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ABSTRACT

20 patients undergoing laser surgery of the inferior turbinate 

participated in the present study to compare the pre and post-operative 

changes of  the symptoms and signs of allergic rhinitis,  blood picture, 

IgE, interleukin-4, interleukin-5 and interferon-gamma. After one month 

of diode laser turbinoplasty,  there was improvement in cl inical 

symptoms like nasal  obstruction, sneezing and rhinorrhea.  Regarding the 

blood picture, there was marked relative eosinopenia while the total  

leucocytic count showed a significant increase. The erythroid series 

showed almost no changes. The operation was accompanied also with a 

significant decrease in IgE and interleukin-5, at  the same t ime 

interleukin-4 and interferon-gamma showed insignificant decrease and 

increase respectively.  These results denoted that  diode laser inferior 

turbinoplasty improves not only the clinical  manifestations of allergic 

rhinitis but it  has also an immune effect  by modulating T-cell function 

and tilting the Th1/Th2 balance towards  Th1 dominant state.  

                                                                       

Key words: Diode Laser Turbinoplasty,  Cytokines, Interleukins.
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INTRODUCTION

Laser surgery of the inferior turbinates became a popular surgical  

treatment for patients with nasal allergic manifestat ions, part icularly 

those who have persistent nasal obstruction and do not respond to 

pharmacotherapy (McComb et  al . ,  1992; Englender, 1995; Lippert and 

Werner, 1997; and Lagerholm et  al . ,  1999) .

Laser surgery offers limted tissue trauma, less bleeding and a high 

patient  acceptance in outpatient facilit ies. Different lasers have been 

used for the reduction of hyperplastic inferior nasal  turbinates like CO2

laser, Nd:YAG laser, KTP laser, argon-ion laser and diode laser (Janda 

et al . ,  2001) .

Diode laser being absorbed by water and blood provides excellent 

coagulation capabili ties in "non-contact" mode, but not as efficient as 

with Nd:YAG laser. It  produces a large but controlled coagulation zone 

onto the turbinate that changes into necrotic tissue and detaches from the 

healthy underground 4 weeks after therapy. This results into an 

improvement of nasal breathing. Moreover, the diode laser can also be

used in "contact" application, offering vaporization effects with precise

tissue cutt ing to remove larger parts of mucosa like nasal  polypi if 

necessary.  A short  period (3-4 weeks) of post-operative swelling of the

nasal mucosa was described (Janda et  al . ,  2000) .
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Several  authors have reported the beneficial use of laser surgery to

reduce physically the size of hypertrophic nasal turbinates. Some authors 

suggest  that the allergic reaction is also inhibited by modifying the local  

environment of the superficial mucosal  layer (Kawamura et  al . ,  1993; 

Jovanovic and Dokic, 1996; Elwany and Salaam, 1999 and Inouye et 

al .1999) .

Allergic rhinitis is a chronic condition that is mediated by the 

release of inflammatory cytokines rather than a merely simple 

immunoglobulin E-mediated response.  The contributions of these 

cytokines to the up regulation of mast cells and eosinophelic function,

the major effector cells in allergic condit ions, are well-documented (Sim 

et al . ,  1994; Nonaka et  al . ,  1996 and Alam, 1997) .

Mori et al . ,  (2003) ,  examined the effect of KTP laser turbinectomy 

on T-cell responses using peripheral blood mononuclear cells (PBMs). 

They found that  KTP laser therapy modulates T-cell  responses and 

probably ti lts the Th1/Th2 balance towards the Th1- dominant state. 

Levels of T-cells proliferation after st imulation with staphylococcus 

enterotoxin B were higher in post than pre-surgery patients.  Levels of 

interferon gamma and IL-2 produced by PBMs after stimulation with 

staphylococcus enterotoxin B appeared to be higher in post than pre-

surgery patients.  Serum levels of house dust specific IgE were lower in 

post than pre-surgery patients were. They concluded that  KTP laser 
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surgery eases or cures al lergic rhinit is not only by reducing the volume 

of the inferior turbinate but also by modulating T-cell functions.

Takeno et  al . ,  (2000) investigated the effects of CO2 laser

turbinectomy on local cytokine gene expression at  the mucosal surface in 

relation to the improvement of nasal symptoms. They found that  2

months after treatment,  the nasal symptoms score significantly decreased 

from the baseline.  The decrease was most apparent in nasal obstruction. 

Reverse transcription-polymerase chain reaction analysis revealed that a 

significant decrease in IL-8 and RANTES (Regulated on activation, 

normal T-cell expressed and secreted) expression, was observed after 

successive CO2 laser treatment,  and the reduction in these cytokines was 

significantly correlated.  On the other hand, mRNA expression of 

granulocyte macrophage-colony stimulated factor (GM-CSF), IL-6 and 

eotaxin remained unchanged. This study provided evidence that the 

expression of local  inflammatory cytokines can be attenuated in part  by 

CO2 laser treatment, which may be closely related to the clinical  

effectiveness of the procedure.
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AIM OF THE WORK

The aim of this study is  to investigate the effect  of diode laser

turbinoplasty on hematological and immunological  parameters.  The 

applied methodology tries to evaluate the serum levels of different

parameters in patients complaining of allergic rhinitis ,  prior and post  to 

diode laser turbinoplasty and to correlate between the tested parameters.
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REVIEW OF LITERATURE

Laser in Otorhinolaryngology

History

The history of laser notably begins when Theodore Maiman first 

achieved lasing in ruby on May 16, 1960, (Maiman, 1960) .  Following 

this achievement, and only 18 months later, in December 1961, a 

prototype ruby laser was used to destroy a retinal  tumor in a patient 

(Koester et  al . ,  1962) . A subsequent non-ophthalmologic development of 

the medical laser were then influenced by Leon Goldman (Goldman et  

al . ,  1963) ,  who established a medical laser laboratory at the University 

of Cincinnati in 1962. Laser surgery equipment was in the marketplace 

in 1965, less than 5 years after the first working laser was developed in a 

physics laboratory.

Otolaryngologists - head and neck surgeons realized the potential  

of the laser very early. In fact, in the 1960s they considered different 

methods to use pulsed laser systems in the middle ear and labyrinth 

(Sataloff, 1967 and Hogberg et al . ,  1967) .  At approximately the same 

time, Geza Jako began studying the effects of laser energy on human 

vocal folds (Jako, 1972) .  His first attempts at  tissue ablation were made 

with the neodymium-glass laser, with a wavelength of 1.06 μm. The 

absorption characteristics of the t issue were not suitable for precise 
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excision with this wavelength of l ight . In 1965, Strully and Yahr, (1965)

tried to enhance the absorption of the tissue by painting the t issue with a 

copper sulphate solution. The results were sti ll  unsatisfactory.  They 

needed higher intensity levels that produced only small lesions, and were 

left with significant destruction of the tissue next to the lesion.

It  is worthy to note that these initial experiments on human 

laryngeal tissue were conducted on cadaver specimens with handheld 

lasers. The use of handheld lasers returned to medical lasers 

approximately 25 years later.

The desire for a laser that produces discrete wounds in a 

reproducible manner led to the investigation of the CO2 laser. The 10.6 

μm wavelength of the CO2 laser is highly absorbed by water. Biologic 

tissue high in water content absorbs the laser energy well.  The energy is 

concentrated at the point  of laser impact and comparatively a minimal 

spread through surrounding tissues occurs.  In addit ion, the longer

wavelength at  10.6 μm shows minimal scattering of the laser light in  

tissue.

In 1967, Polanyi tested the CO2 laser in human cadaver larynxes,

encouraged by the abili ty to produce discrete wounds. These results  

spurred the development of a delivery system so that  the laser could be 

tested in vivo (Polanyi et al . ,  1970) .  Additional refinements lead to the 

development of a delivery system designed to be coupled with the 

binocular microscope for binocular microlaryngoscopy. In 1972, Jako
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reported the initial use of this new equipment in a canine model (Jako,

1972 and Strong and Jako, 1972) .

In Otolaryngology, the most common use of the medical laser is 

for tissue ablation. The CO2 laser energy can create intense localized 

heating sufficient to vaporize both extra and intracellular water,  

producing a coagulated necrosis (Hall, 1971; Cochrane et  al . , 1980 and

Fleischer, 1984) .

The advantages of the laser include between others the fact that it

can interact remotely with the t issue; it  is only necessary to have a l ine 

of sight (or optical  conduit) between the laser and the tissue.

In addition, the laser is  gentle in its interaction with tissue when 

compared to the hammer, mallet,  saw, or drill .

Due to the minimal damage to tissue adjacent to the ablation site,  

the CO2 laser is often the laser of choice. The CO2 laser offers many 

advantages to the surgeon, but the heamostatic effects are sometimes 

suboptimal (Fox, 1969 and Bellina et  al . ,  1984) .  Other lasers, such as 

the KTP, the diode and the argon lasers (wavelengths of 532 nm, 810-

980 nm and 514-488 nm, respectively),  are more effective at  hemostasis 

since their  wavelengths are near the absorption maxima of hemoglobin. 

The balance between precise ablation with minimal adjacent t issue 

damage and the need for heamostasis prompted much of the subsequent 

research.
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In 1984, Beamis and Shapshay reported on the use of the 

Nd:YAG laser at 1.06 um for malignant and vascular lesions in the 

tracheobronchial tree (Beamis and Shapshay, 1984) .  Applications of the 

argon laser and later, yellow-pulsed dye lasers, to vascular cutaneous

lesions have permitted the successful  treatment of port wine stains 

(Cosman, 1980; Tan et  al . ,  1986 and Pickering et al . ,  1989) . Finally,  

the argon dye laser used in photodynamic therapy offers exciting

possibilities in the treatment of early or superficial ly spreading cancers. 

Essential Laser Physics for Medical Practitioners

There are four basic characteristics that distinguish laser from 

conventional lamp light, which are:

1- Laser light is  monochromatic.  Although the narrow spectral 

characteristics of the laser are extremely important in physics and 

chemistry,  the monochromatic nature of the laser is  only 

moderately important in surgery.  The promise for selective 

ablation by light absorption in specific molecules only has not yet

been fully realized. It  is  sti ll  not  possible to irradiate a large 

volume of tissue and have the laser only ablate the diseased tissue 

and leave the healthy tissue undamaged.

2- Laser l ight  is  coherent. In medicine and surgery, the coherence of 

laser light is not often exploited. Yet, the measurements of the 

tympanic membrane motion or motion of the vocal  folds e.g.  
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stroboscope using interferometry techniques (Doukas et  al . ,  1993)

utilize the coherence of the laser.

3- Laser light is  collimated. Of all  the laser properties,  the 

collimation is  probably the most important. A collimated beam of 

light  focuses to the smallest possible spot,  with its diffraction 

limited. This high concentration of energy is  what allows the 

surgeon to perform the minimally invasive laser ablation, the 

most common application of lasers in surgery.

4- Laser light also has high power that can be delivered to a small 

area. The cross-sectional area of the laser beam can be varied in 

two ways:

First,  as the focal length of the lens becomes smaller, there 

is a decrease in the spot size of the laser in the focal  plane,  

the smaller the focal point, the greater the corresponding 

power density for any given power output.

Second, the surgeon can vary the cross-sectional area of the 

beam by working either in focus or out of focus. The cross-

sectional area of the laser beam is smallest  in the focal 

plane. As the beam becomes defocused, the cross-sectional 

area of the spot grows larger and thus lowers or decreases 

the power density for a given output. Therefore, the cross-

sectional area of the spot depends on both the focal length 

of the lens and the working distance from the target tissue 

the surgeon chooses to use.
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The use of laser with the surgical microscope in otolaryngology-

head and neck surgery is normally with a 400 mm focal length lens. This 

very long focal length lens results in relatively large spot sizes, even in 

the focal  plane.  The ablation of t issue by a handheld probe with a 100 

mm focal length lens can be dramatically different from the spot used 

with the microscope. The handheld probe can have a factor of fluency

sixteen higher due to the smaller spot size (Ossof et al . ,  1994).

Laser tissue interaction

The effect of laser on tissue depends on the interaction mechanism 

of applied light with the target tissue (Van Gemert and Welch, 1989 

and Welch et al . ,  1989) . This interaction may vary due to the 

wavelength, power,  exposure time, and modulation type (Van Gemert 

and Welch, 1989) .  The penetration depth and the effect of laser are 

determined by the optical , chemical,  and thermal properties of tissue

(Peavy, 2002 and Geldi et al . ,  2006) .

Depending on the duration of the laser irradiation on the tissue 

(interaction t ime),  on one hand, and the laser irradiance at the surface or 

in the interaction volume (effective power density),  on the other hand, 

three types of laser t issue interaction are distinguished:

• Photochemical  effects 

• Photothermal effects

• Photomechanical  and photoionizing effects
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The photochemical and photothermal processes can be achieved 

with quasi-continuous wave irradiations.  The photoablative and 

photomechanical  processes are induced with short  pulses in the high-

power regions.

Photochemical effects

With extremely long interaction times and low-power densities, 

photochemical transformation occurs by absorption of light with no 

primary heating of the tissue (Senz, 2003) . The most prominent example 

for photochemical effects is photosensit ized oxidation. The combined 

use of laser light  and injected photosensitizers, for example, porphyrins, 

initiates a cytotoxic process (Jamil and Berlien, 2003) .   Most of the 

tissue is  destroyed after excitation of the photosensitizer by laser light.  

The stimulated sensitizer undergoes a series of intramolecular chemical 

reactions that lead to the oxidation of various cellular components. The 

fact  that the residence time of some photosensitizers in pathologic tumor 

tissue is  longer than in healthy tissue permits selective tumor eradication. 

In photodynamic therapy (PDT), the diode lasers (e.g., 10 W at 633 nm)

is used. Synthetic porphyrins such as hematoporphyrin derivates (HPD) 

have significant side effects, especially a sensitize time of some weeks. 

With the use of second-generation photosensitizers,  mainly 5-

aminolaevulinacid (5-ALA), such side effects do not occur.
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The residence of injected photosensit izers in tumor tissue is  also 

used for diagnostic purposes.  When irradiated with ultraviolet  light,  

fluorescence occurs and even a carcinoma in situ is well demarcated. The 

fluorescence endoscopy for the detection of superficial carcinoma of the 

bladder and esophagus tumors is  a state of the art.

Biostimulation mainly for wound healing or pain relief with 

stimulation of microcirculatory effects also belong to this field. Low 

level laser is  an effective treatment for enhancing wound contraction of 

partial-thickness abrasions (Hopkins et al . ,  2004) . Its clinical efficacy 

for tissue healing has been widely reported (Gogia et al . ,  1988; Sugrue 

et al . ,  1990; Chromey, 1992; Schindl et al . ,  1997 and Schindl et al . , 

1999) . In vitro data suggest that low level laser facilitates collagen 

synthesis (Abergel et al . ,  1984) ,  keratinocyte cell  motility (Haas et al . ,  

1990) ,  and growth factor release (Yu et al . ,  1994) and transforms 

fibroblasts to myofibroblasts (Pourreau-Schneider et  al . ,  1990) .

Hopkins et al . , (2004) , suggested that low level laser has an indirect 

healing effect on surrounding tissues. Low-level laser may have caused 

release of tissue growth factors into circulation, which may have 

affected surrounding tissues or entire systems. 

Photothermal effects

With decreasing interaction time and higher power density, the 

transition to photothermally-induced effects begins (Helfmann, 2003) .
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The main surgical applications for lasers are based on the conversion of 

laser light into heat. This thermal effect is broadly applied in surgery for 

tissue removal, cutt ing, and tissue coagulation with sealing of vessels 

and lymphatics,  and for tissue welding in reconstructive surgery.  The 

course of the thermal denaturation of tissue can be described 

approximately as follows.

Both the structure and the function of living cells are determined, 

to large extent, by a wide variety of proteins. These macromolecules 

have a highly ordered structure that is stable at body temperature. If  the 

temperature is increased locally to about 50°C or more, a certain 

percentage of the molecules passes into an energy-activated state, from 

which an irreversible transition into the denaturated state takes place.  

When this happens,  the protein molecule loses its spatial arrangement 

and, consequently,  i ts ability to function in the cell.  Depending on the 

nature of the irradiated tissue, individual thermo labile enzymes may 

play the leading role in the tissue reaction. Then there is a delayed tissue 

necrosis, although lit tle or no structural damage to the tissue can be seen 

immediately after the irradiation.

The optical and thermal properties of the tissue as well as the laser 

beam geometry and energy of the incident light influence the degree and 

extent of the thermal action (Roggan et  al . ,  2003) .The most important 

optical  parameter is  the wavelength-dependent absorption of biological 

molecules. Since the building blocks of living systems, amino acids,  
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proteins,  and nucleic acids, despite their great variety,  are made up of 

only a few basic elements; some few fundamental rules can be 

formulated for the absorption of optical radiation. The main absorption 

of biological molecules occurs within the range of wavelength shorter 

than about 280 nm (ultraviolet). The far more molecule-specific 

vibrational and rotational  absorption bands are all in the range of 

wavelengths longer than one ��� ����������� �	���� ��	��� �������� 	 �

hardly absorbed by biological material . One of the most important 

exceptions to this rule is  the hemoglobin in the red blood corpuscles and 

melanin, which is stored as a pigment in the skin and in large quantities

in the pigment epithelium of the retina. A strong absorption in the green 

spectrum occurs in both substances. The high water content (60–80%) of 

most tissue leads to an extensive absorption of infrared radiation and 

thus to a very efficient energy transfer and heating of the t issue when 

irradiated with lasers of these wavelengths.

In addition to absorption, scattering must be considered as a 

further optical  tissue parameter.  Tissue is  a highly structured medium, so 

that  directed optical  radiation is  completely altered in its  spatial  

distribution due to reflection, refraction, and diffraction. This scattering 

effect is  mainly relevant when the absorption is weak.

The temperature increase and temperature distribution in tissue

exposed to laser radiation depend on the energy absorbed by the volume 

of tissue and on the thermal properties of the tissue. According to the 
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temperature in the t issue,  changes such as discoloration, coagulation, 

shrinkage, carbonization, and vaporization occur.  Up to a temperature of 

45°C, no essential organic changes take place and there is  no irreversible

tissue damage. Between 45°C and 50°C, enzymatic changes occur and an 

edema develops. Heating to more than 60°C for more than a few seconds 

results in coagulation (i.e. ,  a denaturation of the tissue protein). Between 

90°C and 100°C, cellular protoplasm begins to vaporize.  Following 

desiccation and shrinkage of the tissue, its temperature rises rapidly to 

several hundred degrees, whereupon, i t carbonizes, vaporizes, and burns.

In fact , the process involved in the thermal interaction between 

laser radiation and biological  tissue are highly complex. This makes it  

difficult  to develop suitable interaction models that permit  an 

approximation at least qualitatively of the optimal laser parameters for 

an intended and expected interaction. The choice of wavelength 

determines the depth of penetration according to the kind of tissue and 

thus influences the interaction between the different tissue reactions. 

Thus, a consideration of at least the wavelength-dependence of 

absorption and scattering in the t issue leads to a simple explanation of 

the various thermal effects of laser systems used in surgery.

Photomechanical and photoionizing effects

A power density exceeding 107 W/cm2 causes non-linear effects.

The high irradiance generates strong electric fields, which lead either to 

a breaking of the intracellular structures or to a dissociation or 
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ionization of the tissue material  involved. The so-called photoablative 

effect occurs only with energy densities above a certain threshold. Below 

this threshold,  the affected tissue volume determined by spot diameter 

and penetration depth is  not removed spontaneously,  but the absorbed 

energy is  converted into heat , which results  in linear thermal effects.  

With energy densities exceeding the threshold,  the photoablation effect  

starts and increases. Far above the ablation threshold, the ablation rate is 

saturated due to the plasma shielding of the laser beam. Due to high 

absorption, the threshold of the energy density necessary for 

photoablation can be achieved in the ultraviolet  region using excimer 

lasers (108 W/cm2 with 10 nsec) and with solid-state lasers of 

wavelengths 2–�� ��� �� ���� ��-infrared region.Photoablation is  a 

combination of tissue evaporation and expulsion of liquefied material  by 

hydrodynamic mechanisms. The high intensity of the laser radiation 

evaporates tissue, and the arising pressure ejects the molten tissue 

material from the irradiated area. The extent of this process depends on 

the elast ic properties of the tissue and on its viscosity.  The laser energy

is used part icularly for phase transitions such as vaporization and 

liquefaction, as well as for the kinetic energy of the expulsed tissue 

particles. 

Due to the small amount of remaining energy, only minimal  

thermal damage occurs at the margins. In short,  photoablation is a 

thermal effect  with almost no thermal injury. This process runs so 
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quickly that thermal conductivity and thus thermal effects have almost 

no impact (Dorschel, 2003) .

Types of Laser used in Otorhinolaryngology

Various types of lasers are currently used in otolaryngology. These 

include carbon dioxide (CO2), diode, neodymium-yttrium aluminium 

garnet (Nd:YAG), frequency doubled Nd:YAG (KTP), Argon-ion (Ar),  

and holmium-yttrium aluminium garnet (Ho:YAG) laser.  The basic 

difference between these laser types depends on the emitted laser 

wavelength, output power, whether the laser emission is applied in a 

pulsed or continuous wave (cw) mode, and whether it  is a contact or non-

contact application. 

1-Argon laser (488 and 514 nm)

The argon laser emits light  in the blue-green range of the visible 

electromagnetic spectrum. The laser light is applied in a continuous 

wave mode and can be delivered through optical  fibers.  It  is  used in 

cutaneous applications as well as stapedectomies. This laser normally 

has special  electrical  power requirements and needs tap water for cooling 

the laser. The argon laser is mainly absorbed by endogenous 

chromophores such as hemoglobin and melanin. Therefore,  this laser 

type is  very sufficient  in the treatment of vascular malformation (e.g. 

teleangiectasia, hemangioma, or nevi fiammei), epistaxis,  and Osler-
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Weber-Rendu Disease (Janda et  al . ,  2002 and Sroka et al . ,  2007) . In the 

therapy of hyperplastic inferior nasal turbinates, the Argon laser shows a 

very good effect on the reddish tinted venous plexus of the nasal mucosa, 

which results in an effective reduction of the cavernous body with a 

preservation of the surrounding tissue (Lenz, 1985; Lenz and Preussler,

1986 and Lenz et al . ,  1997) .

Otologists have used the argon laser to perform stapedectomy 

procedures because of its ability to be focused to the small spot size 

(Perkins,  1980 and Strunk and Quinn, 1993) .  Other otologic 

applications of this laser include lysis of middle ear adhesions 

(DiBartolomeo and Ellis , 1980) and spot welding of grafts in 

tympanoplasty surgery (Escudero et  al . ,  1979 and Hanna et  al . ,  1993) .

The argon laser beam will  readily penetrate the eye and be absorbed by 

the retina. Therefore, the patient,  surgeon, and all  operating room 

personnel must wear special safety glasses (Ossoff et al. ,  1994) .

Advantages of the argon laser include the transmission of the 

output through a flexible quartz  fiber, good coagulation capabili ties (up 

to 2mm) (Lenz, 1985) and paucity of smoke with vaporization. 

Disadvantages of the argon laser are the water hookup for cooling 

(Bhatta,  1995) ,  the huge and immobile extent of the system, and the 

high purchase costs.  This results in a more difficult transportation as

well as adjustment before laser surgery. Moreover, the required t inted 

filters for eye protection can irri tate the physician during the treatment, 
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which was also observed in the KTP laser surgery (Teichman et al . ,  

1999) .

2-Potassium-Titanyl-Phosphate (KTP) laser (532 nm) 

The KTP laser is  created by passing the light of a rapidly pulsed 

(kHz) Nd:YAG laser through a potassium-titanyl-phosphate crystal , 

which doubles the frequency and therefore halves the wavelength to 

532nm (Levine, 1989 and Kass et  al . ,  1993) .  The bright green and 

pulsed laser output can be passed through a flexible fiber and is 

absorbed by soft tissue leading to a penetration depth of 2mm (Levine, 

1989) .  Due to similar or identical  coagulative properties to the argon 

laser (Bhatta, 1995) , the KTP laser beam is also absorbed by 

hemoglobin and therefore suitable for the treatment of hyperplastic 

inferior turbinates,  vascular diseases,  and hemorrhages (Sroka et al . ,  

2007) .  Unlike the argon laser,  however, the extent of the KTP laser is 

much smaller,  offering an easier transportation and adjustment. The laser 

normally does not have any special power requirements and does not 

require external water to cool the laser (Ossoff et  al . ,  1994) .  During the 

application, KTP laser can be switched into Nd:YAG mode, thus both 

wavelengths are available for treatment.  The KTP laser can be selected 

for procedures requiring precise surgical  excision with minimal damage 

to surrounding tissue, vaporization, or photocoagulation.

The KTP laser is  transmitted through a flexible fiber optic 

delivery system, which can be used in association with a 
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micromanipulator attached to an operating microscope or free-hand in 

association with various handheld delivery probes having several  

different tip angles.  These handheld probes facilitate the use of KTP 

laser for functional endoscopic sinus surgery and other intranasal 

applications (Levine, 1989) ,  otologic applications (Thedinger, 1990) ,

and microlaryngeal applications. The optical fiber delivery of the 532nm 

laser light can be manipulated through a rigid pediatric bronchoscope as 

small as 3.0 mm, facilitating lower tracheal and endobronchial lesion 

treatment in infants and neonates (Ward, 1992) .  Examples of handheld 

KTP laser applications include tonsillectomy, stapedectomy and excision 

of benign and malignant laryngeal lesions.  Use of micromanipulator 

facili tates middle ear and microlaryngeal laser surgery. The KTP laser 

can also be used with an automatic scanning device to treat areas of 

pigmented dermal lesions, such as port wine stains. 

Because the visible green light from the KTP laser can penetrate 

into the eye and cause retinal  damage, special  wavelength specific safety 

glasses must be worn by the surgeon and all personnel in the operating 

room (Ossoff et al . ,  1994) .

3-Neodymium: YAG laser (1,064 nm)

The solid state Nd:YAG laser was discovered in 1961 and emits 

invisible near infrared radiation at l .064 nm, which also makes a 

guidance beam necessary.  The laser light can be guided through an 



Review of Literature                                                                                                                                        

21

elastic fiber and applied in a continuous wave or pulsed mode (Janda et  

al . ,  2001) .

It  has the longest penetration depth of any of the surgical lasers. 

This laser produces a homogenous zone of thermal coagulation and 

necrosis that may extend 4 mm from the impact site. The laser normally

does not have any special power requirements and does not need external 

cooling water. 

The primary applications for the Nd:YAG laser in otolaryngology 

include palliation of obstructing tracheobronchial lesions,  palliation of 

obstructing esophageal lesions,  photocoagulation of vascular lesions of 

the head and neck, and photocoagulation of lymphatic malformation 

(Ossoff et  al . ,  1994) .  The Nd:YAG laser could be described as an 

effective tool for the reduction of hyperplastic inferior nasal turbinates 

(Goldsher et al . ,  1995) due to i ts  hemostatic capabilities (Lippert and 

Werner, 1996; Galletta and Amato, 1997; DeRowe et  al . ,  1998 and 

Olthoff et al . ,  1999) .  The laser emission penetrates deeply into soft  

tissue performing a large coagulation zone up to the venous plexus of the 

nasal  turbinates. Because of the deep tissue interaction, superficial  

epithelial layers can be preserved and development of postoperative 

nasal  crusts can be decreased in comparison to other laser systems 

(Lippert and Werner, 1996 and Goldsher et al . ,  1995) .  A potential 

disadvantage of the Nd:YAG laser is  reactive postoperative swelling of 
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the nasal mucosa,  which may lead to an initial  worsening of the nasal  

breathing for 1 to 2 months (Janda et al . ,  2001) .

4-Holmium: YAG laser (2050-2130 nm)

The pulsed Ho:YAG laser consists of a YAG crystal rod like Nd: 

YAG, in which the rare earth element holmium is embedded, and emits 

laser light  pulses of  t=100-400 μm at wavelengths in between 2,050 and 

2,130 nm. The laser light can be transmitted through a low OH (low 

water content) silica fiber and is strongly absorbed by water,  making the 

Ho:YAG laser useful for ablation of bone and soft tissue (Janda et al . ,

2001 and Sroka et  al . ,  2007) .  The short penetration depth of the laser 

and the pulse structure has shown great promise in orthopedic surgery.  In 

otolaryngology, the Ho:YAG has been considered for facial  nerve 

decompression. Yet,  large temperature transients still  preclude this 

procedure. The future applications of this laser will  probably involve

endoscopic sinus surgery.  The optical fiber transmission, short 

penetration depth,  and abili ty to ablate bone all show promise in 

endoscopic sinus surgery (Ossoff et al . ,  1994) and surgery for choanal 

atresia. Unlike the CO2 laser,  Ho:YAG laser radiation also provides good 

coagulation capabil ities and is  therefore suitable for the precise 

endonasal  treatment with minimal carbonization but good hemostasis 

(Shapshay et al . ,  1991; Shapshay et al . ,  1992; Oswal and Bingham, 

1992; Gleich et  al . ,  1995; Metson, 1996 and Leunig et al . ,  1999) .  Due 

to the pulsed application, treated tissue can cool off between the pulses, 
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which enables the Ho:YAG laser to ablate bone at  a temperature of 70oC

(Feyh, 1995).  This indicates the need for a precise application in the 

nasal cavity,  because otherwise serious complications on the orbital 

cavity and skull base could occur.

5-CO2 laser (10,600 nm) 

The CO2 laser, developed in 1964, emits invisible infrared light of 

a wavelength of 10,600 nm, which is directed through an articulating arm 

by a series of mirrors into application systems consisting of hollow 

waveguides. Many types of waveguides have been introduced

(Baggish et  al . ,  1988) ,  however,  realization of the benefits  offered by 

using surgical CO2 lasers in many endoscopic, minimally invasive 

surgical  procedures has been inhibited by the absence of reliable,  

flexible fiber laser beam delivery systems. These restrictions are 

addressed by the Omniguide fiber, which delivers the beam through 

flexible hollow-core photonic band gap mirror fibers. This offer high 

flexibility and mechanical  robustness with good optical performance 

under t ight bends. These fibers can be used through rigid and flexible 

endoscopes and various hand pieces and will allow surgeons to perform 

delicate and precise laser surgery procedures in a minimally invasive 

manner (Shurgalin and Anastassiou, 2008 and Killory et  al . ,  2010) .

Due to the high absorption in water this laser type is used for precise 

cutting and superficial vaporization in a continuous wave or pulsed 

application mode (DeRowe et  al . ,  1998; Lippert and Werner, 1998; 
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Lagerholm et al . ,  1999 ; Janda et al . ,  2002 and Sroka et  al . ,  2007) .

Therefore, a dry operation field is necessary to avoid high energy losses 

on the surface. The penetration depth into turbinates of CO2 laser 

absorption, is less than 0.1mm and the developing heat leads to a thermal 

coagulation of surrounding tissue with a thickness of about 0.5mm 

(Bhatta, 1995) ,  which gives the CO2 laser only poor coagulation 

properties in the case of bleedings.  Moreover, vaporization produces a 

lot of pyrolysis products, which may contain viral particles eg HSV or 

VZV (Ferenczy et  al . ,  1990) that represent a potential health hazard 

(Baggish and Elbakry, 1987) for the patient  and the physician. This 

laser does not have special  electrical requirements and is air  cooled 

(Ossoff et al . ,  1994) .

6-Diode laser (810, 940 and 980 nm)

The most recent addition to the growing array of laser surgery in 

otorhinolaryngology is  the continuous wave semiconductor diode laser, 

which emits wavelengths in the near infrared area of the light spectrum 

and can be delivered via flexible fiber, often coupled to an aiming beam. 

Due to the similar wavelength to the Nd:YAG laser,  this laser type also 

provides an effective treatment of hyperplastic inferior turbinates,  good 

hemostasis, and a sufficient  reduction of tumors in ORL (Newman and 

Anand, 2002) .  The important differences between these lasers are, that 

the diode laser coagulation capabil ities are not as deep as those of the 

Nd:YAG laser (penetration depth:  1-3 mm). For that reason, a large but 
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controlled coagulation zone can be produced with only a small  risk of 

destruction of the turbinate's periostium. Moreover, a short period (3-4

weeks) of postoperative swelling of the nasal mucosa was described.

