
Solutions for Materials Preparation, Testing and Analysis

By: Lynda Shepherd, Ian Chaplin, Janice Klansky, & George Vander Voort

Preparation of Intravascular Stent Thin Section

Introduction
Coronary stents are metallic frames that are expanded with a 
balloon catheter inside an artery that has closed, or appears likely to 
close, following coronary angioplasty. By propping open the artery, 
coronary stents restore sufficient blood flow to the heart muscle.

The inventor of the coronary stent was Charles Dotter, who 
developed his first stent in 1969. Charles Dotter continued to refine 
and develop his design and in 1983, together with Andrew Craig, 
invented an expandable stent made out of nitinol, a material that 
is frequently used in stents today (1). 

While the use of stents has become more commonplace, 
developing a better under-standing of the interaction between 
the human body and stents remains an important clinical problem. 
The study of different stent designs, materials, surface coatings, 
and adjunctive drug treatment requires detailed histological and 
immunohistochemical analyses of the stented vessel, especially at 
the tissue metal interface with the struts in situ. Figure 1 displays 
a normal arterial cross-section as well as the ideal stented arterial 
section with the wall architecture and stent struts intact.

Until recently, however, a scarcity of samples combined with the 
inherent difficulties in specimen preparation has limited analysis 
of the vascular response to stents. The work conducted by Malik 
et al. to provide specimens adequate for the detailed analyses is 
shared here with our customers in the hopes of aiding these very 
important efforts (2).

An experiment was designed to identify the most suitable 
cutting and grinding equipment, embedding resin and slides for 
producing thin sections of stented arteries. Examination would 
have to be possible with the stent wires in situ for histological, 
immunohistochemical and transmission electron microscopic (TEM) 
analyses. The experimental design compared five different resin 
systems and two sectioning techniques. Once the best parameters 
were determined, five additional stented arteries were prepared to 
confirm the viability of the technique for both experimental and 
clinical specimens. 

The development of these preparation techniques was motivated by 
the need to overcome certain limitations found with the traditional 
approaches. First, the metal tissue interface should remain intact 
since most cellular reaction to stents occurs immediately around 
the struts. Removing the metal before histological processing 
results in a loss of normal vascular architecture (3,4,5,6). Next, 
the substance chosen for specimen embedding should be able 
to maintain integrity when thinned to 5µm thick sections. The 
work previously done on stented arteries provided 50 to 100µm 
sections rather than the desired 5µm sections (7,8). Moreover, tissue 
immunoreactivity should be similar to that of paraffin embedded 
sections. Previous studies permitted some histological staining but 
there was no documented use of immuno-histochemical techniques 

or transmission electron microscopy with the struts in situ. 

Experimental Procedure 
Twenty balloon expandable stainless steel stents were used; 10 
Palmaz-Schatz stents (Cordis, Bracknell, UK) and 10 Biodiv Ysio 
stents (Biocompatibles, Farnham, Surrey, UK) were hand crimped 
onto standard 3.5mm (0.138”) coronary angioplasty balloons and 
deployed. The stented arteries were removed after approximately 
thirty days, flushed with saline, and immersion fixed in formal saline 
for two hours. 

Embedding
Sectioning and grinding of stented arteries can be performed only 
after embedding in resin. The five different resin systems for this 
study included epoxy, acrylic, methyl-methacrylate (MMA), and 
two brands of glycol-methacrylate (GMA). The manufacturer’s 
recommended embedding protocol was used for each resin. 

Figure 1. top) A normal arterial 
section. bottom) A stented arterial 
section showing preserved arterial wall 
architecture and stent struts in situ.
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For example, when using glycol-methacrylate, the stented tissue 
blocks were dehydrated in 100% (vol/vol) acetone and immersed 
in an infiltrating solution (50% benzolperoxide and hydroxyethyl 
methacrylate). A 1.18” (3 cm) long stented block required 10 ml 
of infiltrating solution for 16 to 24 hours at 4 °C (39 °F). Specimens 
were transferred into the embedding solution after infiltration. Then 
they were correctly orientated in polythene tubes and covered with 
embedding solution. The tubes were hermetically sealed for 24 
hours at 4 °C (39 °F). 

Softening of the resin was a concern due to the prolonged contact 
with water during the sectioning and grinding processes. In order 
to evaluate the resins for softening, resin blocks were immersed 
in water for up to four hours. This was equivalent to the time 
required to section half a stent. These tests were repeated with both 
embedded arterial tissue and embedded stented arteries. 

