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RESUMO

Introducado: A sindrome pés-implantacdo (SPI) é a expressdo clinica e bioquimica de uma resposta inflamatéria que se
segue areparacdo endovascular de um aneurisma da aorta abdominal (EVAR). Aincidéncia reportada na literatura varia
de 14-60%. Recentemente, um estudo demonstrou que a amplitude de distribuicdo dos glébulos vermelhos (RDW) é um
preditorindependente do sindrome pés-implantacdo em pacientes submetidos a EVAR.

Métodos:Estudoretrospectivoinstitucionalde doentessubmetidosa EVARelectivo (janeiro 2015 - abril 2020). Objetivo
primario: avaliacdo da incidéncia de SPI - definido por febre (>38°) e leucocitose (>12000/pL), excluindo processo infec-
ciosoconcomitante. Objetivo secundario:identificacdo do papel de parametros clinicos e analiticos na predicdo doriscode
desenvolimentode SPlap6sumEVAR.

Resultados e conclusdo: Inseridos 107 doentes, de acordo com os critérios. Idade mediana de 75 anos (93,5% sexo mascu-
lino). Comorbilidades presentes: HTA (75%), tabagismo (66%); dislipidemia (59%), doenca corondria (32%), doencarenal
crénica (30%) e DM (18%). Aincidéncia de SPIfoi de 10,2%. Ambos os grupos eram semelhantes emrelacdo aidade, sexo
e fatores derisco cardiovasculares (P>0.05). Relativamente ao procedimento, a maioriados casos foi tratada por acesso
percutaneo (72%), que ndo teveinfluénciarelativamente ao desenvolvimento de SPI(P=0,49). Emambos osgrupos (SPle
sem SPI), os valores de hemoglobinadesceram significativamente (P=0,04) apésaintervencdo, em 14%. A mesma tendéncia
foiobservadaparaosvalores de volume corpuscular médio (MCV) (P=0.032), oque sereflectiunoaumentodo RDW, embora
este Ultimo ndo tenha atingido valores com significancia estatistica. Embora a variacdo delta da hemoglobin e o delta do
RDW ndo tenham atingido significancia estatistica comparando ambos os grupos (P=0,53 e P=0,07 respectivamente), o
deltado MCV foisignificativamente menor no grupo de doentes com SPI(P=0,012). A existéncia de marcadores analiticos
napredicdodosdoentes que tém maiorriscode desenvolvimento de SPIéde grandeimportancia, paraamelhororientacdo
desta entidade o mais precocemente possivel.
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ABSTRACT

Introduction: Post-implantation syndrome (PIS) is the clinical and biochemical expression of an inflammatory response
following endovascular repair of an aortic aneurysm (EVAR). The reported incidence in literature varies from 14-60%.
Recentently, astudy has demonstrated that red blood cell distribution width (RDW) is an independent biomarker predictor
of the PIS in patients submitted to EVARin the early postoperative period.

*Autor para correspondéncia.
Correioeletrdnico:rita.augusto1988@gmail.com (R. Augusto).
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Methods: Retrospective institutional review of consecutive patients submitted to elective EVAR (January 2015- April 2020).
The primary outcome was to evaluate the incidence of PIS, defined as fever (>38°C) and leukocytosis (>12000/uL), excluding
infection complication. The secondary outcomes wereto identify the potential role of clinical and biomarker parameters to
predict the risk of developing PIS after EVAR.

Results and conclusion: According to the inclusion criteria, 107 patients were identified. The median age was 75 years
old (93.5% men). Comorbidities presented: hypertension (75%), smoking (66%6), hypercholesterolemia (59%), coronary
artery disease (32%), chronic kidney disease (30%), and diabetes mellitus (DM) (18%). The incidence of PIS was 10,2%.
Age, gender and cardiovascular risk factors were found to be similar in both groups (P>0.05). Regarding the procedure
approach, the majority of patients were treated with percutaneous access (72%) (P=0,49). In both groups (PIS vs. no PIS),
the hemoglobin values significantly decreased (P=0,04) after surgery by approximately 14%. The same trend was observed
formean corpuscularvolume (MCV) (P=0.032), which reflected the increasing of the RDW although not reaching statistical
significance. Although delta variation of hemoglobin and delta RDW did not reach statistical significance comparing both
groups (P=0,53 and P= 0,07 respectively), delta MCV was found to be significantly lowerinthe group with PIS (P=0.012). The
importance of having a biomarker which measurement allows the prediction of patients who have more risk todevelop PIS,

may help with the early management of this condition.
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INTRODUCTION

