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(57) ABSTRACT 

A Surgical or wound closure device utilizes a slide fastener for 
rapidly closing a Surgical incision or wound with precise 
apposition of the sides of the incision. The Surgical closure 
devices are configured for linear incisions, shaped incisions, 
Such as used for wedge biopsy or excisional biopsy, and long 
incisions, such as used for laparotomy or Surgical removal of 
redundant skin. The Surgical closure device may be adhered 
to the patient’s skin prior to making an incision and is Subse 
quently used for closing the incision. 
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RAPID CLOSING SURGICAL CLOSURE 
DEVICE 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/851,059 (Attorney Docket No. 
35383-706.501), filed Sep. 11, 2015, which is a continuation 
in-part of U.S. patent application Ser. No. 13/414, 176 (Attor 
ney Docket No. 35383-706.301), filed Mar. 7, 2012, which is 
a continuation of PCT Application No. PCT/US2010/000430 
(Attorney Docket No. 35383-706.601), filed May 3, 2010, 
which claims the benefit of Provisional Application 61/243, 
423 (Attorney Docket No. 35383-706.101), filed Sep. 17, 
2009, the contents of which are incorporated herein by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to surgical 
closure devices and, more particularly, to devices for rapidly 
closing a Surgical incision with precise apposition of the sides 
of the incision. Additional features provide for injection of 
anesthetics or other drugs into or around the Surgical site, 
drainage of the Surgical site, cutting guides for specially 
shaped incisions and controllable compression of the apposed 
edges for improved healing. 
0004 2. Description of the Background Art 
0005. A number of previous inventors have proposed sur 
gical closure devices that utilize slide fasteners and the like 
for rapid closure of surgical incisions or wounds. Examples of 
these devices include: 
0006 De Muth U.S. Pat. No. 2,012,755 Surgical Dressing 
0007. Howell U.S. Pat. No. 3,516,409 Slide fastener 
employing skin closure appliances and techniques 
0008 Haverstock U.S. Pat. No. 3,863,640 Bandage con 
struction 
0009 Haverstock U.S. Pat. No. 3,933,158 Skin closure 
CaS 

0010 Haverstock U.S. Pat. No. 4,114,624 Skin closure 
CaS 

0011. Sheehan U.S. Pat. No. 4,535,772 Skin closure 
device 
0012 Fukuda U.S. Pat. No. 4,676,245 Interlocking surgi 
cal staple assembly 
0013 Kaessmann U.S. Pat. No. 4,881,546 Wound-closure 
device and method 
0014 Will U.S. Pat. No. 4,905,694 Intracorporeal tempo 
rary wound closure 
0015. An Haack U.S. Pat. No. 5,377,695 Wound-closing 
strip 
0016 One slide fastener-type surgical closure device that 
has been commercialized is the ETHIZIP Temporary 
Abdominal WoundClosure Device from the Ethicon division 
of Johnson & Johnson. According to the instructions for use, 
the ETHIZIP device must first be sewn into the fascia and 
peritoneum with sutures before the metal slider is used to join 
the two sides of the slide fastener together, therefore it is not 
suitable as a rapid closure device. The ETHIZIP device is also 
not configured to be placed on the skin or other tissue prior to 
making an incision. Currently, Surgical Staples are usually 
employed when rapid closure of a Surgical incision is desired. 
Although they are fast and convenient for the Surgeon, Surgi 
cal Staples do not provide precise apposition of the sides of the 
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incision and the compression is excessive, and unevenly dis 
tributed, which encourages Scarformation. The staples them 
selves create local ischemia that causes extra Scarring, in 
addition to the scar from the incision. 
0017 What is needed therefore, is a surgical closure 
device for rapidly closing a Surgical incision with precise 
apposition of the sides of the incision and with controllable, 
uniform compression of the apposed edges for improved 
healing. 
0018. In addition, it is desirable to provide for injection of 
drugs, for example anesthetics for pain control, into the 
wound or the Surrounding tissue over a period of hours, days 
or longer. 

SUMMARY OF THE INVENTION 

0019. In keeping with the foregoing discussion, the 
present invention takes the form of a Surgical closure device 
or wound closure device that utilizes a slide fastener for rapid 
closure of a Surgical incision or wound. In one particularly 
preferred method of use, the Surgical closure device is 
adhered to the patient’s skin prior to making an incision and 
is Subsequently used for closing the incision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The advantages of the technology described above, 
together with further advantages, may be better understood 
by referring to the following description taken in conjunction 
with the accompanying drawings. The drawings are not nec 
essarily to scale, emphasis instead generally being placed 
upon illustrating the principles of the technology. 
0021 FIG. 1 is a perspective drawing of the surgical clo 
Sure device being applied to a patient's skin. 
0022 FIG. 2 shows the surgical closure device being used 
as a guide for making an incision in the patient’s skin. 
0023 FIG. 3 shows the surgical closure device in an open 
position for access to the Surgical incision. 
0024 FIG. 4 is a perspective view from the underside of 
the Surgical closure device showing insertion of a drug injec 
tion manifold. 
(0025 FIG. 5 is a perspective view from the upper side of 
the Surgical closure device with the drug injection manifold in 
place. The binder and the first adhesion patch have been 
removed from the drawing to better show the drug injection 
manifold. 
0026 FIG. 6 is an end view showing the cross-sectional 
details of the Surgical closure device. 
0027 FIG. 7 is a perspective drawing of a surgical closure 
device with a removable appendage with a rail extension to 
park the binder during the Surgical procedure. 
0028 FIG. 8 is a perspective view from the underside of 
the surgical closure device of FIG. 7 showing the removable 
appendage. 
0029 FIG. 9 is a perspective drawing of a one-piece sur 
gical closure device with dual binders and rail extensions. 
0030 FIG. 10 is a perspective view from the underside of 
the surgical closure device of FIG. 9 showing construction 
details of the ends of the device. 
0031 FIG. 11 shows insertion of a drug injection manifold 
into the surgical closure device of FIG. 9. 
0032 FIG. 12 shows the surgical closure device of FIG.9 
with the dual binders closing around the drug injection mani 
fold. 
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0033 FIG. 13 shows the surgical closure device of FIG.9 
after removal of the rail extensions. 
0034 FIG. 14 is a perspective view from the underside of 
the surgical closure device of FIG. 9 showing an optional 
feature of utility capillaries. 
0035 FIG. 15 shows another embodiment of the surgical 
closure device. 
0036 FIG. 16 is a perspective drawing of a surgical clo 
Sure device for making a shaped incision in a patient's skin. 
0037 FIG. 17 shows the surgical closure device of FIG. 16 
with the shaped insert removed. 
0038 FIG. 18 shows the surgical closure device of FIG. 16 
with the binder being applied. 
0039 FIG. 19 shows the surgical closure device of FIG. 16 
in a closed position. 
0040 FIG. 20 shows another embodiment of a surgical 
closure device for making a shaped incision in a patients 
skin. 
0041 FIG. 21 shows a wire form for the surgical closure 
device of FIG. 20. 
0.042 FIG. 22 shows a cross section of the rails of the 
surgical closure device of FIG. 20. 
0.043 FIG. 23 shows a cross section of the rails of the 
surgical closure device of FIG. 20 with the wire form and 
binder in place. 
0044 FIG.24 shows the surgical closure device of FIG. 20 
in an open position. 
004.5 FIG.25 shows the surgical closure device of FIG. 20 
in a closed position. 
0046 FIG. 26 is a schematic drawing of a surgical closure 
device for applying a continuous closing force to promote 
healing of a large skin incision. 
0047 FIGS. 27A, 27B and 27C show various configura 
tions of tension members for use with the Surgical closure 
device of FIG. 26. 
0048 FIG.28 shows a surgical closure device for applying 
a unidirectional closing force. 
0049 FIG.29 shows a surgical closure device for applying 
a radial closing force. 
0050 FIG.30 shows a surgical closure device with tension 
members in a random or ad hoc configuration. 
0051 FIG. 31 shows a surgical closure device that allows 
application of the tension members in any desired pattern. 
0052 FIG.32 is a detail drawing of one embodiment of the 
surgical closure device of FIG. 31. 
0053 FIG.33 is a detail drawing of another embodiment 
of the surgical closure device of FIG. 31. 
0054 FIG. 34 shows a surgical closure device that uses 
independent strap patches for attachment of the tension mem 
bers. 
0055 FIG. 35 shows three of the surgical closure devices 
of FIG. 34 applied to a patient. 
0056 FIG. 36 shows a tension member that utilizes a 
constant force spring and an anchor member. 
0057 FIG. 37 shows a tension member with the constant 
force spring retracted. 
0.058 FIG.38 shows a tension member with the constant 
force spring extended. 
0059 FIG. 39 shows a multidirectional tension device that 

utilizes a spring reel. 
0060 FIGS. 40A, 40B and 40C illustrate a surgical clo 
Sure device configured for applying adjustable compression 
to an incision, shown in cross section. 
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0061 FIG. 41 illustrates a surgical closure device where 
the first and second adhesion patches separate completely 
when in an open position. 
0062 FIG. 42 illustrates a surgical closure device where 
the first and second adhesion patches are permanently 
attached at both ends. 
0063 FIG. 43 illustrates a surgical closure device with a 
binder having a Y-shaped end to facilitate closure of the 
device. 
0064 FIG. 44 illustrates a surgical closure device with a 
binder configured for sequential closure of the device. 
0065 FIG. 45 illustrates a surgical closure device with a 

first and second binder configured for sequential closure of 
the device. 
0.066 FIG. 46 is a cross section of a surgical closure device 
with a binder having a middle ridge for precise spacing of the 
first and second rails. 
0067 FIG. 47 is a cross section of a surgical closure device 
with a binder having a first and a second channel for applying 
adjustable compression to an incision. 
0068 FIG. 48 is a cross section of a surgical closure device 
with a binder integrated into one of the adhesion patches. 
0069 FIG. 49 is a perspective view of the underside of a 
Surgical closure device having first, second and third drug 
injection manifolds. 
0070 FIG.50 is an assembly drawing of a surgical closure 
device that uses compression to apply a continuous closing 
force to help promote closure and healing of the incision. 
(0071 FIG. 51 shows the adhesive patch of the surgical 
closure device of FIG. 50. 
0072 FIG. 52 shows an enlarged view of the expansion 
cells of the surgical closure device of FIG. 50. 
(0073 FIG. 53 is a cutaway view showing one half of the 
surgical closure device of FIG. 50. 
0074 FIG. 54 is a cutaway view of the surgical closure 
device of FIG. 50 with the retainer lifted off the device. 
(0075 FIG. 55 is a perspective view of a dome-shaped 
Surgical closure device. 
(0076 FIGS. 56 and 57 show top and bottom exploded 
views of a Surgical closure device with a skin cutting device. 
0077 FIG. 58 is an assembly drawing of the surgical clo 
sure device with a skin cutting device shown in FIGS. 56 and 
57. 