This laser is small and requires no water for cooling (Ossoff et al . ,  1994; 

Janda et al . ,  2000 and Caffier et al . ,  2011) .

The Immune System

       The immune system is a remarkable defense mechanism found in i ts 

most advanced form in higher vertebrates. It  provides rapid, highly 

specific and often very protective responses against the potentially 

pathogenic micro-organisms (Litman et al . ,  2005) .

        The immune system consists of a wide range of distinct  cell types,  

each with important roles to play. The lymphocytes occupy central stage 

because they are the cells that determine the specificity of immunity and 

it  is  their response that  presents the effector limbs of the immune system 

(Le et  al . ,  2004) .  The cells of the immune system are found in peripheral  

organized tissues, such as spleen, lymph nodes, Peyer’s patches of the 

intestine and tonsils .  They are also found in central  lymphoid organs: the 

thymus and bone marrow.  

        As already mentioned, the lymphocytes,  which are the essential  

component of the immune system, constitute 20-45% of blood leucocytes. 

The two main broad classes of lymphocytes are the B lymphocytes and 

the T lymphocytes.  



Review of Literature                                                                                                                                        

26

The B lymphocytes 

        The defining feature of cells in the B-cell  lineage is  their abili ty to 

synthesize proteins called immunoglobulins. Each immunoglobulin binds 

specifically and with high affinity to its  own particular small molecular 

ligand. Mature B cells can express immunoglobulin in two different 

forms that  each serve unique functions. In resting (virgin or memory) B 

lymphocytes,  immunoglobulins are expressed only on the cell surface, 

where they serve as membrane-bound receptors for specific antigens. By 

contrast , the effector cells of the B lineage (called plasma cells) are 

uniquely specialized to secrete large amounts of immunoglobulin 

proteins into the blood and other body fluids.  The B-lineage cells are the 

principal  cell  type involved in humoral immunity.

B cells  also play two additional roles in the immune system. First,  

they can function as antigen presenting cells, by processing and 

displaying foreign substances in a manner that  can be recognized by T 

lymphocytes.  Second, activated B cells can secrete certain lymphokines 

and other factors that  influence the growth and activities of other 

immunologically important  cells.

T Lymphocytes

           T lymphocytes detect the presence of foreign substances by way 

of surface proteins called T cell  receptors. T cells  exert their protective 

effects either through direct contact with a target or by influencing the 
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activity of other immune cells. Together with macrophages,  T cells are 

the primary cell type involved in a category of immune responses called 

cell mediated immunity .  T lymphocytes will recognize a foreign protein 

only if i t is first  cleaved into small  peptides,  which are then displayed on 

the surface of a second host cell,  called antigen presenting cell. 

         Antigen presenting cells include macrophages and B lymphocytes 

as well as other cell types.  Presentation depends in part  on specific 

proteins, called major histocompatibility complex (MHC) proteins on the 

surface of the presenting cells.  Foreign peptides are attached non 

covalently onto the MHC proteins for display,  and it  is  the combination 

of peptide and MHC proteins that  can be recognized by a T cell receptor.

The two most important T cell subsets can be distinguished by two 

surface proteins known as CD4 and CD8.

1-Helper T cells

T lymphocytes that  express CD4 protein generally are not 

cytotoxic but instead function as helper T cells (Th cells) , which 

promote proliferation, maturation, and immunologic function of 

other cell types. For example, specific lymphokines secreted by 

helper T cells  are very important  in controlling the activities of B 

cells,  macrophages,  and cytotoxic T cells .

    2-Cytotoxic T cells

Most T lymphocytes that express surface CD8 protein have 

cytotoxic activity,  the ability to kill  cells  that  have foreign 
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macromolecules on their surfaces.  Cytotoxic T lymphocytes       

(Tc cells) are extremely important  in the defense against  viral 

infections.

Memory T cells

Memory T lymphocytes ordinarily remain in the resting state,  

and in this state they do not exhibit  significant helper or cytotoxic 

activity.  When activated,  however, these cells  can undergo several  

rounds of mitotic division to produce multiple daughter cells.  

Some of these daughter cells return directly to the resting state as 

memory cells,  but  others become effector cells that actively 

express helper or cytotoxic activity (Parslow, 1997) .

The Immune Response

The immune response is a complex and regulated sequence of 

events involving several cell types. It  is triggered when an antigen enters 

the body and encounters a specialized class of cells  called antigen-

presenting cells  displaying it  in a form that can be recognized by 

antigen-specific helper T lymphocytes.  The helper T cells become 

activated and in turn, promote the activation of other classes of 

lymphocytes, such as B cells or cytotoxic T cells . The activated 

lymphocytes then proliferate and carry out their  specific effector 

functions, which in most cases successfully inactivate or el iminate the 

antigen. At each stage in this process the lymphocytes and antigen 

presenting cells  communicate with one another through direct contact or 
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by secreting regulatory cytokines.  They also may interact  simultaneously 

with other cell types or with components of the complement, kinin, or 

fibrinolytic systems. Immune responses may be either localized or 

systemic but are nearly always highly specific, focusing their full force 

against the antigen while causing l ittle or no damage to normal host 

tissues.  The responses are also precisely controlled and normally 

terminate soon after the inciting antigen is el iminated. 

Cellular and humoral immunities are regulated by two distinct  

helper T-cell  subsets:  Thl and Th2. The balance between them is 

implicated  in the regulation of immune responses (Mosmann and Sad,  

1996 and Iwakabe et al . ,  1998) .  Cellular immunity is  regulated by Thl 

cells  which mainly produce lL-2,  interferon-gamma and lymphotoxin. 

Humoral immunity is  controlled by Th2 cells  which mainly produce IL-4,

-5, -6 and -10. It  has been reported that  an imbalance between Thl and 

Th2 cells is associated with an increased risk of allergic disorders 

(Iwakabe et al . ,  1998 and Liblau et al . ,  1995) .

A shift in the Thl/Th2 balance towards the Th1-dominant state 

augments cellular immunity,  and enhances immune responses against 

cancers and infections. The Thl dominant state may also cause 

autoimmune diseases by increasing historrhexis. In contrast,  a shift  

towards the Th2-dominant state induces high levels of IL-10 and 4,  and 

consequently may cause hypersensitivity and depresses cellular 

immunological competence. Considerable evidence has accumulated to 
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suggest  that cellular immunity is  impaired in atopic patients. Serum IgE 

levels were reported to be elevated in patients with allergic rhinitis or 

atopic dermatitis (Bellanti and Wallerstedt, 2000; Fokkens et al . ,  2000; 

Pawankar et al . ,  2000 and Fendrick and Baldwin, 2001).  IL-4 is 

essential  to the production of IgE as it  induces an isotype switch in B 

cells.  The Th2-dominant state is considered to lead to the al lergic 

disorder.

Cytokines

Many critical  interactions among cells of the immune system are 

controlled by soluble mediators called cytokines. The cytokines are a 

diverse group of intercellular signaling proteins that regulate not only 

local and systemic immune and inflammatory responses but also wound 

healing, hematopoiesis and many other biologic processes.  They are 

produced by a variety of different tissues and individual cells . Cytokines 

produced by lymphocytes are also known as lymphokines, where as those 

produced by monocytes or macrophages are called monokines. A major 

limitation of this nomenclature became evident when it was recognized that many of 

these lymphokines and monokines were in fact produced by a wide spectrum of cell 

types (Waksman and Oppenheim, 1995).

Each cytokine is secreted by particular cell types in response to a 

variety of st imuli  and produces a characteristic constellation of effects 

on the growth, motil ity, differentiation, or function of its target cells . A 
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given cytokine may be secreted individually or as part  of a coordinated 

response along with other,  unrelated cytokines.

Cytokines are proteins that  are secreted by cells and exert thier 

actions either on the cytokine-producing cell (autocrine actions) or on 

other target cells (paracrine actions). Cytokines exert these effects by 

interacting with and transducing signals through specific cell  surface 

receptors.

The term cytokine first was coined by Stanley Cohen in 1974. The 

term in effect , refers to a factor made by a cell  (cyto) that acts on target 

cells. The range of actions of cytokines is diverse, including the abil ities 

to induce growth, differentiation, cytolytic activity,  apoptosis and 

chemotaxis.  The term interleukin refers to cytokines that  are produced 

by one leukocyte and act on another leukocyte (Oppenheim and Gery,

1993). In many cases, however, some interleukins (e.g. , IL-I and IL-6) 

are addit ionally produced by other cell  types and/or can addit ionally act  

on other cell types and IL-7 is  produced by stromal cells  rather than by 

typical  leukocytes.

Classification of cytokines has been based on functional attributes, 

target receptors, or cells  of origin.  Most commonly, cytokines have been 

classified into families of interleukins, tumor necrosis factors (TNF), 

interferons (IFN), chemokines, hematopoietins (or neuropoietins) and 

colony-stimulating factors (CSF). Because of their similar actions 

particularly within the CNS and periphereal  nevous system, growth 
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factors (GF) and neutrotrophins (NT) have also been considered to fall 

under the umbrella term cytokine (Andrew et al . ,  1999).

One of the striking features of cytokines is their ability to exert 

many different actions (a property known as “pleiotropy”) and, 

conversely,  that  many different cytokines exert the same biological 

actions (aproperty known as “redundancy”) (Paul, 1989).     A further 

striking feature of cytokines is the multiple interactions between 

different individual cytokines. Many types of interactions are apparent, 

including st imulatory or inhibitory actions at the level of cytokine 

synthesis.  For example,  the proinfalmmatory cytokine TNF-alpha and IL-

1 potently st imulate the production of a number of cytokines (Dinarello,  

1991). IL-6 inhibits the productions of IL-1 and TNF-alpha but 

stimulates the production of the endogenous IL-1 receptor antagonist

(Jordan et al . ,  1995).  Furthermore, there are numerous examples of a 

particular cytokine influencing the cellular response to another cytokine. 

For example,  nearly al l biological  response to either TNF-alpha or IL-

1beta can be enhanced when the two are administered together

(Dinarello, 1991).

Interleukin-4

Interleukin-4 (IL-4) is a MW 15,000-20,000 glycoprotein secreted 

by activated CD4 T cells of the Th2 subset  and by mast  cells.  It  was 

initially identified as a helper factor for B-cell proliferation and was 

therefore called B-cell growth factor-I (BCGF-I).  It  is  mitogenic for 
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activated B-cells, although its effect is usually less pronounced than that  

of IL-2 and always requires other activating stimuli.  IL-4 was also 

previously called B-cell  stimulatory factor-I (BSF-I) because of its  

abili ty to induce class II MHC expression on resting B cells. IL-4 is a 

major regulator of the heavy-chain class switch, since it promotes 

switching to IgG4 and IgE.                                                                    

IL-4 also promotes the induction of Th2 cells,  which control 

(among other things) the proliferation and activit ies of eosinophils and 

mast  cells.  The indirect  effect  of IL-4 on these cells,  coupled with i ts 

direct effect on IgE production, suggests a central role in allergic 

diseases. In contrast , IL-4 suppresses the induction and function of Th1 

cells, which control  many facets of cellular immunity,  suggesting that 

IL-4 may have clinical utility in the treatment of T-cell-mediated 

autoimmunity and graft-versus-host disease (Oppenheim and Ruscetti ,  

1997) .                                                                                                             

                                                               

Interleukin-5

Interleukin-5 (IL-5) is a disulphide-linked homodimeric 

glycoprotein with MW of 40,000-50,000 (Oppenheim and Ruscetti, ,

1997) .  It  seems to be the pivotal  factor in the pathogenic cascade, 

because of its  numerous effects on eosinophils (Kramer and Rasp, 

1999) .  Eosinophils are the only human leukocytes with specific receptors

for IL-5 (Egan et al . ,  1996) .  These effects include differentiat ion and 
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proliferation factors, chemotactic properties, induction of adhesion 

molecules resulting in an increased recruitment of eosinophils into the 

tissue, and anti-apoptotic effects (Terada et al . ,  1993; Simon, 1997; 

Simon et al . ,  1997) .  IL-5 is mainly produced by Th2 cells, however, 

mast  cells and eosinophils are also suggested sources for IL-5. In 

allergic rhinitis , concentrations of IL-5 in nasal  secretions correlate 

significantly to the intensity of symptoms (Dunnette et al . ,  1997 and 

Kramer et al . ,  2000) .  IL-5 and IgE are key factors for Th2 response, and 

eosinophil cationic protein (ECP) is a sensitive marker for tissue 

eosinophilia.

The role of mast cells and eosinophils has been strongly inferred 

both through the increased numbers of these cells locally during periods 

of disease exacerbation and through chemical evidence of part icipation 

documented by the presence of their specific products in nasal fluids of 

patients during active disease (Svensson et al . ,  1990; Rasp and 

Hochstrasser,  1993; Wang et al . ,  1995; Kuna et al .,  1996 and Di 

Lorenzo et al . ,  1997) .

Interferon-gamma

Interferon-gamma is an inflammatory cytokine,  produced by 

lymphocytes that  are stimulated by antigen or mitogen. IFN-gamma 

expression is not inducible by infection. It is therefore best regarded as a 

distinct immunoregulatory cytokine. It  is secreted by nearly all CD8 T 

cells,  by some CD4 T cells particularly by the Th1 and to a lesser extent,  
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the Th0 subsets,  but not by Th2 subset , and by natural killer (NK) cells.  

Each of these cell  types secretes IFN-gamma only when activated, 

usually as part of immune response and especially in response to IL-2

and IL-12. IFN-gamma production is inhibited by IL-4, IL-10, TGF-beta,  

glucocorticoids  and  cyclosporine A .                    

IFN-gamma tends to promote the differentiat ion of  B cells  and 

CD8 T cells into immunologically active effector cells, but i t  does not 

promote lymphocyte proliferation. IFN-gamma enhances the activity of 

Th1 cells  and therefore augments macrophage reactions, but  it  inhibits 

the proliferation of Th2 cells  and thus tends to suppress mast cell  and 

eosinophil  responses. IFN-gamma not only decreases the production of 

IL-4 by Th2 cells  but also potently inhibits the effects of IL-4 by B cells,  

promoting IgG production but preventing immunoglobulin class 

switching to IgE (Oppenheim and Ruscetti,  1997) .                                                      

The Immune Response in Atopic (Allergic) Diseases

Atopy can be defined as a condition with certain specific 

immunologic and clinical  features.  It  affects a significant portion of the 

general population, usually estimated at 10-30% in developed countries. 

The etiology of atopy involves complex genetic factors and the clinical  

disease requires both genetic predisposition and environmental allergen 

exposure.  Allergic rhinitis  and allergic asthma are the most common 

manifestations of clinical diseases following exposure to these
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environmental  allergens.  Atopic dermatitis  is  less common. Allergic 

gastroenteropathy st i ll  rarer and may be transient. Two or more of these 

clinical diseases can coexist in the same patient at the same time or at 

different times during the course of the i l lness.

Atopy generally respond immunologically to many common 

naturally occurring inhaled and ingested allergens with the continual 

production of IgE antibodies. Atopic diseases are IgE mediated diseases.  

The physiologic effects of the mediators released or activated 

immunologically by both mast cells  and basophils are responsible for the 

functional and pathologic features of the immediate and late phases of 

atopic diseases. The important mediators of IgE allergy are histamine, 

chemotactic factors,  prostaglandins, leukotriens and platelet-activating 

factor.

Cytokines have a cri tical role in the abili ty of CD4 T lymphocytes 

to induce IgE antibody production by B cells . Interleukin-4 enhances but 

interferon-gamma suppresses IgE responses.  The currently popular 

paradigm recognizes two Th cell subsets, Th1 and Th2 and that a 

reciprocal balance between the numbers of these cells locally in tissues 

influences the propensity for atopy and other diseases through the profile 

of cytokines that  they synthesize and release. Extensive experimental  

evidence suggests that  IgE production and atopic diseases require the 

presence of IL-4, IL-5, IL-13, and granulocyte-macrophage colony-

stimulating factor (GM-CSF) production by Th2 cells  (Terr, 1997) .
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Elevated concentrations of IgE implicate IgE-dependent 

degranulation of effector cells. IgE binds to the surface of mast cells by 

its two receptors Fc«RI and Fc«RII (CD23).  Interestingly, these two 

receptors were demonstrated on human eosinophils as well (Soussi 

Gounni et al . ,  1994 and 1998) .  It  was shown that eosinophils 

degranulate and release mediators after contact  with IgE or antigen. 

Beside this effector function, the role of eosinophils as antigen-

presenting cells and source of various cytokines such as IL-5 has been 

reported (Desreumaux and Capron, 1996 and Kramer et al . ,  2000).

The eosinophil granulocyte takes part  in the body’s natural 

defense against invading parasites (Klion et al . ,1999) ,  as well as in other 

inflammatory diseases like allergic asthma (Rothenberg and Hogan, 

2006) .  Once attracted to the si te of inflammation the eosinophil becomes 

activated and, as a result of this, secretes several tissue-toxic mediators.  

These are either basic and granule- stored proteins (eosinophil cationic 

protein (ECP),3 eosinophil  peroxidase (EPO), eosinophil  

protein/eosinophil-derived neurotoxin,  and major basic protein (MBP)) 

or reactive oxygen free radicals ( Furukido et al . ,  2002) .  The eosinophil  

also produces a wide array of different cytokines, chemokines, and lipid 

mediators and is therefore, in addit ion to being an effector cell, thought 

to play an immunoregulatory role in inflammatory processes as well  as 

taking part in tissue remodelling (Zagai et al . ,  2004 and Akuthota et al . ,  

2008) . In eosinophilic diseases,  the degree of eosinophilia and the levels 
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of these substances correlate with the intensity of the disease (Sur et  al . ,

1995 and Furukido et al . ,  2002) .

ECP is one of several highly basic proteins present in the secretory 

granules of eosinophils. ECP belongs to the superfamily of RNAses and 

has both cytotoxic and noncytotoxic effects. The mechanism for killing 

target cells is  by the formation of transmembrane pores and channels. 

The molecular mass of ECP can differ between 16 and 22 kDa, mainly 

due to glycosylations of protein.  High levels of ECP are found in body 

fluids of patients with allergic and other inflammatory diseases, as a sign 

of involvement of eosinophils in the process (Woschnagg et  al . ,  2009) .

It  has been suggested that ECP concentrations mirror the intensity of 

tissue eosinophilia and therefore the degree of inflammation (Kramer et  

al . ,  2000) .

ECP is modified during the process of secretion. Thus,  it seems 

that  most ECP is stored in an inactive form in the granules, to protect the 

cell from getting destroyed, and as it  leaves the cell,  ECP becomes 

modified and thereby cytotoxic. Indeed, previous work showed that the 

cytotoxic activity of ECP was associated with variants of molecular 

masses ranging from 15.75 to 16.3 kDa (Eriksson,  2007 and 

Woschnagg et al . ,  2009) .
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Allergic Rhinitis (AR)

Allergic rhinitis  is  defined as an inflammation of the nasal  mucosa,  

induced by exposure to allergens that,  after sensit ization, trigger an 

immunoglobulin E (IgE)-mediated inflammatory response that  can result 

in chronic or recurrent symptoms (Bousquet et al . ,  2001; Ibiapina et  al . ,  

2008 and Caffier et  al . ,  2011).  

Epidemiological aspects

Allergic rhinit is (AR) represents one of the most common global 

health problems with seriously increasing incidence over the last decades

(Settipane and Charnock, 2007) .  More than 600 million sufferers 

worldwide make AR currently the most prevalent allergic disorder,  

affecting up to 30% of adults and 40% of children (Wright et  al . ,  1994;

Mullol et  al . ,  2008; Meltzer et al . ,  2009; Nathan et  al . ,  2008; and 

Caffier et  al . ,  2011) . Although it  is not among the most severe diseases,  

it  is  a worldwide public health problem since it  affects the quality of life 

of the patients. Its  prevalence has increased over the years and is

probably underestimated. Many individuals do not recognize it  as a 

disease and do not seek medical attention. Health professionals also 

frequently ignore allergic rhinitis .  Nevertheless, allergic rhinitis is one 

of the ten leading reasons for seeking primary health care (International 

Rhinitis  Management Working Group, 1994 and Ibiapina et al . ,  2008) .
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Allergic rhinitis has a direct correlation with bronchial asthma, 

and approximately 80% of pediatric patients with asthma have allergic 

rhinitis. Allergic rhinitis is not  only more difficult to control than 

asthma but also interferes with the control of asthma itself. It  might be 

said that asthma and allergic rhinitis  are different manifestat ions of the 

same disease,  since they share epidemiological  and pathophysiological 

aspects, as well as similar treatment, which reinforces the concept of 

'one airway, one disease (Dykewicz et  al . ,  1998 and Ibiapina et al . ,  

2008).

Etiology

Allergic rhinitis is caused frequently by exposure to perennial or 

seasonal allergens that exist in indoor and outdoor environment. The 

most common allergens,  pollens (grass, trees,  and weeds) are the 

predominant causes of seasonal allergic rhinitis.  House dust  mites, pets, 

and molds are the major causes of perennial  al lergic rhinitis .  However,  

in tropical  and subtropical  areas,  pollens may become perennial allergens.

About a decade ago, the document Allergic rhinitis and its  impact on 

asthma (ARIA), which was developed in collaboration with the WHO, 

has recommended to replace the old terms “seasonal” and “perennial” 

rhinitis by “intermittent allergic rhinitis” and “persistent allergic 

rhinitis”, respectively (Bousquet et  al. , 2001) .

During past  decades, the prevalence of allergic rhinitis  has increased, 

especially in developed and industrial ized countries. The complete 
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etiology for the development and expression of atopic disease is not yet 

understood. Several  putative factors have been proposed such as changes 

in lifestyle, increase in exposure to al lergens, pollution, and irritants 

(smoke, gas,  etc.) , changes in diet  (responsible for the diminution of 

protective nutrient intake) and stress (Bousquet et al ., 2001).  Thus,  an 

interaction between environmental factors and individual susceptibility 

is primordial .

Risk factors of allergic rhinitis

There is clear evidence to support  the concept that  al lergic 

diseases are influenced by genetic predisposition and environmental 

exposure. Environmental factors (eg, air pollution and bacterial/viral 

infection) also play an important  role in the development of the diseases.

Genetic factors

A genetic background in terms of a family history of atopic 

disease has been the strongest risk factor for the development of al lergic 

symptoms, irrespective of the varying prevalence and environmental  risk 

factors in different societies.

Atopy is a key condition in the development of allergic diseases,  

particularly with the IgE-mediated mechanism. It  is a disorder with 

strong familial  tendency, usually starting in childhood or adolescence, 

when patients become sensitized and produce IgE antibodies in response 
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to ordinary allergens (Johansson et  al ., 2004) .  The complex mechanisms 

of inheritance, from genetic predisposition of atopy to atopic (allergic) 

diseases, are still  incompletely understood .Some studies suggest that the 

pathogenesis of al lergic diseases is complex and may be caused by a 

contribution of genetic and environmental  factors, especially at the stage 

of allergen sensitization.

Environmental factors

Environmental factors such as increased air pollution and changes 

in lifestyle are frequently quoted as adjuvant factors for allergic 

sensitization and possible causes of the increased prevalence. It  should 

not be assumed that  all  infectious diseases have the same effects on the 

development or clinical manifestation of allergic diseases.  It  is  known 

that lower respiratory tract infections including respiratory syncytial  

virus bronchiolitis,  pneumonia,  perhaps pertussis and measles in 

childhood may increase the subsequent risk of childhood asthma without 

modifying the likelihood of sensitization to allergens (Gern and Weiss,

2000) .

Air pollution

In addition to previously described allergens, exposure to high 

levels of pollutants including oxides of nitrogen, ozone, sulfur dioxide, 

black smoke large particulate matter, small part iculates, carbon 

monoxide, and volatile organic compounds have been considered as 



Review of Literature                                                                                                                                        

43

important contributing factors in both exacerbation and etiology of 

allergic airway diseases (Utell and Samet, 1993; Devalia et  al. ,1994

and Krishna et al . , 1995) .

Air pollution certainly plays an important  part, i f  not  a pivotal 

role, in the pathogenesis of allergic and respiratory diseases. Some 

pollutants can either impair defense mechanisms in the airways rendering 

them more susceptible to viral and/or bacterial infection, or cause an 

immunological toxicity in the airways (Krishna et  al ., 1995). Pollutants

may also play a direct or indirect role in the pathophysiology and the 

development of allergic diseases (von Mutius et al . ,1994a; Hershey et

al., 1997; Matricardi et  al ., 1997; Jarvis et  al. , 1997; Bodner et  al.,

1998; Krämer et al. , 1998; Shek et  al. , 2001; Riedl and Diaz-Sanchez,

2005).

The clinical expression of allergic disease has been reported in  

relation to other factors, such as changes in lifestyle, modification in 

diet , geographic variations,  cl imate, socioeconomic conditions, family 

structure or history,  infant feeding, excessive allergen exposure 

especially during early life, and cigarette smoking (Wang, 2005) .

Pathophysiology of Allergic Rhinitis

The pathophysiology of al lergic rhinitis is characterized by 

ongoing tissue inflammation of the mucous membranes of the nose,  eyes,  

Eustachian tubes, middle ear, sinuses,  and pharynx that follows the 
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classic type I immediate hypersensitivity reaction (Djukanovic et al . ,  

1990 and International Rhinitis Management Working Group, 1994) .

The nose invariably is  involved, and the other organs are affected in 

certain individuals.   Inflammation of the mucous membranes is  

characterized by a complex interaction of inflammatory mediators but 

ultimately is  triggered by an immunoglobulin E (IgE) - mediated 

response to an extrinsic protein (Mullol  et al. ,  2005) .  The tendency to 

develop allergic, or IgE-mediated, reactions to extrinsic allergen has a 

genetic component.  In susceptible individuals,  exposure to certain 

foreign proteins leads to allergic sensitization, which is  characterized by 

the production of specific IgE directed against these proteins. 

Allergic rhinitis is  associated with the presence of inflammatory 

cells  such as mast  cells and eosinophils in the nasal mucosa.  An 

inflammatory cell  cascade involving Th2 cells with the production of 

allergen-specific Ig-E antibodies from activated B cells (plasma cells). 

This specific IgE coats the surface of mast cells , which are present in the 

nasal  mucosa. When the specific protein (e.g.,  a specific pollen grain) is 

inhaled into the nose, it  can bind to the IgE on the mast cells,  leading to 

immediate and delayed release of a number of mediators (Ray et  al . ,

1999; Holgate, 2000 and Skoner, 2001) . The mediators that  are 

immediately released include histamine, tryptase, chymase, kinins, and 

heparin. The mast cells quickly synthesize other mediators,  including 

leukotrienes and prostaglandin D2 (Haberal and Corey, 2003; Iwasaki 

et al . ,  2003 and Cates et al . ,  2003) .  These mediators, via various 
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interactions,  ultimately lead to the symptoms of allergic rhinitis  (nasal 

congestion, sneezing, itching, redness, tearing, swelling, ear pressure,  

postnasal  drip). Mucous glands are stimulated, leading to increased 

secretions. Vascular permeabili ty is  increased, leading to plasma 

exudation. Vasodilatation occurs,  leading to congestion and pressure.  

Sensory nerves are stimulated,  leading to sneezing and i tching. All of 

these events can occur in minutes; hence,  this reaction is  called the early,  

or immediate,  phase of the reaction. Over 4-8 hours,  these mediators,  

through a complex interplay of events, lead to the recruitment of other 

inflammatory cells to the mucosa,  such as neutrophils,  eosinophils,  

lymphocytes,  and macrophages.  This results in continued inflammation, 

termed the late-phase response.  The symptoms of the late-phase response 

are similar to those of the early phase, but less sneezing and itching and 

more congestion and mucus production tend to occur. The late phase may 

persist  for hours or days (Salib et al .,  2004) .

Immunopathogenesis of Allergic Rhinitis

Allergic rhinitis is  an increasing problem for which new and 

exciting therapies are being developed. These can be understood through 

an appreciation of the newer concepts of pathogenesis of allergic rhinit is.  

Allergen induces Th2 lymphocyte proliferation in persons with al lergies 

with the release of their characteristic combination of cytokines 

including IL-3, IL-4, IL-5, IL-9, IL-10, and IL-13. These substances 

promote IgE and mast cell production. Mucosal mast cells that produce 
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IL-4, IL-5, IL-6, and tryptase proliferate in the allergic epithelium. 

Inflammatory mediators and cytokines upregulate endothelial cell  

adhesion markers such as the vascular cell adhesion molecule-1. 

Chemoattractants including eotaxin, IL-5, and RANTES lead to the 

characteristic infiltration by eosinophils, basophils, Th2 lymphocytes, 

and mast cells  in chronic allergic rhinitis (Rihoux, 2000) .

A high degree of cell-to-cell communication is needed to 

orchestrate this inflammatory immune response.  A variety of cytokines 

and adhesion receptors seem to play an important  role in the al lergic 

reaction. Proinflammatory cytokines such as IL-1, IL-8 and TNF-alpha

(tumor necrosis factor-alpha) can be detected in nasal secretions and 

mucosa. The increased expression of adhesion receptors in mucosal 

specimens of patients with allergic rhinitis points to their role in 

regulating the cellular migration and probably represents a key event in 

allergic inflammation. Eselectin receptor was strongly upregulated by 

IL-1beta,  TNF-alpha and allergen. The induction due to allergen 

exposure of the mucosa was markedly inhibited by soluble cytokine 

receptors (sIL-IR, TNF-BP) or by a receptor antagonist  (IL-1 ra) and 

prednisolone. These findings indicate that proinflammatory cytokines 

may be key factors for the upregulation of adhesion processes in human 

nasal  mucosa and the activation of various cell  populations involved in 

the allergic inflammation. They, therefore, represent a main target for 

new therapeutic strategies (Holgate and Broide, 2003) .
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The type and amount of inflammation in allergic rhinit is are 

regulated by cytokines.  Therefore,  the production of the Th2-cytokines,  

IL-4,  IL-5, IL-13, of the Th1-cytokines,  IFN-gamma and IL-12 and of 

the regulatory cytokine IL-10 that is capable of down regulating their 

synthesis was investigated. It was found that  the production of IL-4, IL-5, 

and IL-13 was significantly elevated in allergics; the number of IL-12

and IFN-gamma- producing cells was significantly elevated as well . IL-

10 was also significantly higher in allergics.  This investigation of 

cytokine production during natural allergen exposure demonstrates that 

the synthesis of both Th2- and Th1-cytokines is increased in allergic 

rhinitis (Baraniuk, 1997) .

Allergic rhinit is represents a persistent inflammation in terms of 

activation of eosinophils and constant upregulation of the 

proinflammatory cytokine IL-1beta in the pollen season and thereafter. 

Persistent inflammation may furthermore lead to the dysregulation of  

local cellular immunity by reducing the number and activity of 

neutrophils on the mucosal  surface (Bachert et al . ,  2005) .

In al lergic rhinitis,  there is  epithelial mast cell accumulation and 

tissue infiltration by eosinophils.  Activation of these cells can be 

observed by electron microscopy and by elevated levels of tryptase and 

eosinophil cationic protein in nasal lavage fluid. Seasonal increases in 

the antigen-presenting cell  (Langerhans' cell) are also evident. 

Investigations into the mechanisms  involved in cell  accumulation and 
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activation reveal  upregulation of leukocyte endothelial  adhesion 

molecules and an increase in interleukin- 4 (IL-4) in naturally occurring 

rhinitis, while mRNA for IL-4, IL-5 and granulocyte macrophage colony 

stimulating factor activity and lavage tumor necrosis factor-alpha (TNF 

alpha) levels are increased following local allergen challenge. These 

cytokines may be derived from a variety of sources, including mast  cells , 

eosinophils and T-lymphocytes,  and contribute to the underlying 

inflammatory process in rhinitis  (Shimizu et al . ,  2009) .

Allergic rhinitis  is  a particularly good model for studies of 

cytokine production in vivo, the occurrence of the cytokines IL-4, IL-5.  

