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1. Introduction
Tracheostomy, most commonly carried out in intensive 
care settings, is a life-saving tool for modern physicians 
[1,2]. In spite of its broad range of indications, there are 
only two absolute contraindications: significant skin or 
soft tissue infections and conditions leading to distorted 
anatomy. Tracheostomy is indicated for ventilator-de-
pendent patients to facilitate ventilator weaning. Addi-
tionally, it allows convenient access for pulmonary toilet-
ing, reduces the need for sedatives, promotes patient com-
fort, reduces the risk of long-term sequelae of endotracheal 
tube placement, and potentiates intensive care unit (ICU) 
discharge [3].

Unfortunately, tracheostomy is also associated with 
appreciable morbidity, with reported complication rates 
of 8%–45% [3,4]. Tracheostomy-related complications 
include early and late complications. One of the most 
devastating late complications is benign tracheal steno-

sis, which can occur following prolonged intubation and 
tracheostomy.

Mitomycin-C (MMC) is an antitumor and antimitotic 
drug that is derived from Streptomyces caespitosus. It has 
an antineoplastic and angiogenesis properties that break 
DNA cross-linking like alkylating agents. At higher 
concentrations, it inhibits protein and RNA synthesis 
[5]. MMC inhibits in vitro fibroblast proliferation, causes 
apoptosis in fibroblasts, and prevents the formation of 
scars and fibrosis in humans. Although MMC can be 
toxic when administered systemically, the  topical appli-
cation prevents systemic toxicity [6]. Its effects have been 
tested during surgical treatments for pterygium, upper 
urinary tract urothelial tumors, endoscopic sinus proce-
dures, maxillary antrostomy, and dacryocystorhinostomy 
[7]. We aimed to investigate the effects associated with 
topical application of MMC after conventional trache-
ostomy in a rabbit model.

Background/aim: We aimed to investigate the topical application of mitomycin-C (MMC) after the conventional tracheostomy in 
a rabbit model.
Materials and methods: Twenty-four male New Zealand White rabbits were randomly divided among 3 equal groups (n: 8). Trache-
ostomies were performed on 16 subjects. Group 1 which served as a control for all tracheal measurements. After tracheostomy, we 
applied sterile saline (group 2) or MMC at 0.8 mg/mL (group 3) around the tracheotomy site for 5 min. At the 3rd week after surgery, 
all tracheas were subjected to morphometric and histopathological examinations, including tracheal lumen diameter (LD), number 
of capillary vessels (CV), subepithelial tissue thickness (SETT), fibroblasts, and inflammatory cells (IC).
Results: There was a statistically significant difference between the two tracheostomy groups themselves and the control group for LD (p 
= 0.035), CV (p = 0.006), SETT, fibroblasts, and IC (p < 0.001). Histopathological analysis showed the decreased LD, CV, SETT, IC, and 
fibroblasts compared to MMC with tracheostomy groups. MMC was more effective than saline for LD, CV, SETT, IC, and fibroblasts.
Conclusion: Wound healing modulation may prevent scar formation. Fibrosis decreased following tracheostomy in the group treated 
with MMC. Fibroblasts appear to be key cells mediating these effects.
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2. Materials and methods
Twenty-four male, 24-week-old New Zealand White rab-
bits were used for this study and were randomly divided 
among 3 groups. All animals received humane care and 
were used in compliance with standards established by the 
European Convention for Animal Care and Use of Labo-
ratory Animals. The rabbits were fed a standard pelleted 
diet and were allowed to access tap water ad libitum. The 
animals were housed in standard individual cages on a 12-h 
light/dark cycle at room temperature in a humidity-con-
trolled environment. The local Animal Ethical Commit-
tee approved all study-related procedures. This study was 
approved and funded by the School of Medicine Animal 
Care and Investigational Committee at our institution.
 2.1. Groups
Each of the three equal groups contained eight rabbits. 
Group 1 served as a control for tracheal measurements. 
After the tracheostomy, we applied either sterile saline 
(group 2) or MMC at 0.8 mg/mL (group 3) (Mitomycin-C 
Kyowa 10 mg/flk, Kyowa Hakko Kogyo Ltd. Tokyo, Japan) 
for 5 min.
2.2. Anesthesia
General anesthesia was induced with ketamine HCl (Ket-
anest, Pfizer Pharma GmbH, Karlsruhe, Germany), 15–
20 mg/kg i.v. or 20–25 mg/kg i.m. moreover, maintained 
with xylazine (alfazyne 2%; Alfasan International. BV, 
Woerden, Netherlands) 0.5–1 mg/kg i.v. or 1–2 mg/
kg i.m. If needed, standard doses of ketamine HCl or 
xylazine were repeated upon the emergence of reflex re-
sponses (pedal reflex, palpebral, and corneal reflexes) to 
maintain a constant anesthesia depth. Body temperature 
was monitored by inserting a heat probe into the ECG and 
rectum by the aid of needle electrodes. Heating lamps were 
used to keep the animals at 37 ± 5 °C body temperature 
during the surgical preparation and working periods. The 
mean anesthesia time was 12–15 min for each rabbit. 
No animals were treated with any local or systemic an-
tibiotics.
2.3. Operative technique
Under general anesthesia, all rabbits were placed in the 
supine position on the operating table while breathing 
spontaneously. Their necks were shaved and cleaned 
with povidone-iodine solution. A vertical midline cervi-
cal incision performed over the larynx after infiltrating 
with 1% lidocaine and with 1:100000 epinephrine (Jeto-
kain Simplex ampule; Adeka Pharmaceutical Company, 
İstanbul, Turkey). The strap muscles were divided along the 
median raphe to allow exposure of the larynx, cricoid, and 
superior trachea. A horizontal incision was made under 
the cricoid, at the level of 2nd or third 3rd rings (Figure 1). 
A sterile tube from the intubation set was introduced into 
the trachea and fixed to the strap muscle (Figure 2). Then, 

