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Introduction and objectives. Postimplantation 

syndrome that can develop after stent placement is 

characterized by fever, leukocytosis, and an elevated 

C-reactive protein level or by coagulation disturbances, 

or by a combination of these features. It is a transient 

condition that frequently appears following endovascular 

treatment. At present, no data are available on the effect of 

antibiotics on postimplantation syndrome after placement 

of a thoracic endoprosthesis.

Methods. This prospective single-center study involved 

40 patients. Of these, 20 received peri-interventional (for 

24 hours) antibiotic treatment with cefuroxime, 20 mg/kg 

3 times per day, while 20 received prolonged (for 7 days) 

treatment at the same dosage. Peripheral blood samples 

were taken before the intervention and 6 h, 12 h, 24 h, 48 h, 

3 days, 5 days, and 7 days after.

Results. There was no significant differences in clinical 

or laboratory findings between the 2 treatment strategies, 

and subsequent changes in clinical and laboratory 

parameters over time were similar in the 2 groups. All 

parameters returned to baseline values within 7 days.

Conclusions. Prolonging antibiotic treatment beyond 

the day of endovascular intervention was not observed to 

provide any short- or long-term clinical benefit in patients 

with postimplantation syndrome, given that all the blood 

samples were sterile.

Key words: Aortic syndrome. Stent. Postimplantation 

syndrome. Antibiotics. Inflammatory response.

Influencia del tratamiento antibiótico  
en pacientes con síndrome postimplantación 
tras la colocación de stents aórticos

Introducción y objetivos. El síndrome postimplanta-

ción tras la colocación de stents se caracteriza por fie-

bre, leucocitosis, elevación de la proteína C reactiva y/o 

alteraciones de la coagulación y es un trastorno transi-

torio que se produce con frecuencia después del trata-

miento endovascular. En la actualidad no disponemos de 

datos sobre la influencia de los antibióticos en el síndro-

me postimplantación tras la colocación de endoprótesis 

torácicas.

Métodos. Se incluyó a un total de 40 pacientes en este 

estudio prospectivo, llevado a cabo en un solo centro. En 

20 pacientes se utilizó un tratamiento antibiótico preinter-

vención (durante 24 h) y en otros 20, un tratamiento an-

tibiótico prolongado (7 días): cefuroxima, 20 mg/kg tres 

veces al día. Se obtuvieron muestras de sangre periférica 

antes de la intervención y 6, 12, 24 y 48 h, y 3, 5 y 7 días 

después de la intervención. 

Resultados. No hubo diferencias significativas en los 

resultados clínicos y de laboratorio entre las dos estra-

tegias de tratamiento, y los cambios de los parámetros 

clínicos y de laboratorio con el paso del tiempo fueron 

similares entre ambos grupos. Todos los parámetros re-

cuperaron los valores basales en un plazo de 7 días.

Conclusiones. No pudimos demostrar ninguna ventaja 

clínica a corto ni a largo plazo con el tratamiento antibió-

tico prolongado más allá del día de la intervención endo-

vascular para el síndrome postimplantación, a la vista de 

las muestras de sangre estériles.

Palabras clave: Síndrome aórtico. Stent. Síndrome pos-

timplantación. Antibióticos. Respuesta inflamatoria.

INTRODUCTION

Postimplantation syndrome (PIS) is a condition 
frequently observed following endovascular 
treatment of aortic disease. It is believed to result 
from complex interactions between the vascular 
endothelium and the fabric of the endoprosthesis. 
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sufentanil (0.5 µg kg-1), and then maintained with 
propofol at an infusion rate of 80 to 120 µg/kg-

1min-1. Neuromuscular blockade was achieved with 
rocuronium (0.65 mg kg-1). Patients were ventilated 
to normocapnia monitored by end-tidal carbon 
dioxide (PETCO2), with fractional oxygen of 0.3 to 
0.4. All the patients were equipped with a central 
venous line. The right radial artery was used for 
continuous recordings of arterial pressure and all 
the patients received 5000 units of unfractionated 
heparin. The femoral artery was surgically exposed 
to accommodate a 24-F stent-graft introducer 
system. Using the Seldinger technique, a stiff 260-cm,  
0.89-mm (0.035-inch) wire (Back-up Meier wire 
[Boston Scientific Inc., Ratingen, Germany]) was 
placed over a pigtail catheter in the true lumen, 
under both fluoroscopic and transesophageal 
ultrasound guidance. Carefully advanced over the 
stiff wire, placement of customized stent-grafts 
(Medtronic Talent or Valiant) was performed 
under rapid right ventricular pacing to avoid 
misplacement.10 Short inflation of a latex balloon 
to improve stent apposition was optional. The final 
result (closure of the proximal entry or exclusion 
of the penetrating aortic ulcers) was documented 
by contrast fluoroscopy and ultrasound. After 
removing sheath and guide wire, the access site was 
closed surgically and the patients were transferred 
to the intensive care unit for extubation and 
monitoring. During follow-up, the radial artery and 
central venous lines were removed. The antibiotics 
were infused over a peripheral venous access. We 
collected serial peripheral venous blood samples 
and body temperature measurements prior to the 
intervention and 12, 24, and 48 hours and 3, 5, and 
7 days after stent-graft deployment. Laboratory 
analyses included CRP, white blood counts (WBC) 
and procalcitonin (PCT). The rationale for using 

