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SUMMARY

Nasal packing is used primarily to control bleeding in epistaxis and after surgical procedures
to the nose such as septoplasty, turbinate and paranasal sinus surgery. It is also used for
internal stabilisation after operations involving the cartilaginous-bony skeleton of the nose.
Apart from haemostasis, packing is used to prevent synechiae or restenosis, particularly after
surgery. Generally accepted standards regarding the materials which should be used for pac-
king, how long the packing should be left in place or the indications for nasal packing are lac-
king (Egelund and Jeppessen, 1992; Hosemann, 1996; Weber et al., 1996b). For example,
many authors do not use packing at all provided that there is no heavy bleeding during or after
the operation. Of those who use packing, some remove it on the day of the operation, others up
to 5 days postoperatively (for overview see Weber et al., 1996b). Most publications describe
experience with packing materials developed or preferred by the authors. Results of compara-
tive studies on the nature and duration of packing are listed in Table 1. The currently available
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materials are reviewed and their respective properties, indications and risks are outlined.
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1. MATERIALS

1.1. Ribbon gauze packing

This consists of an open-mesh cotton gauze as carrier material.
Differences exist with regard to the width of the strips, the mesh
size and the fabrication of the thread. The cotton gauze may be
used as it is or it may be impregnated by the user with some
form of medication, usually simple soft paraffin, a mixture of
oily substances, or an antibiotic ointment.

The ointment component allows the gauze to slide more easily
and prevents adherence to tissue while the antibiotics are inten-
ded to prevent infection. In many cases industrially medicated
or impregnated gauze packs are used. BIPP (Bismuth Iodoform
Paraffin Pack), mainly used in the United Kingdom, is impreg-
nated with liquid paraffin and also contains iodoform and bis-
muth in a ratio of 2:1.

Bismuth is used because of its presumed bactericidal action,
although this action is disputed (Nigam et al., 1990). Telfa (Ken-
dall, Boston, USA; Kamer and Parks, 1975) has been adopted
for nasal packing from surgical wound care and consists of a lay-
er of cotton fleece enclosed in a perforated inert water-repellent
plastic film.

* Received for publication July 1, 1999; accepted March 30, 2000

Figure 1: Rubber fingerstall packing (Rhinotamp, Vostra, Aachen,
Germany).
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Table 1: Comparative studies on nasal packing (selection). add. = additionally

Weber et al.

Ref. Indication Material Duration N Result
Garth and Septal/ Telfa, parafffin gauze, Merocel,| 16-23 hours 48 | Patient comfort: no difference, Ease of removal:
Brightwell 1994 tubinatie BIPP, add. Silastic splints Telfa > Gauze > BIPP > Merocel;
surgery Bleeding: Merocel > Gauze > BIPP > Telfa
Illum et al. 1992 | Septal/ Fingerstalls, gauze with 82 | Ease of removal: Fingerstalls > Gauze > Merocel;
turbinate ventilation tubes, Merocel Nasal patency after 3 months: no difference;
surgery Postoperative Fever: Fingerstalls > Gauze/
Merocel; Merocel: 3 septal perforations;
Ventilation tubes: no advantage
Von Schoenberg | Septal/ Telfa, BIPP, no packing, 24 hours 95 Pain on removal: BIPP > Telfa, Adhesion rate:
et al. 1993 turbinate silastic splints (N=46) no difference; Pain: Packing > no packing;
surgery BIPP + splints: 2 septal perforations
Watson et al. 1989 | Septal/ Pneumatic balloon, gauze 24 hours 106 | Bleeding: no difference; nasal obstruction,
turbinate (Jelonet), fingerstalls, fibrin accumulation, adhesion rate:
surgery, silastic splints balloon > Gauze > fingerstalls
polypectomy
Saab and Epistaxis Merocel, BIPP 30 Effectiveness: no difference; Ease of insertion
Randell 1997 and removal: BIPP > Merocel
El-Silimy 1993 Turbinate Gauze, no packing 24 versus 48 hours | 180 | Bleeding rate: 11.7% / 8.3% / 0% (48h / 24h / -);
surgery adhesion rate: no difference
Sirimanna et al. | Turbonate Alginate, gauze, fingerstalls 24 versus 48 hours | 92 | Bleeding rate: gauze > fingerstalls > alginate and:
1994 surgery 48 hours < 24 hours
Guyuron 1989 Septorhino- Paraffin gauze, no packing 50 Nasal breathing, residual septal deviation,
plasty synechiae: each superior results with packing
than without packing

1.2. Fingerstall packs (Figure 1)

Fingerstall packs are made of latex rubber packed with foam or
occasionally with gauze. They were introduced by Helms senior
(Helms, 1977). Hospitals sometimes used to make these finger-
stall packs themselves. Now, for reasons of quality and safety,
commercially fabricated products are usually used. e.g. Rhino-
tamp (Vostra, Aachen, Germany). Differences in the manufac-
turing processes of the fingerstall packs affect particularly the
quality of the latex and its allergenic activity. The pore size of
the latex is extremely small preventing ingrowth of viruses or
bacteria (Gerhardt, 1989; Zbitnew et al., 1989).

1.3. Foam packing and cellulose

Chemically, these packing materials are very different the one
being derived from natural cellulose, the other a purely synthe-
tic product (Table 2). However, their principles of action and
use are closely related. In the dry state the packs are considera-

Figure 2: Foam packing: above under dry condition, below moistened;
(Sugomed, Kettenbach, Eschenburg, Germany).

bly smaller than after hydration at the site of action in the nose
(Figure 2). Uptake of water or blood causes a rapid increase in
volume thus leading to absorption of fluid and at the same time
to wound compression. Newer fabrications are coated with a
thin plastic film to smoothen the surface and, depending on the
pore size, to avoid the ingrowth of granulation tissue.

Cellulose packing

Cellulose generally refers to the polysaccharides widely present
in nature in the walls of plant cells. It is extremely hygroscopic
and swells in water and lyes. Tibbels first described the use of
oxidised regenerated cellulose in epistaxis (Surgicel) in 1963.
Surgicel, Oxicel (Fanous 1980) or Tabotamp (Johnson & Johns-
on, Norderstedt, Germany) are used nowadays not as routine
nasal packing but as hemostypticum or for stabilisation of dura-
plasties.

1.4 Others

Special packings which were described by individual authors are:
Vigilon (CR Bard, Burkley Heights, New Jersey, USA; Salassa
and Pearson, 1991; Salassa, 1992) consists of a colloidal suspen-
sion of irradiated polyethylene oxide (4 %) and water (96 %). It
comes in the form of a transparent, gelatine-like sheet one milli-
metre thick, covered by two layers of thin occlusive polyethylene
film. The gel is permeable to water, oxygen and carbon dioxide,
can take up twice its weight in fluid and is non-adherent.
Alginate pack Kaltostat (Sirimanna, 1989) consists of alginic
acid, which is a natural substance obtained from brown
seaweed. Reaction of potassium or calcium with the carboxyl
group produces the corresponding alginate. Calcium alginate
has haemostatic action by giving off calcium ions.
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Table 2: Foam packing (selection).
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Tradename Components Form and size

Merocel Polyvinylacetal Available in many forms and sizes

Merocel 2000 Additional coating with polyethylene Available in many forms and sizes

laminated

Sugomed 31.3% cellulose + 68.7% viscose Larger plates or stripes which could resterilized

Hydrocell Polyurethane Available in many forms and sizes, Pore size 0.005-0.020 mm
Expandacell Polyvinylalcohole Available in many forms and sizes, Pore size 0.23 - 0.99 mm
Stip Vinylpolymere Larger stripes

Ivalon Polyvinylacetal Available in many forms and sizes

Table 3: Use of stents in paranasal sinus surgery (selection).