Post-implantation syndrome (PIS) was first described in
1999 by Velazquez et all as a syndrome of fever and leuko-
cytosis after aortic stent-graftimplantation. Nowadays, PIS
is defined as the clinical and biochemical expression of an
inflammatory response following endovascular repair of an
aorticaneurysm (EVAR).

Basedon currentevidence, this acute systemicinflammatory
response is defined as the presence of fever (>38°C) and
leukocytosis (>12,000/uL) according to the severe systemic
inflammatory response syndrome (SIRS) criteria without
any evidence of an infection.® This unexpected systemic
inflammatory response may occur several hours ordays after
an EVAR. Theincidence of this disease has been varying from
14to060%, being not systematically reported.@%
Although this condition has been known for quite along time,
its pathogenetic mechanisms and clinical relevance are still
debated. A hypothesized cause of PIS is related to the amount
of new-onset thrombus within the aneurysmthrombus andits
release of tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6)
and other cytokines within the aorticaneurysm.“>

Itis generally a transient benign condition with no major
adverse consequences for the patients. Though, according
to literature, in some patients it may negatively affect the
outcome. Some severe cases have also been described, in
whom serious clinical signs develop, including SIRS and

multi-systemorgan failure with need of aggressive medical
treatmentandprolonged hospital stay.® Some studies have
reported that a serious systemic inflammatory response
might result in a cardiovascular or any other adverse event
during the first year after EVAR or a lower quality of life
during amean follow-up of 4 years.(.%

Arnaoutoglou et al7 published the results of a prospective
study investigating the relation of PIS with clinical outcome
during the firstmonth after EVAR. They found that the inten-
sity of inflammation, as assessed mainly by the high-sensi-
tivity G-reactive protein (hs-CRP) levels, correlated with the
occurrence of acardiovascularor any other adverse event.
Several laboratory biomarkers have been measured in the
effortof timely predicting PIS, particularly Creactive protein
(CRP), IL-6 and IL-8. Although none of these markers was
foundto have an adequate prognostic value.”)
Recentently, a study has demonstrated that red blood cell
distribution width (RDW) - that is a percentage resulting as
the ratio between the standard deviation of mean corpus-
cularvolume (MCV) and the value of MCV - is an independent
biomarker predictor of the PIS in patients submitted to EVAR
intheearly postoperative period.®

Based on the results of the previous study, the authors
investigated the population of their institution that was
submittedto EVAR, tosearch for the incidence of PISand an
eventual relationship between PIS occurrence and various
clinical and laboratory parameters.
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METHODS

Retrospective institutional review of consecutive patients
submitted to elective EVAR (January 2015- April 2020).
The primary outcome was to evaluate the incidence of PIS,
defined as fever (>38°C) and leukocytosis (>12000/uL),
excluding infection through septic screening and determi-
nation of procalcitonin levels in all cases. The secondary
outcomes were to identify the potential role of clinical and
biomarker parameters to predict the risk of developing PIS
after EVAR.

Hematological testing, which included the assessment of
hemoglobin, MCV and RDW, was carried out on ethylenedi-
aminetetraacetic acid anticoagulated blood. Delta variation
of hemoglobin, MCV and RDW was calculated as the ratio
between the values measured the day after the procedure
and the day of admission. Operative reports were also
reviewedtoanalyze the endovascularprocedures and tech-

EVAR post-implantation syndrome - can hematological values help us?
.|

RESULTS

According to the inclusion criteria, 107 patients were iden-
tified. Exclusion criteria were emergent settings, patients
with active canceror active infection.

The medianage was 75 yearsold (93.5% men). Demographic
dataare presented in Table 1.

