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Cotton-Derived Oxidized Cellulose in Minimally
Invasive Thoracic Surgery
A Clinicopathological Study

Biruta Witte, MD,* Stefan M. Kroeber, MD, PhD,Þ Hubertus Hillebrand, MD,*
Michael Wolf, MD,* and Martin Huertgen, MD, PhD*

Objective: The aim of this study was to identifyAQ1 resorption, clinical
performance, and safety of cotton-derived oxidized cellulose gauze
applied as a hemostat in minimally invasive oncologic thoracic
surgery.
Methods: This is a pilot prospective noncomparative observational
human in vivo study. A piece of cotton-derived oxidized cellulose
gauze measuring 5 � 20 cm was inserted into the subcarinal space of
patients with potentially resectable lung carcinoma at the time of
video-assisted mediastinoscopic lymphadenectomy and reexamined
several days later for macroscopic and histologic evaluation at the time
of subsequent lung resection. The primary endpoint was the local
situation at the implantation site described by cellulose remnants, fluid
collections, and adhesions. The secondary endpoint was safety, de-
scribed by the number of adverse events and surgical reinterventions.
Results: Twenty-five consecutive eligible patients with potentially
resectable lung carcinoma were included. The desired hemostatic
effect was achieved in all cases. No adverse events were observed. At
re-exploration 10.5 (5-28) days later, the cellulose gauze was found to
lose its solid structure from the fifth day on. Remnants were last
detected 14 days after insertion. The implantation site exhibited no
inflammatory changes and a remarkable small amount of fluid col-
lections and adhesions.
Conclusions: Mediastinal application of cotton-derived oxidized
cellulose is safe and effective. A piece of gauze measuring 5 � 20 cm
seems to be absorbed completely within 15 days, thus precluding any

interference with oncologic restaging and follow-up. The absence of
relevant adhesions facilitates further surgical procedures. Larger
comparative confirmatory studies are required. For large-scale re-
sorption studies, our clinical model should be translated into a porcine
model.

Key Words: Cellulose, Hemostatics, Mediastinoscopy, Thoracic
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D ifferent derivatives of resorbable cellulose are widely used
in surgery for hemostatic purpose.1 Despite that, very little

is known about their postimplantation behavior. Experimental
data suggest uneventful resorption within 3 months.2 Persisting
deposits mistaken for abscesses, tumors, or recurrent malig-
nancies have been reported repeatedly.3Y6 In our practice, we
made similar observations, especially in the mediastinal
lymphadenectomy bed, a region prone to both postoperative
fluid collections and deployment of resorbable hemostatic
material. This applies particularly to mediastinal lymphade-
nectomy via cervical access by the means of video-assisted
mediastinoscopic lymphadenectomy (VAMLA)7 or transcer-
vical extended mediastinal lymphadenectomy8 because, in
contrast to open or videothoracoscopic procedures, the medi-
astinal space is left undrained. Thus, mediastinal gauze rem-
nants, seroma, or hematoma possibly adds some difficulty and
uncertainty to restaging and follow-up in oncological patients,
as illustrated by F1Figure 1, and also to subsequent surgical
procedures. This oncologic and surgical pitfall formed the
background to investigate the intrathoracic performance of
cotton-derived oxidized cellulose hemostatics, with special
attention to their local effects and resorption. To our knowl-
edge, this study represents the first systematic in vivo evalua-
tion of oxidized cellulose in human patients and in thoracic
surgery. Beyond, it is the first systematic study based on the
common clinical sequence of video mediastinoscopy and
subsequent lung resection.

METHODS
This study was designed as a single-center single-arm

prospective observational investigation. All patients aged 18
to 75 years with histologically proven or highly suspected
potentially resectable lung carcinoma, in whom a mediastinal
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dissection by VAMLA was indicated to rule out mediastinal
nodal involvement before lung resection, were eligible. Spe-
cific exclusion criteria were clinical signs of general infection,
coagulation disorders, and conditions potentially compromis-
ing wound healing. On the basis of a rate of 25% occult me-
diastinal lymph node metastases,9 the inclusion of 23 to 30
patients was planned to obtain 20 complete observations.
Enrollment was stopped after the 20th complete observation.
The clinical model was provided by our institutional routine
approach to potentially resectable lung carcinoma, compris-
ing a VAMLA for mediastinal staging and dissection7,10Y13

