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(57) ABSTRACT 

The present invention provides a denatured albumin lamina, 
useful for repairing lesions on solid visceral organs. The 
lamina comprises human serum albumin, formed into a thin, 
pliant sheet and denatured. The denatured lamina can be 
sterilized and stored until used. As well, it can be impregnated 
with a variety of bioagents.A method for repairing a lesion on 
a solid visceral organ includes applying an energy-absorbing 
proteinaceous material to a lesion site on the solid visceral 
organ lesion; irradiating the proteinaceous material with 
energy suf?cient to fuse the energy-absorbing material at 
least partially to the lesion site; applying a biocompatible 
denatured albumin lamina onto the proteinaceous material on 
the lesion site; and irradiating the biocompatible albumin 
lamina and the proteinaceous material with energy suf?cient 
to fuse the biocompatible albumin lamina to the proteina 
ceous material and/or the lesion site. A laser solder can be 
deployed beneath the lamina to aid in welding it to the organ 
surface using laser light energy. 

18 Claims, 6 Drawing Sheets 
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BIOCOMPATIBLE DENATURED ALBUMIN 
LAMINA 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[This application claims priority from US. Ser. No. 
60/158,666, ?led Oct. 8, 1999, and incorporated by refer 
ence] 
More than one reissue application has been filed for the 

reissue of US. Pat. No. 6,680,063, which originally issued 
Jan. 20, 2004, andclaimedpriorityfrom, andincorporated by 
reference, US. application Ser. No. 60/158,666?led Oct. 8, 
1999. 

These reissue applications are: US. reissue application 
Ser. No. 11/906, 743,?led Oct. 4, 2007 which is a continuation 
reissue ofU.S. reissue application Ser. No. 11/102,886, filed 
Apr 8, 2005 (the present application), and divisional U.S. 
reissue application Ser. No. 11/454,180,?ledon Jun. 15, 2006 
(abandoned), which claims priority to reissue application 
Ser. No. 11/102,886. 

STATEMENT OF GOVERNMENT RIGHTS 

This invention was made with the US. Government sup 
port under Grant Number DAMD17-96-1-6006, awarded by 
the Army Medical Research and Materiel Command. The 
US. Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

The invention relates generally to biological tissue weld 
ing, and more speci?cally to repairing a lesion to a solid 
visceral organ. The invention also relates to manufacturing 
biocompatible albumin lamina suitable for use as a scaffold or 
patch in the repair of tissue of a solid visceral organ. 

Solid visceral organs such as the liver, spleen and kidney 
have a soft parenchyma richly interspersed with vasculature 
and thinly protected by a delicate ?brous capsule with limited 
internal ?brous support. This structure makes such organs 
prone to fracture and laceration with blunt abdominal trauma. 
Such organs are also frequently injured following abdominal 
trauma. For example, the liver is the most commonly injured 
organ following abdominal trauma. It is the second most 
commonly injured following blunt injuries and the third most 
commonly injured in penetrating injuries. 

Surgery of solid visceral organs like liver, spleen and kid 
ney have always proved to be challenging, as these organs 
bleed profusely if traumatized and hold sutures rather poorly. 
Exsanguinating hemorrhage remains a signi?cant cause of 
immediate mortality. A 3 cm parenchymal depth laceration 
has a 19% mortality and a parenchymal disruption involving 
25-50% of a hepatic lobe has 28% mortality. 
Few intra-abdominal injuries are as technically demanding 

as a major liver laceration. Such wounds require erudite judg 
ment and innovative surgical techniques to prevent intraop 
erative exsanguination accelerated in some cases by hemodi 
lution and coagulopathy. Conventional suture repair of major 
hepatic trauma additionally has a delayed morbidity and mor 
tality from septicemia, peritonitis, biliary ?stulae, and 
delayed intra-abdominal hemorrhage. 
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2 
The current surgical armamentarium for liver lacerations is 

limited to mass ligation of the lacerated liver with absorbable 
sutures, omental wrapping, packing with re-exploration, 
mesh hepatorrhaphy, ?brin sealant and ultrasonic aspiration 
with argon beam coagulation. Suture repair of the liver fre 
quently increases parenchymal damage and ischemic tissue 
loss. Packing can be complicated by persistent hemorrhage 
and/or abdominal compartment syndrome and requires re 
exploration to remove the packing. Biliary ?stula and abscess 
formation can also complicate this technique. These di?icul 
ties also arise in repairing lesions in the kidney and spleen. 
They also present an obstacle to surgical treatment of solid 
visceral organs, for example, excision of tumors. 
The use of lasers alone to control hemorrhage in the liver 