IL-10 and IFN-gamma as well as the soluble IL-4 receptor in nasal 

lavage fluid were assayed. It  was found that  IL-4 levels in patients with 

seasonal allergic rhinitis were markedly increased in comparison with 

those in non-atopic patients or in atopic patients before the start of the 

pollen season. The IL-4/IFN-gamma ratios were significantly higher in 

atopic than in non atopic patients and it further increased in atopic 

patients during the season. In addition to IL-4, elevated levels of IL-10 

were observed in association with seasonal rhinit is. Following treatment 

with a topical steroid, there was a statist ically significant increase of the 

levels of soluble IL-4 receptor.  These findings indicate that non atopic 

and atopic individuals react  to pollen exposure with distinct  cytokine 

patterns in agreement with the Thl/  Th2 concept (Howarth et al . ,  1995; 

Bachert et  al . ,  1999 and Deraz, 2010) .
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Clinical Picture of Allergic Rhinitis

Symptoms

The symptoms of AR include rhinorrhea, nasal obstruction, nasal 

itching, sneezing, as associated sometimes with ocular symptoms such as 

pruritus and conjunctival  hyperemia. The symptoms are reversible and 

are caused spontaneously by exposure to allergens and triggering factors.

Allergic rhinitis is a common airway disease, which causes morbidity 

and significantly impairs a patient’s abil ity to function and their quality 

of l ife (Tsai et  al . ,  2009) .  It  can lead to fatigue,  headache, attention 

deficit and learning difficulties, as well  as to other systemic disturbances 

such as sleep apnea. It  is  also associated with other conditions such as 

asthma, sinusitis , anosmia,  otitis  media,  nasal  polyps, lower airway 

infection, and even dental  malocclusion (Hens and Hellings, 2006; 

Dalal  et al . ,  2008; and Caffier et al . ,  2011).

In the pediatric population, allergic rhinitis can lead to attention 

deficit and hyperactivity. In addition, it  is important to emphasize that  

allergic rhinitis  is  one of the causes of the mouth breathing syndrome, 

which can have additional postural and cardiac repercussions (Ibiapina 

et al . ,  2008) . Respiration is  one of the body’s vital  functions and under 

physiological condit ions, breathing takes place through the nose. The 

mouth-breathing syndrome is when a child stops breathing exclusively 

through the nose and begins mixed breathing i.e. the nose is 
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supplemented by the mouth. According to the literature, exclusively oral 

breathing patterns are rare or non-existent. Mouth breathing syndrome is 

characterized by disorders of speech organs and joints due to the 

predominately oral breathing pattern, generally combined with facial  

deformities,  abnormal posit ioning of teeth and body posture, and with 

the potential to progress to cardiorespiratory and endocrine disease,  

sleep and mood disorders and poor performance at school. Furthermore,  

mouth breathing syndrome is related to genetic factors,  unhealthy oral 

habits and nasal obstructions of varying severity and duration (Abreu et 

al . ,  2008).

Signs

An appropriate clinical examination can easily identify the signs of 

rhinitis (hypertrophy/pallor (violet color) of the inferior turbinates and 

hyaline secretion),  which are associated with epithelial  dysfunction, as 

well as dysfunction of the vessels,  glands and nerves. Concomitant 

wheezing can suggest an association with asthma and, in such situations, 

the performance of pulmonary function tests with a bronchodilator test is 

indispensable for assessing subclinical  asthma (Plaut and Valentine, 

2005) .

Investigations

1-Complementary tests
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In mild intermittent  rhinitis ,  when the response to treatment is 

good, complementary tests are not necessary.  When a patient  has 

moderate/severe allergic rhinitis,  skin tests for immediate 

hypersensitivity to allergens are indicated in order to investigate allergy

(Ibiapina et al . ,  2008).

2-Immediate skin tests

Immediate skin tests adequately standardized and well  performed 

are used in the investigation of atopy. They are widely used due to their 

simplicity and are typically available in most specialized clinics. Tests 

should always include a negative control  that  is typically saline solution 

and a positive control, which is  histamine (1 mg/mL). Immediate skin 

tests indicate whether there is sensitization or not. There are three 

common methods of allergy skin testing:

- The skin prick test: This is done by placing a small  amount of 

substances that may be causing the allergy, most often on the forearm, 

upper arm, or back. Then, the skin is  pricked so the allergen goes under 

the skin's surface. The health care provider closely watches the skin 

for swelling and redness or other signs of a reaction. Results are usually 

seen within 15-20 minutes. Several allergens can be tested at the same 

time.
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- The intradermal skin test: This is done by injecting a small 

amount of allergen into the skin. Then the health care provider 

watches for a reaction at the site.

- Patch test: A method diagnoses the cause of skin reactions that 

occur after the substance touches the skin. Possible allergens are taped 

to the skin for 48 hours.  Then the health care provider will  look at  the 

area in 72 - 96 hours.

A negative test  result means there were no skin changes in 

response to the allergen. This negative reaction most often means that 

the person is not allergic to the substance. Rarely,  a person may have a 

negative allergy test  and still  be allergic to the substance.  A positive 

result means the person is reacted to a substance. The health care 

provider will see a red,  raised area called a wheal (Bernstein et al . ,  2008; 

Demoly et al . ,  2008 and Gober et al . ,  2008) .

3-Nasal cytology

Nasal cytology can be useful  in the differential  diagnosis between 

allergic rhinitis  and other clinical  forms of chronic rhinitis, such as 

vasomotor and infectious rhinitis . It  is a non-invasive affordable method. 

The simple technique of quantitative nasal cytology begins with nasal  

lavage, after which the cells are counted, and cytocentrifugation slides 

are used for differential  counting. It  is  a low-cost  technique and can help 
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in differential  diagnosis and even in the evaluation of the response to the 

treatment. 

4-Total IgE and specific IgE by Radio-Allergo-Sorbant Test 

(RAST)

Levels of IgE and eosinophilia in peripheral blood and nasal  

secretion are indirect indicators of atopy and have low sensitivity and 

specificity. Total serum IgE levels have been used in various conditions. 

As a means of screening for atopic conditions,  it  is one of the tests 

typically performed. However, an increase in total serum IgE is not 

specific of atopy and can represent other conditions, such as parasite 

infection. In addition, it  is important to mention that 35 to 50% of 

patients with allergic rhinitis present normal total  IgE levels, whereas 

20% of non-atopic individuals present high total IgE levels (Medeiros et  

al . ,  2006). The determination of specific IgE provides quantitative data

and complements the results of skin tests when necessary.

5-Rhinoscopy

For patients presenting persistent allergic rhinitis  that is refractory 

to treatment, video-assisted nasopharyngoscopy should be requested in 

order to investigate structural alterations as the cause of upper airway 

obstruction, as in the cases of adenoid tissue growing toward choanae. In 

addition, it  is  useful in the evaluation and diagnosis of alterations 

confirmed on CT scans, such as isolated polyps or nasal polyposis. This 
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test provides a clear view of the upper airways, detailing the middle and 

upper meatus, sphenoidal recess and posterior nasopharynx, as well  as 

oropharyngeal and laryngeal structures.

6-Acoustic rhinometry, rhinomanometry and peak nasal

inspiratory flow

Nasal obstruction is  one of the symptoms that cause the greatest 

patient  discomfort and can be quantified in the laboratory through 

acoustic rhinometry or rhinomanometry,  as well as in physician offices 

and even in the home of the patient through the use of the peak nasal 

inspiratory flow (PNIF) meter.

Acoustic rhinometry allows the determination of the cross-

sectional area of the nasal  cavity as a function of the distance into the 

nasal cavity.  As such, acoustic rhinometry provides a two dimensional 

picture of the nasal cavity.  The method is based on a

comparison/analysis of the amplitude (representative for the area) of 

sound waves as reflections by the nasal cavity of an incident sound 

wave, and this as a function of time (representative for the distance into 

the nasal  cavity). It  is an objective method of measuring nasal 

obstruction in a painless, easily performed and reproducible manner. 

Gilain et al . ,  1997 reported that acoustic rhinometry may be particularly 

well suited to the evaluation of anterior nasal geometry during clinical  
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studies.  At the posterior part of the nose,  acoustic measurements may be 

of l imited clinical  relevance.

Rhinomanometry is the measurement of the pressure encountered 

by air passing through the nasal cavity.  Active anterior rhinomanometry

(the patient is  actively breathing through one nasal cavity while the 

narinochoanal pressure difference is  assessed in the contralateral nasal 

cavity) is the most commonly used method of rhinomanometry. Passive 

anterior rhinomanometry (the pressure is measured for each nasal cavity 

separately at a given airflow of 250 cm 3/sec) is fast but  less accurate 

than other types of rhinomanometry and is mainly used for nasal 

provocation tests.  Active posterior rhinomanometry (the choanal 

pressure is measured via a tube placed in the back of the mouth while the 

airflow is measured for both nasal cavit ies simultaneously) is frequently 

hampered by gag and suction reflexes and is  therefore limited to 

physiological studies or assessment of the nasal patency in the presence

of septal perforations or if one nasal cavity is  completely obstructed.

With active posterior rhinomanometry not only the narinochoanal 

pressure difference but also the pressure difference in the nasopharynx is 

measured. Because the latter depends essentially on the position of the 

soft  palate,  the measurement result can differ to a great  extent (Clement 

and Gordts, 2005) .

The measure of the peak nasal  inspiratory flow (PNIF) is an 

efficacious, simple, economical and portable al ternative to 
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rhinomanometry. It  should be noted that PNIF results depend on the 

cooperation of the patient and on the impression of the examiner who 

determines whether the patient  performed a given maneuver 

appropriately.  In addition, another limitation is the fact that it  evaluates 

only one of the symptoms of allergic rhinitis, which is nasal obstruction. 

However, since it is easy to use, it  can be very useful in the daily routine 

of clinicians and pediatricians, since the remaining symptoms as 

rhinorrhea,  nasal itching, sneezing, as well  as ocular symptoms can be 

objectively assessed using clinical scores and quality of life 

questionnaires (Ibiapina et al . ,  2008) .

7-Nasal nitric oxide

Nitric oxide is a normal component of the air exhaled in human 

breathing and its biological functions consist  of the participation in the 

immune system and in neurotransmission, as well  as in vasodilation and 

bronchodilat ion. Since it is a marker of eosinophilic inflammation, it  is 

increased in patients with allergic rhinitis (Ibiapina et al . ,  2008) . The 

inclusion of nitric oxide testing in the diagnosis and follow-up 

evaluation of various pulmonary diseases, especially asthma, has been 

described (Arnal et al . ,  1997; Kharitonov et al . ,  1997; Baraldi et al . ,  

1998; Gilain et  al . ,  2002 and Ibiapina et al . ,  2008) .

Hypertrophy of the Inferior Turbinates
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As the main regulator of nasal airflow, the inferior turbinates play 

an important role in normal respiratory function. The turbinates mucosa

is essential  in maintaining normal nasal defense,  humidification, 

warming and filtering of inspired air (Siegel et al . ,  2008; Grymer, 2008 

and Leong and Eccles,  2010).

Mucosal swelling of the inferior turbinates is  part of the 

physiologic vascular changes, which take place during the nasal cycle.

Hyper-reactivity,  infection and allergy may enhance these changes 

(Hanif et al . ,  2000) .  Enlargement of the inferior turbinates can be due to 

either an enlargement of the osseous or of the mucosal  components of 

the turbinate (Farmer and Eccles,  2006) .  Patients suffering from

allergic rhinitis usually present with bilateral inferior turbinate 

enlargement secondary to mucosal congestion. Conversely, patients with 

unilateral inferior turbinate enlargement due to septal  deviation more 

commonly have enlargement of the osseous component of the turbinates

(Farmer and Eccles,  2006 and Leong and Eccles,  2010).

Chronic hypertrophic rhinitis is commonly associated with 

perennial allergic or nonallergic rhinitis .  When these phenomena persist 

and the inferior turbinates become hypertrophied and increasingly 

encroach on the airway passages, nasal  obstruction occurs (Cassano et  

al . ,  2010) .  Although chronic nasal obstruction is not life threatening, it  

impairs patients quality of life in a significant way, affecting many 

aspects of their daily social and working activities (Passali  et  al . ,  2003) .
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Many of these cases respond to medical treatment with topical  

corticosteroids, antihistamines,  or immunotherapy. In some patients,  

however, these nasal inflammatory process results in chronic nasal  

obstruction where there is dilatation of the venous sinuses or later on, 

fibrosis (Passali et  al . ,  2001) , as a consequence, medical therapy 

becomes not sufficient . In these cases, a surgical  approach to the 

enlarged inferior, and sometimes middle,  turbinates becomes necessary 

(Passali  et al . ,  2003 and Cassano et al . ,  2010) .

The mucosal layer of the inferior turbinate is formed of the medial  

mucosal layer, the lateral mucosal layer  and the soft tissue beneath the 

bone (ie, the inferior mucosal layer) (Berger et  al . , 2006) . The mucosa 

of a healthy subject consists of a pseudostratified ciliated columnar 

epithelium composed of four cell types: ciliated,  muciparous goblet , 

basal,  and striated cells.  Sporadic neutrophils and rare bacteria may 

occasionally be found (Cassano et  al . ,  2010) . The data show that of all 

layers,  the medial  mucosa, which enlarges by 82% and adds 64.4% to the 

total  increase in width of the inferior turbinate, is the major contributor 

to the hypertrophy of the inferior turbinate (Berger et al . ,  2006) . The 

nasal  airway passages extend from the septum to the medial  aspect  of the 

inferior turbinate.  It  follows that  the significant enlargement of the 

medial mucosal layer plays a major role in the perception of nasal 

obstruction; thus, relief of the obstruction mainly demands reduction of 

this layer.  Nevertheless, this reduction carries increased risk of bleeding

because of the relatively large branches of the sphenopalatine artery that  
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emerge from the bone and traverse adjacent to the bone into the anterior

portion of the medial  mucosal layer (Hadar et  al . ,  2005).

The Histopathology of Hypertrophic Inferior Turbinate

A morphometric analysis of the relative proportion of various soft  

tissue constituents shows that  the connective tissue constituted the major

component of the soft t issue of inferior turbinates,  followed by venous 

sinusoids, submucosal  glands,  epithelium, and arteries. While the 

connective tissue, submucosal  glands, and arteries did not undergo 

significant changes in patients with ITH, venous sinusoids increased 

significantly in all  aspects of the hypertrophic mucosa.

The measurement of various tissue constituents of the inferior 

turbinate shows that the height of the superficial epithelial layer in 

patients with inferior turbinate hypertrophy and in normal control 

subjects is similar,  yet the area fraction of the inferior epithelial layer is 

significantly smaller in the former than in the latter.  The source of this 

diversity can be explained by the fact that although the absolute height 

and the total surface area of the epithelial layer do not change, the 

lamina propria enlarges, thus reducing the proportion of the area fraction 

of the epithelium in the hypertrophic inferior turbinate. Lim et al (1995)

also reported similar epithelial  thickness in patients with perennial 

allergic rhinitis  and in normal subjects. Similar to normal IT, the 

epithelial  layer is mainly composed of a pseudostratified columnar 
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epithelium. In addit ion to deeply situated basal  cells  and superficial ly 

ciliated and nonciliated cells , it  also houses an appreciable number of 

goblet cells .

Areas of denuded epithelium were found in pathologic and normal 

specimens. High-power magnification(x400) revealed in part  of the 

pathologic specimens a thin pinkish layer of plasma-derived gel  created 

on the denuded BM (Berger et  al . ,  2006) . With respect to the thickness 

of the basement membrane, Berger et al . ,  (2006) measurements coincide 

with those of Lim et al (1995) ,  showing a close resemblance between 

patients with perennial  allergic rhinit is and normal subjects.  On the 

other hand, Sanai et al (1999) reported significantly greater thickness of 

the basement membrane in al lergic patients compared with non-allergic

ones. This disparity may be partly attributable to differences in 

methodology and sample characteristics. The superficial zone of the 

lamina propria of normal control subjects houses various inflammatory 

cells that include lymphocytes, macrophages,  monocytes, plasma cells , 

eosinophils, and mast cells (Igarashi et al . ,  1993 and Berger et al . ,

2003) .  Although similar types of inflammatory cells were found in both 

groups, there was significant thickening of the superficial zone of the 

lamina propria that  is infiltrated with inflammatory cells  in patients with 

inferior turbinate hypertrophy. The recruitment of these cells into the 

nasal mucosa is  regulated by the production and release of various 

inflammatory mediators and cytokines (Naclerio,  1997) .
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A comparison between the relat ive surface area occupied by 

inferior turbinate submucosal glands in patients with inferior turbinate 

hypertrophy and normal subjects did not disclose significant difference 

in their density.  Lin et al (2004) found an increased number of 

submucosal glands in the inferior turbinate of patients with chronic 

hypertrophic rhinitis  and rhinit is medicamentosa compared with that of 

individuals with normal nasal mucosa.  Others did not find similar 

differences between normal subjects and patients with perennial allergic 

rhinitis or chronic hypertrophic rhinitis (Larsen et  al . ,  1986 and Lim et  

al . ,  1995).  Furthermore, the density of serous glands in patients with 

inferior turbinate hypertrophy was significantly greater than that of 

mucous glands, whereas in normal control subjects the difference 

between the two types of glands was small and insignificant (Berger et  

al . ,  2003).These findings may point to greater formation of serous glands 

in the chronic inflammatory state. Contrary to what has been observed in 

submucosal glands,  the relative surface area occupied by venous 

sinusoids in patients with inferior turbinate hypertrophy was 

significantly greater than that  of normal control subjects in all turbinate 

surfaces. Schmidt et  al . ,  (2001) reported an increased number of blood 

vessels in the inferior turbinate of patients with vasomotor rhinitis  and 

related the phenomenon to formation of new vessels. On the other hand, 

the results  of 2 other studies did not support  a finding of greater vascular 

density in perennial allergic rhinitis  (Abrams et al . ,  1997 and 

Braunstahl et  al . ,  2003) .
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Controversy surrounds the issue of nasal epithelial denudation. 

Gleich et al . ,  (1979) were the first to ascribe epithelial  denudation in the 

bronchi of asthmatic patients to the cytotoxic effects of eosinophil  major 

basic protein. Similar epithelial  pathologic changes were found in the 

sinuses of patients with chronic sinusitis and in the inferior turbinate of 

patients with allergic rhinitis (Watanabe and Kiuna, 1998) .  Others 

fai led to detect  nasal  epithelial denudation in allergic rhinitis (Lim et al . ,  

1995; Benson et  al . ,  2002 and Braunstahl et  al . ,  2003) .  The issue 

becomes further complicated by the fact that Ordonez et al (2000)

suggested that loss of bronchial epithelium is merely an artifact of tissue 

sampling. They accomplished a qualitative assessment of the pathologic 

samples and found that large areas of the basement membrane were 

completely denuded or had detached columnar cells,  resulting in a single 

layer of basal cells  covering the basement membrane. These changes,  

although to a lesser extent, were also observed in the control  group. An 

examination of the completely denuded areas with high-power 

magnification revealed that  the denuded basement membrane was partly 

covered with a thin pinkish layer of plasma-derived gel,  a process that 

probably represents the first step of epithelial restitution (Erjefalt et al . ,  

1994). Fibrosis of the lamina propria was the most common abnormality 

(90%) affecting all  aspects of the IT, with a greater propensity to 

involve the inferior mucosal layer. In some samples, the fibrosis was 

scattered all  over the lamina propria, whereas in others it appeared only 

in the superficial  zone close to the epithelium. Eighteen of 20 
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hypertrophic inferior turbinates (90%) displayed various degrees of 

fibrotic changes in the lamina propria.  Others also showed fibrosis in the 

inferior turbinate of patients with vasomotor and chronic rhinitis,  

respectively (Cook, 1997 and Schmidt et al . ,  2001) .The scar tissue 

found in this process suggests a progressive and irreversible course, 

probably representing the end stage of inflammation. At this point,  

supportive treatment usually fai ls and the grounds for surgical reduction

are laid down.

In conclusion, on the basis of the current histopathologic and 

morphometric study of the hypertrophic inferior turbinate,  and similar to 

the assumptions laid out earlier,  (Berger et  al . ,  2003 and Hadar et  al . ,  

2005 ) a number of clinical conclusions may be drawn .First,  the targets 

for inferior turbinate surgery should be the medial  and the inferior 

mucosal layers. The medial  layer showed the greatest  thickening, thus 

playing a major role in nasal obstruction. Although the inferior layer

does not increase significantly,  it  is  suitable for reduction because 

excision of an area first, rich in venous sinusoids may avoid excessive 

congestion and obstruction, second, poor in glandular elements does not 

increase the probability of nasal dryness, and third, lacking major 

arteries does not increase the likelihood of perioperative hemorrhage.

Second, the lateral  mucosal layer should be spared during surgery.  

Although the enlargement of this layer was of borderline statistical  

significance,  it is rich in glandular t issue, does not encroach on the 

airway, and has an important  role in humidifying the inspired air and 
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maintaining the normal function of the mucocil iary clearance system.

Third,  the bone should also be spared. It  does not expand significantly 

and usually contains all  main arteries in the posterior portion; therefore, 

its excision, except for the most anterior portion that is devoid of blood 

vessels, may expose the patient to the risk of perioperative hemorrhage. 

All these data show that total  excision of the inferior turbinate is not 

justified. Fourth,  the extensive fibrosis found in most hypertrophic 

inferior turbinates at  the time of surgery points to the irreversible nature 

of chronic hypertrophic rhinitis (Berger et al . ,  2006) .

Therapeutic options for Allergic Rhinitis

The established standard treatment of al lergic rhinit is consists of 

four major components:  patient  education, environmental  control  

measures and allergen avoidance, pharmacological management, and 

specific allergen immunotherapy (Bush, 2008; Scadding et  al . ,  2008; 

Cingi et al . , 2009 and Rolland et al . ,  2009) .  Surgical  care is  not 

primarily indicated but may be recommended in co-morbid or 

complicated conditions, such as chronic sinusitis, nasal polyposis, or  

anatomical  abnormalities causing severe obstruction. However, the ideal 

strategy for severe persistent allergic rhinitis  and intermittent allergic 

rhinitis refractory to standard therapy is still  lacking (Caffier et al . ,  

2011) .
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General measures

The inclusion of general measures is an important phase in the 

management of patients with allergic rhinitis . Cigarette smoke, the 

principal  domestic pollutant , can have harmful effects on the respiratory 

epithelium and is a risk factor for respiratory diseases,  especially 

allergic rhinitis and asthma.

Pollution in large cities, global warming and the apparent 

relationship between air pollution and respiratory diseases are relevant 

facts that have drawn the attention of health authorities in recent years. 

The high prevalence of allergic rhinitis in large centers illustrates the 

damage that pollution can cause to the nasal mucosa.

Preventing contact with allergens that  irritate the respiratory 

system should be recommended . In occupational asthma, the removal of 

the allergen is clearly associated with improved prognosis (Gore et al . ,  

2006 and Marinho et al . ,  2006) .

Nasal hygiene can be performed through nasal instillation of saline 

solution, using silicone syringes molded to the nasal cavity.  It  is a 

simple and affordable adjuvant form of treatment, and it reduces the use 

of other medications, including antibiotics.  Therefore, it  should always 

be recommended (Papsin and McTavish, 2003 and Passali et  al . ,  2005) .

Drug therapy
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The objective of drug therapy in allergic rhinitis is to promote 

effective prevention or symptom relief as safely and effectively as 

possible. Removal or prevention of contact with allergens is always 

recommended. However, drug therapy is often necessary.  The use of 

simple measures such as nasal lavage with saline solution or the addition 

of topical or oral antihistamine, together with a low dose of intranasal 

corticosteroid, can help control al lergic rhinitis and chronic 

rhinosinusitis (Scadding, 2001 and Siegel et al . ,  2008) .

a-Antihistamines

Allergic rhinit is,  like all  al lergic reactions, can present two phases. 

The first phase,  known as the immediate phase, occurs within minutes 

after the antigenic stimulus, and the second phase,  known as the late

phase, occurs within four to eight hours after the stimulus. They both 

present release of chemical mediators,  and, in the immediate phase,  

histamine is the principal  mediator released, through the degranulation 

of mastocytes and basophils (Bakker et al . ,  2001). Histamine is the 

principal  mediator responsible for the appearance of characteristic 

symptoms of allergic rhinitis , such as sequential sneezing, rhinorrhea 

and nasal  pruritus/obstruction. It  was first identified in the laboratory by 

Windaus and Vogt in 1907, and, since then, studies have been initiated 

in search of drugs to prevent i ts effects (Bakker et al . ,  2001; Leurs et  

al . ,  2002) .
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Antihistamines have been synthesized and introduced in the 

treatment of al lergic rhinit is for over 50 years. The so-called first  

generation, whose principal adverse effect  is drowsiness like

hydroxyzine, derived from piperazines,  and dextrochloropheniramine, 

derived from alkylamines. From the 1970s onward, research has led to 

the discovery of new antihistamines with fewer side effects, such as 

loratadine, cetirizine, levocabastine, azelastine, epinastine,  ebastine and 

fexofenadine (Stempel,  1996 and Leurs et al . ,  2002) .

Therefore, H1 antihistamines can be categorized as classical (first  

generation or sedating) or non-classical (second generation or li ttle 

sedating).Third generation antihistamines are natural metaboli tes of first 

generation drugs, developed with the goal of improving clinical efficacy 

and minimizing side-effects (Camelo-Nunes,  2006 and Carson et al . ,  

2010) . The difference among them lies in the fact that classical H1

antihistamines, having a simpler chemical structure, are liposoluble and 

cross the blood-brain barrier,  causing drowsiness,  fatigue,  learning 

difficulties, mental confusion and appetite.

Such effects are less intense with second-generation H1

antihistamines,  which have a more complex chemical  structure and do 

not cross the blood-brain barrier as much, thus causing less drowsiness

(Stempel, 1996). Second generation H1 antihistamines are preferable due 

to their more favorable efficacy/safety profile (Ibiapina et al . ,  2008) .

b-Intranasal corticosteroids
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Intranasal corticosteroids have constituted the treatment of choice 

for persistent forms of allergic rhinitis since the early 1990s. Systemic 

side effects are undetectable when used in the recommended dose. In 

addition, the use of a daily morning dose has minimized the potential  

impact on the hypothalamic-pituitary-adrenal (HPA) axis (Stempel, 

1996). The effect  of intranasal corticosteroids is directed toward the 

reduction of the inflammation of the nasal  mucosa,  leading to 

improvement of nasal obstruction, pruri tus and sneezing, as well as of 

rhinorrhea.  It  should be noted that the ease of administration contributes 

to greater compliance to treatment (Stempel, 1996).

The prolonged use of intranasal corticosteroids and the need to 

combine intranasal corticosteroids with steroids using other routes of 

administration increase the possibility of suppression of the HPA axis 

and of stunted growth in children. In part icular, in patients with allergic 

rhinitis and asthma who receive topical  nasal and pulmonary 

corticosteroids, it  would be advisable to combine one of the 

corticosteroids with another group of drugs, aiming at reducing the total 

topical respiratory corticosteroid load . Due to its good anti-inflammatory 

effect,  low absorption and first  pass metabolism, second generation 

topical  corticosteroids such as beclomethasone dipropionate,  budesonide

and fluticasone propionate are the treatment of choice in persistent 

allergic rhinitis . In  addition, first generation corticosteroids such as 

dexamethasone and betamethasone may present systemic effects when 
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administered intranasally and are therefore less favorable (Ibiapina et  

al . ,  2008) .

c-Disodium cromoglycate

Disodium cromoglycate, which stabil izes mastocytes,  can be used 

in the treatment of allergic rhinitis  and presents minimal side effects. 

However,  its  efficacy is  modest . It  was observed that  cromoglycate 

relieved rhinorrhea and nasal pruritus. Also, wheezing and nasal 

obstruction were significantly relieved after the administration of 

cromoglycate (Meltzer et  al . ,  2002) . One of the limitations of the use of 

disodium cromoglycate is  the need to administer it  four t imes a day, 

leading to less compliance over the long term. The use of disodium 

cromoglycate can be an option in milder cases, or, when it is desirable to  

withdraw steroids in a patient  who responded well but  who has been 

using the drug for a long time, and who might or might not do well 

without the medication.

d-Antileukotrienes

It  is known that leukotrienes act as inflammatory mediators and 

play an important role in the pathophysiology of allergic rhinitis .

Montelukast is a type I cysteine selective leukotriene receptor antagonist 

found in human airways.
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Clinical studies have demonstrated that the use of oral montelukast  

in the dose of 10 mg once a day (for adults) is well tolerated and brings 

significant relief of diurnal and nocturnal nasal symptoms, in addition to 

ocular symptoms of allergic rhinitis. The cost of the medication is an 

obstacle to part of the population, and i ts  efficacy as monotherapy is low, 

being more often used as an adjuvant treatment in patients who do not 

respond satisfactorily to antihistamines and intranasal corticosteroids 

(Nayak et  al . ,  2002; Ribeiro et al . ,  2006) .

e-Anti-IgE antibodies

The production of IgE is the principal mechanism of 

hypersensitivity reactions in patients with allergic rhinitis.  It  interacts 

with low and high affinity receptors. The use of monoclonal anti-IgE 

antibody has not been approved for the treatment of allergic rhinitis ,  

although clinical trials  have revealed its efficacy (Casale et al . ,  2001; 

Sarinho and Cruz, 2006).

f-Immunotherapy

Immunotherapy should be considered in cases of moderate/severe 

persistent allergic rhinitis that do not satisfactorily respond to 

conventional therapy. It consists of a technique in which small  quantities 

of al lergen extracts are periodically injected in the subcutaneous t issue 

over the course of a few years,  aiming at minimizing the symptoms 

caused by the exposure to these al lergens . One of the principal obstacles 
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to the success of the immunotherapy treatment is  the fact  that  these 

patients are usually allergic to more than one type of substance, thus 

making i t difficult to identify the allergen to be used in the vaccine.

Controlled studies have shown that  immunotherapy is  efficacious 

in patients with hypersensitivity to insect  bites,  as well  as in patients 

with allergic rhinoconjunctivitis  and asthma (Camargos et  al . ,  2004).

The greatest  risk in the use of specific immunotherapy is  anaphylaxis. 

Therefore, patients who are submitted to immunotherapy need rigorous 

supervision by an experienced professional so that  any prodromal 

manifestations of anaphylaxis are recognized and promptly treated. 

These patients are also at risk of asthma exacerbation (Ibiapina et al . , 

2008) .

Surgical Management

If optimal medical  therapy fails  and the patient exhibits a 

surgically treatable cause of nasal  obstruction, then the surgeon should 

consider surgical options. It  is generally understood that  nasal 

obstruction often dominates in persistant allergic rhinitis  because of 

chronic low-grade exposure to allergens, making it  difficult  to treat  the 

patients with the usual pharmacotherapy (Takeno et al . ,  2003) . King 

and Mabry (1993) state that  multiple causes of turbinate hypertrophy 

are amenable to surgical therapy; these include chronic allergic rhinitis, 

chronic vasomotor rhinitis, chronic rhinitis medicamentosa due to topical  

and systemic vasoconstrictors, chronic sinusitis, chronic hormonally 
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influenced rhinitis , compensatory hypertrophy opposite a septal spur,  

and relative hypertrophy in a narrow nose,  both naturally occurring and 

after rhinoplasty.

The surgical approach used must correct all causes of nasal 

obstruction, specifically septal  deviation, nasal valve collapse,  polyps, 

and turbinate hypertrophy. According to King and Mabry (1993) ,  failure 

to address symptomatic turbinate enlargement is a major cause of nasal  

obstruction after septoplasty procedures. Concerning surgical 

intervention, many different techniques have been described for relief of 

allergic rhinitis-associated nasal  obstruction (Mori et  al . ,  2002; Lin et 

al . ,  2003; Sroka et  al . , 2007; Chen et  al . ,  2008; Siegel et al . ,  2008;

Bhandarkar and Smith, 2010; Cassano et  al . ,  2010 and Caffier et  al . ,

2011) .  They are divided into several  categories, which include injection 

procedures,  mechanical procedures, destructive procedures, turbinate 

resection procedures, and nerve resection procedures.

Injection Procedures

1-Corticosteroid injection

Intraturbinal  injection of steroids was first reported in the 

literature by Wall and Shure (1952).  The procedure was further 

popularized by Simmons (1964) who used the technique in 2769 patients, 

with beneficial  results. Intranasal  injection of corticosteroids is  highly 
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effective in the temporary symptomatic treatment of hypertrophied 

turbinates due to allergic rhinitis ,  vasomotor rhinit is, rhinitis 

medicamentosa (Goode and Pribitkin, 1995) , rhinitis during pregnancy, 

rhinosinusitis with large nasal  polyps and at  the conclusion of intranasal  

surgery (Mabry, 1994) .  The procedure is minimally invasive and can be 

performed in a clinic. The injections can readily be repeated as necessary.

