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Spinal Cord Injury

qAxonal demyelination

q K+ channel exposure (CNS internodal zone of axons)

q Under normal circunstances, covered by the myelin sheath, 
not being activated by the action potential

(Hayes, 2006; McBride et al., 2007; Pavsic et al., 2015)



Spinal Cord Injury

qAxonal demyelination

q K+ channel exposure K+ leaves the cell, 
which becomes with a more negative charge

qDepolarization is hard  

neuronal conduction block

(Hayes, 2006; McBride et al., 2007; Pavsic et al., 2015)



Spinal Cord Injury

Restoring nerve conduc.on of these axons
by blocking K+ channels, provides a 

therapeu7c approach, a role played by K+

channel antagonists

(Olby et al., 2009; McBride et al., 2007; Lim et al., 2014)



Pharmacological Management

q 4-aminopyridine (4-AP)

qPossible treatment for SCI

q Aim

To restore func2on of anatomically intact
but physiologically dysfunc2onal axons

(Park et al., 2012; Lim et al., 2014; Lewis et al., 2018)



Pharmacological Management

q 4-aminopyridine (4-AP)
q Promotes action potential

q Restores nerve conduction in peripheral nerves demyelinated axons

q Improves synaptic transmission

q Improves nerve conduction speed

q Improves muscle contraction strength

q ↑ the excitability of intrinsic motor neuron circuits

q Promotes re-myelination

(Tseng et al., 2016; Lewis et al., 2018). 



Pharmacological Management

q 4-aminopyridine (4-AP)

q Side effects

ü Anxiety

ü Hyperesthesia

ü Tremors

ü Seizures

ü Nausea

ü Diahrreia
Treatment::

- Maropitant SC: 1ml/10kg
- Omeprazol IV: 1-1.4 mg/kg
- Metronidazol IV: 12.5 mg/kg (2.2 ml/kg)
- Diazepam - rectal: 1mg/kg or

per os - 0.3-0.5 mg/kg



Pharmacological Management

q 4-aminopyridine (4-AP)

qSynthetic substances similar to 4-AP have
been developed with the aim of

↑ axonal conductivity, with
fewer side effects

2014



Pharmacological Management

q 4-aminopyridine (4-AP)
ü Protocol:

0.3 mg/kg BID per os 3 days;
0.5 mg/kg BID per os 3 days; 
0.7 mg/kg BID per os 3 days; 
1.1mg/kg BID per os 21 days.

Side Effects

STOP pharmacological
management

Maximum dose : 1.2 mg/kg à therapeu(c dose 1.1 mg/kg  



Controlled Clinical Study of INR in Post-surgical
Dogs with Acute IVDE

(2021)

q Nine years of study, a prospective 
clinical study …

To verify if an intensive neurorehabilita:on

protocol (INRP) could improve the ambulatory

status faster than spontaneous recovery or

conven5onal physiotherapy



q Material and Methods

q May 2011 à May 2020

qRetrospective controlled clinical study using a large 
cohort of dogs (n=367)

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE

q Material and Methods à Participants

Study group (SG)

o n = 262
o Prospective clinical cases 

o Data collected and registered

during the rehabilitation period

Control group (CG)

o n = 105
o Data from HVA system and the

medical records retrospectively

investigated

Breed, age, weight, etiology, surgical treatment, neurological
examination at admission and at discharge

n = 367 



q Material and Methods à Participants

Compressive myelopathy (Hansen type I IVDE) 
Hemilaminectomy 3-5 day after injury

T10-L3 diagnosed by CT (with/without myelogram) or MRI

Classified with MFS grade 0 (DPP-) or grade 1 (DPP+) n = 367 

Controlled Clinical Study of INR in Post-surgical Dogs 
with Acute IVDE



q Material and Methods à Participants

q Acute IVD

q ≤ 7 years old;

q Weight ≤ 25 kg;

q Most chrondodystrophic breed;

q Lacked other concomitant diseases

q SCI other than T10-L3;

q Surgery before 3 days > 5 days after injury;

q OFS scores >1

q Higher grades of FNRS-DPP- (>1)

q SG dogs: admitted with >7 days

Inclusion criteria Exclusion criteria 

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



n=168 DPP + (OFS 1)
Absent flexor reflex

n= 94 DPP -

New scale à Grade 0 or 1 (if patellar reflex present)

