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APPARATUS AND METHOD FOR 
MINIMALLY INVASIVE SUTURING 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This patent application claims the benefit of prior 
ity to U . S . Provisional Application Ser . No . 62 / 463 , 724 , filed 
Feb . 26 , 2017 . The aforementioned patent application is 
incorporated by reference herein in its entirety for any 
purpose whatsoever . 

FIELD 

[ 0002 ] The embodiments disclosed herein relate to a medi 
cal device for suturing tissue , and more particularly to a 
device for the manipulation and control of a suturing needle 
during minimally invasive suturing , methods for making 
such a device and methods for using such a device for 
suturing tissue . 

BACKGROUND 
[ 0003 ] Minimally invasive surgery ( MIS ) has allowed 
physicians to carry out many surgical procedures with less 
pain and disability than conventional , open surgery . Unlike 
conventional open surgery , where the surgical site is readily 
accessible through a large incision , enabling the surgeon to 
easily visualize and manipulate both tissue and instruments , 
MIS requires the surgeon to operate remotely by inserting 
and manipulating instruments through small punctures 
( “ keyhole surgery ' ) or through natural orifices , including for 
example the vagina , the esophagus , or the anus . 
[ 0004 ] In MIS , a small puncture is typically made in the 
body . Medical instruments are then inserted through a can 
nula . A cannula has a small inside diameter , typically 5 - 10 
millimeters ( mm ) , and sometimes up to 20 millimeters ( mm ) 
or more . A number of such cannulas may be inserted into the 
body for any given operation . Minimally invasive surgical 
instruments are necessarily smaller , and are also generally 
longer and therefore are more difficult to manipulate with 
precision . 
[ 0005 ] Perhaps the most problematic surgical task in MIS 
is suturing . Suturing requires coordinated manipulation with 
both hands of small needles and sutures that are difficult to 
visualize ( particularly when only indirect , two - dimensional 
video imaging is available ) as well as the several instru 
ments ( including needle - drivers and pick - up forceps ) ordi 
narily used to suture by hand . In an environment character 
ized by limited space , limited visualization , and limited 
mobility , many surgeons find minimally invasive suturing 
by hand an extremely difficult , often virtually impossible , 
surgical task . 
[ 0006 ] In the preferred method of suturing by hand , a 
grasping forceps ( “ needle driver ” ) is held by the surgeon and 
is used to grip a curved needle near the needle ' s tail . 
Pronation of the surgeon ' s wrist drives the needle into the 
tissue . When the point of the curved needle emerges from 
the tissue , the surgeon releases the needle from the grip of 
the needle driver and grasps the point with another forceps 
( " pick - ups ” ) . The surgeon then pulls the curved needle by 
the needle point , preferably in a circular path following the 
arc of the needle ' s curvature to follow the most atraumatic 
path through the tissue , until the entire length of the needle 
has exited the tissue . Each time a stitch is placed , the curved 
needle is thus driven around in a complete circular arc . 

Individual ( interrupted ) stitches are placed by tying off the 
suture following placement of each stitch . Running ( con 
tinuous ) stitches are placed by repeatedly driving the curved 
needle in a complete circular arc repeatedly until the desired 
length of suture and number of stitches has been placed . In 
order to place additional interrupted or continuous stitches , 
the surgeon must let go of the point of the needle and 
re - grasp the needle near the needle ' s tail . 
[ 0007 ] In the manual suturing technique described above , 
the direct handling of the needle can result in accidental 
needle pricks through a surgeon or nurse ' s gloves , posing a 
potential risk of infection for the surgeon , nurse , staff , and 
patient , or cause the needle to become contaminated with 
pathogenic bacteria that can cause onset of infection at the 
site of the sutures . There is also a risk of the needle 
penetrating internal organs or vessels and causing a serious , 
and often fatal infection . 
[ 0008 ] Various devices for suturing for MIS are described 
in U . S . Pat . No . 5 , 643 , 295 entitled “ Methods and Apparatus 
for Suturing Tissue ” ; U . S . Pat . No . 5 , 665 , 096 entitled 
“ Needle Driving Apparatus and Methods of Suturing Tis 
sue ” ; U . S . Pat . No . 5 , 665 , 109 entitled “ Methods and Appa 
ratus for Suturing Tissue ” ; U . S . Pat . No . 5 , 759 , 188 entitled 
“ Suturing Instrument with Rotatably Mounted Needle 
Driver and Catcher ” ; U . S . Pat . No . 5 , 860 , 992 entitled 
“ Endoscopic Suturing Devices and Methods ” ; U . S . Pat . No . 
5 , 954 , 733 entitled " Suturing Instrument with Rotatably 
Mounted Needle Driver and Catcher " ; U . S . Pat . No . 6 , 719 , 
763 entitled “ Endoscopic Suturing Device ” ; and U . S . Pat . 
No . 6 , 755 , 843 entitled “ Endoscopic Suturing Device ” , all of 
which are incorporated by reference in their entireties for the 
teachings therein . 
[ 0009 ] Assignees ' U . S . Pat . No . 5 , 437 , 681 , U . S . Pat . No . 
5 , 540 , 705and U . S . Pat . No . 6 , 923 , 819 disclose a suturing 
device with thread management comprising a protective 
cartridge , suturing needle and needle rotation drive , the 
disclosures of which are hereby incorporated by reference . 
The devices described in the above - mentioned patents and 
patent application comprise a mechanism for driving a 
protected needle however , the needle is rotated about an axis 
that is parallel to the axis of the device . In addition , the 
orientation and size of the suturing device makes it difficult 
to visualize and cumbersome to use for MIS . 
[ 0010 ] Therefore , there remains a need in the art for a 
minimally invasive suturing device that is easily manipu 
lated within the small diameter of the cannula ; functions in 
an environment characterized by limited space , limited 
visualization , and limited mobility ; mimics the preferred 
method of suturing used by surgeons ; permits the surgeon to 
secure and tie knots quickly and with controlled tension ; 
places continuous stitches ; and protects user ' s from acci 
dental needle sticks during needle handling , as well as 
internal organs and vessels , from inadvertent needle - pricks . 

