
E N D O S C O P I C S U R G E R Y F O R M Y C O T I C A N D C H R O N I C 
R E C U R R I N G SINUSITIS 

H E I N Z S T A M M B E R G E R , M D 

G R A Z , A U S T R I A 

Chronic Sinusitis and its complications are o£ten caused or perpetuated by fungi. InEurope and North America Aspergillus species are 
the most common contaminants of the sinuses, with relatively fe\v cases of mycoses caused by Mucor, Candida, Penicfflium, Cladospori-
um, and Fusarium reported in the literature. Although Aspergillus and Mucor are mainly saprophytic, they may cause severe, potentially 
lethal complications. Consequently, therapy should include complete removal of the mycotic masses and prevention of reinfection. In 
nearly all cases in our experience, fungal diseases of the maxillary sinuses are secondary diseases, the pathologic conditions for which are 
created by chronic recurring Sinusitis. Nasal endoscopy has shown that in most cases of recurring Sinusitis, infection spreads from the nose 
into the larger sinuses, mostly from an in£ected anterior ethmoid. Maxillary and frontal sinuses are fully dependent on the pathophysiologic 
conditions in the anterior ethmoid because their Ventilation and drainage pass through its complicated System of fissures and clefts into the 
middle nasal meatus. Endoscopic endonasal surgery of the diseased ethmoid is therefore an important element in our treatment schedule. 
Stenotic and/or chronically infected areas of the anterior ethmoid are identified by conventional or computed tomography. These areas 
then imdergo endonasal Operation under the guidance of rigid endoscopes. Diseased mucosa is removed, narrow or stenotic areas are 
widened, and the natural maxillary sinus ostium is enlarged, In many cases it is possible to remove all mycotic masses through this new 
window. Fenestration into the inferior nasal meatus is unnecessary with this method, and the sinus mucosa is usually left untouched. For 
follow-up treatment, instillations of antimycotic or antibiotic ointments are used, Even in cases of massive mucosal changes, the dependent 
sinuses, such as the frontal or maxillary sinuses, usually heal spontaneously after this procedure without having been treated directly. More 
than 140 patients with mycotic Sinusitis, 48 of whom were studied and followed up for this paper, were treated by us during the last 8 
years. The endoscopic surgical techrrique we have developed is described in detail. 
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INTRODUCTION 
Mycoses of the nose and the paranasal sinuses occur 

more frequently than has been assumed. In one study, 
examination of 414 children, ages 3 to 15 years, who 
were treated for recurrent Sinusitis showed 22 cases 
of mycotic purulent Sinusitis and 97 cases of mixed 
fungus and bacterial infection in the mucus from 
the paranasal sinuses.1 Another study of 600 pa
tients treated for maxillary Sinusitis showed 81 fun
gus infections of the paranasal sinuses with Asper
gilli fumigatus being most commonly encountered.2 

Today, with improved diagnostic techniques, 
mycoses are more readily recognized, and factors 
that predispose to fungus infections are apparently 
increasingly common. These factors include diabetes 
and diminished resistance to disease after tumor Op
erations, radiation therapy, cytostatic and immuno-
suppressive treatment, and long-term Cortisone and 
antibiotic regimens. A number of studies and our 
own experience, however, emphasize that mycoses 
of the paranasal sinuses often develop in people who 
are otherwise healthy. This points to an influence of 
especiatly predisposing local factors which favor the 
development of a paranasal sinus infection. 

PATIENTS 
Since 1976 we have treated more than 140 patients 

with massive paranasal sinus mycoses, 48 of whom 
were especially followed up to be included in this 

study. The majority of the infections were caused 
by Aspergillus species, most commonly A fumigatus 
(Table). The 48 patients studied ranged in age from 
20 to 80 years (Fig 1); 35 were women and 13 were 
men. Eight of the patients were diabetics; five of 
these were treated with diet alone, two with oral 
medication, and one with insulin. Ten cases re-
ceived repeated and sometimes long-term antibiotic 
treatment for various diseases, especially Sinusitis. 
One patient had had a nephrectomy, one had had 
multiple infarctions, one had had a mastectomy 
with irradiation. In addition, there was one case of 
a clotting disorder (factor X deficiency), one of al-
coholism, and four of hypertension. Radiographs of 
the paranasal sinuses for 22 of the patients (21 with 
A fumigatus infections and one with Cladosporium 
infection) showed metal-dense structures which are 
pathognomonic for older mycoses.3 

