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Pesiome

[unxatenHata HegocTaTbyHOCT ([JH) e Han-4eCTOTO YCIOXKHEHNE N NPUYMHA 33 CMbPTTa Ha NauneH-
TUTE C HEBPOMYCKYIHM 3abonasaHua (HM3). B ctaTuATa ce pa3rnexaat natoreHeTUYHMUTe MexaHn3mu,
KOUTO BOAAT A0 HeA. [ToguepTaBa ce ponATa Ha HapyLleHaTa MHepBauma UM HamaneHaTa cuna Ha au-
xaTeflHaTa MyckynaTypa, agucdyHkumaTa Ha [, HeedekTMBHaATa KaluvLa U CbMbTCTBALLMTE Bb3Ma-
NNTENHN 6eN10APOOHMN YCNOXHEHNS, KOUTO BOAAT 10 BTOPUYHO HApYLUEHVE Ha CbOTHOLUEHVETO BEH-
Tunaymsa/nepoysnn. OcobeHo BarkeH MOMEHT 3a OL|eHKAaTa Ha BEHTW/IATOPHKTE HAPYLLEHMS Ce ABABA
[l0Ka3BaHETO Ha HOLLIHATA XMMOBEHTUALMSA, KOATO YeCTO e MbPBOTO NAaTOGM3NONOMMYHO HapyLleHne
B Te3u C/lyyam 1 0OOMKHOBEHHO MpeflliecTBa AHEeBHATa XUMOBEHTUNALMA.

Pasrnexpat ce nogpobHO 0COBEHOCTUTE Ha KIMHUYHUTE NPOSIBU OT CTPaHa Ha AuxaTesiHaTa cucTe-
Ma, Npu otgenHnTe HM3. O6CcbKaaT ce TeCcToBEeTe, KOMTO Cy»KaT NPU OLleHKa CbCTOAHUETO Ha AuLua-
HeTO, KaTo LeNTa e fa ce nogbepaT MakcMManHo MHGOPMATUBHUITE OT TAX.

O6CTOWHO e pa3rnefaHo CbBPEMEHHOTO NleyeHne Ha XpoHuyHata [IH npu HM3. O6¢cbxaaT ce Bb3-
MO>XHOCTWTE Ha MHBa3UBHATa U HenHBa3nBHaTa VBB — nokasaHuATa, NPOTMBOMNOKa3aHUsATa, 0CO6eHO-
CTU Ha NPOBEXAAHETO 1 YCNOXKHEHMATA Ha BCEKM eA1H OT MHOIOTO NpuaraHun B Te3un ciyyam MeToau.
OTgeneHo e MACTO U Ha K1He3nTepaneBTUYHKTE NPoLefypyu, OCHOBHO HacoueHn KbM npodurnakTu-
KaTa 1 JleyeHMeTo Ha baKTepuranHuTe MHGEKUMM Ha AnxaTenHuTe nbtuwa 1 6enva apob. MNpasunHute
TPVIXKW 1 NTeYeHMe Ha pecnnpaTopHUTe YCIOKHEHNSA, B T.U. U HAa XpoHnYHaTa [IH, npu Te3u nauneHTn e
NPUYNHA 3a yOb/KaBaHE Ha MPEXUBAEMOCTTA, NPU NO-A00PO KauecTBO Ha XMBOT, U Bb3MOXKHOCT 3a
nayueHTa Aa n3AaBn MakCMMyMa OT UHTENEKTYaNHN Y NCUXUYHU Bb3MOXKHOCTU.

KniouoBn AYMWN: HEBPOMYCKYIHN 3abonaBaHus, anxatenHa HedoCTaTbyHOCT, d)yHKLI,VIOHaJ'IHO n3-
aiefBaHe Ha anwaHeTo, U3KyCTBEHa 6eno,u,po6Ha BEHTUTaUUA, KNHE3UTEPANnA.
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Abstract

Respiratorydistressduetoweakness oftherespiratory musculatureisthemostcommon complication
and a leading reason for death among patients with neuromuscular diseases /NMD/. The authors
focus on the pathogenetic mechanisms which induce respiratory failure in these patients, including
the impaired inervation and strength of respiratory muscles, dysfunction of the upper airways,
ineffective cough and deterioration of the ventilation/perfusion ratio secondary to concomitant
pulmonary inflammation. Detecting nocturnal hypoventilation is particularly important as it is often
the first pathophysiological disorder to occur and usually precedes day time hypoventilation.

The various clinical manifestations of respiratory disorders in NMDs are discussed. The authors
review the diagnostic options for assessment of respiratory capacity, aiming at facilitating the
selection of the most appropriate tests for each particular condition.

A detailed analysis of contemporary treatment of chronic respiratory failure in NMD is presented.The
indications, contraindications, complications and characteristics of the methods for non-invasive and
invasive mechanical ventilation are discussed. The issue, regarding physiotherapy, directed towards
the prevention and treatment of bacterial infections of the airways and the lungs in NMD is also
included. The proper care and treatment of respiratory complications, including chronic respiratory
failure, in these patients guarantees an increased life span, a better quality of life and an opportunity
for development of intellectual and psychological potential.

Key words: neuromuscular diseases, respiratory distress, pulmonary function testing, mechanical
ventilation, kinesitherapy



IunxatenHaTta HepgocTaTbyHOCT ([JH) e Hali-uec-
TOTO YC/IOKHEHME M MPUYMHA 38 CMbPTTa Ha Ma-
LUMEHTU C HEBPOMYCKYIHWU 3abonsasaHua (HM3),
KOWTO MoraT fia foBeAaT [0 Hesd, upe3 pasButme
Ha 3HauUTeNHa caboCT Ha pecnupaTopHaTa Myc-
Kynatypa (22). BaxxHo 3HaueHve B Te3u ciyyau
UmaT feKomneHcupawmte ¢GakTopu: akTMBHa
OpOHXOMNYNIMOHaNHa WHpeKUMA, MOTUCKAHe Ha
OVXaTeNHUA UEHTbP OT TpaHKBWUAM3aTOPU Wn
HenpaBWIHO MpoOBeXAaHa KuciopogoTepanus,
XunepmeTabonmsbm cnep onepaTBHa Hameca 1
CbCTOAHMA Ha XUNepTePMUA, HapyLleHa MexaHu-
Ka Ha AuwWwaHeTo Npu rpbaHa 60sKa, 3agbnboya-
BaHe Ha MMACTEHHUTE NPOABU cliel NPUNOXKEHN-
€TO Ha HAKOW MenKaMeHTU 1 gp. (12, 16, 19).

MaroreHesa. XpoHnyHata IH npn HM3 ce pas-
BVBa MO HAKONKO MaTOGU3MONOrMYHN MEXAHU3-
Ma — ¢ur. 1. OCHOBeH cpepl TAX e afiBeoapHaTa
XUMNOBEHTUNALMA (MpoABEHa C XunepKanHuA 1
XUMNOKcemMus), nocneanua Ha HapyLlleHa UHepBa-
LMA UM HamaneHa cuna Ha guxatenHata Mycky-
naTtypa. 3HaueHve umat oule AncyHKLMATa Ha
IAMN, HeedeKTMBHATA KawwyLa 1 CbNbTCTBALLMTE
6enofpobHU yCnoXHeHNA (MHEeBMOHWN, aTenek-
Ta3n, NnHeBmodunbpo3a 1 Ap.), KOUTO HapyluaBaT
NOMbAHUTENIHO CbOTHOLLUEHNETO BeHTUNauusa/
nepdy3una, HamanaBaT guxaTenHaTa yectoTa (O4)
1 BNoLLABaT anBeonapHata BeHTunauuma (10).

OueHKaTa Ha BEHTWNATOPHUTE HapyLUeHWA B
Te3n cslyyam HeBmHaru e necHo. CumnTomm nog-
CKa3BallX HOLIHAa XMMOBEHTMNAUMA MoraT Aa ce
Habnogasat 1 6e3 Aa ca Hanuue NPoABM Ha Ma-
HudectHa [IH. OnpenenaHeTo Ha apTepuanHuTe
KPbBHU ra3oBe OCTaBa Hal-HaAeXXaHWA MeTof 3a
AvarHocTMumpaHeTo nm. Ho nsmepeHnte npes

Respiratory distress due to weakness of the re-
spiratory musculature is the most common com-
plication and a leading reason for death among
patients with neuromuscular diseases (NMD).
In these cases, the main factors, associated with
decompensation are: active bronchopulmonary
infection, suppression of the respiratory center
by tranquilizers or improperly performed oxygen
therapy, hypermetabolic state following surgery,
hyperthermia, chest pain resulting in impaired
mechanic of respiration and use of medications
aggravating the myasthenic symptomes.

Pathogenesis. Several mechanisms lead to
chronic respiratory failure in NMD (Fig.1), the ba-
sic one being the alveolar hypoventilation (pre-
sented with hypercapnea and hypoxeamia). It
might be a consequence of impaired innervation
or respiratory muscle weakness. Other contribut-
ing factors are dysfunction of the upper airways,
ineffective cough, concomitant pulmonary com-
plications (pneumonia, atelectases, pneumofi-
brosis, etc.), as they additionally compromise the
ventilation/perfusion ratio, decrease the respira-
tory rate and worsen the alveolar ventilation (10).

The assessment of ventilatory disturbances
can be challenging. Symptoms suggesting noc-
turnal hypoventilation can be observed even in
the absence of manifest respiratory failure. Blood
gas analysis remains the most reliable diagnostic
method to confirm them, although normal val-
ues at day time do not rule out the possibility of

®urypa 1. MaToreHesa Ha [IH npu HeBpoMycKynHM 3a6onAaBaHuA.
Figure 1. Pathogenesis of respiratory failure in neuromuscular disorders.
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LeHA HOPManHW CTOMHOCTW He W3KIYBaT Bb3-
MOXHOCTTa 3a pa3Butie Ha [H npe3 HowTa. OT
[pyra cTpaHa HouHaTa MyJCOKCUMETPUA HeBU-
Haru oTpassBa aieKBaTHO CTeMeHTa Ha XUMOBEeH-
Tnauua (26). CKpMHUHroBa HOLLHa NynCcoKCcMMe-
Tpua Moxe fa Obae M3BbPLIEHA 3a U3KIIOYBaHE
Ha CbHHa anHes u xunoseHTUnauma (5). 3a mo-
MeHTa KputepumuTe 3a curHudukaTHa fdecatypa-
LA ca BCe olle [ocCTa NnpoTnopeynsu. Mpu knu-
HWYHO CbMHEHMe 3a OOCTPYKTUBHA CbHHa anHes,
Bb3HMKHaNO Ha 6a3aTa Ha MyNCOKCMMETPUATa,
TO cnefBa fa ce Bepuduumpa ypes NonMcomMHo-
rpadua. HowHata XxMnoBeHTMNaLMA NMa OCHOB-
HO 3HauyeHue, TbiA KaTo Hal-4ecTo TA € MbPBOTO
natopusnonornyHo HapyuweHve. OBMKHOBEHO
npepLecTBa AHEBHATa XMNOBEHTUNALMA U OLeH-
KaTa 1 e Ba>kHa 3a TepaneBTMYHOTO NoBefieHNe.

