
Introduction
Aortic valve replacement (AVR) is usually per-

formed using conventional median full sternotomy. 
Recently, however, the number of high-risk patients 
(i.e., elderly patients, and those with chronic obstructive 
pulmonary disease, diabetes mellitus, or dialysis) has in-
creased, particularly in relation to those presenting with 
aortic stenosis. For over 10 years, there has been grow-
ing interest in decreasing surgical trauma, and this prin-
ciple is known as a minimally invasive approach. Since 
Cosgrove and Sabik [1] described a minimally invasive 
approach for AVR using parasternal thoracotomy, sever-
al researchers have continued to present different types 

of minimally invasive approaches. One such approach 
is upper ministernotomy, which has several advantages 
compared to standard full sternotomy, including better 
cosmetic outcomes, less post-operative pain, reduction 
of morbidity, and shorter hospital stays [2-4]. However, 
the precise benefits of using a minimal approach in AVR 
surgery are highly debated and controversial.

Surgeons in our institution started employing up-
per ministernotomy as a minimally invasive approach 
(reverse-L upper ministernotomy) in September 2011. 
The purpose of the present study was to compare the 
outcomes of patients undergoing ministernotomy or 
conventional full sternotomy for AVR.
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ABSTRACT 

Objectives: The prevalence of aortic valve disease is increasing. The purpose of this study was to compare the outcomes 
of patients undergoing ministernotomy versus conventional full sternotomy for aortic valve replacement (AVR). 
Materials and Methods: Between May 2009 and November 2013, 59 consecutive patients underwent AVR in our institu-
tion; 27 patients received upper ministernotomy (Group M), and 32 received conventional median full sternotomy (Group 
F). Pre-operative characteristics, aortic valve pathology, and left ventricular function in both groups were similar. 
Results: No differences were found in mean operation time, volume of blood loss, mean cardiopulmonary time, aortic 
clamp time, transfusion rate, or mortality and morbidity rates. However, the amount of red blood cells used in transfusion 
was significantly less in Group F than in Group M (7.3 ± 4.5 vs. 4.6 ± 3.3 units, P = 0.015). 
Conclusions: Although ministernotomy can be safely used for AVR without prolonging operative or cardiopulmonary time, 
no significant advantages were discerned for choosing ministernotomy over conventional full median sternotomy.
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Introduction
DM may lead to some ischemic conditions such as 

coronary artery disease, peripheral artery disease and 
retinopathy. It is characterized by a hyperglycemia that 
may cause microvascular and/or macrovascular com-
plications over time. Although diabetic retinopathy is 
its most common complication and neovascular glau-
coma, refractive changes[1] and various corneal dis-
orders may be also seen. These include dysfunction in 
the corneal endothelium, desensitization[2], stromal 
and subbasal nerve abnormalities[3], low endothelial 
density and hexagonality[4], increased corneal autoflu-

orescence[5], fragility that is raised with the decrease 
in corneal sensitivity, recurrent epithelial erosions, 
epithelial edema, desensitization and neurotrophic ul-
cers. Following argon laser iridotomy and intraocular 
surgery, endothelial dysfunction and persistent stro-
mal edema were the other corneal disorders that we 
were found in DM patients[6, 7]. It was noticed in 
many publications[8-16] that central corneal thickness 
(CCT) is increased in adult diabetes mellitus patients. 
However, this increase was not observed in some of 
the studies, [17-19]. In the studies that were done on 
the children with T1D, it was detected that in general 
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Increased of Langerhans Cells in Smokeless 
Tobacco-Associated Oral Mucosal Lesions
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Consolaro1, Alberto Consolaro1