the skin was sutured with 4/0 silk suture. Classic trache-
ostomy was performed on 16 rabbits. Group 1 served as 
a  control for tracheal measurements. After tracheostomy, 
group 2 rabbits had sterile saline applied topically, with 
cotton pledgets, around the tracheostomy tube site for 5 
min. For group 3, MMC (0.8 mg/mL) was applied topically, 
using cotton pledgets, for 5 min.
2.4. Postoperative care and follow-up
Pain control in animals was provided with tradomol HCl 
(contramal, 100 mg, 2 mL, Abdi Ibrahim Ltd., Istanbul, 
Turkey) 1–2 mg/kg/day i.m. for 5 days during the postop-
erative period. The animals were followed-up for 3 weeks 
after surgery. All animals were painlessly euthanized with 

Figure 1. A horizontal incision was made under the cricoid at the 
level of trachea.

Figure 2. The tube obtained in sterile conditions from intubation 
set was introduced into the trachea and the tube fixed to the 
strap muscle.
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a lethal intravenous (IV) dose of nonbarbiturate anesthetic 
(ketamine/xylazine), according to instructions established 
by the latest report of the American Veterinary Medical 
Association (AVMA) Panel on Euthanasia. The anesthetic 
dose used was three times that necessary for euthanasia 
[8].
2.5. Pathological evaluation
The larynx and trachea that were acquired from each sub-
ject were immediately fixed with 10% buffered formalde-
hyde. The tracheotomy sites of each specimen were cut 
transversely into 3 mm sections (5 sections per material). 
Samples were processed according to the autotechnician 
process, embedded in paraffin wax, and cut into 5 μm sec-
tions by a rotary microtome. Tissues were mounted on 
slides and stained with hematoxylen and eosin (H&E) and 
Masson’s trichrome. These tissues were examined under 
a Nikon Eclipse E400 light microscope (Nikon Corpora-
tion. Minato Ku, Tokyo Japan). The slides were photo-