Disadvantages include the transient nature of the symptomatic 

rel ief,  with results  typically lasting 3 to 6 weeks and often necessitating 

repetition of the injection. In a series of 276 patients,  Mabry (1979)

observed an incidence of minor side effects in 11 percent of those treated.  

Common side effects consisted of blood-streaked nasal mucus,  transient 

facial flushing, weakness and, rarely,  myalgias. An extremely rare but 

major complication is transient  or permanent visual  loss,  which is  felt  to 

occur secondary to retinal vasospasm or retrograde embolization of 

injected material into the retinal circulation. Mabry (1979) calculated an

estimated incidence of 0.006 percent of any visual disturbances with this 

procedure and speculated that  such occurrences were likely dependent on 

technique. Many practitioners of the procedure argue that it  is both safe 

and effective if the proper techniques and precautions are implemented.

2-Sclerosing solution injection

Submucosal  sclerosing solutions have been used in an attempt to 

decrease turbinate engorgement by obstructing vascular channels. 
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Results have been very transient in nature (Principato, 1979) and this 

technique is  not widely used.

Mechanical Procedures

Turbinate outfracture

Turbinate outfracture or lateral infracture is the primary 

mechanical procedure described. In this technique, a long, flat, broad 

based instrument is passed into the nasal  cavity paralleling the course of 

the inferior turbinate.  Laterally directed pressure is  then applied against  

the turbinate to reposition bone toward the lateral  wall and improve the 

nasal airway. An endoscope is  not necessary though it can be helpful for 

visualization (Bhandarkar and Smith, 2010). Although it demonstrates 

technical ease of performance with minimal associated surgical risk,  

most surgeons do not recommend it as a single procedure. Only minor 

and temporary improvement is achieved because of the tendency of the 

turbinate to spring back to its  original  position. Addit ionally,  the 

procedure does not address the underlying pathology of hypertrophied 

turbinate mucosa (Muran and Lund, 1990, and Goode and Pribitkin, 

1995) .  Because of the minimal associated morbidity of turbinate 

outfracture; it is often combined with other techniques.

Destructive Procedures

1-Electrocautery
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Destructive procedures reduce the bulk of the turbinates by 

inducing scarring or by direct destruction. The methods of electrocautery 

that  are performed are l inear surface electrocautery, bipolar 

electrocautery,  and submucous diathermy. The advantages of these 

methods are that they may be performed under local anesthesia and are 

technically relatively simple to perform (Siegel et al . ,  2008) .

Disadvantages include the short  duration of results , usually lasting 

months to years (Goode and Pribitkin, 1995 and Passali et  al . ,  2003) .

The procedure may be repeated as necessary. Surface electrocautery is 

associated with edema and crusting present for up to 3 to 6 weeks after 

treatment (Meredith, 1988) ,  which can cause postoperative nasal 

obstruction. Adhesions occur in 20 to 30 percent of cases (Muran and 

Lund, 1990) .  Surface electrocautery is  a destructive process that can 

lead to t issue necrosis, fibrosis, mucosal atrophy, metaplasia, loss of 

cilia, a decrease in mucocil iary transport, atrophic rhinitis  and roomy 

nose (Hol and Huizing, 2000 and Siegel et al . ,  2008) .

With submucous and bipolar electrocautery,  cautery of the 

turbinate bone must be avoided to prevent bony necrosis,  which can 

produce a sequestrum that  causes prolonged swelling and erythema until  

removed (Goode and Pribitkin, 1995) .  Electrocautery generally 

provides good hemostasis during the procedure.  However, Meredith

(1988) noted a 6 percent rate of delayed hemorrhage, occurring 5 to 10

days postoperatively, usually due to sloughing of eschar. Finally,  special  
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care must be taken with all of these techniques to avoid burns to the 

nasal ala,  columella,  septum, and other structures.

2-Radiofrequency ablation

It  is probably the most common thermal technique currently used 

is radiofrequency ablation. There are several  companies that  manufacture

instruments for submucosal thermal energy delivery.  The instrument 

probe is inserted into the submucosa of the hypertrophied inferior 

turbinate at  one or more points and energy is  delivered at  a set  level 

and/or duration. The submucosal tissue around the probe is heated, and 

the tissue coagulates. As the lesions heal , the submucosal t issue shrinks.  

(Lin et  al . ,  2003; Sapci et al . ,  2003; Nease and Krempl,  2004) The 

procedure can be performed under local  anesthesia in the office setting 

and complications are rare but typically minor (Siegel et al . ,  2008; Back 

et al . ,  2009 and Bhandarkar and Smith, 2010) .

3-Cryosurgery

Cryosurgery can be relatively easily performed in a cl inic using 

local anesthesia. This type of therapy is particularly effective at  

controlling severe rhinorrhea associated with chronic vasomotor rhinit is,  

because its most pronounced effect  is on the water-laden goblet cells  

(King and Mabry, 1993) .  Another advantage is  that  the morbidity 

related to such procedures is small, but certain disadvantages do exist.
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The duration of results are variable, but  they are usually temporary 

(Passali  et al . ,  2003) .  Repeated applications may be necessary.  Because 

relatively li ttle scarring is induced by cryosurgery,  minimal permanent 

damage is incurred with repeated applications (King and Mabry, 1993) .

Postoperative sloughing of the turbinate edge can prove to be 

bothersome to the patient . Additionally,  hemorrhage can occur 

immediately postoperatively or with delayed mucosal  sloughing, 

sometimes causing significant bleeding.

Equipment for performing cryosurgery is not as widely available 

in surgical  suites and clinics as electrocautery units,  thus potentially 

increasing the cost  of turbinate cryotherapy. As with electrocautery,  

special care must be taken to avoid contact with the nasal ala,  columella,  

and septum, so that  complications,  such as septal  perforations,  do not 

occur.

Turbinate Resection Procedures

1-Partial turbinate resection

Procedures involving turbinate resection are generally associated 

with increased potential  effectiveness,  but  also increased morbidity.  

Simple turbinate resection can involve removal in part or in whole.  

Among the resection techniques, part ial simple turbinate resection 

carries the advantage of being the easiest to perform. The symptomatic 

improvement is usually more pronounced and longer lasting than with 
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the other techniques discussed thus far, although "regrowth" of turbinate 

soft  tissue can occur. Another advantage of partial turbinate resection is  

that the amount of turbinate excised can be altered according to the 

degree of symptomatology and the climate.

The main disadvantages of these techniques are a distinct risk of 

perioperative and postoperative hemorrhage with necessity of nasal 

packing, uncontrolled mucosal damage with prolonged crusting or 

exposure of bone, and postoperative pain (Sroka et al . ,  2007 and 

Caffier et  al . ,  2011) . If  too much turbinate is  excised for the level  of 

disease and climate,  rhinitis sicca syndrome and its  extreme, atrophic 

rhinitis,  can theoretically occur.

2-Total turbinate resection

Total inferior turbinectomy is extreme along the continuum of 

turbinate resection procedures.  The potential  complications of total  

inferior turbinectomy are similar to those observed with partial  

turbinectomy. Synechiae (King and Mabry, 1993) and long-term 

crusting are possibilities. Postoperative nasal packing is  routinely 

required with its associated discomfort. Most authors report an increased 

rate of hemorrhage associated with radical versus partial turbinectomy.

The incidences of rhinitis sicca syndrome and atrophic rhinit is are 

expected to increase as more turbinate is  excised. If  too much turbinate 

is excised, the abnormally patent airway that  is  produced can sometimes 
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result  in pharyngeal dryness, increased sensitivity to inspired cold air,  

and a paradoxical sensation of nasal obstruction. Thus,  when 

approaching turbinate resection, most authors recommend that it  is best  

to err on the conservative side. Addit ional turbinate can always be 

removed at  a later date,  but  over resection cannot be reversed.

Radical procedures l ike total turbinectomy are obsolete, since they 

lead to ciliary destruction, atrophy of the mucous membrane, reduced 

humidifying capabil ities of the nasal mucosa, and chronic infections

(Sroka et al . ,  2007 and Caffier et al . ,  2011) .

3-Submucous turbinate resection (Inferior Turbinoplasty)

The third type of inferior turbinate resection is submucous 

resection, in which inferior turbinal bone is removed while leaving 

overlying mucosal flaps intact . This can be accomplished with either 

manual or powered instrumentation. A vertical  incision is  made in the 

anterior head of the inferior turbinate. Blunt dissection is performed to 

separate the soft tissue from the turbinate bone in an anterior to 

posterior direction. Turbinate bone may be removed with this exposure.  

Alternatively or additionally,  a powered turbinate microdebrider type 

blade can be effective in debulking the submucosal  soft  tissue and/or 

bone [microdebrider-assisted inferior turbinoplasty (MAIT)]. Care is 

taken not to perforate the mucosal flap (Bhandarkar and Smith, 2010) .

This procedure is designed to spare a variable amount of turbinate 

mucosa and, thus,  its physiologic function, important in warming, 
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humidifying, and cleansing inspired air (Abramson and Harker, 1973) .

If  normal mucosal  function is maintained, then the likelihood of 

complications, such as crusting and atrophic rhinitis, should 

theoretically be less. After submucous resection, only minimal crusting 

is typically observed, occurring along the incision site (King and Mabry, 

1993) .  Because the occurrence free mucosal  edges is minimized, the 

incidence of hemorrhage is reduced compared with simple turbinate 

resection (Mabry, 1984) . Complications of submucous turbinoplasty are 

rare. Perforation of the flap or poor approximation of the incision can 

result in crusts,  synechiae, and bleeding (Bhandarkar and Smith, 2010) .

A primary disadvantage of the submucous resection techniques is 

that they are relatively difficult to perform, requiring use of endoscopy 

and additional  manual dexterity compared with procedures such as 

simple turbinate resection. In inexperienced hands, mucosal shredding

can occur, leading to potentially more bleeding (King and Mabry, 1993) .

Even though the incidences of crusting and bleeding are reduced, 

potential  complications remain. Because less mucosa is removed than 

with simple resection procedures, persistence or return of nasal 

obstruction can be problematic. Also, mucosal sparing, which is  

maximized in inferior turbinoplasty,  may contribute to persistent  

postoperative rhinorrhea or postnasal  drip, as reported by Mabry (1988)

and by Katz et al .  (1996) .

Nerve Resection Procedures: Vidian neurectomy
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Vidian neurectomy is typically used to treat  nasal obstruction in 

the presence of significant rhinorrhea. Several different approaches have 

been described, including transnasal,  transantral , t ransseptal , and 

transpalatal  approaches. Endoscopic vidian neurectomy was also reported 

by el Shazly (1991) . Golding-Wood (1961 and 1973) was one of the 

first to describe the procedure for use primarily in cases of severe 

rhinorrhea nonallergic in origin. Effectiveness in treating excessive 

rhinorrhea has been "impressive," whereas results  treating associated 

nasal obstruction have been "moderately good”.

Vidian neurectomy and cauterization, which cut the 

parasympathetic and the major portion of the sympathetic supply to the 

nasal  mucosa,  were shown to abolish allergic rhinitis-induced rhinorrhea 

but became obsolete too,  owing to potentially serious complications like 

blindness and anosmia (Sroka et  al . ,  2007 and Caffier et  al . ,  2011) .

Vidian neurectomy was generally considered a major operation 

requiring general anesthesia. Some authors of large series, such as 

Kirtane et al . ,  (1984) reported no "major" complications. Because the 

lacrimal gland is  denervated, dry eyes are a common complaint , 

(Sadanaga, 1989 and Fernandes,  1994) .  Another frequent complication 

is postoperative headache and facial pain, which rarely lasts more than 1 

to 3 weeks (Kirtane et al . ,  1984 and Fernandes,  1994) .  The transnasal 

approach has been associated with inadvertent entry into the sphenoid or 

ethmoid sinuses and occasional troublesome but controllable bleeding 
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from the sphenopalantine vessels (Kirtane et al . ,  1984) .  Additionally, 

transient numbness of the palate,  teeth,  and cheek has been noted by 

some after transnasal vidian neurectomy, but in the absence of lasting 

cranial  nerve injuries (Fernandes,  1994) .  On the other hand, the 

transantral,  transseptal,  and transpalatal  approaches have been described 

as more cumbersome, with an increased incidence of severe hemorrhage,

orbital , dental, and maxillary neuralgias and even ophthalmoplegia 

(Ogale et al . ,  1988) .  A relatively minor complication reported after the 

transantral approach is maxillary sinusitis , which is generally responsive 

to antibiotic therapy. On the otherhand, endoscopic vidian neurectomy is 

a minor surgical procedure with symptomatic relief and minimal 

postoperative morbidity (el  Shazly,  1991) .

Laser treatment of hyperplastic inferior nasal turbinate

Because most of the procedures used to treat  hypertrophic inferior 

turbinates are associated with a risk of bleeding, uncontrolled damage of 

the mucosa, pain and atrophic rhinit is,  a more comfortable method is  

required.

In comparison to most of the previously mentioned treatment 

modalities,  laser surgery of nasal  obstruction is  a minimally invasive 

procedure with a controllable ablation of t issue causing less 

complication in regards to bleeding, nasal dryness,  synechia,  and pain 

(Takeno et al . ,  2003 and Cassano et al . ,  2010) .  The application is  easy 

to perform as an outpatient procedure,  offering a cost-effective and 
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timesaving method for the reduction of hyperplastic turbinates (Tsai et 

al . ,  2009) .  Laser treatment seems to be as or even more effective for the 

reduction of hyperplastic turbinates, than most of the conventional 

surgical techniques like electrocautery,  cryotherapy,  chemical 

cauterization, and vidian neurotomy.

With respect to this, different types of laser systems have been 

used for the reduction of hyperplastic inferior nasal turbinates since the 

early 1980s (Janda et al . ,  2001 and Bhandarkar and Smith, 2010) .

Different laser systems using different wavelengths and delivery systems 

produce different laser–tissue interactions. The carbon dioxide(CO2) 

laser causes only slight thermal effects on adjoining tissues.  Argon-ion 

lasers, neodymium: yttrium-aluminum-garnet (Nd:YAG) lasers and diode 

lasers create intense destruction of both the surrounding superficial 

respiratory epithelium and the tissues deep to the turbinates, resulting in 

the development of rather large carbonization and coagulation zones. 

Holmium: yttrium aluminum-garnet  (Ho:YAG) laser light induces 

remarkably superficial  coagulation of the tissue that  is  much less than 

after treatment with the Nd:YAG and diode lasers.  These procedures 

have been met with varying degrees of success, but the diode laser has 

significant advantages, including favorable coagulation and tissue 

penetration properties, maneuverability of the flexible transmission optic 

fiber, space requirements, machinery weight and cost. These advantages 

have made the diode laser increasingly popular (DeRowe et  al . ,  1998; 

Janda et al . ,  2003 and Tsai et  al . ,  2009) .
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Lenz et al .  first reported the use of lasers in turbinate surgery in 

the European literature in 1977 on a limited number of patients. The first 

report  in the American li terature,  which helped to increase awareness of 

laser turbinectomy, was by Mittelman in 1982 .  Laser turbinate treatment 

has multiple advantages,  which helps these techniques to continue to 

become more wide-spread. Laser surgery offers the benefits of l imited 

tissue trauma, rapid and bloodless operation, less postoperative edema, 

good spontaneous epithelialization of defects,  less pain, and high patient 

acceptance under outpatient conditions (Caffier et al . ,  2011) . Laser 

surgery can be performed easily within a clinic with the use of minimal 

local  anesthesia (Kawamura et al . ,  1993 and Lippert and Werner, 

1997) .  Another advantage associated with the laser is the attainment of  

excellent intraoperative hemostasis (Englender, 1995; Lippert and 

Werner, 1995 and Lippert and Werner 1997) .  Postoperative packing is 

almost never required (Englender, 1995 and Pang and Willatt,  1995) ,

which decreases postoperative discomfort .

Disadvantages of laser turbinate reduction include eschar 

formation postoperatively,  which may cause airway obstruction and, 

rarely,  hemorrhage with sloughing of the eschar (King and Mabry,

1993) .  Considerable postoperative crusting typically occurs for 6 to 8 

weeks (Muran and Lund, 1990) ,  which can require frequent office visits 

for removal. Laser surgery is also associated with the potential for stray 

laser burns and synechiae (Jackson and Koch, 1999) .



Review of Literature                                                                                                                                        

85

Although the laser is very effective at  reducing hypertrophied 

mucosa through the induction of scarring and actual t issue removal, it  is 

ineffective at  removing bone as the source of nasal obstruction. For 

example,  nasal concha bullosa is not readily treated by laser techniques.  

The equipment required for laser therapy is expensive. Additionally,  

added expertise is required for operation of the laser equipment, which 

usually necessitates special training and detailed safety precautions.

Histopathological observations following laser surgery 

demonstrated a preservation of the epithelium. The lamina propria is 

occupied by fibrous tissues,  and that the number of venous sinusoids and 

nasal seromucinous glands in the turbinates decrease (Mori et al . ,  1999 ; 

Schmidt et  al . ,  2001; Wexler et  al . ,  2001 and Siegel et  al . ,  2008) . Most 

of the sermucinous glands in the turbinate are found within a millimeter 

depth from the epithelium, and are thus readily susceptible to laser 

energy applied at the surface (Wexler et al . ,  2001) . Partial laser inferior 

turbinoplasty is followed by a reduction in the number and activity of 

the glandular acini in the laser-treated areas (Elwany and Salaam, 1999) .

It  is believed that the reduction in these glands adds to the clinical  

efficacy of laser turbinate surgery with respect  to improvement in 

rhinorrhea (Wexler et al . ,  2001). The local destructive effect of laser 

energy on the glandular acini  themselves, the surrounding cholinergic 

nerve fibers, and the afferent trigeminal fibers seems to explain the 

beneficial implications of laser surgery on secretory reflex, nasal 

pruritus, and generation of systemic sneeze reflex (Elwany and Salaam, 
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1999; Kim and Baraniuk, 2007; Pfaar et al . ,  2009 and Caffier et al . ,

2011) .

The treatment of hyperplastic inferior nasal turbinates due to 

chronic allergic and vasomotor rhinitis by means of minimally invasive, 

endonasal laser surgery is a successful  al ternative therapeutic 

intervention. In addition, the long-term results of success are evident 

when compared to conventional therapeutic procedures.  It  shows that  the 

initial response (up to 4 weeks) depends on the laser used, while the 

short-term (6 month) as well  as the long-term (3 year) follow-up shows 

similarly significant improvements of the nasal airflow and comparable 

outcome independent to the laser system used. Furthermore, this kind of 

laser intervention showed similar results to conventional surgical  

techniques while cl inically,  this minimally invasive laser treatment 

concept can be performed as a cost effective, outpatient  procedure under 

local  anesthesia within a short operation time and with high patient 

acceptance (Sroka et  al . ,  2007) .

Patients treated by means of the diode laser showed a moderate to 

severe nasal obstruction, crusting and nasal secretion within the first 4 

weeks after laser treatment. Afterwards, nasal crusting subsided, the 

turbinate re-epithelialized, and a subjective rel ief of the nasal 

obstruction became apparent. This might be explained by the fact that 

coagulated tissue swells up immediately after surgery and is 

desquamated 4 weeks later followed by scar formation. In contrast , laser 
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systems with better ablation but less coagulation properties, like the 

Ho:YAG laser, showed the same symptoms but for only 1–2 weeks 

(Leunig et  al . ,  1999 and Janda et  al . ,  2002) .  The mucocil iary function 

test revealed no significant change between the pre-operative and the 

post-operative nasal clearance, which proves that the diode as well as the 

Ho:YAG laser treatment seems to preserve the overall  function of the 

ciliary cells of the nasal turbinates (Janda et al . ,  2002) .  Similarly, no 

changes in mucocil iary transport  times were found after CO2-laser 

intervention (Passali  et  al . ,  2003) .

Acoustic rhinometry measurements have revealed that  laser 

treatment induces a significant increase of the volume of the nasal cavity 

for the length of the inferior turbinate after the laser procedure in 

comparison to the pre-operative values (Broms et al . ,  1982; Eccles and 

Jones,  1983; Clement,  1984; Gordon et  al . ,  1989 and Shapshay et al . ,

1991) .  It  has also been objectively proven by rhinomanometry that  laser 

treatment leads to a volume reduction of the cavernous body of the 

turbinate (Hilberg et al . ,  1989; Janda et al . ,  2000; Janda et al . ,  2002; 

Passali et al . ,  2003; Takeno et al . ,  2003 and Sandhu et al . ,  2004) .

Local and Systemic Immunologic changes associated with 

Laser treatment

Because of the clinical effectiveness and low degree of patient 

discomfort,  laser surgery of the inferior turbinates has become a popular 
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method (McCombe et al . ,  1992; Englender, 1995; Lippert and Werner, 

1997 and Lagerholm et al . ,  1999) . The advantages of laser surgery are 

the simplicity of the procedure and the absence of bleeding and pain

(Takeno et al . ,  2003; Tsai et al . ,  2009 and Cassano et  al . ,  2010) .

Several authors have reported the beneficial  use of laser surgery to 

physically reduce the size of the hypertrophic turbinate.  Some authors 

suggest  that the allergic reaction is also inhibited by modifying the local  

environment of the superficial mucosal  layer (Kawamura et  al . ,  1993; 

Jovanovic and Dokic.,  1996; Elwany and Salaam., 1999 and Inouye et 

al . ,  1999) .

Mori et al . ,  (2003) investigated the effect of KTP laser therapy on 

human T-cell responses in vi tro and in vivo. They first examined (3H)-

thymidine incorporation and cytokine production by stimulating 

peripheral blood mononuclear cells (PBMCs) with Staphylococcus 

enterotoxin B (SEB). They also measured IgE levels in the patients '  sera 

before and after the surgery.

They demonstrated that the proliferative responses of PBMCs to 

stimulation with SEB were significantly lower in the pre-surgery patients 

than in the controls. T-cells from patients with allergic disorders 

responded to the mitogens to a lesser extent than those from healthy 

donors. They also demonstrated that  PBMCs obtained from the patients 

before the surgery produced lower levels of Thl-type cytokines. 

Interferon-gamma and Interleukin-2 on stimulation with SEB in vitro 
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than those obtained from the patients after the surgery and from the 

healthy donors, although none of the differences were statistically 

significant. Levels of a Th2-type cytokine, Interleukin-4 , did not differ 

among these three groups. These results  suggest that the function of Thl 

cells  is  suppressed in patients with al lergic rhinitis,  and that  the Thl/Th2 

balance is shifted towards the Th2-dominant state.  This assumption was 

supported by the result that HD-specific serum IgE levels were higher in 

the pre- than the post-surgery sera.

Takeno et al . ,  (2000) demonstrated the beneficial effect of CO2

laser surgery on local allergic inflammation by detecting the expression 

levels of the responsible cytokines in nasal  brushing cells.  They 

investigated the messenger RNA (mRNA) expression of a panel of 

cytokines, including granulocyte-macrophage colony-stimulating factor 

(GM-CSF), interleukin 6 (IL-6),  IL-8, RANTES (regulated on activation, 

normal T-cell expressed and secreted),  and eotaxin, in patients with 

allergic rhinitis treated with laser surgery. For this purpose, reverse 

transcription–polymerase chain reaction (RT-PCR) was employed in 

freshly isolated human nasal brushing cells. They also examined whether

improvement in nasal symptoms was related to changes in cytokine 

mRNA expression.

A significant decrease in levels of both IL-8 and RANTES mRNA 

expression was observed after laser treatment,  indicating that  the 

effectiveness of laser surgery in part depends on the inhibit ion of the 
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release of certain inflammatory cytokines that are responsible for the 

orchestration of an allergic inflammatory response.

RANTES has been shown to possess chemotactic activity for

monocytes, CD4 T cells , and eosinophils. Increased expression of these 

cytokines is  commonly seen in the nasal  mucosa of allergic patients 

(Nonaka et  al . ,  1996 and Polito and Proud, 1998) .  The reduction in IL-

8 and RANTES mRNA expression was significantly correlated in cells  

sampled from the same patient.  This finding suggests that the reduction 

in both cytokine levels may be caused by the same mechanism or may 

reflect the degenerative changes in the same cell population. They 

speculate that  the surface epithelial  layer of nasal  mucosa, which 

potentially contributes to the accumulation of inflammatory cells through 

the release of these cytokines, is primarily affected by laser surgery.  On 

the other hand, they did not find any significant changes in the levels of 

GM-CSF, IL-6, or eotaxin during the follow-up period. It  has been 

reported that  nasal epithelial  cells  are able to release these cytokines,  

and elevated baseline levels for these cytokines are also found in 

untreated allergic patients (Linden et  al . ,  1995; Nonaka et  al . , 1996 and 

Minshall et al . ,  1997) .

Several authors previously reported the influence of laser surgery 

on local  al lergic inflammation. The common histological observation is 

scar tissue formation in the submucosal layer with subsequent shrinkage 

of the turbinate, which is preferable in allergic patients because it  
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interrupts allergic reactions (Fukutake et al . ,  1986 and Kawamura et 

al . ,  1993) .  With regard to nasal secretion, Elwany and Salaam (1999)

reported that laser turbinectomy induced reduction in the number and 

activity of the nasal  glandular cells. They proposed that this was due to 

the local destructive effect of laser energy on the glandular acini and on 

the surrounding cholinergic nerve fibers.   On the other hand, Jovanovic 

and Dokic (1996) found no changes in the levels of chemical  mediators 

such as histamine, bradykinin, and TAME-esterase in nasal  lavages after 

allergen provocation following Nd:YAG laser.

Takeno et al . ,  (2000) demonstrated that  the expression of IL-8 and 

RANTES mRNA in patients with allergic rhinitis was significantly 

attenuated by CO2 laser treatment; the stat istical difference does not 

imply a direct relation with general clinical effectiveness. They found 

that the reduction in the averaged nasal symptom scores was not 

statistically correlated with the reduction in either cytokine mRNA 

expression. The clinical manifestations of allergic rhinit is depend on a 

complex interaction of a spectrum of chemical mediators and cytokines 

released from many different cells. Therefore the reduction in IL-8 and

RANTES mRNA expression may reflect only part of the histological 

alterations after laser surgery,  or the reduction may occur as a result of 

changes in levels of other products that can affect allergic responses 

more directly.
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However,  their study provided direct evidence that the expression 

of local inflammatory cytokines in patients with allergic rhinitis  can in 

part be attenuated by CO2 laser treatment, which may be closely related 

to the clinical  effectiveness of this procedure. Since nasal  allergy is  

characterized by eosinophil infiltration (Terada et al . ,  1994 ), Furukido

et  al . ,  (2002) investigated the changes in the cytological profile of the 

nasal mucosa after CO2 laser surgery.  They found a significant decrease 

in eosinophelic infil tration after CO2 laser surgery.  There are several 

possible reasons for this finding. First,  scar like tissue formation and 

loss of blood vessels in the nasal mucosa may physically inhibit  local  

eosinophil circulation. Second, squamatization of the nasal epithelium 

may lead to an increase in the physiological  barriers against invading 

foreign allergens (Inouye et  al . ,  1999) and reduce allergic inflammation. 

Third,  changes in nasal homeostasis caused by CO2 laser surgery also 

may preferentially modify local  expressions of various cytokines/ 

chemokines, such as interleukin-5 (IL-5), regulated on activation, normal 

T-cell  expressed and secreted (RANTES), granulocyte-macrophage 

colony-stimulating factor (GMCSF), and eotaxin, on which activation of 

eosinophils are closely dependent (Fabian et al . ,  1992; Terada et al . ,  

1996; Minshall et al . ,  1997 and Wright et al . ,  1999) .

Caffier et al . ,  (2011) evaluated the efficacy of endonasal  

corrective laser surgery in persistent and intermittent allergic rhinitis . 

The nasal  symptoms improved significantly,  while they couldn’t  find any 

relevant (therapy-related) changes of the allergic condition in both the 
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perennial and seasonal allergic patient groups. There were no significant 

differences in the serum levels of either specific or non-specific IgE pre-

versus post laser treatment.
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PATIENTS AND METHODS

Study design

We studied the systemic immunologic changes in patients 

undergoing outpatient corrective diode laser surgery under local  topical  

anesthesia for reduction of allergy-associated hyperplasic inferior 

turbinates. Clinical  assessment and data collection were performed 

before surgery and at follow-up one month postoperatively, including 

allergy laboratory tests, visual analog scales for evaluation of surgical  

procedure, postoperative satisfaction, and allergic symptoms.

Inclusion and exclusion criteria 

Twenty consecutive patients were recruited from the 

Otorhinolaryngology outpatient clinic, National Laser Insti tute, Cairo 

University,  Cairo, Egypt,  from October 2007 to June 2012 (11 females 

and 9 males, with age ranging from 28-37 years,  mean= 32 years). 

The criteria of inclusion were the following: 

� Adult  patients of both genders 

� complaining from bilateral or alternating nasal obstruction, 

� for more than 3 months prior to presentation

� and refractory to maximal conservative medical therapy 

The criteria of exclusion were:
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� Presence of sinonasal polyposis

� Presence of signs of vasomotor rhinitis

� History of previous nasal surgery

� History of previous immunotherapy

� Presence of recurrent epistaxis

The allergic nature of the rhinitis  was confirmed by the 

radioallergosorbent test  (RAST), which is a radioimmunoassay test  to 

detect specific IgE.

Principle of RAST

The reaginic (IgE) antibodies in a serum react with the allergen, 

which is chemically coupled to an insoluble matrix. The bound reagins 

are then detected by their ability to bind 1 2 5 I-labelled antibodies 

directed against IgE and the uptake of labelled antibodies measured in 

terms of radioactivity on the solid phase, which is directly correlated 

with the level of specific reaginic (IgE) antibodies to that particular 

allergen. Common allergens such as pollen,  animal dandruff,  food 

allergens,  moulds etc.  can be easily coupled to a solid phase like 

cellulose or cross-linked dextran (Sephadex) and the solid phase may be 

either in the form of fine particles or as a paper disc (Wide, 1973). All 

patients had a positive radioallergosorbent test (RAST) score of two or 

more for Dermatophagoides Farinae and Dermatophagoides 

Pteronyssinus (IgE level > 0.70 IU/ml).
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Laser surgery

Figure (1): Semiconductor diode laser (QUANTA SYSTEM, Italy)

Before laser treatment topical anaesthesia was applied to the 

inferior turbinate for approximately 10 minutes, using cotton pads 

soaked in 5% xylocaine solution 

combined with a local vasoconstrictor like Otrivin (xylometazoline HCL 

0.1% by Novartis , Egypt). A semiconductor diode laser (QUANTA 

SYSTEM, Italy) with the following sett ings was used: wavelength 980 

nm, continuous-wave, output power 5-7 W. The laser light was applied in 

contact  submucosal mode via a soft  bending, plastic-clad silica fiber 
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to both nasal cavities and the patients were put on a protocol of saline 

irrigations, nasal ointments and (as required) decongestive nose drop for 
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a 2 weeks term. The post-operative follow up was done after 1 week and 

one month of the intervention.

Laboratory tests

Blood samples were drawn in 2 tubes.  In the first ,  2.5 ml. of 

venous blood were collected in EDTA vaccutainer. 40 μl were tested by 

Micro 60 (ABX gp) for complete blood count with full  differential 

leucocytic count (15 parameters). In the second, 3 ml. of venous blood 

were collected in a vaccutainer tube, and after allowing clotting for 15 

minutes at  room temperature, the blood was centrifuged for 10 minutes 

at 1300g at  room temperature. The sera were frozen at  -70oC and 

analyzed at the end of the study period for quantitative determination of 

Immunoglobulin E (IgE), interleukin-4 , interleukin-5 and interferon-

gamma concentration in serum using the enzyme-linked immunosorbent 

assay (ELISA) technique with Stat  Fax Reader.  

Clinical score 

Preoperatively,  the patients gave an overall assessment of their 

rhinitis symptoms. The symptoms of nasal blockage, nasal itching, 

sneezing, and rhinorrhea were rated on a four-point  scale in which 0=no 

symptoms, 1=mild, 2=moderate, and 3=severe.
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Assessment of Immunoglobulin (IgE) in serum

A kit was used as by the instructions of the manufacturer 

(BioCheck, Inc.  323 Vintage Park Dr.  Foster City,  CA 94404 USA). 