Abstract

Objective: To evaluate the changes in the number of Langerhans Cells (LC) observed in the epithelium of 
smokeless tobacco (SLT-induced) lesions. 
Methods: Microscopic sections from biopsies carried out in the buccal mucosa of twenty patients, who were 
chronic users of smokeless tobacco (SLT), were utilized. For the control group, twenty non-SLT users of SLT 
with normal mucosa were selected. The sections were studied with routine coloring and were immunostained 
for S-100, CD1a, Ki-67 and p63. These data were statistically analyzed by the Student’s t-test to investigate the 
differences in the expression of immune markers in normal mucosa and in SLT-induced leukoplakia lesions. 
Results: There was a significant difference in the immunolabeling of all markers between normal mucosa 
and SLT-induced lesions (p<0.001). The leukoplakia lesions in chronic SLT users demonstrated a significant 
increase in the number of Langerhans cells and in the absence of epithelial dysplasia. 
Conclusion: The increase in the number of these cells represents the initial stage of leukoplakia. 
Key words: Smokeless tobacco, leukoplakic lesions, cancer, langerhans cells, chewing tobacco.

Introduction

Among tobacco users, there is a false be-
lief that SLT is safe because it is not burned, 
which leads many people to quit cigarettes 
and start using SLT [1]. However, SLT con-
tains higher concentrations of nicotine than 
cigarettes and, in addition, nearly 30 carci-
nogenic substances, such as tobacco-specific 
N-nitrosamines (TSNA), which is formed 
during the aging process of the tobacco, [2-4] 
and which presents high carcinogenic poten-
tial. Moreover, because the tobacco has direct 

contact with the oral mucosa and creates a 
more alkaline environment, its products may 
even be more aggressive to tissue [5]. The 
percentage of SLT users is lower compared 
to cigarette users; however, usage is increasing 
among young individuals and it is therefore a 
significant and disturbing danger [6,7]. 

Initial studies on the effects of SLT on the 
oral mucosa demonstrated the formation of 
white lesions induced by chronic exposure to 
tobacco, characterized by epithelial thicken-
ing, increased vascularization, collagen altera-
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ABSTRACT 

Objective: To research whether central corneal thickness (CCT) of children with Type 1 diabetes mellitus (T1D) is different 
from healthy children at same age group and whether metabolic control has an effect on corneal thickness. 
Materials and methods: The children with T1D who applied to our outpatient department with the aim of controlling for 
possible diabetes complications and who had no diabetic retinopathy were prospectively evaluated. The healthy children 
from the same age group who applied to our outpatient setting for eye control and who had no systemic or eye disease were 
included in the control group. The CCT of all children was measured with ultrasonic pachymeter with topical anesthesia. 
Findings: While the corneal thickness for healthy children was 554.25±42.85 (500 – 678 µ), the average corneal thickness 
for diabetic children was 567.38±33.28 (487 – 628 µ). A significant difference was detected for average corneal thickness 
(Z=-2.040 p=0.041). No relation was detected between the central cornea thickness and the duration of diabetes (t=1.418 
p=0.168), average HbA1C level (t=1.261p=0.218), hyperglycemia (t=0.228 p=0.821) and hypoglycemia attack number 
(t=-0.332 p=0.743). 
Result: CCT is increased in the patients compared to the control group even before DM has developed a retinopathy. 
A relation of this increase with period of diabetes, HbA1C level and hypoglycemia attack number could not be detected. 

Key words: Central corneal thickness, type 1 diabetes mellitus
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Materials and Methods
Between May 2009 and November 2013, 59 con-

secutive patients with aortic valve pathology under-
went AVR in our institution. We excluded patients who 
had undergone concomitant mitral valve surgery or 
coronary artery bypass grafting. Group M consisted of 
27 patients who underwent AVR using reverse-L upper 
ministernotomy, and Group F consisted of 32 patients 
who underwent AVR using conventional median full 
sternotomy.

Table 1 shows pre-operative patient characteristics. 
Mean patient age was 78.0 ± 9.0 years (range 50-87 
years) in Group M, and 74.5 ± 11.7 years (range 41-
88 years) in Group F. There were 5 male patients in 
Group M and 13 in Group F. There were no significant 
differences in age or gender between the two groups. 
In addition, no differences in histories of hypertension, 
diabetic mellitus, hyperlipidemia, and chronic renal 
failure between the groups were observed. Renal insuf-
ficiency was defined as serum creatinine levels of 1.5 
mg/dl or greater. Mean body surface area (BSA) was 
significantly smaller in Group M than in Group F (P = 

Table 1. Preoperative patient characteristics.