has had limited success in the past. Tissue coagulation is the 
method of heating to denaturation the constituents of the 
tissue itself. Attempts at hemostasis using the CO2 laser have 
failed to show signi?cant bene?t when compared to the 
diathermy. Other work showed that the CO2 laser is ineffec 
tive at sealing vessels larger than 1 mm and that argon and 
NdzYAG lasers are ineffective at stopping ?ow in vessels 
larger than 4.5 mm. These lasers achieve hemostasis by exten 
sive (5-10 m depth) thermal coagulation of proteins, caus 
ing major collateral tissue damage. 
The use of laser energy to join tissue by heating a protein 

solder, typically albumin, is referred to as tissue welding. 
Laser soldering has been employed as an alternative to suture 
repair of injured tissues. Laser soldering was ?rst utilized to 
anastomose rat ureters. Incorporating albumin solder into 
laser repairs was found to aid in controlling hemorrhage. 

Solders are generally viscous liquids of biocompatible 
compositions. A representative composition is that of US. 
Pat. No. 5,292,362 (to Bass et al.), which discloses a liquid 
solder of collagen or albumin. Liquidity permits the solder to 
be easily applied and formed to the lesion, while its concen 
tration serves to retain the solder at the applied site until 
irradiated. The highest viscosity of albumin readily produc 
ible corresponds to a 55-57% aqueous solution, enabling 
higher tensile strength weld joints. However, this albumin 
solder solution has the approximate consistency of honey. 
Higher concentrations of albumin, i.e., above 58%, dehydrate 
rapidly and cannot be freely handled in air. 

It was recognized that adding a light-absorbing chro 
mophore to the solder would increase and localize the absorp 
tion of energy to the solder level, thereby reducing both the 
amount of laser light required and collateral tissue damage. A 
chromophore is utilized to increase and localize the absorp 
tion of energy. The selection of chromophore also drives the 
choice of laser energy to be applied. For example, by using 
indocyanine green (ICG) as the exogenous chromophore, a 
diode laser could be operated at 800 nm. These lasers have the 
advantage of being relatively inexpensive. Further, their near 
infrared light is poorly absorbed by solid visceral organ tis 
sue, substantially mitigating thermal damage during a laser 
repair. Lastly, the speci?c absorption of energy by the chro 
mophore pinpoints the heat generation locus to the solder 
layer. Reducing the amount of laser light required for solder 
activation permits lower laser energy settings. More ef?cient 
energy absorption also allows the use of pulsed lasers, further 
reducing collateral thermal damage during laser repairs. 

Tissue welding using only an ICG-augmented albumin 
solder confers no advantage in some scenarios. Soldering can 
be employed to achieve hemostasis of severed liver venous 
sinusoids of larger diameters (i.e., 5 mm and above). How 
ever, the weld joints produced are brittle and of relatively low 
tensile strength. Previous repairs focus on nerve, ureter and 
vesicular and usually further include stay sutures. Solid vis 
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ceral organs require a support contribution from the repair 
material. Solders exhibit loW tensile strength and are not 
Well-suited to provide this support. To date, laser soldering 
applications have not shoWn a clear bene?t over conventional 
suture repair, and have not gained clinical acceptance 

Mechanical considerations also militate against effecting 
lesion repair With irradiated liquid solder. Welding liver 
requires the application of an ICG-doped albumin solution to 
the Weld area. As the ICG absorbs the laser light energy, the 
amount of ICG present (e.g., the thickness of the applied 
solution) is a signi?cant factor in Weld success and duplica 
tion. The non-uniformity in the albumin layer thickness dur 
ing tissue repair is currently the greatest source of variability 
in laser repair using albumin solder. 

Blood, bile and other ?uids routinely exude from lesions. 
During laser solder repair, this seepage displaces the liquid 
solder from the surface of the damaged organ. Because of its 
viscosity, liquid solders cannot easily be manipulated to 
regain contact With the lesion site, instead necessitating 
deposit of further solder material and/or exposure of the 
lesion to additional energy. Alternatively, the ?uids are irra 
diated and/or trapped beneath the Welded solder material. 
Such entrapped Weld joint contaminants adversely affect 
joint quality, strength and durability. 

