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(57) ABSTRACT 

Method for treating chronic rhino sinusitis in a human patient. 
In the method a photosensitizing agent such as indocyanine 
green can be applied to color a nasal or sinal treatment site 
harboring infectious microorganisms. The photosensitizing 
agent can have an energy absorption peak in a near infrared 
wavelength region of the electromagnetic spectrum. The 
method can also include applying light energy from a laser 
source at a near infrared red wavelength or wavelengths to the 
colored treatment site, for a duration sufficient to control the 
microorganisms. Apparatus for performing the method is also 
disclosed. 
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SELECTIVE TREATMENTS FOR CHRONIC 
RHINOSINUSITIS 

CROSS-REFERENCE TO ARELATED 
APPLICATION 

0001. This application claims the benefit of provisional 
patent application No. 61/227,121, filed on 21 Jul. 2009 (at 
torney docket number 0525497.00018), the entire disclosure 
of which is incorporated by reference herein. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

0002 (Not applicable.) 
0003. The present invention relates, interalia, to selective 
methods for the treatment of chronic rhinosinusitis and to 
treatment systems therefor. 

BACKGROUND OF THE INVENTION 

0004 Chronic rhinosinusitis is a common disorder which 
may affect up to 13% of the US population. Chronic rhinosi 
nusitis affects numerous quality-of-life factors including 
sense of Smell, ability to sleep and ability to communicate. 
One common treatment for medical refractory chronic rhi 
nosinusitis is functional endoscopic sinus Surgery. As the 
disease course is indolent, yet prolonged. Some medical treat 
ment guidelines Suggest use of an antibiotic treatment, pre 
scribed following appropriately obtained nasal cultures, 
which treatment can last weeks with or without an adjunctive 
topical or oral steroid treatment. While effective in many 
cases, there are failures with functional endoscopic sinus 
Surgery which, as described in the art, can be as high as 2-24 
percent. It has been Suggested that functional endoscopic 
sinus Surgery may offer little, if any, greater benefit than 
medical management. 
0005. Furthermore, ineffective functional endoscopic 
sinus Surgery may lead to the emergence of a new flora of 
pathogens. In one case, the bacterial flora in chronic rhinosi 
nusitis comprises coagulase-negative Staphylococci as the 
most common of the organisms identifiable isolates, followed 
by Staphylococcus aureus, Streptococcus viridans, Coryne 
bacterium, and anaerobes. Patients not relieved by primary 
functional endoscopic sinus Surgery can demonstrate a sig 
nificant rise in Pseudomonas and methicillin-resistant Sta 
phylococcus aureus positive cultures. Moreover patients with 
Staphylococcus aureus and Pseudomonas aeruginosa posi 
tive cultures may be associated with an unfavorable evolution 
after Surgery for chronic rhinosinusitis. 
0006 United States Patent Application No. 2005/0107853 
to Krespi et al. describes various methods and apparatus for 
broad-spectrum treatments of chronic rhinosinusitis with 
various electromagnetic radiative energy including visible, 
and optionally, thermal RF, microwave or other longer energy 
wavelengths. 
0007. The foregoing description of background art may 
include insights, discoveries, understandings or disclosures, 
or associations together of disclosures, that were not known 
to the relevant art prior to the present invention but which 
were provided by the invention. Some such contributions of 
the invention may have been specifically pointed out herein, 
whereas other such contributions of the invention will be 
apparent from their context. Merely because a document may 
have been cited here, no admission is made that the field of the 
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document, which may be quite different from that of the 
invention, is analogous to the field or fields of the present 
invention. 

BRIEF SUMMARY OF THE INVENTION 

0008. The present invention provides, interalia, an effica 
cious method for treating or controlling chronic rhinosinusitis 
which applies a photosensitizing agent and light energy to a 
nasal or Sinal treatment site which is selective with regard to 
the characteristics of the photosensitizing agent and light 
energy employed and with regard to the duration and intensity 
of the treatment. 

0009 Useful embodiments of the invention can yield 
effective control of infectious microorganisms at the target 
site, with little or no pain or impairment of the sensitive 
functional tissues in nasal or sinus treatment regions. 
0010. In one aspect, the invention provides, a method of 
treating chronic rhinosinusitis in a human patient which com 
prises: 

0011 applying a photosensitizing agent comprising 
indocyanine green to colora nasal or Sinal treatment site 
harboring infectious microorganisms, the photosensitiz 
ing agent having an energy absorption peak in a near 
infrared wavelength region of the electromagnetic spec 
trum; and 

0012 applying light energy from a laser source at a near 
infrared red wavelength or wavelengths to the colored 
treatment site, for a duration sufficient to control the 
microorganisms. 