The strength of each resin and its ability to withstand continuous 
flushing were graded on an arbitrary scale. The epoxy, acrylic and 
methyl-methacrylate (MMA) all performed well. Resin shrinkage 
was also a concern since it could result in damage to the arterial 
tissue. A comparison was made using light microscopy between the 
resin and paraffin embedded arterial sections in order to quantify 
the shrinkage. The glycol-methacrylate resins displayed the least 
shrinkage.

Sectioning
Two different approaches were compared for cross sectioning 
the embedded stent: a horizontal rotary saw microtome and a 
high-speed linear precision saw, the IsoMet® 5000. In both cases, 
an abrasive rimmed metal blade was applied. With the harder 
resins, the microtome was able to produce 400µm sections of the 
stented arteries. Attempts to obtain thinner sections resulted in 
a loss of tissue architecture or stent wires. With the softer glycol-
methacrylate, the minimum section thickness with intact architecture 
was 600 to 800µm.

On the other hand, the IsoMet® 5000 Linear Precision Saw in 
combination with an IsoCut® blade was able to produce consecutive 
80-100µm sections of stented arteries embedded in the resins. These 
sections were then ground to 10-20µm without loss of architecture 
or stent wires. On average 12 to 14 sections per 15mm (0.59”) stent 
were produced. Details of the adopted procedure are listed below.

Prior to sectioning with the precision saw, the end surface of the 
resin block was ground using the MetaServ® 2000 Grinder-Polisher 
and fixed onto a slide using a contact adhesive. Perspex® slides 
were found to provide the best performance, exhibiting a greater 
adhesion of the resin embedded sections than the glass slides. The 
block was mounted onto the chuck of the IsoMet® 5000 Linear 
Precision Saw and a 100µm section was sliced from the slide end 
of the resin block. The block surface was then prepared for the 
next section. The process was repeated to give consecutive 100µm 
sections affixed to slides.

Further improvements to this method were achieved with the correct 
blade selection. Two common parameters to vary are the abrasive 
type/concentration and the blade size. In this case the blade size 
was varied. Adopting the smallest blade reduced kerf loss, defined 
as the amount of material lost or removed from the specimen 
due to thickness of the blade passing through the specimen. A 
variety of blades were tested ranging from 10 to 18cm in diameter 
and 80 to 300µm in thickness. In most cases, a decrease in the 
blade thickness corresponded with a decrease in the diameter. To 
prevent the smaller blade from bending or torquing during the cut, 
the blade supports (flanges) were also changed. Together, these 
changes to the IsoMet® 5000 Linear Precision Saw setup reduced 
the kerf loss from an estimated 300-350µm to less than 100µm. 
This enabled between 28 and 30 sections per 15mm (0.59”) stent 
to be reproducibly obtained.

Another important time saving feature of the IsoMet® 5000 Linear 
Precision Saw was the facility for regular blade maintenance using 

the integrated blade dressing mechanism. This eliminated the need 
for time consuming dismantling and cleaning of the blade, while also 
improving the efficiency of sectioning and minimizing sample waste.

Grinding
Next, each section was ground to the required thickness using the 
MetaServ® 2000 Grinder-Polisher. Silicon carbide abrasive papers of 
increasing fineness (320 (P400), 360 (P500), 400 (P800), 600 (P1200) 
and 1200 (P2500)) were used to grind each section to 10 –20µm. 
Finally sections were ground with 3µm paper and were ready for 
morphometric analysis.

To prepare the specimens for histological and immuno-histochemical 
staining, the specimens had to be ground to a thickness of 5µm. 
The manually prepared 10 –20µm thick sections frequently had 
an uneven surface and thickness which gave less than optimal 
histochemical analysis.

To prepare the specimens for histological and immuno-histochemical 
staining, the specimens had to be ground to a thickness of 5µm. 
The manually prepared 10 –20µm thick sections frequently had 
an uneven surface and thickness which gave less than optimal 
histochemical analysis. This problem was resolved with the 
portable Biothin™ Thin Sectioning Device (Part No. 38-2100). The 
Biothin Grinder allowed accurate and gentle grinding to produce 
5µm sections in the various resins tested. In each case, the tissue 
architecture was preserved with the stent wires in situ. Figure 2 
displays the individual struts as well as the varying spatial orientation 
of the cells.

Staining 
The performance of the resins varied greatly in the response to 
staining. While the epoxy, acrylic and methyl-methacrylate exhibited 
the highest strength and water resistance, they performed poorly 
in response to the histology and immunohistochemistry staining 
agents. The glycol-methacrylate on the other hand, produced good 
results with toluidine blue, haematoxylin and eosin, trichromatic, 
and polychromatic without unencapsulation. In addition, the 5µm 
sections showed excellent immunohistochemical char-acteristics 
and allowed α smooth muscle actin, vWF, vimentin and CD68 
antigen staining.