Hair-o6uwo no Bpeme Ha CbH Ce MPOMEHA KOH-
TPONBT BbPXY AWLIAHETO U GYHKLMATA Ha MYCKY-
NUTe yyacTBalLy B Hero. HamaneHneTo Ha MycKyi-
HMA TOHYC e NPONOPLIMOHANHO Ha Abn6oYMHaTa Ha
CbHA, KaTo Hal-HUCKO HNBO Ce AOCTWra BbB da3aTa
Ha napapokcanHua (REM) cbH. MycKynHaTta xuno-
TOHUA e pe3ynTaT Ha CynpacnuHanHa cynpecms ot
Y-MOTOHEBPOHHM pa3pAan Y MPeCcUHanTUYHO WH-
xmbrpaHe Ha adepeHTHUTe HeBPOHW. B Hall-rons-
Ma CTerneH TO3M MeXaHU3bM 3acAra MHTEPKOCTal-
HUTE MYCKYN U MyCKynuTe, Konto otBapAT IAl.

3a pasnuka ot TAx gmadparmanHata GyHKUMA
e no-cnabo NopnoXeHa Ha LieHTpasHa cynpecms
npe3 REM ¢a3aTta Ha CbHA. 3aTOBa CTeMNeHnTe Ha
anBeonapHa XUMNOBEHTUNAUMA, XUMOKCMA U XU-
nepKkanHuA npe3 CbHA 3aBUCAT Hall-MHOro OT
Ta3n ¢yHKumA. ToraBa O6MKHOBEHHO HamanaBaT
OYHKLUMOHANHUAT ocTaTbyeH KanauyuteT (ODOK) u
KMCNopoaHaTa JoCTaBKa 3a opraHunsma. Mpu HM3
Te3n MPOMEHU MoraT fia ce yBennyaT 3HauuTesHo.

3aefHo c HamanAaBaHeTo Ha OOK 1 MycKynHuA
TOHYC Ha e3UKa, NlapuHreanHata n dapuviHreanHa
MyCKynaTypa, 3HauMTe/lHO HamansaBa 1 Hanpeu-
HOTO ceyeHue Ha 11, c nocnenBalyo HapacTBaHe
Ha CbMPOTUBMIEHNETO CpeLly Bb3AYLHNA MOTOK.
Mpw Te3n naymeHTH, XMNOANHAMKATA YeCTO BOAM
[0 HAAHOPMEHO Terno, a HapPacTHaNOTO 1 NO Ta3n
NPUYNHa CbNPOTMBAEHME CPeLLy Bb3AYLIHNUA MO-
TOK MOXe [ia NPUYMHN OOCTPYKTUBHA XMMOBEHTH-
nauus, Jopu arnHes no Bpeme Ha CbH.

OueHKaTa Ha cuniaTa Ha guxaTenHata MycKyna-
Typa e 3aAb/IKMTeSHa, KaTo TeCTOBEeTe C KOUTO TA
ce onpefens ca BUCOKO cneumduyHn n ¢ BaKHO
MPOrHOCTMYHO 3HauyeHve. MakcMmanHo ekcnu-
patopHO HanAraHe (PEmax) mo-Hucko ot 45cm
H20 moxe pa 6bfe NokasaTeslHO 3a HapylleHa
edeKTMBHOCT Ha KalunuuaTa. MHoXecTBo naTore-
HeTUYHW GaKTOPU UTPAAT PONA 3a Pa3BUTUETO Ha
OH v BCcMUKM BOAAT [O NPOrpecrBHO CHUXKEHKe
Ha BeHTMNaTopHuUTe GyHKUMK. bbp3aTta ymopse-
MOCT 1 cnabocT Ha AnadparmaTa, CbyeTaHu CbC
cnabocCT 1 Ha AuxaTesiHaTa MycKynatypa BogAaTt
[0 HamarneH 6enogpobeH KoMnnanaHc 1 atenek-
Ta3u. YennueHute cekpetn B [N KpnAT pnck ot
acnupaumnoHHN NMHEBMOHUW, KOWUTO Olle MoBeye
Bowaeat guxatenHata GyHkuuma (11).

developing respiratory distress at night. Still, the
nocturnal pulse oximetry does not always reflect
precisely the severity of hypoventilation (26). The
screening overnight pulse oximetry may be used
to rule out sleep apnea and hypoventilation (5).
Currently the criteria for significant desaturation
are quite contradictory. The clinical suspicion
of obstructive sleep apnea, based on pulse ox-
imetry, should be verified by polysomnography.
Detecting nocturnal hypoventilation is essential
because it is frequently the first pathophysiologic
disturbance to occur. Usually it precedes day time
hypoventilation and its evaluation is significant
for the therapeutic approach.

The control upon respiration and the function
of the involved muscles undergoes some chang-
es during sleep. The diminished muscle tone is
proportional to the depth of sleep and reaches its
lowest level in the phase of the paradoxical (REM)
sleep. Muscle hypotonia results from supraspinal
suppression by y-motoneuron discharge and pre-
synaptic inhibition of the afferent neurons. This
mechanism affects to the greatest extent the in-
tercostal muscles and those opening the upper
airways.

Unlike them, the function of the diaphragm is
less affected by central suppression during the
REM phase of sleep. Thereby the severity of alveo-
lar hypoventilation, hypoxia and hypercapnea
during sleep depends mostly on the diaphrag-
matic function. Normally then the functional re-
sidual capacity (FRC) and the oxygen supply of
the organism decrease. In NMD these changes
may be considerable.

Along with the decrease in FRC and muscle
tone of the tongue, laryngeal and pharyngeal
musculature, the transversal section of the up-
per airways is also being reduced and followed by
increased resistance against airflow. Obesity, usu-
ally due to hypodynamia, additionally aggravates
the airflow resistance and can cause obstructive
hypoventilation and even sleep apnea.

The evaluation of the respiratory muscle
strength is compulsory. It is performed with
highly specific tests, which have an important
prognostic value. Maximal expiratory pressure
(PEmax) below 45 cm H20 can be indicative of
ineffective cough. Numerous pathogenetic fac-
tors contribute to the development of respiratory
distress and all of them lead to gradual deterio-
ration of ventilatory function. The rapid tiredness
and weakness of the diaphragm, combined also
with respiratory muscle weakness, results in di-
minished pulmonary compliance and atelectases.
The increased secretion in the upper airways is a
prerequisite for aspiration pneumonia and addi-
tionally affects the respiratory function (11).



3a pa3BUTMETO Ha OOCTPYKTMBHA CbHHa anHes/
xunonHea npy HM3 3HaueHne nma 1 HopmanHo-
TO CHWXKEHME Ha YYyBCTBUTEIHOCTTa Ha Xemope-
uenTopuTe MO Bpeme Ha CbH. MNpu cbbyxpaHe
O0ONKHOBEHHO AMXATeNIHOTO YCuine ce yBenmya-
Ba [JOKATO Ce CTUrHe J0 CTUMYNaLma Ha MexaHo-
peuenTopuTe B rpbAHUA Kow. [poabkmTenHata
CbHHA anHeA/XMNonHea 1 cBbp3aHaTa C TAX anBe-
OflapHa XMMOBEHTMNALMA Hal-yecTo ca pesynTaTt
OT HEBb3MOXHOCTTA Ha AMXaTeNIHUTE MYCKYNK Aa
npeam3BrKaT OTFOBOP Ha CbOy»KAaHe OT MexaHo-
peLenTopuTe, KakTo 1 OT HamaneHaTa YyBCTBU-
TENHOCT Ha xemopeuenTtopute B LIHC (9, 23, 28).

KnuHunuHa KapTtuHa. [poasuTe Ha MaHUdpecT-
HaTa X[H He ce otanyasar ot Te3un Ha ocTpata [H
1 ca pobpe n3BectHN. Mima HAKOM CMMNTOMM, Ha-
couBalUM M3CNeaBaLlnsa KbM 3HaUMUTeNHa 4aBHOCT
Ha npoueca. lNayneHTn ¢ XxpoHMyHO HM3 e mHoro
no-BepoATHO Aa nposAssasaT obocTpeHa XH, oT-
KonkoTo aa pa3suAat OH. NpeacrtaBame cumnto-
muTe Ha JH npu geua ¢ HM3 (Tabnuua 1), kouto
TpAbBa fo6pe Aa ce NO3HaBaT OT BCUYKM NleKapwy,
nosarawyy rpuxkm 3a Tax, C orfiesl CBOeBpeMeHHa-
Ta AnarHosa 1 afjeKkBaTHOTO JieyeHue.

The sensitivity of chemoreceptors during sleep
is physiologically decreased. That is found to be
another factor responsible for the occurrence
of sleep apnea/hypopnea in NMD. Normally, at
awakening the respiratory effort augments to the
point till the mechanoreceptors in the thorax are
stimulated. The prolonged sleep apnea/hypop-
nea and the related hypoventilation are due to
the respiratory muscles’ inability to induce a re-
sponse from the mechanoreceptors and also to
the reduced sensitivity of the chemoreceptors in
CNS (9, 23, 28).

Clinical manifestations. The clinical presen-
tation of manifest chronic respiratory failure is
similar to that of acute respiratory distress and is
well known. There are, though, several symptoms
which suggest a chronic, long-standing process.
Patients with chronic NMD are more likely to pres-
ent with exacerbated chronic respiratory failure
rather than develop acute respiratory distress. On
Table 1 we summarize the symptoms of respira-
tory failure in children with NMD which are to be
well known by all medical specialists involved in
the care for these patients regarding the early di-
agnosis and adequate treatment.

Ta6nuua 1. Cumntomm Ha IH Npu naumeHTn ¢ HEBPOMYCKYSHM 6onecTu.
Table 1. Symptoms of respiratory failure in patients with NMD.

JlecHa ymopsemoct Rapid tiredness Taxukapama Tachycardia
Cnaboct npu gBuxerne Weakness of movement Habb6Han wuiiHn BeHn Distended neck veins
3agyx Shortness of breath LinaHosa Cyanosis
Taxunuea Tachypnea OTOK Ha gonHuTe KpanHuum Oedema of the low extremities
Tupax Retractions CyTpewHo rnaobonve Morning headache
OptonHesa Orthopnea [iHeBHa cbHAmBOCT Day time drowsiness

M3non3saHe Ha onbHUTENHaTa
AvIXaTeniHa MycKynaTypa

Participation of accessory
respiratory muscles

[lBnratenHo HecnoKomncTeme
o Bpeme Ha CbH

Restlessness during sleep

Hamanenwn guxatenHun €KCKyp3nm
Ha rpbaHnNA KoL

Decreased respiratory excursions
of the thorax

[MoBbPXHOCTHO AULLaHe

Superficial respirations/shallow
breathing

MapapokcanHo aviaHe

Paradoxical respirations

XbpKaHe BCNeACTBME 3aPbXKKa
Ha cekpeTn B [N

Snoring due to accumulated
secretions in the upper airways

HapyleHo HacTpoeHue

Mood disorders

Mecnxnynn HapyLweHuna

Psychic disorders

Kowmapu

Nightmares

YecTun cbbyxpaHua

Frequent awakenings

EHypesa

Enuresis

XpOHMYHaTa XUMOKCUA BOAM AO MU30CTaBaHe
BbB PM3MyeckoTo pa3BuTUe. [lelata nmat orpa-
HUYEHN ABUraTeNIHM Bb3MOXKHOCTM Mponopuun-
OHasHO Ha TexecTTa. [Mo-ronemnTte ce onnakeat
oT rnaBobonue, ycTaHOBABAT Ce€ HaMaNleHO BHU-
MaHVe 1 Bb3MOXHOCT 3a CbCpepoTouBaHe. M3a-
BABAT Ce XunepTpoduyHa octeonaTma ¢ gucrtan-
HWU danaHr Ha NPBLCTUTE NO TUM Ha ,6apabaHHK
nankun’, HOKTW TWM,4aCOBHUKOBO CTbKNO" 1 cume-
TPWYHa apTPONaTUA Ha KUTKNTE, TAKETHW, KONEH-
HW 1 rne3eHHN cTaBu. Pa3BurBaT ce JOMbAHUTENHN
Kanunsapwu 1 BEHEKTA3MM MO KOHIOHKTMBATa 1 -
raByLNTE, KOETO Ce MaHUpeCTUpa C KOHIOHKTU-
BaJTHA MHEKLMA N XUNepTpodUYEH FTMHIUBKT.