FUNGAL INFECTIONS 
Considering the large number of fungus species 

that can cause disease in humans, only a limited 
number have been reported as infectious agents in 
the paranasal sinuses. In Europe and the United 
States, A fumigatus is definitely the most common,2"5 

followed by Mucor\ Candida, Cladosporiwyi, Peni-
cillium, and Fusarium, on which reports of fre-
quency vary. 1 ' 2- 6" 1 0 Infections caused by Petriellidi-
um boydii17'19 and Paecilomyces species are rare. 2 0 

Special endemic forms like the South American blasto-
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GASES OF MYCOSES OF PARANASAL SINUSES (N = 48) 
Fungus Species No. of Cases 
Aspergillus monoculture 

A fumigatus 31 
Aspergillus mixed cultures 

A fumigatus + Penicillium 3 
A fumigatus + Cladosporium 3 
A fumigatus + Fusarium 1 
A fumigatus + A niger 1 

Other monocultures 
Cladosporium 4 
Penicillium 1 

Other mixed cultures 
Cladosporium + Fusarium 1 

In three cases the fungi could not be identified. 

mycosis were not considered in our work. Further, 
our study did not include any cases of mucormycosis. 

Although Aspergillus mycoses of the paranasal 
sinuses is in most cases a saprophytie secondary dis
ease without an invasive cause — we found invasion 
of the mucosa in only one case3-21 — the literature 
mentions severe complications, sometimes with le-
thal outcome. As with mucormycosis, distinction is 
made between the noninvasive superficial and an 
invasive visceral, fulminant form. 8 , 1 0 ' 2 2 , 2 3 Known 
complications are destruction of the bone and retro
bulbär invasion, 2 3 Aspergillus mentngitis originat-
ing in the sphenoid sinus24 or after irradiation of the 
hypophysis,22 Osteomyelitis with complete necrosis 
of the maxilla after long-term antibiotic regimen,2 5 

invasive aspergülosis in C a r c i n o m a patients who 
died of the aspergülosis and not of the primary dis
ease,26 Aspergillus mycoses of the CNS with intra-
cranial Aspergillus granuloma, and subarachnoidal 
bleeding from fungus-caused aneurysms.27 

The mucormycoses of the paranasal sinuses are es
pecially invasive and aggressive, and under the con
ditions of diabetic metabolism attain a high mortal-
ity rate, in excess of 50% . 7 l s Only after the intro-
duction of the systemic antimycotic amphotericin B 
did the mortality rate decrease to 30% to 15%, 1 5 

Here, the greatest dangers are vascular complica
tions such as true or pseudoaneurysms of brain ves-
sels, arteries and veins of the base of the skull and the 
frontal skull, sinus thrombosis, and direct involve-
ment of the CNS. Another side effect is ototoxicity. 
Again, the paranasal sinuses are often shown to be 
the site of origin with the infection reaching the CNS 
via the orbit. The diagnosis is often made by an oph-
thalmologist on the basis of ocular findings.' 5'"' 

Mycotic complications can have an especially ful
minant course in certain groups of patients includ-
ing poorly controlled diabetics, especially with dia
betic ketoacidosis 8 , 1 0' 1 3' 1 5; tumor patients with and 
without irradiation treatment, and after surgery 
and/or hnmunosuppression8'w-22; patients with wasting 
diseases; and infants and children with massive 
dehydration. 9' 1 4- 1" 
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Fig 1. Age distribution of 48 patients studied, 

Mycosis of the paranasal sinuses is thus a disease 
that is to be taken seriously even if the Symptoms are 
not alarming at first. In cases of chronic Sinusitis , 
mycoses must be considered, carefully looked for, 
and w h e n found, treated intensively. Even the non
invasive form can cause local damage and, perhaps 
through various metabolic products, systemic dam
age as well. 