DETAILED DESCRIPTION OF THE INVENTION 

0013 Bacterial killing can be effected by use of light 
activated agents with exposure to appropriate light wave 
lengths, resulting in cytotoxicity by various mechanisms 
which may not yet be fully understood. Some mechanisms 
involved include the production of reactive oxygen species, 
for example singlet oxygen, and free radicals which can then 
exert a microbicidal effect. Such photo-activated disinfection 
is generally not expected to induce bacterial resistance as the 
method potentially provides a non-specific mechanism of 
cytotoxic action. 
0014. Accordingly, the invention also provides, a method 
of treating chronic rhinosinusitis in a human patient which 
comprises employing one or more or all of the following 
conditions: 

0.015 a dosage of indocyanine green sufficient to color 
tissue at the treatment site to be visibly green when 
viewed endoscopically, optionally a dosage of indocya 
nine green in the range of from about 10 ug to about 500 
l2 

0016 light energy in a near infrared wavelength region 
of from about 780 nm to about 850 nm optionally from 
about 800 nm to about 820 nm or from about 800 nm to 
about 840 nm, 

0017 light energy applied from a source outputting at a 
power of from about 2W to about 15 W, optionally about 
4 W to about 8 W: 

0.018 light energy applied for a duration of from about 
30 seconds to about 480 seconds, optionally about from 
about 120 seconds to about 300 seconds; 
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0019 a light energy dosage of from about applied for a 
duration of from about 30 seconds to about 480 seconds, 
optionally about from about 120 seconds to about 300 
seconds; 

0020 an energy density at the treatment site, optionally 
within the nasal cavity, of from about 50J/cm to about 
500 J/cm, optionally from about 100 J/cm to about 300 
J/cm; and 

0021 repeating the application of photosensitizing 
agent and of the light energy from one to five additional 
times, optionally with a time interval between repeated 
photosensitizing agent and light energy applications of 
from about 3 days to about 14 days. 

0022. A suitable dosage of indocyanine green can be 
applied in any desired manner, for example, topically as a 
Solution embedded into a sinomucosal applicator fabricated 
of cotton or the like. A Suitable Sinomucosal applicator can be 
soaked or otherwise impregnated with a desired dosage of 
indocyanine green and located in contact with a patient's 
nasal mucosal tissue and/or sinus mucosal tissue for a suitable 
period of time, for example from about one minute to about 
ten minutes. Other time periods such as from about 10 sec 
onds to about 1 hour or more can be employed, if desired. 
0023 Methods according to the invention can comprise 
diffusing the applied light from an elongated source extend 
ing into the nasal cavity, for example, by diffusing the light 
laterally from an approximately cylindrical Source in all or 
most radial directions. If desired the elongated Source can be 
a diffusing optical fiber having a light emitting tip of suitable 
length, for example from about 10 mm to about 50 mm which 
can output light in radial directions, optionally all around the 
fiber, along the length of the tip. If desired, the elongated light 
Source can be adapted with a Suitable length, and/or curvature 
or shape, to reach through a patient's nostril into a sinus cavity 
to emit light into the sinus cavity after application of a suitable 
photosensitizing agent to same. 
0024. One suitable light applicator with a diffusing tip that 
can be employed in the practice of a method according to the 
present invention is illustrated in FIGS. 5 and 6 of United 
States Patent Application No. 2009/0093865 to Krespiet, the 
entire disclosure of which application is incorporated by ref 
erence herein. Other suitable light applicators will be known 
or apparent to a person of ordinary skill in the art, from the 
disclosure of United States Patent Application No. 2009/ 
0093865 or in light of the disclosure herein, or will become 
known or apparent in the future, as the art develops. 
0025 If desired methods according to the invention can 
comprise taking a diagnostic tissue culture from the treatment 
site prior to application of a photosensitizing agent to deter 
mine the presence of one or more infectious microorganisms 
at the treatment site. 
0026. A patient can be selected for treatment according to 
the infectious microorganisms identified in the patient’s cul 
ture. 

