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ABSTRACT 

An apparatus for insertion of a medical device in the skin of a 
Subject is provided, as well as methods of inserting medical 
devices. 

214 

250 

228 

244 

122 

268 

14 

224 

218 22O 

246 

242 

212 

248 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 1 of 99 Patent Application Publication 

|------ 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 2 of 99 US 2012/0197098A1 

  



Patent Application Publication Aug. 2, 2012 Sheet 3 of 99 US 2012/0197098A1 

FG. 3 

  



Patent Application Publication Aug. 2, 2012 Sheet 4 of 99 US 2012/0197098A1 

s 

s 

S. 

S 

  

  



ication Aug. 2, 2012 Sheet 5 of 99 US 2012 10197098A1 

g 

  



Patent Application Publication 

r 
va 

& 

3 
S : 

S :::: (s 
&&. : ŠSS ŠS. &S Se: 

& S. 
5. 

Aug. 2, 2012 Sheet 6 of 99 

S S 

US 2012/0197098A1 

s S &: S. r 

sts SS Š 
S. 

3 

s 

3. s & É N 
S. 

  

  

  

  

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 7 of 99 US 2012/0197098A1 

s s N. S. 
N s 

N N 
N 

S & N 

t an (32Y-342/3/ 
a 7 A7 Al-'7. 

3. 

N 

s 
o vess 

OO 

l 

c N 3. CN 
C 

O 
vo 
N 

w 
r 
y 

: & S 3. s & CO 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 8 of 99 Patent Application Publication 

  



Patent Application Publication Aug. 2, 2012 Sheet 9 of 99 US 2012/0197098A1 

É 
i 

| || 
4 || || || - * 

s 

  



Patent Application Publication Aug. 2, 2012 Sheet 10 of 99 US 2012/0197098A1 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 11 of 99 Patent Application Publication 

{}{}}. --> ${}}. 

ž? 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 12 of 99 US 2012/0197098A1 

r 
N 
N 

N 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 13 of 99 US 2012/0197098A1 

  



Patent Application Publication Aug. 2, 2012 Sheet 14 of 99 US 2012/0197098A1 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 15 of 99 Patent Application Publication 

  



Patent Application Publication Aug. 2, 2012 Sheet 16 of 99 US 2012/0197098A1 

F.G. 18 

  



Patent Application Publication Aug. 2, 2012 Sheet 17 of 99 US 2012/0197098A1 

122 
N 
\ 

124 

124 

72 

  



Patent Application Publication Aug. 2, 2012 Sheet 18 of 99 US 2012/0197098A1 

S. S. 
cN (N O O. N. ne 

. & S. N 

c 
r 

s N 
ve 388 : 8: 88: S. 

w 3 8 

N 
N 

w 
- w 

CN 
CN 

- 
O 3. S N N 

A A Az 2 A. 
W-A YNK/ SA Na Z 27 A? 77 A six st f 

wo. 

s 
r 
N 

9 N 
N res N 3. s & 

  



Patent Application Publication Aug. 2, 2012 Sheet 19 of 99 US 2012/0197098A1 

S 

3. 

S. 

S 

s 

S 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 20 of 99 US 2012/0197098A1 

S 

3. 

S 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 21 of 99 US 2012/0197098A1 

3. cy 

O) 
CN 

CD 
l 

o 

N. 
CN 

CD 
L 

CN 
c 
cy 

S-: 
N OO 

CN 

CD 
LL 

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 22 of 99 US 2012/0197098A1 

CN 
cro 

My - 
\, ... -- v. a 
{- N-// e 
\s - f & 

. 3. 

s 

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 23 of 99 US 2012/0197098A1 

& 3 N N x 
c to c. c. s so cvi o 

si or cry ( cy c 
a cy 

| r 
... : 

S 
. c 

O m % is 

c 
cy 

r 
S. g 
y & N. N. co 

west cy c S 

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 24 of 99 US 2012/0197098A1 

sir C 3. & 9 3 s 
S. S. r y y r y S. 

s r 

cy o 

? 

. :: . 8. 8 E. 

/ CN / i. 
f : sa. 

: 

cy 

L 

\ K, C 
S \ 

O N - 22 
v i: M so 

"A " . . | ". ey 
is 

s 
t so 

s s Ed s 
r e a. 

cy c RS G & S. 

  



Patent Application Publication Aug. 2, 2012 Sheet 25 of 99 US 2012/0197098A1 

S S 
cC 
xas 

c 

S. 

  



Patent Application Publication 

S. 

S 

S. 

S. 

: 

Aug. 2, 2012 

3. 3. S. 