Mycotoxins, especially the aflatoxins produced by 
certain Aspergillus species, even in very small doses 
are highly carcinogenic for the liver tissues of warm-
blooded animals Encluding humans, and also have 
teratogenic and mutagenic effects. 3 , 2 1 , 2 7 Large-scale 
studies in Africa of populations with high mortality 
rates for primary liver tumors showed a close rela-
tionship between malignancies and consumption of 
aflatoxins in foodstuffs. In Thailand an aflatoxin 
component of 9% was found in sorae foodstuffs, 
and there was an annual rate of six deaths from pri
mary liver tumors per 100,000 inhabitants. In a 
southern area of the country, with far lower aflatox
in content in the food, there were only two deaths 
per 1 million inhabitants.27 

Some Penicillium species produce substances like 
pencillin acid which, for example, has carcinogenic 
properties as well. Sterigmatocystein is chemically 
related to the aflatoxins and is formed by A versi-
color. In animal experiments it causes sarcomas and 
liver tumors after both oral and parenteral admin¬
istration. Ochratoxin, produced by Aspergillus 
species, resembles the aflatoxins but its significance 
in human disease has not yet been completely ex-
plored. Alternaria species are very common fila-
mentous fungi but rarely cause human mycoses. We 
have identified them twice in our patients, but they 
are not included in the group described here. Cer
tain strains of Alternaria can infect human tissue 
metastatically and then count as secondary infections, 

In nature many Aspergillus species decompose or-
ganic substances, especially those with high osmotic 
pressure, as is the case with high sugar content. This 
would seem to have some bearing on the high sus-
ceptibility of diabetics to mycoses. 
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Treatment. The literature shows a consensus that 

for mycoses of the paranasal sinuses the surgical ap-
proach is the method of choice . 1 2 1 4 1 5 2 3 2 8 - 3 1 If the 
maxillary sinus is involved, usually the classic Cald-
well-Luc Operation is performed with removal of 
the mycotic masses and of the sinus mucosa and fen-
estration into the inferior nasal meatus. The impor-
tance of sufficient Ventilation of the maxillary sinus 
to prevent recurring fungus infections is repeatedly 
emphasized. 5 ' 2 0 ' 3 0 , 3 1 Surgical treatment is also ad-
vised when there is CNS involvement in the form of 
granulomas or brain abscesses.16 2 3 1 7 Local antimy-
cotic treatment is often applied after a Caldwell-
Luc Operation, usually in the form of repeated Irri
gation of the maxillary sinus with an antimycotic 
Solution. Antimycotic Irrigation without surgery 
also has been tried when the fungal infection is only 
slight. 2- 3' 2 8 

P A T H O P H Y S 1 0 L O G Y O F R E C U R R I N G S I N U S I T I S 

Because most patients with paranasal sinus myco
ses are otherwise healthy, there must be decisive 
local factors in the individual that predispose to my
cotic infection. 3- 3 2 ' 3 3 Most of our patients had long 
histories of chronic recurring Sinusitis, and our en
doscopic findings confirmed that most of the myco
ses grew on pathologically changed thickened mu-
cus resulting from ostia blockage caused by diseased 
mucosa in the anterior ethmoid. 

Messerklinger's endoscopic investigation and exam-
inations provide us with a new understanding of the 
pathophysiology of chronic recurring Sinusitis. 3 2 ' 3 9 

His studies showed that frontal as well as maxillary 
sinuses are fully dependent on the anterior ethmoid 
because their Ventilation and drainage pass through 
its complicated fissures and narrow compartments. 
Frontal and maxillary sinuses drain into the middle 
nasal meatus via the frontal recess and the ethmoidal 
infundibulum, respectively. Both these narrow pre-
chambers are parts of the anterior ethmoid. If Sinu
sitis does not heal or is constantly recurring, foci of 
the infection usually have remained in these stenot
ic areas and clefts. From here infections repeatedly 
spread, especially to the frontal and maxillary 
sinuses. This applies as well to Sinusitis of odonto-
genic, blood-borne, or traumatic origin that recur 
after the primary source of infection has been cured. 
Though the Symptoms of maxillary and frontal Si
nusitis may clinically be dominant, the origin of the 
disease in most cases is located within the anterior 
ethmoid. Anatomie variations together with patho-
logic changes of the mueus and permanent thicken-
ing of the diseased mueous membrane interfere 
with mueociliary clearance of the larger sinuses and 
sometimes completely block their ostia. 

In the case of paranasal sinus mycoses, bacterial 
and viral superinfection with their purulent secre-
tions provide the fungus with nourishment. De-
creased Ventilation lowers the pH and favors the 

growth of hyphae. 2 1 Damage to the mucosa and es
pecially to the cilia in chronic recurring Sinusitis 
hinders the transport of pathologic secretions and 
thus of the fungi as well. If the mycelium has at-
tained a certain volume, it is unremovable even for 
mucosa that has recovered. The fungal masses thus 
act as a foreign body and can perpetuate infection. 
Many so-called rhinoliths are probably nothing but 
layers of dead fungus masses that could not be trans¬
ported by the cilia or that were already too large to 
pass through the ostium. 2 1 ' 3 3 ' 3 4 

