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A practical and rapid method was developed to study vascular pathology after implantation of metal 
endoprostheses (stents) that are used as internal splinting devices oftube-like structures. This method 
obviates the need for time-consuming grinding of thick sawing sections or removal of the prosthesis 
prior to histological processing, allowing for detailed analysis of the tissue in general, but especially 
of the stent-tissue interface. The vessels, with the metal stents still in place, were dehydrated in graded 
series of ethanol and embedded in methyl methacrylate. Using a motor-driven rotary microtome, 
3- to 5-pm sections were easily cut. After deplastination, routine and special histological stainings 
were performed according to standard protocols for paraffin sections. This method proved to save 
time, compared with sawing sections, while allowing for a more complete examination of the stent- 
tissue interface than is possible with routine paraffin techniques. Curdiovasc Pathol 1996;5:69-76 

Stems as endoluminal splinting devices are increasingly used 
as an alternative to surgery by providing inner mechanical 
support for internally stenosed or externally compressed hol- 
low structures, such as the esophagus, trachea, bile ducts, ure- 
ters, veins, aorta, and peripheral and coronary arteries. As 
many of these applications are still in the investigational phase, 
histopathological examination is an important technique in 
the evaluation of the short- and long-term merits of this new 
treatment. 

Standard preparatory techniques for evaluation of stented 
blood vessels, or any other tissue with metal implants, have 
their limitations, especially when they require the time-con- 
suming removal of the prosthesis prior to embedding. When 
studying metallic endovascular prostheses (stems), as with any 
biomaterial implant, it is important to study not only the gen- 
eral tissue reaction, but also the interface between the receiv- 

ing tissue and the implant surface. Removal of the prosthesis 
prior to embedding will often result in the loss of the direct 
stent-tissue interface and cause excessive damage to the tis- 
sue in case of complicated designs of the prosthesis (1). In 
studies of acute reactions to vascular implants this is espe- 
cially true, as the usually limited amount of adherent cells 
is often lost. Current methods of histological preparation of 
implanted biomaterials in hard plastics enable the prostheses 
to be left in place but warrant the time-consuming prepara- 
tion of thick sawing sections, sometimes followed by grind- 
ing to prepare thinner sections (2,3). Although several tech- 
niques are available to stain these sections (4), the quality 
of the thick as well as the ground sections is not comparable 
to that of stained paraffin sections. Glycol methacrylate has 
also been described as an embedding medium for stented ar- 
teries (5), but it may not always be hard enough to allow cut- 
ting of the vessels while leaving the metal prosthesis in place, 
and it does not allow for a complete range of stainings to be 

performed. 
This article describes a techniaue that obviates the need 
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to remove the prosthesis prior to embedding, leaving the in- 
terface between the stent and the tissue intact. This is espe- 
cially important for vascular tissue when studying the inter- 
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action between blood and the vessel wall. The technique 
enables thin sectioning (3-5 pm) while allowing for a whole 
range of routine and special stains to be carried out with a 
quality equal to that of paraffin sections and better than that 
of sawing sections. 

Materials and Methods 
Vascular implants. Stents of various designs and mate- 

rials, such as the tantalum Wiktor stent (Medtronic Inc., Min- 
neapolis, MN), the stainless steel Wallstent (Schneider [Europe] 
AG, Buelach, Switzerland), Palmaz-Schatz stent (Johnson and 
Johnson Interventional Systems, Warren, PA), polymer stents 
(9), and polymer-coated metal stents (10) (Figure l), were 
implanted in coronary arteries of pigs as previously described 
(6,7). The pigs were sacrificed at intervals ranging from sev- 
eral hours to months following stent implantation. 

Fixation and tissue retrieval. To retrieve the stented ar- 
teries, the thorax was opened by a midsternal split, and a le- 
thal dose of sodium pentobarbital was injected intravenously. 
Thereafter, the ascending aorta was cross-clamped and the 
aortic root punctured above the coronary ostia for in situ 
pressure fixation (approximately 150 cm H20) with 4% 
phosphate-buffered paraformaldehyde. Thereafter the coro- 
nary arteries were dissected free from the epicardial surface, 

and the tissue was kept in fixative for at least another 24 hours 
before methyl methacrylate embedding. 