Author

Stent

Site

Duration

Amble et al. 1996

silicone strips

Frontal sinus (Lynch-operation)

6-8 weeks, sometimes longer

Kaschke and
Behrbohm 1997

Nasal splint with oval support surface at
the nasal septum and a channel for the
inferior aspect of the middle turbinate

Middle nasal tubinate

1-2 weeks

Brennan 1996 U-shaped polyurethane glove (Boomerang) | Middle nasal turbinate 14 days

Bumm 1980 Plastic, collar button Makxillary sinus, inferior nasal meatus 6 weeks
Christmas and Gelfilm Ethmoid sinus 2 weeks

Krouse 1996

Deitmer et al. 1988 Silicone Frontal sinus (palpebral incision) average 122 days

Duplechain et al. 1991

Silastic disk bent to form a V

Ethmoid sinus, children

3 weeks

Hoyt 1993

Plastic tube

Frontal sinus ostium

approximately 8 weeks

Lusk and Muntz 1990

Silastic stent, Gelfilm

Ethmoid sinus

7-10 days, 2-3 weeks

Messingschlager 1981 Plastic, collar button Maxillary sinus, inferior meatus 2 months
Milewski 1996 Ethmo balloon catheter Ethmoid sinus 1-2 weeks
Neel et al. 1976, 1987 Silicone strips, silicone tubes Frontal sinus (Lynch-operation) 6-8 weeks
Parsons and Gelfilm Ethmoid sinus 2 weeks

Chambers 1995

Rains 1997 Rains frontal sinus stent Frontal sinus 3 weeks until ethmoid healed
and oedema decreases

Rubin et al. 1986 Polyethylene tubes Frontal sinus (palpebral incision) S months

Schaefer and Silicone catheter Frontal sinus 6 weeks

Close 1990

Shikani 1994 Silicone Maxillary sinus, middle meatus 10-14 days

Shikani 1996 Silicone Maxillary sinus, middle meatus 10-14 days

Stammberger 1993 Polyethylene tube Frontal sinus (palpebral incision) 3-6 months

Toffel 1995 Silastic stent + Merocel Ethmoid sinus 1 week

Weber et al. 1996, 1997 | Special silicone spacer Frontal sinus ostium 6 months

Table 4: Use of stents in paranasal sinus surgery (according to a survey
of 1997 with data from 116 hospitals in Germany).

Property criteria Frequency of Silicone/
use of stents polyethylene
tubes
Endonasal frontal sinus surgery 29 (25%) 19 (66%)
Frontal sinus surgery via 83 (72%) 62 (75%)
external approach
Middle meatal antrostomy 11 (9%) 3 (27%)

Carr and Gabriel (1985) reported effective control of epistaxis in
platelet function disturbance with nasal packing obtained from
fatty tissue of slaughtered pigs. They reported that the packing
was easy to remove and did not adhere to the mucosa.

Gelfoam (Gelfilm) is an absorbable gelatine sponge which is
obtained from pure refined gelatine. It absorbs blood in its
mesh and liquefies completely after 2-5 days (Fanous, 1980). On
account of its self-disintegration removal is not necessary. It
should be mentioned that gelatine has been found to lead to
increased postoperative formation of granulation tissue and
subsequent scar formation (ear surgery: Hellstrom et al., 1983;
lacrimal system surgery: Mauriello and Vadehra, 1996; sinus
surgery: Tom et al., 1997).

1.5 Stents

Stents are devices made of exogenous materials different from
the packing materials described above which are inserted in the
nose following nasal or paranasal sinus surgery. On account of
their shape and spatial configuration, they are used to keep
wound surfaces apart, prevent stenosis and adhesions and, last-
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ly, to influence wound healing. The devices are sometimes also
referred to as ‘spacers’. The stents used in nasal and paranasal
sinus surgery must be distinguished from the mesh-like, self-
expanding hollow devices used in cardiology and gastroentero-
logy. They should also be distinguished from septum splints,
with and without ventilation tubes, which are often used
together with antibiotic-impregnated gauze packing and left in
place for a few days. In practice, however, the three terms are
often used interchangeably. In the following text we therefore
follow the usage of the respective authors or manufacturers.

In general the foreign materials are used in endonasal surgery eit-
her to achieve good adaptation of the septal mucosa, to prevent
formation of a haematoma or to minimise or prevent adhesion of
wound surfaces and stenosis due to scarring. The spacers are also
reported to accelerate the healing process by preserving the venti-
lation of the paranasal sinuses (Amble et al., 1996; Duplechain et
al., 1991; Hoyt 1993). The continuous drainage of wound secre-
tions is also reported to lead to better healing (Shikani 1994, 1996).
Stents are used in varying lengths of time ranging between two
weeks and six months after sinus surgery (Weber et al., 1996b,
1997). The literature on stents consists almost entirely of uncon-
trolled experience reports. An overview is given in Table 3. There
are some recent prospective investigations showing an advantage
by using stents (Table 3; Shikani, 1994, 1996; Weber et al., 1997).

The simplest form of spacer is a polyethylene or silicone tube
which is secured with a suture to prevent dislocation. This is
usually done with a non-resorbable suture through the anterior
nasal septum or the side of the nasal vestibule. In Germany this
is the most common type of spacer used in paranasal sinus
surgery (Table 4).

Regarding stents for inferior meatal antrostomy (Bumm, 1980;
Messingschlager, 1981), it should be noted that inferior meatal
antrostomy has now been largely abandoned (Stammberger,
1998).

Stents for middle meatus antrostomy have been described by
Shikani (1994, 1996) (Shikani Stent, Spiggle & Theis, Dieburg,
Germany) and Weber et al. (1996b) (prototype made by Vostra,
Aachen, Germany). The construction principle is the same for
all products. They consist of a central ventilation tube which
ensures ventilation and drainage of the maxillary sinus and acts
as spacer to keep the newly created ostium patent. Flanges
facing inwards and outwards automatically hold the spacer in
the desired position (Figure 3). The devices are made of silico-
ne. There are some differences with regard to the configuration
of the flanges. Here the Vostra prototype deliberately has a lar-
ger surface for apposition to the lateral nasal wall which is more
severely traumatised in this region by the operation. The resul-
ting occlusive wound treatment promotes wound healing and is
also intended to prevent formation of synechiae between the
wound surface and the middle nasal turbinate. There are wide
variations in the recommended times for leaving the spacer in
situ: 2 weeks for the Shikani stent, compared with the 6 months
recommended by Weber et al. (1996b) in order to allow a suffi-
cient length of time to cover the phase of scar formation. All
these stents are usually easily removed by endoscopically con-

Weber et al.

trolled extraction with nasal forceps without further local anaes-
thesia. Problems while the spacer is in situ can occur as a result
of crust formation which can lead to occlusion of the central
ventilation tube. Further, an unpleasant odour can occur if
there is significant bacterial colonisation of the crusts. Large
crusts can also impair the patency of the nose.

In a prospective study in 50 patients Shikani (1994) inserted a
spacer in the middle meatal antrostomy for 10-14 days on one
side but not on the other. All patients were given antibiotics for
at least one month. Local postoperative care included nasal hum-
idification and a nasal steroid spray. After a follow-up period of 3-
18 months, with a mean of 8.2 months, 8 patients had complete
occlusion of the stent lumen with crusting and 22 had partial
occlusion with crusting; however, there were no associated clinic-
al symptoms. At the time of removal 2 patients had minor adhe-
sions on the spacer side while 18 % had significant adhesions on
the control side. After removal of the spacer there was often a cer-
tain amount of granulation tissue around the spacer which subsi-
ded gradually and had disappeared after 10 days.

Shikani (1996) performed endoscopic paranasal sinus surgery in
40 children with randomised insertion of a stent on one side in
20 patients, and on both sides in 20. The stents were left in situ
for 2 weeks in both cases. Further postoperative treatment con-
sisted of nasal humidification and administration of a steroid
spray and antibiotics for at least one month. 9.6 months post-
operatively (range, 4-26 months) adhesions were present on the
control side between the middle turbinate and lateral nasal wall
in 55 % and between the septum and inferior nasal turbinate in
5 %. In 3 of these cases the adhesions were mild, in 5 cases

e

b
:

Figure 3: Stent for middle meatal antrostomy (principle)

1 = middle turbinate, 2 = inferior turbinate, 3 = maxillary sinus,

4 = stent with central perforation, 5 = Flanges inside the maxillary the
sinus, 6 = Flanges outside for apposition to the lateral nasal wall
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moderate and in 3 cases there was complete occlusion of the
antrostomy. Two of these three patients required revision sur-
gery. On the spacer side adhesions were only present in 10 %
and were mild in one case, moderate in the other. In the group
of 20 children with stenting on both sides revision surgery was
only necessary in one case. Children under 7 years had a higher
rate of postoperative synechiae and formation of granulation tis-
sue (59 % versus 36 %).

Escajadillo (1991) described a silicone stent for middle meatal
antrostomy (Silastic grommet device, Dow Corning, MI, USA)
which was left in situ for two months. Six-12 months after inser-
tion of the stent in 20 patients all had a wide, patent and func-
tioning antrostomy compared with only 7 out of 10 cases in
which the stent was not used.