graphed using Nikon Coolpix 5000 photographic attach-
ment (Nikon Corporation). Photographs of the Nikon 
micrometer microscope slides (Nikon Stage Micrometer 
MBM11100) were also taken during the procedure. All 
photographs were then transferred to a computer and 
subjected to morphometric examination. The length was 
calibrated using a photograph of the Nikon microm-
eter microscope slide, which was taken under the same 
magnification. Tracheal lumen diameters (LD) (Figure 3) 
and subepithelial tissue thickness (SETT) (Figure 4) were 
measured with the Clemex Vision Lite 3.5 image analysis 
program (Clemex Technologies Inc. Longueuil, Quebec, 
Canada). We designated 0.25 mm square areas using the 
Clemex Vision Lite 3.5 image analysis system. Fibroblasts, 
inflammatory cells (IC), and capillary vessels (CV) were 
marked and automatically counted with the same image 
analysis system. The H&E sections were used to analyze 
IC. Other measurements were performed on Masson’s 

Figure 3. Tracheal lumen diameter is measured at the 20-fold magnified area in tissue samples by Clemex Vision Lite 3.5 image analysis 
system. The measurement is made on the narrowest line in the midline. 
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trichrome stained sections. Damaged cells were excluded 
from the evaluation. All slides were examined by the same 
pathologist, in a blinded fashion.
2.6. Statistical analysis
Data was assessed using the SPSS v.18.0 portable for Win-
dows programme (SPSS Inc, Chicago, IL, USA). Data not-
ed at 3 weeks posttracheostomy are expressed as medians 
and interquartile ranges. Between-group comparisons 
were made by the Kruskal–Wallis Test. The Mann–Whit-
ney U-test was used to compare the control and saline/
MMC groups. A p-value < 0.05 was used to indicate a sig-
nificant difference.

3. Result
Regardless of the cause of death, dead animals were re-
placed with new ones. Twenty-four rabbits were included 

in our experiment, and all lived to the end of the 3 weeks. 
There were no instances of skin reaction, wound infec-
tions, or bleeding around the surgical sites during the 
perioperative period. No local complications attributable to 
MMC were encountered.

There was a statistically significant difference (p ˂ 
0.035) between the groups in LD. In group 1, LD was 
3198.8 (3027.3–3926.9). A maximum diameter loss of 
2530.3 (1415.3–2897.5) was detected in group 2, and a loss 
of 3243.3 (2148.6–3771.9) was found in group 3. Because 
of the lack of between-group differences in LD between the 
MMC and control groups, it appears that MMC did not 
prevent lumen diameter loss.

Differences in SETT were statistically significant (p ˂ 
0.006). In the control group, SETT was 168.3 (94.3–281.1). 
The highest increase in SETT was in group 2, with 516.1 

Figure 4. Subepithelial tissue thickness is measured at the 20-fold magnified area in tissue samples by the same image analysis system. 
The thickness is measured in a few places during the measurement, and the average is calculated automatically by the Clemex Vision 
Lite 3.5 image analysis system.
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(327.3–741.1). This was followed by group 3, with 298.9 
(243.9366). Compared with the control group, SETT was 
increased by 3-fold in group 2 and 1.7-fold in group 3.

Between-group differences in IC were statistically sig-
nificant (p ˂ 0.001). We detected 10 (6.5–16) ICs in the 
control group. The highest increase in IC was in group 
2, with 229.5 (48.5–454), followed by group 3, with 34 
(30.5–39). Compared with the control group, there was a 
23-fold increase in IC for group 2, and a 3.4-fold increase 
in IC for group 3.

There were statistically significant between-group 
differences (p ˂ 0.001) in the CV. In the control group, 
we detected 4 (2–6) CVs. The highest increase in CV was 
group 2, with 19 (15– 29.5), followed by group 3, with 8 
(6–9). Compared with the control group, CV was increased 
five-fold in group 2 and two-fold in group 3.