0027 Methods according to the invention can comprise 
collecting a tissue culture from the treatment site after the 
treatment and evaluating the efficacy of the treatment from 
the collected tissue culture. 
0028. Also, if desired, methods according to the invention 
can comprise applying one or more other photosensitizing 
agents in addition to or in place of indocyanine green, for 
example another photosensitizing agent or agents having a 
peak absorbency in the near infrared region. Some examples 
include green porphyrin, green mercocyanines, verteporfin, 
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and Zinc phthalocyanine. Such other photosensitizing agent 
optionally can appear visibly green when coated on a white 
Substrate. Other suitable photosensitizing agents having an 
absorbency peakin the near infrared region, for example from 
about 750 nm to about 1000 nm can be employed, if desired, 
optionally photosensitizing agents that have a reflectance 
peak in the green region of the visible spectrum. 
0029. In another aspect the invention provides a treatment 
system for performing a method according to the invention 
which treatment system comprises a photosensitizing agent, a 
laser instrument, optionally a laser diode, to provide the light 
energy and a light applicator to transmit the light energy from 
the laser instrument to the treatment site all of which system 
components can be as described herein or as will be known or 
apparent to a person of ordinary skill in the art, in light of this 
disclosure, or will become known or apparent in the future, as 
the art develops, as being Suitable for practicing one or more 
steps of a method according to the invention. 
0030. As an alternative to a laser diode, or other suitable 
laser source, a light-emitting diode (“LED) with comparable 
or equivalent energy output characteristics, or another nar 
rowband light Source with Suitable characteristics to generate 
appropriate illumination to stimulate the photosensitive 
agent, can be employed. 
0031. The invention includes any treatment apparatus 
adapted to perform one of the novel treatment methods 
described herein. 
0032 Indocyanine green is known as a useful agent for 
medical diagnostic study of hepatic, cardiac blood flow and 
retinal angiography after an intravenous injection. Indocya 
nine green is also known to bind to plasma proteins, to have 
low toxicity, and to be rapidly excreted, which properties can 
be useful in practicing some embodiments of the present 
invention. Indocyanine green is believed to have a light 
energy absorption peak at a wavelength of about 808 nm. 
0033 Low level laser therapy can be employed in a bac 
tericidal treatment regimen utilizing single or compound light 
wave exposures. 
0034. In one example, laser energy exposures can be as 
low as 0.03 W/cm’ employing an 810 nm laser to treat infec 
tions comprising Pseudomonas and/or Staphylococcus 
aureus or other target microorganisms. 
0035 Another example comprises reduction or eradica 
tion of Staphylococcus aureus, Streptococcus pyrogenes and/ 
or Pseudomonas aureginosa by photoactivated disinfection 
employing indocyanine green at dosages in the range of from 
about 20 ug to about 200 g activated with an infrared light 
wavelength of about 810 nm and a laser power setting not 
exceeding about 1.4W/cm. 
0036 Methods and apparatus according to the invention 
can be employed to reduce or eradicate any microorganism 
present in the treated nasal or sinus cavity which is suscep 
tible to the treatment including any of the microorganisms 
specifically mentioned elsewhere herein, fungi such as 
Aspergillus or Alternaria fungi, or Candida, Enterobacteria, 
anaerobic bacteria, Propionibacterium acnes, and other 
microorganisms as will be known or apparent to a person of 
ordinary skill in the art, in light of this disclosure, or will 
become known or apparent in the future, as the art develops. 
In many cases, or generally, a mixed population of microflora 
can be treated. 
0037 Usefully, low-level laser therapy, in some cases, can 
enhance wound healing, burns and healing of chronic 
wounds. 
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0038 If desired, a method according to the invention can 
include taking one or more cultures from the patient, prior to 
treatment, to identify the microorganisms present at a treat 
ment site. Also, if desired, the treatment parameters can be 
adjusted according to the species of microorganisms that are 
identified. 
0039 Cultures can be obtained in any suitable manner, for 
example, from nasal Swabs taken under direct endoscopic 
visualization. 
0040 Any suitable laser light source can be employed, for 
example, a near infrared laser operable to output light in the 
range of 810-980 nm. Indocyanine green can be obtained 
from any suitable supplier, for example, Akorn, Buffalo 
Grove, Ill. Indocyanine green can be applied locally with any 
Suitable total application, for example, not exceeding 2.5 mg 
per patient per treatment. 
0041. One example of a patient population suitable for 
treatment by a method according to the invention comprises 
patients with chronic rhinosinusitis who are failing medical 
management after endoscopic sinus Surgery or before 
planned endoscopic sinus Surgery. 
0042 Another example of a patient population suitable for 
treatment by a method according to the invention comprises 
patients with an established nasal culture of either Staphylo 
coccus aureus, a Streptococcus species, Pseudomonas 
aureginosa, Proteus mirabilis, H. influenza or another intra 
nasal pathogens. Such patients may also be exhibiting chronic 
rhinosinusitis and failing medical management after endo 
scopic sinus Surgery or before planned endoscopic sinus Sur 
gery 
0043. The following example is illustrative of the practice 
of a treatment method according to the invention. 

