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lOcal inflaMMaTOrY reSPOnSe TO SuTure MaTerial 
in SurGical PracTice: eXPeriMenTal DaTa
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Objective: to study the effect of various types of suture materials, potentially suitable for cardiovascular surgery, 
on experimental surgical outcomes. Materials and methods. Polypropylene sutures (Prolene 6/0), titanium ni-
ckelide (TiNi) sutures (6/0) and absorbable polydioxanone sutures (Monoplus 6/0) were used in the study. Male 
Wistar rats were used for in vivo studies. The effect of suture materials on abdominal adhesions was studied. In 
vivo calcification process was examined, and response of blood components in contact with suture materials was 
also assessed in vitro. Results. There is a negative inflammatory response to suture materials. The severity of this 
response depended on the type of material used. Polypropylene sutures demonstrated the most severe inflamm-
atory response provoking massive adhesion formation. In addition, large calcium deposits were found both in the 
suture area and in the thickness of the biomaterial, stitched with prolene and implanted subcutaneously in the rats. 
Titanium nickelide sutures showed high hemocompatibility and biocompatibility. The Monoplus sutures caused 
minimal inflammatory response and provoked calcification of the biomaterial to a lesser degree. Conclusion. The 
suture material could have significant effects on surgical outcomes and could cause postoperative complications.
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inTrODucTiOn
Among unsolved challenges for cardiovascular surge-

ry, there are complications closely related to the quality 
of the used suture material [1–5]. Since the tissue reaction 
to suture material is similar to the response to implanted 
foreign body, it is natural that sutures of unsatisfactory 
quality can result in postoperative complications. After 
the suture material contacts surrounding tissues, a classic 
pathophysiological reaction to a foreign body develops, 
the essence of which is an inflammatory reaction [6, 7]. 
The intensity of this reaction and its consequences large-
ly depend on the chemical composition and structure of 
the suture material [1, 3, 6]. When suture material is used 
in vascular surgery, a large amount of such blood proteins 
as albumin, γ-globulins, and fibrinogen, are entrapped at 
the “prosthesis – patient artery” interface within a few 
minutes after the anastomosis is applied [7–9]. This is 
followed by the coagulation system and the complement 
system activation which can gradually lead to thrombus 
formation and aseptic inflammation [7, 8].

In Russia, the number of reparative surgeries on vari-
ous vascular basins is annually increasing; in particular, 
there is a significant increase in arterial reconstructions. 
In 2016, the total number of reoperations significant-
ly exceeded those in previous years and amounted to 
71,810, which is 20% more than in 2014, and 26% more 
than in 2012 [9, 10]. Thrombosis of the vascular graft is 
the most common complication after these operations. 
The reasons contributing to the thrombus formation in 

the anastomotic zone include damage to the vessel walls, 
especially the intima, as well as the presence of surgical 
suture material protruding into the vessel lumen, only 
aggravating the situation [11, 12]. In this regard, special 
requirements are imposed on suture materials directly 
contacting blood: they should not negatively affect blood 
and its components, i.e. should be maximally hemocom-
patible.

Cardiovascular surgery uses absorbable and non-ab-
sorbable sutures, but the most commonly applied suture 
material from the polyolefin group is polypropylene, 
which is considered to be highly inert and strong. At the 
same time, some researchers report that polypropylene 
sutures can cause a local aseptic inflammatory reaction 
which can turn into a chronic inflammatory process in 
the vascular anastomosis area and cause neointimal hy-
perplasia development [4, 5].

In addition to the development of neointimal hyper-
plasia, there are some life-threatening complications 
after the cardiovascular system surgery including such 
processes as calcification and adhesion, which also re-
sult from chronic inflammation in the surgery site [13]. 
When studying the long-term results of valved biolo-
gical conduits, the signs of calcification along the line 
of bioprostheses fixation have been noted, indicating a 
conceivable effect of suture material upon the minerali-
zation process [14]. In addition to all of the above, suture 
material can cause a pronounced adhesive process in the 
mediastinum which, in turn can lead to adhesions of the 
heart and large great vessels with the posterior surface of 



127

ReGeNeRATIVe MeDICINe AND CeLL TeChNOLOGIeS

the sternum. In cardiovascular surgery, the complication 
significantly increases the risk of serious adverse events 
in case of reoperation [15, 16].

Purpose: to perform a comparative analysis of the 
effect of biodegradable and non-biodegradable suture 
material on the development of postoperative compli-
cations in cardiovascular surgery.