Laser soldering alone is also suboptimal for the repair of 
resecting injuries to solid visceral organs. Satisfactory repair 
of raW surface lesions is typically obtained With folding of the 
tissue or the application of some sort of a supportive ?lm, 
described beloW. In addition to its bond strength, laying doWn 
and irradiating an uneven solder cover is likely to produce 
thinner, Weaker points in the tissue Weld. The longevity of 
repairs of raW surface traumas using only liquid solder is 
therefore suspect. 

Efforts have also been made to repair damage to nerves and 
small vessels using solid Welding patches, such as Small 
pieces of dried albumin (1><3><0.5 mm strips). Further, such 
strips possess a loW tensile strength, making them unsuitable 
for gross repairs such as resection or blunt trauma injuries. 
Lastly, these materials have been employed to repair nerves, 
ureters and other vessels. A need exists to direct the method of 
tissue Welding to tissues possessing soft parenchyma, such as 
the liver, kidney and other solid visceral organs. 

Solid biocompatible materials have been employed to 
repair injuries to tissues needing greater structural support 
than is offered by solder alone. Compositions include gelatin 
(US. Pat. No. 5,931 , 165 to Reich et al.); elastin (US. Pat. No. 
6,110,212 to Gregory, et al.); and collagen (US. Pat. No. 
5,749,895 to SaWyer et al.). SaWyer et al. teach making and 
using a sheet preferably made of collagen. The reference also 
mentions albumin as one of a number of alternative candidate 
materials. HoWever, SaWyer et al. provide no description of 
the manufacture, method of use or physical characteristics of 
an albumin ?lm. Further, none of the prior art references 
describe using an albumin ?lm in the repair of injuries to solid 
visceral organs, such as liver, kidney and spleen. 

Different methods have been attempted by Applicant to 
produce useful thin ?lms of albumin. Prior efforts to extrude 
55-57% albumin failed, as the solution Would re-congeal 
upon exiting the extrusion ori?ce. Consequently, a need exists 
for a stable, pliable albumin lamina. 

Applicant has experimented With Welding liver lesions in 
liver by the application of ICG-doped liquid albumin solder to 
the Weld area. As it is the ICG that absorbs the laser light 
energy, the thickness of the applied solution is a critical factor 
in Weld success and repeatability. To date, this variable has 
not been controllable and the need for accurate and uniform 
albumin application persists. The albumin lamina of the 
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4 
present invention addresses this need by focusing on the 
preparation of thin albumin ?lms, providing for the applica 
tion of albumin of uniform and consistent thickness to a Weld 
site. 

Applications of energy to living tissue have the additional 
draWback of thermal damage to the lesion site under repair. 
The degree of damage varies according to the energy type and 
the amount applied, but can in some cases be substantial. In 
tissue coagulation, for example, the tissue is literally melted 
and then fused. An argon ion beam coagulator, used in this 
procedure, produces damage penetrating 3-4 mm into the 
tissue. While this repair technique seals the surface over an 
incision, super?cial injury is sustained by the organ paren 
chyma Well beyond the precise area of the incisive trauma. 
Such thermal damage also increases the risk of improper 
healing, spaWning ?stulae and other unWanted post-proce 
dural complications. While thermal damage is more limited 
in soldering, a need exists to further minimiZe and control 
damage to healthy tissue surrounding or adjacent to a lesion in 
a locus of repair. 
The present invention relates to the use of laser Welding 

techniques on liver, kidney and spleenisolid tissues that are 
notoriously dif?cult to repair With sutures. Applicant’s 
experimental efforts achieved rapid hemostasis of in vivo 
liver lacerations (10 cm long and 1 cm deep) and lobar resec 
tions (5 by 2 cm) in sWine. HoWever, an integral part of the 
success of the sWine experiments Was the use of the pig’s 
omentum as a Welding patch. A piece of the omentum Was 
harvested during the procedure and placed over albumin-ICG 
solder. The omentum Was then Welded to the liver. Due to its 
transparent nature, the omentum let nearly 100% of the laser 
energy pass through and a strong Weld occurred. The omen 
tum thus served successfully as a hemostatic patch, reinforc 
ing the albumin solder. 

Successes With pig omentum could not be translated 
directly to humans, hoWever. Native porcine omentum cannot 
be implanted in humans. On the other hand, human omentum 
is fatty and opaque, unlike the pig omentum. Therefore, rather 
than transmitting nearly all the laser energy, human omentum 
scatters a considerable amount, making it di?icult to Weld 
human omentum to tissue. 

