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Objectives: Unexpected systemic inflammatory response with 
high fever and increase in C-reactive protein (CRP) occurred 
frequently after endovascular abdominal aortic aneurysm repair 
(EVAR). This excessive inflammatory response affects the 
postoperative course. We evaluated the effects of steroid on 
the postoperative inflammatory response after EVAR. 
Methods: Steroid therapy, intravenous infusion of methyl-
prednisolone 1000 mg just after the anesthesia induction, was 
started since December 2012. After induction of the steroid 
therapy, 25 patients underwent EVAR with steroid therapy 
(Group S). These patients were compared with the 65 patients 
who underwent EVAR without steroid therapy (Group C) in 
white blood cell count (WBC), CRP and maximum body 
temperature (BT) on postoperative day 1–5. 
Results: There was no significant difference in age, female 
gender, operation time, maximum aneurysm diameter 
between the two groups. There was no postoperative infec-
tive complication in the both groups. WBC did not differ 
between the two groups; however, CRP was significantly 
suppressed in Group S than in Group C on POD 1, 3 and 5. 
Also BT was significantly lower in Group S than Group C on 
POD 1, 2 and 3. 
Conclusions: Steroid pretreatment before implantation of 
the stent graft reduces the early postoperative inflamma-
tory response after EVAR, without increasing postoperative 
infection. (This is a translation of Jpn J Vasc Surg 2015; 24: 
861–865.)
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Introduction

After endovascular abdominal aortic aneurysm repair 
(EVAR), fever and an increase in the inflammatory 
response frequently occur, and fever reduces appetite or 
activities of daily living (ADL) in some cases. We exam-
ined the effects of steroids with potent anti-inflammatory 
actions on inflammation after EVAR.

Subjects and Methods

Of 106 patients who underwent elective surgery after 
August 2009, when EVAR was introduced in our hospi-
tal, the subjects were 90, excluding emergencies, patients 
with inflammatory aortic aneurysms, those who had 
received steroids due to concomitant diseases before sur-
gery, and one who died of postoperative disseminated 
intravascular coagulation (DIC) during the perioperative 
period (non-steroid-treated patient). The administration 
of an antibiotic after surgery was completed on the 1st 
postoperative day, and a non-opioid was used to relieve 
postoperative pain.

From February 2013, methylprednisolone at 1000 mg 
was intravenously administered on anesthesia induc-
tion, and the subjects were divided into two groups: 
methylprednisolone-treated (Group S, n = 25) and non- 
methylprednisolone-treated (Group C, n = 65) groups. 
The white blood cell count (WBC) and C-reactive pro-
tein (CRP) level were measured on admission, immedi-
ately after surgery, and 1, 3, and 5 days after surgery. The 
body temperature was determined every day until 5 days 
after surgery, and the maximum body temperature per 
day was regarded as the body temperature on the day. 
Furthermore, dietary intake was used as an index of 
activity. Each dietary intake was recorded using 10 grades, 
and the mean daily dietary intake was calculated. As 
there are individual differences in dietary intake at ordi-
nary times, we investigated postoperative dietary intake 
as a percentage of dietary intake the day before surgery. 
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For statistical analysis, the t- and chi square tests were 
used. A p-value of 0.05 was regarded as significant.

Results

There were no significant differences in the age, sex, oper-
ation time, or aneurysmal diameter between the two 
groups. There was no postoperative infection in any 
patient. Furthermore, there was no type-I/-III/-IV postop-
erative endoleak in any patient. There was no difference 
in the incidence of type-II postoperative endoleak between 
the two groups (Table 1).

Devices varied, as there were differences in the timing 
of surgery. However, as a graft material, woven accounted 
for 48% in the two groups; there was no difference 
between the two groups (Fig. 1).

There was no significant difference in the WBC between 
the two groups at any point before/after surgery. In 
Group S, the CRP level was significantly lower than in 
Group C on the 1st, 3rd, and 5th postoperative days. 
In Group S, the body temperature was also significantly 
lower on the 1st, 2nd, and 3rd postoperative days (Fig. 2). 
In Group C, patients with fever (38°C or higher) after 
surgery accounted for 72% (n = 18) on the 1st postoper-
ative day and 60% (n = 15) on the 2nd postoperative day. 
In Group S, there was no patient with fever (38°C or 
higher) until the 2nd postoperative day (Table 2).

Dietary intake was significantly lower in Group C on 
the 2nd postoperative day. Among patients aged 80 years 
or older, it was slightly lower in Group C until the 5th 
postoperative day. There were significant differences on 
the 2nd, 3rd, and 5th postoperative days (Fig. 3).