There are many anatomic variations that may 
produce stenoses in the anterior part of the middle 
nasal meatus. A common finding, usually bilateral, 
is a paradoxically bent middle turbinate (Fig 2C), 
with its convexity facing laterally instead of medial-
ly. An air cell in the head of the middle turbinate 
may create a concha bullosa, Depending on the 
pneumatization of such a cell, the head of the turbi
nate may be blown up and completely block the en-
trance into the middle nasal meatus. The uncinate 
process, which is the bony layer of the medial wall 
of the ethmoidal infundibulum, can show many 
anatomic variations, too. If it is bent medially, it 
may protrude into the middle nasal meatus and 
sometimes even contact the turbinate. If the eth
moidal infundibulum is diseased, the middle medial 
infundibular wall may protrude and bulge medially 
and sometimes forward out of the middle meatus. 
This is a very frequent finding and the entrance into 
the middle meatus can completely be blocked by in-
tense contact of the uncinate process and middle 
turbinate mucosa (Figs 2C and 3C). The ethmoidal 
bulla, when diseased or extensively pneumatized, 
can bulge forward and not only block the hiatus 
semilunaris and the maxillary ostium, but even the 
entire middle meatus. Diseased mucosa of the fron
tal recess can prolapse from above and appear as 
large or small polyps. In the case of mycotic Sinus
itis, mycotic concretions may form casts that to
gether with swollen mucosa block the ostiomeatal 
unit (Fig 3A, B). Disease can originate from the lat
eral sinus which is the cleft located laterally from, 
above and behind the ethmoidal bulla. More de-
tailed descriptions are found in Messerklinger's pub-
lications. 3 2 - 3 9 

T H E R A P E U T I C P R O C E D U R E S 

We thus look at mycotic Sinusitis as a special form 
or complication of chronic recurring Sinusitis. Once 
the endoscopic diagnosis of a fungal disease has been 
made, we try to confirm the origin of the chronic 
recurring Sinusitis by nasal endoscopy and tomogra-
phy. It is important that nasal endoscopy always be 
combined with tomography, because not all the 
pathologic changes are necessarily seen with endos
copy at first. Tomographie findings often require 
endoscopic penetration into the middle nasal mea
tus, and sometimes only by this procedure can very 
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Fig 2. Endoscopic views of mycotic Sinusitis. A) Right maxillary sinus with highly viscous mucus in inner ostium (70° lens). B) Same 
site, showing fungal concretions of A fumigatus on thickened, rubbery mucus. C) Same patient. looking toward right middle nasal 
meatus. Paradoxically bent middle turbinate is contacted by protruding medial infundibular wall (arrows), blocking middle 
meatus. D) After infundibulotomy; diseased mucosa in frontal recess and ethmoidal infundibulum. E) After removal of diseased 
mucosa; pus in frontal recess and anterior ethmoid cells. F) After opening of ethmoidal bulla; fungal masses (arrows) in anterior 
ethmoid, all of which were removed endoscopically. cm — concha media, s — septum. 
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Fig 3. Endoscopic views. A) Fungus concretions surrounded by pus in ostium of left maxillary sinus, photographed with 30° angled 
endoscope. Star — accessory ostium in area of anterior fontanelle. B) Same site after removal of concretion, showing massive swell-
ing of mucosa and resultant severe narrowing of ostium. G) Left middle nasal meatus, showing entrance completely blocked by in-
flamed and edematous mucosa, photographed with 0° endoscope. Large star — head of middle turbinate, small stars — occlusive 
mucosal swelling of protuberant medial wall of infundibulum. D) Same site after infundibulotomy and resection af medial infun-
dibular wall, photographed with 30° telescope. Arrows — mycotic masses in infundibulum, completely blocking ostium. be — 
bulla ethmoidalis at rear margin of hiatus semüunaris, cm — concha media. 

localized and circumscribed mucosal lesions be de-
tected and operated on. 