SUMMARY OF THE INVENTION 

With this in mind, an albumin patch according to the 
present invention Was developed Which transmits 90% of 
incident laser energy. Being composed of albumin, the patch 
forms a strong bond With liquid albumin solder. Though not as 
strong a Weld as those using omentum, the patch provided 
signi?cant reinforcement to the Weld site. Using the albumin 
lamina material provides substantially greater Weld strength 
than solder alone. 
The present invention provides a denatured albumin 

lamina, useful for repairing lesions on solid visceral organs. 
The lamina comprises human serum albumin, formed into a 
thin, pliant sheet and denatured. The denatured lamina can be 
steriliZed and stored until used. As Well, it can be impregnated 
With a variety of bioagents. Its mechanical properties make it 
especially suitable for use in tissue Welding on solid visceral 
organs. 

In another aspect of the present invention, a method is 
provided for manufacturing the denatured albumin lamina. 
The method comprises placing a quantity of viscous albumin 
solution betWeen tWo nonporous sheets, then spreading the 
albumin solution betWeen the sheets to a selected and sub 
stantially uniform thickness. The albumin solution sandWich 
is thus formed is placed into a container, Which is then evacu 
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ated. The sandwich is then heated, by autoclaving or immer 
sion in a Water bath of at least 86° C. Denaturation of the 
entrapped albumin solution changes its state from a viscous 
liquid to a ?exible solid. 

Another aspect of the present invention is a method for 
using the albumin lamina according to the present invention 
to repair a lesion on a solid visceral organ. The method com 
prises Welding the albumin lamina over a lesion on a solid 
visceral organ. A laser solder is deployed beneath the lamina 
to Weld it to the organ surface. In alternative embodiments, 
the albumin lamina is produced With additives in the form of 
bio-active agents. 

Further details and advantages of the present invention Will 
be apparent from the folloWing detailed description, in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a physical representation of an albumin lamina 
according to the present invention. 

FIG. 2 is a scatter-plot of ultimate strength data for one 
embodiment of the lamina of FIG. 1. 

FIG. 3 is a scatter-plot of elasticity data for one embodi 
ment of the lamina of FIG. 1. 

FIG. 4 is a scatter-plot of ultimate strength data as a func 
tion of curing temperature, curing time and curing method in 
the manufacture of lamina according to one aspect of the 
present invention. 

FIG. 5 shoWs a method of making a denatured albumin 
lamina according to one embodiment of the invention. 

FIG. 6 shoWs a method of repairing a lesion to a solid 
visceral organ surface using a denatured albumin lamina 
according to one embodiment of the invention. 

DETAILED DESCRIPTION 

As used hereinafter, the terms “percent” and “%” refer to 
Weight per volume (gm/ 100 dl) unless otherWise noted. 

The albumin lamina of the present invention is made from 
FDA-approved human serum albumin. It is therefore com 
pletely biocompatible and biodegradable. Typically, other 
biomaterials (gelatin, collagen or elastin) are culled from 
animal sources. These materials engender attendant concerns 
about antigenicity, immune rejection and foreign body reac 
tions. Furthermore, transmission of animal viruses and dis 
eases is a concern. Use of human serum albumin substantially 

mitigates these concerns, as the protein sequence and struc 
ture vary little betWeen individuals. As Well, human serum 
albumin is amenable to steriliZation and obviates the risk of 
animal diseases crossing species barriers into humans. 
A typical lamina 10, shoWn in FIG. 1, is a ?lm having a 

predetermined thickness. The preferable thickness is 200 um, 
although the lamina can be manufactured to greater or lesser 
thicknesses in a range of 75 pm to greater than 300 pm. A 
denatured albumin lamina is clear, thin, ?exible and prefer 
ably of uniform thickness. It can be manipulated by hand 
easily and Without special care, due to its su?iciently high 
tensile strength and pliability. Although possessive of slight 
tackiness, it does not bond or stick to itself. 

The denaturation leaves the lamina stable in a variety of 
environments. The denatured albumin lamina Will not solu 
biliZe in Water or saline solution or after contact With tissue. 
The denatured albumin lamina of the present invention is also 
stable in air. The denatured lamina requires vacuum storage 
but maintains its pliancy for as long as approximately 15 
minutes on the benchtop. 
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6 
Several advantages are provided by the denatured albumin 

lamina patch in tissue Welding over the prior art. First, its 
relative insolubility enables the user to reposition the lamina 
after placement on a lesion site. In contrast to prior Welding 
patch materials, the denatured albumin lamina can be glided 
over the organ surface. Furthermore, the denatured lamina 
can be picked up for removal or repositioning. 