Sheet 26 Of 99 

S. : : 

US 2012/0197098A1 

N 
re 

cr) 

\ AVN 
E. : 8. 

* a^-xxx 

r 
cy 

s 0. 
88 88% 

ww. S 
r 
va 

S s 
E. 
&SSS '', 
ix. & - c 

& * c 
SSS * 3. 8. 

'. 
4. 

A/, g; 
x & 

tes 
(r 

& S. 

  



Patent Application Publication Aug. 2, 2012 Sheet 27 of 99 US 2012/0197098A1 

s to ov 
s s vs. v. s s er 
y cry ce r r r y 

an 

g c 

y gas E. E: 

C 

s s 
| a. 

cr) 

\f. 
\ \K & 

3. 
r 
a. 
r 

r s c w *. CN 
c cy 3 S cy SN T 

  

  

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 28 of 99 US 2012/0197098A1 

CN 
vote 
cy 

S 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 29 of 99 US 2012/0197098A1 

CN 
s 
s 

  



Patent Application Publication Aug. 2, 2012 Sheet 30 of 99 US 2012/0197098A1 

3. s 

s 
s 

CD 
l 

C 

s 

CN 
r 

CD 
L 

s 
s 3. 

S w 

cr) 
r 

CD 
- 

S 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 31 of 99 US 2012/0197098A1 

g 
: 

3. 

CO 
CO 
s 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 32 of 99 US 2012/0197098A1 

N O s 
s se 

s r r s N 
st sos 
s vs. 

N 

s 

r 

N N 
w r 

N 
CS 
vs. 

S. 
8 r 
s 

s : & S. s 

  



Patent Application Publication Aug. 2, 2012 Sheet 33 of 99 US 2012/0197098A1 

ver 
w 

N 

e 

N 
tea. 

s 

s 
r 

- st OO 

y 
- 

C 

s 

so 

s 

s 
st 

  





Patent Application Publication Aug. 2, 2012 Sheet 35 of 99 US 2012/0197098A1 

CO . 
st oo co Y S o r 
S. S. & S. N. S. s rt vs. r s 

ves 

s 
N 

c 
s 

N 
N 
so 

m O 

- 
ve 
won 

s O 
vo 

w r 
(r 
w 

N 
r 

s. s % s r S. N 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 36 of 99 Patent Application Publication 

2405 

2416 

2414 

CO CD <+ CN) 

2404 

FIG 51 

  

  

  

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 37 of 99 US 2012/0197098A1 

25OO   



Patent Application Publication Aug. 2, 2012 Sheet 38 of 99 US 2012/0197098A1 

& 

S. 
N 

r 
LO 

CD 
L 

O 
O 

N 

O 
O 

N Ya 
cy 
O 

8 

CD 
- 

s 



Patent Application Publication Aug. 2, 2012 Sheet 39 of 99 US 2012/0197098A1 

N 
o 
s 
N 

s s 

s s s 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 40 of 99 US 2012/0197098A1 

s 
s 

& 

CN 
O 
s 
CN 

s 

& 

  



Patent Application Publication Aug. 2, 2012 Sheet 41 of 99 US 2012/0197098A1 

s 

S. 

s 

s 

& N 
O 
r 
N 

  



Patent Application Publication Aug. 2, 2012 Sheet 42 of 99 US 2012/0197098A1 

S 

s 
s 

S NVNN GGGGS3% 
2-,-,-,-- Eifrity N DVJ 

SI N1 Cl Y A3 5. & 

s s 5. & 

s 

  

  



Patent Application Publication 

is, " ^ - “... ', NY \ S.A 

Aug. 2, 2012 Sheet 43 of 99 

NSN N N N N N S 
s 

- 

7. 

NA, SN SNN 3 
Saa-e-A-S-AYS 

time a? III 
NSNY 41 
NSG NGEJ 

NA, (222 y 

N. N. A '' ... ', ^^ N. Y. I a \, 

N 
s 

& c C. 3 S S 2 & r r s von r 
N N N 

r 
CN 

US 2012/0197098A1 

S. 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 44 of 99 

S 
*: 

s * 
o-TS-A-Say... W. 

* 'N, * * 

s 

s s 

N 
St. NN 
NN %527 N ray Sis in 3 

(O 
N 
w 
w 

& sz 

&N 3 
% N 

SSZZ 

& 

US 2012/0197098A1 

& CY) 
CO 

CD 
- 

s 

s 

o 

N 

  



Patent Application Publication 

s 

s 

Aug. 2, 2012 Sheet 45 of 99 

254 EM Ein. E3 Ny. \N 
3. ". 

NN N 
x & y & G------ s 

Nels. It N ŠUNA (TT 22 32. 