Admitted to the rehabilitation center ≤ 7 days after surgery

Functional NR scale for dogs with thoracolumbar SCI 
without DPP (FNRS-DPP-)                                          

SG
n = 262

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



Controlled Clinical Study of INR in 
Post-surgical Dogs with Acute IVDE

q Study Design

SG
n = 262

q Gait evaluation for DPP + à OFS

q Gait evaluation for DPP - à FNRS-DPP -



q Pharmacological Management

q 3rd - 4th weeks (T4-T5)

If the flexion/extension locomotor pattern was present with DPP-

q 4 aminopyridine (4-AP)

K+ channel blocking compound 

à Implemented for a maximum of 2 months!

(Hayes 2006,2007; Lewis et al 2019; Lim et al 2014; Zorner et al 2016)

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



qAutonomous ability in movement control à Some conscious control!!!

Spinal Reflex LocomoMon : Promote the 
autonomous ability to stand up and walk in DPP - dogs, 
maintaining some coordinaLon forelimbs-hindlimbs and 
the ability to not fall when changing direcLon on a non-
slippery floor.

Definitions!

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



qDPP – Dogsà Ambulatory if SRL (FNRS-DPP- score ≥ 14 )

qDPP+ Dogs à Ambulation when OFS ≥ 11

SG

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



qDPP- dogs with signs compatible with progressive 

myelomalacia     à euthanized

qCG dogs were evaluated at admission and at 

discharge (FMS and neurological exam)

SG

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Results

q Breed: 

àFrench Bulldog (27%; n=37); 
àMixed breed (25.5%; n=35); 
àDachshund (15.3%;n=20)

q 72.3% chondrodystrophic breeds; 

q 39.4 %       ; 60.6%  

q NeurolocaLon: T12-T13 (30.4%) ; T13-L1 (26.1%); 

q Mean age: 4.03 years; Mean weight: 8.14 kg

DPP -

Controlled Clinical Study of INR in Post-surgical Dogs 
with Acute IVDE



q Results
q T-test for independent samples (age and weight) 

No diference between two groups à Comparable!!

DPP recovery :      SG was 33.2 % (n=35)  VS  CG was 21 % (n=9)

SG: 59 dogs did not recover DPP  à

DPP -

22 dogs achieved SRL  à Maximum of 3months!

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Results DPP -

q AmbulaMon:   58.5% (n=55)  in SG vs 32.6% (n=14) in the CG;

• Strong difference with staLsLcal significance regarding ambulaYon recovery!!

(X2 (1, n = 137) = 7.311; p = 0.007). 

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Results
n - 59

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Results
n =35

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Discussion

q To evaluate peripheral reflexes (flexion/extension
locomotor pattern)

q Scale à 31st ESVN-ECVN Symposium in 
Copenhagen 2018

q n=137
q OFS limited value

DPP -

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q58.5% Ambula\on in the SG

qDPP recovery: 33.2% (35/94) > CG recovery à (p=0.058)
lower when compared to ~60%  CANSORT –SCI (105)

q DPP recovery in the CG limited assessment !! 
q euthanasia
q not able to evaluate spontaneous motor recovery over Mme

q Discussion

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Discussion
ü 22 dogs in the SG regained ambulation by SRL (37.3%) 

Maximum period of 3 months !

à Higher than reported by Olby et al (2003) : 32 % within 9 months (range 4-18 
months);

à A cohort of 94 chronic dogs, 9 became ambulatory median of 12 months (3-
89 months) 

Other studies T3-L3 lesions à Shorter average of time associated to an early
post-injury intensive rehabilitation !!!