There were statistically significant between-group 
differences (p ˂ 0.001) in the number of fibroblasts. In 
the control group, we detected 5 (3.5–8) fibroblasts. The 
highest increase in fibroblasts was in group 2, with 30.5 
(21–36), followed by group 3, with 10 (8.5–14) fibro-
blasts. Compared with the control group, fibroblasts were 
increased by six times for group 2, and 2.4 times for group 
3.

There was a statistically significant difference between 
IC, CV, and fibroblasts in group 1 (control) and group 2 
(tracheostomy + sterile saline). P-values were 0.007, 0, 
042, and 0.037, respectively. LD (p = 0.730) and STT (p 
= 0.068) differences in the same groups could not be de-
tected. LD, STT, IC, CV, and fibroblasts were significantly 
different in group 1 (control) and group 3 (tracheostomy 
MMC). P-values were 0.009, 0.024, 0.013, 0.014, and 0.023, 
respectively. In group 1 (tracheostomy sterile saline) and 
in group 3 (tracheostomy MMC), there was a statistically 
significant difference between IC, CV, and fibroblasts, but 
not LD and STT. P-values are 0.111, 0.111, 0.006, 0.006, 
and 0.02, respectively.

All the above values are listed in Table. MMC was more 
effective than saline for LD, SETT, IC, CV, and fibroblasts.

4. Discussion
Surgery and trauma unavoidably cause scarring, particu-
larly in circular organs. These processes including trache-
ostomy can incite complications, including the forma-
tion of fibrotic tissue such as stenosis [6]. Tracheal steno-
sis (TS) is a significant reduction in the tracheal lumen, 
life-threatening and largely preventable. Today, MMC is 
used successfully in various surgical fields, including oph-
thalmology, otorhinolaryngology, and urology to prevent 
scar formation. As shown in our study; fibroblasts are 
one of the critical cells in scar formation, but they are not 
unique. MMC can be used to prevent the development of 
antiproliferative activity and stenosis in a limited dose and 
time [6,9]. 

TS is a potentially life-threatening condition, it lowers 
the quality of life, and, for clinicians it is the most chal-
lenging complication encountered in airway surgery [10]. 
Thankfully, clinically significant stenosis is very rare and 
occurs in less than 2% of patients, however, its world-
wide incidence remains unknown [11]. While several 
treatments have been used for tracheal stenosis, these 
tend to fail due to the new scar formation and resteno-
sis through either the persistence of the chronic inflam-
matory processes that caused the initial stenosis or as an 
iatrogenic result of surgical intervention [12]. Because 
of the MMC’s effect on fibroblast proliferation in TS, 
many in vitro and in vivo studies are available. However, 
Wang et al. have not recommended its use because of 
increasing anastomosis complications after resection. In 
another study, Gangar et al. used MMC for 16 years, but 
it has not been proven to be useful. The result is that the 
utility of MMC remains hypothetical and its future role 
is unclear [13]. Wang et al. evaluated 263 patients with 
idiopathic subglottic stenosis, over a period of 42 years. 
MMC was administered to 27 patients (11.4%) in the form 
of endobronchial injection without the mention of dose 
and duration of administration, and steroids were given 
to 12 patients (5%) over 40 years. Importantly, ste-
roids can lead to anastomotic complications, as noted 
in the literature [14]. Gangar et al. studied pediatric airway 

Table. Comparison of experimental group parameters.