Discussion

Since the era of self-making stent grafts, it has been known 
that systemic inflammatory responses occur after EVAR.1) 
The condition is termed post-implantation syndrome 
(PIS).2) PIS causes fever, leukocytosis, an increase in the 
CRP level, and increases in the levels of inflammatory 
markers, such as interleukin (IL)-6 and -8.3–6) Pyretolysis 
is not achieved by antibiotic therapy, and there is a nega-
tive reaction on blood culture; therefore, the possibility of 
infection-related inflammation is ruled out. Concerning 
the mechanism of PIS, a study reported that the insertion 
of a stent graft led to the rapid progression of intra- 
aneurysmal thrombosis, causing inflammation.7) Others 
suggested the influence of surgical procedures and device 
materials; the detailed mechanism remains to be clarified. 
Furthermore, the incidence of PIS ranges from 3 to 94% 
due to differences in the definition of PIS.2,8) A study com-
pared EVAR with open surgery, and indicated that fever 
after open surgery was observed in 38% of the patients, 
whereas post-EVAR fever was noted in 72%,9) suggesting 
that PIS is a phenomenon specific to EVAR. We consider 
that even EVAR, which is minimally invasive, may reduce 
appetite or ADL through fever, and that inhibition of 
postoperative inflammation leads to an improvement in 
the quality of life (QOL). A study reported that steroid 
therapy was useful for reducing inflammation after off 
pump coronary artery bypass.10) Assuming that steroids 
may be effective for PIS after EVAR, the inhibitory effects 
of steroids on PIS were investigated. Although preopera-
tive steroid therapy may lead to postoperative infection, 
Stuck et al. indicated that the risk of infection was high in 
patients continuously treated with prednisolone at 10 mg 
or more (every day) or at a cumulative dose of 700 mg or 
more.11) Many studies reported the dose of methylpred-
nisolone for reducing postoperative inflammation: an 
initial dose of 10 to 30 mg/kg or 250 to 1000 mg.12–14) 

Table 1  �Patient profile

Group C (n = 65) Group S (n = 25) p-value

Age (year) 77.0 ± 6.8 77.4 ± 7.8 0.800
Female gender 16 (24.6%) 7 (28%) 0.952
Operation time (min) 123 ± 28 121 ± 34 0.837
Aneurysm diameter (mm) 49.7 ± 9.9 52.0 ± 9.1 0.319
Postoperative infection 0 0
Postoperative endoleak (type II)   9 (13.8%) 4 (16%) 0.941

Fig. 1  �Device types.
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Fig. 2  �Postoperative white blood cell, C-reactive protein and maximum body temperature in Group C and Group S. WBC: 
white blood cell; CRP: C-reactive protein; BT: maximum body temperature; POD: postoperative day; CRP: C-reactive 
protein; WBC: white blood cell count; Ope: operation

12000

14000
/µl

6000

8000

10000

Group C

Group S

p = 0.182p = 0.969

p = 0.964

4000 Pre-O
pe

O
pe

PO
D

1

PO
D

3

PO
D

5

p = 0.526 p = 0.879

15.0 
mg/dl CRP

6.0 

9.0 

12.0 

Group C

Group S

p <0.001

0.0 

3.0 

Pre-O
pe

PO
D

5

PO
D

3

PO
D

1

p = 0.746
p = 0.796

p <0.001

p <0.001

38

p = 0.017

Body temperature

37

ºC

Group C

Group S

p = 0.283

p <0.001

p <0.001
p = 0.372

p = 0.707

36 Pre-O
pe

O
pe

PO
D

1

PO
D

3

PO
D

5

PO
D

4

PO
D

2

p = 0.341

WBC

O
pe

170� Annals of Vascular Diseases Vol. 9, No. 3 (2016)



The Effect of Steroid after EVAR

1 and 5 days after surgery, suggesting that the effects of PIS 
inhibition are more marked in elderly patients.

Drugs that may inhibit PIS, other than steroids, include 
statins. A study reported the usefulness of statins for 
reducing PIS.15) Statins exhibit multifocal effects: anti- 
inflammatory, arteriosclerotic plaque-stabilizing, and 
platelet function-inhibiting actions. Another study indi-
cated that statin therapy decreased the incidence of post-
EVAR complications such as embolism. However, in the 
study, a strong statin significantly inhibited an increase in 
the CRP level, but there were no significant inhibitory 
effects on postoperative fever. Therefore, even in statin- 
treated patients, combination therapy with steroids may 
more markedly inhibit PIS.

In this study, we administered methylprednisolone at 
1000 mg on anesthesia induction. However, in the future, 
the optimal dose of a steroid and timing of administra-
tion must be examined.

Conclusion

The administration of a steroid (methylprednisolone at 
1000 mg) on anesthesia induction inhibited fever and an 
increase in the CRP level early after surgery without the 
risk of infection.
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