SUMMARY 
[ 0011 ] Devices and methods for minimally invasive sutur 
ing of tissue internal to a body are disclosed herein . 
[ 0012 ] According to aspects illustrated herein , there is 
provided a medical device for closing openings internal to a 
patient ' s body , which closely emulates or replicates the 
manual suturing actions carried out by a surgeon . The device 
offers several advantages over conventional methods used 
by surgeons for suturing tissue during minimally invasive 
surgery in that the device provides a hand - held suturing 



US 2018 / 0242967 A1 Aug . 30 , 2018 

instrument of relatively simple mechanical construction that 
requires no external motive source . The presently disclosed 
embodiments provide relative ease of operation for the 
surgeon with only one hand . 
[ 0013 ] According to aspects illustrated herein , a suture 
head assembly may be removably attached to an actuator 
mechanism of the suturing device . The diameter of the 
device is small enough to fit into a typical cannula , thus 
making the device extremely easy to maneuver , as well as 
suture , during endoscopic or other MIS procedures . Also , 
the suture head assembly of the device can be laterally 
articulated to the left of center , to the right of center , up , and 
down , once inside the cannula , which is ideal for use in the 
course of endoscopic surgery , including laparoscopy , thora 
coscopy and arthroscopy , as well as other less - invasive 
surgical procedures . 
[ 0014 ] The device of the present disclosed embodiments 
closely emulates or replicates the manual suturing actions 
carried out by a surgeon . For example , during manual 
suturing by hand , the needle is held in forceps and travels in 
a circular arc with no obstructions anywhere in the interior 
of the arc . The design of the suturing device of the present 
disclosed embodiments allows for a lack of obstruction in 
the center of the arc of the needle during suturing . In other 
words , there is no hub at the center of the circular arc of the 
suturing needle . The entire area within the circular arc of the 
needle is unobstructed . This allows for the user to have 
better visualization during operation , unlike the present 
mechanical suturing methods , while maintaining control 
over needle movement . 
[ 0015 ] In accordance with one embodiment a “ locomo 
tive - type ” drive mechanism is provided for advancing the 
needle about a path of travel . This embodiment of a drive 
enables the small diameter of the device and affords better 
visualization during operation because of the lack of a hub . 
There are many benefits afforded by the design of the 
suturing device of the presently disclosed embodiments , 
including , but not limited to , more tissue being able to fit 
into the device , thus enabling a bigger bite of tissue and a 
more secure suture ; the device can be used to ligate , that is , 
place a loop of suture around a blood vessel , duct , or other 
tubular structure ; and the device can be inserted further into 
smaller incisions / openings ( one side of the aperture can be 
inserted deeply , for example ) . 
[ 0016 ] A benefit provided by the suturing device of the 
presently disclosed embodiments is that the device enables 
maneuvering a suturing material through a tissue incision in 
a manner substantially similar to the way a surgeon would 
do so by hand . In particular , the suturing device first pushes 
a suturing needle from the tail of the needle and drives the 
point of the needle through the tissue . The device then picks 
up the point of the needle that passed through the tissue , and 
pulls the remainder of the suturing needle and the suture 
attached to the suturing needle through the tissue . The 
suturing needle thus consistently follows the arc of the 
needle ' s own curve , which is the preferred method of 
suturing , in the most atraumatic way of passing a needle 
through tissue . A benefit provided by the suturing device of 
the presently disclosed embodiments is the ability of the 
suturing needle to pull the suturing thread entirely through 
the tissue segments being closed , following each stitch . 
When using the suturing device of the presently disclosed 
embodiments , no ancillary instruments or tools such as 