LinaHo3aTa 0OVMKHOBEHO NUMCBa WA € NeKo
n3paseHa. 3acunBaHeTo 1 FOBOPU 3a Nporpecus
Ha OCHOBHOTO 3abonsABaHe WU NpubaBsHe Ha
NHTEPKYpPEHTHa 6pOHXONYNIMOHaNHa NHdeKLmA.

3a NbAHOTa Ha W3NIOKEHUETO Le pasrnefame

Chronic hypoxia leads to physical developmen-
tal delay. The children have limited motor abilities
which are proportional to disease severity. Older
children complain headaches, attention and con-
centration deficiency. Hypertrophic osteopathy
with distal phalanges and nail clubbing occurs
along with symmetric arthropathy of wrists, an-
kles, elbow and knee joints. Conjunctival injec-
tion and hypertrophic gingivitis are due to acces-
sory capillaries and venectasias which develop in
conjunctiva and other mucous membranes.

Cyanosis is usually absent or very mild. The in-
tensification indicates progression of the NMD or,
association with intercurrent bronchopulmonary
infection.

We shall focus on the specific features of pulmo-
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ocobeHoCTUTe Ha 6enofpobHM NpoABM Npu OT-
penHnte HM3, 6e3 ga ce cnMpame Ha nogpo6-
HOCTW OTHOCHO TSIXHaTa eTMOJIOrus, NaToreHesa,
reHeTnKaTa, KIMHMYHATa KapTMHA U AUarHocTu-
KaTa. Te moraT fa 6baT HaMepPEHU B CbOTBETHUTE
pbkoBoacTga (2, 3,9, 21).

1. MpenHoOporosu yBpexxaaHua Ha rpbOHauHKA
MO3bK

1.1. CnuHanHn myckynHu atpodum (SMA):

Bonect Ha Werdnig-Hoffman. 3aBsBa ce npes
NbpBUTE 6 MEC. OT »KMBOTa. [MWAHETO Ha Te3u
Jeua e HeMmb/IHOLEHHO 1 MapagokcanHo. MiTa-
HEeTO — 3aTPyAHEHO, MIAYDbT — Clab U HEMOLLEH.
MNMocTteneHHO ce odopmA xapakTepHaTa aedop-
MauuAa Ha rpbaHMA Kow. Hanvue e npeppasno-
NIOKEHMEe KbM peunaMBupaliy pecnmpatopHn
MHbeKUMN (BK. MHEBMOHMM), aTenekTasm, 6poH-
XmekTasunm, 6enogpobeH abcuec n XAH (26). Aun-
XaTenHuTe Npobnemn ca nuspas Ha CliegHUTe na-
TOreHeTUYHu GpakTopu:

- Hepopassutre Ha 6enua gpo6, nopagn cna-
6UTe NHTEPKOCTANTHU MYCKYIN.

- [aTonornyeH moden Ha AuwaHe — gnadpar-
ManHO U ,MapafoKcasnHo” — Npu BAULIBAHE KO-
pemMbT ce M3fyBa BC/IeACTBME KOHTPaKUMATa Ha
avadparmata, HO rpPbAHNA KO XNTBTBA, Thbil KaTo
WHTepKOCTanHaTa MycKynaTypa He Moxe fa ce
NPOTMBOMOCTaBM Ha HEFATUBHOTO MHTPATOpPaKa-
HO HanAraHe, Cb3fgafeHo oT AradparmaTa.

« [PbAHMAT Kow ce fepopmmnpa u xbTBa, a No-
KbCHO 106MBa XapakTepHa ¢opma.

+ 3apbXKKa Ha CEKPeTU B AnXaTeNIHUTE MbTULLA
- NPeAUMHO BCJ1. HEMOLHa Kawnuua. MNosassasat
ce aTeneKkTaTU4HM Y4acTbLy, KOUTo 6naronpuat-
CTBaT pPeKypeHTHUTE MHEBMOHUN.

« EP — gpyra npegnocraBka 3a pa3BuTie Ha ac-
NUPaLIOHHN MHEBMOHMMN.

« HowHa xnnoBeHTUnauma — no Bpeme Ha CbH
OVWAHETO CTaBa NOBBPXHOCTHO 1/unu 6aBHo.

[narHo3ata ce 0CHOBaBa Ha xapakTepHaTa Knu-
HWKa, TMNUYHaTa geHepBauynoHHa EMI n gokas-
BaHeTO Ha reHHua fedekT. CepymHaTa KpeaTuH-
KMHa3a e HopMaJiHa UK NeKO 3aBuLLIEHa U TOBa
nsknouBa muonatun (7). QudepeHumnanHa gua-
rHO3a Ce NpaBu C BpoAeHa MYCKYJTHa ANCTpodus,
BPOAEHa MMOMaTWA, MMACTEHUA, MUTOXOHAPUAN-
HU MUOMaTUK, CIMHANHW TYMOPW, POLOBOTPaB-
MaTMYyHa Napesa Ha n. phrenicus, NpeKkbcBaHe Ha
rpbOHauYHMA MO3bK, bonecT Ha Pompe, HAKOW Ha-
CNeacTBEHN MOTOPHO-CETUBHU HEBPONATUN.

MexanHHaTta ¢opma Ha CMA ce nsasasa npes
BTOPOTO nosnyrofue Ha *mBoTa. CumnToMaTrkaTa
e nofo6Ha, Ho ¢ No-6aBHa nporpecus. Pa3BurBa ce
1 CKonmosa.

CMA Il Tun e ¢ pebtot cnep 2-Ta roguHa. lMpe-
XKMBAEMOCTTa e AbJra, MPorHo3aTa ce onpeaens
oT AmnxatenHata GyHKUUA, KOATO 6aBHO 1 NocTe-
NeHHO ce BNOLLIaBa.

1.2. Monnomunenut - 3anoysa c ¢ebpunuteT,
UMa [BYBbB/IHOBA AMHaMMKa, KaTapajHu npos-
BU, IeKN MEHWHTreanHN Npu3sHauu, aCUMeTpUYHM
BANW Mapannsu, 3acaray CKENETHUTE N MeXay-

nary symptoms in the following NMDs separately,
with disregard to their etiology, pathogenesis,
genetics, clinical manifestation and diagnostic
methods as they are widely available in literature
(2,3,9,21).

1. Motor neuron disorders/ Anterior horn cell
disorders of the spinal cord

1.1. Spinal muscular atrophy (SMA):

Werdnig-Hoffman disease. The symptoms ap-
pear within the first 6 months of life. The respira-
tion of these children is impaired and paradoxical.
Swallowing is also altered and their cry is weak. As
the disease progresses, a specific deformity of the
thorax is formed. A predisposition to recurring
respiratory infections (including pneumonias), at-
electases, bronchiectasias, pulmonary abscesses
and chronic respiratory failure a typical feature
(26). Respiration problems result from the follow-
ing pathogenetic factors:

« Misdevelopment of the lungs due to weak-
ness of the intercostal muscles

- Pathologic breathing pattern — diaphrag-
matic and ,paradoxical” — during inspiration the
abdomen distends following the diaphragmatic
contraction, while the thorax collapses as the
intercostal musculature is unable to resist the
negative intrathoracic pressure, produced by the
diaphragm

«The thorax collapses and a typical deformation
gradually develops

« Accumulation of secretions in the airways
—predominantly due to poor and insufficient
cough. Thus, atelectatic areas, favoring recurrent
pneumonias, are formed.

« GER - another risk factor for aspiration pneu-
monia

« Nocturnal hypoventilation - during sleep the
respiration becomes superficial and/or respira-
tory rate slows down.

The diagnosis is based on the typical clinical
presentation, the denervation activity on EMG
and the genetic testing. The serum creatine ki-
nase is within the normal ranges or slightly el-
evated which rules out myopathies (7). The dif-
ferential diagnosis includes congenital muscular
dystrophy, congenital myopathy, myasthenia
gravis, mitochondrial myopathies, spinal cord
tumors, paresis of the phrenic nerve due to birth
trauma, spinal cord injury, Pompe disease, some
hereditary motosensory neuropathies.

Intermediate form of SMA manifests after the
sixth month of life. The symptoms are similar and
scoliosis is also common, but the progression is
slower.

SMA Type lll usually presents after the 2nd year.
Life expectancy is near normal. The prognosis is
determined by the respiratory function, which in
general gradually deteriorates.

1.2. Poliomyelitis

It usually has a biphasic course and is charac-
terized by fever, catarrhal symptoms, mild men-
ingeal signs, asymmetric flaccid paralysis, af-



pebpeHunTe Myckynu, anadparmata n bapuiHrean-
HaTa MycKynaTypa (24). YspepeHata guadparman-
Ha OYHKUMA BOAU A0 Y4YecTeHO, MOBbPXHOCTHO
NN napagokcanHo gvwaHe n JH. Han-texka e
6ynbapHaTta dopma, CbC 3acAaraHe agpaTta Ha Cb-
otBeTHUTe YMH 1 ueHTpoBeTe, perynmpaiin au-
waHeto. bonHnTe ca c nape3a Ha MeKOTO Heb-
ue, apuHKC 1 NapuHKC, He MoraT Aa npernbrHaT
HaTpynaHuWTe BbB (GapuHKCa CeKpeTun, 4ecTo
acnupupart, KoeTo olle noseve 3aTpyAHABa Au-
WwaHeto. To CTaBa LWYMHO, KJIOKOYeLlo, riachbt
— HOCOB WM XpUMnKaB Ao adoHMYEH, Hanuue e
3apyx. [puv 3acerHat guxaTeneH LeHTbp ce Hapy-
WaBaT yecToTaTa, pPUTbMa U TUMNa Ha AULIAHETO.
MyncbT cTaBa yyecTeH U MeK, apTepranHoTO Ha-
nAraHe cnaga. Yecto cnepsat Koma v cmbprT (9).

[narHo3aTta ce ocHOBaBa Ha enuAeMNONIOrnY-
HUTE [OaHHW, NIMKBOPHaTa KNETbYHO-O6enTbuHa
ancoumnauma, EMI gaHHWTe 3a geHepBauuA Ha
3acerHaTmuTe MycKynm 1 JoKa3BaHETO Ha BUPYC B
N3npa)kHeHUATA.

