A novel gelatin sponge for accelerated hemostasis
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Abstract: To more effectively manage the substantial bleed-
ing encountered during surgical procedures in oto-rhino-lar-
yngology, we developed a novel hemostatic sponge made of
pharmaceutical grade, chemically cross-linked gelatin. The
sponge is characterized by a high pore density, reduced liga-
ments, and a high nanoscale roughness of lamella surfaces
in the matrix. In vitro blood uptake assays revealed a very
rapid absorption of human blood, which was two to three
times faster than that measured with comparative hemostyp-
tic devices. In an in vitro hemorrhage model using human
veins, the novel gelatin sponge matrix induced hemostasis
less than a minute after bleeding was induced. The sponge
was shown to bring about rapid hemostasis when it was
administered in a young patient suffering from acute bleed-
ing of a pharyngeal angiofibroma, even though the patient

had been treated with an anticoagulant because of a transient
ischemic attack. As the gelatin matrix of the sponge is bio-
compatible and resorbable, the hemostyptic device could be
left in place and was shown to be resorbed within 2 weeks.
We hypothesize that the excellent hemostatic performance of
the sponge might be linked to enhanced capillary effects in
conjunction with optimized anchoring of fibrinogen on the
nano-rough material surface, as suggested by scanning elec-
tron microscopy. The novel gelatin sponge appears to be a
promising hemostatic matrix, which could be of great benefit
for patients suffering from epistaxis and other acute injuries
resulting in severe bleeding. © 2010 Wiley Periodicals, Inc. J
Biomed Mater Res Part B: Appl Biomater 94B: 372-379, 2010.
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INTRODUCTION
Uncontrolled bleeding after traumata or after surgical inter-
ventions is a major cause of morbidity and mortality. Basic
emergency treatment typically includes the application of
absorbent dressings in conjunction with pressure, binding,
and tourniquets to acutely stop bleeding. In the majority of
cases, the hemostatic effect is probably based on the latter
physical measures rather than on the nature of the dressing.
Although considerable efforts have been made to develop
more advanced wound dressings, the current spectrum of
products and procedures is far from satisfactory for the
multitude of medical needs, including closure of arterioto-
mies,’ joint arthroplasty procedures and bone resection
following hypertrophic growth,> acute epistaxis, functional
endoscopic sinus surgery, turbinoplasty,® and many others.
The development of more advanced dressings must take
into consideration different material types and modes of
action. Classic absorbent dressings neither initiate nor
potentiate platelet activation or clot formation. Cotton gauze
pads and starch-based powders traditionally belong to this
group. In contrast to absorbents, hemostats actively stop
bleeding either by (a) coagulation enhancement, (b) platelet
activation, or (c) an unknown mechanism. (A) Presently
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available coagulant-enhancing dressings actively generate
fibrin. To achieve efficacy in that regard, glycan or freeze-
dried collagen is doped with thrombin and fibrinogen.*™® To
be even more effective, some thrombin-fibrinogen dressings
additionally incorporate inhibitors of fibrinolysis, such as
aprotinin.” (B) Alternatives to coagulants are dressings that
enhance platelet effects. Collagen and some collagen deriva-
tives have been demonstrated to either activate platelets or
stimulate their aggregation.® (C) This group of hemostatic
dressings includes medical devices with outstanding absorb-
ent properties including anhydrous granular zeolite (crystal-
line aluminosilicate).”*? It should be noted that this mate-
rial displays its hemostatic potency only in the dry state.
Sealants could also be added to the list of dressings,
although their action is— strictly speaking—dependent on a
purely passive mechanism. Sealants are impermeable bar-
riers, for instance forming gelatinous plugs; these are usu-
ally based on acetylated or deacetylated poly-N-acetylglucos-
amine or chitosan derivatives. Cyanoacrylates and self-
assembling peptides belong to the more recently developed
sealants.'>'*

