Vagus Nerve Stimulation therapy enhances obstructive respirations during sleep
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Introduction:

Vagus Nerve Stimulator (VNS) therapy has been used in medication resistant Epilepsy, with improved
outcomes, and utilization has increased over the past decade. VNS therapy utilizes an implantable
device in the chest with an electrode connected to a wire extending into the neck that wraps around the
left vagus nerve. The device has an adjustable program capability that modifies the characteristics of the
stimulation parameters.

In our centers, we have OSA patients—with epilepsy—that have VNS devices and we recognized many
of these patients have periodic obstructive breathing patterns that correspond to their VNS activation
settings. Other groups (4,5,6) have reported similar experience with VNS therapy. We sought to confirm
this association and then to explore if changes in the VNS settings could reduce the induction of
obstructive respirations while still providing therapeutic benefits for the control of epilepsy.

Methods:

We reviewed all of our patients who have both VNS devices for the treatment of their epilepsy and who
underwent NPSG testing. Of those who were diagnosed with OSA we retrieved their sleep studies for
further review. Re-assessment of the sleep studies were done to identify if there was an apparent
association between the VNS stimulation pattern and the occurrence of OSA. We then reviewed the
PAP titration studies of those patients with OSA to determine if optimal titration of PAP therapy was
achieved and we called back the patients for a clinical update to reassess their progress.

Patients who demonstrated a refractory pattern of obstructive respirations—in spite of positive pressure
therapy—returned to the lab for a VNS / PAP titration study. This was a three part process. In the first
step: Modifications were made to the VNS settings during NPSG testing to confirm the association
between VNS stimulation and OSA occurrence. Step two: The VNS was turned off and the CPAP or
BIPAP was modified / titrated to settings that properly prevent obstructive respirations during sleep. Third
step: The VNS was turned back on which resulting in a resumption of obstructive respirations, and VNS
programming was modified until parameters were identified that no longer induced obstructive
respirations. The VNS programming was done while patients’ were maintained at their optimal PAP-
therapy-level identified during step two (while the VNS was turned off).

Results:

Eight VNS patients met our criteria of having had a NPSG study. Six of these patients demonstrated OSA.

All six demonstrated portions of the study in which the OSA occurred in a pattern that correlated to the
VNS stimulation rate. PAP titration was performed on all six. In two of these patients’ PAP therapy initially
prevented OSA from occurring during sleep but their condition worsened over time. Also, clinically they
developed increased daytime sleepiness, not originally thought to be from suboptimal treatment of their
OSA. One patient presented with difficulties during the initial titration (which stimulated this investigation).

A VNS/PAP titration was performed on each of the three patients brought in for reassessment. All three
demonstrated a clear pattern of periodic OSA that was not adequately treated by PAP therapy.

From the VNS/PAP titration studies it was found that lowering the VNS activation charge provided the
best results of reducing the induction of obstructive respirations. Two patients were at 25Hz and one was
at 30Hz prior to the VNS/PAP titration. Lowering the stimulation charge down to 10 Hz in two patients and
15 Hz in the third patient was required to achieve this effect.

On clinical follow up, all three patients’ demonstrated improvement in their complaint of daytime
sleepiness, now at about six months post treatment modification (date of this presentation). One patient
had an increase in seizure frequency that was addressed by increasing their dosage of Lamotigine
without any side effects.

Conclusion:

We confirm previous reports that OSA is a potential complication of VNS therapy. This can be managed
adequately but must be recognized when present. VNS activation parameters may require adjustment to
optimize OSA treatment. We have determined that lowering the stimulation frequency to the range of 10
to 15 Hz minimized the promotion of obstructive respirations by the VNS device. Malow et al (5) have
reported a similar observation in one patient.

No established recommendations have been previously presented to accommodate the difficulties of
VNS therapy when enhancement of OSA occurs. We present here our VNS/PAP titration approach that
has thus far worked well in three patients.