Enzyme immunoassay for the quantitative determination of 

immunoglobulin E (IgE) concentration in human serum was performed.

Principle of the applied test

The IgE Quantitative Test is based on a solid phase enzyme-linked 

immunosorbent assay (ELISA). The assay system utilizes one 

monoclonal anti-IgE antibody for solid phase (microtiter wells) 

immobilization and goat anti-IgE antibody in the antibody-enzyme 

(horseradish peroxidase) conjugate solution. The serum is added to the 

IgE antibody coated microtiter wells. If  human IgE is present in the 

specimen, it  will combine with the antibody on the well.  The IgE 

antibody labeled with horseradish peroxidase (conjugate) are added 

where the IgE molecules are sandwiched between the solid phase and 

enzyme-linked antibodies. After incubation and washing, a solution of 

TMB Reagent is  added result ing in the development of a blue color. The 

color development is  stopped with the addition of stop Solution, and the 

color is changed to yellow and measured spectrophotometrically at 450 

nm. The concentration of IgE is directly proportional  to the color 

intensity of the test sample.
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Reagents

- Monoclonal anti-IgE coated microtiter plate with 96 wells.

- Zero Buffer, 13 ml.

- Enzyme Conjugate Reagent,  18 ml.

- IgE reference standards, containing 0, 10, 50,  100, 400, and 800 IU/ml  

(WHO, 2nd IRP 75/502). Liquid, 0.5 ml each, 1 set .

- TMB Reagent (One-Step), 11 ml.

- Stop Solution (1N HCI),  11 ml.

Steps of the test

All reagents were allowed to reach room temperature (18-25°C) 

before use.

1.  20 μl of standard, specimens, and controls were dispensed into 

appropriate wells.

2.  100 μl of Zero Buffer was dispensed into each well .

3.  It  was thoroughly mixed for 30 seconds as i t  is  very important to 

have a complete mixing in this step.

4.  The plate was incubated at room temperature (18-25°C) for 30 

minutes.

5. The incubation mixture was removed by flicking plate content into a 

waste container.

6. The microtiter plate was rinsed and flicked 5 times with dist illed 

water.
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7. The microti ter plate was striked sharply onto absorbent paper to 

remove all  residual water droplets.

8. 150 μl of Enzyme Conjugate Reagent was dispensed into each well 

and gently mixed for 10 seconds.

9. The plate was incubated at room temperature for 30 minutes.

10. The incubation mixture was removed by flicking plate contents into 

sink.

11. The microtiter wells were rinsed and flicked 5 times with distil led 

water. 

12. The wells were striked sharply onto absorbent paper to remove all 

residual water droplets.

13. 100 μl TMB Reagent was dispensed into each well  and gently mixed 

for 10 seconds.

14. The plate was incubated at room temperature in the dark for 20 

minutes.

15. The reaction was stopped by adding 100 μl of Stop Solution to each 

well.

16. It was gently mixed for 30 seconds; all the blue color must change to 

yellow color completely.

17. The optical  density was read at  450 nm with a microtiter plate reader 

within 15 minutes.
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Calculation of results

1. The average absorbance values (A4 5 0) was calculated for each set  of 

reference standards,  control, and samples.

2. A standard curve was constructed by plotting the mean absorbance 

obtained from each reference standard against its concentration in 

IU/ml on linear graph paper, with absorbance values on the vert ical 

or Y-axis and concentrations on the horizontal or X-axis.

3. Using the mean absorbance value for each sample, the corresponding 

concentration of IgE in IU/ml from the standard curve was 

determined.

Figure (2): Assessment of IgE in serum by ELISA
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Assay of Interleukin-4 in seum

A kit for Enzyme-Linked Immunosorbent assay (ELISA) for 

quantitative determination of human IL-4 in serum was used following 

the instructions of the manufacturer (RayBiotech, Inc.  3607 Parkway 

Lane, Suite 100, Narcross GA 30092). 

Principle of the applied test

This assay employs an antibody specific for human IL-4 coated on 

a 96-well plate. Standards and samples are pipetted into the wells and 

IL-4 present in a sample is bound to the wells by the immobilized 

antibody. The wells are washed and biotinylated anti-human IL4

antibody is added. After washing away unbound biotinylated antibody, 

HRP-conjugated streptavidin is pipetted to the wells. The wells are again 

washed, a TMB substrate solution is added to the wells and color 

develops in proportion to the amount of IL-4 bound. The Stop Solution 

changes the color from blue to yellow, and the intensity of the color is 

measured at 450 nm.

Reagents

1- IL-4 Microplate (Item A): 96 wells (12 strips x 8 wells) coated with 

anti-human IL-4.

2- Wash Buffer Concentrate (20x) (Item B):  25 ml of 20x concentrated 

solution.                    
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3- Standards (Item C): 2 vials, recombinant human IL-4.

4-Assay Diluent A (Item D): 30 ml,  0.09% sodium azide as preservative 

for Standard/Sample (serum) diluent.

5- Detection Antibody IL-4 (Item F): 2 vial  of biotinylated anti-human   

IL-4 (each vial is enough to assay half microplate).

6- HRP-Streptavidin Concentrate (Item G): 200 μl of 200x concentrated 

HRP-conjugated streptavidin.

7- TMB One-Step Substrate Reagent (Item H): 12 ml of 3, 3 ', 5, 5 '-

tetramethylbenzidine (TMB) in buffered solution.

9- Stop Solution (Item I): 8 ml of 0.2 M sulfuric acid.

Steps of the test

All reagents and samples were brought to room temperature (18-

25°C) before use.  All standards and samples were run in duplicate.

1- 100 μl of each standard and sample were added into appropriate wells.  

Wells were covered and incubated for 2.5 hours at  room temperature 

with gentle shaking.

2- The solution was discarded and washed 4 times with lx Wash Solution.  

After the last  wash, any remaining Wash Buffer was removed by 

decanting.  The plate was inverted and blotted against clean paper 

towels.

3- 100 μl of lx prepared biotinylated antibody was added to each well 

and incubated for 1 hour at room temperature with gentle shaking.

4- The solution was discarded and the wash was repeated.
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5- 100 μl of prepared Streptavidin solution was added to each well and 

incubated for 45 minutes at room temperature with gentle shaking.

6- The solution was discarded and the wash was repeated.

7- 100 μl of TMB One-Step Substrate Reagent (item H) was added to 

each well and incubated for 30 minutes at room temperature in the 

dark with gentle shaking.

8- 50 μl of Stop Solution (Item 1) was added to each well then read at 

450 nm immediately.

Assessment of results

The mean absorbance for each set of duplicate standards, controls 

and samples was calculated,  and the average zero standard optical 

density was subtracted. The standard curve was plotted on log-log graph 

paper or using Sigma plot  software, with standard concentration on the 

x-axis and absorbance on the y-axis.  The best-fit  straight line was drawn 

through the standard points.



Patients and Methods                                                                                                                                       

105

Figure (3): Assay of IL-4 in serum by ELISA

Assay of Interleukin-5 in serum

A kit was used as by instructions of the manufacturer (Boster 

biological technology LTD., CA 94538, USA). Enzyme-Linked 

Immunosorbent assay for quantitative determination of human IL-5 in 

serum was performed. 

Principle of the applied test

Boster 's human IL-5 ELISA Kit is  based on standard sandwich 

enzyme-linked immune-sorbent assay technology. Human IL-5 specific-

specific monoclonal antibodies are precoated onto 96-well plates. The 

human specific detection monoclonal antibodies are biotinylated. The 

test  samples and biotinylated detection antibodies are added to the wells 
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subsequently and then followed by washing with PBS or TBS buffer.  

Avidin-Biotin-Peroxidase Complex is  added and unbound conjugates are 

washed away with PBS or TBS buffer. HRP substrate TMB is used to 

visualize HRP enzymatic reaction. TMB is catalyzed by HRP to produce 

a blue color product that changes into yellow after adding acidic stop 

solution. The density of yellow is proportional to the human IL-5 amount 

of sample captured in plate.

Reagents

1. Lyophilized recombinant human IL-5 standard: 10ng/tube X2.

2. One 96-well plate precoated with anti- human IL-5 antibody.

3. Sample diluent buffer: 30 ml

4. Biotinylated anti- human IL-5 antibody : 130μl,  dilution 1:100.

5. Antibody diluent buffer:  12m1.

6. Avidin-Biotin-Peroxidase Complex (ABC): 130μ1, dilution 1:100. 

7. ABC diluent buffer: 12m1.

8. TMB color developing agent: 10m1.

9. TMB stop solution: 10m1.

Steps of the test

1.  0.1 ml of the 1000pg/ml, 500pg/ml, 250pg/ml,  125pg/ml,  62.5pg/ml,  

31.3pg/ml, 15.6pg/ml human IL-5 standard solutions were added per 

well into the precoated 96-well plate. 0.1m1 of the sample diluent 
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buffer was added into the control  well (Zero well).  0.1 ml of the 

sample of human sera was added to each empty well .  

2. The plate was sealed with the cover and incubated at 37°C for 90 

min (Medica lab, Egypt).

3. The cover was removed then the  plate content was discarded and  

the plate was blotted onto paper towels.  

4. 0.1 ml of biotinylated anti-human IL-5 antibody working solution 

was added into each well and the plate was incubated at 37°C for 60 

min.

5. The   plate was washed 3 times with 0.01 M TBS, and each t ime the 

washing buffer stayed in the wells for 1 min. The washing buffer was 

discarded and the plate was blotted onto paper towels.  

6. 0.1 ml of prepared ABC working solution was added into each well 

and the plate was incubated at 37°C for 30 min. 

7. The   plate was washed 5 times with 0.01 M TBS, and each t ime the 

washing buffer stayed in the wells for 1-2 min. The washing buffer  

was discarded and  the plate was blotted onto paper towels. 

8.  90 μl of prepared TMB color developing agent was added into each 

well and the      plate was incubated at 37°C in dark for 17-22 min.

9.  0.1 ml of prepared TMB stop solution was added into each well. The

color changed   into yellow immediately.

10.  The optical  density absorbance was read at  450nm in a microplate 

reader within 30 min after adding the stop solution. 
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Calculation of results

For calculation, (the relative optical  density 4 5 0) = (the optical

density4 5 0 of each well) - (the optical density4 5 0 of Zero well).  The 

standard curve was plotted as the relative optical density4 5 0 of each 

standard solution (Y) vs. the respective concentration of the standard 

solution (X).  The human IL-5 concentration of the samples was 

interpolated from the standard curve.

Figure (4): Assay of IL-5 in serum by ELISA

Assay of interferon-gamma

A kit was used as by instructions of the manufacturer   (Boster 

biological  technology, LTD.,  CA 94538, USA). Enzyme-Linked 

Immunosorbent assay for quanti tat ive determination of human 
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interferon-gamma in serum was performed. 

Principle of the applied test

Boster's human interferon-gamma ELISA Kit is  based on standard 

sandwich enzyme-linked immune-sorbent assay technology. Human 

interferon-gamma specific-specific monoclonal  antibodies are precoated 

onto 96-well plates. The human specific detection monoclonal antibodies 

are biotinylated. The test samples and biotinylated detection antibodies 

are added to the wells subsequently and then followed by washing with 

PBS or TBS buffer. Avidin-Biotin-Peroxidase Complex is added and 

unbound conjugates are washed away with PBS or TBS buffer. HRP 

substrate TMB is used to visualize HRP enzymatic reaction. TMB is 

catalyzed by HRP to produce a blue color product that  changes into 

yellow after adding acidic stop solution. The density of yellow is 

proportional to the human interferon-gamma amount of sample captured 

in plate.

Reagents

1. Lyophilized recombinant human interferon-gamma standard: 

10ng/tube X2.

2. One 96-well plate precoated with anti- human interferon-gamma 

antibody.

3. Sample diluent buffer: 30 ml.
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4. Biotinylated anti- human interferon-gamma antibody : 130μl, dilution 

1:100.

5. Antibody diluent buffer:  12m1.

6. Avidin-Biotin-Peroxidase Complex (ABC): 130μ1, dilution 1:100. 

7. ABC diluent buffer: 12m1.

8. TMB color developing agent: 10m1.

9. TMB stop solution: 10m1.

Steps of the test

1.  0.1 ml of the 1000pg/ml, 500pg/ml, 250pg/ml,  125pg/ml,  62.5pg/ml,  

31.3pg/ml, 15.6pg/ml human interferon-gamma standard solutions 

were added per well into the precoated 96-well  plate.  0.1m1 of the 

sample diluent buffer was added into the control  well (Zero well).   

0.1 ml of the sample of human sera was added to each empty well.  

2. The plate was sealed with the cover and incubated at 37°C for 90 

min.

3. The cover was removed then the  plate content was discarded and  

the plate was blotted onto paper towels.  

4. 0.1 ml of biotinylated anti-human interferon-gamma antibody 

working solution was added into each well and the plate was 

incubated at 37°C for 60 min.

5. The   plate was washed 3 times with 0.01 M TBS, and each t ime the 

washing buffer stayed in the wells for 1 min. The washing buffer was 

discarded and the plate was blotted onto paper towels.  
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6. 0.1 ml of prepared ABC working solution was added into each well 

and the plate was incubated at 37°C for 30 min. 

7. The   plate was washed 5 times with 0.01 M TBS, and each t ime the 

washing buffer stayed in the wells for 1-2 min. The washing buffer  

was discarded and  the plate was blotted onto paper towels. 

8.  90 μl of prepared TMB color developing agent was added into each 

well and the plate was incubated at  37°C in dark for 25-30 min.

9.  0.1 ml of prepared TMB stop solution was added into each well. The 

color changed into yellow immediately.

10.  The optical  density absorbance was read at  450nm in a microplate 

reader within 30 min after adding the stop solution. 

Calculation of results

For calculation, (the relative optical density 4 5 0) = (the optical  

density4 5 0 of each well) - (the optical  density4 5 0 of Zero well). The 

standard curve was plotted as  the relative optical  density4 5 0 of each 

standard solution (Y) vs. the respective concentration of the standard 

solution (X). The human interferon-gamma concentration of the samples 

was interpolated from the standard curve.



Patients and Methods                                                                                                                                       

112

Figure (5): Assay of IFN-gamma in serum by ELISA

Statistical analysis

Data in the present study are represented in tables as mean ± 

standard error and percentage of change. Paired Student Test (t-test) 

(Lind and Masoson, 1996) was carried out for the statist ical analysis 

studies of the mean values of the experienced parameters pre and post  

diode laser turbinoplasty.

Correlation coefficient  analysis (Lind and Masson, 1996) was 

also carried out, when necessary,  to evaluate the relations between the 

tested parameters pre and post diode laser turbinoplasty.
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RESULTS

Twenty patients (11 females and 9 males), with age ranging from 

28-37 years,  suffering from allergic rhinitis and undergoing diode laser 

turninoplasty operation, were included in the present study. The 

preoperative clinical  assessment and indication for turbinoplasty were 

done through a full medical  history,  anterior rhinoscopy and nasal  

endoscopic examination. The size of the inferior turbinate was graded 

from I to III according to Friedman et al . , (1999) .  The presence or 

absence of turbinate tail hypertrophy was observed during the nasal 

endoscopic examination. Eligible patients had symptoms of allergic 

rhinitis,  complaining from bilateral or alternating nasal  obstruction for 

more than 3 months prior to presentation. All patients were refractory to 

maximal conservative medical therapy prior to being offered laser 

treatment. Patients with evidence of a clinically significant sinonasal  

polyposis, signs of vasomotor rhinitis , history of previous nasal surgery 

or previous immunotherapy and presence of recurrent epistaxis were 

excluded from the study. Included patients received an explanation of 

the study design and gave verbal  formal consents. 

The post-operative follow up was done after 1 week and one month 

of the intervention. Patients were required to complete questionnaires 

regarding nasal symptoms before the procedure and 4 weeks later. Two 

blood samples from each patient were obtained. The first sample was 

taken immediately before operation and the second sample was collected 
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4 weeks later. From the first sample a confirmatory radioallergosorbent 

test  (RAST) was done to assure the al lergic state.

Complete blood picture was analyzed using Coulter apparatus. 

Total immunoglobulin E (IgE),  interleukin-4 (IL-4), interlukin-5 (IL-5) 

and interferon-gamma were determined by ELISA Technique in each 

sample. The results  were tabulated and expressed as mean ± standard 

error.  The data were statistically analyzed using paired t-test.  The tables 

also contain the maximum and minimum values obtained for each 

parameter in order to illustrate the diversity of the standard error 

calculated. Correlation coefficient  factor were experienced between each 

parameter and other tested parameters under either pre or/and post  diode 

operation. The percentage of change post operation was calculated for 

each parameter and i llustrated in histogram figures. 

Table (1A) summarized the pre-operative patients charachteristics.

Among the twenty chosen patients there were eleven females (55%) and 

nine males (45%); they were all  in the third and fourth decades with 

mean age of 32 years and the duration of clinical symptoms ranged from 

1-13 years with a mean of 5 years. The associated symptoms of AR 

include nasal  obstraction in all patients;    rhinorrhea,  sneezing and dull 

headaches in 70% (14 patients).  12 patients (60%) were suffering from 

nasal itching while bronchial asthma was observed in 10 participants 

(50%). There were other associated symptoms l ike snoring in 9 patients 

(45%), Eustachian tube dysfunction in 5 persons (25%), itching eyes,  
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throat and/or ears in 4 individuals (20%) while epiphora was noticed in 

only one patient (5%). All these symptoms lead to hyposomia in 8 

patients (40%) from the twenty participants. There are evident signs of 

AR when nasal mucosa was examined; i ts appearance ranged from pale 

violet in 8 patients (40%), edematous in 7 individuals (35%) and buffy 

red mucosa in the resting 5 personals (25%). 

Table (1A): Pre-operative patient characteristics.

Characteristics All patients (n=20) Percentage

Gender
Female
Male

11
9

55%
45%

Age 28-37 y (mean=32 y)

AR duration 1-13 y (mean=5 y)

Appearance of nasal mucosa
Pale violet
Edematous
Buffy red 

8
7
5

40%
35%
25%

AR-associated symptoms 
Nasal obstruction
Rhinorrhea
Sneezing
Nasal itching
Hyposmia 
Itching eyes/throat/ears
Epiphora
Bronchial asthma
Snoring
Eustachian tube dysfunction
Dull headaches

20
14
14
12
8
4
1
10
9
5
14

100%
70%
70%
60%
40%
20%
5%
50%
45%
25%
70%
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The postoperative clinical data was il lustrated in Table (1B). 

Regarding the symptoms, the nasal obstruction was absent in 14 

individuals (70%). The nasal  obstruction in the other 6 patients was 

classified as 4 in grade one, one in grade 2 and one in grade 3.  

Rhinorrhea was observed only in 11 individuals, 5 (25%) in grade one, 2 

in grade two (10%) and four in grade 3 (20%). 

No symptoms of sneezing or nasal itching were observed in 7 (35%) 

and 9 (45%) patients respectively; as regards sneezing only 4 (20%) were

observed in grade one, 6 (30%) in grade 2 and 3 (15%) in grade 3 while 

in nasal i tching grade 1 was observed in 3 individuals (15%), grade 2 in 

7 persons (35%) and grade 3 in only one individual (5%). Other 

associated symptoms were disappeared. After the operation, normal 

mucosa was evident in 80% of the individuals (16 persons) while pale 

violet mucosa was noticed in 2 individuals (10%) and edematous and 

buffy red, were restricted each to only one individual (5%).
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Table (1B): Post-operative patient clinical data.

Appearance of nasal mucosa

Normal

Pale violet

edematous, 

Buffy red, 

16

2

1

1

80%

10%

5%

5%

AR-associated symptoms 

Nasal obstruction

0

1

2

3

Rhinorrhea

0

1

2

3

Sneezing

0

1

2

3

Nasal itching

0

1

2

3

14

4

1

1

9

5

2

4

7

4

6

3

9

3

7

1

70%

20%

5%

5%

45%

25%

10%

20%

35%

20%

30%

15%

45%

15%

35%

5%
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Table (2) showed the statistical variat ions of the red blood cells 

(RBCs) count,  the hemoglobin (Hb) level, the hematocrit (Hct) 

percentage, the mean corpuscular volume (MCV), the mean corpuscular 

hemoglobin (MCH), the mean cell hemoglobin concentration (MCHC) 

values and the platelets count in patients before and after undergoing 

diode laser turbinoplasty.  The data in the table declared that  all  

hematological parameters studied showed insignificant changes, either 

increase or decrease, post operation compared to those before operation 

though all  results  pre and postoperative were within the normal range 

referring to the negligible effect of diode laser turbinoplasty on 

erythroid system. 

The red blood corpuscles (Table 2) showed a very slight 

insignificant increase postoperative with a percentage of change 1% 

compared to preoperative count as shown in Figure (6). Similarly,  the 

hemoglobin content showed the same unremarkable increase post  diode 

laser turbinoplasty.  This increase was expressed in Figure (6) as 1% 

percentage of change of hemoglobin content after the laser operation. 

The hematocrit  percentage also showed the same minor increase with the 

same percentage of change (1%) after the operation as in normal 

conditions it  always corresponded to the RBCs count (Table 2 and Fig 6). 

Table (2) also demonstrated that the mean corpuscular volume 

(MCV) showed a moderate insignificant increase post diode laser 

turbinoplasty compared to pre diode laser turbinoplasty.  This increase 



Results                                                                                                                                                              

119

was about 8% as shown in Figure (6) expressing the percentage of 

change of MCV after the operation. The value of mean corpuscular 

hemoglobin (MCH) postoperative also showed insignificant increase with 

a percentage of change about 1% compared to preoperative values (Table 

1, Figure 6). To the contrary, the mean corpuscular hemoglobin 

concentration (MCHC) exhibited a moderate insignificant decrease after 

diode laser turbinoplasty.  The percentage of this change was about – 6% 

explained in Figure (6).

In addition, blood platelets count demonstrated a moderate 

insignificant decrease after the laser operation with a percentage of 

change about - 6% compared to the counts before the operation as shown 

in Table (2) and Figure (6).        
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Table (2): Statistical analysis of RBCs count, Hb level, Hct %, MCV, MCH, 

MCHC values and platelets count pre and post diode laser 

turbinoplasty. The data is expressed as mean±SE and the percentage 

of change. 

Groups
Parameters 

Pre diode laser 
turbinoplasty

Post diode laser 
turbinoplasty

RBCs
(million/cmm)

X ± S.E.
% of change
Max. value
Min. value
Normal range

4.14 ± 0.12

5.3
3.6

3.8 - 4.8

4.18 ± 0.11
1%
5.22
3.6

3.8 - 4.8

Hb
(gm/dl)

X ± S.E.
% of change
Max. value
Min. value
Normal range

11.9 ± 012

12.7
11.3

12 – 16

11.96 ± 0.09
1%
12.8
11.5

12 - 16

Hct
(%)

X ± S.E.
% of change
Max. value
Min. value
Normal range

35.7 ± 0.52

39.4
32.5

35 – 45

36.02 ± 0.94
1%
40.7
35.1

35 - 45

MCV
(fL)

X ± S.E.
% of change
Max. value
Min. value
Normal range

87.16

97.2
73.7

78 – 96

91.5
8%

106.9
79.9

78 - 96

MCH
(pg)

X ± S.E.
% of change
Max. value
Min. value
Normal range

29.14

31.6
23.7

27 – 32

28.84
1%
31.2
23.6

27 – 32

MCHC
(gm/dl)

X ± S.E.
% of change
Max. value
Min. value
Normal range

33.41

34.85
31.9

31 – 34

31.54
- 6 %
33.8
29.2

31 – 34

Platelets
Count
(Thousand/cmm)

X ± S.E.
% of change
Max. value
Min. value
Normal range

294.6 ± 8.52

328
209

150 – 450

268 ± 10.9
- 6%
300
150

150 – 450



Results                                                                                                                      

121

Figure (6): The percentage of change of RBCs count, Hb level, Hct %, and 

platelets` count post diode laser turbinoplasty.

-20

-15

-10

-5

0

5

%
 o

f c
ha

ng
e 

 

Fig (6): the percentage of change of RBCs count, Hb 
level, Hct %, and platelets` count post diode laser 

turbinoplasty.

RBCs Hb Hct MCV MCH MCHC Platelets

The correlation coefficient between the values of RBCs count,  Hb 

levels, Hct percentages and platelets count pre diode laser turbinoplasty 

and the corresponding values post diode laser turbinoplasty were 

demonstrated in Table (3). All  the parameters showed a positive 

significant correlation at the level of 0.1%. This means that there was a 

highly relation between these parameters before and after the operation 

and any change before the operation should consequently followed by the 

same change after the operation (table 3).   
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Table (3): Correlation Coefficient of RBCs count, Hb level, Hct %, and platelets

count of pre and post diode laser turbinoplasty.

Correlation coefficient value
n= 20

Parameters

R

RBCs 0.984 ***

Hb 0.950 ***

Hct % 0.633 ***

Platelets count 0.791 ***

Values of Correlation Coefficient are significant at the levels of 0.1% *** 

The effect  of diode laser turbinoplasty treatment on the absolute 

numbers of total leucocytes count (TLC), eosinophil , staff, segmented, 

lymphocytes and monocytes counts was established in Table (4).  The 

data in the table also show that all the values of the leukoid system were 

in the normal range nevertheless, there were highly significant changes 

of  most parameters. 

It  is observable that  the treatment with diode laser turbinoplasty 

was followed by sharp significant increase (p"����#�� �� ���� ��	������

numbers of TLC, staff,  segmented and lymphocytes when compared to 

the corresponding values before treatment. The monocytes also showed a 

slight increase however, it  was insignificant after the laser operation 

(Table 4). 
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To the contrary,  the eosinophilic count displayed a sharp 

significant (p"����#�� ������	�� 
�	��
������� ���
����� ��� 
��� �����

turbinoplasty counts as shown in Table (4).

Table (4): Statistical analysis of absolute numbers of TLC, eosinophils, staff, 

segmented, lymphocytes and monocytes counts pre and post diode 

laser turbinoplasty. The data is expressed as mean±SE and the 

percentage of change. 

Groups
Parameters 

Pre diode laser 
turbinoplasty

Post diode laser 
turbinoplasty

TLC
(x/cmm)

X ± S.E.
% of change
Max. value
Min. value
Normal range

5460 ± 197.78 

7500
4900

4000-11.000

7400 ± 267.96 ***
36% 
9600
5400

4000-11.000

Eosinophils
X ± S.E.
% of change
Max. value
Min. value
Normal range

157 ± 14.44

300
98

100 – 500

58 ± 5.93 ***
- 96%

96
0

100 – 500

Staff
X ± S.E.
% of change
Max. value
Min. value
Normal range

44 ± 16.3 

220
0

0 – 500

162 ± 35.1 ***
268% 

192
0

0 – 500

Segmented
X ± S.E.
% of change
Max. value
Min. value
Normal range

2726 ± 96.11 

3675
2254

2000-7000

3871 ± 186.3 ***
42%
5664
3034

2000-7000
Lymphocytes X ± S.E.

% of change
Max. value
Min. value
Normal range

2144 ± 121.11 

3000
990

1000-4000

2891 ± 179.44 ***
35%
4674
1782

1000-4000
Monocytes X ± S.E.

% of change
Max. value
Min. value
Normal range

388 ± 3944 

525
0

200-1000

403 ± 52.03
4%
768
0

200-1000

Statistically significant changes post diode laser turbinoplasty: *** p"����#�
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Figure (7): The percentage of change of TLC, eosinophils, staff, segmented, 

lymphocytes and monocytes counts post diode laser turbinoplasty.
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Fig (7): the percentage of change of TLC, eosinophils, 
staff, segmented, lymphocytes and monocytes counts 

post diode laser turbinoplasty.

TLC Eosinophils Staff

Segmented Lymphocytes Monocytes

Figure (7) illustrate the percentage of change of the mean 

values of the total  and differential  leukocytic counts after diode laser 

turbinoplasty. The total leukocytic count increased by 36% while the 

eosinophilic count decreased by - 96% after the operation of diode laser 

turbinoplasty.  Staff cells  showed a 268% percentage of change, 

segmented cells showed a 42% change, lymphocytes showed 35% and 
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monocytes showed 4% percentage of change after the diode laser 

turbinoplasy compared to the corresponding values before the operation.  

In order to confirm the previous effect  of turbinoplasty on 

hypertrophied inferior turbinate by diode laser on the absolute numbers 

of total leucocytic count (TLC), eosinophils, staff,  segmented, 

lymphocytes and monocytes counts,  a correlation coefficient analysis 

between the counts of these parameters before and after the surgery were 

calculated and tabulated in Table (5). 

Table (5): Correlation Coefficient of TLC, eosinophils, staff, segmented, 
lymphocytes and monocytes counts of pre and post diode laser 
turbinoplasty.

Values of Correlation Coefficient are significant at the levels of 0.1% *** 

The results  declared that TLC, staff, segmented and monocytes 

counts after diode laser turbinoplasty were positively significant (0.1%) 

correlated with the corresponding counts experienced before the 

treatment while eosinophil  cells  showed insignificant positive 

Correlation coefficient value 
n= 20

Parameters

R

TLC 0.620 ***

Eosinophils 0.250

Staff 0.924 ***

Segmented 0.681 ***

Lymphocytes - 0.670 ***

Monocytes 0.757 ***
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correlation in the same conditions. Contrary to this, lymphocytic count 

revealed a negative significant (0.1%) correlation coefficient post-

surgery with the corresponding values before the surgery (Table 5).   

Table (6) demonstrated the statistical analysis of the mean values 

of the examined immunoglobulin-E (IgE), interleukin-4 (IL-4), 

interleukin-5 (IL-5) and gamma-interferon (IFN-gamma) pre and post 

diode laser turbinoplasty.  It  is clear that  IgE was sharply decreased 

significantly (p<0.05) post  diode laser turbinoplasty.  This decrease was 

about 43% compared to the corresponding value pre the operation as 

illustrated in Figure (8) representing the percentage of change after the 

laser operation. The first  cytokine examined IL-4 showed a moderate 

decrease after the operation yet  it  was insignificant (Table 6). The 

percentage of change of this decrease was about - 23% as il lustrated in 

figure (8). The second cytokine IL-5 were significantly (p"���#��

decreased subsequent to the diode laser surgery, this decrease was sharp 

about - 63% as shown in Figure (8).  The only slight increase was 

observed in the gamma-interferon due to diode laser treatment but this 

increase was insignificant and the percentage of change of this increase 

was about 12% (Table 6 and Figure 8).   
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Table (6): Statistical analysis of IgE, IL-4, IL-5 and IFN-gamma values pre and 

post diode laser turbinoplasty. The data is expressed as mean±SE and 

the percentage of change. 

Groups
Parameters 

Pre diode 
laser turbinoplasty

Post diode 
laser turbinoplasty

IgE
(IU/ml)

X ± S.E.
% of change
Max. value
Min. value

838.89 ± 109.33

1800
420

478.75 ± 50.39 **
- 43%
10.40

0

IL-4
(pg/ml)

X ± S.E.
% of change
Max. value
Min. value

6.72 ± 1.69

30
1.48

5.17 ± 0.81
- 23%
12.5
1.1

IL-5
(pg/ml)

X ± S.E.
% of change
Max. value
Min. value

26.11 ± 6.44

114
0

9.63 ± 1.89 *
- 63%

30
0

IFN-
gamma
(pg/ml)

X ± S.E.
% of change
Max. value
Min. value

27.4 ± 3.52

65
6

28.88 ± 3.23
12%
55
0

Statistically significant changes post diode laser turbinoplasty: * p"���$!�����%%�
"���#�
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Figure (8): The percentage of change of IgE, IL-4, IL-5 and IFN-gamma values 

post diode laser turbinoplasty.
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Fig (8): the percentage of change of IgE, IL4, IL5 and 
INF-��values post diode laser turbinoplasty.
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Eosinophilic count in the peripheral blood may reflect tissue 

eosinophilia.  Several causes are known, with the most common is

allergic reaction. Table (7) summarized the correlation coefficient 

between eosinophilic count and immunoglobulin E (IgE),  interleukin-4

(IL-4), interleukin-5 (IL-5) and gamma interferon  (IFN-gamma) both pre 

and post diode laser turbinoplasty.  