(0078 FIG. 59 is a perspective view of a surgical closure 
device with segmented rails. 
007.9 FIG. 60 is an enlarged view of the segmented rails in 
the surgical closure device of FIG. 59. 
0080 FIG. 61 is a perspective view of a surgical closure 
device with lateral slots in the adhesion patch. 
I0081 FIGS. 62, 63, 64, and 65 illustrate a surgical closure 
device for making and closing a shaped incision in the 
patient’s skin. 
0082 FIGS. 66A, 66B, 66C, and 66D show incision lines 
that are frequently used in Surgical removal of redundant skin 
following Successful bariatric Surgery. 
0.083 FIGS. 67, 68, 69, 70, 71, and 72 illustrate an 
embodiment of a Surgical closure device configured for clos 
ing a large incision in a patient's skin. 
0084 FIGS. 73A, 73B, 73C, 73D, and 73E illustrate a 
Surgical closure device with alignment cords to assist in 
approximating the first rail and the second rail. 
I0085 FIG. 74 is an enlarged view of the surgical closure 
device of FIGS. 73A-73E in a closed position. 
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0.086 FIGS. 75, 76, 77, 78, 79, and 80 illustrate a low 
profile Surgical closure device using a C-shaped binder. 
0087 FIGS. 81, 82, 83, 84, 85, and 86 illustrate another 
low-profile Surgical closure device using a fork-shaped 
binder. 
0088 FIG. 87 illustrates an incision template for use with 
the surgical closure device of FIGS. 81-86. 
I0089 FIG. 88 illustrates a fork-shaped binder with an 
inwardly convex curvature to the tines. 
0090 FIG. 89 illustrates a fork-shaped binder for holding 
a Surgical closure device in a partially open position. 
0091 FIG.90 illustrates a fork-shaped binder configured 
to lift the tissue adjacent to the incision when the Surgical 
closure device is in a closed position. 
0092 FIG.91 illustrates an adhesive protective cover with 
a tent-like structure that can be applied along the incision line 
to raise the tissue adjacent to the incision. 
0093 FIGS. 92,93, and 94 illustrate a surgical closure 
device with two fork-shaped binders that are inserted from 
opposite ends of the sleeves to hold the Surgical closure 
device in a closed position. 
0094 FIGS. 95-96 illustrate the surgical closure device of 
FIGS. 81-86 with a drug injection manifold. 
0095 FIG. 97 illustrates a drug injection manifold with 
drug injection needles or catheters that are curved alternately 
to the left and right. 
0096 FIGS. 98-99 illustrate animpermeable or hydropho 
bic protective cover that is applied over the Surgical closure 
device. 
0097 FIGS. 100, 101, 102, 103,104, and 105 illustrate a 
Surgical closure device for making and closing a shaped inci 
sion in the patient’s skin, Such as a wedge biopsy incision. 
0098 FIGS. 106-107 illustrate a low-profile surgical clo 
Sure device having an internal binder. 
0099 FIGS. 108-109 illustrate an elongated surgical clo 
Sure device that uses modular fork-shaped binders to close an 
elongated incision. 
0100 FIGS. 110A, 110B, 110C, 110D, 110E, and 110F 
illustrate a closure device having drug injection manifolds. 
0101 FIGS. 111A, 111B, 111C, 111D, 111E, 111F, 111G, 
and 111H illustrate a method of using the closure device of 
FIGS 110A-110F. 

DETAILED DESCRIPTION OF THE INVENTION 

0102 FIG. 1 is a perspective drawing of a surgical closure 
device 100 according to the present invention being applied to 
a patient’s skin. Generally, the surgical closure device 100 
includes a first adhesion patch 102, a second adhesion patch 
104 and a binder 106 that is configured to hold the first and 
second adhesion patch 102, 104 together as shown. The first 
adhesion patch 102 and the second adhesion patch 104 are 
generally planar and are preferably constructed of a flexible 
elastomeric material that is biocompatible for skin contact. 
Suitable materials include, but are not limited to, natural 
rubber, polyurethane, silicone, etc. Optionally, the first and 
second adhesion patch 102, 104 may be reinforced with 
fibers, a mesh or a woven or knitted textile fabric. 
0103 Optionally, the first and second adhesion patch 102, 
104 may have pores, slits, mesh or openings through them to 
ventilate the patient’s skin below the closure device 100. The 
skin contacting Surfaces of the first adhesion patch 102 and 
the second adhesion patch 104 have a medically acceptable 
skin adhesive 120 applied to them, preferably a contact adhe 
sive that prior to use would be covered with a peel-away 
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protective film. Alternatively or in addition, the first adhesion 
patch 102 and the second adhesion patch 104 may be glued 
with an adhesive applied to the device and/or the skin (e.g. a 
medically acceptable cyanoacrylate adhesive), Sutured or 
Stapled to the skin. 
0104. In use, the first adhesion patch 102 and the second 
adhesion patch 104 are arranged side-by-side with one 
another and, as shown in detail in FIG. 6, the adjacent edges 
are provided with a first rail 112 and a second rail 114, 
respectively. The binder 106 includes a main channel 122 that 
is sized to it over the first rail 112 and the second rail 114 with 
a snug sliding fit. Preferably, the geometry of the first and 
second rail 112, 114 will provide a first and second undercut 
132, 134 for the inside edges 136, 138 of the main channel 
122 to interlock with. This can be accomplished with many 
different geometries such as the example shown where the 
first rail 112 and the second rail 114 are configured as half 
cylinders that fit together to form a complete cylinder when 
joined together along a central parting line 124. Optionally, 
the first adhesion patch 102 and the second adhesion patch 
104 may also include a first supplemental rail 116 and a 
second supplemental rail 118, respectively, and the binder 
may include a first Supplemental channel 126 and a second 
supplemental channel 128 that fit over the rails 116, 118 to 
provide additional attachment strength and stability to the 
surgical closure device 100 when in a closed position. Pref 
erably, the first supplemental rail 116 and the second supple 
mental rail 118 also provide undercuts for the first supple 
mental channel 126 and the second supplemental channel 128 
to interlock with. Optionally, the first supplemental rail 116 
and the second Supplemental rail 118 may also be configured 
as cylinders, as in the example shown. The rails 112,116,114, 
118 are preferably molded of a polymer material, for example 
by casting, injection molding or extrusion, and may be 
formed integrally with the first and second adhesion patch 
102, 104, respectively. Alternatively, the rails 112, 116, 114, 
118 may be overmolded with or assembled onto the first and 
second adhesion patch 102, 104. Optionally, one or more of 
the rails 112, 116, 114, 118 may be reinforced, for example 
with reinforcing wires that run longitudinally through the 
rails. 

0105. The binder 106 will preferably be molded of a poly 
mer material, for example by casting, injection molding or 
extrusion. Suitable materials for making the binder 106 
include, but are not limited to, polyurethane, nylon, polypro 
pylene, polycarbonate, etc. The binder 106 will have enough 
circumferential strength in the wall of the main channel 122 to 
hold the first rail 112 and the second rail 114 firmly together 
when the surgical closure device 100 is in the closed position. 
Optionally, the binder 106 may be reinforced longitudinally 
or circumferentially around one or more of the channels. 
Preferably, the polymer material will have a low enough 
coefficient of friction that the binder 106 will slide easily over 
the rails 112, 114, 116, 118. 
0106 The overall dimensions of the surgical closure 
device 100 will depend on the surgical application, but, in 
general, the first and second adhesion patch 102, 104 should 
have a length slightly longer than the length of the desired 
incision. Preferably, the binder 106 will also have a length 
slightly longer than the length of the desired incision. This is 
desirable because it provides a very secure closure along the 
entire length of the incision, particularly as compared to prior 
art devices that only use a small slider device to join the sides 
of a slide fastener together. FIG. 1 shows an embodiment 
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where the binder 106 is approximately the same length as the 
first and second adhesion patch 102, 104, which is one 
optional configuration. 

0107 The surgical closure device 100 is adhered onto the 
patient’s skin at the desired incision site with the closure 
device 100 in a closed position prior to making as incision, as 
shown in FIG. 1, which assures that the sides of the incision 
will be precisely apposed or aligned with one another when 
the closure device 100 is closed again after the surgery. The 
binder 106 and the first and second adhesion patch 102, 104 
may be constructed with corresponding notches 146 and 
detents 144 to further assure that the sides of the incision will 
be precisely apposed when the closure device 100 is reclosed. 
Alternatively or in addition, similar notches and detents may 
be provided between the first and second adhesion patch 102. 
104 to assure that they align correctly whenever the closure 
device 100 is closed. 

0108 FIG. 2 shows the surgical closure device 100 being 
used as a guide for making an incision in the patient’s skin. 
Alternatively or in addition, the surgical closure device 100 
being used as a guide for opening and/or treating the incision 
with coagulation or electrocautery. Optionally, the first rail 
112 and/or the second rail 114 is constructed with a guide slot 
140 along the parting line 124 for accepting a scalpel blade 
144 or the like for making a skin incision. The length of the 
guide slot 140 can serve as an indication of the appropriate 
length of the incision for the closure device 100 that is being 
used. Optionally, the binder 106 may be constructed with a 
slot or notch 142 on one or both ends that aligns the scalpel 
blade 144 with the guide slot 140 between the rails 112, 114 
for making the incision. The skin incision is made simulta 
neously as the binder 106 is being slid off of the rails 112, 114 
with the notch 142 helping to hold the scalpel blade 144 at the 
correct depth and angle for making the skin incision. This has 
the additional advantage that the binder 106 prevents the 
incision from being pulled open by tension on the skin, which 
otherwise could cause the skin to tear or the incision to wan 
der. Alternatively, a scalpel blade 144 can be mounted on a 
special blade holder device that is configured to slide along 
the rails 112, 114 with the scalpel blade 144 at the correct 
depth and angle for making the skin incision. Otherwise, the 
incision can be made after the binder 106 has been slid off of 
the rails 112, 114. FIG. 3 shows the surgical closure device 
100 in an open position for access to the Surgical incision. 
Once the initial skin incision is made, the fascia and muscular 
layers below the skin can be cut using known techniques to 
provide Surgical access as appropriate for the Surgical proce 
dure being performed. The first adhesion patch 102 and the 
second adhesion patch 104 and the tissue below them can be 
separated using standard Surgical retractors to open the inci 
sion for surgical access. The strength of the adhesive 120 and 
the flexibility of the first and second adhesion patch 102, 104 
help to keep the device 100 adhered to the skin during these 
Surgical manipulations. 
0109. After the surgical procedure has been completed 
and deepertissues have been attached or closed using Sutures, 
Staples, glue or other appropriate means, the first adhesion 
patch 102 and the second adhesion patch 104 are brought 
closer together to approximate the sides of the incision. In 
many cases, it will be preferable to approximate the sides of 
the incision with precisely the same alignment and position as 
before the incision was made. Then, the first rail 12 and the 
second rail 114 are aligned and the binder 106 is slid over 
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them to close the surgical closure device 100 with the sides of 
the incision precisely apposed to one another, similar to what 
is shown in FIG. 1. 

0110. The basic method of use can be summarized as 
follows: (1) adhere the surgical closure device 100 to the skin 
in the closed position; (2) remove the binder 6 and make the 
incision; (3) open the incision and perform the Surgical pro 
cedure; and (4) slide the binder 6 onto the closure device 100 
to close the incision. Variations of this method utilizing 
optional features of the surgical closure device 100 are 
described below. In some embodiments, the method of use 
may further comprise the delivery of drug(s) or other thera 
peutic agents through the Surgical closure device 100 as 
described below. 