Amongst the many different techniques available (e.g,
surgical treatment or embolization)’® nasal packing is a
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common method of handling epistaxis. Although the benefit
of nasal packing is currently a matter of controversy,®'”
absorbable hemostats could bring major improvements, as
they obviate the removal of nasal packs and improve patient
comfort.*

Stimulated by the medical need for more advanced cura-
tive interventions in minimally invasive as well as in otolar-
yngal surgery where substantial bleeding can be expected,
for example, after angiofibroma resections and turbino-
plasty,'® we began to develop a hemostatic, gelatin-based
sponge that is devoid of further additives, such as fibrino-
gen, thrombin, or related fibrinogenic pharmaceuticals.

MATERIALS

PBS was obtained from PAA Laboratories (Pasching, Aus-
tria), isopropyl alcohol, PFA, and sodium chloride from Carl
Roth (Karlsruhe, Germany), sucrose from Sigma-Aldrich
(Taufkirchen, Germany), and glutaraldehyde from Merck
(Darmstadt, Germany). The two different sponge types (see
Figure 1) GelitaSpon® and X-sponge were provided by Gelita
AG (Eberbach, Germany).

METHODS

Hemostyptic sample processing

For the production of the novel hemostyptic sponge (techni-
cal term: X-sponge or X-BLOD®) a purified fraction of phar-
maceutical grade gelatin from pig skin was used. The gelatin
solution was air-bubbled in the presence of a chemical
cross-linker, dried and mechanically processed (details are
the subject of ongoing patent proceedings). Sterilization was
performed by gamma irradiation. Sponges were used for
analysis either in a dry state or after prior hydration (dip-
ping into PBS, 5 s) and subsequent slight compression to
remove excess fluid.

Electron microscopy/histology
For ultrastructural analysis, specimens were rapidly fixed in
4% paraformaldehyde (PFA, 2d, 4°C) and subsequently in
2% glutaraldehyde/PFA (5d, 4°C), washed in phosphate-buf-
fered saline (PBS), and critical point dried in isopropyl alco-
hol (eight cycles) to remove traces of water. Before scanning
electron microscopy (Zeiss microscope DSM 950), the sam-
ples were sputtered with palladium/gold (20/80). Speci-
mens w/o blood were processed immediately after the
experiments were finished. For semiquantitative evaluation
five regions of interest (ROI) from three samples each were
defined. A virtual grid with three horizontal and three verti-
cal equidistant lines was superimposed onto each ROIL All
lamellae/ligaments of the gelatin sponge and pores posi-
tioned on these lines were measured using the software
Image] 1.41 (http://rsbweb.nih.giv/ij) (GelitaSpon: n = 432;
X-sponge: n = 607). For statistical analysis the software
Statview 5.0 (SAS Institute, North Carolina, USA), ANOVA,
and Mann-Whitney tests were used. Samples with p <
0.001 were considered to be statistically highly significant.
To visualize blood-binding profiles on sponge specimens,
human blood from informed healthy volunteers was col-
lected without anticoagulant. Postoperative testing revealed
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FIGURE 1. Gelatin sponges. Scanning electron micrographs of hemo-
static gelatin sponges of a control specimen (A) and X-sponge (B). X-
sponge displayed narrower lamellae and a somewhat higher porosity.
High magnifications of the gelatin lamella surfaces of a control speci-
men (C) and X-sponge (D). The control specimen displays a smooth
surface, X-sponge a roughness on a nanoscale. Scale bars: (A, B)
100 pm, (C, D) 1 um.

values in the normal range for INR, PTT, and fibrinogen. The
experiment was run immediately after drawing blood,
following the blood uptake assay protocol. Afterward
the resulting blood-soaked hemostatic sponges were proc-
essed for electron microscopy and histological staining as
described above.