2. KopeHueBU 1 nepudpepHO-HEPBHN YBPEXK-
NaHuA:

OcTpa Bb3ManuTeNHa AeMUENVNHU3ALNOHHA
nonvpaaukynoHesponatus (GBS). Xapaktepusu-
pa ce CbC CUMETPUYHN Bb3XOAALLM Napanm3un npu
NIMACBALLN WA CaMO HayaNHW, U NIEKN CETUBHU U
Ta3oBOpe3epBOapHUN HapyLleHua. [lnarHosara ce
ocHoBaBa Ha EMI 3a HamaneHa cKOpoOCT Ha npo-
BeXKAaHe Mo MOTOPHMW HepPBU U/UnKn 6NI0K B NPOo-
BOAMMOCTTA, U GENTBUYHO-KNETbUYHA AMcoumaumsa
B nMKBopa. CnabocTTa Ha fAuxaTeniHaTa MycKyna-
Typa e yecTa, MOXe fia Ce 3acerHaT Topakoabpao-
MWHanHuTe myckynu, avadparmata u YMH. OH
e Hanuue npu 1/3 oT 6ONHUTE, NPOTMYA TEXKO U
CTaBa NpUYMHa 3a CMBPTTA. TA ce AbJIKN Ha Cna-
60CT Ha pecnupaTopHUTE MYCKYIM 1 acnmpauu-
OHHa nHeBMoHwUA (1, 3, 9). Jlnuesata 1 opodapuH-
reasnHaTa cflabocT 06MKHOBEHO A NpeaLecTBaTt.

Mpwn naumenTnTe ¢ GBS Tpsa6Ba Aa ce MOHUTO-
pupat BuUTanHUTe GyHKLMM C FOTOBHOCT 3a AnXa-
TefHa peaHNMMLUNA, KOATO ce Hanara npu 15-20%
ot Tax. [pwu 3acAraHe Ha guxaTenHaTa MyCKynaTy-
pa nnu 6ynbapHu NpoasBu BONHUAT ce HTYOMpa
1 ce 3ano4Ba NBB. NHanKauwum 3a ToBa ca:

+ eKcrnupaTopeH BWTaNleH KanmauwuTeT nog 12-

15ml/kg

« Pa02 nog 70mm Hg

« TeXkka OynbapHa napanusa.

3. HapylueHuns B HEPBHO-MYCKYHWA CUHANMC:

tOBeHnnHa MwuacteHus rpasuc. bynbapHata
cnaboct ce m3aABABa npu 1/6 oT mauueHTUTE C
HapylleHne B JbBYEHETO Ha TBbpPAA XpaHa, rbi-
TaHeTo, apTUKynauuaTta n ¢oHauuaTa. MNpoasuTe
ce BfIOLLABAT B Kpas Ha feHAa 1 cnef ¢rsmyecko
ycunue. [pn MracTeHHW KpuU3un ce pa3BrBaT OcC-
Tpa reHepanusMpaHa MyCKynHa cnabocT, Tex-
Kn 6yn6apHu HapyweHua n OJH. MNocnegHata e
M3pa3 Ha MycKynHaTa crnabocT 1 obCcTpykumATa

fecting the skeletal and intercostal muscles, the
diaphragm and the pharyngeal musculature (24).
The impaired diaphragmatic function results in
superficial or paradoxical respiration and respira-
tory distress. The most severe form is the bulbar
polio, in which the nuclei of the craniocerebral
nerves and the centers, regulating the respiration
are affected. The patients have paresis of the soft
palate, pharynx and larynx, which prevents them
from swallowing the secretions, accumulated in
the pharynx. They often inhale them thus addi-
tionally troubling the breathing. It becomes noisy
and stertorous, the voice is nasal to aphonic and
patients complain shortness of breath. When the
respiratory center is involved, the rate and rhythm
of breathing are impaired as well. There might be
tachycardia, weak pulse and low blood pressure.
Often this condition is followed by coma and
death (9).

Diagnosis is based on the epidemiological data,
cell-protein dissociation in the cerebrospinal fluid
(CSF), denervation activity in EMG of the affected
muscles and detection of virus in the feces.

2. Radicular and peripheral nerve disorders:

Acute inflammatory demyelinating polyneu-
ropathy (GBS). It is characterized by symmetric
ascending paralyses but in some cases the symp-
toms might be limited to mild sensory distur-
bances or fecal and urine incontinence/retention.
Diagnosis is based on the decreased velocity of
conduction through motor nerves and/or blocked
conduction on EMG and protein-cell dissociation
in CSF. Weakness of respiratory musculature is
also common. Thoracoabdominal muscles, the
diaphragm and craniocerebral nerves can also
be involved. Respiratory distress is present in 1/3
of the affected individuals. It is often severe and
becomes a reason for death due to respiratory
muscle weakness and aspiration pneumonia (1,
3,9). The facial and oropharyngeal weakness usu-
ally precedeit.

The vital signs of patients with GBS have to be
closely monitored and respiratory reanimation
should be performed when indicated (usually in
15-20 % of the cases). When the respiratory mus-
culature is involved or bulbar paralysis is present,
intubation and mechanical ventilation are neces-
sary. The indications are:

« Expiratory vital capacity below 12-15 ml/kg

« Pa02 below 70 mm Hg

« Severe bulbar paralysis

3. Disorders of the neuromuscular synapse:

Juvenile myasthenia gravis. In 1/6 of the pa-
tients bulbar weakness presents with disorders of
chewing of solid foods, swallowing, articulation
and phonation. They become more apparent at
the end of the day or following physical activity.
Myasthenic crisis is characterized by acute gener-
alized muscle weakness, severe bulbar disorders
and acute respiratory distress. The latter is in-
duced by muscle weakness and airway obstruc-
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Ha [l oT 3agbpXaHW cekpeTn BCeAcCTBME OT-
cnabeH KawnuueH pednekc u NoBuLieHa OT aH-
TUXONMHECTepPa3HNTE MeMKaMeHTU CeKpeTopHa
aKkTUBHOCT (9). HapyleHuATa B rbaTaHeTo Morat
[ia ca NpyvumMHa 3a acnupauua. Habnogasat ce u
XONIHEPIMYHW KPU3W — OT Npefo3npaHe Ha aH-
TUXONMHeCTepasHNTe MeauKameHTu. MoKpaw oc-
TaHanaTa CMMNTOMaTMKa ce n3ABsABa OpPoHXManHa
XunepcekpeLms, KOATO e OCHOBa Ha pa3BuBalLLa-
Ta ce TexKa [1H. PasrpaHnyaBaHeTo Ha fBeTe Kpu-
31 yecTo e TpyaHo. OT non3a 3a AnarHosata Moxe
[ia € NPOCTUTMNHOBNA TECT.

TpaH3uTOpHa HeoHaTanHa MuacTeHusA. 3acdAra
£030% oTHOBOpOAEHWTE Ha MalKn C aBTOMMYHHa
MuacTeHuA. Habntogasat ce nposABu Ha bynbapHa
napanusa — TUX Mnay, TPyAHO CyyeHe, cnabocT Ha
AnxatenHata myckynaTtypa n [JH. HapyweHunaTa B
OVLIAHETO ce CBbP3BAT OlLe C TPYAHOTO rbiTaHe,
KOeTo Mo»Ke Aa AoBefe A0 acnvpaLoHHa NHeB-
MOHMA 1 0b6CTpyKumuATa Ha N, nopagn HeBb3-
MOXHOCT 3a oTfenAHe Ha opodapuHreanHuTe
cekpeTu. Mpy aHTEHaTanHO Hayano MoXe Aa Ma
NONUXNAPaMHUOH, XMNonnasna Ha 6enua gpob
RDS (9). KoHreHuTanHata MruacteHus ce n3aBaBa
Cbc 3a6aBeHO MOTOPHO pa3BUTME B KbpMayecka
Bb3pacT, pAAKO No-KbcHO. CMMNTOMKTE He Mpor-
pecupaT u BKuyBaT OnedaponTosa, BbHLUHA
odTanmonapesa, bynbapHa 1/unm nNpokcMmanHa
MYCKyJ/THa YMOPAEMOCT, C fIEHOHOLHA ANHaMMKa
1 3acunBalla ce npu pusmyeckn ycunua (26).

Botynusbm. Hapep ¢ xapakTepHaTa HeBpo-
NOrMYHa CMMMNTOMATKA, HacTbMBaT U CMYLLEHUA
B AMLWIAHETO MOopajMm 3acAraHe Ha AuxaTenHara
MycCKynaTypa 1 napanv3a Ha guvadparmata. To
CTaBa y4yecTeHO, MOBbPXHOCTHO, B TEXKM Clyyau
C xapakTtepuctmka Ha Cheyne-Stokes. PasBuBat
ce obcTpykuma Ha TAMN n 3aTpyaHeHa eKkcnek-
Topauwua, nocnefsat acnuMpauma, aTenekrasu u
nHeBMoHMM. CMbpPTTa HacTbMBa OT Mapasr3a Ha
AVLWaHeTo 1 achukcus (24).

[lmarHo3ata ce oOcCHOBaBa Ha XapakTepHaTa
KNMHMKa U AOKa3BaHETO Ha TOKCMHMW B Cepyma,
M3npax}HeHrATa 1 3apa3eHaTa XxpaHa.

4. MbpBUYHN MYCKynHUK 3abonAsaHuA. Hapy-
WeHUATa B AMLIAHETO HacTbnBaT OOMKHOBEHHO
npeawu 3panata Bb3pacT 1 Ca XapaKTepHU 3a Npo-
rpecmBHaTa MyckynHa auctpodua Ha Duchenne
N MWOTOHWYHaTa auctpodusn. benogpobHa cum-
nTomMaTMka MoOXKe [a MMa WM Mpu: MyCKyiHaTa
anctpodua Tmn,noAac-kpaHuK', paumo-ckanyno-
XyMepasiHata MyCKynHa AucTpodus, MycKymnHa
anctpooua Tun Emery-Dreifuss, n KOHreHUTanHMU-
Te MyCKyJTHU AUCTpodun 1 mmonaTuu.

Mpun myckynHata pguctpodusa Ha Duchenne
6enoapobHNTe UHPEKUMM Ca YecTo YCSIOXKHe-
HMe, 3aWoTo cnlabocTTa Ha  eKCcnMpaTopHara
MyCKynaTypa 3aTpyaHABa m3umcteaHeto Ha [l
oT cbbpaHuTe cekpetn. OcBeH cnabocT Ha rpba-
HaTa MycKynaTypa ce HabnogaBaT KOHTPaKTypu,
BEpTEOPOKOCTANIHN aHKWIO3M U M3MEHEHMA B
rpbbHauHuUA cTbnb. MNMocneasat gepopmaLmm Ha
rPbAHNA KOLL, KOUTO CbLLO Ce OTpa3ABaT Ha HOp-
MasiHaTa BeHTUnaumA. HapylweHaTta 6enogpobHa

tion by secretions which accumulate due to poor
cough reflex and increased secretory activity by
the anticholinesterase medications. Swallowing
difficulties may be a reason for aspiration. Cholin-
ergic crisis due to overdosing of anticholinester-
ase drugs can be observed as well. Along with the
other symptoms, bronchial hypersecretion de-
velops and contributes to the severe respiratory
distress. Discrimination between the two types of
crises is often complicated. The prostigmine test
might be useful to the diagnosis.