0111 FIG. 4 is a perspective view from the underside of 
the surgical closure device 100 showing insertion of a drug 
injection manifold 150. FIG. 5 is a perspective view from the 
upper side of the surgical closure device 100 with the drug 
injection manifold 150 in place. The binder 106 and the first 
adhesion patch 102 have been removed from the drawing to 
better show the drug injection manifold 150. The drug injec 
tion manifold 150 is an important optional feature of the 
surgical closure device 100, which can be used in pain con 
trol, prevention of infection, and reduction of Scarring and 
keloid formation. The drug injection manifold 150 has a main 
tube 152 with a proximal connector 156, such as a Luer 
fitting, and a closed distal end 158. At least one, and prefer 
ably several, drug injection needles 154 connect to the main 
tube 152 at a right angle. The hollow drug injection needles 
154 may have blunt or sharp tips, depending how the drug 
injection manifold 150 is to be used. The main tube 152 and 
the drug injection needles 154 may be made from a metal, 
such as stainless steel, a flexible NiTi alloy or a polymer or a 
combination thereof. Microneedles can be fabricated using 
MEMS technology or other microfabrication techniques. In 
some embodiments, the drug injection manifold 150 may be 
embedded in the body of the first and second adhesion patches 
102, 104. In other embodiments, the drug injection manifold 
150 may be removably coupled to the first and second adhe 
sion patches 102, 104 (FIGS. 111A-111H). The removable 
drug injection manifold 150 may be applicable to other sur 
gical closure devices as well. Such as those described in U.S. 
Pat. Nos. 9,050,086 and 9,089,328 and U.S. patent applica 
tion Ser. No. 14/625,366, the contents of which are incorpo 
rated herein by reference. 
0112. In a particularly preferred embodiment of the surgi 
cal closure device 100, the first and second rails 112, 114 are 
configured so that they form a central lumen or cavity 110 into 
which the drug injection manifold 150 can be inserted. The 
cavity connects to several openings 160 through which the 
drug injection needles 154 project into the patient. In the 
embodiment shown, the openings 160 align with the central 
parting line 124 of the device. In addition, there may be one or 
more larger drainage openings 162 along the central parting 
line 124 of the device. In the configuration shown, the drug 
injection manifold 150 can be used in one or both of two 
modes. The drug injection manifold 150 can be inserted into 
the cavity 110 between the first and second rails 112, 114 
prior to closure of the incision, so that an anesthetic. Such as 
lidocaine, can be continuously or intermittently injected into 
the incision to control pain in the incision and Surrounding 
tissue during healing. Additional drugs, such as antibiotics, 
steroids or NSAIDS, may also be injected to control infec 
tion, to reduce inflammation and/or to reduce Scarformation. 
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In addition, cells and cell matrix Such as stem cells can be 
injected too. When used in this mode, the drug injection 
needles 154 may have blunt tips because they can be inserted 
directly into the open incision. Alternatively, a drug injection 
manifold 150 with sharpened drug injection needles 154 can 
be inserted into the cavity 110 between the first and second 
rails 112, 114 before adhering the surgical closure device 100. 
The drug injection needles 154 will pierce the skin as the 
surgical closure device 100 is adhered to the skin. When used 
in this mode, the drug injection manifold 150 can be used to 
anesthetize the skin and Surrounding tissue prior to making 
the incision. The incision can be made just adjacent to the 
drug injection needles 154. The drug injection manifold 150 
can be also be used after closing the incision to control pain in 
the incision and Surrounding tissue during healing. 
0113. In an alternative configuration, the cavity 110 and 
the openings 160 may be offset from the central parting line 
124 of the device. A drug injection manifold 150 with sharp 
ened drug injection needles 154 can be inserted into the tissue 
beside the incision site before or after making the incision. A 
first and second drug injection manifold 150 with sharpened 
drug injection needles 154 can be inserted into the tissue on 
both sides of the incision site before or after making the 
incision. The first and second drug injection manifolds may 
be connected together in a horseshoe or U-shaped configura 
tion. For example, while the main tube 152 and the drug 
injection needles 154 are shown in FIG. 4 as placed along the 
inner edges of the first and second adhesion patches 102 and 
104 to be immediately adjacent the incision for the delivery of 
drug(s) or other therapeutic agent(s) to the incision, other 
placements are contemplated as well. For instance, the main 
tube 152 and the drug injection needles 154 and/or the cath 
eters 153 (described further below) may be positioned within 
the first and/or second adhesion patches 102 and 104 at or 
near the respective midline(s) of each panel Such that drug(s) 
or other therapeutic agent(s) may be delivered to the tissue 
surrounding and/or adjacent the incision (FIGS. 110A-110F. 
111A-111H). For example, the drug injection needles 154 
and/or the catheters 153 may extend into the tissue such as 8 
mm to 1 cm into the tissue. For example, the drug injection 
needles 154 and/or the catheters 153 may extend subdermally 
to deliver a drug. Such as a painkiller, to the tissue near a 
Surgical incision. The drug injection needles 154 and/or the 
catheters 153 may extend into the tissue at the same depth or 
at a variety of different depths. Optionally, the needles 154 
and/or the catheters 153 may have a range of lengths so that 
the drug(s) that will be delivered via the catheters 153 can 
reach different layers of the skin. In some embodiments, the 
lengths of the needles 154 and/or the catheters 153 are such 
that drug(s) can be delivered subdermally. As an example 
most of the catheters 153 may be 6 mm long. In some embodi 
ments, only the needles 154, only the catheters 153, or only a 
combination of the needles 154 and the catheters 153 will 
deliver drug(s). For instance, every fifth or so needle 154 in 
the line of needles 154 will not have a corresponding catheter 
153 such that said needle 154 will be used to deliver the drugs 
or agents alone. 
0114. Another option is that the needles will be inserted in 
the middle but the tip of the needles will be curved in such a 
way that when the two sides of the cut are approximated, the 
needles will penetrate the tissue from the sides and infiltrate 
the drug into it. Such a needle can be made out of a nickel 
titanium alloy as an example. The needles 154 and/or the 
catheters 153 may be curved and/orangled to face toward the 
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incision when the needles 154 and/or the catheters 153 are 
positioned in the tissue, for example. In some embodiments, 
the needles 154 and/or the catheters 153 may be splayed. For 
instance, adjacent needles 154 and/or catheters 153 originat 
ing from the same maintube 152 may face opposite directions 
relative to the incision to distribute drug(s) more evenly 
throughout a Volume of tissue. 
0115 One or more drugs may be delivered by a syringe, a 
Syringe pump, a pressurized reservoir or a micropump con 
nected to a reservoir. A drug pump may be energized with a 
resilient member, for example a nickel-titanium spring that 
presses against a drug reservoir. Manual force to pressurize a 
pump or drug reservoir can also be provided by the patient or 
a caregiver. One or more single dose Squeezable ampoules 
connectable to an injection port on the device may be pro 
vided for filling a drug reservoir within the device and/or for 
direct injection into or adjacent to the incision through the 
drug injection manifold. Optionally, the anesthetic dosage 
may be controlled by the patient. Optionally, a programmable 
pump may be used to control the rate and dosage of drug 
delivery. 
0116 FIG. 49 is a perspective view from the underside of 
a surgical closure device 100 showing additional options for 
the drug injection feature of the device. The Surgical closure 
device 100 is shown with a first drug injection manifold 150 
located at the center line of the device with drug injection 
needles 154 to be inserted into the incision and second and 
third drug injection manifolds 149, 151 located to the left 
and/or right side of the incision. The drug injection manifolds 
149, 150, 151 may all be connected to a single proximal 
connector 156 (FIGS. 110C, 110D, 111A-111H), or alterna 
tively each manifold may have its own separate proximal 
connector. Optionally, the drug injection manifolds 149, 150, 
151 may be configured as described above in connection with 
FIGS. 4 and 5. For instance, the drug injection manifolds 149. 
150, 151 may be aligned with a mid or centerline of an 
individual adhesion patch as in FIGS. 110A-110F, 111A 
111 H. Alternatively however, one or more of the drug injec 
tion manifolds 149, 150, 151 may be configured with more 
flexible plastic drug injection catheters 153 arranged coaxi 
ally around drug injection or tissue piercing needles 154. 
These drug injection or tissue piercing needles 154 may have 
a Solid core or a hollow core. For instance, the drug injection 
or tissue piercing needles 154 may have a hollow core to 
remove tissue when larger puncture sites for the plastic drug 
injection catheters 154 are desired. For greater patient com 
fort, once a drug injection manifold has been inserted, the 
sharpened drug injection or tissue piercing, needles 154 may 
be withdrawn, leaving only the plastic drug injection cath 
eters 153 behind. Optionally, solid, sharpened stylets may be 
used in place of the drug injection needles 154 in this con 
figuration of the device. The drug injection or tissue piercing 
needles 154 may thus serve as a guide for the placement of the 
plurality of plastic drug injection catheters 153 into the tissue 
(FIGS. 110A-110F, 111A-111H). For instance, the plastic 
drug injection catheters 153 may be positioned to be coaxial 
with corresponding drug injection or tissue piercing needles 
154 (FIGS. 110B, 110F). Both the needles 154 and the cath 
eters 153 may be arranged in a configuration much like a 
single-lined comb, with the spine of the needles 154 disposed 
over the spine (or main, central tube) of the catheters 153 and 
the needles 154 penetrating the spine of the catheters 153 into 
the individual catheters 153 (FIGS. 110A, 110E, 111A 
111H). After placement of the catheters 153 and the needles 
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154 in the tissue, the needles 154 may be withdrawn and lifted 
from the catheters 153 and the main, central tube of the 
catheters 153 (FIGS. 110B, 110F). The spine or main tube 
152 of the catheters 153 may comprise a self-sealing material 
(such as a self-closing rubber or silicone material) Such that 
the punctures generated by the needles 154 on spine or main 
tube 152 of catheters 153 may self-close after the needles 154 
are withdrawn. FIG. 49 shows the surgical closure device 100 
after the drug injection needles 154 of the second and third 
drug injection manifolds 149, 151 have been withdrawn, 
leaving the plastic drug injection catheters 153 in place. In 
one optional configuration, the second and third drug injec 
tion manifolds 149, 151 may be attached to the first and 
second adhesion patches 102, 104 so that the drug injection 
needles 154 (and the optional catheters 153) are inserted into 
the patient's tissue at the same time as the Surgical closure 
device 100 is applied to the skin. This configuration allows 
the area to be anesthetized through the second and third drug 
injection manifolds 149, 151 prior to making the incision. 
Optionally, the first drug injection manifold 150 may be omit 
ted in this configuration. In some embodiments, the device 
100 may be configured to generate an electric field(s) adja 
cent the incision to facilitate tissue healing. As shown in 
FIGS. 110E and 110F, the device 100 may comprise a first 
conductor 110A coupled to the first adhesion patch 102 and a 
second conductor 110B coupled to the second adhesion patch 
104. The first conductor 110A may generate a positive elec 
tric charge and the second conductor 110B may generate a 
negative electric charge, or vice versa, to generate an intra 
tissue electric field at the tissue adjacent an incision between 
the first and secondadhesion patches 102,104. The charges of 
the first and second conductors 110A, 110B may alternate 
charges. The proximal ends of the first and second conductors 
110A, 110B may be coupled to an external power supply such 
as a battery pack. In some embodiments, the injection mani 
fold 150, the catheters 153, and/or the needles 154 may be 
conductive to generate the intra-tissue electric field them 
selves. 