For histological staining, PFA-fixed samples were impreg-
nated with 30% sucrose/PBS (4d, 4°C) and subsequently
immersed in Tissue Tek™ 0.C.T. Compound (Sakura, Tor-
rance, Canada), frozen in liquid nitrogen and cryosectioned
(10 pm sections). Sample sections were mounted on Super-
Frost® glass slides (Menzel, Braunschweig, Germany) and
stained with hematoxylin-eosin (Merck, Darmstadt, Ger-
many). Stained sections were evaluated with an inverted
microscope (Axiovert, Zeiss, Oberkochen, Germany) and dig-
itally documented using the AxioVision4.6 software program
(Zeiss).

Blood absorption assay

Human erythrocyte concentrate stabilized with CPD/SAG-M
(UKT, Tiibingen, Germany) was allowed to reach ambient
temperature. Isotonic saline solution was added (1:4 dilu-
tion) resulting in a hematocrit of 40-56%. The blood
absorption capacity of each sample was measured in tripli-
cate. The sponge material (5x 1 x 3 cm) was smoothly
applied onto the blood surface for 20 s. Then the blood
soaked sponge was immediately placed on one filter layer
(MN 615, Macherey-Nagel, Diiren, Germany) for 60 s to
remove superficial blood. The sponge weight was measured
with a microscale (Mettler AE 166, Mettler Toledo, Giessen,
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Germany) before blood contact (Mgy) and after removing
surplus surface blood via the filter layer (M,,). Blood
absorption capacity was calculated according to the follow-
ing formula:

_Md

blood absorption capacity = WT
d

Blood uptake assay

Human erythrocyte concentrate preparation was performed
as described in the blood uptake assay (see above). For the
blood uptake assay, a glass plate was positioned at an incli-
nation of 25° in a circular container (@ 8 cm). The test he-
mostatic sponge (2 x 1 x 5 cm) was positioned on the
glass plate and 6 mL blood was filled into the container.
Over a 5-min period, the upward migration of the blood
front (expressed as distance from the original blood level)
was measured every 30 s.

Hemorrhage model ex vivo

To test the hemostatic efficacy of X-sponge, a dynamic hem-
orrhage model was used (publication in preparation).
Briefly, to simulate diffuse venous bleeding human varicose
veins (V. saphena magna) were obtained after phlebectomy.
The veins were refilled with autologous heparinized blood
(2.5 IU/mL) and connected to a blood pressure manometer.
Blood pressure was adjusted to normal venous pressure of
30 mm Hg. At the beginning of the experiment defined ves-
sel leakage was initiated by puncturing the vein with a
14-gauge needle. To stop bleeding the tested hemostyptics
of a defined size (10 mm x 10 mm) were applied directly
to the laceration. Then elapsed time was measured until
complete hemostasis was achieved. To quantify blood loss
the blood leaking out of the wound was collected and the
total amount was determined. The hemostatic efficacy of
X-sponge was tested in comparison with a standard gelatine
sponge (GelitaSpon®). GelitaSpon® was used as per the man-
ufacturers’ instructions after moistening the sponge with
saline solution, whereas the X-sponge was used in a dry or
premoistened state.

Human application

The application of X-sponges in humans was initially classi-
fied and approved as an “individueller Heilversuch” (individ-
ual medical treatment without defined protocol). In the
meantime X-sponges have been CE-certified as X-BLOD®.
The motivation for using the novel X-sponge in a small num-
ber of selected patients was to gain clinical experience with
the hemostyptic sponge in ENT patients (ENT: ear, nose,
and throat). We collected data, for example, from patients
who either presented to the ENT department for the emer-
gency treatment of epistaxis or who were selectively oper-
ated for the treatment of adenomas or sinusitis with func-
tional endoscopic sinus procedures or turbinoplasties. A
number of patients when presenting to the ENT department
had been treated with anticoagulants, such as aspirin, clopi-
dogrel, or coumadine.
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RESULTS