and, negative mediastinal lymph nodes given, consecutive
thoracoscopic or open lung resection several days later. In
clinical routine, hemostatic agents are applied on a regular
basis, especially at places where electrocautery has to be
avoided, for example, adjacent to the left recurrent nerve. For
investigational purposes, a commercially available cotton-
derived oxidized cellulose gauze (GelitaCel, Gelita Medical,
Eberbach, Germany) measuring 5 � 20 cm was inserted into
the subcarinal space after removal of the subcarinal lymph
nodes and gross hemostasis by clipping and electrocautery at

the time of VAMLA ( F2Fig. 2). The subcarinal region was chosen
as the implantation site; in contrast to the pretracheal and
paratracheal regions, it can be re-explored from either thoracic
cavity without extensifying the access or the procedure itself. It
was revisited at systematic nodal dissection at the time of lung
resection and investigated by structured macroscopic assessment
of gauze remnants, fluid collections, and adhesions using ordinal
scales, photographic documentation, and retrieval of residual
gauze and tissue for histopathological investigation by routine
light and birefringence microscopy of hematoxylin-eosinYstained

FIGURE 1. Leftover node, recurrent tumor, gauze remnant, or
fluid collection? A subcarinal mass (arrow) was detected 6 weeks
after lymphadenectomy and consecutive chemotherapy
(above). EUS-FNAAQ2 aspiration for cytology showed inflammatory
changes. Another 6 weeks later (below), the mass had
expanded, and its density had dropped from an initial 15.4
to 5.1 Hounsfield units.

FIGURE 2. Above, the subcarinal space during
videomediastinoscopic removal of the subcarinal lymph nodes,
surrounded by the left main bronchus (1), the pulmonary artery
(2), the esophagus (3), and the right main bronchus (4). Below,
the same region after lymphadenectomy and insertion of an
oxidized cellulose gauze measuring 5 � 20 cm.
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sections. Clinical data were collected prospectively using case
report forms, comprising demographic, medical, and onco-
logical details; scheduled preoperative and postoperative
physical examinations; and blood tests. The primary endpoint
of this study was the local situation at the implantation site,
described by the macroscopic and the microscopic presence of
residual gauze and the presence and the extensiveness of he-
matoma, seroma, and adhesions. The secondary safety end-
point was described by the frequency of surgical
reinterventions and local or systemic signs of infection. This
study was conducted in accordance with the Helsinki Decla-
ration of the World Medical Association and approved by the
local ethical committee (Ethical Committee of the
Landesärztekammer of Rhineland-Palatinate, Mainz, Germany).
Informed written consent was obtained from all patients before
inclusion.

RESULTS
From August 2008 to January 2009, a total of 25

GelitaCel gauzes were inserted in the subcarinal regions of 25
consecutive eligible patients (T1 Table 1). Additional pieces of the
same gauze were used in 13 patients for hemostatic reasons at
the left and right paratracheal, paraesophageal, and/or para-
aortic lymph node stations. The desired hemostatic effect
was achieved in all cases. The intraoperative and postoperative
courses after VAMLA were uneventful in all patients. Seven-
teen nodal-negative patients and three patients with ipsilateral

microscopic mediastinal disease were subsequently scheduled
for lung resection, with reassessment of the subcarinal space
within a median time interval of 10.5 (range, 5Y28) days after
VAMLA. At re-exploration ( F3Fig. 3), the subcarinal space
was completely clean and free of macroscopic signs of in-
flammation in all cases. Macroscopically detectable residuals
of cellulose were losing their solid structure after 5 days and
were last identified at day 14 after implantation ( F4Fig. 4). In 15
cases, it was possible to retrieve a sufficient quantity of solid
material for histopathologic examination ( F5Fig. 5). Histologi-
cally, the cellulose fibers and their degradation products
showed typical birefringence when observed by polarizing
microscopy. Histology confirmed the macroscopic result of
quick degradation and resorption within 2 weeks. Subcarinal
liquid collections were absent in six cases. Minimal collections
replacing the volume of the removed subcarinal lymph nodes
were present in six cases; small collections of approximately 5
mL, in six cases; and a collection of 10 mL, in one case (Fig. 4).
There was no observation of hematoma. Subcarinal adhesions
were absent in 14 cases. Mild adhesions divisible by slight
traction were present in four cases; and moderate adhesions
divisible by blunt dissection, in two cases.

