demographic, clinical and hematological data in patients with or without post-implantation syndrome (PiS) after endovascular aneurysm 
repair for abdominal aortic aneurism 

Variable
No PiS (n=69) PiS (n=55)

Pre-EVAR Post-EVAR P Pre-EVAR Post-EVAR P

Hemoglobin (g/L) 144 [18] 122 [22] <0.001 144 [21] 117 [25] <0.001

MCV (fL) 91.4 (7.4) 90.9 (6.6) <0.001 93.0 (7.3) 92.3 (6.3) 0.069

RDW (%) 14.2 (2.0) 14.0 (1.7) 0.022 13.9 (1.4) 14.2 (2.1) 0.002

Data are shown as median and interquartile range. EVAR, endovascular aneurysm repair; MCV, mean corpuscular volume; RDW, red blood 
cell distribution width.

Table 2 Demographic, clinical and hematological data in 
patients with or without post-implantation syndrome (PiS) after 
endovascular aneurysm repair for abdominal aortic aneurism 

Variable No PiS (n=69) PiS (n=55) P

Age (years) 77 [9] 74 [8] 0.063

Sex (F/M) 6/63 4/51 0.386

Hypertension (n) 68 (98.6) 54 (98.2) 0.436

History of CAD (n) 17 (24.6) 25 (45.5) 0.012

Diabetes (n) 6 (8.7) 8 (14.5) 0.231

Chronic renal failure (n) 10 (14.5) 10 (18.2) 0.379

Antiplatelet treatment 61 (88.4) 51 (92.7) 0.308

Oral anticoagulant treatment 8 (11.6) 4 (7.3) 0.308

Delta hemoglobin 0.85 [11] 0.86 [0.09] 0.221

Delta MCV 0.99 [0.03] 0.99 [0.03] 0.175

RDW

Delta value 0.99 [0.04] 1.02 [0.05] <0.001

Delta value >1 (n) 24 (34.8) 34 (61.8) 0.002

Data are shown as median and interquartile range [IQR] or 
number and percentage. CAD, coronary artery disease; MCV, 
mean corpuscular volume; RDW, red blood cell distribution 
width.
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the possible development of PiS. Some demographic and 
clinical factors have been earlier identified for predicting 
the risk of complications after EVAR, including older age, 
female sex, renal impairment, congestive heart failure, 
pulmonary dysfunction and electrocardiographic evidence 
of ischemia (21). However, no single laboratory parameter, 
among those which have been investigated so far, has 
seemly displayed such an efficient diagnostic performance 
to be routinely used for risk stratification (21).

The results of this observational, retrospective study 
convincingly demonstrate that an increase of RDW value 
after EVAR is a strong and independent predictor of 
developing PiS, thus reinforcing previous evidence that this 
simple and relative inexpensive parameter displays good 
performance for diagnosing AAA (18). Interestingly, the 
highly significant inverse correlation observed between 
delta RDW and time of PiS onset after surgery (Spearman’s 
correlation, −0.37; P=0.006) underscores also that the larger 
is the increase of RDW after surgery, the more likely is 
the early development of this complication. In fact, when 
the statistical analysis was limited to patients with early 
development of PiS (i.e., ≤1 day; n=24), the association 
between delta RDW >1 and the risk of PiS was over twofold 
higher (OR, 7.13; 95% CI, 2.37–21.46; P<0.001) compared 
to the entire cohort of patients (i.e., OR, 3.04). Altogether 

these findings would hence confirm that anisocytosis is 
strongly linked with the pathogenesis of inflammation (22), 
and support the hypothesis that measuring RDW before 
and after EVAR, for calculating the relative delta variation 
EVAR, may be a valuable prognostic tool for stratifying 
the immediate postoperative risk of developing PiS in AAA 
patients needing endovascular management. Interestingly, 
similar findings have been earlier reported by Aung  
et al. (23), who showed that a gradual increase of RDW 
during hospitalization was associated with enhanced risk 
of death in patients undergoing transcatheter aortic valve 
implantation. von Meijenfeldt et al. (24) also concluded that 
an increased RDW value at hospital discharge was a strong 
and independent predictor of death and readmission in 
critically ill patients undergoing vascular surgery.

Whether higher anisocytosis should then be considered 
an active player or a simple bystander in the pathogenesis 
of PiS after EVAR remains to be unravelled. Indeed, 
anisocytosis often develops as a consequence of endothelial 
damage and failure of vascular repair (25), oxidative (26) 
or surgical stress (27), and endovascular thrombosis (28), 
all conditions which may then promote, or even directly 
trigger, the release of proinflammatory mediators that are 
actively involved in the pathogenesis of the inflammatory 
response characterizing PiS (12,29) and other severe 
conditions (30). 

On the other hand, it is also noteworthy mentioning 
here that ongoing anisocytosis, as mirrored by an increase 
of RDW value after EVAR, may play a direct role in 
pathogenesis of PiS. Recent evidence attest that increased 
RDW is paralleled by lower erythrocyte deformability, 
which would then impair blood flow and contribute to 
tissue ischemia (31), but also by an increased propensity 
of developing both arterial and venous thrombosis (32). 
Anisocytosis is also strongly associated with the severity 
of underlying atherosclerotic disease (33), and with failure 
of arterial revascularization surgery (34), thus ultimately 
promoting or directly triggering the development of post-
EVAR complications, including PiS.

Conclusions

The results of this retrospective, observational study suggest 
that the measurement of RDW before and after EVAR, may 
represent an efficient prognostic tool for stratifying the risk 
of developing PiS in patients with AAA, especially in the 
early postoperative period.
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Figure 1 Receiver operating characteristic (ROC) curve analysis 
of delta red blood cell distribution width (RDW) for predicting 
the development of post-implantation syndrome (PiS) after 
endovascular aneurysm repair for abdominal aortic aneurism.
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