It would be advantageous to develop an enhanced VNS device with a variable activation pattern. This
variable mode would be different during sleep than those during the awake hours. This would allow for
maximum utilization of VNS therapy without precipitating complications such as OSA.

Further study Is clearly needed on this topic since VNS is a useful treatment in Epilepsy patients and
enhancement of VNS utilization is a worthy endeavourer for select clinical conditions.

References:

4) Matthew R. Ebben, Ph.D., Nitin K. Sethi, M.D., Mary Conte, Ph.D., Charles P. Pollak, M.D., and Douglas Labar, M.D.,
Ph.D., Vagus Nerve Stimulation, Sleep Apnea, and CPAP Titration, J Clin Sleep Med. 2008 Oct 15;4(5):471-3.

5) Malow BA, Edwards J, Marzec M, Sagher O, Fromes G., Effects of vagus nerve stimulation on respiration during
sleep: a pilot study., Neurology. 2000 Nov 28;55(10):1450-4.

6) Marzec M, Edwards J, Sagher O, Fromes G, Malow BA., Effects of vagus nerve stimulation on sleep-related breathing
In epilepsy patients., Epilepsia. 2003 Jul;44(7):930-5.

VNS Activation

21 Fz -1

53 CHEST

Bh FES

EEEEEEE

1

EIZI CPAF" Ievels

db: Apneas g [T[0A

1

B0: CPRESS 102

5 CFLOW

e

:' “W\ﬂﬂﬂ

SLE
E%; Besafur'atlun
R9 HEARTRATE]

62 Tech camme

2

71\
e o m&w» wmmww L mwmmwmw i ‘JM

2 2

2. Comprehensive Sleep Medicine Associates, Houston, TX, United States

3. Sleep Education Consortium, Houston TX

VNS electrode
Placed on the vagus nerve

VNS Generator device

VNS Turned Off

2

2 2 2 2

| &

5_

5

0

300 Sec. /Page

1000, 9

994 101__100__10

ﬂ

102 [ 100 101121 1uu ...9.94_]100_ 10

ﬂ

100.0,__99.0__99.0_100.0 1I]IiI.I]u__1I]I].I] .99.0_100.0_100.0 1I]I]I] 100.0,__99.0_100.0 1IH]1III ,.99.0__98.0_100.0} 100.0_100.0

— —_— — - — —_— —_— —_— - — —_—

2 umuw
2Y Cz-h2
[
23 C3-M2 i WMIW"HMWHWM*WW'WW W M Wm WHMWWJW WM M
P4 O WMMMMWMWMHW WWMWIWW Al MMMWWHM'WW wmm
25 01 - M2 W NW‘ MM ‘ WMNM MWW M*
26; 02 -1 WW ~M| “ ! ““ I
b}

me ww memmm mw ww m% b mmmm WA mm|
28 E2- M1 IWW fr L Lo o] HMM' L “ M“ N
23 sl G5 AN VS, ) hm w B
1 BThF mwfm L mr m oy B hmm N O Al el vl ol T A N iy m- Y i s O g A A D 110 i e e
37 LMASRS o] O ) el ﬂ' Nor ot AL AR AR IR S (el 1Pl R N ]+ AR I RUNENTRrTA TN I PITHEI S SHRESr W DR WY TR CRNRT S AR ¥
1 BhARS mhm ﬂ Mm-» m nwmm m A umm m.ww AN W mwww m ol e A A mm um mﬂwﬁm
34 LCHIN t bt -ﬂ-+r-n WL 4 ﬂiu (R I T TR S e, ll-l"h--ii'h b , Fipe n- Wb wumim ol rmu e Ll Ty en
35 BCHIM AT T TR AT AT A T A uumn ke el |l il 4 LT S TR T u A gt PR A o g o
96 EKG 1111111111 ||111m1 (BT "|1'|1'| 111u1||1 B 111111& 11111111111 11111 'n 1 BT R TR 111 it 111 (i 111111111111 HISR T IH 1111151111111111111111111|| iy ﬂ! 11'| h *1!111 LR 'nm 111111111111155 H|1'I'| 111'| !1111 R BT 0
37 LR ARMS HIIHrIIIIIIIIIIIIIIIIIIIIIIrI|||II|IIr|||I|||I||HI|II|IIHHIIIIJ O RO v TR |II|IIl|l|III|Ir|iI|IIIllHIIIItIiIIlIIIHHIIIl 0000000 0000 o