In the ethmoid sinus and the middle turbinate Gelfilm, which is
resorbed after about one week, is sometimes used as packing.
This cannot strictly speaking be called stenting. Toffel (1995)
used a special silicone sheet together with Toffel Merocel pack
for one week under antibiotic cover with cephalosporins. After
combined endoscopic paranasal sinus surgery and rhinoplasty
41 of 1363 patients had synechiae between the middle turbinate
and lateral wall 1 to 3 years postoperatively. Revision surgery
was necessary in 15 cases. Lusk and Muntz (1990) inserted a sili-
cone sheet for 7 - 10 days and Gelfilm for 2 - 3 weeks. Thirty-
one children were operated on and given additional antibiotics
for more than 4 weeks. At least one year postoperatively 71 % of
the parents reported that their children were well again.
Duplechain et al. (1991) used a silastic disk folded into a V
which was inserted postoperatively into the ethmoid sinus in
children and left in place for 3 weeks. They reported a lower
incidence of development of synechiae in the ostiomeatal com-
plex using this technique (no concrete figures given). The
splints were removed at a second operation for cleansing the
nose. Bernal-Sprekelsen (1990) described a new splint made of
polypropylene (Promeda, Niedernhausen, Germany) for use in
surgery of the nasal septum, in some cases with reduction of the
inferior turbinate or endoscopic ethmoidectomy. The splint is
folded and inserted into the nasal cavities as inverted V and left
in place for 4-10 days secured with vicryl sutures.

The Ethmo balloon catheter (Spiggle & Theis, Dieburg, Ger-
many, Figure 4) is an anatomically shaped balloon made of
medical grade silicone with a straight, dacron reinforced, non-
elastic surface for support of the anterior skull base which is
used for postoperative packing of the ethmoid shaft or the
frontal recess (Milewski, 1996).

The U-shaped polyurethane glove (Boomerang Turbinate
Glove, Westmed, Tucson, AZ, USA, Figure 5) for lining the
middle nasal turbinate and septal splinting is secured to the con-
tralateral side with a suture and left in place for about 2 weeks
(Brennan, 1996). Brennan reports only one case of slight and
two cases of moderate adhesions with the lateral nasal wall
amongst 234 patients undergoing various forms of ethmoidec-
tomy. Primed (Figure 6) is a similar product combining U-
shaped lining of the middle nasal turbinate with septal splinting
(Kaschke and Behrbohm 1997).
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Figure 4: Ethmo Ballooncatheter (Spiggle & Theis, Dieburg, Germany).

Figure 5: Boomerang Turbinate Glove (Westmed, Tucson, AZ, USA;
Xomed, Garching, Germany).

For the frontal sinus Amble et al. (1996) recommend that a sili-
cone sheet should be cut to shape, rolled up and inserted in the
nasofrontal duct from outside. However, this calls for an exter-
nal approach. The same applies to the polyethylene tube splay-
ed at the frontal sinus by incision, heating and cooling the end
as reported by Stammberger (1993).

Hoyt (1993) describes the endonasal insertion of a ventilation
tube into the frontal sinus which is anchored to the anterior
nasal septum with a Vicryl suture. Thirty-two tubes were inser-
ted in 21 patients and left in place for mean duration of 8.3
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Figure 6: Primed Stent (Primed, Halberstadt, Germany)

Figure 7: Frontal sinus stent, prototype (Vostra, Aachen, Germany).

weeks. The indications were acute or chronic frontal sinusitis,
with at least one previous operation and marked frontal sinus
pathology in the CT. After a short not further specified follow-
up period a failure rate of 9.5 % was given.

Modern frontal sinus stents are specially shaped so as to obviate
the problem of dislocation by use of self-anchoring mecha-
nisms. For example, the Vostra prototype has a large anchor
ring in the frontal sinus (Weber and Keerl, 1996; Weber et al.,
1997; Figure 7). A study conducted by the present authors is the
only comparative study investigating the use of stents in frontal
sinus surgery to date. Weber et al. (1997) performed a prospec-
tive study in 2 patient groups with surgery on a total of 36 para-
nasal sinus systems. In the context of an endonasal pansinus
operation with type II extended frontal sinus drainage (Draf,
1991) because of chronic polypoid sinusitis a silicone stent was

Weber et al.

inserted for 6 months in 15 cases. Twelve-16 months postopera-
tively an endoscopically patent frontal sinus was found signifi-
cantly more often after use of a stent (80 % versus 33 %), steno-
sis due to scarring was found in 6.7 % compared with 48 % (p =
0.416). The Rains frontal sinus stent has a widened end in the
form of a compressible basket (Rains, 1997; Figure 8). The
Parell T-stent is formed like a T (Figure 9). An alternative
method used by the first-named author in four cases is trans-
septal insertion of a silicone tube which is particularly suitable
for revision surgery, when there is a large wound area between
the ethmoid shaft and the frontal sinus which has to be splinted.
Type III frontal sinus drainages were Kept open with tubes cut
to form an H.

2. RISKS AND COMPLICATIONS OF NASAL PACKING AND
STENTS (TABLE 5)

2.1. Mucosal lesions including septal perforation

Mucosal damage of this kind occurs when the pressure exerted
by the packing exceeds the perfusion pressure of the nasal vessels
for a prolonged period. Balloon catheters are particularly hazar-
dous as the pressure exerted on the mucosa is difficult to dose
and to judge. Klinger and Siegert (1997) studied the perfusion of
the septal mucosa after balloon tamponade by laser-doppler flow
measurement in 15 subjects and showed that the septal mucosa
was no longer perfused at low pressures on the mucosa (mean
pressure of 42 mm Hg) while at the same time the pressure meas-
ured within the balloon was ten times higher on account of the
strong recoil force. Such damage is not likely to occur with nor-
mal nasal packing after endonasal surgery using fingerstalls or
expandable packs. Small mucosal lesions as a result of ingrowth
of tissue into the packing material when large-pore materials are
used (gauze ribbon, expandable materials) are however possible
and heal uneventfully in the large majority of cases.

2.2. Dislocation with possible aspiration

Posterior dislocation of ribbon gauze is possible and leads to an
immediate foreign body sensation so that the pack must be
completely removed from the nose. As the ribbon gauze does
not shift en bloc there have been no reports of acute emergen-
cies due to airway occlusion. However, gauze packing hanging
down as far as the larynx can cause a sensation of choking (Yan-
agisawa and Latorre, 1995). On the other hand posterior dislo-
cation of a fingerstall pack can lead to aspiration and complete
occlusion of the laryngeal aperture or the trachea with the con-
sequence or risk of acute asphyxiation. Thus Spillmann (1981)
describes 2 deaths due to postoperative aspiration of fingerstall
packs which were probably not anchored. It is therefore impor-
tant to ensure that fingerstall packs are appropriately secured. In
the case of Rhinotamp the manufacturers (Vostra, Aachen,
Germany) recommend that bilateral packing should be used
and the drawstrings knotted together in front of the anterior
nasal septum and secured to the bridge of the nose with two
strips of tape. While posterior dislocation was still observed in
some cases when the drawstrings of bilateral packs were only
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Figure 8: Rains frontal sinus stent (Smith & Nephew, Schenefeld,
Germany)

Figure 9: Parell T stent (Xomed, Garching, Germany).

plaited together and secured with adhesive tape, since we have
started knotting the drawstrings together no further cases have
occurred in our hospital. Bilateral packing is important as even
the insertion of 3 fingerstall packs on one side does not prevent
posterior dislocation as was observed in one of our own cases.
No cases of dislocation of expandable packs have been reported.
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In the case of the various types of stents and spacers attention
must be paid that they are secured by anchoring rings or sutu-
res. The tubes in particular are always at risk of dislocation and
aspiration can never be entirely ruled out. Castillo et al. (1996)
reported on complications occurring in 553 patients who had
undergone endoscopic paranasal sinus surgery and mention one
death on account of incorrect placement of a frontal sinus drain.
Unfortunately more precise details are not given.

2.3. Disturbance of breathing during sleep or decrease in nocturnal
arterial PO2

There are a number of investigations showing that complete
nasal obstruction by bilateral nasal packing leads to increased
disturbances of breathing during sleep (Lavie et al., 1983, Suratt
et al., 1986; Taasan et al., 1981; Wetmore et al., 1988) and
decreases the nocturnal arterial PO2 (Cassisi et al., 1971; Cook
and Komorn, 1973; Johannessen et al., 1992; Kalogjera et al.,
1995, Lin and Orkin, 1979; Slocum et al., 1976; Zwillich et al.,
1981). The effects range from a decrease in the oxygen partial
pressure only detectable by laboratory testing (Buckley et al.,
1991) to sleep apnoea (Wetmore et al., 1988). The risk appears to
be increased particularly in elderly patients with primary cardiac
and pulmonary disease. In these cases duration of packing
should be shortened and/or intensive monitoring (pulsoximetry)
is recommended. However, some authors were unable to
demonstrate any effect (Serpell et al., 1994) while others question
the clinical relevance of the findings (Buckley et al., 1991).