Before diode laser turbinoplasty the eosinophilic count indicated a 

positive insignificant correlation with IgE values, and a negative 

significant (0.1%) coefficient  with IL-4 and IL-5 and IFN-gamma. After 

diode laser treatment, eosinophils exhibited a negative significant (0.1%) 

correlation with IgE, a negative insignificant correlation with IL-4, a

positive insignificant correlation with IL-5 and a positive significant 

(1%) correlation with IFN-gamma (Table 7).

Table (7): Correlation coefficient of eosinophil cells with other tested parameters 

pre and post diode laser turbinoplasty.

Parameters
n=20

Groups

IgE IL-4 IL-5 IFN-gamma

Before 0.208 - 0.548*** - 0.499*** - 0.614***

After - 0.898*** - 0.033 0.239 0.405**

Values of Correlation Coefficient are significant at the levels of 1% ** and 0.1% *** 

As summarized in Table (8), IgE showed a negative insignificant 

correlation with IL-4, IFN-gamma and a negative significant (5%) 
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coefficient  with IL-5 before the diode laser treatment. After the diode 

laser treatment IgE revealed a positive insignificant correlation with IL-

4, a negative significant (0.1%) correlation with IL-5 and a negative 

significant (1%) correlation with IFN-gamma.

Table (8): Correlation coefficient of IgE with other tested parameters pre and post 

diode laser turbinoplasty.

Parameters
n=20

Groups

IL-4 IL-5 IFN-gamma

Before - 0.235 - 0.382* - 0.151

After 0.092 - 0.725 *** - 0.428**

Values of Correlation Coefficient are significant at the levels of 5% *, 1%** and 
0.1% *** 

A series of correlation coefficient  analysis was carried out 

between each cytokine and the other different cytokines to study the 

relations between each other both before and after the diode surgery. 

This spotted a light  on the relation between each tested cytokine and the 

others and the response of these relations to the laser treatment as 

discussed later.  

In Table (9), IL-4 exhibited a negative insignificant correlation 

with IgE as shown above and a positive insignificant correlat ion with IL-

5 while it  showed a positive significant (0.1%) correlat ion coefficient 

with IFN-gamma. After diode laser treatment IL-4 showed a positive 



Results                                                                                                                                                              

131

insignificant correlat ion with both IgE and IL-5. This correlat ion became 

significant (0.1%) with IFN-gamma in the same period.

Table (9): Correlation coefficient of IL-4 with other tested parameters pre and 

post diode laser turbinoplasty.

Parameters
n=20

Groups

IgE IL-5 IFN-gamma

Before - 0.235 0.221 0.782 ***

After 0.092 0.028 0.746 ***

Values of Correlation Coefficient are significant at the levels of 0.1% *** 

Data in Table (10) declare that  before subjecting patients to the 

diode laser surgery IL-5 displayed a negative significant (5%) 

correlation with IgE while it  was positive insignificant with IL-4 and 

significant (1%) with IFN-gamma. After the surgery of diode laser,  the 

IL-5 was negatively significant (0.1%) correlated with IgE and positively 

insignificant with IL-4 and significant (5%) with IFN-gamma.

Table (10): Correlation coefficient of IL-5 with other tested parameters pre and 

post diode laser turbinoplasty.

Parameters
n=20

Groups

IgE IL-4 IFN-gamma

Before - 0.382* 0.221 0.462**

After - 0.725 *** 0.028 0.376*

Values of Correlation Coefficient are significant at the levels of 5% *, 1% ** and 

0.1% *** 
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Finally,  Table (11) illustrated that  IFN-gamma was posit ively 

significant (0.1%) correlated with IL-4 and (1%) with IL-5 and 

negatively correlated insignificantly with IgE before diode laser 

turbinoplasty.  After the diode laser operation, i t shows a negative 

significant (1%) correlation with IgE, and a posit ive significant (0.1%) 

and (5%) with IL-4 and IL-5 respectively.        

Table (11): Correlation coefficient of IFN-gamma  with other tested parameters 

pre and post diode laser turbinoplasty.

Parameters
n=20

Groups

IgE IL-4 IL-5

Before - 0.151 0.782 *** 0.462 **

After - 0.428** 0.746 *** 0.376*

Values of Correlation Coefficient are significant at the levels of 5% *, 1% ** and 0.1% 
***
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DISCUSSION

The present study was designed to determine the pre and post 

operative levels of IgE, IL-4, IL-5 and IFN-gamma, and to evaluate the 

relation between these parameters and the clinical  criteria and blood 

picture. This study was performed on 20 patients with allergic rhinitis ,

positive to RAST (Radioallergosorbent test) and undergoing diode laser 

turbinoplasty.  The blood samples were withdrawn immediately before the 

operation and one month after it.  All  patients were taken from the 

National Laser Insti tute, ORL outpatient  clinic, in Cairo,  Egypt. These 

20 patients were chosen from 45 ones. The other individuals were 

excluded either there was no possibility for taking the 2 samples, or the 

allergic rhinitis was accompanied by other signs and symptoms l ike 

deviated nasal  septum, nasal polyps,  acute or chronic sinusitis . This 

exclusion was decided in order not to mix the  allergic manifestations 

with other inflammatory or obstructive conditions that may mask the 

laboratory changes.

Atopy can be defined as a condition with certain specific 

immunologic and clinical  features.  It  affects a significant portion of the 

general population, usually estimated at 10-13% in developed countries. 

The etiology of atopy involves complex genetic factors and 

environmental allergen exposure.  Allergic rhinitis  and allergic asthma 

are the most common manifestations following exposure to 
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environmental  allergens.  Atopic dermatitis  is  less common. Allergic 

gastroenteropathy st i ll  rarer and may be transient. Two or more of these 

clinical diseases can coexist in the same patient at the same time or at 

different times during the course of the i l lness. 

Atopy may be asymptomatic,  however atopy generally entails an 

immunologic response to naturally occurring inhaled and ingested 

allergens with the production of IgE antibodies.  Atopic diseases are IgE-

mediated diseases.  The physiologic effects of the mediators released or 

activated immunologically by both mast  cells and basophils are 

responsible for the functional and pathologic features of the immediate

and late phases of atopic diseases.  The important  mediators of IgE 

allergy are histamine, chemotactic factors, prostaglandins, leukotrienes,  

and platelet-activating factor. 

Allergic rhinitis  is a chronic disease,  which may appear at  any age, 

but the onset is usually during childhood or adolescence. The disease 

affects both sexes equally. It  is never fatal and may persist  for many 

years if untreated. The attack of allergic rhinitis is usually associated 

with several  annoying symptoms: nasal obstruction, profuse watery 

rhinorrhea,  paroxysmal sneezing, and itching of the nose and palate. Post  

nasal mucus drainage causes sore throat,  clearing of the throat , and 

cough. There is usually an accompanying allergic blepharoconjunctivitis,  

with intense itching of the conjunctivae and eyelids, redness, tearing, 

and photophobia. Severe attacks are often accompanied by systemic 
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malaise,  weakness, fatigue, and sometimes, muscle soreness after intense 

periods of sneezing. Fever is  absent. Swelling of the nasal  mucosa may 

lead to headache because of obstruction of the ostia of the paranasal 

sinuses (Terr, 1997) .

In the present study, the age ranged from 28-37 years mean=32 

years.  The relatively young age in both sexes undergoing this operation 

reflect the fact  that although this disease is not a fatal  one,  it  does cause 

considerable morbidity and time loss from work, and patients suffering 

from this disease prefer to eliminate rapidly their undesirable symptoms.

Non-allergic rhinitis, nasal  polyposis and sinusitis  occur in a

significant number of patients without atopy or allergic rhinitis. Nasal  

polyposis is a chronic eosinophil mucosal  inflammatory disease which 

involves a self-sustaining mechanism, i.e. local  release of inflammatory 

mediators, independent of allergen stimulation of nasal mucosa. 

Increased release of inflammatory mediators contributes to the 

development of nasal polyps, determining oedema and an increased 

recruitment of inflammatory cells (Kramer et  al . ,  2000) . Nasal 

eosinophilia and nasal eosinophilic cationic protein (ECP) values were 

significantly increased in nasal polyposis (Advenier et al . ,  2002) .

Similarly,  the development of an acute bacterial  or viral sinusitis  into a 

chronic infection seems to be the most common mechanism in the 

pathogenesis of chronic nonallergic sinusitis.  Anatomical obstruction of 

the ostia of paranasal sinuses is a predisposing factor. A predominantly 
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neutrophil ic type of inflammation constitutes the general  histological  

finding (Kramer et  al . ,  2000) .  Therefore,  in our study, we excluded 

patients having either nasal polyposis or chronic non-allergic sinusitis. 

Allergic rhinitis,  nasal  polyposis and chronic sinusitis,  all  three nasal 

diseases induce similar symptoms. A chronic inflammation is  common in 

all  of them, but in case of allergic rhinitis,  it  is  known to be a Th2

specific IgE dependent immune disease.  

Several  authors have reported the use of laser in the treatment of 

allergic rhinitis.  Laser surgery is performed with the main aim of 

reducing the size of hypertrophic inferior turbinates. In addition, the 

laser inhibits the allergic reaction in the mucosa of inferior turbinates, 

which improves the clinical  symptoms (Mori et al . ,  2003) .  In our study,  

improvement of nasal obstruction, rhinorrhea,  sneezing and nasal  itching

were observed in 90%, 40%, 25% and 20% of patients respectively.  All 

the clinical symptoms were significantly decreased after diode laser 

turbinoplasty specially the nasal  obstruction and the rhinorrhea. 

Sneezing and nasal  itching improved minimally (Table 1b). 

These results agreed with that of Tsai et al . ,  (2009) and Caffier et 

al . , (2011) ,  who reported that  the nasal symptoms improved significantly 

after the diode laser surgery.  Tsai et al . ,  (2009) reported that  diode laser 

surgery is effective in improving health-related quality of life in patients 

with allergic rhinit is for at least 6 years after treatment. Several  

investigators also recorded a marked decrease in nasal symptoms after 
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CO2 laser surgery.  For example, Kawamura et al . , (1993), Lippert and 

Werner (1997), Fukutake et al . , (1999), and Lagerholm et  al . , (1999)  

reported that, respectively,  78%, 87.5%, 93.5%,and 73% of patients had 

subjectively excellent or good results.  Takeno et al . ,  (2000) and  

Furukido et al . , (2002) also reported a significant decrease of symptom 

scores after CO2 laser, in addition, Siegel et al . ,  (2008) reported that 

half of the patients (44.4%) were able to stop their medications after CO2

laser turbinoplasty.

In the present study,  in agreement with many authors, i t  is  evident

that diode laser turbinoplasty gain great success in alleviating the signs 

and symptoms of allergic rhinitis at least shortly after one month. This 

clinical  improvement is  associated with changes in blood picture and 

cytokines as will be discussed later.

Despite the simplici ty and rapidity of blood picture compared to 

other tested parameters, it can provide an overview of a patient’s general 

health status. It  is well known that cells circulating in blood stream are 

generally divided into three types: red blood cells , platelets,  and white 

blood cells.  The maintenance of blood cell  production requires that the 

regulatory mechanisms operate in a controlled and coordinated  way and 

are able to elicit  a concerted response in the different areas of the active 

bone marrow. The varied functions of the blood cells also imply that 

cells in the different tissues of the body can signal the need of different 

levels of cell production.
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In the present study and according to the normal value of 

haemoglobin and calculated blood indices (Table 2),  there is  some sort 

of normochromic anaemia in both pre and post  operative samples.  It  

seems that the observed anaemia was due to the associated chronic 

allergic condition. According to Mehta and Hoffbrand, (1999) the 

anaemia of chronic disease is a common normochromic or mildly 

hypochromic anaemia, occurring in patients with chronic diseases.  

In the present study and contrary to other blood elements, 

erythropoiesis is  less affected if  any (Table 2).  It  is well known that  the 

life span of red blood cells  is 120 days,  so the changes are less than that  

of leucocytes or platelets.  The continuous presence of anaemia in this 

study may be due to the disturbance of erythropoiesis associated with 

chronic disease as a result of reduced sensitivity to physiological 

erythropoietic stimuli and reduced iron utilization. The interaction of a 

number of cytokines including interleukin-1(IL-1), interleukin-6 (IL-6),  

tumour necrosis factor (TNF), and transforming growth factor-beta, with 

accessory marrow stromal cells and with the erythroid progenitors 

themselves, is probably responsible.  Both TNF and IL-1 inhibit 

erythropoiesis. The effect of IL-1 is probably mediated by gamma-

interferon secreted by T-lymphocytes, whereas the TNF action is  

probably mediated by interferon-gamma produced by marrow stromal 

cells; IL-6 and TGF-beta may also have roles as mediators of anaemia of 

chronic disease through inhibition of erythropoiesis (Mehta and

Hoffbrand, 1999) .
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The blood platelets are fragments of the cytoplasm of the 

megakaryocytes. They are non-nucleated and are formed chiefly in the 

bone marrow. The platelet count in the peripheral blood is maintained at 

a fairly constant level and the normal life span of platelets ranges 

between 8 and 14 days.  In addition to being a chief cellular effector of 

hemostasis, platelets are rapidly deployed to si tes of injury or infection, 

and potentially modulate inflammatory processes by interacting with 

leucocytes and by secreting cytokines, chemokines and other 

inflammatory mediators (Diacovo et  al . ,  1996; Wagner and Burger,

2003; Weyrich and Zimmerman, 2004 and Iannacone et al . ,  2005) .

In the present study, the redistribution of platelets may be the 

cause of the decrease of their number after turbinoplasty operation 

considering this operation a sort of injury or trauma where the platelets 

are rapidly deployed.

The blood elements in the present study show different variat ions. 

There is an increase in the total  and differential  leucocytic counts and a 

decrease in platelet count compared with the unchanged red cell count 

(Table 4).  Vitro studies have shown that the application of low-level 

laser irradiation (LLLI) at different energy densities stimulates  

proliferation, increases growth factors secretion and facilitates myogenic 

differentiation of bone marrow derived mesenchymal stem cells (Hou et 

al . ,  2008) .
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Human mesenchymal stem cells are thought to be multipotent cells,  

which are present in adult  marrow, that can replicate as undifferentiated 

cells and that have the potential to differentiate to l ineages of 

mesenchymal tissues. Stem cells are relatively few in number. They 

possess two characteristic features: first is their abil ity to proliferate to 

produce more stem cells; second is their potential to undergo 

differentiation to produce highly specialized mature cell types 

(erythrocytes,  neutrophils, eosinophils, basophils, platelets,  monocytes/ 

macrophages, osteoclasts and T and B lymphocytes) (Testa and Dexter,

1999) .

Diode laser most propably caused stimulation of the regenerative 

processes which is  reflected in lymphocytosis, monocytosis and an 

increase in neutrophilic count. Each cell has its  unique job; both 

lymphocytes and monocytes are implicated in defense processes locally 

and generally.  Lymphocytes, have complex roles both in regeneration 

and immune defense.  Monocytes, participate in phagocytosis, interleukin 

and lymphocyte growth factor synthesis. Neutrophils, play a major role 

in host  defense via phagocytosis and destruction of pathogens during 

acute inflammation. 

Among the tested differential  leucocytic count,  the eosinophils are 

the only cells showing significant decrease and the highest  percent of 

change, leading to the suggestion that  diode laser surgery had a profound 

negative effect on blood eosinophils either through decrease in synthesis,  
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redistribution or both. In addition, there was a negative significant 

correlation between eosinophils and each of:  interleukin-4, interleukin-5

and interferon-gamma before diode laser and a negative correlation with 

IgE, with a positive correlation with interferon-gamma after diode laser 

turbinoplasty.  All  these significant correlations pointed to the close 

association between eosinophils and these tested parameters and nasal  

symptoms in allergic rhinitis .

Eosinophils are bone marrow-derived granulocytes whose clinical 

significance derives from their strong association with allergic reactions 

and with helminthic parasite infections. Circulating eosinophils normally 

make up about 1-4% of total peripheral white blood cells.  The transit  

time of the eosinophil in the blood is about 3-8 hours.  Eosinophils have 

less phagocytic and bactericidal activity than neutrophils but have an 

important role in mediating hypersensitivity reactions, bronchial asthma 

and skin inflammation. Eosinophils readily degranulate in response to 

stimulation with antigens or cytokines as well as complexed and 

secretory IgA, IgE and IgG. Eosinophil  granule proteins are also toxic to 

bacteria and multicellular parasites. Eosinophil activity is enhanced by 

interleukin-5,  interleukin-3 and granulocyte-macrophage colony-

stimulating factor. Increased concentration of eosinophils (eosinophilia) 

in the blood can occur in several cl inical settings but most commonly 

encountered in allergic or parasitic diseases;  the increase is  thought to 

be mediated by interleukin-5 (Roberts et al . ,  1999) .      
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Several  studies reported eosinophilia in atopic subjects. Di 

Lorenzo et al . , (1997) analysed eosinophils in blood and nasal  fluid 

from patients allergic to grass pollen (to monitor the late phase). They 

reported that,  out of pollen season, no significant differences in nasal 

samples and blood were observed between the patients with rhinitis and 

control subjects. During pollen season, they observed an increase of 

eosinophil percentages in both the nasal  samples and blood in patients 

with rhinitis, but  these cells  were in normal range. Accordingly,  a 

significant difference was observed between patients with rhinitis and 

non atopic subjects during pollen season. Similarly,  Woschnagg et al . ,  

(2009) reported that the allergic subjects in their study presented 

elevated blood eosinophil  counts compared with the healthy controls.  

Addit ionally the pathophysiology of al lergic rhinitis  is  associated 

with the presence of inflammatory cells  such as mast cells and 

eosinophils in the nasal mucosa (Di Lorenzo et  al . ,  1997) .  During the 

late-phase response, activated eosinophils are involved and the 

significant reduction in eosinophils after laser surgery is one important 

aspect of histological alteration caused by laser surgery,  and this might 

imply a possible relationship with the clinical  effectiveness of surgery. 

The present study which is clearly related with decrease in eosinophilic 

count ran in agreement with our study as there is distinct improvement in 

symptoms and signs after turbinoplasty.
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Furukido et  al . ,  (2002) investigated the mechanisms of eosinophil 

infiltration and activation underlying the therapeutic effects of CO2 laser 

surgery.  They examined changes in the cytological  profile of nasal

mucosa after surgery.  They found a significant decrease in eosinophil  

infilteration after CO2 laser surgery as the infiltrat ion of both total 

eosinophils and activated eosinophils was decreased to less than half the 

baseline value, therefore we may state that the decrease in blood 

eosinophil percentage after diode laser turbinoplasty may be due to the 

squamatization of the nasal epithelium that may lead to an increase in 

the physiological  barriers against  invading foreign allergens and reduce 

allergic inflammation. Also, changes in nasal homeostasis caused by 

diode laser surgery may preferentially modify local  expression of 

various cytokines,  such as interleukin-5 on which activation of 

eosinophils are closely dependent.

As mentioned, there is improvement in symptoms and signs after 

turbinoplasty.  This improvement in clinical  data is associated with 

eosinopenia and changes in cytokines tested in this study. There was a 

statistically decrease in IgE and interleukin-5 levels in sera of allergic 

rhinitis  patients post-diode laser turbinoplasty compared to pre-diode. 

The percent of change reached to 50% or more.  On the other hand, 

interleukin-4 decreased insignificantly post compared to pre-diode laser 

turbinoplasty.  The percent of change is about 25%. The only cytokine 

that  increased insignificantly is the interferon-gamma (Table 6).



Discussion                                                                                                                                                        

144

Atopic disease is  an IgE mediated disease, and in allergic rhinitis, 

the reaction occurs at the local tissue level. Contact with allergenic 

particles, such as pollen grains, fungus spores, dust, or skin scales from 

a pet,  is  followed promptly by absorption of soluble allergenic protein at 

the mucosal surface. There, the relevant IgE antibody on the mucosal 

mast  cell  reacts with allergen, causing prompt mediator release and 

clinical symptoms. 

Several  authors reported the increase of cytokines level in al lergic 

rhinitis. For example, Kramer et al . ,  (2000) found that the concentration 

of IgE in both the nasal  secretion and serum of allergic rhinitis patients 

were significantly higher compared to healthy control subjects, while the 

concentration of interleukin-5 was significantly elevated (5-fold- P<0.05) 

only in nasal  secretions in the al lergic patients. Powe et al . ,  (2010) also 

reported that the IgE levels were significantly increased in both nasal  

secretions and serum in al lergic rhinitis patients compared with healthy 

controls.  Other investigators reported that  the numbers of cells 

expressing IL-4 and IL-5 were higher in allergic than non allergic 

mucosa (Varga et al . ,  1999 and Saito et al . ,  2000) . Rapp et al . ,  (2000)

recorded that the IL-4 levels were significantly higher in the nasal  

lavage fluid from pollen allergic rhinitis  group compared to non-allergic 

group. On the other hand, Lampi et al . , (2011) reported that allergic 

rhinitis was associated with reduced IFN-gamma production.
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Although the design of work in the present study didn’t  include 

control to compare between atopic and non atopic individuals, al l these 

studies assured the increase of  interleukin-4, interleukin-5 and IgE in

allergy. Therefore, we can safely state that  the level of cytokines of the 

previously mentioned parameters is increased in the pre-operative 

sample due to associated allergy.

The decrease in IgE, interleukin-4 and interleukin-5, and increase 

in gamma-interferon indicate the improvement in the allergic individual 

state; this coincide with the decrease in eosinophilic count and 

improvement in the symptoms and signs of allergic rhinitis  post-

operatively.

Intermingling between IgE and other cytokines are present in 

allergic rhinit is.  Allergic rhinit is is known to be a Th2 specific IgE-

dependent immune disease,  where there is a shift in the Th1/Th2 balance 

towards the Th2 dominant state. In allergic rhinit is,  mast cells activated 

by cross-l inking of allergen to mast cell bound specific IgE, release both 

vasoactive mediators related to the early nasal  symptoms and 

chemotactic mediators that attract inflammatory cells such as eosinophils, 

related to the late phase response.  Th2 cells  and mast cells  secrete 

interleukin-4,  that have a direct effect on B-cell  proliferation and IgE 

production, and an indirect effect on eosinophils as it promotes the 

induction of Th2 cells which control the proliferation and activities of 

eosinophils and mast cells. Interleukin-4 also inhibits  the production of 
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interferon-gamma, which is a Th1 cytokine.  Th2 cells also secrete 

interleukin-5 that stimulate the production and increase the function of 

eosinophils. Interleukin-5 also enhances the activit ies of basophils by 

priming them to release mediators, such as histamine and leukotriens.

The significant correlation in the present study between 

eosinophils, IgE, interleukin-4,  interleukin-5 and interferon-gamma 

reflect their close association. However, there is some controversial 

correlations e.g. the significant negative correlat ions between 

interleukin-5 and IgE in postoperative samples seems unreasonable since 

both parameters showed significant decrease after turbinoplasty and a 

positive correlation between them is expected. As previously mentioned, 

Th2 cells  secrete interleukin-4 that have a direct effect on IgE 

production and secrete interleukin-5 that  has a similar effect  on 

eosinophils;  in the present study interleukin-5 showed significant 

decrease (-63%) post-operatively and interleukin-4 showed insignificant 

one (-23%); this may lead to the result that despite their decrease, the 

high value of IgE is associated with decrease level  of interleukin-5

giving this negative correlation.

Our results agreed to some extent with Mori et  al . ,  (2003) who 

reported that,  there was a significant decrease (P<0.05) in specific IgE 

levels in sera of allergic rhinitis  patients in post compared with pre-KTP 

laser therapy and the levels of  interferon-gamma  produced by the post-

KTP surgery peripheral blood mononuclear cells  (collected from the 
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allergic rhinitis patients after surgery) after stimulation with 

staphylococcus enterotoxin B in vitro were higher than those produced 

by peripheral blood mononuclear cells collected before the surgery, but 

the difference was not statistically significant.  Different from our results  

were the interleukin-4, where they found no difference in the 

interleukin-4 levels produced by peripheral  blood mononuclear cells pre 

compared to post-KTP laser therapy. This differences in results may be 

due to the fact that we measured the level of interleukin-4 in sera of 

allergic rhinit is patients (in vivo) pre and post laser surgery while Mori 

et  al . ,  (2003) measured the interleukin-4 produced by peripheral  blood 

mononuclear cells  (collected from the allergic rhinitis patients) after 

stimulation with staphylococcus enterotoxin B (in vitro) pre and post  

laser surgery. On the contrary, Caffier et al . ,  (2011) recorded that there 

were no significant differences in the serum levels of specific or non-

specific IgE pre- versus post-diode laser operation. 

           In our study, the levels of  Th1 type cytokines as interferon-

gamma were lower in allergic rhinitis patients before diode laser 

turbinoplasty  than after the surgery,  al though the difference were not 

statistically significant. On the other hand, levels of Th2 type cytokines 

as interleukin-4 and interleukin-5 were higher in allergic rhinitis patients 

before diode laser turbinoplasty than after the surgery.  These results 

suggest  that  the function of Th1 cells  is  suppressed in patients with 

allergic rhinitis and that Th1/Th2 balance is shifted towards the Th2 

dominant state.  This was also supported by the result that  serum IgE 



Discussion                                                                                                                                                        

148

level and the count of eosinophils were higher in the pre than the post-

surgery sera. On the other hand, we found that  the laser diode 

turbinoplasty modulates T-cell  functions and tilts the Th1/Th2 balance 

towards the Th1 dominant state in peripheral  blood. As a consequence of 

this shift,  the eosinophilic counts and the IgE levels were decreased.

We would like to underline that in this study, the unavailability of measuring    

the nasal obstruction by rhinomanometry pushed us to rely on the visual scale to 

appreciate the nasal obstruction. Also for reduction of the costs, we couldn’t  asses the 

bony inferior turbinate hypertrophy by computed tomography (CT scan).
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CONCLUSION

              Diode laser turbinoplasty eases al lergic rhinitis as it  

improves the clinical  manifestations of al lergic rhinit is and it has also an 

immune effect by modulating T-cell function and tilting the Th1/Th2 

balance towards the Th1 dominant state.  

1- Effect  of diode laser on clinical symptoms of al lergic rhinitis:

All  the clinical  symptoms were improved after diode laser 

turbinoplasty.  Improvement of nasal obstruction, rhinorrhea,  

sneezing and nasal i tching were observed since they decreased 

by 90%, 40%, 25% and 20% respectively.

2- Effect  of diode laser on the immune system response:

a- It  inhibits the production Th2 cytokines as evidenced by: 

- Decrease in the level of interleukin-4 and IgE post diode 

laser turbinoplasty as interleukin-4 has a direct effect  on B 

cell proliferation and IgE production.

- Decrease in the level of interleukin-5 and eosinophilic count 

after the diode laser operation as interleukin-5 stimulates 

the production and increases the function of eosinophils.

b- It  st imulates the production of Th1 cytokines as evidenced by:

- Increase in the level of interferon-gamma post diode laser 

tubinoplasty.
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        This immune effect of the diode laser may be due to the squamatization 

of the nasal epithelium that may lead to an increase in the physiological barriers against 

invading foreign allergens and reduce allergic inflammation. Also, changes in nasal 

homeostasis caused by diode laser surgery may preferentially modify local expression 

of various cytokines, such as interleukin-5 on which activation of eosinophils are 

closely dependent and interleukin-4 on which production of IgE are dependent. 
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SUMMARY

Twenty patients, 11 females and 9 males, suffering from allergy-

associated hyperplastic inferior turbinates and positive to RAST 

(Radioallergosorbent test), were participated in the present study to 

evaluate the role of diode laser turbinoplasty clinically,  hematologically

and immunologically.  The volunteers ranged from 28 to 37 years, were 

suffering from only allergic rhinitis not associated with deviated nasal  

septum, nasal polyposis or sinusitis . They were all outpatients at the 

ORL clinic, in the National Laser Institute, in Cairo, Egypt.  After 

clinical examination, two samples were taken from each participant. The 

first sample was withdrawn immediately before operation and the second 

was withdrawn one month post-diode laser turbinoplasty operation. 

Complete blood count was freshly determined using Coulter apparatus 

while sera were collected and kept frozen for IgE, interleukin-4, 

interleukin-5 and interferon-gamma estimation. Immunoglobulin E, 

interleukin-4,  interleukin-5 and interferon-gamma were determined by 

ELISA technique.

The results  can be summarized as follows:

� All the clinical symptoms were improved after diode laser 

turbinoplasty.  Improvement of nasal obstruction, rhinorrhea, 

sneezing and nasal i tching were observed since they decreased by 

90%, 40%, 25% and 20% from patients respectively.
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� The patients showed normochromic anemia with no change post-

operatively.  

� One month after the operation, there was a significant increase in 

the absolute numbers of total  leucocytic count that  is  reflected on 

the differential  count of cells  except the eosinophils that  showed a 

significant decrease in their counts.

� The laser operation has overshadowed on the immunological  

parameters studied in this thesis reflected on a high significant 

decrease in the IgE and interleukin-5 levels post-operatively and 

an insignificant decrease in the interleukin-4 level with a percent 

of change (-23%) post-diode laser turbinoplasty.

� On the other hand, the level of interferon-gamma increased 

insignificantly with a percent of change (12%) post laser operation.

� Correlation coefficient test  showed a remarkable significance

between pre and post-diode laser operation:

� There was a positive correlation of the erythroid parameters 

levels and platelets count pre and post-operatively.

� The same posit ive significant correlation outcome was 

extended to the total and differential leukocytes except the 

lymphocytes that  showed a negative significant correlation.  

� Eosinophils showed a significant negative correlation with 

interleukin-4,  interleukin-5 and interferon-gamma before the 

operation.
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� After the operation, eosinophils exhibited a negative 

correlation with IgE   and a positive correlation with 

interferon-gamma.

� Similarly,  other significant correlations were obtained 

between every immunological tested parameter and the other 

parameters either pre or post-diode laser turbinoplasty as 

follows:

- IgE displayed a negative significant correlation with 

interleukin-5  before the operation. After the operation, it  

was negatively correlated with IL-5 and interferon-gamma.

- IL-4 exhibited a positive correlat ion with interferon-gamma 

both pre and post-laser operation.

- IL-5 displayed a positive significant correlation with 

interferon-gamma pre and post-laser operation.

From the above mentioned results we conclude that diode 

laser turbinoplasty eases allergic rhinitis as i t  improves the 

clinical manifestations of allergic rhinitis and it  has also an 

immune effect by modulating  the T-cell function and t ilting the

Th1/Th2 balance towards Th1 dominant state which was evidenced 

by decreasing the levels of interleukin-4 and interleukin-5 and 

increasing the level of interferon-gamma. As a consequence of this 

shift ,  the eosinophilic counts and IgE levels were decreased.



References                                                                                                                                                        

154

REFERENCES

Abergel RP, Meeker CA, Lam TS, Dwyer RM, Lesavoy MA, Uitto J. 

(1984): Control of connective tissue metabolism by lasers: recent 

developments and future prospects. J  Am Acad Dermatol; 11:1142-1150.

Abrams DC, Toynton SC, Dore C, et al. (1997): Stereological  

estimation of  blood vessel surface and volume densities in human 

normal and rhinitic nasal mucosa. Rhinology; 35:22-27.

Abramson M, and Harker LA. (1973): Physiology of  the nose.  

Otolaryngol Clin North Am; 6:623.

Abreu RR, Rocha RL, Lamounier JA, Guerra AFM. (2008):

Prevalence of  mouth breathing among children. J Pediatr (Rio J);  

84(5):467-470.

Advenier D, Guichard Ch, Kemeny JL, Tridon A, Gilain L. (2002):

Analysis of eosinophilia and ECP levels in blood and nasal  secretions of 

119 nasal polyposis patients. Ann Otolaryngol Chir Cervicofac;  

119(6):322-329.

Akuthota P, Wang HB, Spencer LA, Weller PF. (2008):

Immunoregulatory roles of eosinophils:  a new look at a familiar cell .  

Clin Exp Allergy; 38:1254-1263.

Alam R. (1997): Chemokines  in al lergic inflammation. J  Allergy Clin 

Immunol; 99:273-277.

Andrew J, Hapel and Richard E, Stanley. (1999): Cytokines, receptors 

and signalling pathways involved in macrophage and dendritic cell 

development. J  Cell  Sci; 104:1021-1032.



References                                                                                                                                                        

155

Arnal JF, Didier A, Rami J, M'Rini C, Charlet JP, Serrano E, et al. 

(1997): Nasal nitric oxide is increased in allergic rhinitis . Clin Exp 

Allergy; 27(4):358-362.