0117. Alternatively or in addition, one or more drugs can 
be sprayed, brushed, dripped, poured or otherwise applied 
directly to the incision prior to closure. Alternatively or in 
combination, one or more components of the Surgical closure 
device 100 may be comprised of, coated with, or applied with 
one or more drug(s) or other therapeutic or diagnostic agents 
for various purposes, including but not limited to one or more 
of an antifungal, antibacterial, antimicrobial, antiseptic, anti 
inflammatory, or medicated material and/or agents. For 
example, the interior surface of the injection manifold 150 
may be so coated. In many embodiments, such materials 
and/or agents may comprise one or more of silver, iodide, 
Zinc, chlorine, copper, or natural materials such as tea tree oil 
as the active agent. Examples of Such antifungal, antibacte 
rial, antimicrobial, antiseptic, or medicated materials include, 
but are not limited to, the ActicoatTM family of materials 
available from Smith & Nephew plc of the U.K., the Acti 
coat(R) Moisture Control family of materials available from 
Smith & Nephew plc of the U.K., the Contreet(R) Foam family 
of materials available from Coloplast A/S of Denmark, the 
UrgoCell(R) Silver family of materials available from Urgo 
Limited of the U.K. (a subsidiary of Laboratories URGO of 
France), the Contreet(R) Hydrocolloid family of materials 
available from Smith & Nephew plc of the U.K., the 
Aquacel(R) Ag family of materials available from ConvaTec 
Inc. of Skillman, N.J., the Silvercel(R) family of materials 
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available from Kinetic Concepts, Inc. of San Antonio, Tex., 
Actisorb(R) Silver 220 available from Kinetic Concepts, Inc. 
of San Antonio, Tex., the Urgotul R. SSD family of materials 
available from Urgo Limited of the U.K. (a subsidiary of 
Laboratories URGO of France), the Inadine(R) family of mate 
rials available from Kinetic Concepts, Inc. of San Antonio, 
Tex., the Iodoflex(R) family of materials available from Smith 
& Nephew plc of the U.K., the Sorbsan SilverTM family of 
materials available from Aspen Medical Europe Ltd. of the 
U.K., the Polymem SilverR) family of materials available 
from Ferris Mfg. Corp. of Burr Ridge, Ill., the PromogramTM 
family of materials available from Kinetic Concepts, Inc. of 
San Antonio, Tex., the Promogram PrismaTM family of mate 
rials available from Kinetic Concepts, Inc. of San Antonio, 
Tex., and the Arglaes(R family of materials available from 
Medline Industries, Inc. of Mundelein, Ill. In another 
example, the exterior and/or interior of the drug injection 
manifold(s) 150 may be coated with an anti-clotting agent 
Such as heparin to help maintain the patency of the drug 
injection manifold(s). it may also be coated with antimicro 
bial agents or other desired therapeutic agents. In another 
example, the interior and/or exterior of the drug injection 
manifold(s) 150 may be coated or comprised of a low friction 
material such as PTFE to facilitate smooth fluid or drug 
delivery and/or later removal from the tissue. The above dis 
closure, such as that of drug injection manifold 150, while 
described with respect to the surgical closure device 100, may 
be equally applicable to the closure devices described in 
commonly owned U.S. Pat. Nos. 8.313,508, 8.323,313, 
8,439,945, 9,050,086, and 9,089,328; U.S. Patent Publication 
No. 2013/0066365; and PCT application nos. US 2010/ 
0.00430, US 2011/139912, US 2011/40213, US 2011/34649, 
and US 2013/067024, the contents of which are incorporated 
herein by reference. The components of such Surgical closure 
device may also be comprised of, be coated with, or otherwise 
incorporate one or more of an antifungal, antibacterial, anti 
microbial, antiseptic, or medicated material, including but not 
limited to one or more of the materials listed above. 

0118 FIGS. 111A-111H show a method of using a surgi 
cal closure device 100a with the injection manifold 150. The 
surgical closure device 100a may be similar to the surgical 
closure device 100 described above. For instance, the surgical 
closure device 100a may comprise a first adhesion patch 102 
and a second adhesion patch 104 for placement adjacent the 
lateral sides of a wound, cut, or incision. The first and second 
adhesion patches 102, 104 may be coupled together with a 
plurality of lateral connectors 100b. 
0119) As shown in FIGS. 111A and 111B, the surgical 
closure device 100a may be separated from the injection 
manifold 150. The injection manifold 150 may comprise a 
first main tube 152a corresponding to the first adhesion patch 
102 and a second main tube 152b corresponding to the second 
adhesion patch 104. The first main tube 152a may be coupled 
to a plurality of fluid injection catheters 153. Similarly, the 
second main tube 152b may coupled to a plurality of fluid 
injection catheters 153 as well. The proximal ends of the first 
and second main tubes 152a, 152b may be coupled together 
such that a single fluid source may be used to deliver fluid 
thereto. The injection catheters 153 may be axially aligned to 
form a comb-like configuration with each of the first and 
second main tubes 152a, 152b. As described above and 
herein, an array or plurality of needles 154 in a comb-like 
configuration may pierce the first and second main tubes 
152a, 152b so that the needles 154 are coaxial with and extend 
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through the lumens of the catheters 153. As described above 
and herein, the catheters 153 and/or other components of the 
surgical closure device 100a and injection manifold 150 may 
be coated with various drug(s) or materials such as antiseptic 
or anticoagulation agents. The inner Surfaces of the catheters 
153 may be coated with an antiseptic agent or an anticoagul 
lation agent such as heparin, for example. 
0120. As shown in FIGS. 111C and 111D, the injection 
manifold 150 may be advanced through the surgical closure 
device 100a. For instance, the surgical closure device 100a 
may be first appropriately aligned with and adhered to the 
skin of a subject before the injection manifold 150 is placed 
over the surgical closure device 100a and pressed down, 
advancing the needles 154 and the catheters 153 through the 
skin. As discussed above, the needles 154 may have a hollow 
core to remove tissue so as to generate larger punctures or 
may have a solid core. As discussed above, the needles 154 
punctures the tissue to facilitate the advancement of the cath 
eters 153 into the tissue as the catheters 153 may otherwise be 
too compliant to be advanced into the tissue on their own. 
Alternatively, the catheters 153 may comprise arrays of flex 
ible needles that can penetrate tissue as well as deliver drug(s) 
or other fluids such that additional needle arrays 154 may not 
be required. The needles 154 and the catheters 153 may be 
advanced into the tissue so that drug(s) or other fluids can be 
delivered subdermally. 
0121. In some embodiments, the injection manifold 150 
may be used alone as a drug delivery vehicle. The injection 
manifold 150 may be pressed down directly onto the skin of 
a patient without the surgical closure device 100a interven 
ing. Alternatively, other types of bandages or covering aside 
from the surgical closure devices 100 and 100a may be placed 
to intervene between the injection manifold 150 and the skin 
of the patient. As discussed below, the needle arrays 154 may 
be subsequently removed and the drug(s) or other fluid may 
be delivered through the catheters 153 of the injection mani 
fold 150 into the tissue. Also as discussed below and herein, 
the catheters 153 may themselves comprise flexible fluid 
delivery needles such that needle arrays 154 may not be 
required to generate the tissue punctures. 
0122. As shown in FIGS. 111E and 111F, the needle arrays 
154 may be removed from the injection manifold 150. For 
instance, after the surgical closure device 100a has been 
placed over the skin of the subject and the injection manifold 
150 has been pressed downward to be advanced into the 
tissue, the needle arrays 154 may be lifted and withdrawn 
from the main tubes. As described above and herein, the main 
tubes 152a, 152b may comprise a self-sealing material such 
that the punctures to the main tubes 152, 152b from the needle 
arrays 154 may self-close after the needle arrays 154 are 
removed. 

(0123 FIGS. 111G and 111H show the final surgical clo 
sure device 100a coupled with the injection manifold 150 
with the needle arrays 154 removed. With the needle arrays 
154 removed, the lumens of the main tubes 152a, 152b and 
the catheters 153 may be less obstructed from fluid flow. As 
described above and herein, drug(s) or other fluid may be 
provided from a fluid Source (such as a squeezable ampoule, 
which may be single use ampoule, or a syringe) coupled to a 
proximal connector (such as a Luer connector) coupled to the 
proximal ends of the first and second main tubes 152a. 152b. 
and the drug(s) or other fluid may be delivered subdermally to 
the tissue adjacent the wound, cut, or incision Subdermally. 
As described above and herein, for example, the various 
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drug(s) such as local anesthetics, anti-keloid drugs (e.g., Ste 
roids), or antibiotics may be delivered. As shown in FIGS. 
111A-111H, the proximal ends of the main tubes 152a, 152b 
may be coupled together to connect to a single Luer connec 
tor. Alternatively, the proximal ends of the main tubes 152a. 
152b may be separated and connected individual to respective 
Luer connectors. As described above and herein, the Surgical 
closure device 100a and/or the injection manifold 150 may 
generate an intra-tissue electric field, Such as through the 
catheters 153, the needles 154, or other conductor(s), to 
enhance recovery. 
0.124 FIG. 7 is a perspective drawing of a surgical closure 
device 100 with a removable appendage 170 with a rail exten 
sion 172 to park the binder 106 during the surgical procedure. 
FIG. 8 is a perspective view from the underside of the surgical 
closure device 100 of FIG. 7 showing the removable append 
age 170. The removable appendage 170 is attached at one side 
of the surgical closure device 100 to both the first adhesion 
patch 102 and the second adhesion patch 104. There is no 
adhesive on the underside of the removable appendage 170. 
The first rail 112 and the second rail 114 extend onto the 
removable appendage 170 to form a rail extension 172. In use, 
the binder 106 is slidoff of the first rail 112 and the second rail 
114 and parked on the rail extension 172 of the removable 
appendage 170 during the Surgical procedure. This has a 
number of advantages. First, it simplifies the step of closing 
the incision because the binder 106 is already aligned with 
and mounted on the first rail 112 and the second rail 114. 
Second, if the central parting line 124 extends at least part 
way onto the removable appendage 170, it will allow the 
incision to be opened wide with a retractor without physically 
detaching the first adhesion patch 102 from the second adhe 
sion patch 104. Third, because the first adhesion patch 102 
and the second adhesion patch 104 are both attached to the 
removable appendage 170, it assures that the two sides of the 
incision will be precisely aligned with one another when the 
surgical closure device 100 is closed at the end of the proce 
dure. After the surgical procedure is completed, the binder 
106 is slid back onto the first rail 112 and the second rail 114 
to close the incision. The removable appendage 170 will 
preferably be made with tabs 176 that can be used to grip the 
surgical closure device 100 to make it easier to slide the 
binder 106 back onto the first and second rail 112, 114. After 
the surgical closure device 100 is closed, the appendage 170 
may be cut off or may be torn off using perforations 174 that 
are optionally provided. 
0.125 FIG. 9 is a perspective drawing of a one-piece sur 
gical closure device 100 with dual binders 106, 107 and 
appendages 170, 171. FIG. 10 is a perspective view from the 
underside of the surgical closure device 100 of FIG. 9 show 
ing construction details of the ends of the device 100. This 
embodiment takes the previous concept one step further by 
adding a second appendage 171 and a second rail extension 
173 on the opposite end of the closure device 100 from the 
appendage 170 and the rail extension 172 shown in FIGS. 7 
and 8. There is no adhesive on the underside of the append 
ages 170, 171. Optionally, the appendages 170, 171 may 
include gripping tabs 176 and may have perforations 174 to 
make them removable as shown in FIGS. 7 and 8. As shown 
in FIG. 10, the first adhesion patch 102 and the second adhe 
sion patch 104 are joined together by the end portions 178 of 
the appendages 170, 171. The central parting line 124 of the 
device stops short of the end portions 178. The central parting 
line 124 can be easily opened with Surgical retractors, as 
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shown by dashed lines 125, while keeping the one-piece 
device intact. In use, the binders 106, 107 can be parked on the 
rail extensions 172, 173 of the appendages 170, 171 during 
the surgical procedure. Because the binders 106, 107 are 
already aligned with and mounted on the first rail 112 and the 
second rail 114, it is easier to close the Surgical closure device 
100 after completion of the surgical procedure. 
0126 Optionally, the surgical closure device 100 of FIG.9 
may include a drug injection manifold 150 similar to that 
shown in FIGS. 4 and 5, except that the proximal connector 
156 is located in the center of the main tube 152 between two 
closed distal ends 158. FIG. 11 shows insertion of a drug 
injection manifold into the surgical closure device 100 of 
FIG. 9. The proximal connector 156 is positioned at a right 
angle to the drug injection needles 154 so that it will have a 
low profile when it snaps into a slot 180 in the first rail 112. 
0127 FIG. 12 shows the surgical closure device 100 of 
FIG. 9 with the dual binders 106, 107 closing around the 
proximal connector 156 of the drug injection manifold 150. 
The binders 106, 107 will preferably have notches 182, 183 
cut into their ends so that they will fit around the proximal 
connector 156 of the drug injection manifold 150 without a 
gap between them. 
0128 FIG. 13 shows the surgical closure device 100 of 
FIG. 9 after closure of the surgical incision. The appendages 
170, 171 of the surgical closure device 100 have been 
removed after closing the Surgical incision. Reference num 
ber 184 indicates a potential position on the device for an 
integrated drug reservoir. 
0129 FIG. 14 is a perspective view from the underside of 
the surgical closure device 100 of FIG.9 showing an optional 
feature of utility capillaries 190 that may be included with any 
embodiment of the surgical closure device 100 described 
herein. The utility capillaries 190 may be used to help remove 
the surgical closure device 100 from the patient’s skin after 
the incision has healed Sufficiently. A solvent, such as 
acetone, can be injected into the capillaries 190 to help dis 
solve and loosen the adhesive 120 that adheres the closure 
device 100 to the skin. A solvent can also be applied through 
pores or holes in the Surface of the Surgical closure device 
1100. Alternatively or in addition, pressurized, air or fluid can 
be infected into the capillaries 190 to help lift the surgical 
closure device 100 off of the skin surface. 