Discussion
Study of the vascular response to stenting had been limited to either 
paraffin embedded sections after stent removal or 50-100µm thick 
resin embedded sections with the implant in situ. Each method has 
its limitations. Removal of the stent before paraffin embedding 
results in loss of the normal arterial architecture. The previous 
method for sectioning methyl-methacrylate embedded stented 
arteries had two major drawbacks. First, there was considerable 
waste of the specimen, with only 10 to 14 sections per 15mm 
(0.59”) stent obtained. Second, while acceptable for morphometric 
analysis, the sections were too thick for detailed histological analysis. 
Previous attempts to achieve thinner sections caused disruptions of 
tissue architecture and loss of struts.

This study identified an appropriate embedding resin and slide 
selection in combination with a method for sectioning and grinding 
to produce 5µm thick thin-sections, allowing detailed histological, 
immunohistochemical, and TEM analyses. The tool kit used to create 
the thin sections included glycol-methacrylate, Perspex slides, the 
IsoMet® 5000 Linear Precision Saw, the MetaServ® 2000 Grinder-
Polisher, and the Biothin™ Thin Sectioning Device.

These preparation techniques will enhance understanding of the 
cellular response to clinical stenting, especially at the tissue stent 
interface. Furthermore, they will allow close evaluation of the 
expansion characteristics. Such observations may even lead to the 
development of improved stent designs.
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Tech-Tips
Question: I prepare many thin sections each day in my lab. What 
can I do to automate the process?

Answer: The grinding process can be automated on most semi-

automated polishers by using a Petrographic/Histolic Thin Section 
Slide Holder (Part No. 69-1584) and single force application. The slide 
containing the sectioned specimen is attached to the slide holder 
using double-sided tape. The individual slide holders are then placed 
in to the Single Force Slide Holder. Apply 3 to 5 psi depending on 
the rate of removal required. Evaluate the specimens at least every 
2 minutes until a procedure has been established.

Question: What can I do to limit abrasive from being embedded 
into the tissue part of the specimen?

Answer: First, vacuum impregnate the specimen with an epoxy, 
such as EpoThin® Low Viscosity Epoxy. Filling all of the pores will 
minimize crevices in which the abrasive can embed. Second, use 
fixed abrasives such as SiC paper rather than loose abrasives during 
the grinding process. 

Question: My primary focus is the construction of the stent rather 
than the tissue interface. Are there any changes I can make to save 
time in the preparation process?

Answer: You can save the most time by using EpoHeat as the 
mounting medium. EpoHeat is an epoxy that cures in 90 minutes at 
a temperature of 55°C. Yet you can mix batches once, and still use
them up to 4 hours later. With a viscosity approaching that of water, 
it is ideal for specimens requiring vacuum impregnation.

Question: How do I decide which precision diamond wafering blade 
is best for my application?

Answer: Two common parameters to consider are the abrasive 
size and abrasive concentration. The Buehler IsoMet® blades are 
inscribed with a series number: 5, 10, 15, 20 and 30. These numbers 
do not directly correspond to a linear scale. However, a higher series 
number does indicate a coarser abrasive. A general rule for cutting 
is the smaller the abrasive, the lower the resulting deformation. It 
is necessary though to take into consideration the material being 
sectioned and the size of the cross section. Some materials require 
a larger abrasive to be sectioned effectively.

The low concentration (LC) or high concentration (HC) label is 
a general description of the amount of diamond particles in the 
cutting edge of the wafering blade. Low concentration blades are
recommended for ceramics, ceramic-related carbides and brittle 
materials. These materials experience a cutting mechanism that 
has a fracture type effect. Fewer diamonds in the blade edge 
translates to more pressure per diamond which produces a larger 
cleaner fracture leaving a better finish on the cut surface and less 
microstructural damage to the specimen. Less damage translates 
to a reduced amount of preparation steps or time.

High concentration blades are recommended for most metals, metal 
related carbides and polymer materials. These materials experience a 
cutting mechanism that has a ploughing type effect. The diamonds 
plough through the sample and work hardened strips of material 
become brittle and break off. Therefore, it follows that the greater
number of diamonds by volume, the quicker the resulting cut will 
be. Increasing the number of diamonds also lowers the per unit 
force, thereby reducing the amount of deformation.

Figure 2. A higher magnification view of the individual struts (black). Note the 
varying spatial orientation of the cells.