Embedding procedures. The stented coronary .L~?I~I’IC”:~ 
with some surrounding tissue were dehydrated in a graded 
series of ethanol, impregnated in three changes of methyi 
methacrylate (MMA; E. Merck Nederland B. V., The Nether- 
lands) as described in Table 1, and modified from the method 
of Buijs and Docterom (8). After completion of the MMA 
impregnation, the specimens were placed m glass vials: then 
5 mg/mL perkadox 16 (bis [4-rert-butylcyclohexy!] peros- 
ydicarbonate; AKZO Nobel Chemicals, The Netherlands] .wa\ 
added to the MMA as a catalyst for polymerization and mixed 
well, and the specimens were oriented in the vial as required 
Plasticizers were not added. .4fter a one-hour vacuum im 
pregnation to remove any air, the glass vials were carefulit 
closed, and the MMA polymerized overnight in a 37’ (’ oken. 
As polymerization is an exothermolis reaction. the ~laii; co~i 
taining the specimen were kept in a contamer with watt: tr- 
prevent overheating. After completion of the polymer izatioj! 
process, the glass vials were broken and the polyrnerize~! 
blocks washed in water. 

Sectioning and staining. After the excess MMA was 
trimmed off, sections were cut on a motor-driven rotary rnicf~~- 
tome (HM350, Microm GmbH, Munich, Germany) using 
stainless steel disposable knives (Superlap, Adamas In 
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Table 1. Schedule for MMA Embedding 
2x 80% ethanol 

2X 96% ethanol 

2x 100% ethanol 

IX 100% ethanol 

2x 100% MMA 

IX 100% MMA 

Add 5 mg/mL of perkadox to the MMA, mix 

Vacuum impregnation 

Oven (37°C) 

I h 

1 h 

I h 

IO h 

Ih 

5h 

Ih 

316 h 

strumenten BV, Leersum, The Netherlands). While keeping 
the block surface wet, sections 3 to 5 pm thick were cut. On 
chrome alum coated slides, sections were stretched on a hot 
plate at 40” C using a mixture of 60% 2-butoxyethanol and 
10% ethanol in distilled water. Sections were covered by a 
plastic film, excess butoxyethanol-ethanol mixture was re- 
moved, and the slides were left overnight to dry in a 40” C 
oven. 

Sections were deplasticized in a solution of equal volumes 
of xylene-chloroform for at least 30 to 60 minutes. There- 
after, standard staining protocols for paraffin sections were 
carried out, such as Goldner’s trichrome stain and resorcin- 
fuchsin as an elastin stain. 

Results 
Sectioning and staining. Several different stent materials, 

such as stainless steel, tantalum, and metal in combination 
with polymeric material, could be cut without difficulty. The 
intact MMA-embedded vessels containing the stems were sec- 
tioned at several intervals along their lengths. For every tis- 
sue level to be studied, approximately 10 sections were cut 
per stain (to allow for difficulty with stretching and adhering 
of the sections). Additional dry sections from each level were 
stored in case further analysis was required. The thickness 
of the stent wires (70-l 30 pm) did not pose any problem dur- 
ing sectioning, although the amount of scoring in the tissue 
sections varied among the different types of metal stents. The 
average time needed for trimming and sectioning of four tis- 
sue levels (i.e., 40 sections) with subsequent stretching and 
adhering to glass slides is approximately two hours. 

Following deplastination, hematoxylin-eosin, resorcin- 
fuchsin, and Goldner trichrome stainings were carried out 
according to standard protocols for paraffin sections. The 
results are illustrated in Figures 2 through 6. 

Figures 2 and 3 illustrate paraffin embedding of stented 
vessels compared with MMA embedding. The intact neoin- 
tima over the stent wires in Figure 3 is in stark contrast to 
that in Figure 2B. During sectioning the metal often scores 
the tissue, but the resulting damage is never such that it inter- 
feres with pathological assessment. As the sections are very 
thin, the metal may often dislodge from the section, leaving 
a void (Figure 4). However, small amounts of adherent cells, 
thrombus, and proteinaceous material remain present for 

evaluation of the blood and tissue response to the implant 
(Figures 4 and 5). The complicated and intricate design of 
some stents (e.g., the polymer-coated stems shown in Figures 
6A and 6B) means that removal of the stent wires would cause 
extensive damage to the vessel. Such removal would most cer- 
tainly involve the removal also of the polymer, with subse- 
quent loss of the delicate interface between the polymer and 
tissue and the metal and tissue. Such interfaces are well 
preserved with an MMA embedding technique, while dam- 
age to the vessel caused by the operator is kept to a mini- 
mum. The cellular detail of the inflammatory response to the 
polymer is clearly evident in Figure 6B. 

Various types of stents and stent materials were all suc- 
cessfully embedded in MMA and sectioned to give clear and 
detailed results. 

