CHAPTER 40

EFFECT OF DIAPHRAGM

PACING ON QUALITY OF LIFE:
THE STATE OF ART

INTRODUCTION:

The main goal of diaphragm pacing is to im-
prove daily quality of life of the patients with de-
creased diaphragm contraction. [1]. The increase
in quality of life is determined by effective breath-
ing, good sleep cycles, lack of air hunger, decrease
in time spent on non-invasive mechanical venti-
lation (NIMYV), effective mobilisation, decrease
in respiratory infections linked to mechanical
ventilation (MV). In 1873, Schechter published
the first direct stimulation of the phrenic nerve
for neonatal treatment of asphyxia, reported by
Hufeland [2]. After the first implantations at cer-
vical level, the implantation site changed, moving
to the pleural cavity with bilateral synchronous
stimulations [3]. At cervical level the movements
of the neck resulted in wire break down. The tho-
racic approach was regularly performed with suc-
cess in a few centres in the world [4,5], then more
recently a laparoscopic approach was developed
[6,7]

The thoracic approach involves the use of vid-
eo-surgery to make phrenic nerve dissection safer
and reduce scars. This thoracic approach through
bilateral small anterior thoracotomy requires
general anaesthesia with double-lumen intuba-
tion to carefully place the electrodes around the
phrenic nerve [1,4]. On both sides, the intrapleu-
ral electrodes are connected to the subcutaneous
receivers. The largest multicentric study using
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the thoracic approach reported 165 patients with
chronic hypoventilation [8] Implantation was bi-
lateral in 100 patients and unilateral in 65. 81.81%
of the patients had full success or significant
breathing support. In 2008, Hirschfeld reported a
prospective clinical study of 64 spinal cord injury
patients. 32 patients who received the electrodes
had reduced incidence of respiratory infections.
The healthcare cost spent for the additional pur-
chising of the device was offset in less than a year
[9]. In 2011, Le Pimpec-Barthes and et al. pub-
lished 19 patients with posttraumatic tetraplegia
an done with congenital CHS. After recondition-
ing time of 6 weeks 16 patients achieved full and 2
received parital weaning form mechanical venti-
lation [4]. In 2012, Romera et al. reported higher
survival rates in a group of 38 patients with high
SCI tetraplegic patients who received the thoracal
implantation (mean 21.78 years) compared with
the 50 SCI patients who were on MV (mean 8.69
years) [5].

The laparoscoic procedure, intraperitoneal
diaphragm pacing, involves the implantation of
the 4 electrodes to each hemidiaphragms close to
the phrenic nerve endings using a implantation
needle [10]. The first step is the mapping of the
diaphragm to find the best point to place the elec-
trodes. Then each electrode is connected to an ex-
ternal stimulator percutaneously. The laparoscop-
ic technique was evaluated by Food and Drug
Administration (FDA) with 50 SCI patients and
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DPS of 16.1 months from symptom onset and 9
months from the start of NIV compared with NIV
alone in Lechtzin’s cohort (24,25). McDermott et
al conclude that diaphragmatic pacing should not
be used as a routine treatment for all patients with
ALS in respiratory failure and add that they can-
not exclude the possibility that it is beneficial in a
subgroup of patients (14). At this point we suggest
that adding the diaphragm ultrasound to the pre-
operative tests and having the thickness fraction
measurement can provide a new fo go ahead crite-
ria for DPS. Moreover diaphragm ultrasound can
show when to increase the time to spend on DPS
during the day (Figure 4). With close monitoring
of the patients who are on DPS, longer survival
may be achieved in ALS patients.
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Figure 4: Diapgragm USG of the same patient at dif-
ferent intervals. a,b: End-inspiratory (EI: 2.2 mm)
and end-expiratory (EE: 1.8mm) thickness measure-
ments 4 months after DPS placement, patient is on
12 hours/day pacing. TF:22% c,d : 11 months after
DPS. EI: 1 mm, EE:0.9 mm. TF:11% Patient started to
experience dyspnea. Pacing is increased for 24 days/
day. e,f: Patient is on 24 hours pacing for 5 months.
EL: 1.4 mm, EE: 1.2 mm. TF:17%. g,h: 19 months af-
ter DPS placement. EI: 2.2 mm, EE:2.0 mm, TF: 10%.

The limitations of our study is the small sam-
ple size, short average follow-up and not having
a comparison group such as patients using only
NIV. Due to these limitations, we are unable to
propose a meaningful safe zone however with the
better understanding of the respiration dynam-
ics in patients who underwent pacing, timing of
the implantation will be precise. We do accept
that diaphragm pacing alone can not be recom-
mended as an alternative to NIV. Diaphragm
thickness fraction measurement is a reliable tool
to assess disease progression. This preliminary
study showed that pacing may treat respiration
insufficiency in select patients by increasing the
thickness of the diaphragms. As the disease pro-
gression is heterogeneous and the cohort size is
small, it is assertive to state that system may pro-
long survival by delaying ventilator dependence.

To conclude, diaphragm pacing in SCI pa-
tients and in ALS patients with excitable dia-
phragms can improve respiratory insufficiency by
increasing the thickness of the diaphragms. Good
patient selection should be done for successful
pacing results. Although the lack of randomised
trials to validate pacing is a contradiction, given
the improvement in quality of life, it seems diffi-
cult and unfair not to propose the pacing.

REFERENCES:

1. Le-Pimpec-Barthes F, Legras A, Arame A, Pricopi C, et
al. Diaphragm Pacing:the state of the art. ] Thorac Dis.
2016;8(Suppl 4):S376-S386.