0130 FIG. 15 shows another embodiment of the surgical 
closure device 100 having additional rails for more stable and 
secure attachment of the binder. 
0131 FIG. 16 is a perspective drawing of a surgical clo 
Sure device 100 for making and closing a shaped incision in a 
patient’s skin. A simple device for making and closing a 
shaped incision in the patient’s skin will be useful in a number 
of common medical procedures including nodule biopsy and 
removal of skin lesions and well as taking off skin excess in 
weight reduction procedures or cosmetic procedures. The 
surgical closure device 100 of FIG. 16 is quite similar to 
previously described embodiments except that there is a non 
linear shaped opening 200 between the first adhesion patch 
102 and the second adhesion patch 104 that defines the shape 
of the incision. In one particularly preferred embodiment, the 
shaped opening 200 has the geometry of a rounded lozenge 
shape somewhat like the shape of an American football or a 
convex-convex lens. The first rail 112 and the second rail 114 
follow the outline of the shaped opening 200. Preferably, the 
first and second adhesion patch 102, 104 are joined together 
beyond the ends of the shaped opening 200. Optionally, the 
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opening 200 may be biased toward an open position or a 
closed position. A removable shaped insert 202 may be used 
to maintain the shape of the opening 200 during attachment of 
the surgical closure device 100 to the patient’s skin. This is 
particularly important if the shaped opening 200 is biased 
toward a closed position. The removable shaped insert 202 
may be also used as a guide for a scalpel to cut the skin around 
the inside of the shaped opening 200 or the shaped insert 202 
may be removed before making the incision. FIG. 17 shows 
the surgical closure device 100 of FIG. 16 with the shaped 
insert 202 removed. The edges of the shaped opening 200 are 
preferably beveled at an angle (typically 45-90 degrees) to 
assist in holding a scalpel at the proper angle to cut out a 
wedge-shaped skin biopsy sample. 
(0132 FIG. 18 shows the surgical closure device 100 of 
FIG. 16 with the binder 106 being applied to close the inci 
sion. FIG. 19 shows the surgical closure device 100 of FIG.16 
in a closed position with the binder 106 in place. 
0.133 For removal of large skin lesions using the surgical 
closure device 100 of FIG.16, there may be a significant skin 
deficiency that must be made up for so it may be desirable to 
expand the skin peripheral to the shaped opening 200. Small 
cuts may be made in a pattern in the skin under and around the 
surgical closure device 100 so that the skin expands in a lattice 
pattern that will heal to cover up the skin deficiency. A special 
device with small skin blades in the desired pattern may be 
provided for performing this task. An inflatable balloon or 
other the like can be used to expand the skin prior to biopsy or 
excision of a lesion in order to make up for the skin deficiency. 
0.134 FIG. 20 shows another embodiment of a surgical 
closure device 100 for making a shaped incision in a patients 
skin. The Surgical closure device 100 has a shaped opening 
200 between the first adhesion patch 102 and the second 
adhesion patch 104 that defines the shape of the incision. A 
removable shaped insert 202 may be used to maintain the 
shape of the opening 200 during attachment of the Surgical 
closure device 100 to the patient’s skin. The first rail 112 and 
the second rail 114 follow the outline of the shaped opening 
2OO. 

I0135 A wire form 208, shown in FIG. 21, is provided for 
selectively biasing the surgical closure device 100 toward the 
open position or the closed position. The wire form 208 has a 
first leg 210 and a second leg 212 joined together at one end 
by a first bend 214. The wire form 208 has an open section 216 
where the first leg 210 and the second leg 212 are curved 
outward in a curve similar to the shaped opening 200 between 
the first adhesion patch 102 and the second adhesion patch 
104 and a closed section 218 where the first leg 210 and the 
second leg 212 are straight, parallel and close together. The 
wire form 208 is preferably formed from a metal wire, such as 
a stainless Steel, cobalt-chromium or nickel-titanium alloy. 
Optionally, the first leg 210 and the second leg 212 of the wire 
form 208 may have a low friction coating, such as PTFE. As 
shown in cross section in FIG. 22, a first lumen 204 extends 
longitudinally through the first rail 112 and a second lumen 
206 extends longitudinally through the second rail 114 for 
receiving the first leg 210 and the second leg 212 of the spine 
wire 208, respectively. FIG. 23 shows a cross section of the 
first and second rails 112, 114 of the surgical closure device 
100 of FIG. 20 with the wire form 208 and the binder 106 in 
place. After insertion through the first lumen 204 and the 
second lumen 206, the ends of the first leg 210 and the second 
leg 212 are joined together, for example by welding, brazing 
or soldering, to form a second bend 220 located at the other 
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end of the wire form 208, as shown in FIGS. 24 and 25. The 
first and second bends 214, 220 are preferably shaped to form 
tabs or handles for easy gripping. 
0.136 FIG. 24 shows the fully assembled surgical closure 
device 100 in an open position. The wire form 208 is posi 
tioned so that the outwardly curved, open section 216 of the 
first leg 210 and the second leg 212 surrounds the shaped 
opening 200, thereby biasing the device 100 toward the open 
position. Optionally, the binder 106 may be attached to the 
wire form 208 so that it is positioned around the closed 
Section 218 of the wire form 208. 
0137 FIG. 25 shows the surgical closure device 100 of 
FIG. 24 in a closed position. The wire form 208 has been slid 
longitudinally to a position where the straight, closed section 
218 of the first leg 210 and the second leg 212 surrounds the 
shaped opening 200, thereby biasing the device 100 toward 
the closed position. Because it is attached to the wire form 
208, the binder 106 will automatically slide over the first and 
second rails 112, 114 to secure the surgical closure device 100 
in the closed position. Alternatively, the binder 106 can be 
applied in a separate step. As another alternative, the wire 
form 208 may be constructed to be rigid enough to hold the 
surgical closure device 100 in a closed position without the 
binder 106. 
0138 Optionally, the open section 216 of the wire form 
208 may be trimmed of or broken off after the surgical closure 
device 100 is in the closed position. Optionally, a clip, staple 
or other fastener may be applied to the wire form 208 prior to 
cutting to keep the first leg 210 and the second leg 212 from 
splaying apart once the open section 216 is removed. 
0.139. In an alternative configuration, the wire form 208 
may be made of a malleable material. Such as annealed alu 
minum or copper, so that the Surgical closure device 100 can 
be manually formed into an open or closed position. In addi 
tion, a malleable wire form 208 may be used to form the 
surgical closure device 100 to fit a nonlinear incision or pre 
existing wound. FIG. 26 is a schematic drawing of a Surgical 
closure device 230 for applying a continuous closing force to 
promote healing of a large skin incision. After removal of a 
large biopsy sample or a large skin lesion, there may be a 
significant skin deficit that needs to be made up before com 
plete healing of the incision can occur. A chronic or continu 
ous closing force can help to promote closure and healing of 
the incision. A very pliable and flexible adhesion patch 234 
with an opening 236 in the middle is applied to the patients 
skin surrounding the incision or lesion. The arrows 232 indi 
catehow the closing force is applied to the adhesion patch234 
around the opening 236 to promote closure of the incision. 
0140 FIGS. 27A, 27B and 27C show various configura 
tions oftension members 240 for applying a continuous clos 
ing force in the surgical closure device 230 of FIG. 26. FIG. 
27A shows a tension member 240 that has an elongated body 
248 with barbs 246 along the sides of the tension member 
240. A first end of the tension member 240 is attached to an 
anchor member 242 that is permanently or removably 
attached to the adhesion patch 234. The elongated body 248 
of the tension member 240 passes through a catch 244 that is 
also permanently or removably attached to the adhesion patch 
234. The catch 244 cooperates with the barbs 248 along the 
sides of the tension member 240 to create a type of ratchet 
mechanism for selectively tightening the tension member 
240. The elongated body 248 of the tension member 240 is 
preferably made of an elastomeric material that will provide 
the desired range oftension. The tension member 240 of FIG. 
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27B is similar to that of FIG. 27A, except that the barbs 246 
have been replaced with bumps or nubs 250 along the sides of 
the tension member 240. The tension member 240 of FIG. 
27C has waves or undulations 252 that interact with the catch 
244 to create a tension adjustment mechanism. The waves or 
undulations 252 also turn the elongated body 248 into a spring 
member, therefore the undulated elongated body 248 can be 
constructed of a metal wire or a less flexible polymer as an 
alternative to the elastomeric material of the other embodi 
ments. The waves or undulations 252 may be planar or they 
may be formed in a helix or other three-dimensional shape. 
0141 FIG. 28 shows a surgical closure device 230 config 
ured for applying a unidirectional closing force. A plurality of 
tension members 240 are arranged approximately parallel 
with one another across the opening 236 of the adhesion patch 
234. Tension in each of the tension members 240 can be 
individually adjusted. FIG.29 shows a surgical closure device 
230 configured for applying a radial closing force. A plurality 
of tension members 240 radiate from a common attachment 
point 254 approximately over the center of the opening 236 in 
the adhesion patch 234. Alternatively, a plurality of tension 
members 240 can be arranged across the diameter of the 
opening 236 in the adhesion patch 234. Tension in each of the 
tension members 240 can be individually adjusted. 
0.142 FIG. 30 shows a surgical closure device 230 with 
tension members 240 in a random or ad hoc configuration. 
This arrangement is useful for tailoring the Surgical closure 
device 230 to irregularly shaped incisions or lesions. The 
positions of each anchor member 242 and catch 244, as well 
as the tension in each of the tension members 240, may be 
individually adjustable. 
0.143 FIG. 31 shows a surgical closure device 230 that 
allows application of the tension members 240 in any desired 
pattern. The flexible adhesion patch 234 is constructed so that 
the tension members 240 can be easily attached at any point 
on the surface of the patch 234. 
014.4 FIG.32 is a detail drawing of one embodiment of the 
surgical closure device 230 of FIG.31 wherein the surface of 
the adhesion patch 234 is constructed of a mesh material 256. 
A tension member 240 with barbs 250 is being inserted 
through the mesh material 256 and tightened to apply tension 
to the surgical closure device 230 in the desired pattern. The 
mesh material 256 performs the functions of the anchor mem 
ber 242 and/or the catch 244 described above. 
0145 FIG.33 is a detail drawing of another embodiment 
of the surgical closure device 230 of FIG. 31 wherein the 
adhesion patch 234 is constructed with a multiplicity of loops 
258 on its surface. A tension member 240 is being inserted 
through the loops 258 and tightened to apply tension to the 
surgical closure device 230 in the desired pattern. The loops 
258 perform the functions of the anchor member 242 and/or 
the catch 244 described above. 
0146 FIG. 34 shows a surgical closure device 260 that 
uses independent strap adhesion patches 262. 264 for attach 
ment of the tension members 240. The anchor member 242 is 
attached to a first adhesion patch 262 and the catch 244 is 
attached to a second adhesion patch 264. This allows even 
greater flexibility for arranging the tension members 240 in 
any desired pattern. 
0147 FIG. 35 shows three of the surgical closure devices 
260 of FIG. 34 applied to a patient. In this example, the 
tension members 240 are arranged approximately parallel to 
one another to provide a unidirectional closing force. Many 
other patterns are also possible. 
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0148 FIG. 36 shows a tension member 240 that utilizes a 
constant force spring 270 and an anchor member 242. The 
constant force spring 270 has the advantage that it provides 
approximately constant force no matter what the displace 
ment of the spring is. Thus, the tension in the tension member 
240 would not need to be readjusted as the wound begins to 
close and heal up. 
014.9 FIG. 37 shows a tension member 240 with the con 
stant force spring 270 retracted. A hook 272 is attached at the 
end of the constant force spring 270. 
0150 FIG. 38 shows the tension member 240 with the 
constant force spring 270 extended. The hook 272 is hooked 
through a loop 274, which may be attached to an anchor 
member or attached directly to an adhesion patch. 
0151 FIG. 39 shows a multidirectional tension device 280 
that utilizes a spring reel 282. A multiplicity of radial tension 
members 284 extend radially from the spring reel 282 and 
connect to a like number of anchor members 286. 
0152. In some cases it is advantageous to apply a con 
trolled amount of compression to an incision after closure in 
order to encourage healing. FIGS. 40A, 40B and 40C illus 
trate a Surgical closure device 100 configured for applying 
adjustable compression to an incision. FIG. 40 A shows a 
cross section of the surgical closure device 100 applied to a 
patient’s skin. The surgical closure device 100 includes a first 
adhesion patch 102, a second adhesion patch 104 and a first 
channel-shaped binder 106 that is configured to slide over the 
first and second track or rail 112, 114 to hold the first and 
second adhesion patch 102, 104 together with a controlled 
width gap 103 in between. 
0153. An incision is made between the first adhesion patch 
102 and second adhesion patch 104 and the incision is opened 
for performing a surgical operation, as shown in FIG. 40B. It 
should be noted that the edges of the incision extend past the 
edges of the first and second rails 112, 114. 
0154 FIG. 40C shows the incision after closure with the 
surgical closure device 100. A second channel-shaped binder 
107 has been slid over the first and second rails 112, 114 to 
hold the first and second adhesion patch 102, 104 together. 
The second channel-shaped binder 107 has a channel width 
that is less than the channel width of the first channel-shaped 
binder 106, which creates a controlled amount of compres 
sion at the incision line. 
(O155 FIG. 41 illustrates a surgical closure device 100 
where the first and second adhesion patches 102,104 separate 
completely when in an open position. This configuration is 
advantageous when a very large Surgical access is required for 
performing an operation. Markings, detents or other align 
ment mechanisms would be included to assure proper align 
ment and apposition of the incision during closure. 
0156 FIG. 42 illustrates a surgical closure device 100 
where the first and second adhesion patches 102, 104 are 
permanently attached at both ends. This configuration has the 
advantage that the incision will be automatically aligned in 
proper apposition when the incision is closed. Alternatively, 
just one end of the first and second adhesion patches 102, 104 
can be permanently attached. 
(O157 FIG. 43 illustrates a surgical closure device 100 with 
a binder 106 having a Y-shaped end 109 to facilitate closure of 
the device. The tapered entry of the Y-shaped end 109 on the 
binder 106 reduces the force required for applying the binder 
106 to close the incision. 