Clinical signs include significant leukocytosis, 
fever, elevated C-reactive protein (CRP), decreased 
platelet counts, and/or coagulation disturbances. 
Potential theoretical mechanisms of PIS are 
extensive local endothelial activation following 
stent application, contact activation of blood 
components by the graft fabric, and thrombus 
adhesion. Consecutive release of cytokines and 
arachidonic acid metabolites, together with 
leukocyte activation, may explain the systemic 
symptoms.1-3 Because the issue of prophylactic 
antibiotics to be given routinely with endograft 
therapy is yet to be settled4-8 and since even the 
recommendations given were nebulous,9 the need 
for prolonged antibiotics was a subject of interest. 

Therefore, this prospective randomized pilot 
trial was designed to compare the influence 
of perioperative single-shot treatment versus 
prolonged (7 days) antibiotic therapy on parameters 
of infection and PIS after thoracic endografting, as 
assessed by clinical and laboratory findings. 

METHODS

After approval of the study by the local ethics 
committee, the patients were screened and 
randomized for this trial prior to stent-graft 
repair of an aortic abnormality. After giving their 
informed consent, the patients were randomized 
to one of 2 groups using the closed envelope 
method, to receive either periprocedural (over  
24 hours, group 1) or prolonged (over 7 days, 
group 2) antibiotic therapy (cefuroxime, 20 mg/kg 
3 times per day intravenously). The demographic 
characteristics of the 2 groups are shown in Table 
1. Exclusion criteria were impaired renal or hepatic 
function, acute or chronic inflammatory conditions 
like pneumonia, or urinary tract or catheter 
infection. Further exclusion criteria were blood 
transfusion and prior administration of steroids 
and nonsteroidal anti-inflammatory agents. 

Based on multislice computed tomography 
or magnetic resonance images, stent-grafts were 
deployed in a hybrid laboratory with catheterization 
and imaging capabilities, including digital 
angiography. General anesthesia was initiated with 
midazolam (0.1 mg kg-1) administered 2 minutes 
prior to induction with etomidate (0.3 mg kg-1) and 

ABBREVIATIONS

CRP: C-reactive protein
PCT: procalcitonin
PIS: postimplantation syndrome

TABLE 1. Clinical Characteristics of the Patient 

Population

 Group 1 (n=20) Group 2 (n=20)

Age, mean (SD), y 54 (5) 56 (7)

Male gender, % 16 18

Hypertension, n (%) 20 (100) 20 (100)

Diabetes mellitus, n (%) 4 (20) 6 (30)

Obesity (BMI >25 kg/m²), n (%) 12 (60) 15 (75)

Smoker, n (%) 11 (55) 16 (80)

Previous cardiac surgery, n (%) 3 (15) 2 (10)

Coronary artery disease, n (%) 2 (10) 2 (10)

Pulmonary disease, n (%) 3 (15) 1 (5)

Cerebrovascular disease, n (%) 0 (0) 0 (0)