N s 

g S. N. 
N N. CY ... " 

". 
, % 

8& J 
K 8. r % . N - “. N m"mimos 7 

* * * % 
* - YO-C 

FatL, 
ls A (4 

... As % * '', , ^ 

% 

S { C. 
N (N co S. S. 

N. N s S, SN N so 

US 2012/0197098A1 

s 

& 

  



Patent Application Publication Aug. 2, 2012 Sheet 46 of 99 

woe 

s 
CN 

M. v. Y. 

s N. Nina f. f. f. f. NetNI 
SNNNS V 

in N. NSNSN 
22 

5. 

US 2012/0197098A1 

s 

& 

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 47 of 99 US 2012/0197098A1 

2400 

248O 

2400 

24OO 

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 48 of 99 US 2012/0197098A1 

  



Patent Application Publication Aug. 2, 2012 Sheet 49 of 99 US 2012/0197098A1 

25OO 

252 

2504 

2508 

25O6 

FG. 74 FG. 75 

  



Patent Application Publication Aug. 2, 2012 Sheet 50 of 99 US 2012/0197098A1 

252O < 

2527 

  



Patent Application Publication Aug. 2, 2012 Sheet 51 of 99 US 2012/0197098A1 

i. 

s 

s 

: 

  





Patent Application Publication Aug. 2, 2012 Sheet 53 of 99 US 2012/0197098A1 

. s s : 

: 

5. 

E. s S i : 
s 

  



Patent Application Publication Aug. 2, 2012 Sheet 54 of 99 US 2012/0197098A1 

: 

s 

i 

5 
: s & : 

i 

  



Patent Application Publication Aug. 2, 2012 Sheet 55 of 99 US 2012/0197098A1 

s s s 

s S. 

: 

  



Patent Application Publication Aug. 2, 2012 Sheet 56 of 99 US 2012/0197098A1 

s s 

& 

: : 

  



Patent Application Publication Aug. 2, 2012 Sheet 57 of 99 US 2012/0197098A1 

s s 

C 
w 

S ". CO 
g- CO 

x 

L 

t 

r 
w 

i 

*son 

s s : 

  



Patent Application Publication Aug. 2, 2012 Sheet 58 of 99 US 2012/0197098A1 

s s 

i. 

: 
i. 

s s : 

  



Patent Application Publication Aug. 2, 2012 Sheet 59 of 99 US 2012/0197098A1 

FIG. 88 

25O2 

2512 

25O2 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 60 of 99 US 2012/0197098A1 

s 

N 
O) 

CD y S. & 
- S s 

c R. N 
w 
s 
N 

N 

s 
N 

N 

s NN 
cy 
O 

l 
s 

S c 
e. s. 

c 
x 
s 

ro 

O 

L 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 61 of 99 US 2012/0197098A1 

s s c 
wir 
& 

s 
s s 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 62 of 99 US 2012/0197098A1 

s 

s 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 63 of 99 US 2012/0197098A1 

s s s s 

.......mwm-M""" 

& 

s 
wax 

N 

Y. 
' 

s 

& 
O 
O 

O va 
w 

N (5 
C N - 
s 

N 
cy 
a. 
w C 

so 
N. 

s s s s s 

  



Patent Application Publication Aug. 2, 2012 Sheet 64 of 99 US 2012/0197098A1 

s s s 
& s 

st 

s 
S. 

s 

s 

s s s s 

  



US 2012/0197098A1 

iz I.#ZZ8 | 12 ZGA Z0€ 12 

Aug. 2, 2012 Sheet 65 of 99 Patent Application Publication 

  



Patent Application Publication Aug. 2, 2012 Sheet 66 of 99 US 2012/0197098A1 

s s s s & s 

s S. 

s 

s 

s s s s s 

  



Patent Application Publication Aug. 2, 2012 Sheet 67 of 99 US 2012/0197098A1 

s s s 
S N 
a. -s. & 

s 

s 

s 

s s s s s 

  



Patent Application Publication Aug. 2, 2012 Sheet 68 of 99 US 2012/0197098A1 

s s s s & 

N 
s N 
N CN 

O 
O 

C ves 
vios 

R 3. 

st - 

N 
c 

. 
Y 

s s s s s 

  



Patent Application Publication Aug. 2, 2012 Sheet 69 of 99 US 2012/0197098A1 

s s s s S. 