Second, the lamina results in a Welded albumin layer of 
uniform thickness because of its consistent dimensions. This 
uniformity eliminates Weak spots in the tissue Weld, caused 
by thin areas in the soldering or Welding materials. 

Third, the lamina can be impregnated With one or more 
bioactive agents, comprising pharmaceuticals, hormones, 
hemostatic agents, or other therapeutic agents. Spot-Welding 
the lamina to the lesion site avoids irradiation of the entirety 
of the lamina, preserving such compounds during the Welding 
process. Compounds can be selected Which are not damaged 
by the particular energy type used in the Welding method. 

Fourth, the denatured albumin lamina can be steriliZed by 
autoclaving or gamma irradiation. Because denaturation is 
desired, autoclaving can accomplish both the steriliZation and 
denaturation steps in the manufacture of the lamina. 
A study Was done of albumin lamina cured at 100° C. for 

30, 60,120, 200, 300, and 600 seconds in Which a dog bone die 
Was used to cut the albumin strips so that the failure point Was 
consistently in the middle of the sample, rather than at the 
clamps. Strips of approximately 2><1 cm Were pulled in a 
Chatillon Materials Tester. Ultimate strength Was calculated 
by dividing the cross-sectional area of the test strip into the 
force required to break the test strip. 

Ultimate strength results are shoWn in FIG. 2. The ultimate 
strengths Were recorded along With the exact Width and thick 
ness of each sample. The ultimate strength Was calculated by 
dividing the force required to break the sample by the cross 
sectional area (Width><thickness). 

Ultimate strength is seen in FIG. 2 to increase almost 
linearly up until 200 seconds, after Which strengths vary only 
trivially. The data indicate that there may be a strength 
increase in the sheet, if it is cured at temperatures exceeding 
95° C. 

FIG. 3 shoWs the elasticity of albumin strips denatured at 
100° C.Young’s modulus of elasticity Was calculated for each 
sample by a linear ?t of stress/ strain data for strains ranging 
from 0 to 0.1. For denatured albumin strips cured at 100° C., 
the stiffness (Young’s modulus) increases With increasing 
curing time, With the most increase occurring in the ?rst 200 
seconds. 

FIG. 4 shoWs the ultimate strengths in kilopascals for albu 
min strips denatured by heat bath immersion at 85° C., 90° C. 
and 95° C. As Well, the effects Were assessed of heating by 
autoclaving at 110° C., With and Without a brief (15-30 sec 
ond) heat bath immersion prior to autoclaving. 

There is an increase in strength in the 600 second data over 
the shorter cure times. HoWever, there is no signi?cant change 
in strength betWeen 15 second and 60 second curing times. 
Moreover, there is no signi?cant difference in strength 
betWeen the three different temperatures tested. 

Elasticity Was also in?uenced by boiling time. Boiling for 
periods beyond 200 seconds had only a minor impact on 
lamina elasticity. 

Overall, temperatures of at least 90° C. are needed to 
achieve strips With an acceptable ultimate strength. Only a 
marginal increase in both ultimate strength and elasticity Was 
imparted by boiling in excess of 200 seconds. 
The denatured albumin lamina of the present invention has 

varied applications. It can be employed as a substrate for 
temporary external integument replacement in burn treatment 
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or other areas of extensive tissue loss. In this use, the capacity 
of the lamina to be impregnated With antibiotics or other 
bioagents is particularly bene?cial. Alternatively, the lamina 
may be manufactured With substantial structure in all three 
dimensions. A lamina so cast is useful as a scaffolding, for 
example, in the tissue-engineering of organs. 

To make denatured albumin lamina according to the 
present invention, a liquid albumin solution of approximately 
53% to 57% is utiliZed. In a preferred embodiment, the albu 
min solution is concentrated to 53-55%. 