Group 1: peri-interventional treatment with antibiotics. 
Group 2: prolonged treatment with antibiotics. 
BMI indicates body mass index; SD, standard deviation.
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ulcer were screened. Due to the anatomic and 
clinical constellation, with no signs of malperfusion, 
no critical diameter of more than 6 cm and absence 
of pain in light of stable hemodynamic, 126 patients 
were treated medically, with close clinical and 
imaging surveillance. Five patients with an extended 
type B dissection, signs of peripheral malperfusion 
and retrograde progression into the ascending 
aorta were treated surgically. The remaining 151 
were treated by endovascular stent-graft repair. 
Twenty-two patients refused to participate in this 
prospective pilot trial, while 129 patients were 
assigned to the trial. During in-hospital follow-up, 
89 were excluded from analysis due to pneumonia 
(n=13), anemia with blood transfusion (n=31), 
renal failure (n=17), central venous catheter 
infection (n=7), urinary catheter infection (n=18), 
or in-hospital mortality (n=3), while 40 patients 
with aortic syndromes (16 men and 4 women, 
aged 46 to 64 years [mean 54 (5) years] in group 
1 and 18 men and 2 women, aged 45 to 69 years 
[mean 56 (7) years] in group 2) completed the trial 
(Figure 1). There were no differences between 
the 2 groups in terms of demographic parameters 
(Table 1). In addition, there were no differences 
with respect to the anatomic and procedural 
characteristics (Table 2); 13 patients from group 
1 and 14 patients from group 2 presented with an 
acute aortic dissection (mean duration since onset 
of symptoms 3.5 [1.2] days vs 2.8 [1.3] days; not 
significant). In 3 patients from group 1 and 1 from 
group 2, the left subclavian artery was overstented, 
with collateral bloodstream via the circle of Willis; 
thus, head vessel debranching was not necessary. 
All procedures were technically successful, with no 
deaths, strokes or paraplegia in either group. 

PCT was based on its high sensitivity for obtaining 
an infectious etiology in light of a value greater 
than 0.05 ng/mL. Blood samples for both aerobic 
and anaerobic culturing were obtained prior to the 
intervention and 48 hours and 7 days afterwards 
by careful venipuncture. During the hospital stay, 
clinical and laboratory evaluation was performed 
to identify acute infections of the urinary tract and 
both lungs, as well as catheter infection. Patients 
with these infections were excluded from the study. 
Clinical and imaging follow-up was performed at 3 
and 12 months and annually after the first year in 
all patients. 

Statistical Analysis

The primary endpoint of our trial was the 
increase and difference in CRP, white blood count, 
PCT, and body temperature. For the statistical 
analysis of intragroup differences over time, the 
Wilcoxon rank test was used. The Mann-Whitey 
test was performed for comparison between 2 
treatment groups at any given time. A P value 
less than .05 was considered significance. The 
descriptive statistical characteristics for quantitative 
parameters are listed as numbers (n), arithmetic 
mean (mean), median (med), minimum (min), 
maximum (max), and relative frequency (%). The 
arithmetic mean is expressed with the standard 
deviation. All data were processed using EXCEL 
and SPSS 15.0.

RESULTS

From October 2002 to October 2006, 282 patients 
with type B aortic dissection and penetrating aortic 

Total patient
(n=282)

Medical treatment
(n=126)

Stent repair
(n=151)

Surgical treatment
(n=5)

Participating patients
(n=129)

Patients refusing
to participate

(n=22)

Completed follow-up
(n=40)

Patients excluded
(n=89)

Antibiotics 24 h
(n=20)

Antibiotics 7 days
(n=20)Figure 1. Study population screened from 

2002 to 2006.
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WBC, with a maximum after 48 hours, and a peak 
elevation of CRP at 72 hours in both groups; these 
alterations occurred between one and three days 
after stent-graft implantation in both. White blood 
cell counts and PCT normalized within seven days, 
while body temperature was normal within 5 days. 
C-reactive protein declined within seven days but 
failed to return to normal levels before discharge in 
both groups. Moreover, in both groups, all blood 
samples taken prior to the intervention and 48 
hours and seven days afterwards were negative for 
aerobic and anaerobic bacteria after seven days in 
culture medium.

After a mean follow-up of 3.1 (1.7) years, the 
overall survival rate was 85.8% (3.9%) in group 1 
and 87.1% (4.2%) in group 2 (P=.47). The aortic 
rupture-free survival rates were 93.3% (2.9%) 
versus 92.7% (3.1%), respectively (P=.83). During 
the serial image follow-up, the rates of false lumen 
thrombosis in the area of the stent-graft were 72% 
and 68% (P=.21) and thrombosis throughout the 
entire false lumen, 35% and 42%, respectively 
(P=.09). Repeat interventions due to leakage 
or dynamic obstruction of a side vessel were 
required in 15% and 20% of the cases (P=.13). The 
distributions to further stent-grafts and to surgical 
intervention were 10% versus 5% (P=.26) and 15% 
versus 5% (P=.06). 

