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Prospective evaluation of postimplantation
syndrome evolution on patient outcomes after
endovascular aneurysm repair for abdominal
aortic aneurysm

Eleni Arnaoutoglou, MD, PhD,* George Kouvelos, MD, PhD,” Nektario Papa, MD, PhD,"
Konstantina Gartzonika, MD, PhD,° Haralampos Milionis, MD, PhD,? Vasilios Koulouras, MD, PhD,*
and Miltiadis Matsagkas, MD, PhD,’ Ioannina, Greece

Objective: This study prospectively investigated the association of postimplantation syndrome (PIS) with the clinical
outcome during the first year after endovascular aneurysm repair (EVAR) for abdominal aortic aneurysm and assessed the
evolution of the inflammatory response as outlined from specific inflammatory markers.

Methods: The study prospectively included 182 consecutive patients treated electively by EVAR for abdominal aortic
aneurysm from January 2010 to January 2013. PIS was defined according to systemic inflammatory response syndrome
criteria. Patients were monitored for 1 year. Adverse events included any major adverse cardiovascular events (MACE),
acute renal failure, readmission, and death from any cause.

Results: PIS was diagnosed in 65 patients (35.7%). White blood cell count, high-sensitivity C-reactive protein, and
interleukin 6 were significantly higher in the PIS group during the postoperative period (P < .001). At the 1-year follow-
up, high-sensitivity C-reactive protein (P = .99) and interleukin 6 (P = .17) were attenuated toward the values of the
non-PIS group. The white blood cell count (P = .02) remained higher in the PIS group, although within the normal
reference range. During the follow-up period, MACE and adverse events occurred, respectively, in 17.2% and in 18.8% of
patients in the PIS group and in 4.3% and 5.1% of the non-PIS group. The occurrence of PIS was the only independent
predictor of a MACE (P = .007) or an adverse event (P = .005) during the follow-up period.

Conclusions: The inflammatory response after EVAR is attenuated after the first postoperative month, as shown by the
kinetics of several inflammatory biomarkers. However, PIS seems to correlate with the presence of a cardiovascular or any
other adverse event during the first year after EVAR. Further studies should focus on whether a change in care is needed

to ameliorate the higher cardiovascular risk of PIS patients. (J Vasc Surg 2016;63:1248-55.)

Endovascular aneurysm repair (EVAR) of abdominal
aortic aneurysm (AAA) may raise a systemic inflammatory
response occurring in an early phase after endograft implan-
tation.” This so-called postimplantation syndrome (PIS) has
been observed in nearly one-third of EVAR patients and is
characterized by fever and leukocytosis, fulfilling two of
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the systemic inflammatory response syndrome criteria.>*
Although this systemic inflammatory response syndrome
response may be responsible for prolonged hospitalization,
its effect on patient’s outcome has not been adequately
defined nor confirmed in several large EVAR reports.”

Data on the association of PIS and patient outcomes
are scarce. In most studies, PIS is considered a well-
tolerated, benign state; however, most of these reports
did not prospectively study patient outcomes. Nano
et al,* by retrospectively reviewing nearly 120 EVAR pa-
tients, found a worse quality of life in PIS patients during
a mean follow-up of 4 years. Our group recently published
the results of a prospective study investigating the relation
of PIS with clinical outcome during the first month after
EVAR.”> We found that the intensity of inflammation, as
assessed mainly by the high-sensitivity C-reactive protein
(hs-CRP) levels, correlated with the occurrence of a cardio-
vascular or any other adverse event during the first month.”
We also confirmed the results of two previous studies
reporting that endografts made of polyester correlated
with a stronger inflammatory response.®”

In continuance to our previous report, the present
study prospectively investigated the association of PIS
with the clinical outcome of the patients during the first
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year after EVAR and assessed the evolution of the inflam-
matory response as outlined from the kinetics of specific in-
flammatory markers during that interval.