Mediandurationof hospitalization was5days (IQR2days). The
incidence of PIS was 10,2%, mostly with the peak in the first
24-48h (81% of cases). Age, sex andcardiovascularrisk factors
were found to be similar in both groups (P>0.05) - Table 2.
Regarding the procedure approach, the majority of patients
were treated with percutaneous access (72%), with no statis-
ticalinfluence on the occurrence of the syndrome (P=0,49).

Table2 Comparison between the “no PIS” group and “PIS”
group

niques. Categorical variables are presented as frequencies Data n (%)
0
and percentages and continuous variables as means and
standarddeviations, ormedians andinterquartilerangesfor ~ Age 75y (median) 12(IQR)
variables with skewed distribution. Normal distribution was ‘ g 100(93,5)
checked using Shapiro-Wilk test or skewness and kurtosis. Sex '
The evaluation of the statistical significance of the differ- ‘ @ 7(6.5)
ences found was performed with QuiZ tests, Student’s ttest Risk factors
andFisherexacttest whenappropriate. Allreported Pvalues
are two-tailed, with P value of 0,05 indicating statistical Hypertension 80(75)
significance. Analyses were performed with the use of SPSS Smoking 71(66)
software, version 22. ‘
The variables analyzed with statistical significance were ~ ypercholesterolemia 63(59)
included as predictors in a binary logistic regression model,  coronary artery disease 34(32)
although it was not found any association between those - )
and'the presence of PIS. ChronicKidney Disease 32(30)
DM 19(18)
Table 1 Demographic and clinical data of study population
No PIS (n=96) PSI(n=11) P value
Age (years * SD) 74,8(10,8) 61,4(27) P=0,330
Male:92,7% Male:100%
Sex P=0,460
Female: 7,3% Female: 0%
Hypertension 75% 72,7% P=0,560
Hypercholesterolemia 56,3% 81,1% P=0,09
Coronary artery disease 32,3% 27,3% P=0,510
Chronic Kidney Disease 29,2% 36,4% P=0,430
DM 17,7% 18,2 P=0,620
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In both groups (PIS vs. no PIS), the hemoglobin values signifi-
cantly decreased (P=0.04) after surgery by 14%. The same
trend was observed for MCV (P=0.032), which reflected the
increasing of the RDW although not reaching statistical signif-
icance - Table 3. According to the clinical process, there was
no factor previously identified that could affect the value of
MCV. Although delta variation of hemoglobin and delta RDW
did not reach statistical significance comparing both groups
(P=0,53andP=0,07, respectively), delta MCV was foundto be
significantly lowerin the group with PIS (P=0.012).

R.Augustoetal.

The stent-grafts used were Endurant Il (Medtronic Inc®,
Santa Rosa, CA, USA) in 80 patients and Excluder (WL Gore
& Associates®, Flagstaff, AZ, USA) in 16 patients. The firstis
constructed with polyester and the second is constructed
with polytetrafluoroethylene (ePTFE). Regarding this topic,
no ePTFE graft was associated with the occurrence of PIS.
The presence of PIS had significantly increased the period of
hospitalization (P=0.017) from a median of 5days (noPIS) to
amedian of 7days (PIS).

Table 3 Comparison between the no PIS group and PIS group regarding analytic variables

No PIS (n=96) PIS(n=11)
Variable
Pre-EVAR ‘ Post-EVAR ‘ P value Pre-EVAR ‘ Post-EVAR ‘ P value
Hb (g/dL) 13,8(1,7) ‘ 11,4(1,8) ‘ P<0,001 13,7(1,2) ‘ 11,1(1,9) ‘ P=0,003
MCV(fL) 91(6,5) ‘ 90,4 (7,1) ‘ P<0,001 95(13,1) ‘ 92,5(16.,8) ‘ P=0,004
RDW (%) 13,8(1,6) ‘ 14,2 (1,9) ‘ P<0,017 13,1(0,9) ‘ 13,4(2,8) ‘ P=0,390
DISCUSSION Another potential etiology for PIS after EVAR is bacterial

EVARIsthe preferably selected treatment for AAA, although
this endovascular procedure carries specificrisks, including
the potential development of PIS.