2. Schechter DC. Application of electrotherapy to noncar-
diac thoracic disorders. BullN'Y Acad Med 1970;46:932-
51.

3. Glenn WW, Holcomb WG, Gee JB, et al. Central hy-
poventilation; long-term ventilatory assistance by
radiofrequency  electrophrenic  respiration. Ann
Surg 1970;172:755-73.

4. Le Pimpec-Barthes F, Gonzalez-Bermejo J, Hubsch JP,
et al. Intrathoracic phrenic pacing: a 10-year experience
in France. ] Thorac Cardiovasc Surg 2011;142:378-83.

5. Romero FJ, Gambarrutta C, Garcia-Forcada A, et
al. Long-term evaluation of phrenic nerve pacing for
respiratory failure due to high cervical spinal cord inju-
ry. Spinal Cord 2012;50:895-8.

6. Onders RP, Aiyar H, Mortimer JT. Characterization
of the human diaphragm muscle with respect to the
phrenic nerve motor points for diaphragmatic pac-
ing. Am Surg 2004;70:241-7.



Effect of Diaphragm Pacing on Quality of Life: The State of Art

437

10.

11.

12.

13.

14.

15.

Onders RP, Dimarco AF, Ignagni AR, et al. Mapping the
phrenic nerve motor point: the key to a successful lap-
aroscopic diaphragm pacing system in the first human
series. Surgery 2004;136:819-26.

Glenn WW, Brouillette RT, Dentz B, et al. Fundamental
considerations in pacing of the diaphragm for chronic
ventilatory insufficiency: a multi-center study. Pacing
Clin Electrophysiol 1988;11:2121-7.

Hirschfeld S, Exner G, Luukkaala T, et al. Mechanical
ventilation or phrenic nerve stimulation for treatment
of spinal cord injury-induced respiratory insufficien-
cy. Spinal Cord 2008;46:738-42.

DiMarco AF, Onders RP, Kowalski KE, et al. Phren-
ic nerve pacing in a tetraplegic patient via intramus-
cular diaphragm electrodes. Am ] Respir Crit Care
Med 2002;166:1604-6.

Onders RP, Elmo M, Khansarinia S, et al. Complete
worldwide operative experience in laparoscopic dia-
phragm pacing: results and differences in spinal cord
injured patients and amyotrophic lateral sclerosis pa-
tients. Surg Endosc 2009;23:1433-40.

Posluszny JA, Jr, Onders R, Kerwin AJ, et al. Multicenter
review of diaphragm pacing in spinal cord injury: suc-
cessful not only in weaning from ventilators but also in
bridging to independent respiration. ] Trauma Acute
Care Surg 2014;76:303-9.

Onders RP, Carlin AM, Elmo M, et al. Amyotrophic lat-
eral sclerosis: the Midwestern surgical experience with
the diaphragm pacing stimulation system shows that
general anesthesia can be safely performed. Am J Surg
2009;197:386-90.

DiPALS Writing Committee ; DiPALS Study Group
Collaborators, McDermott CJ, et al. Safety and efficacy
of diaphragm pacing in patients with respiratory insuf-
ficiency due to amyotrophic lateral sclerosis (DiPALS):
a multicentre, open-label, randomised controlled tri-
al. Lancet Neurol 2015;14:883-92.

Logroscino G, Traynor BJ, Hardiman O, et al. Descrip-
tive epidemiology of amyotrophic lateral sclerosis: new
evidence and unsolved issues. ] Neurol Neurosurg Psy-
chiatry 2008; 79: 6-11.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bourke SC, Tomlinson M, Williams TL, et al. Effects of
non-invasive ventilation on survival and quality of life
in patients with amyotrophic lateral sclerosis: a ran-
domised controlled trial. Lancet Neurol 2006;5:140-7.
Peysson S, Vandenberghe N, Philit E, et al. Factors pre-
dicting survival following noninvasive ventilation in
amyotrophic lateral sclerosis. Eur Neurol 2008;59:164-
71.

Zoccolella S, Beghi E, Palagano G, et al. Analysis of
survival and prognostic factors in amyotrophic lateral
sclerosis: a population based study. ] Neurol Neurosurg
Psychiatry 2008;79(1):33-7.

Gordon PH, Corcia P, Lacomblez L, et al. Defining
survival as an outcome measure in amyotrophic lateral
sclerosis. Arch Neurol 2009;66(6):758-61.

Onders RP, DiMarco AF, Ignagni AR, et al. The learning
curve for investigational surgery: lessons learned from
laparoscopic diaphragm pacing for chronic ventilator
dependence. Surg Endosc 2005;19:633-37.

Onders RP, ElImo M, Kaplan C, et al. Final analysis of
the pilot trial of diaphragm pacing in amyotrophic lat-
eral sclerosis with long-term follow-up: diaphragm pac-
ing positively affects diaphragm respiration. Am J Surg
2014;207(3):393-7

US Food and Drug Administration. Summary of safe-
ty and probable benefit (SSPB). http://www.accessdata.
fda.gov/cdrh_docs/pdf10/H100006b.pdf ; 2011.

Miller RG, Lewis RA. Diaphragm pacing in patients
with amyotrophic lateral sclerosis. Lancet Neu-
rol 2016;15(6):542.

Gonzalez-Bermejo ], Morelot-Panzini C, Salachas F, et
al. Diaphragm pacing improves sleep in patients with
amyotrophic lateral sclerosis. Amyotroph Lateral Scler
2012;13:44-54.

Lechtzin N, Scott Y, Busse AM, et al. Early use of
non-invasive ventilation prolongs survival in subjects
with ALS. Amyotroph Lateral Scler 2007;8: 185-88.