Transitory neonatal myasthenia. It affects up to
30% of the neonates born to mothers with auto-
immune myasthenia. Bulbar paralysis manifests
with weak cry, poor feeding, weakness of the
respiratory musculature and respiratory distress.
The disorders of breathing may be attributed to
the impaired swallowing, which can cause aspira-
tion pneumonia or upper airway obstruction by
congestion of oropharyngeal secretions. Antena-
tal onset may be associated with polyhydramni-
os, pulmonary hypoplasia and RDS (9).

Gongenital myasthenia presents with delayed
motoric development in infancy, rarely later.
Symptoms do not progress and include blepha-
roptosis, external ophthalmoparesis, bulbar and/
or proximal muscle weakness with daily dynamics
and enhanced by physical effort (26).

Botulism. The typical neurologic manifesta-
tions occur along with disturbances of breath-
ing resulting from involvement of the respiratory
muscles and the diaphragm. Respiration is rapid
and superficial, in severe cases Cheyne-Stokes
type. Obstruction of upper airways and troubled
expectoration occur, followed by frequent aspi-
rations, atelectases and pneumonias. Lethal out-
come is due to respiratory paralysis and asphyxia
(24). Diagnosis is based on the typical clinical pre-
sentation and the toxin detection in serum, feces
and contaminated food.

4. Primary muscular disorders.

Breathing disturbances usually occur before
adulthood and are typical of the Duchenne type
of progressive muscular dystrophy and the myo-
tonic dystrophy. Pulmonary symptoms may also
be present in limb-girdle muscular dystrophy,
facioscapulohumeral muscular dystrophy, Emery-
Dreifuss muscular dystrophy and the congenital
muscular dystrophies and myopathies.

In Duchenne muscular dystrophy pulmonary
infections are a common complication because
the weakness of expiratory muscles troubles the
elimination of accumulated secretions from the
lower respiratory tract. Besides the weakness of
thoracic muscles, contractures, vertebrocostal an-
kyloses and changes in the vertebral column are
often present. Deformations of the thorax com-
monly affect the normal ventilation. Deteriora-
tion of pulmonary function gradually advances



byHKLMA Nporpecrpa cef NpUKoBaBaHETO B UH-
BaNMAHa Konmuka. B pesynTart Ha HowHaTa Xuno-
Kcemma ce HapyLlaBa CbHA, 60NTHUTE ce onnakeaTt
OT rnaBobonue n CMyTeHU KOTHUTUBHU GYHKLNN
(9). OwarHo3aTa ce OCHOBaBa Ha aHaMHe3aTa,
KNMHMKaTa, CUTHO MOBMLIEHWTE CTOMHOCTM Ha
KpeaTnHdochokmHazaTa, EMI 3a mnonatua, AHK
aHanM3a 3a MyTauum B AUCTPOOUHOBMA TeH, U
€BEHTYaNIHO — MyCKyfiHaTa 6uoncusa (2, 3). Heo6-
XOAUMO € aKTUBHO NpocsieAsaBaHe Ha AnXaTenHu-
Te pyHKUUN.

Mpw BpofeHa MycKynHa AncTpodura B pasnmy-
Ha CTeneH ce pa3BUBAT AUXATENHW U IbAITaTENHN
HapyLeHus, a 3acAraHeTo Ha Anadparmata BOAU
no 1H (18).

OcBeH MycKynHuTe auctpodum 1Mma u apyru
pefkn HacneacTBeHU muonatum (HemanuMHoBa
mMuonaTtua, MuoTybynapHa Mmwuonatusa, “central
core disease”). Mpn TAX MMa HapyLleHa pecnu-
paTopHa $yHKUMA C pasnnyHa ekcrnpecma — oT
TEXKWN HeoHaTanHn Gopmun 13ABEHU C OCTpa byn-
6apHa cnaboct u H no no-nekn ¢opmu, Habnto-
JaBaHu nNpu no-ronemm geua (2).

BpoaeHaTa MMOTOHUYHA ANCTPOOUA Ce 13ABSA-
Ba Y HOBOPOAEHM, YAATO MaliKy, NO-pAAKo Galuy,
MMaT CbLOTO 3abonsaBaHe. [leuaTa yecTo ca He-
[OHOCEHW, C NneBpaneH M3nue n 6enogpobHa
XUMNOMasns, KOATO MOXe fa e npuyunHa 3a JH.
Cnep paxaaHeTo UMaT 3aTpyAHEeHUA B CyyeHeTo
W rbnaTaHeTo. B Hal-TeXKnTe cnyyan uma Hapy-
LWeHve BbB PpYHKUMATA Ha AnadparmaTa n UHTep-
KOCTaslHa MycCKyfaTypa — CMOHTAaHHOTO AuluaHe
€ HEeBB3MOXKHO. AKO He ce MHTybupaT 1 npwuno-
1 VMIBB mHoro ot Tax 3arueat (26). Habnogasat
ce oule reHepanvsnpaHa MycCKyfHa XUMOTOHUSA,
3aTpyAHEHUA B AMLIAHETO W XPaHEeHeTo nopagu
CnaboCT Ha AbBKaTeNHU 1 PecnMpaToOpPHU MYCKY-
nun. HapyweHaTa cToMallHO-YpeBHa NepucTanTu-
Ka, nopagmn cnabocT Ha rnagkata Myckynatypa u
nocneaBanuAT MeTeopU3bM [OMNPUHACAT 3a 3a-
TpyAHeHuATa B AnwaHeTo. Okono 50% oT HoBO-
popeHuTe passmeaT RDS. MNpu HeobxoanmocT ot
AB 3a noseue oT 4 cefM1LM B HEOHaTaIHMA Nepu-
op, NporHo3ata e fowa. CMbPTHOCTTa € BMCOKa U
MO>Ke ja HacTbnu He camo oT [IH, Ho oT pa3Buna-
Ta ce Mmokapgauonatus (17).

N3cnepBaHuAa. [Joka3BaHETO Ha OCHOBHOTO
HM3 un3unckea pep 6GMOXMMUYHK, O6pPa3HK, WH-
CTPYMEHTaNHN 1 reHeTUYHN nscneasaHma. Cpen
MHOEeCTBOTO TECTOBE 3a OLIEHKA Ha CbCTOAHNETO
Ha AuwaHeTo TpsAbBa fa ce noabepaT MakcUman-
HO MHOOPMATUBHUTE, KaTO Ce NMO3HaBaT TEXHUTE
npeaMMcTBa M HeJOCTaTbLN.

Ype3s KpbBHO-rasoBua aHanu3 (KFA) ce no-
TBbpXAaBa AmarHozata OJH w onpepensa cte-
neHTa 1. 3a npaBuWHaTa WHTEpPMpeTauus Ha
pe3yntaTute e HeobXxoAMMa apTepuanHa, a He
apTepuanulmpaHa KpbB. Obpa3HUTe uscnenBa-
HWA NO3BONIABAT fa Ce onpefeny CbNbTCTBalLaTa
6enogpobHa Mmatonoruna, Bofewa Ao obocTpa-
HeTo Ha X[H. C EMI ce ycTtaHoBABaT HapyLue-
HUA B HEPBHOTO MPOBEXAaHe WK yBpeaaTa Ha
pecnupatopHata MyckynaTtypa. CnupomeTpusa 1

after the patient is already wheelchair-bound.
Nocturnal hypoxemia results in sleep distur-
bances, headaches and altered cognitive func-
tion (9). Diagnosis is based on the history, clini-
cal manifestations, elevated creatine kinase, EMG
data suggesting myopathy, DNA analysis positive
for mutations in the dystrophin gene and some-
times-muscular biopsy (2, 3). Respiratory function
should be closely monitored.

The congenital muscular dystrophy is associ-
ated to different extent with respiratory and swal-
lowing disorders. Involvement of the diaphragm
leads to respiratory failure (18).

Aside from the muscilar dystrophies, there is
also another group of rare hereditary myopathies
(nemaline myopathy, myotubular myopathy,
“central core disease”) in which the impairment of
respiratory function varies widely- severe neona-
tal forms with acute bulbar palsy leading to RDS
and also milder forms, observed in older children,
are described (2).

Congenital myotonic dystrophy occurs in neo-
nates born to affected mothers, rarely fathers.
Children are usually born premature, with pleu-
ral effusion and pulmonary hypoplasia, which
can result in RDS. Soon after birth they exhibit
swallowing difficulties and poor feeding. In the
most severe cases the diaphragm and the inter-
costal musculature are affected to the point that
spontaneous respiration is impossible. The major-
ity of these cases end lethally unless intubation
and mechanical ventilation are applied. Gener-
alized muscle hypotonia, breathing and feeding
disorders, due to weakness of the muscles of
respiration and mastication may also be present.
Weakness of smooth musculature resulting in
disturbed gastrointestinal peristalsis and related
meteorism contributes to the disturbances of
respiration. Approximately 50% of the newborns
progress to RDS. Need of mechanical ventilation
for more than 4 weeks in the neonatal period indi-
cates unfavorable prognosis. Fatality rate is high
and may not only be due to RDS, but to myocardi-
opathy as well (17).

Investigations. Confirmation of the primary
NMD requires a number of laboratory, imaging,
instrumental and genetic tests. Among the vari-
ety of tests for assessment of respiratory function,
the most informative should be selected, consid-
ering the advantages as well as the disadvantag-
es of each method.

Blood gas analysis confirms the diagnosis of
ARDS and evaluates its severity. Arterial blood
(not arterialized) is required for the correct in-
terpretation of results. Imaging studies are help-
ful for the diagnosis of concomitant pulmonary
pathology, responsible for the exacerbation of
chronic respiratory failure. EMG reveals problems
in nerve conduction or respiratory muscles. Spi-
rometry and pulmonary function tests are usually
suitable both for evaluating the severity of ven-
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nscneaBaHe Ha 6enogpobHaTa MexaHUKa, obuK-
HOBEHO Ce M3BbPLLBAT B HAYaSIOTO 3a OLEHKa Te-
ecCTTa Ha BEHTUNATOPHOTO HapyleHue. Colym-
Te QYHKLUMOHANHN METOAMKN € Bb3MOXHO fia ce
M3MON3BaT Y 3@ MOHUTOPUHI epeKTMBHOCTTa Ha
NPOBEXAAHOTO NleyeHue.,

3a yTOuHABaHe CbCTOAHMETO Ha AuxaTefiHaTa
cuctema npu geuata ¢ HM3 ce nsnonsear 2 tmna
nscneaBaHuA — onpefenaHe Ha XUMUYHUA KOH-
TPON BbPXY AULIAHETO W OnpefenaHe cunaTta Ha
fuxaTenHata myckynatypa (Tabnuua 2).

tilatory insufficiency at onset and for monitoring
the effect of therapy.

To assess the status of the respiratory system
in children with NMD, two types of investiga-
tions are used - the first type reflects the chemi-
cal control upon respiration and the second - the
strength of respiratory muscles (table 2).

Ta6nuua 2. OueHKa Ha AVXaTeNIHUTE HapYLIEHUA NPU HEBPOMYCKYNTHO 3abonsBaHe.
Table 1. Symptoms of respiratory failure in patients with NMD.