FIG. 5 shoWs a method of making denatured albumin 
lamina. In a ?rst step 500, the concentrated albumin 52 is 
placed betWeen tWo nonporous sheets 51, e.g., the main pan 
els of a Kapak bag plastic. Typically, approximately 1 cc of 
albumin solution is placed betWeen the edges of the tWo 
aligned plastic sheets. These sheets are then placed in another 
Kapak bag 55 (not shoWn in steps 510 and 520 for clarity) and 
the entire unit rolled 510 through a rolling mill 53, forWard 
and backward, to spread the albumin evenly 520 and to a 
uniform thickness 52. The roller 54 height can be calibrated 
using knoWn thickness of materials placed betWeen the roll 
ers. After rolling, the outer bag is evacuated 530, i.e., With a 
vacuum pump/trap 56, and the open edge heat-sealed (not 
shoWn). 
At this point, the entire package is placed 540 in a hot Water 

bath 57 of controlled temperature to denature the albumin. 
During the heating step, the albumin protein is denatured. It is 
believed that the molecules interact and form a polymer upon 
cooling. 

Alternatively, sheets are cured at 90° C. for 15 seconds and 
then autoclaved at 110° C. for 10 minutes. In yet another 
embodiment, albumin lamina is denatured by autoclaving 
only. 

The factors most greatly impacting the properties of the 
resultant denatured albumin lamina are serum albumin solu 

tion concentration (50-57%), curing temperature (86-120o 
C.), curing time (15 seconds to 10 minutes) and curing pres 
sure (1-3 atm). 
The denatured albumin lamina are typically double-pack 

aged and stored to prevent dehydration and maintain pliancy. 
While so stored, the lamina can be gamma-irradiated (25-35 
Gy) to steriliZe the biomaterial and container. 
A method of using the denatured albumin lamina of the 

present invention in the repair of lesions on solid visceral 
organs is herein disclosed. Ef?cacy has been assessed directly 
in benchtop experiments. 
As illustrated in FIG. 6, a lesion 60 on a solid visceral organ 

can be repaired using the denatured albumin lamina of the 
present invention. The repair begins With the application to 
the lesion site of a quantity of an energy-absorbing material 
62. One such material is liquid albumin solution (solder) 
doped With a chromophore. In a preferred embodiment, sol 
der of 53% to 55% albumin is used, further containing ICG at 
a concentration of approximately 0.1 mg/ml. 

The lesion site is then irradiated 620 With energy 64 from 
an energy source 66. Because the solder is energy-absorbing, 
it denatures. Surface tissue in contact With the solder also 
heats and denatures. With su?icient energy irradiation, fusion 
of sinusoids results in substantial hemostasis at the lesion site. 
In in vivo applications, this step serves to achieve substantial 
hemostasis at the lesion site. While hemostasis is not neces 
sary for the subsequent laminar Welding With high strength, 
hemostasis is a desired consequence of the lesion repair. 
Blood loss is thereby further minimiZed and the lesion more 
e?icaciously treated. 
A denatured albumin lamina 68 according to the present 

invention is then placed 630 over the Welded energy-absorb 
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8 
ing material 62 on the lesion site 60. Alternatively, the lamina 
is ?rst trimmed to roughly conform to the particular dimen 
sions of the lesion. 
The lesion site is then again irradiated 640 With energy 64 

from an energy source 66. The lamina, being transparent to 
the laser light at the chosen Wavelength, absorbs little light 
energy and hence heats minimally as compared to the solder. 
The energy-absorbing material beneath the lamina absorbs 
energy and heats, conducting heat to the lamina. With su?i 
cient energy irradiation, the albumin solder and the denatured 
albumin lamina are denatured at the protein level. It is 
believed that the albumin molecules intertWine With one 
another and With tissue. Upon cooling, the lesion site is Weld 
sealed, Wherein the denatured albumin lamina and the lesion 
site are Welded together. 

In the benchtop experiments, lacerating lesions Were made 
to the surface of a porcine liver. Reinforcement by an albumin 
lamina gives hepatic lesion repairs a measured continuity and 
prevents accidental de-lamination of the soldered albumin 
from the liver. The albumin lamina also increases the Welded 
surface area, holding the lacerated edges together much like 
an integumentary bandage across cut skin edges. 

In a preferred embodiment, the lesion site is irradiated 620 
With energy 64 after the deposition 610 of solder 62 and 
before the placement thereon 630 of the denatured albumin 
lamina 68. 

In liver surgery, rapid hemostasis in presence of coagula 
tion failure may be necessary. Hepatic lesion repair, per 
formed according to a less preferred embodiment of the cur 
rent method, achieved complete hemostasis at a rate of about 
9.4 sec/cm2. This modality effectively seals the liver surface 
and joins lacerations With minimal thermal injury. Further, 
the present method Works independently of the patient’s 
coagulation status. 