Bachert C, Van Kempen M, Van Cauwenberg P. (1999): Regulation of  

proinflammatory cytokines in seasonal al lergic rhinit is . Int Arch Allergy 

Immunol; 118(2-4):375-379.

Bachert C, Hauser U, Prem B, Rudack C, Ganzer U. (2005):

Proinflammatory cytokines in  allergic rhinitis . Eur Arch Otolaryngol;  

252:S44-S49.

Back LJ, Liukko T, Sinkkonen ST, et al.  (2009): Complication rates of 

radiofrequency surgery in the upper airways:  a single institution 

experience. Acta Otolaryngol; 19:1-5.

Baggish MS, Elbakry M. (1987): The effects of laser smoke on the 

lungs of rats. Am J Obstet Gynecol; 156(5):1260-1265.

Baggish MS, Sze E, Badawy S, Choe J.  (1988): Carbon  dioxide laser 

laparoscopy by means of a 3.0 mm diameter rigid wave guide. Ferti l-

Steril;  50(3):419-424.

Bakker RA, Schoonus SB, Smit MJ, Timmerman H, Leurs R. (2001):

Histamine H(1)-receptor activation of nuclear factor-kappa B: roles for 

G beta gamma- and G alpha(q/11)-subunits in constitutive and agonist-

mediated signaling. Mol Pharmacol; 60(5):1133-1142.

Baraldi E, Azzolin NM, Carrà S, Dario C, Marchesini L, Zacchello F. 

(1998): Effect of topical steroids on nasal nitric oxide production in 

children with perennial allergic rhinitis: a pilot study. Respir Med; 

92(3):558-561.

Baraniuk JN. (1997): Pathogenesis of  allergic rhinitis .  J  Allergy Clin 

Immunol; 99(2):S763-772.



References                                                                                                                                                        

156

Beamis JF Jr,  Shapshay SM . (1984): Nd-YAG laser therapy for 

tracheobronchial  disorders.  Postgrad Med; 75:173-180.

Bellanti  JA, Wallerstedt DB. (2000): Allergic rhinit is update: 

epidemiology and natural history.  Allergy Asthma Proc; 21:367-370.

Bellina JJ, Hemmins R, Voroz JI, Ross LF. (1984): Carbon-dioxide 

laser and electrostatic wound study with an animal model:  A comparison 

of tissue damage and healing patterns in peritoneal tissue. Am J Obstet  

Gynecol;  148:327-334.

Benson M, Uddman R, Cardell LO. (2002): Epithelial cells in nasal 

fluids from patients with allergic rhinitis: how do they relate to 

epidermal growth factor,  eosinophils and eosinophil cationic protein? 

Acta Otolaryngol; 122:202-205.

Berger G, Balum-Azim M, Ophir D. (2003): The normal inferior 

turbinate: histomorphometric analysis and clinical  implications. 

Laryngoscope; 113:1192-1198.

Berger G, Gass S, and Ophir D. (2006): The histopathology of  the 

hypertrophic inferior turbinate. Arch Otolaryngol Head Neck Surg; 

132:588-594.

Bernstein IL, Li JT, Bernstein DI, Hamilton R, et al. (2008): 

American  Academy of Allergy, Asthma and Immunology; American 

College of Allergy, Asthma and Immunology. Allergy diagnostic testing: 

an updated practice parameter. Ann Allergy Asthma Immunol;  100(3 

Suppl 3):S1-148.

Bhandarkar ND, Smith TL. (2010): Outcomes of  surgery for inferior 

turbinate hypertrophy. Curr Opin Otolaryngol Head Neck Surg; 18(1):49-

53.

Bhatta KM. (1995): Laser  in Urology. Lasers Surg Med; 16:312-330.



References                                                                                                                                                        

157

Bodner C, Godden D, Seaton A. (1998): Family size, childhood  

infections and atopic diseases. Thorax; 53:28-32.

Bousquet J, Van Cauwenberge P, Khaltaev N; Aria Workshop Group; 

World Health Organization. (2001): Allergic rhinitis  and  its impact on 

asthma. J  Allergy Clin Immunol; 108(5 Suppl):S147-S334.

Braunstahl GJ, Fokkens WJ, Overbeek SE, KleinJan A, Hoogsteden 

HC, Prins JB. (2003): Mucosal and systemic inflammatory changes in 

allergic rhinitis and asthma: a comparison between upper and lower 

airways. Clin Exp Allergy; 33:579-587.

Broms P, Ivarsson A, Jonson B. (1982): Rhinomanometry I.  Simple 

equipment.  Acta Otolaryngol Stockh; 93:455-460.

Bush RK. (2008): Indoor  allergens,  environmental avoidance, and 

allergic respiratory disease. Allergy Asthma Proc; 29:575-579.

Caffier PP, Scherer H, Neumann K, Luck S, Enzmann H, Haisch A. 

(2011): Diode laser treatment in therapy-resistant allergic rhinitis: 

impact on nasal obstruction and associated symptoms. Lasers Med Sci;  

26(1):  57-67.

Camargos PA, Rodrigues ME, Lasmar LM. (2004): Simultaneous 

treatment of  asthma and allergic rhinitis . Pediatr Pulmonol;  38(3):186-

192. 

Camelo-Nunes IC. (2006): New antihistamines: a critical  view. J Pediatr 

(Rio J);  82(5 suppl):S173-180.

Carson S, Lee N, Thakurta S. (2010): Drug class review: Newer 

antihistamines: Final report  update 2. Oregon  Health and Science 

University,  Portland, Oregon.



References                                                                                                                                                        

158

Casale TB, Condemi J,  LaForce C, Nayak A, Rowe M, Watrous M, et 

al. (2001): Effect  of omalizumab on symptoms of seasonal allergic 

rhinitis: a randomized controlled trial.  JAMA; 286(23):2956-2967.

Cassano M, Granieri C, Del Giudice AM, Mora F, Matthews EF, 

Cassano P. (2010): Restoration of nasal cytology after endoscopic 

turbinoplasty versus laser-assisted turbinoplasty.Am J Rhinol Allergy;  

24:310-314.

Cates EC, Gajewska BU, Goncharova S, Alvarez D, Fattouh R, Coyle 

AJ.(2003): Effect of  GMCSF on immune, inflammatory,  and clinical 

responses to ragweed in a novel mouse model of mucosal sensitization. 

J  Allergy Clin Immunol; 111(5):1076-1086.

Chen YL, Tan CT, Huang HM. (2008): Long-term efficacy of  

microdebrider-assisted inferior turbinoplasty with lateralization for 

hypertrophic inferior turbinates in patients with perennial al lergic 

rhinitis.  Laryngoscope; 118:1270-1274.

Chromey PA. (1992): The efficacy of carbon dioxide laser surgery for  

adjunct ulcer therapy. Clin Podiat  Med Surg; 9:709-719.

Cingi C, Kayabasoglu G, Nacar A. (2009): Update on the medical 

treatment of allergic rhinitis.  Inflamm Allergy Drug Targets; 8:96-103.

Clement P. (1984): Committee  report on standardisation of 

rhinomanometry. Rhinology; 22:151-155.

Clement P and Gordts F. (2005): Consensus  report on acoustic 

rhinometry and rhinomanometry. Rhinology; 43:169-179.

Cochrane JPS, Beacon JP, Creasey GH, Russel  CG. (1980): Wound 

healing after laser surgery:  An experimental  study. Br J Surg; 67:740-

743.



References                                                                                                                                                        

159

Cook PR. (1997): Sinusitis and  al lergy. Curr Opin Otolaryngol Head 

Neck Surg; 5:35-39.

Cosman B. (1980): Experience  in the argon laser therapy for port-wine 

stains. Plast Reconstr Surg; 65:119-129.

Dalal AA, Stanford R, Henry H, Borah B. (2008): Economic burden of 

rhinitis in managed care: a retrospective claims data analysis. Ann 

Allergy Asthma Immunol;  101:23-29.

Demoly P, Bousquet J,  Romano A. (2008): In vivo methods for the  

study of al lergy. In: Adkinson NF Jr, ed. Middleton’s Allergy:  Principles 

and Practice. 7th ed. Philadelphia,  Pa:  Mosby Elsevier; chap 71.

Deraz TE. (2010): Immunopathogenesis of  allergic rhinit is. Egypt J 

Pediatr Allergy Immunol;  8(1):3-7.

DeRowe A, Landsberg R, Leonov Y, Katzir A, Ophir. (1998):

Subjective comparison of Nd:YAG, diode, and CO2 lasers for 

endoscopically guided inferior turbinate reduction surgery. Am J Rhinol;  

12(3):209-212.

Desreumaux P, Capron M. (1996): Eosinophils in allergic reactions.

Curr Opin Immunol; 8:790-795.

Devalia JL, Wang JH, Rusznak C, et al. (1994): Does air pollution 

enhance the human airway response to allergen? In vivo and in vitro 

evidence. ACI News; 6:80-84.

Diacovo TG, Puri KD, Warnock RA, Springer TA, von Andrian UH. 

(1996): Platelet-mediated lymphocyte delivery to high endothelial 

venules. Science; 273(5272):252-255.

DiBartolomeo JR, Ellis  M. (1980): The  argon laser in otology. 

Laryngoscope; 90:1786-1796.



References                                                                                                                                                        

160

Di Lorenzo G, Mansueto P, Melluso M, Candore G, Colombo A, 

Pell itteri  ME, Drago A, Potestio M, Caruso C. (1997): Allergic rhinitis 

to grass pollen:  Measurement of inflammatory mediators of mast  cell  and 

eosinophils in native nasal fluid lavage and in serum out of and during 

pollen season. J Allergy Clin Immunol; 100:832-837.

Dinarello CA. (1991): The proinflammatory cytokines interleukin-1 and 

tumor necrosis factor and treatment of the septic shock syndrome.

J Infect Dis;  163:1177-1184.

Djukanovic R, Roche WR, Wilson JW, Beasley CR, Twentyman OP, 

Howarth RH, et al.  (1990): Mucosal inflammation in asthma: state of 

the art. Am Rev Respir Dis;  142:434-457.

Doukas AG, McAuliffe DJ, Flotte TJ. (1993): Biological  effects of 

laser-induced shock waves: structural  and functional cell damage in vitro.  

Ultrasound Med Biol; 19:137-146.

Dorschel K. (2003): “Thermal” and “non-thermal” effects  on t issues.

Applied laser medicine HP Berlien and GJ Müller (eds.) Berlin: 

Springer-Verlag; pp. 119-123.

Dunnette SL, Kita H, Reed CE. (1997): Topical glucocorticoid 

treatment of ragweed hay fever, II: relationship of eosinophil derived 

neurotoxin (EDN) and IL-5 to disease severity. J Allergy Clin Immunol; 

99:124-128.

Dykewicz MS, Fineman S, Skoner DP, Nicklas R, Lee R, Blessing-

Moore J, et al. (1998): Diagnosis and management of rhinitis: complete 

guidelines of the Joint Task Force on Practice Parameters in Allergy,  

Asthma and Immunology. American Academy of  Allergy, Asthma, and

Immunology. Ann Allergy Asthma Immunol; 81(5 Pt 2):478-518.



References                                                                                                                                                        

161

Eccles R, Jones A. (1983): The effect of  menthol on nasal resistance to 

airflow. J Laryngol Otol;  97:705-709.

Egan RW, Umland SP, Cuss FM, Chapman RW. (1996): Biology of  

interleukin-5 and its  relevance to allergic disease.  Allergy; 51:71-81.

el  Shazly MA. (1991): Endoscopic surgery of the vidian nerve.  

Preliminary report. Ann Otol Rhinol Laryngol; 100(7):536-539.

Elwany S, Salaam SA. (1999): Laser surgery for al lergic rhinitis: the 

effect on seromucinous glands.  Otolaryngol Head Neck Surg; 120:742-

744.

Englender M. (1995): Nasal laser mucotomy (L-mucotomy) of the 

interior turbinates.  J  Laryngol Otol; 109:296-299.

Eriksson J.  (2007): Studies of eosinophil cationic protein (ECP) in vivo 

and in vitro: impact of genetic and post-translational modifications.  

Doctoral  dissertat ion, Department of Medical  Sciences, Uppsala 

University, Uppsala, Sweden.

Erjefalt JS, Erjefält I,  Sundler F, Persson CG. (1994):

Microcirculation-derived factors in airway epithelial  repair in vivo. 

Microvasc Res; 48:161-178.

Escudero LH, Castro AO, Drumond M, Porto SP,Boziniz DG, Penna 

AF, Gallego-Lluesma E. (1979): Argon  laser in human tympanoplasty.

Arch Otolaryngol; 105:252-253.

Fabian I,  Kletter Y, Mor S, et al .  (1992): Activation of human 

eosinophil  and neutrophil functions by haematopoietic growth factors:  

comparisons of IL-1, IL-3,  IL-5 and GM-CSF. Br J Haematol; 80:137-

143.



References                                                                                                                                                        

162

Farmer SE, Eccles R. (2006): Chronic inferior turbinate  enlargement 

and the implications for surgical  intervention. Rhinology; 44:234-238.

Fendrick AM, Baldwin JL. (2001): Allergen-induced  inflammation and 

the role of immunoglobulin E (IgE). Am J Ther; 8:291-297.

Ferenczy A, Bergeron C, Richart RM. (1990): Human papil loma virus 

DNA in CO2 laser-generated plume of smoke and its consequences to the 

surgeon. Obstet Gynecol; 75:114-118.

Fernandes CM. (1994): Bilateral  transnasal vidian  neurectomy in the 

management of chronic rhinitis. J  Laryngol Otol; 108:569.

Feyh J. (1995): Endoscopic surgery of the nose and paranasal sinuses 

with the aid of the Ho:YAG laser.  Adv Otorhinolaryngol;  49:122-124.

Fleischer D. (1984): Lasers and  gastroenterology, a review. Am J 

Gastroenterol; 79:406-415.

Fokkens WI, Vinke JG, KleinJan A. (2000): Local IgE production in 

the nasal mucosa: a review. Am J Rhinol;  14:299-303.

Fox JL. (1969): The use of  laser radiation as a surgical "l ight knife." J

Sur Res;  9:199-205.

Friedman M, Tanyeri H, Lim J, Landsberg R, Caldarelli  D. (1999): A

safe alternative technique for inferior turbinate reduction. Laryngoscope; 

109(11):1834-1837.

Fukutake T, Yamashita T, Tomoda K, Kumazawa T. (1986): Laser 

surgery for allergic  rhinitis. Arch Otolaryngol Head Neck Surg; 

112:1280-1282.

Fukutake T, Yamashita T, Tomoda K, et al . (1999): Laser  surgery for 

nasal allergy. Arch Otolaryngol Head Neck Surg; 112:1280-1282.



References                                                                                                                                                        

163

Furukido K, Takeno S, Osada R, Ishino T, Yajin K. (2002): Study of 

eosinophil activation in nasal mucosa in patients with patients with 

perennial  nasal allergy: Effects of CO2 laser surgery. American Journal 

of Rhinology; 16:1-6.

Galletta A, Amato G. (1997): Photocoagulation of the hypertrophic 

lower turbinates using ND:YAG laser: functional results. Acta 

Otorhinolaryngol Ital; 17(5):329-338.

Geldi C, Bozkulak O, Tabakoglu HO, Isci  S,  Kurt A, and Gulsoy M. 

(2006): Development of a surgical diode-laser system: Controlling the 

mode of operation . Photomed. and Laser Surg; 24:723-729. 

Gern JE, Weiss ST. (2000): Protection  against atopic diseases by 

measles - a rash conclusion? JAMA; 283:394-395.

Gilain L, Bedu M, Jouaville L, Guichard C, Advenier D, Mom T, 

Laurent S, Caillaud D. (2002): Analysis of nasal and exhaled nitric 

oxide concentration in nasal  polyposis. Ann Otolaryngol Chir Cervicofac;  

119(4):234-242.

Gilain L, Coste A, Ricolfi F, Dahan E, Marliac D, Peynegre R, Harf A, 

Louis B. (1997): Nasal Cavity geometry measured by acoustic 

rhinometry and computed tomography. Arch Otolaryngol Head Neck 

Surg; 123(4):401-405.

Gleich GJ, Frigas E, Loegering DA, Wassom DL, Steinmuller D. 

(1979): Cytotoxic properties of the eosinophil major basic protein. J  

Immunol; 123:2925-2927.

Gleich LL, Rebeiz EE, Pankratov MM, Shapshay SM. (1995): The 

Ho:YAG laser-assisted otolaryngologic procedures. Arch Otolaryngol 

Head Neck Surg; 121:1162-1166.



References                                                                                                                                                        

164

Gober MD, DeCapite TJ, Gaspari AA. (2008): Contact  dermatitis. In:  

Adkinson NF Jr, ed. Middleton’s Allergy:  Principles and Practice. 7th ed. 

Philadelphia,  Pa:  Mosby Elsevier; chap 63.

Gogia PP, Hurt BS, Zirn TT. (1988): Wound management with 

whirlpool and infrared cold laser treatment: a clinical report.  Phys Ther;  

68:1239-1242.

Golding-Wood PH. (1961): Observations on  petrosal and vidian 

neurectomy in chronic vasomotor rhinitis.  J  Laryngol Otol; 75:232.

Golding-Wood PH. (1973): Vidian neurectomy: Its  results and 

complications. Laryngoscope; 83:1673.

Goldman L, Blaney D, Kindel D, Franke EK. (1963): Effect of  the 

laser beam on the skin. J  Invest  Dermatol; 40:121-122.

Goldsher M, Joachims HZ, Golz A, Har El G, Brauerman I, Podoshin 

L, Elidan J, Krespi YP. (1995): Nd:YAG laser turbinate surgery animal 

experimental study: Preliminary report. Laryngoscope; 105:319-321.

Goode RL, Pribitkin E. (1995): Diagnosis and  Treatment of Turbinate 

Dysfunction, 2nd Ed. Alexandria: American Academy of 

Otolaryngology-Head and Neck Surgery Foundation, Inc;  Pp. 1-73.

Gordon AS, McCaffrey TV, Kern EB, Pallanch JF. (1989):

Rhinomanometry for preoperative and postoperative assessment of nasal 

obstruction. Otolaryngol Head Neck Surg; 101:20-26.

Gore RB, Curbishley L, Truman N, Hadley E, Woodcock A, Langley 

SJ, et al . (2006): Intranasal air sampling in homes: relat ionships among 

reservoir allergen concentrations and asthma severity.  J  Allergy Clin 

Immunol; 117(3):649-655.



References                                                                                                                                                        

165

Grymer L. (2008): The  management of enlarged turbinates. In: 

Gleeson M, editor. Scott-Brown’s otorhinolaryngology, head and neck 

surgery.  London: Arnold Hodder; pp.1589-1592.

Haberal I, Corey JP. (2003): The role of  leukotrienes in nasal allergy. 

Otolaryngol Head Neck Surg; 129:274-279.

Haas AF, Isseroff RR, Wheeland RG, Rood PA, Graves PJ. (1990):

Low-energy helium-neon laser irradiation increases the motility of 

human keratinocytes.  J  Invest Dermatol;  94:822-826.

Hadar T, Ophir D, Yaniv E, Berger G. (2005): Inferior turbinate 

arterial  supply:  histologic analysis and clinical  implications.  J

Otolaryngol; 34:46-50. 

Hall RR. (1971): The healing of tissues incised  by carbon-dioxide laser.  

Br J Surg; 58:222-225.

Hanif J, Jawad SSM, Eccles R. (2000): The  nasal cycle in health and 

disease.  Clin Otolaryngol; 25:461-467.

Hanna E, Eliachar I, Cothren R, Ivanc T, Hughes G. (1993): Laser 

welding  of fascial grafts and its potential application in tympanoplasty: 

An animal model. Otolaryngol Head Neck Surg; 108:356-366.

Helfmann J. (2003): Thermal effects. Applied laser medicine HP 

Berlien and GJ Müller (eds.) Berlin: Springer-Verlag; pp. 111-117.

Hens G, Hellings PW. (2006): The nose: gatekeeper and trigger of 

bronchial disease.  Rhinology; 44:179-187.

Hershey GKK, Friedrich MF, Esswein LA, et al.  (1997): The 

association of atopy with a gain-of-���������������� �� ���� &� 	����� � ���

the IL-4 receptor.  N Engl J  Med; 337:1720-1725.



References                                                                                                                                                        

166

Hilberg O, Jackson AC, Swift DL, Pedersen OF. (1989): Acoustic 

Rhinometry:  Evaluation of nasal  cavity geometry by acoustic reflection.

J Appl Physiol; 66:295-303.

Hogberg L, Stahle J, Vogel K. (1967): The transmission of high-

powered ruby laser beam through bone. Acta Societa Medicorum 

Upsaliensis; 72:223-228.

Hol MK, Huizing EH. (2000): Treatment of inferior turbinate pathology: 

A review and critical evaluation of the different techniques. Rhinology; 

38(4):157-166.

Holgate ST. (2000): The role of  the mast cells  and basophils in 

inflammation. Clin Exp Allergy; (30 Suppl 1):28-32.

Holgate ST, Broide D. (2003): New targets for allergic rhinitis  - a

disease of civilization. Nat Rev Drug Discov; 2(11):902-914.

Hopkins JT, McLodat TA, Seegmillert JG, Baxters GD. (2004): Low-

level laser therapy facili tates superficial wound healing in humans: A 

triple-blind, sham-controlled study. J Athl Train; 39(3):223-229.

Hou J, Zhang H, Yuan X, Li J,  Wei Y, Hu S. (2008): In vitro effects of 

low-level laser irradiation for bone marrow mesenchymal stem cells: 

Proliferation, growth factors secretion and myogenic differentiation.

Lasers Surg Med; 40:726-733.

Howarth PH, Bradding P, Feather I,  Wilson S, Church MK, Holgate 

ST. (1995): Mucosal  cytokine expression in al lergic rhinitis . Int Arch 

Allergy Immunol;  107(1-3):390-391.

Iannacone M, Sitia G, Isogawa M, Marchese P, Castro MG, 

Lowenstein PR, Chisari FV, Ruggeri ZM, Guidotti LG. (2005):

Platelets mediate cytotoxic T lymphocyte-induced liver damage. Nat Med; 

11(11):1167-1169.



References                                                                                                                                                        

167

Ibiapina Cda C, Sarinho ES, Camargos PA, Andrade CR, Cruz Filho 

AA. (2008): Allergic rhinitis: epidemiological aspects, diagnosis and 

treatment. J  Bras Pneumol; 34(4):230-240.

Igarashi Y, Kaliner MA, Hausfeld JN, Irani AA, Schwartz LB, White 

MV. (1993): Quantification of  resident inflammatory cells in the human 

nasal mucosa. J Allergy Clin Immunol; 91:1082-1093.

Inouye T, Tanabe T, Nakanoboh M, Ogura M. (1999): Laser surgery 

for  allergic and hypertrophic rhinit is.  Ann Otol Rhinol Laryngol Suppl; 

180:3-19.

International Rhinitis Management Working Group. (1994):

International Consensus Report on Diagnosis and Management of 

Rhinitis . Allergy; 49 (Suppl 19):1-34.

Iwakabe K, Shimada M, Ohta A, et al. (1998): The restraint stress 

drives a sfiift  in Thl/Th2 balance toward Th2-dominant immunity in mice. 

Immunol Lett; 62:39-43.

Iwasaki M, Saito K, Takemura M, Sekikawa K, Fujii H, Yamada 

Y.(2003): TNF-alpha contributes to the development of allergic rhinitis  

in mice. J  Allergy Clin Immunol; 112(1):134-140.

Jackson LE, Koch RJ. (1999): Controversies in the management of 

inferior turbinate hypertrophy: A comprehensive review. American 

Society of Plastic Syrgeons; 103(1):300-312.

Jako GJ. (1972): Laser surgery of the vocal  cords:  An experimental  

study with carbon dioxide laser on dogs. Laryngoscope; 82:2204-2216.

Jamil B and Berlien HP. (2003): Basics of  photodynamic therapy 

(PDT). Applied laser medicine HP Berlien and GJ Müller (eds.) Berlin: 

Springer-Verlag; pp. 125-127.



References                                                                                                                                                        

168

Janda P, Sroka R, Tauber S, Baumgartner R, Grevers G, Leunig A. 

(2000): Diode  laser treatment of hyperplastic inferior nasal turbinates.

Lasers Surg Med; 27(2):129-139.

Janda P, Sroka R, Baumgartner R, Grevers G, Leunig A. (2001):

Laser treatment of hyperplastic inferior nasal turbinates:  A review.

Lasers Surg Med; 28:404-413.

Janda P, Sroka R, Betz CS, Grevers G, Leunig A. (2002): Ho:YAG 

and diode laser treatment of hyperplastic inferior nasal turbinates.  

Laryngo Rhino Otologie;  81(7):484-490.

Janda P, Sroka R, Mundweil B, Betz CS, Baumgartner R, Leunig A 

(2003): Comparison of thermal t issue effects induced by contact 

application of fiber guided laser systems. Lasers Surg Med; 33:93-101.

Jarvis D, Chinn S, Luczynska C, et al. (1997): The  association of 

family size with atopy and atopic disease.  Clin Exp Allergy; 27:240-245.

Johansson SGO, Bieber T, Dahl R, et al. (2004): Revised nomenclature 

for allergy for global use: Report of the Nomenclature Review 

Committee of the World Allergy Organization, October 2003. J  Allergy 

Clin Immunol; 113:832-836.

Jordan MI, Otterness G, Gessner MR, Beuscher HU. (1995):

Neutralization of endogenous IL-6 supresses induction of IL-1 receptor 

antagonist . J .Immunol; 154:4081-4090.

Jovanovic S, Dokic D. (1996): Does laser turbinectomy influence local 

allergic inflammation in the nose? Rhinology; 34:46-49.

Kass EG, Massaro BM, Komorowski RA, Toohill RJ. (1993): Wound 

healing of KTP and argon laser lesions in the canine nasal cavity.

Otolaryngol Head Neck Surg; 108(3):283-292.



References                                                                                                                                                        

169

Katz S, Schmelzer B, Cammaert T, Della Faille D, Leirens J. (1996):

Our technique of partial inferior turbinoplasty: Long-term results  

evaluated by rhinomanometry.  Acta Otorhinolaryngol Belg 50:13.

Kawamura S, Fukutake T, Kubo N, Yamashita T, Kumazawa T. 

(1993): Subjective results  of laser surgery for allergic rhinitis. Acta 

Otolaryngol Suppl (Stockh); 500:109-112.

Kharitonov SA, Rajakulasingam K, O'Connor B, Durham SR, Barnes 

PJ. (1997): Nasal nitric oxide is increased in patients with asthma and 

allergic rhinitis and may be modulated by nasal glucocorticoids.  J

Allergy Clin Immunol; 99(1 Pt 1):58-64.

Killory BD, Chang SW, Wait SD, Spetzler RF. (2010): Use of flexible 

hollow-core CO2 laser in microsurgical  resection of CNS lesions:  early 

surgical  experience. Neurosurgery; 66(6):1187-1192.

Kim D, Baraniuk JN. (2007): Neural  aspects of allergic rhinitis. Curr 

Opin Otolaryngol Head Neck Surg; 15:268-273.

King HC, Mabry RL. (1993): A Practical Guide to the Management of 

Nasal  and  Sinus Disorders.  New York: Thieme Medical Publishers, Inc; 

Pp. 94-118.

Kirtane MV, Prabhu VS, Karnik PP. (1984): Transnasal  preganglionic 

vidian nerve section. J  Laryngol Otol; 98:481.

Klion AD, Armant M, Nutman TB. (1999): Role of  immunoglobulin E 

and eosinophils in mediating protection and pathology in parasit ic 

helminth infections.  In Inflammation: Basic Principles and Clinical 

Correlates JI Gallin and R Snyderman, eds. Lippincott Williams & 

Wilkins,  Philadelphia; pp.  929-936.

Koester CJ, Snitzer E, Campbell  CJ, Rittler MC. (1962):

Experimental  laser retina photocoagulation. J  Opt Soc Am; 52:607.



References                                                                                                                                                        

170

Kramer U, Heinrich J, Wijst M, et al . (1998): Age of  entry to day 

nursery and allergy in later childhood. Lancet; 352:450-454.

Kramer MF, Rasp G. (1999): Nasal polyposis: eosinophils and 

interleukin-5.  Allergy; 54:669-680.

Kramer MF, Ostertag P, Pfrogner E, Rasp G. (2000): Nasal  

interleukin-5,  immunoglobulin E, eosinophilic cationic protein, and 

soluble intercellular adhesion molecule-1 in chronic sinusit is, allergic 

rhinitis,  and nasal polyposis. Laryngoscope; 110:1056-1062.

Krishna MT, Mudway I,  Kelly FJ, et al.  (1995): Ozone, airways and  

allergic airways disease. Clin Exp Allergy; 25:1150-1158.

Kuna P, Lazorovich M, Kaplan AP. (1996): Chemokines in  seasonal 

allergic rhinitis.  J  Allergy Clin Immunol;  97:104-112.

Lagerholm S, Harsten G, Emgard P, Olsson B. (1999): Laser 

turbinectomy: long-term results . J  Laryngol Otol;  113(6):529-531.

Lampi J, Roponen M, Hyvarinen A et al. (2011): Determinants of 

stimulated  peripheral blood cytokine production among farming women.

Int J  Hyg Environ Health; 214(3):205-209.

Larsen PL, Tos M, Mogensen C. (1986): Nasal  glands and goblet cells 

in chronic hypertrophic rhinitis. Am J Otolaryngol; 7:28-33.

Le Y, Zhou Y,  Iribarren P, Wang J.  (2004): Chemokines and 

Chemokine receptors: their manifold roles in homeostasis and disease.  

Cell Mol Immunol; 1(2):95-104.

Lenz H, Eichler J, Knof J, Salk J,  Schafer G. (1977): Endonasal  Ar+ -

laser beam guide system and first clinical  application in vasomotor 

rhinitis. Laryngol Rhinol Otol (Stuttg.); 56:749.



References                                                                                                                                                        

171

Lenz H, Eichler J,  Schafer G, Salk J. (1977): Parameters for argon 

laser surgery of the lower human turbinates.  In vitro experiments. Acta 

Otolaryngol (Stockh.); 83:360.

Lenz H. (1985): 8 years laser surgery of the inferior turbinates in 

vasomotor rhinopathy in form of the laser strip carbonization. HNO; 

33:422-425.

Lenz H, Preussler H. (1986): Histologic changes in the epithelium of 

the respiratory mucosa of the lower turbinates following argon laser strip 

carbonization in vasomotor rhinitis . Laryngol Rhinol Otol (Stuttg); 

65(8):438-444.

Lenz H, Eichler J,  Schafer G, Salk J. (1997): Parameters for argon 

laser surgery of the lower human turbinates.  In vitro experiments. Acta 

Otolaryngol; 83(3-4):360-365.

Leong SC, Eccles R. (2010): Inferior turbinate surgery and nasal airflow: 

evidence-based management. Curr Opin Otolaryngol Head Neck Surg; 

18:54-59.

Leunig A, Janda P, Sroka R, Baumgartner R, Grevers G. (1999):

Holmium: YAG laser treatment of hyperplastic inferior nasal  turbinates.  

Laryngoscope; 109:1690-1695.

Leurs R, Church MK, Taglialatela M. (2002): H1-antihistamines:  

inverse agonism, anti-inflammatory actions and cardiac effects. Clin 

Exp Allergy; 32(4):489-498.

Levine HL. (1989): Endoscopy and the KTP/532 laser for nasal  sinus 

disease.  Ann Otol Rhinol Laryngol; 98:46-51.

Liblau RS, Singer SM, McDevitt HO. (1995): Thl and Th2 CD4+ T 

cells in the pathogenesis of organ-specific autoimmune diseases. 

Immunol Today; 16:34-38.



References                                                                                                                                                        

172

Lim MC, Taylor RM, Naclerio RM. (1995): The histology of allergic 

rhinitis and  its comparison to cellular changes in nasal lavage. Am J 

Respir Crit  Care Med; 151:136-144.

Lin CY, Cheng PH, Fang SY. (2004): Mucosal changes in rhinitis  

medicamentosa. Ann Otol Rhinol Laryngol; 113:147-151.

Lin HC, Lin PW, Su CY, Chang HW. (2003): Radiofrequency for  the 

treatment of allergic rhinitis refractory to medical therapy. Laryngoscope; 

113(4):673-678.