AHamHe3a 1 cTaTyc (Bux Tabn. 1)

History and physical examination (see table 1)

JlabopaTopHu:
« KK, kpbBHa 3axap, K*, Ca*, Mg*, PO,
« CnnpomeTpuA B IerHano 1 npaBo NONoXeHue (Ha NpaKTriKa e Bb3-
MOXHa BbB Bb3pacTTa ciefi 7 roAVHN)
+ BbpxoB ekcnupatopeH fe6ut (BEJ)
+ MaKcrManHo MHCMMPaATOPHO U eKCNMPATOPHO HanAraHe
« ApTepuanHu KpbBHU rasose

Laboratory:
« CBC, glucose, K*, Ca*, Mg**, PO,
« Spirometry in supine and upright position (practically possible in
children above 7 years)
« Peak expiratory flow (PEF)
« Maximal inspiratory and expiratory pressure
« Arterial blood gas analysis

M3cnefBaHus no Bpeme Ha CbH
« lyncokcumeTpua
+ MonvcomHorpadusn

Examinations during sleep:
« Pulse oximetry
« Polysomnography

[Opyrvi uscneasaHws:
« TpaHcavadparmanHo HanAraHe
+ EKI n exokapaviorpadus
+ TpeonHN XOPMOHU
+ TpaHckyTaHHo nam end-tidal pCO,.

Others:
- Transdiaphragmatic pressure
« ECG and echocardiography
« Thyroid function assessment
« Transcutaneous or end-tidal pCO,.

MeTopuTe 3a onpefensaHe Ha XMMUYHUS KOH-
TPON Ha AMLIAHETO Ca OCHOBAHW Ha AWXaTeNHUA
OTrOBOP Ha NaLMeHTa KbM XMMOKCUA U XUNepKan-
HUA.

« InXaTenHUAT OTFOBOP KbM XUMNepPKanHusTa ce
6asnpa Ha NUHeNHaTa 3aBUCMMOCT MeXay CTOW-
HoctuTe Ha PaCO, 1 anBeonapHaTa BeHTUNALVA.
TecTbT ce N3BBPLUBA KAaTO Ce MOCTPOABa KpmBaTa
Ha CcboTHoweHneTo mexay PaCO, n muHyTHaTa
BEHTMMaUMA. MI3MepeHOTO No Bpeme Ha TecTa Cb-
OTHOLLUEHMEe Ha NPOMAHAaTa B M1HYTHaTa BeHTUNa-
UMA KbM NapuuanHoTo HanAraHe Ha CO, B Kpas
Ha n3anwanua Bb3ayx (end-tidal CO,) ce Hapuya
WHOEKC Ha pecnMpatopHaTa XeMouyBCTBUTEN-
HOCT KbM XUNepKanHusaTa (MMa cb3gafeHn Hop-
MM 3a feTcKaTa Bb3pacT).

« [JnxaTenIHMAT OTFrOBOP KbM XMMOKCMATa ce
M3MepBa upes 2 MeTofa — MbPBUAT ce Ba3npa Ha
PaO2 B kpas Ha n3anwaHua Bb3ayx (end-tidal O,)
KaTo CTMMynMpaLl napameTbp, a Npu 2-ua napa-
MeTbp e M3MepeHaTa C NyncokcmmeTpua SatO, Ha
KpbBTa. CH/XKaBaHETO Ha MOCTPOEHNTE KPUBK Ha
CbOTHOLUEHME Ce CBbP3Ba C HAMANEH fuxaTesieH
OTrOBOP KbM XuMoKcuATa. M 3a gBaTa Tecta uma
HOPMW 3a ieTCKaTa Bb3pacT.

Cnnata Ha puxaTenHata MycKynatypa ce on-
penensa ypes M3mMepBaHe cuiata HeobxodmMma 3a
NPOoMsiHa B Pa3MoJIOKEHMNETO Ha rpbAHaTa CTeHa
Unu yBenuuyaBaHeTo/HaMansaBaHeTo Ha Oeno-
LpO6HUA obem. M3nonseaT ce cnegHute nNpobu
— MaKCMMaJTHO CTaTMUYHO UHCMMPATOPHO U eKCrnu-
PaTOPHO HanAraHe, MaKCMMasHO CTaTUYHO TPaHC-
AvadparmanHo HansraHe, MakCUManHoO HanAraHe
npu CMbpPKaHe, MaKCMMaJTHO HansAraHe nNpu Kaw-
naHe. HeBonesmTe TecToBe 3a MYCKyNnHa cuna

Methods for assessment of chemical control
upon respiration are based on the respiratory
response of the organism towards hypoxia and
hypercapnea.

« Respiratory response to hypercapnea is based
on the correlation between PaCO, and alveolar
ventilation. The test is performed by building a
curve of the relation between PaCO, and minute
ventilation. The variation of minute ventilation/
end-tidal CO, ratio is called index of respiratory
sensitivity to hypercapnea (reference values for
children also exist).

- Two methods to measure respiratory response
to hypoxia are available -the first one is based on
Pa02 in the end of expiration as a stimulus (end-
tidal O,) and the second is based on the SatO,,
measured by pulse oximetry. The depression of
those correlation curves is indicative of decreased
response to hypoxia. For both tests reference
ranges for children are available.

Respiratory muscle strength is evaluated by
measuring the strength required to change the
position of the chest wall or the increase/decrease
in pulmonary volume. The following methods
are used: maximal static inspiratory and expira-
tory pressure, maximal static transdiaphragmatic
pressure, maximal pressure during sniffing and
maximal pressure during cough. Non-voluntary
tests for muscle strength include electrical or
magnet stimulation of n. phrenicus, stimulation



BKJIlOYBaT MpobuTe C eflekTpuyecka WM Mar-
HWTHa CcTMMy”nauma Ha n. phrenicus, cTumynauua
Ha abgomuHanHaTa MycKynatypa, npuabprnaHo
TpaHcabaoMuHaNHo HanAraHe. Hesasrcrmo ganu
ce U3MepBa N3MeHeHNETO Ha obema BANLIAH UK
n3guLaH Bb3ayx, UAn NpomMaHaTa B HanAraHUATa
B FPbAHUA KO 1 KOpeMHaTa KyxunHa, Te3n npobwm
OTpas3ABaT MaBHO ¢YHKUMATA Ha Anadpparmata u
cnocobHoCTTa N aa ocurypu Heobxoaumusa [0,
KOEeTO e 0C0OeHO LeHHO NpW pasrnexjaHaTta na-
TONOruA.

MakcnmanHuTe MHCNMPATOPHK U eKcnmnpaTop-
HW HanAraHMA Ha HMBOTO Ha YCTHaTa KyXuMHa ca
MHOrO YAOOHU 3a M3K/0UYBaHe Ha MYCKy/Ha cna-
60CT, HO ca TPYAHW 3a MHTepnpeTauus, Korato
Ca MHOro HUCKW. IHBa3MBHM n3cneaBaHusA, KaTto
n3MepBaHe Ha TpaHcanadparmanHOTO HanAaraHe
€ 3/1aTeH CTaHAapT 3a onpefensAHe Ha cuiaTta Ha
WMHCAMpaTOpHaTa MyCKynaTypa, HO He ce npasu
HaBCAKbAE U He e yaobHO 3a cepuiiHn n3MepBa-
HUA.

MNocoueHnTte HM3 npeanssukeat [JH easa cnep,
pa3BuTUE Ha U3pa3eHa benoapobHa AnchyHKLMA.
baBHOTO pa3BuUTME Ha NPOMeHUTe NO3BONABA Ha
opraHu3ma a ce agantmpa CnpsaMOo XMNoKkcemms-
Ta M XMNepKanHuATa, C BK/OYBaHe Ha KOMMNEHCa-
TOPHW MexaHu3mu. 3aToBa nepuognyHoto OUJ
ypes CNMpPoOMeTpuA, U3MepBaHe Ha AuXaTeSHn
06emMu, 1 MaKCMMaJTHO MHCMMPaTOPHO M eKCnnpa-
TOPHO HanAraHe e HeOH6XOAUMO, M OCTAaTbYHO 3a
MOHUTOPMpPaHe CbCTOAHMETO Ha MauueHTa. Yec-
TOTa Ha n3cefBaHuATa ce onpefenda oT CKOPOCT-
Ta Ha nporpecus Ha 3abonsaBaHeTo U Bapupa oT
BeAHDBX Ha 1-2 meceua 0 BeAHDBbX roguiuHo. Mpn
crnajiaHe Ha BuTanHuA KanauyuteT (BK) go 1,2-1,5 |
(< 40-50% oT npeaBuAeHNA) UM Ha MaKCUMaIHO-
TO MHCMMPATOPHO HanaraHe nof 30 % oT ovakBa-
HOTO, TPAGBa fa ce u3cnefBaT KPbBHUTE ra3ose
B OygHO CbcTOAHME. HenHBa3MBHOTO TPaHCKY-
TaHHO n3MepBaHe Ha SatO, nnn Ha pCO, He moxe
na 3amecTtu HanbHo KIA. 3aToBa Te ca camo YacT
OT nMporpamaTta 3a NepuognuyHO MOHUTOpPUPaHe
C Len yCTaHOBABAHE Ha AMHaMMKa unu edpekT ot
TepanuATa.

BHMMmaTenHo TpAbBa fa ce aHanusnpa n mogena
Ha 3acAraHe Ha AuxaTtefiHaTa Myckynatypa. OyHk-
LMOHaNHNTE TeCTOBE MOraT a NoKaxaT no-ronsa-
Ma CnaboCcT Ha MHCMNPATOPHUTE B CPaBHEHME C
eKCNMpaTopHMTE MYCKYN 1 06paTHO, a TOBA UMa
3HaueHue 3a TepaneBTUYHMA nogxop. CnabocTTa
Ha Anadparmata Moxe fa e efMHCTBEHa NposBa
Ha HAkon HM3 n ce nogo3unpa npu opTonHea n
napajokcasnHO AullaHe B JlerHano MnosioXKeHue,
CbLo Npy HamaneHwue c Hag 40 % Ha BK B nerHano
B CpaBHEHMe C U3NpaBeHO MOJIOXKeHMEe Ha TANOo-
TO. 3a fa Ce foKaxe Ta3n c/labocT e HeobxoarMa
CcTOMaLHa unu esodareanHa maHomeTpuA. OcBeH
He0CTaTbUYHOCT Ha Anadparmata v MyCcKynuTe Ha
rpbAHaTa CTeHa, gpyra npuymHa 3a 1H moxe ga e
cnabocTTa Ha myckynute Ha i1 — dapuHreanHu
N NapuHreanHun, KOATO CbLLO MOXe fda ce yCunu
Nno BpeMe Ha CbH 1 1a HaTOBapu pecnupaTtopHaTta
cuctema. CnabocTTa Ha napuiHreanHuTe MycKyau

of the abdominal musculature. Whether volume
of inhaled/exhaled air or change of pressure in
the thorax/abdomen is evaluated, these meth-
ods reflect mainly the function of the diaphragm
and its ability to supply sufficient respiratory vol-
ume. This is particularly essential for patients with
NMD.