2.4. Influence on eustachian tube function

There are some reports on a dysfunction of the eustachian tube
with significant reduction in the middle ear pressure during or
after packing of the nose according to the Toynbee phenomenon
(Egelund and Jeppesen, 1992; Finkelstein et al., 1988; Morgan et
al., 1995; Thompson and Crowther, 1991). Ventilation tubes had
inconsistent effects. There was no permanent influence of nasal
packing on the function of the eustachian tube.

A temporary reduction of the pressure in the middle ear will
resolve spontaneously.

2.5. Allergy

The reasons for the marked increase of latex-rubber allergy are still
unclear. The widespread use of latex gloves may play a role, as may
the use of new latex preparations with greater allergenicity, in-
creased awareness and improved diagnostic methods. On the basis
of their investigations Lundberg et al., (1997), regard the move
from talcum to starch powder as a further reason. They were able
to show that although talcum powder binds latex allergens to a
considerably greater extent this binding is very stable. Starch pow-
der, on the other hand, binds latex allergens to a lesser extent but
rapidly releases them into aqueous solution. In principle, induction
of allergy by latex packing is possible. The likehood of triggering an
allergic reaction probably depends to a great extent on the quality
of the product. At the ENT departments in Fulda and Magdeburg
no cases of induction of allergy by nasal packing have been observ-
ed during 15 years’ use in about 500 patients per year. The manu-
facturers of the Rhinotamp fingerstall packs have had no reports of
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allergies in latterly about 120,000 packs used per year (Harren, per-
sonal communication). Nevertheless, first fingerstalls without latex
are on the market, using a polyurethane covering (Spiggle&Theis,
Dieburg, Germany).

2.6. Toxic Shock Syndrome (TSS)

The toxic shock syndrome is a rare, acute multisystem disease
which is characterised by a sudden onset with high fever, diffu-
se rash, vomiting, diarrhoea and muscle pain and can lead to
septic shock (Table 6; Younis and Lazar, 1996; Todd et al.,
1978). It is a complication of a staphylococcal infection triggered
by toxic shock syndrome toxin I (TSS I). While most cases of
toxic shock syndrome were seen in young, healthy, menstru-
ating women using vaginal tampons, most of the remaining
cases of TSS were in the head and neck region particularly in
connection with preceding nasal surgery. Jacobson and Kas-
worm (1986) reported an incidence of TSS after nasal surgery of
16.5 per 100,000 for the state of Utah. TSS after nasal surgery
usually occurs within the first 24 hours and is associated with
the use of nasal packing, but TSS can develope several days to
weeks after surgery and in patients where no nasal packing was
used (Abram et al., 1994; Younis and Lazar, 1996). TSS has
been reported in association with a number of different packing
materials (Allen et al., 1990; Breda et al., 1987; Hull et al., 1983;
Mansfield and Petersen, 1989; Toback and Fayerman, 1983) and
also with the use of splints (De Vries and van der Baan, 1989;
Jacobson and Kasworm, 1986; Wagner and Toback, 1986).

TSS cannot be predicted or prevented by e.g. antibiotics
(Jacobson and Kasworm, 1986; Jacobson et al., 1988). Decisive
are early diagnosis, immediate and sufficient therapy: removal
of the foreign body, drainage of the site of infection, a penicilli-
nase resistant antistaphylococcal antibiotic and intensive care
are essential components of the treatment. Corticosteroids may
be able to reduce the severity and duration of the TSS.

2.7. Paraffin granulomas and spherulocytosis

Chemically, paraffins are alkanes, that is saturated acyclic hydro-

carbons, although in the narrower sense the term paraffin refers

to the solid alkanes. Paraffins are commonly used as ingredients

of ointment formulations but not of gel formulations. When

paraffin or similar substances containing alkanes are injected into

tissue typical lipogranulomas or paraffinomas develop after laten-

cy periods varying from a few weeks to several years.

For diagnosis of a paraffinoma after endonasal paranasal sinus

surgery the following conditions must be fulfilled (Keerl et al.,

1995; Weber et al., 1995):

1. Intraoperative injury to the periorbita indicated by the
presence of a postoperative periorbital haematoma.

2. Use of a paraffin-containing ointment formulation in the
context of packing of the operative cavity.

3. Histological demonstration of a paraffinoma or additional
detection using special stains or NMR spectroscopy (Geiger
et al., 1993).

It presents clinically as a firm swelling which slowly increases in
size. The histology shows a giant-cell rich foreign body granulo-
ma. Numerous large cavities of various sizes are typical and are
produced by removal of the paraffin-containing material during
deparaffination. In addition, tissue reactions occur around the
cavities. The intraoperative finding of diffuse spread of the granu-
loma into the soft tissue with poor delineation can also be demon-
strated histologically. Surgery is the only appropriate therapy.
However, on account of the diffuse infiltration surgical removal
was very difficult and revision surgery was required in all patients.
In view of the increasing reports of paraffin granulomas in the
periorbital region after paranasal sinus surgery (Geiger et al.,
1993; Hintschich et al., 1995; Tasman et al., 1994) paraffin-con-
taining ointments or creams should not be used at the end of
paranasal sinus operations if periorbital injury has occurred.
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Periorbital injury can be easily identified intraoperatively with
the help of the eyeball pressure test according to Draf (Weber
and Draf, 1992). In the case of such injury a packing material
which slides easily without additional use of an ointment
should be positioned instead of gauze. Moreover, it is not yet
clear whether the antibiotic additives contained in most of the
ointments recommended for this purpose do in fact prevent
bacterial infection of the nasal and paranasal mucosa.

Spherulocytosis or myospherulosis describes a tissue reaction
occurring after use of antibiotic-containing ointments in
wounds and musculature (Godbersen et al., 1995; Wheeler et
al., 1980; McClatchie et al., 1969). The histology is characterised
by dilated cystic spaces of varying size which are surrounded by
histiocytes and occasionally by multinuclear giant cells. It has
been reported as foreign body reaction to various antibiotic
ointments and is interpretated as the consequence of a physical
emulsion phenomenon between fat-containing material and
blood (Kakizaki and Shimada, 1993; Godbersen et al., 1995).
There is evidently a close relationship between spherulocytosis
and paraffin granuloma.

2.8. Infections caused by nasal packing

Up to now there is no proof that antibiotics reduce the rate of
infections in patients with nasal packing. In a prospective ran-
domised placebo-controlled study Derkay et al. (1989) investi-
gated 20 patients who had received posterior nasal packing with
antibiotic impregnated gauze because of nosebleeds. No infec-
tions occurred either in the placebo group or in the group
treated with cephazoline. Although antibiotic administration in
posterior nasal packing is recommended in the literature there
is allegedly insufficient proof of its effectiveness (Hirsch, 1987).
Packs which do not contain antibiotics show colonisation with
various gram-negative bacteria (Herzon, 1971). Nigam and All-
wood (1990) investigated the antibacterial activity of BIPP pac-
king against Staphylococcus aureus, Escherichia coli and Pseudo-
monas aeruginosa.

They found that BIPP packing had only negligible antibacterial
activity. Further, no release of iodine from BIPP packing was
found during a 4-week period. The authors were unable to
explain the discrepancy between the clinical effectiveness and
the lack of antibacterial activity in vitro. The evident effective-
ness may be due to the careful surgical debridement and wound
cleansing, the BIPP packing in fact only acting as haemostatic
pack.

Schifer and Pirsig (1988) investigated the effect of prophylactic
antibiotic therapy with 3 million units of propicillin orally for
12 days in 100 patients undergoing revision septorhinoplasty
(active drug in 48 patients, placebo in 52 patients). Six patients
developed severe infections, 5 of them in the placebo group, 12
patients developed more localised infections, 9 of them in the
placebo group. The authors concluded that postoperative admi-
nistration of propicillin appears to prevent severe nasal infec-
tions particularly when free grafts have been used.
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In summary, if there are no special risk factors antibiotics are not
indicated during nasal packing of several days. It has not proven
that postoperative infections increase with the use of nasal pac-
king. Furthermore it has not proven that antibacterial additives to
nasal packing are effective.

2.9. Pain caused by nasal packing

Some investigations showed significant pain and discomfort
related to the packing (Nunez and Martini, 1991; Pringle et al.,
1996; Samad et al., 1992; Tierney et al., 1996). Others described
evidence of less pain in patients with nasal packing (Friedman et
al., 1996; Thomas et al., 1996).