DISCUSSION
Not surprisingly, the clinical and safety results of

this pilot study do not deviate from the prevailing clinical ex-
perience based on wide uncontrolled application of hemostatic

TABLE 1. Demographic, Oncologic, and Clinical Properties of 25 Patients Included in the Study

Demographic data Sex 9 female, 16 male patients

Age, median (range), y 66 (37Y75)

Oncologic data Laterality 9 right-sided, 16 left-sided tumors

Histology Adenocarcinoma: 14

Squamous cell carcinoma: 8

Other NSCLC AQ3: 3

Stage distribution Stage I: 8 (3 � pT1 pN0, 5 � pT2 pN0)

Stage II: 3 (3 � pT2 pN1)

Stage IIIa: 9 (2 � pT3 pN1, 1 � pT4 pN0, 1 � cT4 pN1,
1 � pT1 pN2, 1 � cT2 pN2, 1 � cT3 pN2, 2 � cT3 pN2)

Stage IIIb: 2 (cT4 pN2, cT4 pN3)

Stage IV: 3 (pT2 pN2 pM1(BRA), cT3 pN1 pM1a(PLE),
cT4 pN1 pM1a(PLE)) AQ4

Therapy data Surgery 11 lobectomies: 4 VAT, 4 open, 3 sleeve

3 segmentectomies

2 pneumonectomies

4 explorations by VAT (2) or thoracotomy (2)

1 resection of a solitary brain metastasis

Other modalities Postoperative chemotherapy: 8

Definitive chemoradiation: 7

Neoadjuvant chemoradiation: 2

Morbidity Related to VAMLA None

Related to secondary AQ5procedure Prolonged air leak or pneumothorax: 3

Left recurrent nerve paralysis: 1

Atrial fibrillation: 1

VAMLA indicates video-assisted mediastinoscopic lymphadenectomy; VAT, video-assisted thoracoscopy.
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cellulose: Yes, it is safe and effective in the mediastinum as well.
Nonetheless, a closer look at its resorption and local effects is
interesting with regard to minimally invasive, especially onco-
logic, thoracic surgery.

In contrast to existing experimental data2 and clinical
reports,3Y6 our observations indicate quick resolution and
complete resorption during the second week after implantation.
Discordant resorption data might be attributable to different
modifications of oxidized cellulose, not yet confirmed by any
comparative research. The observed short time to complete
resorption is important in oncologic patients because it pre-
cludes the misdiagnosis of cellulose remnants as residual or
recurrent tumor resulting in additional diagnostic procedures,
undertreatment or overtreatment, and immeasurable sorrow.
The same is true for the observed low incidence of seroma and
the absence of hematoma because as any of these collections

can be confused with malignant masses as well (Fig. 1). Thus,
different from our baseline assumption, cotton-derived he-
mostatic cellulose gauze might interfere with mediastinal
restaging and follow-up by imaging in a positive way.

In accordance with earlier experimental findings14,15

describing comparatively fewer adhesions in the presence of a
different modification of oxidized cellulose, our observations
indicate the absence of macroscopic inflammatory changes
and, probably as a consequence, surgically relevant adhesions.
The acid pH caused by oxidized cellulose and its degradation
into oligosaccharides16 are possible causes of a local anti-
inflammatory or even antiproliferative effect. The observed
absence of relevant adhesions is likely to facilitate oncologic
lung resections preceded by mediastinoscopy, VAMLA, or
transcervical extended mediastinal lymphadenectomy. In the
case of video-assisted thoracoscopic surgery AQ6approach to lung
resection or radical minimally invasive concepts combining
video-assisted thoracoscopic surgery and VAMLA,13 this is a
question not only of comfort but also of safety and time.
However, because cellulose seems not to have an absolutely
protective effect against the formation of adhesions and
scars,14,15 a deliberate ubiquitary AQ7application to prevent them is
not advocated. Moreover, because the protective effect of
cellulose seems to decrease with increasing activity of minor
bleeding at the insertion site,17 it is advisable to achieve
complete hemostasis before inserting the gauze.