Maximal inspiratory and expiratory pressure
tests on the level of the oral cavity are very suit-
able for ruling out muscle weakness, but are very
difficult to interpret when they are very low. An
invasive investigation like transdiaphragmatic
pressure measurement is the gold standard for
evaluating respiratory muscle strength, but it is
not widely available and is inappropriate for serial
measurements.

The above mentioned NMDs lead to RDS af-
ter prominent pulmonary dysfunction is already
present. The gradual progression allows adaption
towards hypoxemia and hypercapnea by activa-
tion of compensatory mechanisms. That is why
spirometry, respiratory volumes testing and max-
imal inspiratory and expiratory pressure mea-
surement should be regularly performed. The
frequency of functional tests depends on the rate
of disease progression and varies between once
per month to once yearly. When vital capacity
(VC) decreases below 1.2-1.5L (<40-50% of the
expected) or maximal inspiratory pressure below
30% of the expected value, blood gas analysis in
awake patient is required. Non-invasive transcu-
taneous measurement of SatO, or pCO, cannot
fully replace blood gas analysis. They are only
used as a part of the regular monitoring schedule
for detecting dynamics or therapeutic effect.

The type of respiratory musculature impair-
ment should be carefully assessed. Functional
tests may demonstrate greater involvement of
the inspiratory in comparison with the expiratory
muscles or the opposite. This is essential for the
therapeutic approach. Diaphragmatic weakness
may be the only manifestation of some NMDs. It is
suspected when orthopnea and paradoxical res-
piration in supine position are present, and also
when there is a decrease in VC with more than
40% in supine than in upright position. Confirma-
tion of diaphragmatic weakness requires gastric
or esophageal manometry. Another reason for
RDS is the weakness of laryngeal and pharyngeal
musculature, which can exacerbate during sleep
and thus overload the respiratory system. Laryn-
geal muscles' weakness is a predisposition for fre-
quent aspirations.
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HamansBa 3almTaTta Ha [ n npegpasnonara Kbm
acnvpaumn.

Tpabea ga ce TbpCAT U Npuapyka.alyy 3abo-
NABaHWA, BAOLWAaBalLM AULLAHETO (Bb3MNannTenHm
npouecy Ha [, nHeBMOHMA, 06cTpyKumuy Ha A,
06CTPYKTVBHA CbHHa anHes, X1MOTUPEOVAN3bM,
CbpAeYHa HeJOCTaTbUYHOCT, AUCENEKTPONUTEMUA
nap.).

HapylweHunaTa B gMIIAHETO Npe3 HowiTa 1 noc-
nepBasnata XvMnoBeHTUNaLMA OBMKHOBEHO Npes-
WwecTBaT AHeBHaTa xunoseHTunauyma npy HM3.
Taka ye HamanABaHeTo Ha [Y no Bpeme Ha CbH
He cnefBa Aia HM YCMOKOABa, 3alL0TO He e u3pas3
Ha nofgobpeHa oKcureHaums, a Ha ymopa Ha au-
abparmanHMa MycKyn U MOHWKEHUA My TOHYC
no Bpeme Ha CbH. B ambynatopHa obcTaHOBKa
o6eKTuBEH KpUTepWin 3a TOBa MoXe Aa e SatO,
(20). PaHHOTO ycTaHOBABaHe Ha Te3n Hapylue-
HWA NO3BOJIABa HAaBPEMEHHOTO MHAMLMPAHE Ha
nonucomHorpadua. Ta npepocTaBA AaHHU 3a
HeobXoAMMOCTTa OT HeuHBa3MBHaA BeHTUNaUWA
C no3nTnBHO HansraHe (NPPV) wnu BeHTunauus
C MOCTOSIHHO No3uTVBHO HanAraHe B [ (CPAP).
Mo NMpuHUMN, BEHTUIATOPHOTO MOAMOMAaraHe Ha
AVLIAHETO ce npenopbysa Aa 3anoyHe npu pCo,
>45mmHg nnum BK <50% oT oyakBaHus.

NHankaumm 3a nonncoMHorpadus npu HeBpo-
MYCKyJTH1 6onecTu.

« TutpnpaHe Ha HanAraHeTo npu NPPV.

- [loka3zBaHe Ha OOCTPYKTMBHA CbHHa anHes
— VMHAMUMpPaHa Npu 3aT1bCTABAHE, XbpPKaHe unu
yBeNMYyeHa fHEBHA CbHJINBOCT.

« TbpceHe Ha HOWHa XWMMOBEHTMMALMA — NPW
KNUHUYHK NposBu Ha [H, oHeBHa xunepKanHuA
WY TeXKN GYHKLMOHANHN HapylleHVA B AuULLa-
HeTo.

JleueHne. To e pa3nnuyHO crnopep TOBa, Aanu
X[OH e nateHTHa unu maHndecTHa. Mpn obocTpe-
Ha X[H noBegeHwneTo e Kakto npw OOH. Mpwn na-
TeHTHa X[H cbliecTByBaT pasnuyHu TepanesTny-
HW NoAxXoau, Lenawu:

- HamaneHne Ha cunata HeobxoayMa 3a OCb-
LecTBABaHEe Ha AWLWAHETO WAW Ha PEe3UCTEHT-
HocTTa Ha ['AM.

+ 3abaBAHe CHMXeHMeTO Ha QYHKLMOHaNHMTe
Bb3MOXXHOCTU Ha 6enuna apob.

 YBenmyaBaHe NpexmnBAeMocTTa, Npu Jo6po
KauyecTBO Ha »KMBOT M Bb3MOXXHOCT 3a NaLueHTa
L@ V3ABM MaKCMMyMa OT MHTENeKTyalHu 1 MNcu-
XUYHU Bb3MOXKHOCTM.

TepaneBTUYHWTE Bb3MOXKHOCTW Ca ClleHUTE:

MpopbmxntenHa BB 3a cnyyauTe, koraTo Tpab-
Ba [la Ce KopUrmpaTt XPOHNYHWTE HapyLLeHUA BbB
BeHTUNaTopHata ¢GyHKUMA. PelneHmeTo 3a npo-
BEXKOAHETO 1, peXxnuma 1 NPoab/IKUTENHOCTTA Ca
KOMMNeTeHUUsA Ha poauTenuTe Ha aeTeto. M3nons-
BaT Ce NHBA3MBHU U HEMHBA3UBHN METOAMW.

KbM MHBa3nBHUTE ce OTHACAT 06aMLIBAaHETO C
no3nTUBHO HanAraHe (PPV) npe3 TpaxeocTOMHa
KaHona un AuadparmanHma  enekTpocTUmyna-
TOp. Mi3non3eat ce pecnupatopu, LMKIMPAHU MO
obem, YMATO rMaBeH HEeAOCTAaTbK € HEBBH3MOX-

Clinicians should be alert for other concomitant
disorders, affecting respiration such as inflamma-
tory process in the low respiratory tract, pneumo-
nia, upper airway obstruction, obstructive sleep
apnea, hypothyroidism, heart failure, electrolyte
imbalance, etc.

Nocturnal breathing disorders in NMDs and the
consequent hypoventilation usually precede day
time hypoventilation. Therefore, the decrease of
respiratory rate during sleep should not be con-
sidered as a positive sign because it does not
stand for improved oxygenation. It signifies tired-
ness of the diaphragm and its diminished tone
during sleep. SatO, can be an objective criterion
for that in the ambulatory setting. The early de-
tection of these abnormalities allows timely per-
formance of polysomnography. It provides valu-
able data for the necessity of NPPV or CPAP. In
general, the ventilatory support is recommended
when pCO, is > 45 mmHg or VC<50% of the ex-
pected.

Indications for polysomnography in NMDs:

« Titration of pressure in NPPV

« Confirmation of obstructive sleep apnea-in-
dicated when obesity, snoring or increased day
time drowsiness are present

« Nocturnal hypoventilation - RDS, day time
hypercapnea or severe functional disorders of
breathing

Treatment. It depends on whether chronic re-
spiratory failure is manifest or latent. Therapeutic
approach in exacerbated chronic respiratory fail-
ure is same as in ARDS. In latent chronic respira-
tory failure there are various treatment options,
directed towards:

« Diminishing the strength required for respira-
tion or reducing the upper airway resistance

« Decreasing the rate of deterioration of pulmo-
nary functional capacities

« Extending the life span and providing oppor-
tunities for satisfactory quality of life and develop-
ment of intellectual and psychological potential

Treatment options:

Continuous mechanical ventilation is required
when chronic disturbances of ventilation should
be corrected. The decision for administration,
particular regimen and duration of mechanical
ventilation in those cases is up to the parents’
opinion. Invasive and non-invasive methods can
be used.

Invasive methods include positive pressure
ventilation (PPV) through tracheostomy cannula
and diaphragmatic electrical stimulation. Ventila-
tors cycled by volume are used, whose main dis-
advantage is the inability to supply constant flow.



HOCTTa fia OCUTYPAT NoCTosAHeH noTok. Cb3aape-
HW Ca 1 pecnunpaTopu 3a AOMALLHW YCIOBUA C MO-
CTOAHEH ra3oB MOTOK, NOAXOAALM 3a KbpMayeTa
N Mankm geua, Ho C raBeH HeJOCTaTbK pa3mepu-
Te UM 1 HyX[aTa OT BbHLUEH M3TOYHUK Ha rasoBa
cmec (25).

HeuHBasusHuTe pexumn Ha VBB ca cnegHute
(4, 5):

- BeHTunauma c nosuTtuBHO HanaraHe (PPV)
ypes Ha3aJiHa Macka — anTepHaTMBa Ha CbLMA pe-
XM, NPOBEXaH Npe3 NOCTOAHHA TPAaXeoCTOMHa
KaHiona.

« OcBeH ¢ Ha3anHa macka, VIbB moxe ga ce npo-
BEXKAA M C MacKa MOKpuBalla LANOTO nLe Ha
MasikoTo feTe. B To3u cnyyaii, pucksbT OT acnupa-
LMA Ha CTOMALLIHO CbAbPXKMMO UM PyNTypa Ha
CcToMaxa e no-ronama. Pe3epBu KbM 1U3MoON3BaHe-
TO Ha Ta3n HenHBa3neHa VBB cblyecTByBaT Nopa-
[V PUCKOBETE OT aCMHXPOHU3bM MeXIy NauneH-
Ta 1 pecnnpaTopa, 3apagu 3HaUMTETHO N3TNYaHe
Ha ras nop mMackaTa 1 BTOpUYHa XunepKanHua oT
o6aMwBaHe C M3anWaH Bb3ayxX.