As the postoperative removal of the nasal packing is considered
the most unpleasant part of the nasal operation (Guyuron and
Vaughan, 1995; Mauriello and Vedehra, 1996; Samad et al.,
1992; Von Schoenberg et al., 1993) some studies were conduc-
ted to examine how this could be made less painful, using 5%
lignocaine ointment (Kuo et al., 1994), intramuscular administ-
ration of 10 mg papaverine and inhalation of Entonox (50 % nit-
rous oxide and 50 % oxygen) ( Laing and Clark, 1990), or 4%
lignocaine solution (Lavy et al., 1996).

In summary, normal nasal packing does not cause significant post-
operative pain in most patients. Removal of the packing is the most
unpleasant part of the operation for many patients. Removal of
gauze packing is by far the most painful.

2.10. Further rare complications (case reports)

e Fracture of the lamina papyracea by nasal packing for epis-
taxis (Oluwole and Hanif, 1996). In this case a posterior
Foley balloon catheter was inserted followed by tight anteri-
or nasal packing. The patient developed exophthalmus with
double vision and impaired vision which were reversible
after removal of the packing.

Velopharyngeal perforation (Streitmann and Frable, 1996).
Granuloma pyogenicum after packing with paraffin gauze
for epistaxis (Sheen et al., 1997; Bhattacharyya et al., 1997).

e Acute airway obstruction in a patient with anterior nasal
packing for epistaxis and acute dystonia with abnormal
tongue movements as side-effect of a neuroleptic (Pinczower
and Rice, 1990).

e BIPP induced methaemoglobinaemia (Nigam et al., 1991). In
an investigation in 10 patients before and 24 hours after pac-
king with BIPP abnormal methaemoglobin levels were only
found in one patient. This patient had received a large
amount of BIPP packing after bleeding from an angiofibro-
ma (Nigam et al., 1991). Nevertheless the authors report that
methaemoglobinaemia is still in principle a risk, particularly
as BIPP is the most commonly used form of packing in the
United Kingdom.

3. WHICH PACKING MATERIALS AND STENTS SHOULD BE
USED?

A packing material or stent for use in endonasal surgery should
ideally have the following characteristics:



w
oo

non-toxic

non-allergenic

no foreign body reaction

no spontaneous dislocation

easy insertion

easy removal

no patient discomfort or pain

adaptability to the individual anatomy (haemostasis, wound

healing)

even exertion of pressure on the mucosa

positive influence on postoperative wound healing
no impairment of breathing

no impairment of olfaction

When evaluating the suitability of the various packing materials

for endoscopic surgery to the nose or paranasal sinuses their in-

fluence on wound healing should be given particular attention

(Weber et al., 1996a,b). A packing material has a positive influ-

ence on wound healing if it

I. does not cause additional traumatisation whether through
irritation, toxicity, foreign body reaction or injury on removal,

II. creates a moist environment,

III. prevents the wound surfaces from sticking together,

IV. helps prevent later stenosis due to scar tissue.

I. Traumatisation occurs if the regenerating tissue grows into
the packing material so that epithelium and granulations are torn
away when the packing is removed, leading to bleeding and
renewed induction of a repair process (Kiihnel et al., 1996). The
minimum pore size which allows ingrowth of tissue is conside-
red to be 20-50 pm, which is the size required for migration of
macrophages (Constantino et al., 1993). It was shown in an ani-
mal study that bone growth into porous polyethylene occurred
at a pore size of 40 pm (Klawitter et al., 1976). Rubber fingerstalls
were shown to be impermeable to viruses and bacteria (Ger-
hardt, 1989; Zbitnew et al., 1989) and are thus also impermeable
to granulation tissue. Gauze and uncoated large-pore foam pac-
king materials do not meet this requirement.

II. A moist wound environment promotes wound healing and is
achieved with an occlusive dressing: epithelialisation is accelera-
ted, the inflammatory reaction and development of necrosis in
the early stage are suppressed and scar formation in the late
stage reduced (Alvarez, 1987; Bolton et al., 1992; Falanga, 1988;
Helfman et al., 1994; Hinman and Maibach, 1963; Winter, 1962).
The positive effect is achieved by stopping the tissue from drying
out and thus preventing secondary damage (Bothwell et al.,
1972; Winter and Scales, 1963).

III. - IV. After operative enlargement, there are three partially
interconnected ways in which restenosis of the nasofrontal duct
can occur (Weber et al., 1997):

a. Through persisting blockage of the duct with blood and
fibrin immediately postoperatively. In the proliferative phase
of wound healing beginning on the 2nd-3rd postoperative
day fibroblasts migrate into the fibrin mesh and granulation
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tissue forms. Finally collagen is deposited, leading to forma-
tion of scar tissue and occlusion.

b. Through pronounced swelling beginning in the third postope-
rative week leading to zones of contact with adjacent or oppo-
sed areas of the nasofrontal duct. In the case of either primary
absence of epithelialisation or secondary epithelial damage due
to pressure-related maceration or inflammatory cell damage
tissue bridges form between the opposed areas of granulation
tissue. Here too the end result is occlusion by scar tissue.

c. Through re-orientation of collagen fibres in the remodelling
phase beginning in the third postoperative week (Kischer and
Shetlar, 1974; Bailey et al., 1975). The fibres form so-called scar
diaphragms on concave surfaces as the distance can only be
shortened by utilising the free lumen, bony remodelling of
scars or diaphragms has also been shown (Hilding 1933 a,b;
Hilding and Banovetz, 1963). Ring-shaped openings can thus
become concentrically narrowed. The process takes months to
years with declining activity (Levenson et al., 1965; Madden
and Peacock, 1968, 1971; Verzar and Willenegger, 1961). Inser-
tion of a stent e.g. into the frontal sinus neo-ostium allows epit-
helialisation to take place along the device. The subepithelial
scar layer can stabilise. In order to be effective the stent must
therefore remain in situ for several months. Six months appe-
ars to be appropriate and sufficient, like experiences with the
insertion of Montgomery tubes in tracheal surgery. After this
6-month period renewed stenosis is considerably less likely to
occur than if the stent is only left in for 2-3 weeks.

To sum up, on the basis of the available data we will now

attempt to evaluate the various packing materials with regard to

their fulfilment of the criteria described above and their conse-

quent indications (Table 7):

Gauze: the concrete properties of gauze packs depend largely on
the additives used. Gauze alone is rarely used in the nose. Its
insertion already causes marked irritation of the mucosa. Oint-
ments added to improve handling carry the risk of allergies to
the vehicles, antibiotics (neomycin!) or other ingredients. Furt-
her, there is the risk of toxicity of additives and the develop-
ment of paraffin granulomas if ointment penetrates into the sur-
rounding soft tissue, e.g. after periorbital injury. Dislocation is
in principle possible although removal of the packing is then
relatively easy and dramatic emergencies seldom occur.

The mesh structure leads to marked tissue ingrowth and signif-
icant traumatisation on removal, which causes pain (Garth and
Brightwell, 1994; von Schoenberg et al., 1993; Pringle et al.,
1996) and bleeding and has an unfavourable influence on
wound healing. The technique of insertion of strips permits
adaptation to the individual anatomy but exerts uneven pres-
sure on the mucosa with the risk of excessive local pressure and
consequent necrosis. The complete occlusion of the nose per-
mits neither breathing nor smelling.

Altogether ribbon gauze packing in endonasal surgery should
be abandoned in favour of better alternatives.

Rubber fingerstalls, though non-toxic, theoretically carry the risk
of latex allergy although this has not yet been found to be clinic-
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ally relevant. On account of their non-adherent surface they are
easy to insert and remove and cause little patient discomfort.
Wound healing is positively influenced by the occlusive dres-
sing. The soft, malleable structure exerts even pressure on the
mucosa. Complete obstruction of the nose permits neither
breathing nor smelling. Because of its favorable properties we
use rubber fingerstalls very often.

Foam packs are suitable for control of bleeding on account of
their swelling properties which allow sufficient adaptation to the
individual anatomy. Their limitations are the inalterable size
and shape of the tampons. If the pores are too large they allow
ingrowth of granulation tissue with the disadvantageous conse-
quences of difficult removal, bleeding and unfavourable influ-
ence on wound healing. Dislocation of the expanded tampons
does not appear to be possible. Insertion of ventilation tubes in
principle permits breathing. However, the pressure of the sur-
rounding tampon and the tendency to crusting with blood or
secretions not infrequently eliminates this effect. The complete
obstruction of the nose permits neither breathing nor smelling.
Stents and spacers are left in the paranasal sinus region for
prolonged periods. They are usually made of well tolerated sili-
cone although on account of the longer time left in situ devel-
opment of mild to moderate oedema is almost always seen. As
crusts can form on the surface they can cause patient discomfort

due to an unpleasant smell or impairment of nasal breathing.
The ease of insertion and the possibility of spontaneous dislo-
cation depend to a large extent on the design of the model used.