N 
s N 

CO 
O 

O vo 
ros 

R $3 

st - 

w 
r 
s 
N 

s s s s 

  



Patent Application Publication Aug. 2, 2012 Sheet 70 of 99 US 2012/0197098A1 

g 

O 
- 

SN —- A 

D - S 

M CD 

D|H=1 it 

  



Patent Application Publication Aug. 2, 2012 Sheet 71 of 99 US 2012/0197098A1 

3706 / \ 

FIG 109 

3702 

3702 
m |- 

> -ss- f -- 8 
(s --> 37O6 f \ 
| - - -it / 37O6 f 11 

F.G. 111 F.G. 112 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 72 of 99 US 2012/0197098A1 

N 
ed 
N. 

N r 
ve 
von 

- 

N N 
s n cy cy 

vs. O 
N vas 
N. . 
cy c 

N 
O 
s 

cr) 

CY) 
va 
ra 

- 

s 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 73 of 99 US 2012/0197098A1 

CN CO 
R va 

ro 

C 
O 

g s 
co cy 
O (r 
s 

cy -- 
O 

CN 
s 
r 

O 
va 
va 

- 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 74 of 99 Patent Application Publication 

  



Patent Application Publication Aug. 2, 2012 Sheet 75 of 99 US 2012/0197098A1 

s 

s 

s 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 76 of 99 US 2012/0197098A1 

s s 

s 

  



Patent Application Publication Aug. 2, 2012 Sheet 77 of 99 US 2012/0197098A1 

O 
CN 
vo 

so CD 
cy L 

N 
O 

cy 

x -e. CN 

war 

W CD 
| g L 

s 

C. 

N 
or 

Cro 
CN 
vue 

CD 
L s 

s 

  

  

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 78 of 99 Patent Application Publication 

1729 

99/19 

09/9. 
9 | 18 0Z 19 9, 19 

Z0/91 

ZZ9 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 79 of 99 Patent Application Publication 

9], 19 

Z9.19 

8 L9 

  



Patent Application Publication Aug. 2, 2012 Sheet 80 of 99 US 2012/0197098A1 

S. 

  



Patent Application Publication Aug. 2, 2012 Sheet 81 of 99 US 2012/0197098A1 

s s s 

s 

S 

  



Patent Application Publication Aug. 2, 2012 Sheet 82 of 99 US 2012/0197098A1 

s s s 

s 

s 

s s 
s 

A. Y. N 
I , , , , 

CN 
CN 
s 

cy 

s Yo 

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 83 of 99 US 2012/0197098A1 

s N 
CN 
cy 

s 

S. 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 84 of 99 

N 

Patent Application Publication 

  



US 2012/0197098A1 

,89/18,89/8 
Aug. 2, 2012 Sheet 85 of 99 

,804.8 

,80/18 

Patent Application Publication 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 86 of 99 US 2012/0197098A1 

f r 
na 
rf 

S 

É 

i 
S 

  

  



US 2012/0197098A1 Patent Application Publication 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 88 of 99 Patent Application Publication 

  

  

  

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 89 of 99 Patent Application Publication 

? 

Z888 

    

  

  

  

  

  



US 2012/0197098A1 

086€. 

Aug. 2, 2012 Sheet 90 of 99 Patent Application Publication 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 91 of 99 Patent Application Publication 

  

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 92 of 99 Patent Application Publication 

99T 

80/8 

ZZO$7 
( 8 / 8 

/ 

02047 

9?A 8 80/8 
Z0/8 

  



Patent Application Publication Aug. 2, 2012 Sheet 93 of 99 US 2012/0197098A1 

Ox 
ir 
C 
s 

s i. 
s 

s 

S 

  

  



Patent Application Publication Aug. 2, 2012 Sheet 94 of 99 US 2012/0197098A1 

O 
CN 
CN 
r 

CN 
CN 
CN 
V 

s 
sixx, 

s 

  



Patent Application Publication Aug. 2, 2012 Sheet 95 of 99 US 2012/0197098A1 

s 
CN 
CN 
CY) 
r 

  



Patent Application Publication Aug. 2, 2012 Sheet 96 of 99 US 2012/0197098A1 

s 

O 
O 
Y 
r 

  



US 2012/0197098A1 Aug. 2, 2012 Sheet 97 of 99 Patent Application Publication 

FG 162 

  



Patent Application Publication Aug. 2, 2012 Sheet 98 of 99 US 2012/0197098A1 

s 

& 
  

  

  

  

  

  

  



Patent Application Publication Aug. 2, 2012 Sheet 99 of 99 US 2012/0197098A1 

A. 

(72 

F.G. 64 

  




















