Example 

0044. A pledget soaked with an aqueous Solution contain 
ing approximately 200 ug of indocyanine green is applied to 
each of a patient's nostrils. Promptly following removal of the 
pledget, a 30 mm optical diffuser fiber coupled to a near 
infrared diode laser set at 6 W is introduced intranasally 
radiating light circumferentially from the diffuser fiberallow 
ing the light energy to reach all treatable areas. The laser is 
activated for 180 seconds. Assuming an average effective 
radius of the nasal cavity to be about 3 mm, the energy density 
within the nasal cavity is around 200J/cm. Treatment can be 
repeated twice, 5-7 days apart. Cultures are collected at the 
end of each treatment. 
0045 One suitable form of pledget is a small, compress or 
wad of lint, cotton wool, or other soft absorbent material. 
0046. Other suitable applicators than a moistened pledget 
can be employed to apply the photosensitive agent, as will be 
known or apparent to a person of ordinary skill in the art, in 
light of this disclosure, or will become known or apparent in 
the future, as the art develops, for example a cotton Swab or 
Swabs, a spray device, a nasal spray, or an aerosol delivery 
device. 
0047. Other suitable diffusers can be employed in con 
junction with an optical fiber or other light output device to 
generate a diffused light output in a desired nasal or sinus 
cavity, including other diffusers or diffuse light systems 
described in United States Patent Application No. 2009/ 
0093865. For example a spherical, conical or other cylindri 
cal diffuser can be employed. the diffuser can be formed of 
relatively rigid material or of flexible material, for example a 
balloon-like diffuser can be employed. 
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0048. The above example is also illustrative of compo 
nents employable in a system useful for practicing the illus 
trated method. 
0049 Embodiments of treatment methods according to 
the invention can help treat chronic rhinosinusitis through 
treating and controlling or reducing infection and promotion 
of mucosal healing. 
0050 Disclosures Incorporated. The entire disclosure of 
each and every United States patent and patent application, 
each foreign and international patent publication, of each 
other publication and of each unpublished patent application 
that is specifically referenced in this specification is hereby 
incorporated by reference herein, in its entirety. Should there 
appear to be conflict between the meaning of a term employed 
in the description of the invention in this specification and 
with the usage in material incorporated by reference from 
another document, the meaning as used herein is intended to 
prevail. 
0051. The foregoing detailed description is to be read in 
light of and in combination with the preceding background 
and invention Summary descriptions wherein partial or com 
plete information regarding the best mode of practicing the 
invention, or regarding modifications, alternatives or useful 
embodiments of the invention may also be set forth or Sug 
gested, as will be apparent to one skilled in the art. 
0052. The terms “include “have “has and “contain. 
and their various grammatical forms, are to be understood as 
being open-ended and not to exclude additional, unrecited 
elements or method steps. 
0053. Throughout the description, where compositions 
instruments, devices apparatus, systems, or processes are 
described as having, including, or comprising specific com 
ponents or elements, or in the case of processes, specific 
steps, it is contemplated that compositions instruments, 
devices apparatus, systems, or processes according to the 
present invention can also consist essentially of or consist 
only of the recited components, elements or steps. 
0054. In the application, where an element or component 

is said to be included in and/or selected from a list or group of 
recited elements or components, it should be understood that 
the element or component can be any one of the recited 
elements or components or can be selected from a group 
consisting of two or more of the recited elements or compo 
nentS. 