For septal surgery packing is only necessary in order to prevent a
postoperative septal haematoma. A non-adherent pack is suit-
able for this. However, septum splints or special suturing tech-
niques can also be used.

In turbinate reduction procedures such as conchotomy there is
usually heavier bleeding from the wound surfaces so that pres-
sure is required to control bleeding. It is also desirable to pro-
mote healing of the open wound. On account of the open
wound surface non-adherent packing materials should be used,
possibly in addition to splinting in the case of simultaneous sep-
tal surgery. Or the ventilation tube of the Doyle splint can act as
a non-adherent pack. As the packing is usually only left in situ
for a few hours or at most a few days an influence on wound
healing is scarcely possible. In this case patient comfort is a
more important aspect. Removal should not be painful and
should not usually cause bleeding.

In paranasal sinus surgery the influence on wound healing is an
increasingly important aspect. Here, too, only non-adherent
materials should be used. Depending on the extent of the pro-
cedure and the desired direct influence on surgically created
ostia various stent systems can be considered. At present the
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outcome appears to be influenced less by the concrete type of
stent than by the duration of stenting. The long term results
with regard to prevention of restenosis are better the longer the
stent is left in situ. The desirable duration is 6 months.

Packing materials with pore sizes greater than 50 ym in principle

carry the risk of ingrowth of granulation tissue. However, this
process is also influenced by further material properties such as
cytotoxicity or antichemotaxis. The crucial factor influencing
ingrowth is the tissue-material interaction in the form of adhe-
sion and the possibility of promotion on the material. There
have been no relevant investigations of this to date.

REFERENCES:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Abram AC, Bellian KT, Giles WJ, Gross CW (1994) Toxic Shock
Syndrome After Functional Endonasal Sinus Surgery: An All or
None Phenomenon? Laryngoscope 104:927-931.

. Allen ST, Liland JB, Nichols CG, Glew RH (1990) Toxic shock syn-

drome associated with use of latex nasal packing. Arch Intern Med
150:2587-2588.

. Alvarez OM (1987) Pharmacological and environmental modula-

tion of wound healing. In: Uitto J, Perejda AJ (Hrsg) Connective
tissue disease. Molecular pathology of the extra cellular matrix.
Marcel Dekker, New York, S 367-384.

. Amble FR, Kern EB Neel HB III, Facer GW, McDonald TJ, Czaja

JM (1996) Nasofrontal Duct Reconstruction With Silicone Rubber
Sheeting for Inflammatory Frontal Sinus Disease: Analysis of 164
Cases. Laryngoscope 106:809-815.

. Bailey AJ, Bazin S, Sims TJ, LeLeus M, Nicholetis C, Delaunay A

(1975) Characterization of the collagen of human hypertrophic and
normal scars. Biochim Biophys Acta 405:412-421.

. Bernal-Sprekelsen M (1990) The postoperative nasal dressing. A

new intranasal splint. Rhinology 28:197-203.

. Bhattacharyya N, Wenokur RK, Goodman ML (1997) Endoscopic

excision of a giant pyogenic granuloma of the nasal cavity caused by
nasal packing. Rhinology 35:44-45.

Bolton LJ, Johnson CL, Rijswijk L van (1992) Occlusive dressings: the-
rapeutic agents and effects on drug delivery. Clin Dermatol 9:573-583.

. Bothwell JW, Rovee T, Downs AM, Flanagan PA, Kurowsky CA

(1972) The effects of climate on the repair of cutaneous wounds in
humans. In: Maibach HI, Rovee DT (Hrsg) Epidermal wound
healing. Year Book Medical Publishers, Chicago, S 255-266.

Breda SD, Jacobs JB, Lebowitz AS, Tierno PM Jr (1987) Toxic
Shock Syndrome in Nasal Surgery: A Physiochemical and Micro-
biologic Evaluation of Merocel® and NuGauze® Nasal Packing.
Laryngoscope 97:1388-1391.

Brennan LG (1996) Minimizing postoperative care and adhesions
following endoscopic sinus surgery. ENT Journal 75:45-47.
Buckley JG, Hickey SA, O’Connor Fitzgerald AF, Short Commu-
nication (1991) Does post-operative nasal packing nocturnal oxygen
desaturation? J Laryngol Otol 105:109-111.

Bumm P (1980) Eine Methode, das nasale Kieferhohlenfenster
offenzuhalten. Arch Otorhinolaryngol 227:643-645.

Carr ME Jr, Gabriel DA (1985), Nasal Packing with porcine fatty tis-
sue for epistaxis complicated by qualitative platelet disorders. J
Emerg Med 3:449-452.

Cassisi NJ, Biller HF, Ogura JH (1971) Changes in arterial oxygen
tension and pulmonary mechanics with the use of posterior packing
in epistaxis. Laryngoscope 81:1261-266.

Castillo L, Verschuur HP, Poissonnet G, Vaille G, Santini J (1996)
Complications of endoscopically guided sinus surgery. Rhinology
34:215-215.

Christmas DA, Krouse JH (1996) Powered instrumentation in func-
tional endoscopic sinus surgery I: surgical technique. ENT J 75: 33-40.
Cook TA, Komorn RM (1973) Statistical analysis of the alterations
of blood gases produced by nasal packing. Laryngoscope 83: 1802-
809.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Weber et al.

Costantino PD, Friedman CD, Lane A ( 1993) Synthetic biomate-
rial in facial and reconstructive surgery. Facial Plast Surg 9:1-15.
De Vries N, Van der Baan S (1989) Toxic shock syndrome after
nasal surgery: Is prevention possible? Rhinology 27: 125-128.
Deitmer T, Rath B (1988) Befunde, Behandlung und Verlauf fron-
tobasaler Frakturen. Laryng Rhinol Otol 67: 13-6.

Derkay, CS, Hirsch BE, Johnson JT, Wagner RL (1989) Posterior
Nasal Packing - Are Intravenous Antibiotics Really Necessary?
Arch Otolaryngol Head Neck Surg 115:439-441.

Draf W (1991) Endonasal micro-endoscopic frontal sinus surgery,
the Fulda concept. Op Tec. Otolaryngol Head Neck Surg 2:234-240.
Duplechain JK, White JA, Miller RH (1991) Pediatric Sinusitis. The
Role of Endoscopic Sinus Surgery in Cystic Fibrosis and Other
Forms of Sinonasal Disease. Arch Otolaryngol Head Neck Surg
117:422-426.

Egelund E, Jeppesen F (1992) Respiratory tubes with nasal packings
following septorhinoplasty. Rhinology 30:193-204.

El-Silimy O (1993) Inferior turbinate resection: the need for a nasal
pack. J Laryngol Otol 107:906-907.

Escajadillo JR (1991) A Silastic Grommet for Maxillary Sinus Sur-
gery. Op Tech Otolaryngol Head Neck Surg 2:209-212.

Falanga V (1988) Occlusive wound dressings. Arch Dermatol
124:872-877.

Fanous N (1980) The absorbable nasal pack. J Otolaryngol 9:6.
Finkelstein Y , Zohar Y, Laurian N (1988) Elimination the toynbee
phenomenon in patients with nasal packs. Ann Otol Rhinol Laryn-
gol. 97:74-77.

Friedman M, Venkatesan TK, Lang D, Caldarelli DD (1996) Bupi-
vacaine for postoperative analgesia following endoscopic sinus sur-
gery. Laryngscope 106:1382-1385.

Garth RIN, Brightwell AP (1994) A comparison of packing mate-
rials used in nasal surgery. J Laryngol Otol 108:564-566.

Geiger K, Witschel H, Biittner C (1993) Chronische Lipogranulome
(Paraffingranulome) der Lider und der Orbita nach endonasaler
Nasennebenhohlenoperation: Laryngo Rhino Otol 72:356-360.
Gerhardt GG (1989) Results of microbiological investigations on the
permeability of procedure and surgical gloves. Zbl. Hyg 188:336-342.
Godbersen GS, Kleeberg J, Liittges J (1995) Sphérulocytose der
Nasennebenhdhlen, HNO 43:552-555.

Guyuron B (1989) Is packing after septorhinoplasty necessary? A
randomized study. Plast Reconstr Surg 84: 41-44.

Guyuron B, Vaughan C (1995) Evaluation of stents following sep-
toplasty. Aesth Plast Surg 19: 75-77.

Helfman T, Ovington L, Falanga V (1994) Occlusive dressings and
wound healing. Clin Dermatol 12: 121-127.

Hellstrom S, Salen B, Stenfors L-E (1983) Absorbable gelatin spon-
ge (GelfoamR) in otosurgery: one cause of undesirable postopera-
tive results? Acta Otolaryngol 96: 269-275.