Lind DA, Masson DR. (1996): Statistical Techniques in Business and 

Economics (ninth Editions) ed. By Irwin MC; Grow-Hill , USA, 433-443.

Linden M, Greiff L, Anderson M, et al.  (1995): Nasal  cytokines in 

common cold and allergic rhinitis.  Clin Exp Allergy; 25:166-172.

Lippert BM, Werner JA. (1995): Reduction of hyperplastic turbinates 

with CO2 laser. Adv Otorhinolaryngol; 49:119.

Lippert BM, Werner JA. (1996): Nd:YAG laser light-induced reduction 

of nasal  turbinates. Laryngorhinootologie; 75:523-528.

Lippert BM, Werner JA. (1997): CO2 laser surgery of hypertrophied 

inferior turbinates. Rhinology; 35:33-36.

Lippert BM, Werner JA. (1998): Long-term results  after laser 

turbinectomy. Lasers Surg Med; 22(2):126-134.

Litman G,  Cannon J,  Dishaw L. (2005): Reconstructing  immune 

phylogoeny: new perspective . Nat Rev Immuno; 15(11):866-879.

Mabry RL. (1979): Intranasal corticosteroid injection: Indications, 

technique, and complications.  Otolaryngol Head Neck Surg; 87:207.



References                                                                                                                                                        

173

Mabry RL. (1984): Surgery of the inferior turbinates: How much and 

when? Otolaryngol Head Neck Surg; 92:571.

Mabry RL. (1988): Inferior turbinoplasty:  Patient  selection, technique, 

and long-term consequences. Otolaryngol Head Neck Surg; 98:60.

Mabry RL. (1994): Intranasal steroids in rhinology: The changing role 

of intaturbinal  injection. Ear Nose Throat J; 73:242.

Maiman TH. (1960): Stimulated optical  radiation in ruby. Nature; 

187:493.

Marinho S, Simpson A, Custovic A. (2006): Allergen avoidance in the 

secondary and tertiary prevention of allergic diseases: does it  work? 

Prim Care Respir J; 15(3):152-158.

Matricardi PM, Rosmini F, Ferrigno L, et al.  (1997): Cross-sectional 

retrospective study of  prevalence of atopy among Ital ian military 

students with antibodies against  hepatitis  A virus.  BMJ; 314:999-1003.

Medeiros D, Silva AR, Rizzo JA, Motta ME, Oliveira FH, Sarinho ES. 

(2006): Total IgE level in respiratory allergy: study of patients at high 

risk for helminthic infection. J  Pediatr (Rio J); 82(4):255-259.

Mehta AB, Hoffbrand AV. (1999): Haematological aspects of systemic 

diseases. In:  Postgraduate Haematology (forth edition) ed.  By Hoffbrand 

AV, Lewis SM, Tuddenhan EGD; London, England; 32:675-693.

Meltzer EO, NasalCrom Study Group. (2002): Efficacy and patient  

satisfaction with cromolyn sodium nasal solution in the treatment of 

seasonal allergic rhinitis: a placebo-controlled study. Clin Ther;  

24(6):942-952.



References                                                                                                                                                        

174

Meltzer EO, Blaiss MS, Derebery MJ, et al.  (2009): Burden of allergic 

rhinitis: results from the Pediatric Allergies in America survey. J

Allergy Clin Immunol; 124(3 Suppl):S43-S70.

Meredith GM Jr. (1988): Surgical reduction of hypertrophied inferior 

turbinates: A comparison of electrofulguration and part ial  resection. 

Plast  Reconstr Surg; 8:891.

Metson R. (1996): Ho:YAG-laser endoscopic sinus surgery:  a 

randomized, controlled study. Laryngoscope; 106:1-17.

McCombe AW, Cook J,  Jones AS. (1992): A comparison of  laser 

cautery and sub-mucosal diathermy for rhinitis. Clin Otolaryngol;  

17:297-299.

Minshall EM, Cameron L, Lavigne F, et al.  (1997): Eotaxin mRNA and  

protein expression in chronic sinusitis  and allergen induced nasal  

responses in seasonal al lergic rhinitis.  Am J Respir Cell  Mol Biol; 

17:683-690.

Mittelman H. (1982): CO2 laser turbinectomies for chronic,  obstructive 

rhinitis. Lasers Surg Med; 2:29.

Mori S, Fujieda S, Igarashi M, Fan GK, Saito H (1999): Submucous 

turbinectomy decreases not only nasal stiffness but also sneezing and 

rhinorrhea in patients with perennial allergic rhinit is.  Clin Exp Allergy; 

29:1542-1548.

Mori S,  Fujieda S, Yamada T, Kimura Y, Takahashi N, Saito H

(2002): Long-term effect of submucous turbinectomy in patients with  

perennial allergic rhinitis.  Laryngoscope; 112:865-869.

Mori K, Tamura M, Kawamoto M, Shikina T, Asada H, Itami S, 

Kurane I,  Kubo T. (2003): Modulation of T-cell functions by laser 

surgery in patients with allergic rhinit is. Acta Otolaryngol; 123:704-708.



References                                                                                                                                                        

175

Mosmann TR, Sad S. (1996): The expanding universe of T-cell subsets:  

Thl.  Th2 and more. Immunol Today; 17:138-146.

Mullol  J, Bachert C, Bousquet J.(2005): Management of persistent 

allergic rhinitis: evidence-based treatment with levocetirizine. Ther Clin 

Risk Manag; 1(4):265-271.

Mullol  J,  Valero A, Alobid I et al.  (2008): Allergic rhinitis and its 

impact on asthma update (ARIA 2008).  The perspective from Spain. J

Investig Allergol Clin Immunol; 18:327-334

Muran AGD,  Lund VJ. (1990): Clinical Rhinology. New York: 

Thieme Medical Publishers, Inc.;  Pp. 82-84.

Naclerio RM. (1997): Pathophysiology of perennial  allergic rhinitis.  

Allergy; 52(36) (suppl):7-13.

Nathan RA, Meltzer EO, Derebery J, et al . (2008): The prevalence of 

nasal symptoms attributed to allergies in the United States: findings 

from the burden of rhinitis  in an America survey. Allergy Asthma Proc; 

29:600-608.

Nayak AS, Philip G, Lu S, Malice MP, Reiss TF; Montelukast Fall 

Rhinitis Investigator Group. (2002): Efficacy and tolerability of 

montelukast alone or in combination with loratadine in seasonal al lergic 

rhinitis: a multicenter, randomized, double-blind, placebo-controlled 

trial performed in the fall.  Ann Allergy Asthma Immunol;  88(6):592-

600.

Nease CJ, Krempl GA. (2004): Radiofrequency treatment of turbinate 

hypertrophy: A randomized, blinded, placebo-controlled clinical  trial .

Otolaryngol Head Neck Surg; 130(3):291-299.



References                                                                                                                                                        

176

Newman J, Anand V. (2002): Applications of the diode laser in 

otolaryngology. Ear, Nose, & Throat J; 81(12):ProQuest  Health and 

Medical Complte pg. 850.

Nonaka M, Nonaka R, Jordana M, Dolovich J.  (1996): GM-CSF, IL-8, 

IL-1R, TNF-alphaR, and HLA-DR in nasal epithelial  cells in allergic 

rhinitis.  Am J Respir Crit Care Med; 153:1675-1681.

Ogale SB, Shah A, Rao SC, Shah KL. (1988): Is vidian neurectomy 

worthwhile? J Laryngol Otol; 102:62. 

Olthoff A, Martin A, Liebmann F. (1999): Nd:YAG laser treatment of 

the lower turbinates with contact in hyperreflexic and allergic rhinopathy.  

Laryngo rhino otologie (May); 78(5):240-243.

Oppenheim JJ, Gery I.  (1993): From lymphodrek to interleukin 1 (IL-1).

J Immunol; 14:232.

Oppenheim JJ, Ruscetti FW. (1997): Cytokines. In: Medical  

Immunology (ninth edition) ed.  By Stites DP, Terr AI,  Parslow TG; 

California, USA; 10:146-168.

Ordonez C, Ferrando R, Hyde DM, Wong HH, Fahy JV. (2000):

Epithelial  desquamation in asthma: artifact  or pathology? Am J Respir 

Crit Care Med; 162:2324-2329.

Ossoff RH, Coleman JA, Courey MS, Duncavage JA, Werkhaven JA, 

Reinisch L. (1994): Clinical  applications of  lasers in otolaryngology-

Head and neck surgery. Lasers Surg Med; 15:217-248.

Oswal VH, Bingham BJG. (1992): A pilot study of the Holmium YAG 

laser in nasal  turbinate and tonsil surgery.  J  Clin Laser Med Surg; 

10:211-216.



References                                                                                                                                                        

177

Pang YT, Willatt DJ. (1995): Laser reduction of  inferior turbinates in 

children. Singapore Med J; 36:514.

Papsin B, McTavish A. (2003): Saline nasal  irrigation: Its  role as an 

adjunct treatment. Can Fam Physician; 49:168-173. 

Parslow TG. (1997): Lymphocytes and Lymphoid Tissues. In: Medical  

Immunology (ninth edition) ed. By Stites DP, Terr AI, Parslow TG;

California, USA; 3:43-62.

Passali D, Lauriello M, Mezzedimi C, Passali  GC, Bellussi L. (2001):

Natural history of allergic rhinitis: a review. Clin Appl Immunol Rev; 

1:207-216.

Passali D, Passali FM, Damiani V, Passali  GC, Bellussi  L. (2003):

Treatment of inferior turbinate hypertrophy: A randomized clinical trial.

Ann Otol Rhinol Laryngol; 112(8):683-688.

Passali D, Damiani V, Passali FM, Passali  GC, Bellussi  L. (2005):

Atomized  nasal  douche vs nasal lavage in acute viral  rhinitis.  Arch 

Otolaryngol Head Neck Surg; 131(9):788-790.

Paul WE. (1989): Pleiotropy and redundancy: T-cell derived 

lymphokines in the immune response. Cell; 57:521-524.

Pawankar R, Yamagishi S, Yagi T. (2000): Revisiting the  roles of 

mast  cells  in al lergic rhinitis  and its relat ion to local IgE synthesis. Am J 

Rhinol;  14:309-317.

Peavy GM. (2002): Lasers and  laser–tissue interaction. Vet Clin 

North Am Small  Anim  Pract; 32:  517-534.

Perkins RC. (1980): Laser  stapedotomy for otosclerosis. Laryngoscope; 

90:228-240.



References                                                                                                                                                        

178

Pfaar O, Raap U, Holz M, Hörmann K, Klimek L. (2009):

Pathophysiology of  itching and sneezing in allergic rhinitis .  Swiss Med 

Wkly 139:35-40.

Pickering JW, Butler PH, Ring BJ, Walker EP. ( 1989): Computed 

temperature distributions around ectatic capillaries exposed to yellow 

(578 nm) laser light . Phys Med Biol; 34:1247-1258.

Plaut M, Valentine MD. (2005): Clinical  practice.  Allergic rhinitis.  N

Engl J  Med; 353(18):1934-1944.

Polanyi TG, Bredemeier HC, Davis TW Jr. (1970): Lasers for surgical  

research. Med Biol Eng; 8:541-548.

Polito A, Proud D. (1998): Epithelial  cells as regulators of airway 

inflammation. J  Allergy Clin Immunol;  102:714-718.

Pourreau-Schneider N, Ahmed A, Soudry M, et al. (1990): Helium-

neon laser treatment transforms fibroblasts into myofibroblasts. Am J 

Pathol; 137:171-178.

Powe DG, Kormelink TG, Sisson M, Blokhuis BJ, Kramer MF, Jones 

NS, Redegeld FA. (2010): Evidence for  the involvement of free light  

chain immunoglobulins in al lergic and nonallergic rhinitis . J  Allergy 

Clin Immunol; 125:139-145.

Principato JJ. (1979): Chronic vasomotor rhinitis:  Cryogenic and other 

surgical  modes of treatment.  Laryngoscope; 89:619.

Rapp J, Kosa L, Halasz A, Kereki E, Borzsonyi L. (2000): Levels of  

interleukin-4, interleukin-5, tryptase and eosinophil cationic protein of 

nasal  lavage fluid in pollen allergic rhinitis. Orv Hetil;  141(35):1919-

1922.



References                                                                                                                                                        

179

Rasp G, Hochstrasser K. (1993): Tryptase in nasal  fluid is  a useful 

marker of allergic rhinitis.  Allergy; 48:72-74.

Ray NF, Baraniuk JN, Thamer M, Rinehart CS, Gergen PJ, Kaliner 

M.(1999): Direct expenditures for the treatment of allergic 

rhinoconjunctivitis in 1996, including the contributions of related airway 

illnesses.  J  Allergy Clin Immunol; 103(3 Pt 1):401-407.

Ribeiro JD, Toro AA, Baracat EC. (2006): Antileukotrienes in the 

treatment of asthma and  allergic rhinitis.  J  Pediatr (Rio J); 82(5 

Suppl):S213-221.

Riedl M, Diaz-Sanchez D. (2005): Biology of diesel  exhaust effects on 

respiratory function. J Allergy Clin Immunol; 115:221-228.

Rihoux JP. (2000): Perennial allergic rhinitis  and  keratoconjunctivitis.  

Thorax; 55 Suppl 2:S22-23.

Roberts PJ, Linch DC, Webb DKH. (1999): Phagocytosis.  In: 

Postgraduate Haematology (forth edit ion) ed. By Hoffbrand AV, Lewis 

SM, Tuddenhan EGD; London, England; 12:235-266.

Roggan A, Bindig A, Wäsche W, Zgoda F. (2003): Properties of  

biological tissues. Applied laser medicine  HP Berlien and GJ Müller 

(eds.) Berlin:  Springer-Verlag; pp. 73-99.

Rolland JM, Gardner LM, O'Hehir RE. (2009): Allergen-related 

approaches to immunotherapy. Pharmacol Ther; 121:273-284.

Rothenberg ME, Hogan SP. (2006): The eosinophil. Annu Rev 

Immunol; 24:147-174.

Sadanaga M. (1989): Clinical  evaluation of vidian neurectomy for nasal 

allergy. Auris Nasus Larynx; 16 (Suppl. 1): S53. 



References                                                                                                                                                        

180

Saito H, Asakura K, Ogasawara H, Watanabe M, Kataura A. (2000):

Topical  antigen provocation increases the number of immunoreactive IL-

4, IL-5 and IL-6 positive cells in the nasal mucosa of patients with 

perennial allergic rhinitis.  Int Arch Allergy Immunol; 114:81-85.

Salib RJ, Kumar S, Wilson SJ, Howarth PH. (2004): Nasal  mucosal 

immunoexpression of the mast  cell  chemoattractants TGF-beta, eotaxin,  

and stem cell  factor and their receptors in allergic rhinitis .  J  Allergy 

Clin Immunol; 114(4):799-806.

Sanai A, Nagata H, Konno A. (1999): Extensive  interstit ial collagen 

deposition on the basement membrane zone in allergic nasal mucosa.  

Acta Otolaryngol; 119:473-478.

Sandhu AS, Temple RH, Timms MS. (2004): Partial laser 

turbinectomy: Two year outcomes in patients with allergic and 

nonallergic rhinitis. Rhinology; 42(2):81-84.

Sapci T, Sahin B, Karavus A, Akbulut UG. (2003): Comparison of the 

effects of radiofrequency tissue ablation, CO2 laser ablation, and partial 

turbinectomy applications on nasal mucociliary functions. Laryngoscope;

113(3):514-519.

Sarinho E, Cruz AA. (2006): Anti-IgE monoclonal antibody for the 

treatment of the asthma and other manifestations related to allergic 

diseases. J  Pediatr (Rio J); 82(5 Suppl):S127-S132.

Sataloff J.  (1967): Experimental  use of laser in otosclerotic stapes.

Arch Otolaryngol; 85:614-616.

Scadding GK. (2001): Corticosteroids  in the treatment of pediatric 

allergic rhinitis.  J  Allergy Clin Immunol;  108(1 Suppl):S59-S64.



References                                                                                                                                                        

181

Scadding GK, Durham SR, Mirakian R, et al.   (2008): BSACI  

guidelines for the management of allergic and non-allergic rhinitis.  Clin 

Exp Allergy; 38:19-42.

Schindl M, Kerschan K, Schindl A, Schon H, Heinzl H, Schindl L. 

(1999): Induction of complete wound healing in recalcitrant ulcers by 

low-intensity laser irradiation depends on ulcer cause and size.

Photodermatol  Photoimmunol Photomed; 15:18-21.

Schindl A, Schindl M, Schindl L. (1997): Successful treatment of 

persistent radiation ulcer by low power laser therapy. J  Am Acad 

Dermatol;  37:646-648.

Schmidt J, Zalewski P, Olszewski J,  Olszewska-Ziaber A. (2001):

Histopathological verification of  clinical indications to partial inferior 

turbinectomy. Rhinology; 39:147-150.

Senz R. (2003): Photochemical effects. Applied laser medicine HP 

Berlien and GJ Müller (eds.) Berlin: Springer-Verlag; pp.107-109.

Settipane RA, Charnock DR. (2007): Epidemiology of rhinitis: allergic 

and nonallergic. Clin Allergy Immunol; 19:23-34.

Shapshay SM, Rebeiz EE, Bohigian RK. (1991): Holmium: Yttrium 

Aluminium Garnet laser-assisted endoscopic sinus surgery:  laboratory 

experience. Laryngoscope; 101:142-149.

Shapshay SM, Rebeiz EE, Pankratov MM. (1992): Holmium: Yttrium 

Aluminium Garnet laser-assisted endoscopic sinus surgery:  clinical 

experience. Laryngoscope; 102:1177-1180.

Shek L, Tay A, Chew FT, et al. (2001): Genetic  susceptibility to 

asthma and atopy among Chinese in Singapore-linkage to markers on 

chromosome 5q31-33. Allergy; 56:749-753.



References                                                                                                                                                        

182

Shimizu S, Hattori  R, Majima Y, Shimizu T. (2009): Th2 cytokine 

inhibitor suplatast tosilate inhibits  antigen induced mucus hypersecretion 

in the nasal epithelium of sensitized rats. Ann Otol Rhinol Laryngol; 

118(1):67-72.

Shurgalin M, Anastassiou C. (2008): A new modality for minimally 

invasive CO2 laser surgery:  flexible hollow-core photonic bandgap 

fibers. Biomed Instrum Technol; 42(4):318-325.

Siegel GJ, Seiberling KA, Haines KG, Aguado AS. (2008): Office CO2

laser turbinoplasty. Ear, Nose & Throat J; 87(7):386.

Sim TC, Grant JA, Hilsmeier KA, Fukuda Y, Alam R. (1994):

Proinflammatory cytokines in nasal secretions of allergic subjects after 

antigen challenge. Am J Respir Crit Care Med; 149:339-344.

Simmons MW. (1964): Intranasal injection of corticosteroids in nasal  

disorders: Further observations. Trans Pac Coast  Otoophthalmol Soc 

Annu Meet; 45:95.

Simon HU. (1997): Molecular mechanisms of defective eosinophil 

apoptosis in diseases associated with eosinophilia.  Int Arch Allergy 

Immunol; 113:206-208.

Simon HU, Yousefi  S, Schranz C, Schapowal A, Bachert C, Blaser K. 

(1997): Direct  demonstration of  delayed eosinophil  apoptosis as a 

mechanism causing t issue eosinophilia.  J  Immunol;  158:3902-3908.

Skoner DP. (2001): Allergic rhinitis: definition, epidemiology,  

pathophysiology, detection, and diagnosis. J  Allergy Clin Immunol; 

108(1 Suppl):S2-8.

Soussi Gounni A, Lamkhioued B, Ochiai K, et al.  (1994): High affinity 

IgE receptor on eosinophils is  involved in defence against  parasites.  

Nature;  367:183-186.



References                                                                                                                                                        

183

Soussi Gounni A, Lamkhioued B, Morita M, et al .  (1998): Molecular 

characterization of  the low affinity IgE receptor FceRII/CD23 expressed 

by human eosinophils. Int  Immunol; 10:395-404.

Sroka R, Janda P, Killian T, Vaz F, Betz CS, Leunig A. (2007):

Comparison of long term results after Ho:YAG and diode laser treatment 

of hyperplastic inferior nasal  turbinates. Lasers Surg Med; 39:324-331.

Stempel D. (1996): Improving the  value of care for al lergic rhinit is.  

Drug Benefit Trends;  8(1):11-12.

Strong MS, Jako GJ. (1972): Laser surgery in the larynx: Early clinical  

experience with continuous CO2 laser.  Ann Otol Rhinol Laryngol;  

81:791-798.

Strully KJ , Yahr W. (1965): Biological effects of laser radiation 

enhancements by selective  stains. Fed Prod; 24:S81.

Strunk CL Jr, Quinn FB Jr. (1993): Stapedectomy surgery in residency:  

KTP-532 laser verus argon laser.  Am J Otol; 14:113-117. 

Sugrue ME, Carolan J, Leen EJ, Feeley TM, Moore DJ, Shanik GD. 

(1990): The use of  infrared laser therapy in the treatment of venous 

ulceration. Ann Vasc Surg; 4:179-181.

Sur S, Gleich GJ, Swanson MC, Bartemes KR, Broide DH. (1995):

Eosinophilic inflammation is associated with elevation of interleukin-5

in the airways of patients with spontaneous symptomatic asthma. J

Allergy Clin Immunol; 96:661-668.

Svensson C, Andersson M, Persson CGA, Venge P, Alkner ULF,

Pipkorn U. (1990): Albumin, bradikinins, and eosinophil cationic 

protein on the nasal  mucosal surface in patients with hay fever during 

natural allergen exposure.  J  Allergy Clin Immunol; 85:828-833.



References                                                                                                                                                        

184

Takeno S, Osada R, Furukido K, Yajin K. (2000): Analysis of local  

cytokine gene expression in patients with allergic rhinit is treated with 

CO2 laser surgery. Laryngoscope; 110:1968-1974.

Takeno S, Osada R, Ishino T, Yajin K. (2003): Laser surgery of the 

inferior turbinate for allergic rhinitis with seasonal exacerbation: An 

acoustic rhinometry study. Ann Otol Rhinol Laryngol; 112(5):455-460.

Tan OT, Carney JM, Margolis R, Seki Y, Boll J, Anderson RR, 

Parrish JA. (1986): Histologic responses of port-wine stains treated by 

argon, carbon dioxide,  and tunable dye lasers: A preliminary report. 

Arch Dermatol; 122:1016-1022.

Teichman JMH, Vassar GJ, Yates JT, Angle BN, Johnson AJ, Dirks 

MS, Thompson IM. (1999): Color vision deficits  and laser eyewear 

protection for soft  tissue laser applications. J  Urol; 161(3):874-880.

Terada N, Konno A, Natori T, Tada H, Togawa K. (1993): Interleukin-

5 preferentially recruits eosinophils from vessels in nasal mucosa. Acta 

Otolaryngol Suppl (Stockh); 506:57–60.

Terada N, Konno A, Togawa K. (1994): Biochemical properties of

eosinophils and their preferential  accumulation mechanism in nasal  

allergy. J  Allergy Clin Immunol; 94:629-642.

Terada N, Maesako K, Hamano N, et al. (1996): RANTES  production 

in nasal epithelial cells  and endothelial  cells.  J  Allergy Clin Immunol; 

98:230-237.

Terr AI. (1997): The Atopic Diseases.  In:  Medical Immunology (ninth 

edition) ed.  By Sti tes DP, Terr AI,  Parslow TG; California,  USA; 

27:389-408. 



References                                                                                                                                                        

185

Testa NG, Dexter TM. (1999): The regulation of haemopoietic cell 

production. In:  Postgraduate Haematology (forth edition) ed. By 

Hoffbrand AV, Lewis SM, Tuddenhan EGD; London, England; 1:1-12.

Thedinger BS. (1990): Applications of the KTP laser in chronic ear 

surgery.  Am J Otol; 11:79-84.

Tsai Y, Su C, Lee H, Chen H, Chen M. (2009): Symptoms treatment for 

allergic rhinitis using diode laser:  results after 6-year follow-up. Lasers 

Med Sci; 24:230-233.

Utell  MJ, Samet JM. (1993): Particulate  air pollution and health; new 

evidence on an old problem. Am Rev Respir Dis; 147:1334-1335.

Van Gemert MJC, Welch AJ. (1989): Clinical use of  laser–tissue 

interactions. IEEE Eng Med Biol;  8:10-13.

Varga EM, Jacobson MR, Till SJ, et al . (1999): Cellular  infilteration 

and cytokine mRNA expression in perennial allergic rhinitis. Allergy; 

54:338-345.

von Mutius E, Martinez FD, Fritzsch C, et al. (1994 a): Prevalence of 

asthma and atopy in two areas of West and  East  Germany. Am. J.

Respir. Crit. Care Med; 149:358-364.

Wagner DD, Burger PC. (2003): Platelets in inflammation and 

thrombosis. Arterioscler Thromb Vasc Biol; 23(12):2131-2137.

Waksman BH , Oppenheim JJ. (1995): The contribution of  the 

cytokine concept to immunology. In:  Gallagher RB. Gilder J . 

Nossal FJV. et  al . eds. Immunology. The making of a modern 

science". New York: Academic Press.5:  33.

Wall JW, Shure N. (1952): Intranasal  cortisone: Preliminary study. 

Arch Otolaryngol; 56:172.



References                                                                                                                                                        

186

Wang D. (2005): Risk factors of allergic rhinitis:  genetic or 

environmental? The Clin Risk Manage; 1(2):115-123.

Wang D, Clement P, Smitz J, De Waele M, Derde MP. (1995):

Correlation  between  complaints, inflammatory cells and mediator 

concentrations in nasal secretions after nasal allergen challenge and 

during allergen exposure.  Int Arch Allergy Immunol; 106:278-285.

Ward RF. (1992): Treatment of  t racheal  and endobronchial lesions with 

the potassium titanyl phosphate laser.  Ann Otol Rhinol Laryngol;  

101:205-208.

Watanabe K, Kiuna C. (1998): Epithelial damage of  nasal  mucosa in 

nasal allergy. Ann Otol Rhinol Laryngol; 107:564-570.

Welch AJ, Torres JH,  Fung WF. (1989): Laser  physics and laser–

tissue interaction. Tex Heart Inst J; 16:141-149.

Wexler DB, Berger G, Derowe A, Ophir D. (2001): Long-term  

histologic effects of inferior turbinate laser surgery.  Otolaryngol Head 

Neck Surg; 124(4):459-463.

Weyrich AS, Zimmerman GA. (2004): Platelets: signaling cells in the 

immune continuum. Trends Immunol;  25(9):489-495.

Wide L. (1973): Clinical  significance of measurement of reaginic (IgE) 

antibody by RAST. Clinical  Allergy, 3:583-595.

Woschnagg C, Rubin J,  Venge P. (2009): Eosinophil cationic protein 

(ECP) is  processed during secretion. J Immunol;  183:3949-3954.

Wright AL, Holberg CJ, Martinez FD, Halonen M, Morgan W,

Taussig LM. (1994): Epidemiology of  physician-diagnosed allergic 

rhinitis in childhood. Pediatrics;  94:895-901.



References                                                                                                                                                        

187

Wright ED, Christodoulopoulos P, Small  P, et al. (1999): Th-2 type 

cytokine receptors in nasal allergy and in response to topical steroids. 

Laryngoscope; 109:551-556.

Yu W, Naim JO, Lanzafame RJ. (1994): The effects of  photo-

irradiation on the secretion of TGF and PDGF from fibroblasts in vitro.

Lasers Surg Med Suppl; 6:8.

Zagai U, Skold CM, Trulson A, Venge P, Lundahl J.  (2004): The 

effect of eosinophils on collagen gel contraction and implications for 

tissue remodelling. Clin Exp Immunol; 135:427-433.



 ������ �	
���� ������� � ������� �������� �����
��� ���� ��!�"# �$
&������ !+�� <��>�  

 ����! 

�?!& @[� \��][� ����� 

�^_[^�� {�!��|& 

 !+�[�� ����	}� @~��	}��  

�� 

 �	�	}�� /������� �+�! ����&  

������[|� ��?������ ���_?�� 

 �� ��[|@����� ��� - ������� ����?  

!�����_� �- ������� ��]	�� +|��-  ��!��� ���}�� ����  

����� �]� 

�.& .@[����>�� !��>� �
�                                                �.& .�$�� &�]� �~��  

                                    ��$�]�� � ���� � ���� �����             ������[|�� ��?�����	�� �����  

                                        !+�[�� <�[�� @����� ������               ������� ��]	�� +|��  

                                                           ������� ����?                ��!��� ���}�� ����  

�.<.& .�]� <��
 ���� @[�  

��$�]�� � ���� � ���� ���_� ����� 

!+�[�� <�[�� @����� ������ 

������� ����? 

 

 !+�[�� <�[�� @����� �����- ������� ����?  

���� 



>[������ �����@  

   ����� ��� 	
���� ��� ����� �������� 	�
���� ������ �	!�# $ @\ ^ �_`{|  �����}� $

�~����� ^ 	������@�� �������� � ���� ����
�� ���� ������ ��| ��!�� 	�|����� 	������� ^ 	�_�

�_����.  

 �#��_��!� ��� �_�_����� ����� �� �� ���� 	�
��| 	�|����� �� $ ����� ������ ���_�

 ^� 	����� �_���� ��������� �����^ �  ������� ^ �\�� ^ ���� ����� ��� ��������� �� ��!���

��� �!��� ��� ������ ����~�� 	!���.  

  {����^ ������ 	���!�� ��  ��^�� 	��!�� $ ������@�� ¡���� !� ¢��� �@ �� ������ ��� �#

 �� ��_£ ��� �# ¤�| $ ���� ��!� ������� ���_������ $ 	���@��@_������ $ ¥�-¦ $��@_����§� -¨  $

 ����^�^��©���`������ 	~���� �������� ��� ��� �# ¤�| $ .  

   �]	�� ����� :  

- �!�� !� ����# 	������@�� ª����� ����¬���� ^�� $����� ������ �� �^ ¤�| 	�� �^®���� 

 ¯��� ����#   ���� ��²³  % ^¦³  % ¯�#���� ���.  

-  �� �_��!� �´���� ��@� �����	���!�� !� ����# ��.   

- �^ ��� �!� ����¶ � ¢���� ��� � �©��©_����§� ���� ��_��� ^ ��������� ���@ ¤�| $ 	

·� �!� ¡~� ��� �^ ���� ��|_��  	���!�� !�.  



- !� ¡~� �^·� � � ������� ���_��_���� �© ���@¥  	���!�� !� ·� �!� � ¡~� ^  ��@_����§� �©

-¦  ��@_����` ��� $-¨  �^��©���� ���� ^  ��� �!� � ����¶ ^ ���@  ·� �!� ¡~� ����© �^ ~© 

�#���� ��� ¯.  

-  �^� ��� �!� ��®��#�  	���!�� ¬���� !� ^ 	���!�� ��  ���!� ^ ��
��~�� ��� ����@:  

·� �!� ®��#�� �^ 	���!�� ��~© ��� ���
 ��@_����� �� �@ ^ ��©_����§�-¦ ��@_����� ^-¨  $

^� ������� ���_������ ��� ¸��@^ ���� �^��©����¥ ��@_����� ^ -¨·� �!� ®��#�� �^ ����� $ �� ����

�� ��� ����@_����� �� �@ ^ �^��©����-¦  ^��@_����� -¨ .  

 ��� �!� ��®��#�� ���� ¹|_� ��@ �� ¬���� !�·� �!� ®��#�� �^ ¤�| $���� 	���!  ��� ���


� ������� ���_������ ^ ��©_����§�¥  ^ $`��� ���� �^��©����� ^ ��©_����§� ��� ��.  

  

���� �� ��� �£_��� ���� 	~����� º»���  �_���� ���� ����
�� ���� ������ ��| ��!#

º��� ^� ��|    	������ ��������� ¸�\ ^ ���� 	�
��|:  

-  	������@�� ����!�� ^ ª����� �© ���#.  

- � ������� ���_������ ^ ��©_����§� ���� �© ¡~�¥  	���!�� !�.  

- �# ����� 	������� 	����
�� �© ���# ¼��® �� ��� ���~#��@_����� {_ -¦  ^

��@_�����-¨  ���� �^��©����� {_��� ����¶ ^.    

  

  

   

  