DISCUSSION

The PIS is a poorly defined, transient finding 
during the early postoperative phase following 

According to careful clinical monitoring, all the 
patients exhibited at least one criterion for PIS, 
including body temperature, CRP, PCT and/or 
elevated WBC, with no differences between the 2 
groups (Figures 2-5). We recorded an elevation of 
both PCT and body temperature, with a maximum 
at 24 hours postintervention, an elevation of 

TABLE 2. Anatomical and Procedural Data of the 

Patient Population

 Group 1 (n=20) Group 2 (n=20)

Aortic syndromes, n 20 20

 Type B dissection, n 18 18

  Acute dissection, n 13 14

  Rapid expansion (>1 cm/year), n 5 4

  Malperfusion, n 0 0

 PAU, n 2 2

LSA involvment, n 3 1

Number of stents, mean (SD) 1.35 (0.49) 1.3 (0.47)

Length of stents, mean (SD), cm 17.3 (2.04) 16.8 (1.9)

Intervention time, mean (SD), min 92 (14) 86 (10)

Mechanical ventilation, mean (SD), h 8.3 (1.3) 7.8 (2.1)

Time requiring ICU/IMC, mean (SD), h 24.4 (3.1) 25.2 (2.3)

Hospital stay, mean (SD), d 8.5 (0.7) 7.9 (1.0)

Technical success, % 100 100

Peri-interventional mortality, n 0 0

Stroke, n 0 0

Paraplegia, n 0 0

Conversion to surgery, n 0 0

Group 1: peri-interventional treatment with antibiotics. 
Group 2: prolonged treatment with antibiotics. 
ICU indicates intensive care unit; IMC, intermediate care; LSA, left subclavian 
artery; NS, not significant; PAU, penetrating aortic ulcer; SD, standard deviation.
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Figure. 2. Time course of the procalcitonin 
(PCT) values of group 1 (peri-interventional 
antibiotic treatment) and group 2 
(prolonged antibiotic treatment) before and 
after stent-graft implantation. There is no 
statistically significant difference between 
the 2 groups at any time. After stent-graft 
implantation, there is a significant increase 
of PCT values during follow-up, with a 
maximum after 24 hours and a return to 
nonsignificant values after 7 days. Pre 
indicates preimplantation.
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(1.1×109)/L at 48 hours and an elevation of CRP 
from 10.4 (2.8 mg/L) to 157.4 (34) mg/L on day 
3, whereas the blood samples taken prior to the 
intervention and 48 hours afterwards were negative 
for aerobic and anaerobic bacteria after seven days 
in culture medium. Most importantly, there were 
no differences in parameters related to PIS between 
the 2 groups. Moreover, we observed no differences 
between the 2 groups when acute and chronic type 

endovascular intervention with the use of stent-
grafts, and is characterized by fever, leukocytosis, 
elevated CRP, decreased platelet counts and/or 
coagulation disturbances.11-15

In our series of 40 patients, we observed acute 
phase reaction in all the patients, with an increase 
in mean body temperature from 37.2 (0.3) °C prior 
to the intervention to 38.7 (0.3) °C 24 hours later, 
an elevation of WBC from 7.6 (1.0×109)/L to 12.7 
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Figure 3. Time course of the body 
temperature of group 1 (peri-interventional 
antibiotic treatment) and group 2 
(prolonged antibiotic treatment) before and 
after stent-graft implantation. There is no 
statistically significant difference between 
the 2 groups at any time. After stent-
graft implantation there is a significant 
increase of body temperature during 
follow-up, with a maximum after 24 hours 
and a return to nonsignificant values after  
5 days. Pre indicates preimplantation.

Figure 4. Time course of the C-reactive 
protein (CRP) values of group 1 (peri-
interventional antibiotic treatment) and 
group 2 (prolonged antibiotic treatment) 
before and after stent-graft implantation. 
There is no statistically significant 
difference between the 2 groups at any 
time. After stent-graft implantation, there 
is a significant increase of CRP values 
during follow-up, with a maximum after 
3 days and no return to nonsignificant 
values within 7 days. Pre indicates 
preimplantation.
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of heparin-coated Dacron-covered prostheses, 
macroscopic examination of the arterial wall 
one month after implantation revealed marked 
inflammatory perigraft responses with vascular wall 
thickening and adhesions around the grafts, and 
microscopic examination revealed a severe foreign-
body response.19 