Herzon AS (1971) Bacteremia and local infections with nasal pac-
king. Arch Otolaryngol Head Neck Surg 94: 317-320.

Hilding AC (1933a) Experimental surgery of the nose and sinuses.
II. Gross results following the removal of the intersinus septum and
of strips of mucous membrane from the frontal sinus of the dog.
Arch Otolaryngol 17:321-327.

Hilding AC (1933a) Experimental surgery of the nose and sinuses.
III. Results following partial and complete removal of the lining
mucous membrane from the frontal sinus of the dog. Arch Otola-
ryngol 17:760-768.

Hilding AC, Banovetz J (1963) Occluding scars in the sinuses: rela-
tion to bone growth. Laryngoscope 73:1201-1218.

Hinman CD, Maibach HI (1963) Effect of air exposure and occlu-
sion on experimental human skin wounds. Nature 200:377-378.
Hintschich CR, Beyer-Machule CK, Stefani FH (1995) Paraffinoma
of the periorbit - a challenge of the oculoplastic surgeon. Ophthal
Plast Reconstr Surg 11: 39-43.

Hirsch BE (1987) Antibiotic use with nasal packing. In: Johnson JT
(Hrsg.) Antibiotic therapy in head and neck surgery. Marcel Dek-
ker, New York, S 113-123.

Hosemann W, Weber R, Keerl R, Lund VJ (2000) Minimally inva-
sive endonasal sinus surgery. Thieme New York.

Hoyt WH (1993) Endoscopic stenting of nasofrontal communica-
tion in frontal sinus disease. ENT J 72:596-597.



Nasal Packing

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Hull HF, Mann JM, Sands CJ, Gregg SH, Kaufmann PW (1983)
Toxic Shock Syndrome Related to Nasal Packing. Arch Otolaryngol
109:624-626.

Illum P, Grymer L, Hilberg O (1992) Nasal packing after septo-
plasty. Clin. Otolaryngol 17: S.158-162.

Jacobson JA, Kasworm EM (1986) Toxic shock syndrome after
nasal surgery. Case reports and analysis of risk factors. Arch Otola-
ryngol Head Neck Surg 112:329-332.

Jacobson JA, Stevens MH, Kasworm EM (1988) Evaluation of sin-
gle-dose cefazolin prophylaxis for toxic shock syndrome. Arch
Otolaryngol Head Neck Surg 114:326-327.

Johannessen N, Jensen PF, Kristensen S, Juul A (1992) Nasal pac-
king and nocturnal oxygen desaturation. Acta Otolaryngol Suppl
492:6-8.

Kakizaki H, Shimada K (1993) Experimental study of the cause of
myospherulosis. Am J Clin Pathol 99:249-256.

Kalogjera L, Pegan B, Petric V (1995) Adaptation to oral breathing
after anterior nasal packing. Acta Otolaryngol Stockh 115:304-306
Kamer FM, Parks ML (1975) An absorbent, non-adherent nasal
pack. Laryngoscope 85:384-388.

Kaschke O, Behrbohm H (1997) Primed Nasensplint. Productinfor-
mation Primed, Halberstadt, Germany.

Keerl R, Weber R, Kahle G, Draf W, Constantinidis J Saha A (1995)
Magnetic resonance imaging after frontal sinus surgery with fat
obliteration. J Laryngol Otol 109:1115-1119.

Kischer CW, Shetlar MR (1974) Collagen and mucopolysaccharides
in the hypertrophic scar. Connect Tissue Res 2:205-213.

Klawitter JJ, Bagwell JG, Weinstein AM, Sauer BW, Pruitt JR
(1976) An evaluation of bone growth into porous high density poly-
ethylene. J Biomed Mater Res 10: 311-323.

Klinger M, Siegert R (1997) Untersuchungen zur Mikrozirkulation
der Nasenschleimhaut bei Verwendung von Ballontamponaden.
Laryngo-Rhino-Otol 76:127-130.

Kiihnel T, Wagner W, Gode U, Hosemann W (1996) Wie trauma-
tisierend ist die mechanische Nasenpflege nach Nebenhohlenein-
griffen? Eine histologisch-immunhistochemische Untersuchung.
Laryngo-Rhino-Otol 75: 575-579.

Kuo MJ, Zeitoun H, Macnamara M, Wagstaff K, Carlin WV, Tur-
ner N (1994) The use of topical 5% lignocaine ointment for the
relief of pain associated with post-operative nasal packing. Clin Oto-
laryngol 20:357-359.

Laing MR, Clark LJ (1990) Analgesia an removal of nasal packing.
Clin Otolaryngol 15:339-342.

Lavie P, Fischel N, Zomer J, Eliaschar I (1983) The effects of partial
and complete mechanical occlusion of the nasal passages on sleep
structure and breathing in sleep. Acta Otolaryngol 95:161-166.
Lavy JA, Small GV, Jay N, Radcliffe GJ (1996) A prospective
randomized controlled study of 4% lignocaine solution in Merocel
nasal pack removal. Rhinology 34: 219-221.

Levenson S, Geever EG, Crowley LV (1965) The healing of rat skin
wounds. Arm Surg 161:293-308.

Lin YT, Orkin LR (1979) Arterial hypoxemia in patients with ante-
rior and posterior nasal packings. Laryngoscope 89: 140-144.
Lundberg M, Wrangsjo K, Johansson SG (1997) Latex allergy from
glove puder - an unintended risk with switch from talc to corn-
starch? Allergy 52:1222-1228.

Lusk RP, Muntz HR (1990) Endoscopic sinus surgery in children
with chronic sinusitis: A pilot study. Laryngoscope 100:654-658.
Madden JW, Peacock EE Jr (1968) Studies on the biology of colla-
gen during wound healing. 1. Rate of collagen synthesis and deposi-
tion in cutaneous wounds of the rat. Surgery 64:288-294.

Madden JW, Peacock EE Jr (1971) Studies on the biology of colla-
gen during wound healing. III. Dynamic metabolism of scar colla-
gen and remodeling of dermal wounds. Ann Surg 174:511-520.
Mansfield CJ, Peterson MB (1989) Toxic Shock Syndrome: associa-
ted with nasal packing. Clin Pediatr 28: 443-445.

Mauriello JA Jr, Vadehra VK (1996) External dacryocystorhinosto-
my without muscosal flaps: comparison of petroleum jelly gauze
nasal packing with gelatin sponge nasal packing. Ophthalmic Surg
Lasers 27:605-611.

McClatchie S, Warambo MW, Bremner AD (1969) Myosherulosis:

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

61

A Previously Unreported Disease? Am J Clin Pathol 51:699-704.
Messingschlager W (1981) Prothesen zum Offenhalten der Kiefer-
hohlenfenster. Laryngol Rhinol Otol 60:525-526.

Milewski C (1996) Endonasale endoskopische Ethmoidektomie bei
akuter therapieresistenter Sinusitis. Laryngo-Rhino-Otol 75: 286-289.
Morgan NJ, Soo G, Frain I, Nunez DA (1995) Do ventilated packs
reduce post-operative eustachian tube dysfunction? Clin Otolaryn-
gol 20: 411- 412.

Neel HB III, McDonald TJ, Facer GW (1987) Modified Lynch pro-
cedure for chronic frontal sinus disease: rationale, technique and
long-term results. Laryngoscope 97:1274-1279.

Neel HB III, Whicker JH, Lake CF (1976) Thin rubber sheeting in
frontal sinus surgery: Animal and clinical studies. Laryngoscope
86:524-536.

Nigam A, Allwood MC (1990) BIPP-how does it work? Clinical
Otolaryngology 15: 173-175.

Nigam A, Ruddy J, Robin PE (1991) BIPP induced methaemoglo-
binaemia. J Laryngol Otol 105: 78-79.

Nunez DA, Martini FW (1991) An evaluation of post-operative pac-
king in nasal septal surgery. Clin Otolaryngol 16: 549-550.

Oluwole AO, Hanif J (1996) Proptosis following nasal tamponade. J
Laryngol Otol 110: 265-266.

Parsons DS, Chambers DW (1995) The care of children with sinu-
sitis. In: Stankiewicz JA (Hrsg.) Advanced endoscopic sinus surge-
ry. Mosby, St. Louis.

Pinczower E, Rice D (1990) Drug-induced dystonia and airway
obstruction in a patient with nasal packing. Otolaryngol Head Neck
Surg 103: 658-659.

Pringle MB, Beasley P, Brightwell AP (1996) The use of merocel
packs in the treatment of epistaxis. J Laryngol Otol 110: 543-546.
Rains M (1997) Rains frontal sinus stent. Productinformation,
Smith & Nephew, Bartlett, TN.