G T SOASANTRGANMRAP o RNRERRANYERRD DO AR RREREBVIRAAGRAROINF - oMV OO AT DO AN SOOI G LA, !IIIIIIIIIII|||I|||IIIiIIIIIIIIIIllililllllllllllllllllil RS T O NG L
%ﬁ Hl_rqc_]h[ljr:wems ~.| I“' “ "‘
43 RFOOT - W mm Wﬂ ER o
A4 SMORF “H\‘W mrwm ﬂmm m

L L&

994_n10.0__994__10.1 10.0,,_10.0
hal _—

st ]

94,__'! 01,

f

I
81.0,_810

—_— - —— — —_— — - —

1/642011

12:05:59 AM Epoch: 100 2222[2]2222

zﬁ Ei:’AP Ielvels3
21: Fz - M1
A0
P2 Cz-m2 T52-
A=
23 C3-M2
24 C4- W1
2R 01 - M2
20 07 - k1
27 E1 -2

2o EZ- M1

29 Arousals
UL

41 RTHME
12 LMASS
17 BMARS
34 LCHIM
35 RCHIN

16 EKG
3? L RARMS

39 L|mb FTICETIE
A1 HI 14

de: LFOOT
43 RFOOT
44 BMNRF

db: Apneas g
152
B0 CPRESS 102
E
n:
1 CRLOWY
R CHEST

55 PES A

103
T
b Desaturations
B9 HEARTRATE

62 Tach comme

790 780 780 770

F80_ 780780 770 770 780 780 790 780__ 780

120 Sec. Page.

| 2 3 2
ly f (PR jul Ju f i I
(INAARAE e ARRANLAARRNERANAN : AN HARARARRRRAARARRANRA NASA - A LARRARRARS
- 1|_ | . ._'* : L - lr _ " N i : - il " " - -
. ' r - - |
| 994 _10j,__ 100 101___100__ 984 _100__ 884 102 ___ 994 _10.0___101__101___101_ 987 10.0___994 _10.0__ 101

| 100.0,__100.h_ 100.0__100.0__100.0___100.0__100.0_ 100.0_100.0__100.0_ 100.0_ 100.0_ 100.0__100.0_ 100.0,__100.0__100.0__100.0__100.0

780 760 770 790__ 780

1/6/2011

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
12-15-10AM _Epoch: 118 \n1[2]2222

L= ml BY | & G

All|RE5 |EEG |EOG |EMG

1123 4 /5 6|7 8 9101112 13 14 15|16 17 18

£ ([T ] ¥ SU GU U [0 | L | BEOET LSl OF oM

VNS Activation

e P B2 2 2 2 2 2 2 [2]2 2 =L

~||Local  ~]lLocal -]

2728 29 30 31 |32|FULL

14
11

1
14.
15,
16.
17
18.
19,

33.
34,

22
23 LL
24, Limb movermer
25,

26.

21,
28, ApnealHypopr

29,
30,
31.