MaTerialS anD MeThODS
In the present study, Prolene 6/0 (Ethicon, USA) su-

ture was used, most common in cardiovascular surgery. 
In comparison, the properties of absorbable suture ma-
terial of Monoplus 6/0 (B. Braun, Germany) polydioxa-
none recommended for use in pediatric cardiovascular 
surgery were evaluated [2].
In vivo studies were made on Wistar subpopulation 

male rats, 10 animals in each group. All manipulations 
with laboratory animals were carried out under inhalation 
isoflurane (2.0%) anesthesia in a clean operating room in 
accordance with the Interstate Standard, Guidelines for 
the Care and Care of Laboratory Animals, in compliance 
with the Rules for the Maintenance and Care of Labora-
tory Rodents and Rabbits (Russian GOST 33216-2014) 
and the Rules for the equipment of premises and orga-
nization of procedures (Russian GOST 33215-2014).

adhesion simulation
To study the role of suture material in the develop-

ment of the adhesive process, 3–4 stitches of absorbable 
and non-absorbable suture materials were applied to the 
parietal side of animal peritoneum (200–250 g weight) 
under sterile conditions. The animals were taken out of 
the experiment after 7, 14 and 28 days. The removed 
“peritoneum – suture material – adhesions” complexes 
were examined by light microscopy with Axio Imager.
A1 (Zeiss, Germany). The histological preparations were 
hematoxylin-eosin and Van Gieson stained.

Modeling accelerated calcification
Calcification was simulated using porcine aortic valve 

cusps preserved with ethylene glycol diglycidyl ether 
(EGDE) where several stitches of the test suture mate-
rials were applied. After that, biomaterial samples were 
implanted into the rat (55–65 g weight) subcutaneous 
pockets for 60 days. Ca amount in the removed samples 
was determined with Lambda-5100 (PerkinElmer, USA) 
atomic absorption spectrophotometer and calculated per 
1 mg of dry tissue. The biomaterial structure after sub-
cutaneous implantation was studied by light microsco-
py, and hematoxylin-eosin and Van Gieson staining of 
histological preparations.

Modeling systemic blood flow in vitro
The reaction of blood components upon contact with 

suture material was evaluated in in vitro test. For this, 

segments of the cattle internal thoracic artery preserved 
with EGDE were sutured with the polypropylene and 
polydioxanone-based material (forming a vascular ana-
stomosis). Then, the anastomoses samples (L = 6 cm; 
d = 4 mm) were fixed on the pipe fittings of the 205CA 
multichannel peristaltic pump (Watson-Marlow, UK). 
The lines with fixed samples were filled with fresh cit-
rated donor blood. The blood circulation rate was 0.04 
L/min at 37 °C, with 30 min contact time. The micro-
scopic assessment of the anastomosis area after contact 
with blood was studied by scanning electron microscopy 
(SEM) with S-3400N microscope (Hitachi, Japan). For 
this, a gold-palladium coating was applied to the studied 
sample surface by ion sputtering with the EmitechSC 
7640 vacuum post (Quorum Technologies, UK).

The quantitative data were processed by conventional 
statistical methods with STATISTICA 6.0 data analysis 
and visualization program for processing medical and 
biological information (StatSoft Inc., USA). The na-
ture of the distribution in the samples was assessed with 
Kolmogorov–Smirnov test. Distribution in the groups 
differed from normal (p < 0.01). Data are presented as 
mean and error of the mean. The statistical significance 
of the differences between two independent groups was 
assessed with Mann–Whitney U-test; the differences 
were considered significant at a significance level of 
p < 0.05.

reSulTS
Macroscopic description

7 days after surgery, adhesions were formed in the 
abdominal cavity of the animals, tightly clinging to the 
suture material. The adhesions corresponded to the phase 
of novice adhesions and had a loose structure. The most 
pronounced inflammatory reaction of the surrounding 
tissues was observed when polypropylene sutures were 
used, the adhesions had a denser structure and were se-
parated only by sharp dissection (Fig. 1, a). A signifi-
cantly less inflammatory reaction was observed with 
the biodegradable Monoplus suture (Fig. 1, b). The ad-
hesion process with the polydioxanone suture was less 
expressed in the entire study group. The adhesions had a 
filmy, non-cohesive structure which could be separated 
by blunt dissection.

The macroscopic examination of the removed valves 
preserved with EGDE and stitched with Prolene and Mo-
noplus sutures showed the presence of calcium deposits 
in the biomaterial thickness. Calcification was observed 
in all test samples, but its size varied depending on the 
type of suture used. In the intact samples preserved with 
EGDE (control), Ca was absent indicating that it was 
the suture material that caused the calcification of the 
test samples.
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Fig. 1. The rate of adhesion formation after using a different suture material: a – Prolene; b – Monoplus

Fig. 2. Histological sections of the adhesion-peritoneum following the use of different suture material: a – Prolene; b – Mono-
plus. Stained with hematoxylin-eosin, ×200

а b

а b

histology
Histological examination of the removed fragments 

showed granulation tissue formed in large amount around 
the sutures and massive lymphocytic infiltration with the 
formation of blood vessels. Smooth muscle cells were 
found in histological sections. This pattern is especially 
characteristic for Prolene sutures (Fig. 2, a). Collagen 
fibers were fragmented, had a loose fibrous capsule with 
a large number of capillaries indicating a pronounced 
inflammatory process around the suture material. The use 
of polydioxanone biodegradable sutures made it possible 
to minimize the destruction of collagen fibers and reduce 
the number of inflammatory cells in the peri-suturing 
area (Fig. 2, b).