0055. The use of the singular herein is intended to include 
the plural (and vice versa) unless the context indicates other 
wise. In addition, where the term “about is used before a 
quantitative value, the specific quantitative value itself is 
intended to be included, unless specifically stated otherwise. 
0056. With regard to processes, it is to be understood that 
the order of steps or order for performing certain actions is 
immaterialso long as the described process remains operable. 
Moreover, two or more steps or actions may be conducted 
simultaneously, unless the context indicates otherwise. In 
addition, any proportions recited herein are to be understood 
to be proportions by weight, based upon the weight of the 
relevant composition, unless the context indicates otherwise. 
The description of the invention is to be understood as includ 
ing combinations of the various elements of the invention, 
and of their disclosed or Suggested alternatives, including 
alternatives disclosed, implied or suggested in any one or 
more of the various methods, products, compositions, sys 
tems, apparatus, instruments, aspects, embodiments, 
examples described in the specification or drawings, if any, 
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and to include any other written or illustrated combination or 
grouping of elements of the invention or of the possible prac 
tice of the invention, except for groups or combinations of 
elements that are incompatible with, or contrary to the pur 
poses of the invention, as will be or become apparent to a 
person of ordinary skill. 
0057 The present invention includes the examples and 
embodiments described herein and other specific forms that 
embody the spirit or essential characteristics of the invention 
or of the respective described example or embodiment. The 
foregoing examples and embodiments are in all respects 
intended to be illustrative of the invention described herein. It 
is to be understood that many and various modifications of the 
invention, or of an example or embodiment of the invention 
described herein will be apparent to those of ordinary skill in 
the relevant art, or may become apparent as the art develops, 
in the light of the foregoing description. Such modifications 
are contemplated as being within the spirit and scope of the 
invention or inventions disclosed herein. 

1. A method of treating chronic rhinosinusitis in a human 
patient, the method comprising: 

applying a photosensitizing agent comprising indocyanine 
green to color a nasal or Sinal treatment site harboring 
infectious microorganisms, the photosensitizing agent 
having an energy absorption peak in a near infrared 
wavelength region of the electromagnetic spectrum; and 

applying light energy from a laser Source at a near infrared 
red wavelength or wavelengths to the colored treatment 
site, for a duration Sufficient to control the microorgan 
isms. 

2. A method according to claim 1 comprising employing 
one or more or all of the following conditions: 

a dosage of indocyanine green Sufficient to color tissue at 
the treatment site to be visibly green when viewed endo 
Scopically, optionally a dosage of indocyanine green in 
the range of from about 10 ug to about 500 lug; 

light energy in a near infrared wavelength region of from 
about 780 nm to about 850 nm optionally from about 800 
nm to about 820 nm, 

light energy applied from a source outputting at a power of 
from about 2W to about 15 W, optionally about 4 W to 
about 8 W: 

light energy applied for a duration of from about 30 sec 
onds to about 480 seconds, optionally about from about 
120 seconds to about 300 seconds; 
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a light energy dosage of from about applied for a duration 
of from about 30 seconds to about 480 seconds, option 
ally about from about 120 seconds to about 300 seconds; 

an energy density at the treatment site, optionally within 
the nasal cavity, of from about 50 J/cm to about 500 
J/cm, optionally from about 100 J/cm to about 300 
J/cm; and 

repeating the application of photosensitizing agent and of 
the light energy from one to five additional times, 
optionally with a time interval between repeated photo 
sensitizing agent and light energy applications of from 
about 3 days to about 14 days. 

3. A method according to claim 1 comprising diffusing the 
applied light from a source extending into the nasal cavity, 
optionally by diffusing the light laterally in all or most radial 
directions, from a source having an approximately cylindri 
cal, conical, spherical, part-spherical or other Suitable con 
figuration. 

4. A method according to claim 1 comprising taking a 
diagnostic tissue culture from the treatment site prior to appli 
cation of a photosensitizing agent to determine the presence 
of one or more infectious microorganisms at the treatment 
site. 

5. A method according to claim 4 comprising selecting a 
patient for treatment according to the infectious microorgan 
isms identified in the culture. 

6. A method according to claim 1 comprising collecting a 
tissue culture from the treatment site after the treatment and 
evaluating the efficacy of the treatment from the collected 
tissue culture. 

7. A method according to claim 1 comprising applying a 
different photosensitizing agent having a peak absorbency in 
the near infrared region in place of indocyanine green, the 
different photosensitizing agent optionally appearing visibly 
green when coated on a white substrate. 

8. A treatment system for performing a method according 
to claim 1 comprising the photosensitizing agent, a laser 
instrument, optionally a laser diode, or a light-emitting diode, 
to provide the light energy and a light applicator to transmit 
the lightenergy from the laser instrument to the treatment site. 

9. An apparatus adapted to practice the method of claim 1. 
c c c c c 
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