Our endonasal and endoscopic surgical pro-
cedure aims at the origin of most of the recurring 
sinus disease in the anterior ethmoid. Narrow and 
stenotic areas are cleared of diseased mucosa, and 
free V e n t i l a t i o n and drainage of the dependent 
larger sinuses are reestablished through their 
physiological ostia with no need for a window into 

the inferior meatus. Even if the mucosal pathology 
i n the maxillary sinus seemed almost irreversible at 
first, after this procedure the mucosa usually heals 
within a few weeks without the larger sinuses hav-
ing been touched. The procedure for endoscopic 
surgery is basically the same for all cases of chronic 
recurring Sinusit is , including paranasal sinus 
mycoses, varying in extent according to the pre-
vailing pathologic conditions. The advantages of 
this method are that trauma to the patient is minor 
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Fig 4. Instruments used in surgical procedure, A) Set of 
Hopkins rod lens telescopes (Karl Storz). From above: 4 
mm OD straight forward (0° lens), 4 mm OD forward ob
lique (30Q lens), 4 mm OD lateral (70° lens), 2.7 mm OD 
forward oblique (30° lens). B) Basic Instruments for endo
scopic surgery (Karl Storz). Top row — Blakesley ethmoid 
forceps, Instillation syringe for local anestbesia, bent 
aspirator. Bottom row — backward-cutting antrum punch, 
bent sharp spoons, bent antrum curettes, pointed sickle 
knife. C) Three-ring syringe with flexible cannulas for In
stillation of medications. 

compared to external procedures, routine total 
sphenoethmoidectomy is unnecessary, and Ventila
tion and drainage are reestablished through the 
natural ostia. Depending on the pathology and the 
experience of the surgeon, the procedure could be 
done on an outpatient basis. 

Endoscopy of the maxillary sinus and the nose as 
well as the endoscopic surgery are performed on the 
supine patient, usually with local and topical anes-
thesia, except for children. Using a vasoconstrictor 
with local anesthesia reduces bleeding, resulting in 
better visualization. When children are treated un-
der general anesthesia we use additional inserts 
with a vasoconstrictor. Other authors have pub-
lished details on positioning, medication, and other 
aspects of the surgery. 3 5 ' 3 7 , 4 0"' 4 Some of the basic in
strumenta äre shown in Fig 4. 

Technique for Endoscopic Surgery {Fig 5). After 
sedation the patient is given topical anesthesia of 
lidocaine spray. Orientational nasal endoscopy is 
performed to determine the extent of the focal in
fection. Topical anesthesia is then administered 
with cotton wool swabs soaked in pontocaine and 
epinephrine then squeezed out; these remain in the 
middle nasal meatus for ten minutes. The area to be 
resected, usually the uncinate process, is infiltrated 
in front of and under the insertion of the middle 
turbinate with a local anesthetic, 1 mL of lidocaine 
(with 1% epinephrine). The points of injection are 
shown in Fig 6B. With the left hand, the straight 
forward or 30° angled telescope is inserted into the 
nose, and with the right hand the Instruments or 
suction tubes are guided. The first surgical step is 
the infundibulotomy according to Messerklinger.33'37 

Therefore under guidance of the endoscope the in
fundibulum is opened slightly with a crescent scal-
pel in front of and somewhat below the insertion of 
the middle turbinate. The incision is shown as a 
broken line in Fig 6B. With this first incision one 
usually "falls into" the ethmoidal infundibulum, 
and the scalpel slides back along its floor. The medi
al wall of the infundibulum thus circumscribed is 
then dislocated and removed with a suitable forceps 
(Fig 5B). Edematous or otherwise diseased mucosa 
in the open funnel of the infundibulum is now re
moved with a forward or upward biting forceps. 
The view of the ethmoidal bulla is now clear and 
the way free into the anterior ethmoid and the fron
tal recess above and in front (Fig 5C). If necessary, 
diseased mucosa can be removed from the frontal 
recess. The ethmoidal bulla can be carefully pressed 
in and diseased mucosa removed (Fig 5D). If neces
sary, all of the bulla can be resected under Visual 
guidance. Step by step, further diseased cells of the 
anterior ethmoid can be cleared. If the posterior 
ethmoid is diseased, the ground lamella of the mid
dle turbinate is carefully perforated and diseased 
material removed from the posterior ethmoid (Fig 
5E,F). If the sphenoid sinus is diseased as well, its 
anterior wall is carefully opened and the sinus in-
spected. The next step is to examine the ostium of 
the maxillary sinus. The ostium is usually blocked 
by swollen mucosa, when inflamed. We thus first 
probe it with a bent spoon and then expand it anter-
iorly and downward into the area of the anterior 
nasal fontanelle (Fig 5G). In this area the maxillary 
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Fig 5. Surgical technique. A) Entrance to 
middle meatus. B) After infundibulotomy, 
uncinate process shifted medially; view 
free into anterior ethmoid. C) Uncinate 
process resected. D) Opening and resection 
of ethmoid bulla. E) Anterior ethmoid 
cleared; forceps perforating ground lamel-
la of middle turbinate. F) Anterior and 
posterior ethmoid cleared, Arrows —Perf
oration of ground lamella into posterior 
ethmoid. G) Probmg maxillary ostium 
with bent spoon. H) Expanding maxillary 
ostium at expense of anterior nasal fon¬
tanelle with backward-cutting forceps, cm 
— concha media, iw — medial infundibu-
lar wall, s — nasal septum, be — bulla eth-
moidalis, rf — frontal recess, re — roof of 
ethmoid, aea — anterior ethmoidal artery. 