METHODS

All consecutive patients with AAA undergoing elective
EVAR in our department from January 2010 to January
2013 were prospectively enrolled in this study protocol.
The Institutional Review Committee approved the study.
Exclusion criteria and the endovascular procedure were
previously described in detail.®

The stent grafts implanted in the study patients were
Endurant (Medtronic Inc, Santa Rosa, Calif), Anaconda
(Vascutek, a Terumo company, Inchinnan, Scotland,
United Kingdom), Zenith (Cook Inc, Indianapolis, Ind),
Aorfix (Lombard Medical Technologies, Oxfordshire,
United Kingdom), Powerlink (Endologix, Irvine, Calif),
and Excluder (W. L. Gore & Assoc, Flagstaft, Ariz). The
first four devices are made of polyester material, and the
last two devices are made from expanded polytetrafluoro-
ethylene (ePTFE). All patients were treated by the same
surgical and anesthesiology team in a fully equipped oper-
ating room, with the patient under general anesthesia.
Small transverse incisions were used for access to both
femoral arteries.

All patients received antiplatelet therapy with aspirin
(100 mg, once daily) for at least 3 weeks before the proce-
dure. Preoperative medications were continued immedi-
ately after surgery. Patients who were enrolled and were
already receiving a statin continued their medication. For
patients not already taking a statin, atorvastatin (20 mg,
once daily) was initiated at the screening visit.

We defined PIS as the presence of fever (persisting
body temperature >38°C lasting for >1 day during hospi-
talization) and leukocytosis (white blood cell [WBC] count
>12,000/uL), with negative blood culture results. Outpa-
tient follow-up was performed at 1, 6, and 12 months after
surgery. All patients continued their medical treatment
with statins and antiplatelets during the follow-up period.

Variables of interest. Demographics, risk factors,
preprocedural and postprocedural medication, type of
endograft, the occurrence of PIS, maximum temperature,
perioperative complications, and hospital duration of stay
were recorded for each patient. Adverse events included
any major adverse cardiovascular event (MACE), acute
renal failure, readmission, and death of any cause. MACE
was defined as a composite of death from cardiac causes,
nonfatal acute myocardial infarction (MI; ST and non-
ST), worsening of cardiac status needing intervention,
ischemic stroke, and transient ischemic attack. Death was
considered due to cardiac causes if the patient died of MI,
cardiac arrhythmia, or congestive heart failure caused pri-
marily by a cardiac condition. The diagnosis of MI required
elevated troponin concentration with at least one of two
12-lead electrocardiogram changes, including development
of new Q waves or new persistent ST-T segment or T wave
changes.® Unstable angina was defined as severe chest pain
lasting for at least 30 minutes, unresponsive to standard
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therapeutic intervention, and associated with transient ST
segment deviation of =0.05 mV, new or T wave inversion
of =0.3 mV, without development of Q waves, or creati-
nine kinase-MB elevation.

Stroke was defined according to the current World
Health Organization definition as rapidly developing
clinical signs of focal (or global) disturbance of cerebral
function, lasting >24 hours or leading to death, with no
apparent cause other than that of a vascular origin.”
Transient ischemic attack included brief episodes of neuro-
logic dysfunction resulting from focal cerebral ischemia,
not associated with a permanent cerebral infarction,
lasting <24 hours.'"” Acute kidney failure was defined
as impaired renal function according to the Kidney Disease
Improving Global Outcomes clinical practice guidelines.'!

Blood samples and laboratory markers. Venous
blood was collected without a tourniquet preoperatively,
at days 1 and 3 postoperatively, and at 1, 6, and 12 months
after the procedure. Patients at the 1-, 6-, and 12-month
visits with a history of a recently developed (<15 days)
inflammatory disease were rescheduled for an appointment
2 weeks afterward. Besides the traditional inflammatory
markers (WBC, hs-CRP, and fibrinogen) we also measured
interleukin 6 (IL-6) because it was the only marker
significantly altered in PIS patients in our preliminary
study.” Details on measurement methods of the biomarkers
have been previously described.”

Statistical analysis. Considering the lack of adequate
data on the effect of PIS on the occurrence of events during
the first year after EVAR, no reliable sample size calculation
was feasible. On the basis of the PIS rates (nearly one-third
of EVAR patients) as reported in the preliminary study of
this group and considering certain financial restrictions, this
prospective study was designed to include nearly 180 pa-
tients for the 1-year follow-up, so that the PIS group (~ 60
to 70 patients) should have a relatively adequate size for
estimation in events differences. Data are expressed as
mean * standard deviation or as median (range) for non-
Gaussian parameters. Comparisons of continuous variables
were performed by the Student #-test for normally distrib-
uted variables and by the Mann-Whitney U test for non-
normally distributed variables. The ? test was used for
categoric variables.