Group M Group F P

N 27 32

Age (years) 78.0±9.0 74.5±11.7 0.215

Male (%) 5 (18.5) 13 (40.6) 0.068

Body surface area (m2) 1.41±0.16 1.53±0.21 0.021*

Hypertension (%) 18 (66.7) 21 (65.6) 0.927

Diabetic mellitus (%) 6 (22.2) 6 (18.7) 0.639

Hyperlipidemia (%) 8 (29.6) 5 (15.6) 0.272

Chronic renal failure (%) 3 (11.1) 1 (3.1) 0.265

Emergency operation (%) 0 1 (3.1) 0.330

Aortic valve pathology

Stenosis (%) 12 (44.4) 20 (62.5) 0.288

Insufficiency (%) 8 (29.6) 7 (21.8) 0.699

Mixed (%) 7 (25.9) 5 (15.6) 0.428

APG max (mmHg) 83.2±31.1 77.4±21.9 0.496

APG mean (mmHg) 48.1±17.8 39.9±12.3 0.117

LVDd (mm) 49.0±8.8 51.8±10.6 0.286

LVDs (mm) 32.5±9.6 35.2±11.4 0.336

EF (%) 62.6±13.1 59.6±15.2 0.427

BNP (pg/ml) 593.1±1176.3 372.3±537.4 0.406

APG: Aortic valve pressure gradient, LVDd: Left ventricular dimension 
diastolic, LVDs: Left ventricular dimension systolic, EF: Ejection 
fraction, BNP: Brain natriuretic peptide

0.021). Only one emergency operation was performed 
in Group F due to infective endocarditis. There were no 
significant differences in aortic pathology, or the maxi-
mum/mean aortic valve pressure gradient between 
two groups. Approximately half of the patients in both 
groups underwent AVR for aortic stenosis, and the re-
maining half suffered from aortic stenoinsufficiency. In 
addition, there were no significant differences between 
the two groups in cardiac function; namely, left ventric-
ular diastolic dimension and systolic function, left ven-
tricular ejection fraction, and brain natriuretic peptide.

Anesthesia was induced and maintained in a stand-
ard manner. The surgical technique was similar in both 
groups with the exception of differences in skin inci-
sion and venous cannulation. After cardiopulmonary 
bypass was established, the ascending aorta was cross-
clamped. AVR was performed in the usual manner in 
all patients. Aortotomy was closed in two layers using 
vertical mattress sutures and over-and-over sutures. 
Transesophageal echocardiography was used each time 
to check for air removal, left ventricular performance, 
and paravalvular leakage.

Ministernotomy (Group M). A skin incision meas-
uring approximately 6-9 cm was made from the level 
of the manubriosternal joint to the level of the fourth 
intercostal space. Half of the upper right sternum was 
divided transversely to the fourth intercostal space (re-
verse-L upper ministernotomy). A small retractor was 
used to separate the sternal edges. The pericardium was 
incised, exposing the ascending aorta and right atrium. 
The ascending aorta was cannulated for an arterial re-
turn, and by means of a long venous cannula into the 
common femoral vein passing through the right atri-
um, cardiopulmonary bypass was established. A left 
ventricular vent was placed through the right superior 
pulmonary vein. Blood cardioplegia was administered 
into the aortic root or directly into the coronary ostia.

Median full sternotomy (Group F). A median 
skin incision was made from the sternal notch to the 
xiphoid appendage, and a median full sternotomy was 
performed. The ascending aorta was cannulated for 
arterial return. By means of dual venous cannulation 
into the superior vena cava and the inferior vena cava, 
cardiopulmonary bypass was established. Blood car-
dioplegia was also administered into the aortic root or 
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Table 2. Intraoperative data.