Gelatin sponge microstructure

For the sake of simplicity, the novel gelatin sponge will be
designated X-sponge to allow convenient distinction from
other specimens. X-sponge was produced by chemical cross-
linking of purified pharmaceutical grade gelatin und subse-
quent technical processing, which included oriented com-
pression (details are the subject of ongoing patent proceed-
ings). Scanning electron microscopy revealed that the
X-sponge was characterized by a more elaborate pore system
than the standard gelatin sponge (GelitaSpon®), which is
approved for human application. Images (200x magnification)
of X-sponge suggested smaller lamellae and a higher poros-
ity [Figure 1(A,B)]. The lamellae of X-sponge often narrowed
down to tight trabeculae, whereas the standard sponge dis-
played expanded interconnecting lamellae. Higher magnifica-
tion (20,000x) revealed that the standard sponge had a
smooth surface, in contrast to the X-sponge with its consist-
ent surface roughness in the nanorange [Figure 1(C,D]. For
quantitative evaluation, five areas from a given sample were
used for electron microscopy. The resulting scanning micro-
graphs (200x) were overlaid with a 16-field grid, and the
lamellae and pores lying on horizontal or vertical grid lines
were quantified [Figure 2(A)]. The percentile diagram for
the distribution of lamellae [Figure 2(B)] clearly indicated
that there were significant differences between the two
types of sponges (Mann-Whitney test, p < 0.001). As
depicted in Figure 2(C), X-sponge had smaller pores and its
lamellae covered a smaller area on the average. Because of
the high sample number (>400), the differences were calcu-
lated to be highly significant (p < 0.001). When we calcu-
lated the ratio of average pore diameter to average lamella
size, we found that the X-sponge had a porosity 1.3 times
higher than that of the standard sponge.

Blood absorption/uptake in vitro

Blood absorption. When dry X-sponge was exposed to
fluid, we found that the sponge absorbed 40 times its own
weight. The blood absorption capacity of X-sponge in a dry
state was calculated to be 58 g blood per g sponge material,
whereas the standard sponge showed a blood absorption
capacity of 1 g blood per g material (Figure 3).

Blood uptake. To quantify the time course of blood uptake,
diluted human erythrocyte concentrate was used in a spe-
cially designed device [Figure 4(A)]. In this device test
sponges were positioned on a glass plate of defined inclina-
tion situated in a container filled with a small amount of
blood. After 300 s, blood stopped wicking at a height of
3.2 cm in the case of dryX-sponge [Figure 4(B)]. Prehydra-
tedX-sponge was slightly less effective (2.9 cm). This was in
pronounced contrast to the hydrated control sponge dis-
playing a blood migration distance of only 0.9 cm. Non-pre-
hydrated (dry) control sponges showed no uptake. The
quantitative data were supplemented by qualitative cyto-
chemistry. Specimens used for the above quantitative assays
were fixed, cryosectioned and subsequently stained. Hema-
toxylin-eosin staining illustrated that blood uptake was
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FIGURE 2. Image analysis of gelatin sponges. Scanning electron micrographs of hemostatic gelatin sponges of a control specimen and
X-sponge were evaluated by image analysis. Five areas from a given sample were overlaid with a grid pattern and lamellae and pores posi-
tioned on grid lines were quantified (A). Percentile diagram of lamellae shows a significant difference in size distribution between the two
sponge types (Mann-Whitney, p < 0.001) (B). Comparison of pores and lamellae (C). X-sponge has smaller pores and lamellae (GelitaSpon: n =
432; X-sponge: n = 607, ***p < 0.001, SE). [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

FIGURE 3. Blood absorption capacity in vitro. Scheme of the experimental layout (A). Test sponges were positioned on the surface of diluted
human blood cell concentrate for 20 seconds. Surplus blood was eliminated on a paper filter for 60 seconds. Masses of dry sponges (My) and
blood-soaked sponges (M,,) were determined. In a dry state the blood absorption capacity of X-sponge is 58 times higher than that of the con-
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FIGURE 4. Blood uptake in vitro. Scheme of the experimental layout (A); b, blood substitute = adjusted human blood cell concentrate; p, plate;
s, sponge. Test sponges were positioned on a glass plate (25° inclination) placed in a container partially filled with diluted human cell concen-
trate. The position of the leading blood margin was determined at different time points and graphically depicted (B). Micrographs of hematoxy-
lin-eosin stained cryosections of sponge specimens after blood uptake of blood (C-E). Bottom region (about at 5 mm) (C), intermediate region
(about at 20 mm) (D), and top region (about at 40 mm) (E). A gradient of cells is evident from the bottom to the top, but no fractionation of cells
of different sizes. Scale bar: (C-E) 50 um. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