To assess the effect of the independent variables
observed within the study context, each one was initially
examined separately, and the significant predictors at level
P, = .25 were identified. These were used in a binary logis-
tic regression model. The formerly nonsignificant factors
were then considered again at level P, = .10. Interactions
between the main effects of the final model were examined.
The enter method with significance level P; = .05 was used
to obtain P values and odds ratios for the main effects and
interactions. All analyses were performed with SPSS 20.0
software (IBM Corp, Armonk, NY).

RESULTS

The study included 182 patients (96% men) who were
aged 72.4 = 7.8 years. Stent deployment was technically
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Table I. Baseline characteristics and perioperative clinical data of the study population
Variable” No PIS (n = 117) PIS (n = 65) P
Age, years 722 78 729 £ 78 .561
Male gender 112 (95.7) 62 (95.4) 592
Body mass index, kg/m? 28 + 49 285 * 5.5 .549
AAA maximum diameter, cm 58 1 59+1.2 .546
Risk factors
Hypertension 111 (94.8) 60 (92.3) .347
Coronary artery disease 57 (48.7) 39 (60) 144
COPD 52 (44.4) 39 (60) .07
Smoking 74 (63.2) 43 (66.2) 411
Congestive heart failure 18 (15.4) 17 (26.2) .08
Diabetes mellitus 24 (20.5) 15 (23.1) .686
Hyperlipidemia 97 (82.9) 53 (81.2) 483
Procedure characteristics
Duration, min 111.2 = 494 115.3 = 52.6 .599
Contrast media, mL 166.3 + 88.4 1594 = 116.5 .656
Radiation exposure, mGy 79.9 (67.1-116.5) 86.4 (67.5-141) 884
Length of stay, days
Hospital 3(3-45) 6 (5-7) <.001
Intensive care unit 02 £ 0.63 05=*+1.3 .02
PIS characteristics
Temperature max, °C 377 £ 0.7 38504 <.001
Temperature duration, days 07*+14 27 +1.3 <.001
WBC count max postoperative, x10%/mL 10.1 £ 2.6 16 = 3.9 <.001
hs-CRP max postoperative, mg,/L 764 (41-122) 125 (96-181) <.001

AAA, Abdominal aortic aneurysm; COPD, chronic obstructive pulmonary disease; hs-CRP, high-sensitivity C-reactive protein; PIS, postimplantation syn-

drome; WBC, white blood cell.

*Continuous data are presented as the mean * standard deviation or median (range) and categoric data as number (%).

successful in all patients, with no intraoperative complica-
tions. PIS was diagnosed in 65 patients (35.7%). Baseline
characteristics in patients with and without PIS are summa-
rized in Table I. Traditional risk factors were equally
distributed between the two groups. Five patients did not
attend the 1-year follow-up visit but were reached by
telephone.

Limb thrombosis occurred after EVAR in five patients,
three in the PIS group and two in the non-PIS group, dur-
ing the first month in four patients and during the fifth
month in one. Endograft migration and type I endoleak
occurred in one patient and was treated with an aortic
cuff at 6 months after the initial procedure. A type II endo-
leak occurred at some point during the follow-up period in
26 patients (14.3%), 14 in the non-PIS group and 12 in the
PIS group. The endoleak in 22 disappeared during follow-
up. The type II endoleak in four patients remained at the
1 year visit but without any sac enlargement. There was
no correlation of the endoleak or any complication rates
with the occurrence of PIS (all P > .05).

Variables

WBC count. Bascline WBC levels were similar between
the two groups (P = .102). There was a significant increase
in WBC count in favor of PIS group at the postoperative
period (P < .001). This difference remained statistically sig-
nificant during the 1-year follow-up period at all time points
until the end of the follow-up-period (Table II; Fig 1).