32,

Arousals
E1-M2

L

LTHP- LMASS T s ¢ AT AR st A ] L WD 40 g L A - it L
LTHP-LCHIN lﬂm"'ﬂ Ll ﬂm»«-rrn [
LMASS-LCHIT gl B L R
ETMP-RMASE CLL LR g RSt
20 BMASS-RCH| ol R IR SR LI umnummnww U

EKG
EG

FLEG
CPRESS
SNORE

CRLOW
CHEST
ABDM

FES

DeaaturaT
sS40

Dumw—l—t—'—m

12 E2-M1
3 LTMP-RTMP M

;

%g Eodypposmon

tttttt vpe:! Saturation

) wWorkspa

2 COMMENTS  § Y5
3 CPAP
4 Fz-M1
5. Cz-M2
6. C3-M2
7. C4-M1
8. 01-M2
9. 02-M1

e H!'H!'IHIH I mmmm il Hl |
W T

V

Heerd i Hﬂmmw 1o
apa e 40 MR W ML i 11 -m'pl

mu (il l'h' 11! I||'| |1HHHHH gy !I1H1 !
L L A

NI P wnm'mmmw o g

umrnwmm Im-m Al
mmmmm upy
Y SN 1| il s
ammum-w-w. N
mmmﬂm&ﬁm vz PP R NP L Toliinn.. i 1 i O Rl
21 BTMP-RCHIN bl din s b LT A lrmi mnnmm
\\‘HHHI iy H l|ll11 VRN g A HI ! u 1|I !! luuwumw O A [N EIRR g Hl
TN P o P T T |

HHIIMIH |+l1- mmwawm smrkimmmmlw Wit '“‘W'M"Iﬂﬂmm |mmamma

Rt Miﬂﬁ #m

,n 1525!:73] 1’11 2

(A A qw
vl M”«umwmm% i

WA AR . mww-mmilum
umwmm A T
SORRERLRNLUL L G L N BRI L LS
LRI I P I, -t i e L

¢ nrmmmmmmmm- £ 1 T R N

e 1l 'Il T8 R e H'I ol
Il LE LD L

L bR

“Wl*}'u

!
i W

| R R TR YR R R T [ AR YR WO AU W VL TR R TeE) Rl R W W eE) R W I | §|

<]

xxxxx

X

VNS Turned Off

FEHD S B B f B = 2727272727 273" 3713 3° BEO

Allres essecciens | 1 (2 34 5 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24 2526 27 28 29 30 31 32|FULL ~v||Local  +||Local ~
T ﬁ ks s n 0)15 @25 'EL 15 20).25 ﬂﬁs@w ol
:}HGF)FL;P zzzzzzzzzzzzzzzzz

4. Fz-M1

SOM2 e MWWM i i A b W

6. C3-M2 MWW”MWM“M}”WW '1| ‘ i MM‘ ,
;o1 M) m s mmm' Mmmﬂm*mm

8. 01-M2 !

9. 02-M1 WWW W\WWWM

10, Arousals @HYPN

11 E1-M2 "'m 'mi

2 2 ﬂmmm mwmmmmmmww " mm W

22 EKG
23 LLEG

25 R
26. CPRESS
27 SNORE

29, CFLOW
30, CHEST
31. ABDOM

32 PES

34. 5402

eeeeeeeeeeeeeee

24. leb rmoverner

33 Desa’ruraT

—&%

38 EE&% TeE

ks

19 RTMP-RMASS [ e rarremer reuh R NS S
50 RMASS-ROH| D D o X erypeymerge prarsprm e g1
21 RTMP-RCHIMN WWWWWW o ERVRE T BT

13 LTMP-RTMP ‘MM WWWMWW

4 LMASS—RMA\ HWMIW“M
A AN 00 PO S

I A S o Vi oSN MO 71N WA DI S T A A Y
Lt L o A oo M 4 4 o oo o o i ol Il

1N AV ORI g 01 5 g |l PO 00O 0 0 0 0 00 000
Y DM N I ALY T mmwmmmm L L

mwmml mmmmmmmm
. - ]_: J—

Du.l.m—'—l —

ﬂ i

28. Apnea/Hypaopr sty g o

- | R YR iR R o iR iR YeR R I AR I Y VR s YR [GSIRG R R ) iR A Rl R Wi v g | | I|

XXXXX

x

1
L

For more information go to
www.HoustonSleep.Net