0158 FIG.44 illustrates a surgical closure device 100 with 
a binder 111 configured for sequential closure of the device. 
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This configuration facilitates the method described above in 
FIGS. 40A, 40B and 40C by integrating the first binder 106 
and the second binder 107 into a single component. Option 
ally, the binder 111 may have a tapered Y-shaped end 109 as 
in the embodiment previously described. After the surgical 
operation is completed, the incision is closed by sliding the 
first part of the binder 113 over the first and second rails 112, 
114, then sliding the second, narrower part of the binder 115 
over the first and second rails 112,114. The second, narrower 
part of the binder 115 may be configured to provide a con 
trolled amount of compression to the incision after closure. 
0159 FIG.45 illustrates a surgical closure device 100 with 
a first and second binder 117, 119 configured for sequential 
closure of the device. The second binder 119 is narrower than 
the first binder 117. The surgical closure device 100 is closed 
sequentially by sliding the first binder 117 over the first and 
second rails 112, 114 from one end, then sliding the second, 
narrower binder 119 over the first and second rails 112, 114 
from the opposite end while backing the first binder 117 off. 
The advantage of sequential closing is reduced force and 
shearby closing the surgical closure device 100 in a stepwise 
fashion. Multiple steps may be used, optionally including 
binders with channels wider even than the first binder. 

0160 FIG. 46 is a cross section of a surgical closure device 
100 with a binder 106 having a middle ridge 101 for precise 
spacing of the first and second rails 112, 114. This configu 
ration is advantageous for performing the method described 
above in FIGS. 40A, 40B and 40C because it holds the first 
and second rails 112, 114 in careful alignment with a con 
trolled gap 103 in between. 
0.161 FIG. 47 is a cross section of a surgical closure device 
100 with a binder 106 having a first channel 121 and a nar 
rower, second channel 123 for applying adjustable compres 
sion to an incision. This configuration is advantageous for 
performing the method described above in FIGS. 40A, 40B 
and 40C. The surgical closure device 100 can be initially 
applied to the patient with the first channel 121 positioned 
over the first and second rails 112, 114. After the surgery is 
completed, the binder 106 can be reapplied with the narrower, 
second channel 123 positioned over the first and second rails 
112, 114 to apply a controlled amount of compression to the 
incision. 

0162 FIG. 48 is a cross section of a surgical closure device 
100 with a binder 106 integrated into one of the adhesion 
patches. Like the previously described embodiment, the 
binder 106 has a first channel 121 and a narrower, second 
channel 123 for applying adjustable compression to an inci 
sion. Multiple widths of channels are also possible. Closure 
of the surgical closure device 100 requires a slight lifting of 
the binder 106 to place it over the single rail 114 on the 
opposite side. 
(0163 FIGS. 50-54 illustrate an embodiment of the surgi 
cal closure device 300 that uses compression, rather than 
tension, to apply a chronic or continuous closing force to help 
promote closure and healing of the incision. This is particu 
larly useful for large incisions and/or incisions where a por 
tion of the skin and tissue has been removed, for example a 
nodule biopsy. FIG.50 is an assembly drawing of the surgical 
closure device 300. The surgical closure device 300 has two 
main parts: an adhesive patch 302 that attaches to the patients 
skin and a retainer 304 that is used to hold the adhesive patch 
302 in a compressed state while it is being applied to the 
patient’s skin. 
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0164. The adhesive patch 302, which is shown by itself in 
FIG. 51, has a central opening 306 and a peripheral ring 308. 
The central opening 306 may be lozenge shaped, as in the 
example shown, or it may be circular, oval or another desired 
shape. The adhesive patch 302 surrounding the central open 
ing 306 is made from a flexible, elastic material, whereas the 
peripheral ring 308 is made from a material that has a higher 
tensile strength in order to resist expansion. Between the 
central opening 306 and the peripheral ring 308, the surgical 
closure device 300 has a grid 312,314 of expansion cells 310 
attached to the adhesive patch 302. The expansion cells 310 in 
their natural state have a tendency to expand, however 
because they are constrained by the peripheral ring 308, the 
expansion of the cells 310 causes the central opening 306 to 
close. For a lozenge-shaped central opening 306, as in the 
example shown, it is advantageous to arrange the grid of 
expansion cells 310 in two sections 312, 314, one on either 
side of the opening 306, so that the inward expansion of the 
expansion cells 310 will be in the direction of the arrows 316. 
0.165 FIG. 52 shows an enlarged view of an exemplary 
construction of the expansion cells 310. A plurality of cir 
cumferentially-oriented arcuate ribs 318 are attached to the 
adhesive patch 302 on both sides of the opening 306. Posi 
tioned between the ribs 318 are a plurality of compression 
spring members 320, which are biased to push apart the 
adjacent ribs 318. Since the peripheral ring 308 resists expan 
sion, the net effect of the compression spring members 320 is 
to urge the central opening 306 toward a closed position, as 
indicated by the arrow 316. The compression spring members 
320 may be metal compression springs, e.g. stainless Steel or 
a nickel-titanium alloy, elastomeric compression spring 
members, e.g. rubber, neoprene, Santoprene, ethylene vinyl 
acetate, etc. or resilient foam compression spring members 
made from an elastomer or other resilient polymer. FIG. 52 
shows just one of many possible configurations for the expan 
Sion cells 310. 