needle holders , pick - up forceps or the like are needed to 
complete the stitch . A forceps can be used to tighten the 
knots . 
[ 0017 ] According to aspects illustrated herein , there is 
provided a suturing device that includes a suturing needle 
that is protected by a housing , the suturing needle is not 
exposed to or handled directly by the user , thereby prevent 
ing inadvertent needle sticks . The configuration of the 
suturing device of the presently disclosed embodiments also 
protects against inadvertent penetration of internal organs or 
vessels by the needle , since the housing acts as a shield 
between the organs and the needle . 
[ 0018 ] The suturing device of the presently disclosed 
embodiments is useful for suturing tissue internal to a body . 
An embodiment of the device includes an elongated barrel 
having a proximal end , a distal end , and a longitudinal axis 
therebetween ; a suture head assembly extending from the 
distal end of the elongated barrel ; a suturing needle having 
a pointed end and a blunt end , the suturing needle capable 
of rotating about an axis approximately perpendicular to a 
longitudinal axis of the elongated barrel , wherein the 
pointed end of the suturing needle is positioned within the 
suture head assembly prior to and after rotation of the 
suturing needle ; and an actuator extending from the proxi 
mal end of the elongated barrel to actuate a drive mechanism 
having a needle driver for engaging and rotating the suturing 
needle . 
[ 0019 ] According to aspects illustrated herein , there is 
provided a method for suturing tissue during minimally 
invasive surgery that includes : ( a ) engaging a cartridge to a 
suture head assembly at a distal end of a suturing device , the 
cartridge having a protective housing and a suturing needle 
with a pointed end and a blunt end ; ( b ) introducing the distal 
end of the suturing device into a body cavity ; ( c ) positioning 
an opening in the cartridge to span a plurality of separated 
tissue segments or a single tissue segment ; ( d ) activating an 
actuator coupled to a drive mechanism that engages the 
suturing needle to cause rotational movement of the suturing 
needle about an axis approximately perpendicular to a 
longitudinal axis of the suturing device and advance the 
suturing needle through the plurality of separated tissue 
segments or the single tissue segment ; ( e ) pulling a suturing 
material attached to the suturing needle through the plurality 
of separated tissue segments or the single tissue segment 
forming a stitch ; and repeating steps ( c ) through ( e ) to cause 
a plurality of stitches to be placed through the separated 
tissue segments or the single tissue segment . 
[ 0020 ] According to aspects illustrated herein , there is 
provided a method for suturing tissue during minimally 
invasive surgery that includes : ( a ) engaging a suturing 
needle with a pointed end and a blunt end to a suture head 
assembly at a distal end of a suturing device , the suture head 
assembly includes a curved track , whereby the suturing 
needle follows a curved path along the track during rotation 
of the suturing needle , and a latch that provides a protective 
housing for the suturing needle ; ( b ) introducing the distal 
end of the suturing device into a body cavity ; ( c ) positioning 
an opening in the needle holder assembly to span a plurality 
of separated tissue segments or a single tissue segment ; ( d ) 
activating an actuator coupled to a drive mechanism that 
engages the suturing needle to cause rotational movement of 
the suturing needle about an axis approximately perpendicu 
lar to a longitudinal axis of the suturing device and advance 
the suturing needle through the plurality of separated tissue 
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extend beyond a protective housing of a cartridge to engage 
the plurality of separated tissue segments ; and activating the 
actuator a second time to cause the suturing needle to 
complete a revolution and pull a suture extending from the 
suturing needle through the plurality of separated tissue 
segments to form a stitch . 
f0028 ] . In addition to the advantages discussed above , the 
suturing device of the presently disclosed embodiments is 
relatively simple and cost efficient to manufacture . There 
fore , the suturing device should find widespread suturing 
applications that include single stitches or continuous 
stitches , e . g . spiral , mattress , purse string , etc . , that are 
required to close tissue incisions , attach grafts , or the like . 
[ 0029 ] . These and other advantages of the presently dis 
closed embodiments are illustrated through the embodi 
ments described hereinafter . The presently disclosed 
embodiments accordingly comprise the features of construc 
tion , combination of elements and arrangement of parts that 
will be exemplified in the following detailed description . 