This study shows that PIS affects 10,2% of patients
submittedto EVAR for AAA. The reported incidence of PIS in
the literature varies widely from14% t060%.%?>

The etiology of PIS is not entirely clear. The endograft
material is the best investigatedrisk factor; several studies
comparedtheincidence of PIS or the difference ininflamma-
tory parameters and endograft material, mainly focusing on
differences between polyesterandePTFE-based structures.
The majority of the studies pointed to a higherincidence of
PIS ora greaterincrease of inflammatory markers in polyes-
ter-basedendografts.(781011.12)

In this study, no ePTFE graft was associated with the occur-
rence of PIS. Larger studies inthis domain are needed to clarify
whetherthetype of the endograftplays arolein the develop-
ment of PIS and the justification of perioperative administra-
tionof anti-inflammatory drugs when specific types of grafts
are usedinordertominimize the inflammatory response.®®
Other hypothesis is that the amount of preexisting mural
thrombus within the aneurysm sac could be related to PIS
development derived from the finding that muralthrombus
of an aortic aneurysm contains high levels of interleucin-6.
3 According to current evidence, it is not likely that chronic
mural thrombus or new-onset thrombus within the aneu-
rysm sac play a significant role in the development of PIS. It
is possible that new onset thrombus may play a small role,
which could not yet be clearly demonstrated due to small
samplesizein all published studies on the subject.?¥

translocation due to transient sigmoid ischemia after
occlusion of a patent inferior mesenteric artery or micro-
embolization during catheter and wire manipulations.®?
Additionally, Videm et al.®® also suggested that contrast
medium provokes neutrophil degranulation, which is
greatly enhanced when combined with stent graft material,
contributing to PIS occurrence.

Some demographicandclinical factors have beenrecognized
for predicting the risk of complications after EVAR. Those
include older age, female gender, renalimpairment, conges-
tive heartfailure, pulmonary dysfunction and electrocardio-
graphic evidence of ischemia.®® Still, no single laboratory
parameter has been accepted as an efficient diagnostic
parameterto be routinely used for risk stratification.®®
According to Veraldi et al8, an increase of RDW value after
EVARisastrongandindependent predictor of developing PIS.
TheRDW, aneasy and simple parameterthatcanbe measured
by the vast majority of modern hematological analyzers,
reflects the presence of anisocytosis - the variability of
erythrocyte volumes, expressed in percentage, as the ratio
betweenthestandarddeviation of MCV andthe 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
and increases upon low-grade chronic inflammation.®?)
Elevated RDW associates withincreasedrisk forpostoperative
inflammatory complications and hematopoietic tissue activity,
whichlikely reflects astate of low-grade chronicinflammation.
According to our results, we found delta MCV to be signifi-
cantly lower in the group with PIS. Delta RDW results in this
study expresses that with alargercohortit might be possible
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toprovethe association between those parameters with the

development of this syndrome.

Differences between the type of the stent graft deployed
and the development of PIS might indicate that different
materials and maybe configurations of the grafts, caninter-

fere withan inflammatory response.

Some limitations should be notedinthis study. The collected
data was conducted in a retrospective nonrandomized
fashion using a small cohort of patients. The decision for
the selection of a graft type was mainly made as per the
surgeons’ preference based on the expected level of tech-
nical difficulty of the procedure, and the number of patients
receiving ePTFE endografts was relatively small. Moreover,
we did not assess other important inflammatory markers
such as interleukins and tumor necrosis factors. For this
reason, the incidence of systemic inflammatory response
may have been underestimatedin these patients.

Additionally, the focus of this study did not include the anal-
ysis of theinfluence of PIS inlong-term overall survival rates

and other clinical outcomes.

Despite the potential limitations, our study showed the
apparent benign nature of PIS after elective EVAR in acute
stage, except foralonger postoperative hospital stay.

CONCLUSION

Abnormal hematological parameters are often observedbut
rarely leadto clinical consequences, as the clinical relevance
of such deviations remains uncertain. The importance of
having a biomarker which measurement allows the predic-
tion of patients who have more risk to develop PIS, may help
with the early management of this condition. More studies
are necessary in order to stratify the risk of developing PSI in
patientswithAAA, especially in the early postoperative period.
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