characterized by a gradient of blood cells with the highest
density at the bottom, where essentially all cavities were
filled with erythrocytes [Figure 4(C)]. In the middle of the
sponge [Figure 4(D)] cavities were partially filled with cells.
Toward the top of the sponge, cavities were essentially cell-
free [Figure 4(E)]. Despite the cell-density gradient, we had
no indication of a chromatographic effect with obvious signs
of a separation of small and large cells.

Electron microscopic analysis revealed that the blood
cells (predominantly erythrocytes) appeared in close apposi-
tion to the gelatin lamellae, irrespective of the type of
sponge [Figure 5(A,B)]. Depending on the actual site
selected for electron micrographic inspection, the density of
observed cells varied and could not be correlated to the
sponge microstructure at low magnification (800x). How-
ever, high magnification (10,000x) images clearly suggested
that the X-sponge lamellae were coated by a multitude of
submicron profiles of irregular shape and by filament-like
structures several 10 s of micrometers in length resembling
fibrin fibers [Figure 5(D)]. Control sponges also displayed a
fibrin network with embedded erythrocytes, but appeared to
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have a less pronounced submicron profile [Figure 5(C)]. The
images could indicate an increased number of fibrin attach-
ment sites on X-sponge gelatin surfaces (see discussion).

Hemostasis ex vivo

In a novel dynamic venous hemorrhage model, the hemo-
static efficacy of X-sponge was evaluated in comparison
with the standard hemostyptic material, GelitaSpon® [Figure
6(A)]. Human saphenous veins were mounted in a pump
and pressure monitoring system. A continuous flow of auto-
logous heparinized blood was maintained. The vein was
lacerated to create a leak in the vessel. Bleeding time and
blood loss was measured after application of the hemostyp-
tic devices. In our hemorrhage model, adequate hemostatic
efficacy was observed after application of GelitaSpon®. Sur-
prisingly, the hemostyptic effect of dry X-sponge was more
than double that of GelitaSpon®, as indicated by a significant
reduction in the determined bleeding time (—62.5%) and a
reduced blood loss (—67.8%) after laceration [Figure
6(B,C)]. In additional experiments no significant differences
between moistened and dry X-sponges became evident.

HEMOSTATIC SPONGE



FIGURE 5. Blood-binding profiles on sponge surfaces. Scanning elec-
tron micrographs of gelatin sponges of a control specimen (A, C) and
X-sponge (B, D) after blood uptake w/o anticoagulant in vitro. Low (A,
B) and high magnifications (C, D). For both sponges an accumulation
of blood cells is evident (A, B). High magnifications of the gelatin
lamellae of a control specimen with a fairly homogeneous surface (C)
and X-sponge with blood-binding profiles partially in conjunction
with fibrin-like fibers (D). Scale bars: (A and B) 20 um, (C and D) 2 um.

Human application

X-sponge was used in an emergency situation involving a
12-year old male, who presented to the medical center with
acute bleeding. He was diagnosed with a pharyngeal angiofi-
broma which extended into the left paranasal sinus, the
right pterygopalatine fossa and the right sphenoid sinus
with contact to the right maxillary sinus. After admission,
the young patient underwent selective arterial angiography
[Figure 7(A)] to visualize the vascular structure of the tissue
mass, followed by embolization. Unfortunately, a small por-
tion of the embolisate reached the internal carotid artery,
resulting in neurological symptoms, such as recurrent tran-
sitory ischemic hemiparesis. Acetylsalicylic acid and clopi-
dogrel were subsequently administered. Severe nose bleed-
ing occurred as a result of the medication inhibiting platelet
aggregation.