sinus mucosa is adjacent to the respiratory mucosa 
of the middle nasal meatus without a bony layer. 
The maxillary ostium is enlarged with the help of 
spoons and curettes and a specially designed back-
ward-cutting forceps (Fig 5H). Through this wid-
ened ostium the maxillary sinus can be inspected 
with a 30° or 70° lens. In many cases of mycotic 
Sinusitis it is possible to remove all the fungal masses 
from the sinus via this widened ostium. 

Therapeutic Procedures for Mycotic Sinusitis. First, 
conventional or computed tomography of the para
nasal sinuses is performed. We prefer a frontal 
tomogram with a sagittal beam or coronal CT re-
constructions, because these are best for the analysis 

of the anterior ethmoid, especially for comparing 
both sides. Usually this also clearly shows narrow 
Spots that harbor focal disease (Fig 7). Next, there is 
endoscopy of the maxillary sinus via the canine fos-
sa. After local anesthesia the lumen of the maxillary 
sinus is inspected through a 5-mm trocar with dif-
ferent angled telescopes (Figs 2A,B). The extent of 
the infection is determined and biopsies are taken 
for histology and culture. When possible, the block-
age of the maxillary sinus ostium is also evaluated 
via this route. In the rare case that the mucosa is 
normal and there is only very small fungus concre-
tion in the maxillary sinus — usually in the maxillo-
ethmoidal angle — and the ostium is free, we try in 
the same session to remove the concretion with suc-
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Fig 6. Lateral nasal wall (from anatomical preparation), middle and inferior turbinates removed. A) Bony structures. a — insertion 
line of inferior turbinate, b — insertion line of middle turbinate, e — ethmoidal bulla, u — uncinate process, arrow — entrance to 
ethmoidal infundibulum between e and u, stars — nasal fontanelles. B) Projection of sinuses. Red — maxillary sinus, green and pink 
— ethmoid sinus, yellow — frontal sinus; a,b,c — insertion lines of inferior, middle, and upper turbinates; d — hiatus semilunaris, 
entrance into ethmoidal infundibulum; e — ethmoidal bulla; o — points of injection for local anesthetic; brokenline — incision for 
infundibulotomy; hatching — area to be resected (medial wall of infundibulum with uncinate process as bony base): dotted line — 
projection of anterior nasal fontanelle, into which maxillary ostium is enlarged. 

tion and tiny forceps. 
The next step is the endoscopic evaluation of the 

middle nasal meatus and the ethmoidal infundibu
lum. If there is an isolated fungus concretion in the 
infundibulum without any other pathologic find
ings, and the maxillary sinus is free (Fig 3A), the 
concretion is removed (Fig 3B), and the ostium of 
the maxillary sinus somewhat expanded with endo
scopic surgery at the expense of the anterior fonta
nelle. If there are stenotic areas with inflammatory 
changes or disorders of the ethmoidal infundibulum 
or of other ethmoidal cells, these are corrected with 
endoscopic surgery, 

If endoscopy of the maxillary sinus shows exten
sive fungus masses or if the sinus is completely filled 
with them, the most common finding, and if the in
fundibulum is inflamed, also usually the case, we 
proceed as follows. Endonasal endoscopic surgery is 
carried out, opening the anterior ethmoid by the in
fundibulotomy according to Messerklinger. Diseased 
mucosa is removed, and stenotic areas and clefts are 
cleared under Visual guidance. In cases of massive 
mycoses, usually mycotic concretions can be found 
in the ethmoidal infundibulum already (Fig 2E,F). 
They are removed and the maxillary ostium is en
larged into the anterior nasal fontanelle, as has been 

described. In many cases it is now possible with 
special instruments and specially designed bent as-
pirators to remove all of the fungal masses under 
good view through this widened maxillary ostium. 