Platelet count. Baseline and postoperative platelet
count levels were similar between the two groups (P =
.65 and P = 1, respectively). The PIS patients had higher
platelet count levels at 1 month after the procedure
(P < .001); however, no significant difference was evident
at 6 (P = .22) and 12 (P = .99) months between the two
groups (Table II; Fig 1).

Fibrinogen. Concentration of fibrinogen did not
differ significantly between the two groups at baseline
(P = .98), postoperatively (P = .12), at 1 month (P =
.99) and at 6 months (P = .96) after the procedure. Pa-
tients of the PIS group had significantly higher levels of
fibrinogen at the first year than patients of the non-PIS
group (P = .0006; Fig 1).

hs-CRP. The median baseline hs-CRP level was
3.2 mg/L in the non-PIS group and 4.6 mg/L in the PIS
group (P = 1). Patients of the PIS group had significantly
higher levels of hs-CRP at the immediate postoperative
period (P < .001) and at 1 month (P = .04). These values
returned to nearly baseline levels at 6 (P = .99) and 12
(P = .99) months (Table II and Fig 1).

IL-6. Bascline IL-6 levels were similar between the
two groups (P = 1). At the postoperative period, the PIS
patients had significantly higher levels of IL-6 than the
non-PIS patients (P < .001). These levels were attenuated
quite quickly, being similar between the two groups at 1
(P = .43),6 (P= 46), and 12 months (P = .17) after the
procedure (Table II; Fig 1).
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Table II. Biomarkers according to postimplantation syndrome (PIS) arms
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WBC count, x 10°/mL

Platelet count, x 1 0®/mL

Variable" Non-PIS PIS r’ Non-PIS PIS P’

Preoperative 6.6 15 77 £ 14 102 207.1 = 58.9 2254 * 542 .65

Postoperative 10.1 £ 2.6 159 = 39 <.001 1514 £ 52.4 149.7 = 499 1

1 month 75 %16 9*21 <.001 226.6 * 68.1 271.3 £ 98.2 <.001

6 months 71 *14 82 =*15 .01 204 £ 56 228.4 + 589 22

12 months 69 * 1.6 8§15 .02 205.7 = 63.6 214.8 £ 52.8 99
Fibrinogen, my/dL hs-CRP, my/L

Preoperative 417 = 1094 442 * 116.7 98 3.2 (1.6-5.7) 4.6 (2.3-9.5) 1

Postoperative 555 + 184.2 620 = 178.8 12 76.4 (41.3-122.5) 125 (96.2-182) <.001

1 month 513 = 144.1 528 = 162.3 99 4.8 (2.6-9.8) 12.5 (5.7-26.1) .04

6 months 413 = 107.2 438 £ 138.9 96 3(1-4.7) 44 (24-74) 99

12 months 371 = 106.1 449 = 137.1 .006 2.1 (1-3.9) 2.9 (1.6-9) 99

1L-6, pg/mL

Preoperative 5.2 (3.5-9.1) 6.4 (4.6-9) 1

Postoperative 36.7 (21.7-66.5) 98.5 (66.9-126.9) <.001

1 month 224 (7.1-54.9) 228 (7.9-71.2) 43

6 months 10 (5.5-35.2) 27.4 (7.5-68.9) 46

12 months 8 (4.6-22.9) 21.7 (6.2-64.5) 17

hs-CRP, High-sensitivity C-reactive protein; IL-6, interleukin 6; WBC, white blood cell.
*Values are expressed as mean *+ standard deviation, except for non-normally distributed parameters, which are shown as median (interquartile range).
® P values indicate between-group analysis.
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Fig 1. Graphic representation of the mean measures of white blood cell (WBC) count, platelets (PLT) count,
fibrinogen, and median values of high-sensitivity C-reactive protein (4s-CRP) and interleukin 6 (IL-6) in the group with
(solid line) and without (dashed line) postimplantation syndrome (PIS). The error bars show the standard deviation.

