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Evaluation of implantable phrenic nerve stimulator in the rabbit cervical cord hemisection injury
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[Abstract] Objectives: To develop a tailored implantable phrenic nerve stimulator, and to evaluate the effec-
tiveness and compatibility of stimulator in the setting of rabbit cervical spinal cord hemisection injury model.
Methods: Thirty New Zealand white rabbits were randomly divided into control group(group A) and experi-
mental group(group B), with 15 rabbits in each group. C3 spinal cord hemisection injury model was estab-
lished, which resulted in ipsilateral diaphragm paralysis confirmed by MEP. Simulator was implanted into the
posterior triangle of neck between both groups, then electrical stimulation was regularly applied to the phrenic
nerve only in group B. Blood gas was analyzed before and after injury. Diaphragm and phrenic nerve were
collected for morphological observation at 1, 2, 4 weeks after injury. Results: The value of PaO, got down
and PaCO, went up one week after injury in both groups with no statistically difference (P>0.05). PaO, re-
turned to the normal range and PaCO, slightly decreased from two to four weeks after injury in group B,
while Pa0O, decreased and PaCO, increased continuously at the same time in group A. There was a significant

difference between group A and B. The dimension of diaphragm muscle cells in group A was significantly
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less than that in group B at 2 and 4 weeks. The structures of phrenic nerve in group B were well preserved

compared with group A. Conclusions: The customized implantable phrenic nerve stimulator can facilitate the

improvement of respiratory dysfunction resulted from rabbits cervical cord hemisection injury, in the meanwhile

better biological compatibility is observed.

The potential mechanism of this benefit might be that electrical

stimulation postpones or reverses the atrophy of diaphragm and degeneration of phrenic nerve as well.
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Figure 1 MEP diagram on cervical spinal cord hemisection
side (pictured below, is a straight line, there is no action

potential leads) and contralateral side
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Table 1 PaO, and PaCO, value between experiment
group and control group

R (n=15) FH A (n=15)

Control group Experiment group
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reoperation
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Postoperation (week )
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2 74.49+1.91 48.57+2.64  87.16+2.86 38.02+2.47
4 60.78+1.98 58.74+0.77  91.25x2.60 36.80+1.24
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Figure 2 Diaphragm microscopy demonstrations on different period of postoperation (200x, 200pwm) a Control group at

postoperative 1 week of muscle cells endomysium and perimysium boundary was clear, neat rows of muscle, muscle cell
nucleus to elliptic, located in the muscle below the membrane b Experimental group at postoperative 1 week of muscle
cells endomysium and perimysium boundary was clear, neat rows of muscle, muscle cell nucleus to elliptic, below the
muscle cell nucleus was located in the muscle membrane, no obvious difference compared with control group ¢ Control
group at 2 weeks after muscle cross—sectional area, the experimental group compared to shrink significantly, muscle cells
endomysium and perimysium border less clear d After two weeks of the experimental group myocyte cross—sectional area
slightly narrowed, muscle cells endomysium and perimysium boundaries clear e Control group after 4 weeks myocyte
cross—sectional area was reduced at 2 weeks, local muscle cell damage f Experimental group 4 weeks postoperatively
muscle cells after two weeks of the experimental section of slightly narrowed, muscle cells endomysium and perimysium

boundary was clear
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Figure 3 Pathologic observation of phrenic nerve under scanning electron microscope a, b At 1 week of the control

group and experimental group: under the condition of the scanning electron microscopy (sem) 5000 times, the myelin
sheath hyperplasia, the two groups could be seen in the axon microtubules arrange normal microfilament, mitochondria u-
niform arrangement, structure was normal ¢, d 2 weeks in the control group and experimental group: 7000 times, under
the condition of the control group myelin hyperplasia, oppression axon, sheath line ratio increases, disordered arrangement
of microtubules microfilament, loss of mitochondria; Experimental myelin axon and myelin sheath without hyperplasia,
could be seen in the axon microtubules microfilament arranged properly e, f At 4 weeks in the control group and ex-
perimental group: 7000 times, under the condition of the control myelin abnormal growths, nerve interstitial edema, mi-

tochondria microtubules microfilament numerous lack; Experimental myelin axon hyperplasia, arrange normal microtubules

microfilament, mitochondria equally arranged, was still the normal structure
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