If complete removal cannot be achieved this way, 
we open the maxillary sinus via the canine fossa and 
clear it of fungal masses (Fig 8). The mucosa of the 
maxillary sinus is usually left intact. A fenestration 
into the inferior nasal meatus is no longer necessary 
as in the preceding endoscopic Clearing of the infun
dibulum; the ostium of the maxillary sinus has been 
expanded at the expense of the anterior nasal fonta
nelle, thus providing unimpeded Ventilation and 
drainage. In these cases, the maxillary sinus is 
packed with Sorbacel. No packing is used in the op-
erated ethmoid. 

Postoperative Care. Local postoperative care is 
especially important in this endoscopic procedure. 
On the first day after surgery the Operation cavity in 
the ethmoid is cleared of crusts and wound secre-
tions with a bent aspirator. This is important to 
avoid postoperative synechia and scarring in the 
anterior ethmoid. Depending on the pathology, we 
then instill a Cortisone and antibiotic-containing 
ointment into the Operation cavity, except in cases 
of paranasal sinus mycoses, where we use local an-
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Fig 7. Frontal tomogram at level of infundibulum. Double 
ar.row — uncinate process, clearly identifiable on left side 
of patient. Black arrows — swollen mucosa of diseased in
fundibulum passes into soft tissue shadow in maxilloeth-
moidal angle. Large arrow — A fumigatus mycosis show
ing as lentil-sized radiopaque concretion. 

timycotics. This treatment is repeated daily during 
hospitalization or for two to four days after surgery 
for outpatients. Except for mycoses, oral antibiotics 
effective in the paranasal sinus mucosa are pre-
scribed for six to eight days. Patients who had 
mycotic Sinusitis are required to report for check-up 
every four to six days for the next 2 to 4 weeks, and 
the aspiration and instillation procedure is repeated 
on an outpatient basis. A systemic antimycotic 
treatment up to now has been necessary in only one 
of our cases with aspergülosis. 

Difficulties and Complications. Bleeding can 
sometimes temporarily interrupt the Operation. Re-
application of pontocaine-epinephrine swabs, how-
ever, usually makes it possible to proceed. Con-
trolled hypotension is advantageous. When the eth
moid bulla is opened, care must be taken not to pen-
etrate the orbit, especially when a very prominent 
trochlea resembles the ethmoid bulla. If the 
anatomical Situation is unclear, especially when the 
view is impeded by bleeding, the topography 
should be reconsidered at each step. In the case of 
lesions of the orbit, fat protrudes which is clearly 
distinguishable from the mucosa. Smaller lesions of 
the orbit can sometimes cause a temporary air em-
physema of the eyelids which is usually reabsorbed 
within a few days if the patient refrains from nose 
blowing. In these cases an antibiotic should be ad-
ministered prophylactically. Utmost care must be 
taken not to penetrate the roof of the ethmoid, 
which is slightly more yellowish than the surroun-
ding bone and extremely sensitive to pain. Posterior 
ethmoidal cells and especially the sphenoid sinus 
can be in close relation to the optic nerve. If the ag¬
ger nasi is pneumatized, these cells may contact the 
lacrimal sac medially. When extending the maxil
lary ostium anteriorly, one might get close to the 
nasolacrimal duct, its bony walls usually being sig-
nificantly harder than the posterior structures of the 
lateral nasal wall. 

Local Antimycotic Treatment. Weprefer instilla
tion of antimycotic Creams or gels to liquid Solutions 
because the former remain longer in the maxillary 
sinus and ethmoidal cavity. Of the numerous pro
ducta on the market we have limited ourselves to 
two in which results can best be evaluated: clotri
mazol (Canesten) and the newer product naftifine 
(Exoderil). These substances interfere with the 
metabolism of the fungi. Clotrimazol inhibits the 
synthesis of ergosterine which is an essential 
building block of the fungus membrane. The result 
is a defective cell membrane which can no longer 
fulfill its metabolic functions, and the fungus cells 
generally dissolve eventually.36 We also saw the cy-
tological evidence of lysis in fungus masses treated 
preoperatively with clotrimazol. The mechanism of 
the destruction of the cell wall is such, however, 

Fig 8. A) View of Operation site 
through canine fossa into left max
illary sinus, which is completely 
filled with fungai masses that 
could not be totally removed en-
doscopically. Noninvasive A fumi
gatus mycosis (arrows). B) Fungal 
concretions removed from maxil
lary sinus. 
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that only growing fungus cells with active metabo-
lism are damaged by antimycotics of the imidazole 
group. Quiescent cells and spores — forms that are 
also found in the maxillary sinuses — are not af-
fected by these substances. This also indicates that 
surgical or combined treatment is preferred over a 
purely medical treatment. 