The patient had to be intubated and ventilated. Endos-
copy of the nasal cavity revealed that the tumor was bleed-
ing. In fact, diffuse bleeding was found to originate from the
surface of the nasopharyngeal fibroma on the nasal side.
Platelets were infused into the patient. Standard gauze was
soaked with epinephrine and applied on the tumor surface.
Although blood loss could be significantly reduced, bleeding
continued. The tumor surface was then covered with
X-sponge, which immediately halted the bleeding.

The X-sponge packing was left in the nasal cavity and
dissolved over the following two weeks without significant
pain perception. Some parts of the sponge were discharged
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from the nose. No further bleeding occurred after the pri-
mary intervention. The patient eventually underwent resec-
tion of the residual tumor mass.

The application of X-sponge in the nasal cavity was also
documented in a 63-year old, male patient [Figure 7(B)].
The sponge was positioned between the lateral nasal wall
and the middle turbinate. Rapid cessation of bleeding was
achieved with X-sponge application in the anterior ethmoid
after functional endoscopic sinus surgery.

DISCUSSION

Hemostatic activity in vitro

Our in vitro data indicate that the novel gelatin-based
sponge matrix has (a) a unique microstructure character-
ized by high porosity, (b) a high surface roughness in the
nanorange, (c) accelerated blood absorption, and (d) rapid
hemostasis in a venous hemorrhage model. We suspect that
the structural matrix features could be the actual cause of
the functional features that we observed.

Increased surface roughness is known to induce platelet
adhesion and activation of the coagulating system.?®?' Hov-
gaar et al.?> demonstrated significant adsorption of proteins
(especially of fibronectin) on surfaces with roughness on
the nanoscale. Their data indicate that the nano roughness
of the X-sponge might be one of the main features explain-
ing the phenomenon of rapid hemostasis.

In our static model with hemostatic samples dipped into
human blood, we observed extremely rapid blood uptake by
the X-sponge. This phenomenon might be explained by the
apparent increased capillary density and surface area of the
sponge. As ongoing blood flow needs to be managed in the
clinical setting, we also invented a dynamic model. Most
intriguingly, we noted that in this hemorrhage model, hemo-
stasis took effect two to three times faster than with other
hemostyptic devices. An accelerated fluid flow tends to
increase the shear stress inside the capillary network of the
sponge. In turn, platelets might be activated more efficiently
and consequently, coagulation might be accelerated.**™*°
Although this might explain some of the aspects identified
in the hemorrhage model, we anticipate that additional
mechanisms are at work to achieve the stunningly short
time to complete hemostasis.

After exposure of the two different gelatin sponges to
blood, electron micrographs revealed a fibrillar network
which consisted of cells intertwined with elongated fibers
characteristic of fibrin filaments. Most intriguing was the
observation that the gelatin lamella surface was coated with
irregular profiles, which presumably represented primary
fibrin deposits. This feature was most pronounced on the
X-sponge, which was characterized by a special surface
roughness. Consequently, we hypothesize that the unique
lamella surface provided more protein attachment sites.
Though the X-sponge appeared to induce a more widespread
formation of irregular profiles on its surfaces, it remains to
be shown in the future whether the profiles detected by elec-
tron microscopy are indeed growing fibrin fibers. To empha-
size the rapid blood absorption in conjunction with rapid

JOURNAL OF BIOMEDICAL MATERIALS RESEARCH B: APPLIED BIOMATERIALS | AUG 2010 VOL 94B, ISSUE 2 377



Assay scheme

: ma

1

Bleeding time Blood loss
04:00 2.50
2.00
_E 03:00 1 =
g 02:00 4 E o
@ 01:00 1 60 |
00:00 .00

GelitaSpon

GelitaSpon

B C

X-Sponge

FIGURE 6. Hemostasis in vitro. Scheme of the experimental layout
(A); bl, blood; ma, manometer; sp, test sponge; le, induced leak in the
vessel; pu, pump; pr, pressure monitoring system; ve, human vein.
The time to complete hemostasis after the application of different
hemostyptic sponges was determined (B). Quantification of blood
loss after the application of different hemostyptic sponges (C). X-
sponge causes most rapid hemostasis. (n = 5, **p < 0.05, SEM).
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

”

hemostasis, we apply the term “activated capillary function
to describe the X-sponge’s apparent mode of action.