Group M Group F P

N 27 32

Mean operation time (min) 269±55.0 274±56.0 0.753

Procedure (%)

AVR 20 (74.1) 25 (78.1)

AVR+aortic root enlargement 7 (25.9) 1 (3.1)

AVR+Maze 0 3 (9.3)

AVR+Morrow 0 2 (6.2)

AVR+VSD closure 0 1 (3.1)

Amount of bleeding (g) 313±243 353±293 0.582

CPB time (min) 142±28.0 143±29.3 0.842

Aorta clamp time (min) 117±26.8 115±24.6 0.736

No transfusion (%) 4 (14.8) 7 (21.8) 0.380

Transfusion (unit)

Red blood cell 7.3±4.5 4.6±3.3 0.015*

Fresh frozen plasma 4.5±3.9 2.8±3.4 0.089

Platelet 1.9±7.8 1.7±5.2 0.943

AVR: Aortic valve replacement, VSD: Ventricular septal defect, 
CPB: Cardio pulmonary bypass

Table 3. Prosthesis valve data.

Group M Group F P

N 27 32

Prosthesis valve size 20.1±2.0 20.6±1.8 0.890

Type of prosthesis valve

Mechanical (%) 1 (3.7) 5 (15.6) 0.101

St. Jude medical prosthesis 1 4

AP360 1

Bioprosthsis (%) 26 (96.3) 27 (84.4)

Carpentier edwards perimount 
magna 10 20

St. Jude medical epic 8 4

St. Jude medical trifecta 6 0

Mitroflow 2 1

Mosic 0 2

directly into the coronary ostia, which was combined 
with retrograde cardioplegia into the coronary sinus.

Statistical Analysis
All data were reviewed retrospectively. Values of all 

continuous variables are expressed as mean ± standard 
deviation (SD). Differences between the two patient 
groups were tested with univariate analysis (the χ2 test, 
two-tailed t-test, or the Mann–Whitney U-test, as ap-
propriate). P < 0.05 were considered statistically sig-
nificant.

Results
Intraoperative data are shown in Table 2. There 

was no significant difference in the mean operation 
time between the two groups. In both groups, approxi-
mately two-thirds of the patients underwent AVR only. 
In Group M, seven patients underwent aortic root en-
largement as concomitant procedures, but in Group F, 
several different concomitant procedures were under-
taken, such as the Maze procedure, the Morrow, and 
ventricular septal defect closure. There were no signifi-
cant differences in the amount of bleeding, mean car-
diopulmonary time, mean aorta cross-clamp time, and 
the incidence of lack of requirement for blood transfu-
sion between the two groups. The amount of red blood 
cells used in transfusions was significantly lower in 

Group F (7.3 ± 4.5 vs. 4.6 ± 3.3 units, P = 0.015), but 
there were no significant differences in the amount of 
fresh frozen plasma and platelets used in transfusions.

The prosthesis valve data are shown in Table 3. 
There were no significant differences in mean prosthe-
sis valve size between the two groups, and the types 
of valves inserted were similar in both groups. A large 
majority of patients in both groups received a biopros-
thesis valve (96.3% in Group M; 84.4% in Group F). 
The amount of post-operative bleeding in each group is 
shown in Figure 1. In summary, there was no significant 
difference in the mean amount of bleeding between the 
two groups at any time after surgery. The mean dura-
tion of indwelling tube evacuation was 2.0 ± 0.9 days in 
Group M, and 2.3 ± 0.6 days in Group F (P = 0.257).

Figure 1. Comparison of the amount of post-operative bleeding 
between the two groups. In Group M, aortic valve replacement (AVR) 
using ministernotomy; in Group F, AVR using median full sternotomy.
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Table 4. Postoperative mortality and morbidity.