(Lewis et al 2017, 2020;Gallucci et al 2017; Hu et al 2018)

DPP -

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Discussion
q 58.5% ambulation within 3 months

INR ↓ time of revovery

q↑ prevalence of SRL (37.3% within 3 months) 
↓ Euthanasia

qDogs with DPP recovery à Max. OFS mean was 12.3 at T9 , increasing in the 6 
month and 1 year follow-ups 

Spinal Cord memorization

ü Olby et al (2020) and CANSORT-SCI (2021) à ~ 61% IVDE dogs recovered DPP and ambulation 6 months
after SCI; 31% did not recovered DPP but regained ambulation within a mean time of 9 months (2-28 months)

Controlled Clinical Study of INR in Post-surgical Dogs
with Acute IVDE



q Chronic Dogs

(2021)

Func%onal Neurorehabilita%on in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



Keynotes!!
q Chronic Dogs

qNot modulated considering peripheral 

spinal reflexes; 

qNon-coordinated and non-synchronized 

flexion/extension locomotor pattern with 

clonic reflexes;

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



q Chronic Dogs

Stabilized the injured parenchyma by re-establishing its physical and chemical 
integrity through different mechanisms àPro-regenerative role

q Central Nervous System
o Complex neural connections;\
o Population of glial cells (astrocytes, oligodendrocytes, and microglia) à

Important role in neural plasticity;
o Astrocytes à Fibroglial scar at the injury site after SCI.

Keynotes!!

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



Keynotes!!

q Plasticity in pre-existent pathways and the formation of new circuits

SYNAPTIC AND ANATOMICAL NEUROPLASTICITY 

Promote the sprouting of lesioned fibers, contributing to regeneration!

q Evidence that suggests that the glial scar can support CNS repair

Func%onal Neurorehabilita%on in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



q The induction of activity à Spinal cord plasticity 
à ROLE OF NEUROREHABILITATION!

q 4-AP à Enhance motor neuron pool excitability 
in dogs !! à MORE STUDIES!

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



Func%onal Neurorehabilita%on in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 

q Results

DPP -

Day 45: 2 dogs SRL with medical 
discharged at day 60;

Day 60: 2 dogs SRL with medical 
discharged at day 90;

Day 90: Only 2 dogs remained with 
NSRL

Always after starting 4-AP 
(Day 30) !!



Func%onal Neurorehabilita%on in Dogs
with an Incomplete Recovery 3 Months
following Disc Surgery: A case series 

q Discussion

qNeurorehabilitation Multimodal Protocol (NRMP)

à Locomotor training:

BWSTT land treadmill + UWTM +  kinesiotherapy exercises

CANSORT-SCI (2021)



àDPP - dogs: Improved after 4-AP implementation

One dog achieved SRL after 15 days

78% achieved SRL by day 45

àMean time to achieve SRL was 62 days;
àFollow-up à maintained neurological status.

q Discussion

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



q Lewis and colleagues (2019)
Mean dosage - 0.78 mg/kg (min 3 doses separated by at least 8 

hours) à reported seizure acYvity

q Our study: 
Gradually administered from 0.3-1.1mg/kg per os BID

q à Avoid increased drug related side effects!!!

q à No adverse effects SAFE AND NON-HARMFUL PROTOCOL

q 4 - AP

Func%onal Neurorehabilita%on in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



Axons fail to regrow à Could be inhibited by scar tissue 
formation 

The glial scar and cavity formation à Main pathophysiological feature 
in chronic SCI !

Reactive astrocytes in the chronic phase after the injury

Hu et al 2010

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



Recent analysis à Transcranial magnetic motor evoked potential suggested that spinal 
locomotion could be associated with remaining intact conduction through the 
descending motor tracts !

Hypotheses:  Spinal walking Long tract conduction

Dogs complete SCI à persistent passage of electrophysiological stimuli across the lesion with 
recorded evoked potentials above the injury

Granger et al (2012) Hu et al (2018)

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 



DPP -
q There was no DPP recovery in contrast to the acute dogs (usually 

regain 41-62% of ambulation);

q According to the CANSORT-SCI (2021), DPP- dogs recover DPP to 
ambulation  ~ 60% within 6 months after injury;

q DPP – chronic dogs achieved 78% of ambulation within 2 
and a half months, however all achieved flexion/extension 

locomotor pattern within the first 2 weeks à 4-AP

Functional Neurorehabilitation in Dogs with an Incomplete
Recovery 3 Months following Disc Surgery: A case series 





QUESTIONS ?!