Hemostatic activity in humans

The first patient reported here who was treated with the
X-sponge matrix was a child suffering from a tumor of the
nasal cavity. After sinus surgery, nasal packs are used by
ear-nose-throat (ENT) surgeons to achieve a hemostatic
effect. The subsequent removal of nasal packs, however,
may cause recurrent bleeding and pain. In recent years, a
number of clinical trials have been performed, both testing
the overall usefulness of nasal packs*®?” and establishing
criteria for a direct comparison between various products.
In these trials, the investigators mostly focused on blood
loss and pain as measured on an analogous visual/subjec-
tive scale.?873!

It is worth noting that in some trials patients were spe-
cifically excluded from participation, if they were diagnosed
with bleeding disorders or if anticoagulants, that is, agents
inhibiting platelet aggregation, had been prescribed. How-
ever, this selected recruitment of patients for study enroll-
ment does not reflect the typical clinical situation. It is com-
mon knowledge that there is an ever increasing number of
patients who are diagnosed with coronary artery disease,
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stroke and dysrhythmias, such as atrial fibrillation and for
whom anticoagulants are prescribed.?*=** In some patients,
particularly those who have undergone a stenting procedure
for coronary artery disease or carotid stenosis,>” many physi-
cians even consider double medication imperative, such as
aspirin in combination with clopidogrel***” which on the
one hand prevents stent thrombosis, but on the other hand
puts the patients at increased risk for epistaxis.3®3°

In ENT, the activated capillary function of the novel gela-
tin sponge matrix introduced here sets it apart from the tra-
ditional methods of nasal packing. In addition, most nasal
packs need to be removed after surgery.>*® Removing and
manipulating the tamponades may induce renewed bleed-
ing41 and can entail the formation of scar tissue, which in
some cases eventually necessitates reoperation. In contrast,
the bioresorbable, nontoxic gelatin matrix of X-sponge disin-
tegrates completely within 14 days in the nasal cavity and
is simply resorbed.

Perspective

In summary, X-sponges are suitable for application in two
situations, first, for the treatment of acute epistaxis, and sec-
ond, as a hemostyptic device during surgical procedures,
such as functional endoscopic sinus surgery and turbino-
plasty. The novelty of this medical device lies in the fact
that hemostasis is not only achieved by mechanical pressure
but also by biophysical properties best described as acti-
vated capillary function, which brings about immediate hemo-
stasis, particularly in patients treated with pharmacological
agents inhibiting blood coagulation. Currently, the mechanism
of gelatin-based hemostats is not fully understood.** Based
on our in vitro data, we hypothesize that surface roughness
and induced shear stress are possible factors in the acceler-
ated hemostasis observed in X-sponge specimens. From the
patient’s point of view, the discussed characteristics are
associated with increased comfort. From the physician’s per-
spective, X-sponges facilitate patient management.

FIGURE 7. X-sponge application in human patients. Arterial angiogra-
phy of the right internal carotid in a 12-year old male showing a
highly vascularized tumor (arrow in A) situated along the pharyngeal
wall (A). Application of X-sponge in a 63-old male in the anterior eth-
moid after functional endoscopic sinus surgery (B). LNW, lateral nasal
wall; MT, middle turbinate; NS, nasal septum; X, X-sponge. [Color fig-
ure can be viewed in the online issue, which is available at www.
interscience.wiley.com.]
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