Group M Group F P
N 27 32

Mortaliry (%) 1 (3.7) 1 (3.1) 0.958

Reexploration for bleeding (%) 2 (7.4) 0 (0) 0.135

Pacemaker implantation 1 (3.7) 0 (0) 0.295

Pericardial effusion (%) 0 (0) 1 (3.1) 0.330

Hospital stay (day) 17.5±20.2 19.6±10.3 0.653

Post-operative mortality and morbidity rates are 
shown in Table 4. In summary, there were two mor-
talities among the 59 patients (3.4%). One patient in 
Group M died from multiple organ failure, and another 
in Group F died from respiratory failure. Re-exploration 
for bleeding was required in two patients in Group M, 
but no re-exploration was needed in Group F. Medias-
tinitis occurred in three cases, one in Group M and two 
in Group F. There were no significant differences in the 
mean length of hospital stay between the two groups.

Discussion
Cosgrove et al. reported a parasternal approach for 

AVR in 1996 [1], and several other approaches, such 
as transverse division, lower half ministernotomy, and 
I-shaped ministernotomy were subsequently reported 
[5-8]. Several investigators have reported significant 
advantages of such approaches over conventional full 
sternotomy including a decrease in morbidity [2], 
blood loss and transfusion, post-operative pain [3], 
and decreased hospital stay [4]. In contrast, other in-
vestigators have reported no advantages of using such 
techniques [9]. In addition, significantly worse out-
comes with regard to the higher rate of pleural and 
pericardial effusion and post-operative inotropic sup-
port have been reported [10]. One explanation for the 
discrepancy between results is that performing a minis-
ternotomy is technically difficult, and is usually stress-
ful for surgeons because of the limited surgical view. 
Moreover, the procedure is more technically demand-
ing than the conventional median full sternotomy, and 
therefore, requires procedural experience in order to 
acquire the necessary surgical skills.

We have used minimally invasive AVR by way of up-
per ministernotomy in our institution since September 
2011, according to the operative procedure reported by 
Suenaga et al. [11]. This study was undertaken to deter-

mine whether using reverse-L upper ministernotomy 
for AVR is more beneficial than conventional median 
full sternotomy. Over a 4.5-year period, patients under-
going AVR, but who had no other valve disease were 
examined at our institution. The surgical procedure 
selected depended on the surgeons’ preferences. Pre-
operative patient characteristics were similar for both 
groups undergoing AVR, except with regards to BSA; 
patients undergoing ministernotomy had a smaller 
BSA than those undergoing full sternotomy. The mean 
ages of both groups were 78.0 years in Group M and 
74.5 years in Group F, indicating that the mean age of 
patients with aortic valve disease patients is increasing. 
However, even though there were no significant differ-
ences, the mean age in Group M was higher than that 
in Group F, which may explain why the mean BSA in 
Group M was smaller than that in Group F. The major-
ity of patients in both groups had aortic valve stenosis 
or a mixture of stenosis and insufficiency, which illus-
trates that the number of patients with aortic stenosis is 
increasing. Pre-operative left ventricular function was 
similar in both groups.

With regard to intraoperative data, there were no 
significant differences in the mean operation time, 
amount of bleeding, cardiopulmonary time, and aortic 
clamp time. Even though ministernotomy for AVR is 
technically more difficult than conventional median full 
sternotomy, the procedure did not require additional 
time to perform. However, the number of concomitant 
procedures performed through upper ministernotomy 
was limited, and only aortic root enlargement was pos-
sible to perform. The mean amount of red blood cells 
transfused in Group F was considerably less than that 
in Group M. The mean size of the prosthetic valve used 
was similar in both groups, demonstrating that the 
limited surgical view when performing AVR through 
ministernotomy did not influence the prosthetic valve 
size chosen. No beneficial effects of ministernotomy 
were found with regard to post-operative mortality and 
morbidity, and the procedure did not contribute to a 
decreased length of hospital stay in this study.

Gaeta et al. reported that ministernotomy for AVR 
in redo patients with previous left internal mammary 
artery patent grafts is an alternative approach to con-
ventional median full sternotomy [12]. The authors 
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reported that left internal mammary grafts were easily 
located and clamped. However, from our experience, 
when half of the upper right sternum was divided trans-
versely to the right intercostal space, injury occurred to 
the right internal mammary artery. This occurrence of 
such an injury is one disadvantage of the ministernoto-
my procedure. Of note, the two cases of re-exploration 
in Group M were related to right internal mammary ar-
tery injury.