Complementing the existing clinical experience and
animal studies, our observations represent the first systematic
prospective description of the application of cellulose in
humans on macroscopic and histopathological findings. Nev-
ertheless, it has to be interpreted with caution for several
reasons. First, it is a noncomparative pilot study with a small

FIGURE 3. Re-exploration of the subcarinal space during left
lower lobectomy. Above, remnants of the cellulose gauze 1
week after insertion, displaying a characteristic brownish
semisolid appearance. Below, typical appearance of the
subcarinal space after removal of the remnants, showing clean
surfaces of the surrounding structures. 1, Left main bronchus; 2,
left lower pulmonary vein, closed by ligature or stapler line; 3,
pericardium; 4, descending aorta; 5, esophagus.

FIGURE 4. Quantity andmacroscopic appearance of implanted
cellulose gauze in relation to time. The time span between
implantation and investigation is shown in days on the abscissa,
whereas the estimated quantity of residual material in milliliters
is shown on the ordinate. The gross appearance of the material
is signified by circles and diamonds, representing completely
liquid remnants and remnants with solid components,
respectively. Except one case of persisting seroma observed
17 days after implantation (black dot), the findings are
suggestive of a degradation process leading to liquidation
and consecutive resorption.
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sample size; second, the primary endpoint described by ordi-
nate scaling of macroscopic findings and qualitative histo-
pathologic finding is not rigorously controlled; and third, it
is almost impossible to compare and assess the observed effects
because there AQ8is a lack of any other systematic observation
of cellulose application in humans or within the thoracic cavity.
A good example illustrating the inherent methodological limits
of this and probably many other small human pilot studies is
the observation that cellulose remnants were last detected 14
days after insertion. The conclusion of a resorption time of
2 weeks requires the unproven assumption that any other
remnants detected at shorter time intervals would have been
completely resorbed at day 15. For confirmational systematic
resorption studies on a larger scale, the chosen clinical model
of a mediastinoscopic and a subsequent thoracic procedure can
be translated into a porcine or other animal model.

To conclude, this pilot study suggests that it seemed to
take 15 days for cotton-derived oxidized cellulose gauze
inserted into the human mediastinal lymphadenectomy bed to
be completely resorbed, resulting in minimal adhesion and
seroma formation. Because these characteristics meet the
requirements of minimally invasive, especially oncologic,
thoracic surgery, these should be confirmed by a larger com-
parative study.
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CLINICAL PERSPECTIVE

When performing mediastinoscopy, we often avoid using electrocautery and thermal sealing systems to minimize potential
damage to neural, major vascular, and airway structures and will instead place vascular clips or pack the wound with hemostatic
sheets of cellulose gauze. This gauze material should do the following:

1. It must efficiently absorb blood and lymph.
2. As it absorbs bodily fluids, at least initially, it should maintain its structure, not falling apart, and must exert local he-

mostatic pressure as it swells.
3. It must be easily placed into the mediastinum and to the bleeding site, again without falling apart.
4. It must conform to the geometry of its surroundings.
5. It must possess hemostatic qualities, enhancing the coagulation cascade.
6. It must completely dissolve after it has provided complete hemostasis.

Even major, vigorous bleeding can be controlled by judicious and strategic use of the material. However, saying all of that,
there is no formal study of what happens to this material once placed.

In this prospective clinical trial fashion allowing for a standardization of their evaluation of a cotton-derived oxidized
cellulose gauze, the authors found that the material accomplished the goal of controlling bleeding and that it started to dissolve on
the 5th day, with some parts still visible in the mediastinum on the 14th day. There did not seem to be any adverse effects to its use.
This trial gives us greater confidence in this use of this material.
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AUTHOR PLEASE ANSWER ALL QUERIES

AQ1 = Please check whether addition of WThe aim of this study was to identifyW here is
appropriate.

AQ2 = Please define EUS-FNA in figure 1 caption.

AQ3 = Please define NSCLC in the table legend.

AQ4 = Please check whether data in the tables were captured correctly.

AQ5 = 2( was changed to secondary. Please verify whether this is correct.

AQ6 = VATS was spelled out to video-assisted thoracoscopic surgery. Please verify
whether this is correct.

AQ7 = The term ubiquitary is not a valid word in the dictionary. Please check.

AQ8 = BThere is a lack of any other systematic observation of cellulose application
neither in humans, nor within the thoracic cavity[ was changed to Bthere is a
lack of any other systematic observation of cellulose application in humans or
within the thoracic cavity.[ Please verify whether the change did not alter the
meaning of the original statement.

AQ9 = Please check whether the changes made in the tables and figure captions are
correct.

AQ10 = Please check whether changes in Ref 12 are correct (especially date of
publication). Please provide volume and page if available.
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