0166 FIG. 53 is a cutaway view showing one half of the 
surgical closure device 300 with the retainer 304 assembled to 
the adhesive patch 302. The retainer 304 has a plurality of 
grooves 322 that interlock with the arcuate ribs 318 on the 
adhesive patch 302 to hold the adhesive patch 302 in an 
expanded position with the compression spring members 320 
in a compressed state. The retainer 304 is preferably molded 
from a polymer material that is stiff enough to resist the 
combined force of the compression spring members 320. 
0167. The assembled surgical closure device 300, as 
shown in FIG. 50, is adhered to the patient’s skin with the 
central opening 306 positioned around the intended incision 
site. The inner edge of the retainer 304 may be used as a guide 
for cutting a wedge-shaped biopsy sample orportion of tissue 
with a lesion to be removed. When it is desired to close the 
incision, the retainer 304 is lifted off of the adhesive patch 
302, as shown in the cutaway view in FIG. 54, leaving the 
adhesive patch 302 adhered to the skin, as shown in FIG. 51. 
The ribs 318 on the adhesive patch 302 are no longer con 
strained by the grooves 322 on the retainer 304, so the com 
pression spring members 320 will urge the central opening 
306 toward a closed position. 
0.168. In one optional configuration of the surgical closure 
device 300, the compression spring members 320 and/or the 
adhesive patch 302 may be made of a viscoelastic material 
that slowly urges the central opening 306 toward a closed 
position. Optionally, the Viscoelastic material may be acti 
vated by the patient’s body heat. 
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0169 FIG.55 shows an optional feature that may be used 
with the surgical closure device 300 of FIGS. 50-54 or with 
any embodiment of the surgical closure device described 
herein. The surgical closure device 300 is configured with a 
non-planar or three-dimensional contour for fitting to a body 
part. In the example shown, the surgical closure device 300 is 
shaped like a dome for a better fit on a patient’s scalp or other 
convexly curved portion of the body. Other configurations are 
also possible. 
(0170 FIGS.56-58 show another optional feature that may 
be used with the surgical closuredevice 300 of FIGS. 50-54 or 
with any embodiment of the surgical closure device described 
herein. The surgical closure device 300 includes askin cutting 
device 330 having a multiplicity of cutter blades 332 attached 
to a handle 334. FIGS. 56 and 57 show top and bottom 
exploded views of the surgical closure device 300 with the 
skin cutting device 330. The skin cutting device 330 fits over 
the top of the surgical closure device 300 with the cutter 
blades 332 extending through slots in the adhesive patch 302 
and the retainer 304. The sharpened ends 336 of the cutter 
blades 332 extend a short distance past the surface of the 
adhesive patch 302, as shown in the assembly drawing of FIG. 
58, so that they can cut approximately 1-2 mm deep into the 
skin. Preferably, the cutter blades 332 are arranged so that 
they will cut the skin in a mesh patternaround the incision So 
that it can expand to make up the skin deficit created by 
removing a portion of the skin and underlying tissue. The 
Small cuts will heel more quickly and with less Scarring than 
the large incision where a lesion has been removed. The skin 
cutting device 330 is removed after the skin has been perfo 
rated. 
0171 The skin cutting device 330 may be applied to the 
skin at the same time as the adhesive patch 302 and the 
retainer 304 or alternatively, the skin cutting device 330 may 
be applied after the adhesive patch 302 and the retainer 304 
have already been adhered to the skin. In another alternative 
configuration, the cutter blades 332 may be integrated into the 
retainer 304 so that the cutter blades 332 are applied to the 
skin at the same time that the surgical closure device 300 is 
adhered to the patient. 
(0172 FIGS. 59 and 60 illustrate an optional feature that 
can be used with any of the embodiments of the surgical 
closure device described herein. FIG. 59 is a perspective view 
ofa surgical closure device 340 with segmented rails 342,344 
that facilitate retraction of the incision for improved surgical 
access. Each of the rails 342, 344 is constructed with a plu 
rality of segments 346 that are linked together by an elastic 
cord 348, or the like. When the incision and the surgical 
closure device 340 are subjected to retraction threes, for 
example using one or more Surgical retractors, the segments 
346 separate, forming gaps 350 between the segments 346 as 
shown in FIG. 59. FIG. 60 is an enlarged view of the seg 
mented rails 342, 344 with the segments 346 separated and 
the elastic cord 348 visible through gaps 350. The elasticity of 
the adhesion patch 352 allows it to expand as the incision is 
retracted. 

(0173 When the retraction forces are released, the elastic 
cord 348 pulls the segmented rails 342, 344 back to their 
normal continuous configuration, similar to the configuration 
shown in FIG. 17. When it is time to close the surgical inci 
sion, a binder 106 may be applied, as shown in FIGS. 18 and 
19. 

0.174 FIG. 61 show another optional feature that can be 
used with any of the embodiments of the surgical closure 
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device described herein, including the embodiment shown in 
FIGS. 59 and 60. FIG. 61 is a perspective view of a surgical 
closure device 360 with lateral slots 362 in the adhesion patch 
364. The lateral slots 362 allow the adhesion patch 364 to 
expand when a retraction force is applied. The lateral slots 
362 also allow the adhesion patch 364 to conform to the 
closed position of the Surgical closure device, as shown in 
FIG. 19. Because of the lateral slots 362, less flexibility or 
deformation of the adhesion patch 364 material is required to 
accommodate the changes in shape during retraction or clo 
sure of the surgical closure device 360. 
0.175. Another optional feature that can be used with any 
of the embodiments of the surgical closure device described 
herein is to construct the surgical closure device 100 with one 
or more heat exchanger passages within the first and second 
adhesion patches 102, 104 for circulating cold water or 
another heat exchange fluid to help control pain and inflam 
mation as the incision heals. The heat exchanger passages 
may be laid out in a serpentine pattern or other configuration 
to improve heat exchange efficiency. The Surgical closure 
device 100 may have ports for connecting the heat exchanger 
passages to an external pump. Alternatively, other means of 
heat exchange may be used in conjunction with the Surgical 
closure device 100 to raise or lower the temperature, at the 
incision site. 

(0176 FIGS. 62-65 illustrate another embodiment of a sur 
gical closure device 400 that is configured for making and 
Subsequently closing a shaped incision in the patient’s skin, 
for example a wedge biopsy incision. The Surgical closure 
device 400 is similar in many respects to the embodiment of 
FIG. 16. There is a nonlinear shaped opening 408 between the 
first adhesion patch 402 and the second adhesion patch 404 
that defines the shape of the incision in one particularly pre 
ferred embodiment, the shaped opening 408 has the geometry 
of an ellipse or a rounded lozenge shape somewhat like the 
shape of an American football or a convex-convex lens. The 
first rail 412 and the second rail 414 follow the outline of the 
shaped opening 408. Preferably, the first and second adhesion 
patches 402, 404 are joined together beyond the ends of the 
shaped opening 408. The first adhesion patch 402, the second 
adhesion patch 404, the first rail 412 and the second rail 414 
are made of flexible materials that allow the shaped opening 
408 to move from an open position to a closed position. 
Optionally, the shaped opening 408 may be biased toward the 
open position or the closed position. 
0177. The surgical closure device 400 has two separate 
binders, an open binder 406 shown in FIG. 62 and a closed 
binder 410 shown in FIG. 65. The open binder 406 has two 
channels 416,418 on the underside that follow the contours of 
a shaped opening 420 similar in shape to the opening 408 on 
the device 400 between the first adhesion patch 402 and the 
second adhesion patch 404. Preferably, an inner edge 422 of 
the shaped opening 420 in the open binder 406 is beveled at an 
angle (typically 45-90 degrees) to provide a cutting guide for 
a scalpel 424 when making a wedge biopsy incision. The 
open binder 406 is preferably made of a material, such as a 
polymer and/or metal, that is more rigid than the adhesion 
patches 402,404 and the rails 412,414. When the open binder 
406 is attached to the surgical closure device 400, the chan 
nels 416,418 engage the first r it 412 and the second rail 414 
and hold the shaped opening 408 of the device 400 in an open 
position, as shown in FIG. 62. For the convenience of the 
medical practitioner, the surgical closure device 400 is pref 
erably supplied in a sterile package with the open binder 406 
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already attached. The closed binder 410 has two channels 
426, 428 on the underside that are substantially straight and 
parallel to one another. The closed binder 410 is preferably 
made of a material. Such as a polymer and/or metal, that is 
more rigid than the adhesion patches 402, 404 and the rails 
412, 414. When the closed binder 410 is attached to the 
surgical closure device 400, the channels 426,428 engage the 
first rail 412 and, the second rail 414 and hold the shaped 
opening 408 of the device 400 in a closed position, as shown 
in FIG. 65. 

0178. In use, the first adhesion patch 402 and the second 
adhesion patch 404 of the surgical closure device 400, with 
the openbinder 406 attached, are adhered to the patient’s skin 
with the shaped openings 408, 420 positioned around a sus 
pected lesion, as shown in FIG. 62. An incision is made with 
a scalpel 424 or other cutting instrument, using the beveled 
inner edge 422 of the shaped opening 420 in the open binder 
406 as a cutting guide, as shown in FIG. 63. The open binder 
406 provides an additional benefit in that it protects the edges 
of the surgical closure device 400 adjacent to the shaped 
opening 408 from being accidentally cut during the incision 
step. The excised portion of tissue is removed, as shown in 
FIG. 64, and the open binder 406 is removed by lifting it off 
of the rails 412,414. The closed binder 410 is attached to the 
surgical closure device 400 by sliding the channels 426, 428 
over the rails 412,414 to close the shaped opening 408 and 
incision in the skin, as shown in FIG. 65. Optionally, the 
device 400 may be configured to apply a desired amount of 
compression to the incision when the closed binder 410 is 
attached in order to promote healing. 
(0179 FIGS. 67-71 illustrate an embodiment of a surgical 
closure device 440 that is configured for closing a large inci 
sion in a patient’s skin. One example of a procedure that 
would benefit from the use of such a device is the removal of 
redundant skin following Successful bariatric Surgery. Over 
200,000 bariatric surgeries are currently performed each year 
and the number is growing. Removal of redundant skin is a 
very time consuming procedure with approximately 2000 
Stitches in predictable places over Straight lines guided by 
anatomical landmarks. To make it go quicker, this procedure 
is typically performed by a team of surgeons. FIGS. 66A-66D 
show the incision lines that are frequently used in Surgical 
removal of redundant skin. 