The limitation of this study is the small number of 
patients who underwent these procedures, because all 
patients were enrolled from a single institution. In ad-
dition, this was not strictly a comparative study; there-
fore, we are unable to definitively determine the advan-
tages and disadvantages of each procedure.

Conclusions
In conclusion, it is possible to safely perform AVR 

through reverse-L upper ministernotomy without pro-
longing operative time or cardiopulmonary time. In 
addition, from a cosmetic aspect (length of the skin in-
cision), ministernotomy is superior to full median ster-
notomy. However, we did not find any theoretical ad-
vantages for using ministernotomy over conventional 
full median sternotomy for AVR. Future studies should 
be performed with a larger number of patients to con-
firm these data.

Conflict of interest statement
The authors have no conflicts of interest to declare.
References

1. Cosgrove DM 3rd, Sabik JF. Minimally invasive 
approach for aortic valve operations. Ann Thorac 
Surg 1996;62:596-7.

2. Doll N, Borger MA, Hain J, Bucerius J, Walther T, 
Gummert JF, et al. Minimal access aortic valve re-
placement: Effects on morbidity and resource utili-
zation. Ann Thorac Surg 2002;74:S1318-22.

3. Bonacchi M, Prifti E, Giunti G, Frati G, Sani G. 
Does ministernotomy improve postoperative out-

come in aortic valve operation? A prospective ran-
domized study. Ann Thorac Surg 2002;73:460-5.

4. Paredes FA, Cánovas SJ, Gil O, García-Fuster R, 
Hornero F, Vázquez  A, et al. Minimally invasive 
aortic valve surgery. A safe and useful technique be-
yond the cosmetic benefits. Rev Esp Cardiol (Engl 
Ed) 2013;66:695-9.

5. Cosgrove DM 3rd, Sabik JF, Navia JL. Mini-
mally invasive valve operations. Ann Thorac Surg 
1998;65:1535-8.

6. Doty DB, DiRusso GB, Doty JR. Full-spectrum 
cardiac surgery through a minimal incision: Mini-
sternotomy (lower half) technique. Ann Thorac 
Surg 1998;65:573-7.

7. Chang YS, Lin PJ, Chang CH, Chu JJ, Tan PP. “I” 
ministernotomy for aortic valve replacement. Ann 
Thorac Surg 1999;68:40-5.

8. Karimov JH, Santarelli F, Murzi M, Glauber M. A 
technique of an upper V-type ministernotomy in 
the second intercostal space. Interact Cardiovasc 
Thorac Surg 2009;9:1021-2.

9. Aris A, Cámara ML, Montiel J, Delgado LJ, Galán J, 
Litvan H. Ministernotomy versus median sternoto-
my for aortic valve replacement: A prospective, ran-
domized study. Ann Thorac Surg 1999;67:1583-7.

10. Szwerc MF, Benckart DH, Wiechmann RJ, Savage 
EB, Szydlowski GW, Magovern GJ Jr, et al. Partial 
versus full sternotomy for aortic valve replacement. 
Ann Thorac Surg 1999;68:2209-13.

11. Suenaga E, Suda H, Katayama Y, Sato M, Fujita 
H, Yoshizumi K, et al. Comparison of limited and 
full sternotomy in aortic valve replacement. Jpn J 
Thorac Cardiovasc Surg 2004;52:286-91.

12. Gaeta R, Lentini S, Raffa G, Pellegrini C, Zattera G, 
Viganò M. Aortic valve replacement by minister-
notomy in redo patients with previous left internal 
mammary artery patent grafts. Ann Thorac Cardio-
vasc Surg 2010;16:181-6.

© SAGEYA. This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/) which permits unrestricted, noncommercial use, distribution and reproduction in any medium, provided the work is properly cited.