FEATURES AND BENEFITS 

The successful treatment of lesions using denatured albu 
min lamina and a laser offers a neW modality of treatment of 
lesions in the liver and other solid visceral organs of humans. 
Conventional suture repair of the liver is strongly in?uenced 
by the skill of the surgeon. In contrast, the loW pressure portal 
vein and hepatic vein make the liver suitable for tissue Weld 
ing. It is relatively simple to repair an injured liver effectively 
using the present invention, primarily because of the visual 
change in the albumin solder as it is irradiated. This alloWs 
one to recogniZe When a suf?cient number of laser pulses 
have been delivered. 
One draWback to tissue Welding is that a dry operating ?eld 

is needed, necessitating Pringle’s maneuver perform the pro 
cedure. Therefore, for grade IV and V liver trauma repair, 
total hepatic isolation may be required. The ten minutes 
required to complete a laser repair of the liver is Well Within 
ischemic time tolerated by the liver. The time required for 
tissue Welding is comparable to suture repair. This time can be 
shortened by using larger laser spot siZes With correspond 
ingly higher laser pulse energies. Another advantage of laser 
soldering is that the 800 nm laser energy is selectively 
absorbed by ICG dye; accidental misdirection of the laser 
beam at the energy levels used had no effect on the surround 
ing viscera. More rapid repairs may be dictated by those 
patients presenting With other critical injuries; i.e., extensive 
trauma or injuries to numerous body sites. 
A bene?t of the present invention is its mitigation of col 

lateral damage in?icted upon the tissue during repair. The 
damage sustained by the liver in the above examples Was 
signi?cantly less for tissue Weld repairs (typically 0.5-1.0 



US RE43,134 E 
9 

mm) than the 1 cm ischemic region seen in the conventional 
suture repair. During tissue Welding, thermal damage is con 
?ned primarily to the albumin on the surface, With some 
heating of the surface of the liver caused by heat conduction. 
This depth of damage is about an order of magnitude smaller 
than that of other techniques that rely on thermal coagulation 
of parenchyma to achieve hemostasis (e.g., electrocoagula 
tion, argon ion beam coagulation, and focused ultrasound). 
Even suture repair is accompanied by a signi?cant layer of 
ischemic parenchyma that may eventually become necrotic 
With attendant complications. 

The denatured albumin lamina are stable and retain their 
transparent quality even When heated to the high temperatures 
of 80° C. to 120° C. that are required for laser Welding. The 
lamina needs to be energy-transparent at these temperatures 
so that the laser light reaches the albumin-ICG solder inter 
face unrestricted. Collagen and other protein scaffold mate 
rials denature at 60° C. They also cloud over and restrict laser 
light penetration. Small intestinal submucosa, peritoneum 
and pericardiumiall transparent collagen biomaterialsi 
curl, shrink and coagulate When used in tissue Welding. 

Tissue Welding can reduce the morbidity and mortality 
associated With bleeding, biliary leakage, and sepsis folloW 
ing liver surgery. The direct resection of invading tumors, 
primary hepatomas or other neoplasms buried deep Within the 
parenchyma is therefore feasible. This resection is possible 
because the remaining raW organ surfaces could be Welded 
With the albumin patch according to the present invention. 
Further, major hepatic resection for trauma or malignancy 
need no longer be done along anatomical planes. Patch Weld 
ing enables resection of damaged or diseased liver along 
non-anatomical planes, thereby simplifying surgery and pre 
serving hepatic parenchyma. Finally, patch Welding can be 
translated Without undue experimentation to the repair of 
other solid visceral organs such as the spleen and kidney. 

Because it does not use endogenous coagulation pathWays 
for hemostasis the method of organ repair according to the 
present invention holds promise for repair of solid visceral 
organ trauma even in the presence of coagulation failure or 
heparin. Experimental animals Were given a single dose of 
heparin to imitate the coagulopathy that is usually seen in 
liver trauma. 

Tissue Welding is safe, quick and reliable in the presence of 
heparin. Repairs of porcine liver injuries using a method 
according to the present invention Were straight-forWard and 
resulted in small volumes of parenchymal damage. This tech 
nique can potentially reduce the morbidity and mortality 
associated With liver trauma and injury. 