With clotrimazol, we saw several cases of consid-
erable local side effects. Instillation of the drug into 
the maxillary sinus through the widened ostium im-
mediately following the Operat ion or on the follow-
ing day sometimes caused extensive, severe, in-
flamed, and painful Infiltration in the soft tissue of 
the cheek. Apparently the substance had reached 
the cheek via the trocar Perforation of the anterior 
wall of the maxillary sinus, When we withheld clo
trimazol until the seventh or eighth day after sur
gery, these reactions ceased. We now use the syn-
thetic antimycotic naftifine, which is more effective 
against A fumigatus in vivo and in vitro. This was 
shown in repeated sensitivity tests with fungus cul
tures from paranasal sinus material. We first used 
naftifine in gel form, which was an effective an
timycotic but was less well tolerated locally. Many 
patients complained of pronounced burning in the 
nose after application, probably because of the 
alcohol component in the gel. Since we began using 
naftifine in cream form there have been no side ef
fects, even when it was applied immediately after 
the Operation. Other authors have published Infor
mation on antimycotics such as miconazole, econa-
zole, nystatin, and flucytosin as well as on the par
enteral application of amphotericin B . 6 9 1 7 ' 2 3 2 4 - 2 7 2 8 

With this combined procedure — removal of the 
mycotic masses, elimfnation of the primary focus in 
the diseased ethmoid, expansion of the ostium of the 
maxillary sinus assuring V e n t i l a t i o n and drainage — 
we were able to obtain complete relief of com-
plaints in nearly all of our cases. In only six of the 48 
patients observed was another endoscopic treat
ment necessary within weeks or months for persis
tent or new complaints. In these cases there was 
either scarring or remnants of diseased mucosa in 
narrow areas of the anterior ethmoid which were 
corrected. We have not yet seen a true recurrence of 
a fungus infection. 

C O N C L U S I O N S 

More often than had been commonly believed, 
mycoses of the nose and sinuses masquerade as a 
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chronic recurring Sinusitis or a first attack of acute 
Sinusitis. Most of the patients do not belong to the 
group predisposed to mycoses by severe diabetes, 
immune system diseases, general wasting condi
tions, or surgery, radiation and/or cytostatic and 
immunosuppressive treatment for tumors. Our en
doscopic investigations proved that most of the 
Aspergillus mycoses of the paranasal sinus were 
secondary to a chronic recurring Sinusitis, the focus 
of which usually lay in the diseased anterior eth
moid. Here, local predisposing factors such as ana
tomic variations and pathologic changes in chron-
ically infected narrow areas in the frontal recess 
and infundibulum region favor the development of 
chronic Sinusitis and create the vicious circle 
leading to a fungus infection: pathologic secretion, 
permanent swelling, thickening of the mucosa, and 
occlusion of the ostia. 

Depending on the severity of the infection and 
the fungus involved, the damage to the organism 
can vary, The fungus can be a purely mechanical ir-
ritant, and as a foreign body, can perpetuate a 
chronic Sinusitis. The metabolic products of the 
fungus can cause local and maybe systemic damage 
to the organism. The fungus can take an invasive or 
a metastatic course and cause severe damage which, 
depending on extent and localization, can be fatal. 
Therefore, maximum diagnostic and therapeutic 
care should be taken with every paranasal sinus 
mycosis. The aim of treatment should be the com
plete removal of the mycotic masses, the elimina¬
tion of predisposing factors, and protection from 
reinfection. 

With our endoscopic Operation on the lateral nas
al wall we are able to clear the foci of infection with 
surgery kept to the minimum. As Ventilation and 
drainage of the dependent larger sinuses are 
reestablished through their natural ostia, the 
mucosa of these sinuses usually heals without hav-
ing been treated directly. With this endoscopic 
technique fungal masses usually can be removed en-
donasally through the enlarged maxillary ostium. 

We routinely use this endoscopic procedure in all 
cases of chronic recurring Sinusitis. Maxillary sinus 
mycosis with fungal concretions that cannot be re
moved via the maxillary ostium is one of the rare ex-
ceptions where we still have to use an external ap-
proach to the sinuses in noninvasive chronic recur
ring disease. 
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