Graft material and inflammation

A total of 108 endografts (59.3%) were made of poly-
ester, and 74 (40.7%) were made of ePTFE. Endografts
made of polyester had significantly higher rates of PIS

~&=non PIS

-® pPIS

development compared with endografts made from ePTFE

(52.7% vs 10.8%; P < .001). Inflammation, as determined
by the WBC count, hs-CRP levels, and IL-6 concentra-
tion, was significantly higher at the postoperative period
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Fig 2. Graphic representation of the mean (error bars show the standard deviation) measures of white blood cell
(WBC) count and median values of high-sensitivity C-reactive protein (hs-CRP) and interleukin 6 (IL-6) according to
polyester (solid line) and expanded polytetrafluoroethylene (ePTFE; dashed line) material.

in patients receiving an endograft made of polyester (WBC
count, P < .001; hs-CRP, P < .001; IL-6, P=.009). All of
these inflammation markers attenuated, with no differences
observed between the two groups of different graft material
at 1, 6, and 12 months after the procedure (Fig 2).

Influence on 1-year outcome

MACE. A MACE occurred during the first 30 days in
three of 117 patients (2.6%) in the non-PIS group and in
12 of 65 patients (18.4%) in the PIS group (P < .001).
One patient of the PIS group died at day 20 in the cardiac
unit after a severe acute MI. During 1 to 12 months of
follow-up, a MACE was recorded in 16 (8.8%) of the
remaining 181 patients: 11 of 64 patients (17.2%) in the
PIS group and five of 117 (4.3%) in the non-PIS group
(P < .001). Three patients in the PIS group died of a
cardiac-related cause (2 patients sustained a fatal acute MI
and 1 patient had severe heart failure) at 5, 10, and
10 months after surgery, respectively; four patients had a
nonfatal acute MI, and two patients sustained an ischemic
stroke (one fatal). Two patients required a cardiac inter-
vention for unstable angina and worsening of their cardiac
status. In the non-PIS group, three patients had an acute
MI (one fatal), and two patients experienced new-onset
unstable angina and worsening of their cardiac status and
underwent a cardiac intervention. Multiple logistic regres-
sion analysis showed that the occurrence of PIS was the
only independent predictor of a MACE during the follow-
up period. More specifically, patients diagnosed with PIS
after the implantation were about 4.5-times (95% confi-
dence interval, 1.5-13.8; P = .007) more likely to suffer a
MACE than non-PIS patients.

Adverse events. During the first 30 days, four of 117
patients (3.4%) in the non-PIS group had an adverse event
compared with 17 of 65 patients (26.2%) in the PIS group
(P < .001). During 1 to 12 months of follow-up, an
adverse event was recorded in 18 of the 181 patients
(9.8%): 12 of 64 patients (18.8%) in the PIS group and six
of 117 patients (5.1%) in the non-PIS group (P < .001). In
the PIS group, a MACE occurred in 11 patients, and one
patient presented with acute renal failure 10 months after
the procedure. In the non-PIS group, five patients

presented with a MACE and one with acute renal failure at
6 months. Multiple logistic regression analysis showed that
the occurrence of PIS was the only independent predictor
of an adverse event during the follow-up period. More
specifically, patients diagnosed with PIS after the implan-
tation were about 4.51-times (95% confidence interval,
1.5-11.7, P = .005) more likely to suffer an adverse event
than non-PIS patients.

DISCUSSION

EVAR has been proposed as a minimally invasive alter-
native to conventional aneurysm resection.'>'® Open
aneurysm repair has been associated with elevated inflam-
matory biomarkers, probably as a result of the extensive
surgical trauma and the ischemia-reperfusion response
associated with the aortic cross-clamping.'*'® However
the risk of a severe inflammatory response of the endovas-
cular aortic repair was thought to be lower than that of an
open repair.'*1°