Discussion 
Over the last few years there has been a dramatic increase 

in the use of percutaneous implants, both in patients and in 
the experimental setting. The desire to achieve the “perfect” 
implant device has led to the development of numerous stent 
designs, the short- and long-term effects of which must be 
assessed prior to patient use. Histology is one of the key tech- 
niques to assess these short- and long-term effects. 

The behavior of a material as a vascular implant is dic- 
tated by the acute and chronic response to blood as well as 
the response of the vascular tissue to the foreign material. 
When studying the pathology of blood vessels containing metal 
or other endovascular prostheses, it is therefore important to 
study the interface between the prosthetic material and the 
surrounding tissue. This is especially true in studies of acute 
reactions to vascular implants, as the prosthesis is not incor- 
porated in the vessel wall and the amount of adherent cells 
and proteins is often limited. Removal of the prosthesis prior 
to histological processing usually results in loss of the direct 
stent-tissue interface. 

Implantation trauma can be another determinant for suc- 
cess or failure of an endovascular implant. As removal of the 
prosthesis often results in tears between the several tissue 
layers, this makes it difficult to assess whether the observed 
vascular damage is attributable to the implantation procedure 
or is a preparation artifact. This is a problem often encoun- 
tered in the assessment of paraffin sections of stented vessels. 

The procedures described in this paper obviate the need 
to remove the prosthesis prior to histological processing and 
allow for whole embedding of the arterial segments to be stud- 
ied. The technique requires no special apparatus, as old au- 
tomated paraffin tissue processors can easily be converted to 
MMA processing schedules. The microtome used in this study 
can also be adapted for paraffin sectioning. This therefore 
serves a dual function, reducing the need and the cost of 
having two separate instruments. The quality of the sections 
(3-5 pm) in terms of the staining, morphology, and architec- 
ture of the tissue is equal to that of paraffin sections but is 
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Figure 2. (A) View of a paraffin-embedded porcine coronary artery with the stem wires removed. 
Note the damage to the overlying neointima (arrows). (M = media; A = adventia. Goldner trichromc 
stain, original magnification x19.) (B) Detail of Figure 2A illustrating tissue damage when the stem 
wire is removed. The overlying neointima (N) is completely detached from the media (M). (.4 -- 
adventia. Hematoxylin-eosin stain, original magnification ~287.) 
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Figure 3. View of an MMA section of a plastic-embedded porcine coronary artery with the metal 
stent wires (arrowheads) in place and the overlying neointima (N) still intact. (M = media; A = 
adventitia. Resorcinol-fuchsin stain, original magnification ~29.) 

Figure 4. MMA section showing a stent wire void (*) with overlying thrombus (T) and adherent 
cells (arrow) still attached. Such detail is usually lost on removal of the wires prior to paraffin embed- 
ding. (Hematoxylin-eosin stain, original magnification ~579.) 



74 VAN BEUSEKOM ET AI.. 
PROCESSING FOR EVALUATION OF STENTED ARTERIES 

Figure 5. (A) View of an MMA section of a porcine coronary artery with a Palmaz-Schatz stent 
implant. Stent holes are indicated by the arrows. (Hematoxylin-eosin stain, original magnification 
~29.) (B) Detail of Figure 5A showing a stent hole with proteinaceous material (arrow) still present. 
(Hematoxylin-eosin stain, original magnification x579.) 
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Figure 6. (A) MMA section of a porcine coronary artery with a polymer-coated Wiktor stent im- 
plant. The polymer coating (arrows) is clearly evident between the stent wires (urrowheds). (M = 
media; A = adventia. Hematoxylin-eosin stain, original magnification ~29.) (B) Detail of polymer 
with adherent cells (arrow) and proteinaceous material (P) still attached. (Hematoxylin-eosin stain, 
original magnification ~287.) 
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better than that of sawing sections (10 pm), for which only 
limited stainings are possible and magnification and resolu- 
tion at higher power are not possible because of section thick- 
ness. The major advantage of this technique over paraffin tech- 
niques is that the prosthesis is not removed, allowing the 
delicate interface between the tissue and prosthesis to remain. 
It is considered to create less preparation artifact than paraffin 
processing and is less time consuming than sawing and grind- 
ing sections. Although the metal can score the sections to some 
extent, the resulting damage is never such that it interferes 
with pathological assessment. 

Conclusion 
The procedure described in this paper is a rapid and prac- 

tical method for evaluating the histology of stented blood ves- 
sels, allowing a detailed analysis of the tissue reaction to vas- 
cular implants while leaving the prosthesis in place. 
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