Microscopic examination of the cusp tissue revealed 
large and small granular calcium deposits, mainly in the 
peri-suturing zone. Hematoxylin-eosin staining of the 
samples confirmed the presence of calcium phosphate. 
In the samples with Monoplus sutures, fine-grained cal-
cium deposits were revealed, mainly around the suture 
material and in the spongy layer (Fig. 3, b). Outside the 
calcifications, collagen fibers retained crimp and com-
pact arrangement. When using the Prolene suture, large 
calcium deposits were detected both in the suture ma-
terial and in the thickness of the biomaterial (Fig. 3, a). 
With large calcium deposits, collagen fibers acquired a 
loose arrangement, fragmented in places.
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Quantifying calcium level in explanted 
samples

2 months after implantation, the quantitative deter-
mination of the Ca level in the test samples confirmed 
that the use of polypropylene sutures largely provokes 
Ca accumulation in the biomaterial. In samples with 
Prolene sutures, Ca level was 151.2 ± 4.8 mg/g, while 
in the control samples of cusps preserved with EGDE 
without suture material, Ca level slightly exceeded me-
tabolic and amounted to 2.4 ± 0.35 mg/g (p < 0.05). With 
Monoplus suture material, Ca level in the biomaterial 
was significantly lower than with Prolene, of up to 36.0 ± 
3.1 mg/g (p < 0.05).

Fig. 3. Formation of calcification around retained suture material: a – Prolene; b – Monoplus. Stained with hematoxylin-eosin, 
×200

а b

Са2+

Са2+

SeM
When examining by scanning electron microscopy, 

after their contact with blood, the anastomoses areas 
performed with two types of suture materials, a notice-
able difference in the structure of protein deposits was 
found. The data obtained after 30 min of contact of the 
samples with blood showed that deposits of proteins with 
blood corpuscles appear in the anastomoses area. When 
using Prolene suture, the protein deposits were the most 
massive, with a loose and coarse structure (Fig. 4, a). 
Anastomosis with the polydioxanone suture had less 
loose protein deposits (Fig. 4, b).

Fig. 4. Scanning electron microscopy of anastomotic sutures: a – Prolene; b – Monoplus, ×50

а b
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Fig. 5. Scanning electron microscopy of anastomotic sutures: a – Prolene; b – Monoplus, ×500

а b

The differences in the reaction of the blood cell 
elements to the suture material are most clear at 500x 
(Fig. 5). The surface and surroundings of the polypropy-
lene suture, significant fibrin and erythrocytes accumu-
lations were seen, partially transformed into spherocytes 
and echinocytes (Fig. 5, a). The change of the disc-shaped 
form of erythrocytes into spherocytes or echinocytes is 
due to a negative effect, i.e. the erythrocytes reaction to 
a foreign body, while the transformed membrane of the 
altered erythrocyte tends to hemolysis [19].

The surface of the polydioxanone suture had a thin 
fibrin fibers network on which erythrocytes, partially 
transformed into echinocytes and spherocytes, were ad-
hered (Fig. 5, b).

DiScuSSiOn
The comparative analysis of two types of surgical 

suture material showed the advantage of a biodegradable 
suture over polypropylene. The obtained results are con-
sistent with the data of other studies which showed that 
polypropylene suture caused a more intense inflammato-
ry response compared to biodegradable suture material 
[2, 13, 18]. A pronounced adhesion process, calcifica-
tion, transformation of erythrocytes into echinocytes 
provoked by suture material based on polypropylene 
indicate a negative effect of the suture. The transfor-
mation of erythrocytes into echinocytes indicates low 
hemocompatible properties of the polypropylene suture, 
since such changes in erythrocytes are observed mainly 
during extensive surgical interventions [19] and can lead 
to violations of the aggregation characteristics of blood, 
increasing its viscosity, and as a consequence, increased 
risk of thrombosis of the vascular anastomosis area.

The use of a biodegradable polydioxanone suture 
material led to a lesser inflammatory reaction, and as 

a consequence, less calcification of tissues in the peri-
suture area. The adhesion process based on tissue injury 
as well as a reaction to the suture material showed a sig-
nificant advantage of the biodegradable suture material 
over polypropylene suture. The evaluation of the effect 
of Monoplus suture on protein sorption in the vascular 
anastomosis area did not show significant advantages 
over polypropylene suture; nevertheless, the absence of 
transformed blood cells indicates higher hemocompa-
tible properties of polydioxanone sutures.

cOncluSiOn
The results of the present study show the negative 

reaction to the suture material and the degree of its se-
verity depending on the type of material used. The most 
striking inflammatory response was demonstrated by 
polypropylene-based suture material, while it is poly-
propylene suture that is widely used in cardiovascular 
surgery. The polypropylene suture also significantly en-
hances the inflammatory response, adhesion, and calci-
fication of the surrounding tissues. The biodegradable 
polydioxanone-based suture material has demonstrated 
significant advantages over polypropylene sutures. Mo-
noplus suture causes less inflammation, calcification, 
and adhesion.
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