Recent reports have mentioned that endovascular pro-
cedures may initiate PIS, a systemic inflammatory response.
The relation of PIS with patient outcomes has not been
well established. Moulakakis et al” reported no periopera-
tive clinical adverse events in 87 patients after EVAR
without, however, providing any clear definition on the
events or a detailed description regarding the duration of
hospitalization, monitoring, and follow-up of the patients
during the first month.” Nano et al,* by retrospectively
studying 118 patients after the use of Anaconda endograft
(Sulzer Vascutek, Bad Soden, Germany), did not find any
correlation between the presence of PIS and the occur-
rence of long-term complications, although the definition
of the events was too “wide,” including endoleaks, renal
failure, limb thrombosis, and death of any cause, while,
oddly, only one patient sustained a MACE during a
4-year follow-up period. In the same study, the analysis
of quality of life surveys showed that patients who had
PIS after surgery felt significantly more limited in perform-
ing their daily physical activities and were more emotionally
discouraged and depressed/anxious about their state of
health than the group that did not develop PIS.*
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In a previous prospective study, our group found that
patients with PIS were more likely to sustain an adverse
event during the 30 days after the procedure, while the in-
tensity of inflammation, as assessed mainly by the postoper-
ative hs-CRP values, correlated with the presence of such
events.” The present study found PIS was the only inde-
pendent predictor of a cardiovascular or any other adverse
event after the first month and during the first year of
follow-up. These findings imply that patients with PIS
remain at a greater risk of sustaining an adverse event
than non-PIS patients, even after the first month, and
may require closer surveillance during the first year.

In addition, these findings have to be considered
together with the fact that the benefit from EVAR
regarding lower short-term mortality compared with
open surgical repair did not persist at the intermediate-
and long-term follow-up period as the Comparison of
Endovascular Aneurysm Repair with Open Repair in Pa-
tients with Abdominal Aortic Aneurysm (EVAR) and
Dutch Randomised Endovascular Aneurysm Management
(DREAM) trials have shown.'”'? In fact, even meta-
analyses have shown that EVAR and open surgical repair
were both associated with similar incidences of cardiac
deaths and fatal stroke rate in the long-term despite the
minimal invasiveness of EVAR.'®”

That inflammation can lead to serious cardiovascular
events is well known.'® Could this inflammatory process
seen after EVAR have led to more cardiovascular events
and deaths in the long-term postoperative period and
thus contributed somehow to the loss of survival benefit
EVAR has shown over open repair at 30 days? Concluding
this from the findings of this study is difficult, but for the
first time, there is a finding showing that EVAR, through
a systemic inflammatory patient response, could result in
increased cardiovascular morbidity in the long-term,
despite being considered a minimally invasive operation.

The kinetics of several inflammatory markers during
the 1-year follow-up period is of great interest. These
markers describe different aspects of the inflammatory
cascade, including products of the hepatic stimulation
(hs-CRP), inflammatory stimuli with hepatic effects
(IL-6), and cellular response (WBC count)."” The alter-
ations of these markers after the postoperative period has
not been reported adequately so far. In the present study,
all inflammatory markers were significantly higher in the
PIS group at the postoperative period compared with the
non-PIS group. However, hs-CRP and IL-6 were attenu-
ated towards the values of non-PIS group at the end of
the follow-up period, whereas only the WBC count
remained different, although within the normal reference
range.

The WBC count represents a simple marker of inflam-
mation that has been related to prediction of future cardio-
vascular events in several different populations.’’?' The
rise in the WBC count, even within the normal range, is
of particular concern. A recent retrospective study found
a strong correlation between an increased preoperative
WBC count within the normal range and the risk of major
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adverse events and death after endovascular interven-
tions.*” In the present study at the end of the follow-up
period, the count for both groups was within the normal
range, with the values in the PIS group being at the upper
limit of normal threshold. Overall, the inflammatory pro-
cess associated with the endograft implantation seem to
be attenuated after the first month and that the severity
of the inflammatory activation as depicted from several in-
flammatory biomarkers shows a decline toward the normal
levels at the end of first year.

EVAR has been related to coagulation disturbances
due to aneurysm sac thrombosis or to direct platelet stim-
ulation by the endograft material.”* Many studies have re-
ported a significant decrease in the platelet count, an
indirect index of platelet activation and consumption dur-
ing the postoperative period after EVAR.”** Nano et al*
found that this decrease was significantly more pronounced
in patients who experienced PIS. However, the incidence
of PIS in this study was associated with a longer duration
of the procedure and a greater preoperative thrombus
thickness.* On the one hand, no statistical differences in
platelet count between the two groups was evident in the
present study at the immediate postoperative or at the
conclusion of the follow-up period. On the other hand,
elevated levels of fibrinogen, a biomarker that has a crucial
role in inflammation and coagulation, have been reported
in patients with AAA.?®> Aho et al,”° by comparing hemo-
static mechanisms in AAA patients after open surgery and
EVAR, found a significant rise in fibrinogen levels at the
third postoperative day after EVAR. These levels, however,
diminished at postoperative day 7 and returned at the base-
line levels at the third month.