Group 1
( control )

Group 2
( tracheostomy + sterile saline)

Group 3
( tracheostomy + MMC) p- value

Tracheal lumen diameter* 3198.8 (3027.3–3926.9) 2530.3 (1415.3–2897.5) 3243.3 (2148.6–3771.9) 0.035
Subepithelial tissue thickness* 168.3 (94.3–281.1) 516.1 (327.3–741.1) 298.9 (243.9–366) 0.006
Inflammatory cells**/*** 10 (6.5–16) 229.5 (48.5–454) 34 (30.5–39) <0.001
Capillary vessels **/*** 4 (2–6) 19 (15–29.5) 8 (6–9) <0.001
Fibroblasts**/*** 5 (3.5–8) 30.5 (21–36) 10 (8.5–14) <0.001

*μm; **μm/pixel; *** 0.25 mm2/ cell.
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diseases, and in a randomized, double-blind, placebo-con-
trolled study, they applied 0.4 mg/mL MMC for 2 min in 
24 patients. Their study was terminated and the treatment 
considered invalid. In a similar study, 0.5 mg/mL topical 
MMC was administered to 26 patients, either one or two 
times, here, the double application was found to be more 
beneficial. However, the authors attribute this to their use 
in more serious and difficult situations [15].

MMC can be used topically in surgical wounds, areas 
where excessive fibrosis formation can lead to functional 
impairment. MMC solution-soaked cotton can be applied 
to the operative area, with optimum control of the loca-
tion and duration of application. Although the ideal ap-
plication time and t h e  dose of MMC are still mat-
ters of debate, MMC has been successfully used as an 
adjunctive therapeutic agent to prevent excessive scarring 
in various surgical fields including ophthalmology, oto-
rhinolaryngology, and urology. Most human studies used 
a topical dose of 2–10 mg/mL, which is due to its his-
toric use in ophthalmological studies, and 0.1–0.4 mg/
mL, in animal studies. The application time varied from 2 
to 5 min. We decided to use MMC for the longest pe-
riod (5 min) reported in the literature, and at twice the 
upper dose used in animal studies. We, however, agree 
that humans can safely use and heal across a wider field 
of less-sensitive tissues, over repeated doses, and in higher 
concentrations [15]. In vitro, MMC inhibited proliferation 
of human fibroblasts at 1.6 mg/mL. This effect of MMC in-
creases with dose and, in animal models, in vivo cultures, 
and airway it is limited to 3 weeks. On skin, it is limited 
to 4 weeks [16]. Therefore, we limited our study period to 
3 weeks.

Even though TS is a small research area, it can threaten 
and lower quality of life. There are countless animal experi-
ments and patient series in the literature that used MMC. 
The studies affirming its usefulness are mostly retrospec-
tive and case presentation in nature. Low-doses and small 
patient cohorts have rarely been used prospectively. Ac-
cording to our best knowledge, only one English-language 
study examined SETT in response to topical application of 
MMC. Our experimental study on this subject will, there-
fore, be the second.

Wang et al. applied MMC to 27 patients (11.5%) over 
a 40-year research period. That is, less than one patient 

per year (0.675 patients per year); moreover, they did not 
specify the dose or form of administration. The efficacy 
of MMC is limited to 3 weeks, even in high doses, and has 
no effect in low-dose, heterogeneous, and small patient co-
horts.

We used MMC to prevent the formation of scar tissue. 
In accordance with the literature there were statistically 
significant differences between the tracheostomy and con-
trol groups for LD (p = 0.035), CV (p = 0.06), SETT, fibro-
blasts, and the number of lymphocytes (p < 0.001). We feel 
these effects were due to t he  high dose used. In addition, 
topical application prevented MMC from inciting local-
ized complications.

This study has some limitations. Firstly, as an experi-
mental animal study, our research results could differ if 
human tissues are used, therefore, additional prospective 
studies are needed.

Moreover, wound healing modulation may prevent 
scar formation but additional studies are needed to prove 
this. L ast ly,  fibroblasts are key cells, but t he y  are  not 
the only cells involved in these processes. Realistically, a 
single dose of medication is likely insufficient for prevent-
ing scar formation. In the future, more powerful and 
long-term derivatives of MMC and/or new drugs should 
be studied since MMC is a medication that has a dose and 
time restriction for antiproliferative activity on fibroblasts.
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