To discriminate precisely between bacterial 
and nonbacterial inflammatory processes, PCT, 
as an early marker of bacterial infection, was also 
quantitatively assessed, but was similar in the 
2 groups. The baseline concentration of PCT, 
a polypeptide that is produced in the liver and 
peripheral mononuclear cells, is <0.05 ng/mL.20,21 
Under inflammatory conditions, such as sepsis or 
a single injection of endotoxin, serum PCT levels 
will rise.20,21 With a cutoff value over 0.5 ng/mL, 
sensitivity is 65% and specificity 96% for bacterial 
infection, with a negative predictive value of 
98.8%.22,23 Regardless of prolonged antibiotics, 
we documented a rise in PCT from 0.03 (0.01) 
ng/mL to 0.15 (0.02) ng/mL 24 hours after the 
intervention, returning to a normal value within 7 
days. Although PCT concentrations can increase 
to above normal in 32% of patients after minor 
and aseptic surgery, bacteria need not be present.24 
Procalcitonin production can be induced by various 
stimuli, including trauma, tissue injury, and surgical 
cutdown to the access vessel. Therefore, the mild 
transient elevation of PCT is most likely explained 
by nonspecific cytokine liberation from the injured 
tissue, rather than by bacteremia, in the presence 
of sterile blood.25 Based on these considerations, 

B dissections were compared. Due to the small 
number of patients with chronic type B dissections 
in our study, this aspect had to be confirmed in 
larger trials. Procalcitonin and body temperature 
reached their maximum after 24 hours, WBC 
after 48 hours and CRP after 72 hours in both 
groups, regardless of prolonged antibiotic therapy. 
Procalcitonin, body temperature, and white blood 
count returned to normal within the same time 
span even when antibiotics were given over 1 week. 
Only CRP values were mildly elevated 7 days after 
the intervention, with no differences between the 2 
groups. 

Fever has been reported after implantation of an 
endoprosthesis and has several potential etiologies, 
including bacterial translocation, possibly 
facilitated by transitory splanchnic ischemia, and 
the release of IL-6. Fever and leukocytosis after 
endovascular repair of aortic aneurysms was first 
noted by Blum et al in a multicenter series of 154 
patients.13 The stent-grafts used in that study 
consisted of a nitinol frame covered with a thin, 
woven polyester fabric. In their series, 56% of the 
patients were found to have a body temperature 
of 38°C, and all the patients demonstrated 
leukocytosis, ranging from 9800 to 29 500 cells/dL. 
Similar observations have been reported since then, 
with fever present in up to 83% of the patients and 
leukocytosis in up to 58%.3,5,8,14,15-17 Experimental 
studies in pig, sheep, and canine models have 
suggested a local periaortic inflammatory response 
to endovascular exclusion of aortic aneurysms.18,19 

In sheep subjected to endovascular implantation 
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P=.414 Figure. 5. Time course of the leukocyte 
values of group 1 (peri-interventional 
antibiotic treatment) and group 2 
(prolonged antibiotic treatment) before and 
after stent-graft implantation. There is no 
statistically significant difference between 
the 2 groups at any time. After stent-graft 
implantation, there is a significant increase 
of leukocyte values during follow-up, with 
a maximum after 48 hours and a return 
to nonsignificant values after 7 days. Pre 
indicates preimplantation.
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According to the experimental work of Burke et 
al in the early 1960s, the timing of antibiotics is of 
the utmost importance.26 Multiple studies over the 
following decade confirmed Burke’s results and led 
to the current widespread practice of administering 
antibiotics just as the procedure is about to begin 
or within the last 2 hours before the intervention.27 
If antibiotic prophylaxis is administrated more 
than 3 hours before the procedure, the incidence 
of adverse infectious events increases fivefold.28 
While the timing of administration of the antibiotic 
has become fairly standard, the duration of 
administration remains debatable. 

To the best of our knowledge, this analysis 
represents the first comparison of perioperative 
(24 hours) versus prolonged (7 days) prophylactic 
antibiotic treatment in the setting of aortic stent-
graft placement. We could not demonstrate any 
short- or long-term advantage of prolonged 
antibiotic treatment beyond the day of the 
endovascular intervention with respect to 
preventing PIS. Based on observational results 
in a limited number of patients, prolonged use of 
antibiotics is not justified as a routine measure after 
endovascular intervention. This concept of single-
shot antibiotics requires confirmation in larger 
randomized trials.

Limitations

One limitation of this trial is that, under such 
rare circumstances as isolated PIS after stent-graft 
placement for aortic abnormality, power calculation 
was not performed for sample size; thus, this trial 
represents just a pilot trial and, therefore, the results 
need to be confirmed in larger multicenter trials 
including power calculation. In addition, because 
of the exclusion of patients with infections of other 
causes, there is no presentation of an intention to 
treat approach. 
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