segments or the single tissue segment ; ( e ) pulling a suturing 
material attached to the suturing needle through the plurality 
of separated tissue segments or a single tissue segment 
forming a stitch ; and repeating steps ( c ) through ( e ) to cause 
a plurality of stitches to be placed through the separated 
tissue segments or a single tissue segment . 
10021 ] In further accordance with the disclosure , a sutur - 
ing device is provided that includes an arced needle having 
a leading end , a second end , and a length of suture , a housing 
defining a track therein that receives the needle and defines 
a path for the needle to traverse , a needle driver operable to 
rotate the needle along the circular path , and a needle 
position detection circuit . The needle position detection 
circuit is preferably configured and arranged to indicate 
when a portion of the needle is positioned at a predetermined 
location along the circular needle path . 
[ 0022 ] In various implementations , the needle position 
detection circuit is configured to be operably coupled to an 
electrical power supply . If desired , the needle can be con 
figured to close an electrical circuit when it is present at the 
predetermined location , thereby revealing the location of the 
needle . For example , electrical current can flow through or 
along a portion of the needle in order to close the electrical 
circuit . In some implementations , the needle can be config 
ured to actuate a mechanical switch that closes the electrical 
circuit . 
[ 0023 ] In other implementations , the needle can open an 
electrical circuit when the needle is present at the predeter 
mined location in order for the position of the needle to be 
detected . For example , the needle can actuate a mechanical 
switch that opens the electrical circuit . 
[ 0024 ] In some implementations , the needle position 
detection circuit can be configured to be electrically coupled 
to an anti - rotate spring of the suturing device of the suturing 
device , to a drive pawl of the suturing device , or to another 
portion of the suturing device . For example , the needle 
position detection circuit is configured to be electrically 
coupled to a needle track of the suturing device that defines 
the path for the needle to traverse . 
[ 0025 ] In some embodiments , the needle position detec 
tion circuit can be configured to activate an indicator when 
the needle is positioned in the predetermined location . The 
indicator can include , for example , at least one light emitting 
diode , or other lighting device , vibratory device ( e . g . , piezo 
electric element ) , or sound emitting device . In further imple 
mentations , the circuit can be operably coupled to a com 
puting device or wireless device to transmit needle position 
information to a computing device so that the needle posi 
tion can be indicated on a screen of a user device , operating 
room monitor , or the like . 
[ 0026 ] In some implementations , the at least one light 
emitting diode can be located in or on a handle of the 
suturing device . If desired , the indicator can include a 
plurality of light emitting diodes . For example , the plurality 
of light emitting diodes can be arranged in an arc shape and 
are spaced to indicate the needle location in the suturing 
device . 
[ 0027 ] According to aspects illustrated herein , there is 
provided a method for suturing tissue during minimally 
invasive surgery that includes inserting a distal end of a 
suturing device having a suturing needle with a pointed end 
into a body ; positioning the suturing needle to span a 
plurality of separated tissue segments ; activating an actuator 
a first time causing the pointed end of the suturing needle to 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0030 ] The presently disclosed embodiments will be fur 
ther explained with reference to the attached drawings , 
wherein like structures are referred to by like numerals 
throughout the several views . The drawings shown are not 
necessarily to scale , with emphasis instead generally being 
placed upon illustrating the principles of the presently 
disclosed embodiments . 
[ 0031 ] FIG . 1 is a perspective view of a suturing device of 
the presently disclosed embodiments . 
10032 ] FIGS . 2A and 2B are views of the suture head 
assembly of the suturing device of FIG . 1 . FIG . 2A is a 
perspective assembly view of the suture head . FIG . 2B is a 
cutaway perspective view of the suture head . 
[ 0033 ] FIGS . 3A and 3B are segmented assembly views of 
the suture head assembly of FIG . 2 . 
[ 0034 ] FIGS . 4A and 4B are cutaway segmental views of 
the suture head assembly showing interaction points of a 
suturing needle with a portion of the drive mechanism . FIG . 
4A shows the position of the suturing needle and drive 
mechanism in a “ home ” position prior to use or after a 
complete full cycle . FIG . 4B shows the position of the 
suturing needle and drive mechanism after one full actuation 
of the handle , where the suturing needle is in a “ rotation ” 
position . 
( 0035 ] FIGS . 5A and 5B are expanded views of the 
working end of the suture head assembly with a suturing 
needle in the home position presented in FIG . 5 . FIG . 5A 
shows the relationship between the pawl and anti - rotate 
spring when the suturing needle is in the home position . FIG . 
5B shows a close - up view of the anti - rotate spring . 
[ 0036 ] FIGS . 6A and 6B are expanded views of the 
working end of the suture head assembly during use of the 
device . FIG . 6A shows the position of the suturing needle 
and the pawl immediately after the user squeezes the handle . 
The user then releases the handle and the pawl returns to the 
start position ( FIG . 6B ) while the suturing needle remains in 
the rotation position . 
[ 0037 ] FIGS . 7A and 7B are expanded views of the pawl 
in contact with the C - brace while driving the suturing needle 
presented in FIG . 7 . FIG . 7A shows a close - up view of the 
pawl spring loaded with a spring . FIG . 7B shows a close - up 
view of the pawl , showing the heel and tip . 








