Rubin JS, Lund VJ, Salmon N (1986) Frontoethmoidectomy in the
treatment of mucoceles. Arch Otolaryngol Head Neck Surg 112:434-
436.

Saab M, Randall PE (1997) Nasal packing for epistaxis: two
methods compared. Eur J Emerg Med 4: 44.

Salassa JR (1992) Polyethylene oxide gel: a new dressing after endo-
scopic sinus surgery. Rhinology 30: 25-32.

Salassa JR, Pearson BW (1991) Polyethylene oxide gel. Arch Otola-
ryngol Head Neck Surg 117: 1365-1367.

Samad I, Stevens HE, Maloney A (1992) The efficacy of nasal sep-
tal surgery. J Otolaryngol 21: 88-91.

Schaefer SD, Close LG (1990) Endoscopic management of frontal
sinus disease. Laryngoscope 100:155-160.

Schifer J, Pirsig W (1988) Antibiotika-Prophylaxe bei komplizierten
rhinochirurgischen Eingriffen - Eine Doppelblindstudie. Laryngol-
Rhinol-Otol 67: 150-155.

Serpell MG, Padgham N, McQueen F, Block R, Thomson M (1994)
The influence of nasal obstruction and its relief on oxygen satura-
tion during sleep and the early postoperative period. Anaesthesia
49: 538-540.

Sheen TS, Ko JY, Hsu YH (1997) Pyogenic granuloma - an uncom-
mon complication of nasal packing. Am J Rhinol 11: 225- 227.
Shikani AH (1994) A new middle meatal antrostomy stent for func-
tional endoscopic surgery. Laryngoscope 104: 638-640.

Shikani AH (1996) Middle meatal antrostomy stenting following
pediatric endoscopic sinus surgery. Am J Rhinol 10: 225-228.

100. Sirimanna KS (1989) Calcium alginate fibre (Kaltostat 2) for nasal

packing after trimming of turbinates - a pilot study. J Laryngol Otol
103: 1067-1068.

101.Sirimanna KS, Todd GB, Madden GJ (1994) Early complications of

packing after nasal surgery with three different materials. Ceylon
Med J 39: 129- 131.

102.Slocum CW, Maisel RH, Cantrell RW (1976) Arterial blood gas

determination in patients with anterior packing. Laryngoscope 86:
896-973.

103.Spillmann D (1981) Aspiration von Nasentamponaden mit Todes-

folge. Laryngo-Rhino-Otol 60:56.

104.Stammberger H (1993) Komplikationen entziindlicher Nasenne-

benhohlenerkrankungen einschlieBlich iatrogen bedingter Kompli-
kationen. Eur Arch Oto-Rhino-Laryngol Suppl 1:61-104.



62

105.Stammberger H (1998) Kieferhohlenfensterung tiber den mittleren
vs. den unteren Nasengang. HNO 46: 95-101.

106. Streitmann MJ, Frable MA (1996, Soft palate perforation: a compli-
cation of posterior nasal packing. Otolaryngol Head Neck Surg 114:
806-807.

107.Suratt PM, Turner BL, Wilhoit SC (1986) Effect of intranasal
obstruction on breathing during sleep. Chest. 90 (3): 324- 329.

108.Taasan V, Wynne JW, Cassisi N, Block AJ (1981) The effect of
nasal packing on sleep-disordered breathing and nocturnal oxygen
and desaturation. Laryngoscope 91: 1163-1172.

109. Tasman A-J, Faller U, Moéller P (1994) Sklerosierende Lipogranulo-
matose der Augenlider nach Siebbeinoperation: eine Komplikation
nach Salbentamponade. Laryngo-Rhino-Otol 73:264-267.

110. Thomas DM, Tierney PA, Samuel D, Patel KS (1996) Audit of pain
after nasal surgery [see comments]. Ann R Coll Surg Engl 78: 380- 382.

111.Thompson AC, Crowther JA (1991) Effect of nasal packing on
Eustachian tube function. J Laryngol Otol 105: 539-540.

112.Tibbels EW Jr (1963) Evaluation of a new method of epistaxis
management. Laryngoscope 73: S.306-314.

113.Tierney PA, Samuel D, Patel KS, Thomas DM (1996) Audit of
patient acdeptance of nasal surgery as a day case procedure. Br J
Clin Pract 50: 357-359.

114. Toback J MD, Fayerman J FW. MD (1983) Toxic Shock Syndrome
Following Septorhinoplasty. Implications for the Head an Neck
Surgeon. Arch Otolaryngol Band 109: 627-629.

115.Todd J, Fishaut M, Kapral F, Welch T (1978) Toxic shock syndro-
me associated with phage group 1 staphylococci. Lancet 2: 1116-
1118.

116.Toffel PH (1995) Secure endoscopic sinus surgery with middle
meatal stenting. Op Tech Otolaryngol - Head Neck Surg 6: 157-162.

117.Tom LW, Palasti S, Potsic WP, Handler SD, Wetmore RF (1997)
The effects of gelatin film stents in the middle meatus. Am J Rhi-
nol 11:229-232.

118.Verzar F, Willenegger H (1961) Das Altern des Kollagens in der
Haut und in Narben. Schweiz Med Wochenschr 41:1234-1236.

119.Von Schoenberg M, Robinson P, Ryan R (1993), Nasal packing after
routine nasal surgery - is it justified? J Laryngol Otol 107: 902- 905.

120. Wagner R, Toback JM (1986) Toxic shock syndrome following sep-
toplasty using plastic septal splints. Laryngoscope 96: 609-610.

121. Watson MG, Campbell JB, Shenoi (1989) Nasal surgery: does the
type of nasal pack influence the results? Rhinology 27: 105-111.
122.Weber R, Draf W (1992) Komplikationen der endonasalen mikro-

endoskopischen Siebbeinoperation HNO 40 : 170-175.

123. Weber R, Keerl R, Draf W, Wienke A, Kind M (1995) Zur Begut-
achtung: Periorbitales Paraffingranulom nach Nasennebenhohle-
noperation. Otorhinolaryngologia Nova 5: 87-90.

Weber et al.

124. Weber R, Keerl R, Huppmann A, Schick B, Draf W (1996a) Inves-
tigation of wound healing after paranasal sinus surgery with time
lapse video - first results. Am J Rhinol 10: 235-238.

125.Weber R, Keerl R (1996b) Einsatz moderner Bild-Datenverarbei-
tung in der klinisch rhinologischen Forschung. Eur. Arch. Otorhi-
nolaryngol. Suppl I: 271-296.

126.Weber R, Hosemann W, Draf W, Keerl R, Schick B, Schinzel S
(1997) Endonasale Stirnhohlenchirurgie mit Langzeiteinlage eines
Platzhalters. Laryngo-Rhino-Otol 76: 728-734.

127.Wetmore SJ, Scrima L, Hiller FC (1988) Sleep apnea in epistaxis
treated with nasal packs. Otolaryngol Head Neck Surg 98:596-599.

128. Wheeler Thomas M , Sessions Roy B, McGavran Malcom H (1980)
Myospherulosis. A Preventable latrogenic Nasal and Paranasal
Entity. Arch Otolaryngol 106: 272-274.

129. Winter GD (1962) Formation of the scab and the rate of epitheliali-
zation of superficial wounds in the skin of the young domestic pig.
Nature (London) 193:293-294.

130. Winter GD, Scales JT (1963) Effect of air drying and dressings on
the surface of a wound. Nature 197:91-92.

131.Yanagisawa E, Latorre R (1995) Choking spells following septor-
hinoplasty secondary nasal packing. Ear-Nose-Throat-J 74: 744-746

132.Younis RT, Lazar RH (1996) Delayed Toxic Shock Syndrome After
Functional Endonasal Sinus Surgery. Arch Otolaryngol Head Neck
Surg 122: 83-85.

133.Zbitnew A, Greer K, Heise-Qualtiere J, Conly J (1989) Vinyl versus
latex gloves as barriers to transmission of viruses in the health care
setting. J Acquire Immun Defic Syndr 2: 201-204.

134.Zwillich CW, Pickett C, Hanson FN, Weil JV (1981) Disturbed
sleep and prolonged apnoea during nasal obstruction in normal
men. Ann Rev Respir Dis 124: 158-160.

Prof. Dr. Rainer Weber, MD

Department of Otorhinolaryngology

Otto-von Guericke-University of Magdeburg
Leipziger Str. 44

D-39120 Magdeburg

Germany

Phone: ++ 49 391 6713802

Fax: ++ 49 391 6713806

Email: rainer.weber@medizin.uni-magdeburg.de