0180 FIG. 67 shows the surgical closure device 440 in an 
open position. The Surgical closure device 440 may be a 
single device that will surround the entire circumference of 
the patient or, alternatively, the device may be modular and 
made up of either separate or interconnected segments. The 
Surgical closure device 440 has a first rail 442 and a second 
rail 444 with a contact adhesive backing for adhering them to 
the patient’s skin. In one preferred embodiment, the first rail 
442 and the second rail 444 are as long as or slightly longer 
than the length of the incision. In the case of redundant skin 
removal after bariatric surgery, the first rail 442 and the sec 
ond rail 444 may be long enough to completely encircle the 
patient. Alternatively, the first rail 442 and the second rail 444 
may be in shorter segments that can be adhered to the 
patient’s skin and joined end-to-end when closing the inci 
sion. Optionally, a first end of the first rail 442 and the second 
rail 444 may be permanently joined together to facilitate 
closing the device. 
0181 FIG. 68 shows the surgical closure device 440 of 
FIG. 67 in an open position and adhered to a patient’s abdo 
men. The first rail 442 and the second rail 444 are placed 
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along the intended incision lines with the excess skin to be 
removed positioned between the first rail 442 and the second 
rail 444. FIG. 69 shows the patient with the redundant skin 
and fascia excised. Small margins of fascia are left for reat 
tachment using conventional Suture methods. 
0182 FIG. 70 shows the surgical closure device 440 in a 
partially closed position with the first rail 442 and the second 
rail 444 approximated to one another so that the edges of the 
skin will be properly approximated. A binder 446 has been 
started on the first end of the first rail 442 and the second rail 
444. FIG. 71 shows the surgical closure device 440 on the 
patient’s abdomen in the partially closed position. 
0183 FIG.72 shows the surgical closure device 440 on the 
patient’s abdomen in a closed position. The binder 446 has 
been slid onto the first rail 442 and the second rail 444. 
Optionally, the excess length of the first 442 and the second 
rail 444 may be removed. 
0184 FIGS. 73A-73E illustrate an optional feature that 
may be combined with the surgical closure device 440 of 
FIGS. 67-72 or any of the other surgical closure devices 
described herein. FIG. 73A shows short sample sections of 
the first rail 442 and the second rail 444 adhered to the 
patient’s skin. After the excess tissue has been excised, align 
ment cords 448 are inserted through premade holes 450 in the 
first rail 442 and the second rail 444. Then, the alignment 
cords 448 are pulled to approximate the first rail 442 and the 
second rail 444 to one another. Optionally, the alignment 
cords 448 may have barbs, ratchet teeth or other features to 
lock the first, rail 442 and the second rail 444 together in this 
position. The binder 446 is then slid onto the first rail 442 and 
the second rail 444 to secure the closure. Optionally, the 
excess length of the alignment cords 448 may be removed at 
this time. FIG. 74 is an enlarged view of the surgical closure 
device 440 of FIGS. 73A-73E in the closed position. 
0185. Other surgeries that require a large incision or any 
incision that might leave a visible scar would also benefit 
from the use of Such a device, including laparotomy, thorac 
otomy, cesarean section, facelift, and breast implant Surgery. 
0186 One of the challenges in closing large incisions, 
Such as those encountered during removal of redundant skin 
in bariatric patients, is the prevention of “dog ears' in the 
closed incision. Dog ears occur when one side of the incision 
is longer than the other or when one side of the incision is 
inadvertently stretched while closing the incision. If care is 
not taken to make Sure that the additional length of the longer 
side is evenly distributed along the shorter side during appo 
sition and Suturing, the skin will bunch up along one side of 
the incision and pucker out in a shape that sometimes 
resembles a dog's ear. For good cosmetic results, the Sutures 
must be undone and the incision must be resutured. It can be 
very time consuming for the Surgeon to correct this mistake. 
0187. The surgical closure device of the present invention 
can be very helpful in preventing the occurrence of dog ears. 
One approach is to make the rails of the Surgical closure 
device in multiple segments along one or both sides of the 
closure. Spaces between the segments along the longer side of 
the incision can be compressed to provide even distribution of 
the additional length of skin along the shorter side during 
apposition. The pull cords described above can be used to 
assure even apposition between the two sides of the incision 
during closure of the device. Alternatively or in addition, 
longitudinal pull cords may be provided along one or both 
sides of the Surgical closure device. The longitudinal pull cord 
on the longer side of the incision can be pulled to shorten the 
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longer side of the incision evenly prior to apposition and 
closure of the device. Optionally, the segments along the 
longer side of the incision can be made shorter than the 
segments on the shorter side to facilitate even apposition. 
Another approach is to deliberately stretch the skin on the 
shorter side of the incision prior to applying the adhesive 
patches of the Surgical closure device to the patient’s skin. 
This will assure even apposition and closure of the incision 
when the binder is applied to the surgical closure device. 
0188 The surgical closure device can be made in one or 
more standard configurations based on common incision 
geometries. Alternatively, the Surgical closure device can be 
customized based an individual patient's measurements. FIG. 
75 shows a low-profile embodiment of a surgical closure 
device 460 that will be more comfortable and less conspicu 
ous for patients to wear. The surgical closure device 460 has 
a first adhesion patch 462 with a first rail 472 attached and a 
second adhesion patch 464 with a second rail 474 attached. 
Optionally, the first and second adhesion patches 472, 474 
may be joined together beyond the ends of the rails 472, 474 
as shown. Preferably, the adhesion patches 462, 464 are made 
from a breathable and flexible material, such as a flexible 
fabric or a perforated flexible polymer sheet (optionally rein 
forced), with a contact adhesive applied to the underside. 
Optionally, the first and second adhesion patches 472, 474 
may be made from or coated with a hydrophobic material to 
resist absorbing or being stained by the patient’s blood. A 
flexible binder 466 is sized and configured to slide over the 
rails 472, 474 to bind the first adhesion patch 462 and the 
second adhesion patch 464 together. 
0189 FIG. 76 is a cross section of the low-profile surgical 
closure device 460 of FIG. 75. An incision plane 468 is 
defined between the first rail 472 and the second rail 474. 
Optionally, the surgical closure device 460 may be cut 
through at the incision plane 468 between the first and second 
adhesion patches 462, 464 or it may be intact so that the 
Surgeon will cut through it at the time of making the skin 
incision. Alternatively, the surgical closure device 460 may be 
perforated or partially cut through at the incision plane 468. 
The first rail 472 and the second rail 474 are preferably 
U-shaped or J-shaped in cross section and positioned with 
their bends adjacent to the incision plane 468. Preferably, the 
first rail 472 and the second rail 474 are made of a metal, for 
example stainless steel, that has been cut or etched with a 
pattern of slots 470 to make it flexible, while retaining the 
strength of the U-shaped or J-shaped configuration. 
Examples of possible slot 470 geometries are shown in close 
up drawings in FIGS. 77, 78 and 79. The flexible binder 466 
is preferably C-shaped in cross section for a close fit around 
the first rail 472 and the second rail 474. Preferably, the 
flexible binder 466 is made of a metal, for example stainless 
steel, that has been cut or etched with a pattern of slots 476 to 
make it flexible, while retaining the strength of the C-shaped 
configuration. Examples of possible slot 476 geometries are 
shown in close-up drawings in FIGS. 78 and 79. Optionally, 
the flexible binder 466 may be covered or coated with a 
flexible polymer with a low coefficient of friction. Optionally, 
the flexible binder 466 may have a break-off handle 478 (See 
FIG. 75) that can be removed to minimized the profile of the 
device 460 after the binder 466 has been installed. FIG. 78 
illustrates an optional feature of the low-profile Surgical clo 
sure device 460 of FIG. 75. An end of the rails 472, 474 and/or 
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an end of the flexible binder 466 may beformed with a tapered 
configuration to facilitate insertion of the rails 472, 474 into 
the binder 466. 

(0190 FIGS. 79-80 illustrate another optional feature of 
the low-profile surgical closure device 460 of FIG. 75. The 
rails 472, 474 and the flexible binder 466 may be formed with 
interlocking features that will securely lock the binder 466 to 
the rails 472, 474 once it has been installed. In the example 
shown, the interlocking features include a pair of tabs 480 
formed on the end of the flexible binder 466 that interlock 
with a pair of spring detents 482 formed on the ends of the 
rails 472, 474. 
(0191 FIGS. 81-86 illustrate another low-profile embodi 
ment of a surgical closure device 490. As shown in FIG. 82. 
the surgical closure device 490 has a first adhesion patch 492 
and a second adhesion patch 494 that meet along an opening 
493 that defines an incision line. The first adhesion patch 492 
and the second adhesion patch 494 may be separate or, 
optionally, may be joined together beyond the ends of the 
opening 493. A first sleeve 496 is connected to the first adhe 
sion patch 492 along one edge of the opening 493 and a 
second sleeve 498 is connected to the second adhesion patch 
494 along the opposite edge of the opening 493. Preferably, 
the first adhesion patch 492, the first sleeve 496, the second 
adhesion patch 494 and the second sleeve 498 are made of a 
flexible, breathable fabric. The sleeves 496, 498, which are 
shown in cross section in FIG. 83, can be formed by adhesive 
bonding, sewing or welding the fabric. The sleeves 496, 498 
may be continuous, as shown, or they may be configured in 
intermittent segments to make the surgical closure device 490 
more flexible. 

(0192. The sleeves 496, 498 of the surgical closure device 
490 serve the same function as the rails in other embodiments 
described herein. The function of the binder is served by an 
elongated fork-shaped binder 500, shown in FIG. 84, having 
a first tine 502 and a second tine 504 that are configured for a 
sliding fit within the first and second sleeves 496, 498, respec 
tively. The first tine 502 and the second tine 504 of the fork 
shaped binder 500 are attached at one end by a cross member 
503. The fork-shaped binder 500 is preferably formed of a 
metal. Such as stainless Steel, nickel-titanium or other Suitable 
alloy by any Suitable process, such as machining, stamping, 
photoetching, etc. Alternatively, the fork-shaped binder 500 
may be formed of a rigid polymer or a fiber-reinforced poly 
mercomposite. In one particularly preferred embodiment, the 
fork-shaped binder 500 is configured with a partially-open 
Section 506 where the first tine 502 and the Second tine 504 
are spaced apart by a small gap 505 and a closed section 508 
where the first tine 502 and the second tine 504 are side-by 
side with little or no gap in between. Additionally, there may 
be an end Section 507 where the first tine 502 and the second 
tine 504 are tapered to facilitate insertion into the first and 
second sleeves 496, 498. Optionally, there may be a cover seal 
510 attached to the fork-shaped binder 500. The cover seal 
510 may be made from the same material as the fork-shaped 
binder 500 or a different material. 

0193 In use, the surgical closure device 490 is adhered to 
the patient’s skin with a contact adhesive on the underside of 
the first adhesion patch 492 and the second adhesion patch 
494. The closed section 508 of the fork-shaped binder 500 is 
positioned within the first and second sleeves 496, 498 to hold 
the surgical closure device 490 in a closed position, as shown 
in FIG. 81. Next, the fork-shaped binder 500 is slid longitu 
dinally so that the partially open section 506 of the fork 
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shaped binder 500 is positioned within the first and second 
sleeves 496, 498 to hold the surgical closure device 490 in a 
partially open position. While the surgical closure device 490 
in the partially open position, an incision is made in the skin 
through the opening 493 formed between the first adhesion 
patch 492 and the second adhesion patch 494. After the inci 
sion is made, the fork-shaped binder 500 may be temporarily 
removed from the first and second sleeves 496, 498 to allow 
the opening 493 and the tissue below to be retracted for 
performing Surgery through the incision. After the Surgery 
has been completed, the fork-shaped binder 500 is reinserted 
and moved to the closed position to close the opening 493 
between the first adhesion patch 492 and the second adhesion 
patch 494. The tissue will be precisely apposed in the same 
position as before the Surgery. Optionally, the fork-shaped 
binder 500 may apply a compressive force on the incision in 
the dosed position. The sections 506, 507 of the fork-shaped 
binder 500 that are no longer needed are preferably removed 
by bending the tines 502,504 upward and breaking them off 
at a score line 509 on the underside of the times 502,504 or, 
alternatively, by cutting the tines 502, 504 off with a cutting 
device. Next, the cover seal 510 is folded over the first and 
second sleeves 496, 498 and the closed section of the fork 
shaped binder 500 to lock and seal the surgical closure device 
490 in the closed position, as shown in FIGS. 85-86. Option 
ally, the cover seal 510 may have a pair of locking pins 512 
that interlock with a pair of holes 514 in the first and second 
tines 502, 504 to secure the fork-shaped binder 500 in the 
closed position. Alternatively or in addition, the cover seal 
510 may have a contact adhesive to lock and seal the surgical 
closure device 490 in the dosed position. 
(0194 FIG.87 illustrates an optional incision template 590 
that can be used with the surgical closure device 490 in FIGS. 
81-86. The incision template 590 fits over the surgical closure 
device 490 when it is in a closed or partially-open position. A 
central slot 592 has downwardly-extending lips 594 that 
extend into the opening 493 to protect the first sleeve 496 and 
the second sleeve 498 from being cut when the incision is 
being made. The incision template 590 is preferably made of 
a rigid or semi-rigid polymer or metal that will resist being cut 
by a scalpel or other cutting device. The incision template 590 
is also adaptable for use with other embodiments of the sur 
gical closure device described herein. 
(0195 FIG. 88 illustrates a variation of the fork-shaped 
binder 500 that has an inwardly convex, arcuate or bowed 
curvature to the tines 502,504 so that, when the fork-shaped 
binder 500 is locked in a closed position, an increased closing 
pressure is applied over the center of the incision. 
(0196. FIG. 89 illustrates a variation of the fork-shaped 
binder 500 that serves a similar function to the partially-open 
section 506 of the fork-shaped binder 500 shown in FIG. 84. 
This variation of the fork-shaped binder 500 has a gap 505 
between the tines 502,504 to apply a spreading force to the 
opening 493 in the surgical closure device 490 and to the skin 
underneath to facilitate making an incision through the open 
ing 493. 
(0.197 FIG. 90 illustrates a variation of the fork-shaped 
binder 500 that is configured to lift the tissue adjacent to the 
incision when the surgical closure device 490 is in a closed 
position. The first tine 502 and the second tine 504 are angled 
upward so that, when the fork-shaped binder 500 is inserted 
into the first sleeve 496 and the second sleeve 498, the tissue 
adjacent to the incision is lifted up. Lifting the tissue adjacent 
to the incision is intended to reduce Subsidence or retraction 