We found that at the postoperative period fibrinogen
increase was not related to the occurrence of PIS. Howev-
er, PIS patients at the end of the first year presented with
significantly higher levels of fibrinogen than non-PIS pa-
tients. This finding may have some clinical implication,
because fibrinogen has been considered an independent
risk marker for the prediction of the first cardiovascular
event.”” A larger study with more patients and events is
needed to clarify the exact value of this marker in stratifying
patients according to cardiovascular risk assessment after
EVAR.

In our previous report, the use of polyester endografts
was associated with a >10-times higher risk for an inflam-
matory response.” Similar findings have also been
confirmed by other two studies.®” In the present report
although the inflammatory response, as depicted from the
levels of certain biomarkers, was initially more severe in
the polyester group during the postoperative period, it
became quite similar between the two groups of different
graft materials after the first month and through the
1-year follow-up period.

The results of the present study certainly raise the ques-
tion of whether we should alter our approach and treat pa-
tients with PIS by focusing on the reduction of the
inflammatory response. Published pertinent data are scarce.
Motte et al*® published recently a prospective trial of 150
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EVAR patients who were randomized to receive a single
preoperative dose of methylprednisolone or placebo. The
inflammatory response, as assessed by the inflammatory
biomarkers levels, was reduced in the methylprednisolone
group, although no differences were noted in patient out-
comes between the two groups during a 3-month follow-
up period. Data on postoperative use of anti-
inflammatory drugs are absent. Still, nonsteroidal anti-
inflammatory drugs have been associated with increased
cardiovascular morbidity and mortality and therefore
cannot be easily provided.”” Nevertheless the present study
has shown that the inflammatory response is attenuated af-
ter the first month post-EVAR, and perhaps a therapeutic
strategy focusing on inflammation reduction in the long-
term may not have a rational goal. The anti-inflammatory
properties of statins may be useful, although all EVAR pa-
tients, including those in the present report, are usually un-
der statin treatment at the time of operation. Because PIS
was the only independent predictor of an adverse event
during the first year after EVAR, it seems that even a strong
inflammatory stimulus at the immediate postoperative
period could probably affect the cardiovascular health of
these patients at the long term. The sustained levels of
WBC count in the PIS patients toward the upper limit of
the normal threshold during the first year follow-up might
have something to do with that.>?> That therapeutic mea-
surements might thus focus on PIS acute treatment or
even prevention seems reasonable. Future studies should
emphasize a better understanding of the causes of the in-
flammatory response as well as evaluating the prompt treat-
ment of patients with PIS with anti-inflammatory drugs
from the first postoperative day.

Several limitations of this study should be considered
when interpreting the results. We admit that the sample
size and the subsequent small number of cardiovascular
events and mortality should be acknowledged. Blood sam-
ples for five patients were not obtained at some time point,
although the primary end point was recorded via phone.
Missing values represent a small proportion of the study
sample (<2.5%) and therefore could not have influenced
the analysis.

This was not a randomized trial, although graft selec-
tion was based strictly on anatomic criteria and not on
any characteristic of the inflammatory response. Despite
statistical significance, our results need to be confirmed in
studies with a larger number of enrolled patients. However,
the study was performed prospectively in unselected
consecutive patients and may therefore have general impli-
cations for the overall EVAR population.

CONCLUSIONS

The inflammatory response after EVAR is attenuated
after the first postoperative month, as showed by the ki-
netics of several inflammatory biomarkers. However, PIS
seems to correlate with the presence of a cardiovascular
or any other adverse event during the first year after
EVAR. Further studies should focus on whether a change
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in care is needed to ameliorate the higher cardiovascular
risk of PIS patients.

We thank our statistician George Dimakopoulos for his
help with the statistical analysis.
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