The lesion repair method of the present invention can be 
performed in conventional open surgical procedures, i.e. 
Where access to internal body tissues and/or organs is 
achieved through a relatively large percutaneous surgical 
incision permitting laminar placement and exposure of the 
tissue/ lamina to energy. The albumin lamina of the present 
invention can thus be introduced by the surgeon While directly 
vieWing the target region and manipulating the lamina 
through the incision. Alternatively, the method of the present 
invention for Welding tissue can be performed via less inva 
sive surgical events, e.g., by laparoscopy, thoracoscopy, 
arthroscopy, or the like. Such procedures typically rely on 
creating small percutaneous penetrations and accessing the 
target region through cannulas placed Within such penetra 
tions. The target region is vieWed through an associated vieW 
ing scope. In both open surgical procedures and less invasive 
procedures, the lamina Will typically be trimmed to desired 
dimensions and con?guration prior to placement on the tis 
sue. 
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A person skilled in the art Will be able to practice the 

present invention in vieW of the present description, Where 
numerous details have been set forth in order to provide a 
more thorough understanding of the invention. In other 
instances, Well-knoWn features have not been described in 
detail in order not to obscure unnecessarily the invention. 

Having described and illustrated the principles of the 
invention in a preferred embodiment thereof, it should be 
apparent that the invention can be modi?ed in arrangement 
and detail Without departing from such principles. All modi 
?cations and variations are claimed Which come Within the 
spirit and scope of the folloWing claims. 

What is claimed is: 
1. A method of repairing a lesion on a solid visceral organ, 

comprising: 
applying an energy-absorbing proteinaceous solder mate 

rial to a lesion site on the solid visceral organ lesion; 
irradiating the proteinaceous material With energy su?i 

cient to fuse the energy-absorbing material at least par 
tially to the lesion site; 

applying a sca?‘old comprising a biocompatible denatured 
albumin lamina onto the proteinaceous material on the 
lesion site; and 

subsequent to applying the biocompatible denatured albu 
min lamina onto the proteinaceous material, irradiating 
the biocompatible denatured albumin lamina and the 
proteinaceous material With energy su?icient to fuse the 
biocompatible denatured albumin lamina to the pro 
teinaceous material [and&or] and/or the lesion site. 

2. The method of claim 1, Wherein the biocompatible albu 
min lamina is irradiated suf?ciently to reduce hemorrhage at 
the lesion site by at least 50%. 

3. The method of claim 1, Wherein the biocompatible dena 
tured albumin lamina has an albumin concentration of [about] 
above 50% to [58%] 57%prior to being manufactured into a 
denatured albumin lamina. 

4. The method of claim 1, further comprising: 
clamping off blood supply to the lesion site of the solid 

visceral organ. 
5. The method of claim 1, Wherein the proteinaceous solder 

material is ?uidic and is applied to a thickness of 100-1000 
pm. 

6. The method of claim 1, Wherein the energy-absorbing 
material comprises a chromophore and the energy is light 
energy of a Wavelength absorbed by the chromophore to fuse 
the biocompatible albumin lamina to the lesion site. 

7. The method of claim 6, Wherein the biocompatible albu 
min lamina is translucent to light energy. 

8. The method of claim 5, Wherein the proteinaceous mate 
rial is ?uidic and is applied to a thickness of 100-250 pm. 

9. The method of claim 1 Wherein the biocompatible dena 
tured albumin [la] lamina contains suf?cient Water content to 
be pliable and has a thickness in a range of 75 um to 300 um. 

10. The method of claim 8 Wherein the albumin lamina has 
a thickness of about 250 um. 

11. The method of claim 1 Wherein the albumin lamina has 
a tensile strength of at least about 625 kPa. 

12. The method of claim 1 Wherein the albumin lamina has 
an elasticity of about 1700 kPa to 4000 kPa. 

13. The method of claim 1 Wherein the albumin lamina 
contains a chromophore. 

14. The method of claim 6 Wherein the chromophore is 
indocyanine green. 

15. The method of claim 1 Wherein the albumin lamina 
contains at least one biologically active agent. 
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16. The method of claim 1, wherein the biocompatible 
albumin lamina is irradiated suf?ciently to reduce hemor 
rhage at the lesion site by 50-90%. 

17. The method of claim 1, Wherein the biocompatible 
denatured albumin lamina comprises human serum albumin 
formed into a thin, pliant sheet prior to being manufactured 
into a denatured albumin lamina. 

12 
18. The method of claim 3, wherein the biocompatible 

denatured albumin lamina has an albumin concentration in 
the rangefrom 53% to 55%prior to being manufactured into 
a denatured albumin lamina. 