« O6gunBaHeTO C pecnupaTopu, Cb3gaBalyu
HeratmBHO atMocdepHo HanaraHe (NPV) e antep-
HaTUBa Ha OOAWLLIBAHETO C MO3UTUBHO HansiraHe.
MpPUHUMNBT € Cb3aaBaHe Ha HEeraTMBHO HasAraHe
OKOJMO TPbAHMA KOL, KOETO BOAWU A0 pa3lmpa-
BaHETO My 1 BAWLIBaHe Ha Bb3AyX. B ncropuye-
CKM acnekT TpAabBa foa oTbenexum, ye UMEHHO
ennaeMnnTe OT MOMNOMUENINT B MWHANOTO ca
npuvYnHa 3a BbBEXJaHe Ha Te3un ycTponcTaa. U3-
nonseat ce — Kupacu (chest cuirass) n gbxpgo-
6paHu (raincoats), »keneseH 6an gpob (iron lung)
n cneunanHu nerna (rocker bed). MmaBHUAT npo-
651em e HaBNM3aHe Ha aTMOChEepPEH Bb3AyX MeXay
YCTPONCTBOTO U IPbAHMA KOW Ha NauMeHTa, Ko-
€TO BOAW [0 HeOCTaTbYyHO pa3rbBaHe Ha benua
Apob 1 oxnaxgaHe Ha 6onHuA. MsnonseaT ce n
cneuvanHn nerna, M3BbpLIBALLN ABVXKEHMA MO
Hag/bXKHaTa CM OC C PpUKCMpPaHa YecToTa, KOUTO
ce NpepaBaT Ha KOPEMHUWTE OpraHu 1 Npu ABUXe-
HUeTO 1M ce n3mecTBa Anadparmata. ToBa peanu-
31pa BAWLLBaHE N U3fKLLIBaHe.

N360pbT MeXxay UHBa3MBHaTA M HEMHBa3WBHA
MBB cTtaBa MHoOro BHMMaTenHo. OOGUKHOBEHHO
HevHBa3MBHaTa VMIBB e nbpBu n3bop. Mpu onpe-
[eNneHn CbCToAHMA Ce JaBa MpeanoymTaHus Ha
efviH unu gpyr metog, (4, 5).

MpoTnBonokasaHWA 3a HenHBa3snBHa VBB (4):

1. HapylieHunA B rbiITaHETO U Cb3HAHKETO;

2. AHamHe3a 3a acnupauua B pesyntat Ha [EP
WY Napanunsa Ha rmacHuUTe BPb3KY;

3. HecnocobHOCT Ha NaumeHTa fa Tofiepupa He-
MHBa3nBeH meTop, 3a VbB;

4. LlnpkynaTtopHa HeCTabunHocT.

[Toka3aHusa 3a MHBa3MBeH meTopf Ha VBB ca:

1. HeBb3MOXHOCT Aa ce obaumLiBa naumneHTa ¢
HenHBa3VBHa MeTOAVKa;

2. HeobxogmmocT ot npogbmkumTenHa VBB (no-
Beye oT 16-20 yaca/[HEBHO).

MpoBexxpaHeTo Ha npogbmxkutenHa WBB npu
XOH uenn ga 3apo0BONU BEHTUNATOPHUTE HY>KAN

There are also ventilators with constant airflow
for domestic use which are suitable for infants
and young children, but they are large in size and
require an external source of gas (25).

Non-invasive regimens of mechanical ventila-
tion include the following modes (4, 5):

- Positive pressure ventilation (PPV) with nasal
mask is an alternative to the same regimen, per-
formed with tracheostomy cannula.

« Mechanical ventilation may also be performed
with a mask, covering the entire face of the young
child. In this case, the risk of aspiration of gastric
contents or gastric rupture is greater. Other com-
plications include asynchrony between the pa-
tient and the machine, considerable leak of gas
under the mask and secondary hypercapnea due
to ventilation with exhaled air.

« Negative pressure ventilation (NPV) is an alter-
native to PPV. The principle is based on creating
negative pressure around the thorax which pro-
vokes its expansion and inspiration. Historically,
the epidemics of poliomyelitis in the past were
the occasion for the invention of these devices -
chest cuirass, raincoat, iron lung and rocker bed.
The main problem with them is the influx of at-
mospheric air between the device and the thorax
which causes insufficient expansion of the lungs
and cooling of the patient. Other devices like spe-
cial beds performing movements along their lon-
gitudinal axis with constant frequency may also
be used. These movements are transmitted to the
abdominal organs and the diaphragm facilitating
the act of inhalation and exhalation.

The type of mechanical ventilation should be
selected very carefully. Usually non-invasive ven-
tilation comes as a first choice. The peculiarities
of each specific disorder determine the preferred
method of mechanical ventilation.

Contraindications for non-invasive mechanical
ventilation (4):

1. Impaired swallowing and consciousness

2. Anamnestic data for aspiration due to GER or
vocal cord paralysis

3. Patient’s intolerance to non-invasive meth-
ods of mechanical ventilation

4, Circulatory instability

Indications for invasive mechanical ventilation:

1. Impossible ventilation with non-invasive
methods

2. Need for continuous mechanical ventilation
(more than 16-20h daily)

The purpose of continuous mechanical ventila-
tion in chronic respiratory failure is to satisfy ven-
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ETERELE

JMATHOCTUKA U NEYEHWE HA
BENOIPOGHUTE MPOABK NPU
HEBPOMYCKYNIHI 3ABONIABAHMA

TopakanHa MeguuuHa
Tom IV, mapt 2012, 6p.1

M 3anasu KOJIKOTO MOXe rnoBeye OT npoussepe-
HaTa eHeprua 3a apyru genHocTwn. Mpwu nunca Ha
napeHxnmHo 6GenopgpobHo 3abonABaHe pecnu-
paTopuTe Ce HacTpoMBaT Taka, Ye fa ocuryps-
BaT SatO, Hag 95% v PaCO, 35-40mmHg B 6yaHO
CbCTOAHME U CbH. [1pn NapeHxumHo 6enofpobHo
3abonfaBaHe MOXe [1a He e Bb3MOXHO [Ja ce no-
CTWTHAT Te3U CTONHOCTU ¢ 6e3onacHN NapameTpu
Ha anaparta. 1o Bpeme Ha CbH, MOpaAu 3acuBaHe
Ha MYCKy/NHaTa XMMOTOHUA, MOXKe Aa HapacTHe
M3TMYaHeTO Ha ra3oBMA MOTOK MOKpan TpbbaTa
N HaCcTPOWKMTE Ha pecrnvpaTopa Aa ce OoKaxaTt
HeafeKBaTHM Ha HyauTe. TOYHOTO onpepenaHe
roneMrHaTa Ha M3TMyYalMA ra3 Moxe [a CTaHe
KaTo ce N3MepAT NOAAAEHNTE KbM 1 OT NaLmMeHTa
obemu B paznnuHuTe Gpasn Ha CbHA. KopekuuaTa
Ha M3TMYaHeTOo Ha ra3oBaTa CMec CTaBa C NPoMms-
Ha B MapameTpuTe Ha pecnvpaTopa, 13non3saHe
Ha TPaXeoCTOMHU TPBOU C MaHLIET AU NPOMsAHa
B HaNAraHeTo B MaHLIeTa npe3 pasnunyHuTe dasm
Ha cbHA (13,15, 21).

Mpy aHaTOMUYHU aHOMaNMK 1 OOCTPYKUKMA Ha
FAMN, ¢ Heo6xoAMMOCT OT edeKTBEH ToasleT Ha
Tpaxeo-6POHXMANHOTO AbPBO Y NPOAbIKUTENHA
MBB, moxe fa ce n3BbpLIN TpaxeocTomus. ObuK-
HOBEHO TA Ce Hanara npv gdeua nog 1 rognHa 3apa-
[V NapuHreanHa TpaBma 1 BTOpUYHa obCTpyKumA
Ha [AOMN cneg npopbmxutenHa eHJoTpaxeanHa
UHTY6auua. Mpw no-ronemu geLa TpPaxeoCcToMmA-
Ta ce NpenopbyBa, KoraTo ce npegnonara, ye VI6B
e NpoaBb/IXKM NnoBeye oT 2-3 cegmuum (8, 14).

MN3paboTeHn ca cTaHAapTX 3a rpyxn Npu gela
¢ HM3, ocHOBHO HacouyeHn KbM NpodurnakTuka u
neyeHve Ha 6akTepuanHuTe MHbekummn Ha AN n
6enna gpob, B KOUTO BaXXHO MACTO 3aema KuHe-
3uTepanusATa. TA e 3naTeH cTaHAapT 3a nognoma-
raHe ouncreaHeTo Ha [i[1 ot cekpeTu; nogobpsBa
N Bb3CTaHOBABA HapyLUeH/ATa B MexaHnKaTa Ha
OVLIAHETO 1 BEHTWNaUMATa, KOeTo ce oTpassBa
6naronpuATHO BbpPXy razoobmeHa u 6enoppoo-
HaTa XxemMoAuHaMmuKa. BkniouBa penakcupalim u
OPEHaXHW MOo3MLUUKM, MacaXHW MoxBaTW, AWHa-
MWYHW OpPEeHaXHW ynpaXHeHus, gmxaTenHo oby-
yeHve, abgomyHoO-AMadparmanHa rMMHacTUKa
CbC CTUMYNUpaHe Ha anadparmanHua TMn gua-
He, TMMHACTMKa 3a 3acunBaHe Ha Mexaypebpe-
HUTE MYCKynu, MaHyasnHa NepKycusa, WHTpanyn-
MOHaJIHa NepKycMBHa BeHTUNauua (upes ypeq,
KOWTO 0ocCBOOOX[aBa C BMCOKA 4ecToTa Malku
obemn Bb3ayXx C Bapupaly HanAraHWA 3aegHo
¢ 6poHxoaunaTaTopu 1 CoNieBU PasTBoOpKU) 1 BU-
COKOYeCcTOTHa rpbAHa ocuunauma (1. Hap. vest
therapy). ®u3sunoneueHneTto nogobpasa GyHKUM-
OHaJNIHMTE Bb3MOXKHOCTU Ha AMXaTeNHUA anapat n
6naronpuATCTBa OBNaAABaHETO Ha Bb3nanuTes-
HuA npouec. MNpunara ce olwe aepo3onoTepanus
n 15-30min cnep Hea — cneunann3npaHn KnHe-
3UTepaneBTUYHUN TEXHUKM 3@ OCBOOOXKAaBaHe Ha
A ot cekpeTn (6).

Mpn XOH nosegeHneTo ce onpefena OT ToBa
[ann TA e nateHTHa unu MmaHudectHa. OcobeHo
BaXHO Ce ABABAa MNOANOMaraHeTo Ha AuvllaHeTo
npes HowTa — HANIOXWUTENHO € NPU XUMOBEHTU-

tilatory demands and preserve as much as possi-
ble from the produced energy for other activities.
In the absence of parenchymal pulmonary dis-
ease the ventilator is set to supply SatO, above
95 % and PaCO, 35-40 mm Hg in an awake and
sleeping patient. These values might be difficult
to achieve with safe parameters of the machine
when parenchymal pulmonary disorder is pres-
ent. During sleep due to augmenting muscle hy-
potonia the leak around the tube might increase
and the settings of the machine may render in-
adequate to cover the demands. The precise
quantity of the leak can be calculated by measur-
ing the volumes delivered to and exhaled by the
patient in different phases of the sleep. The leak
correction requires change of the settings of the
ventilator, use of a tracheostomy tube with a cuff
or change of the pressure in the cuff through the
different phases of sleep (13, 15, 21).

When anatomic abnormalities and obstruction
of the upper airway, requiring frequent bron-
choalveolar lavage and continuous ventilation
is present, tracheostomy is indicated. In general
it is applied in children younger than 1 year be-
cause of the laryngeal trauma and secondary
obstruction of the upper airway after prolonged
endotracheal intubation. In older children it is
recommended when mechanical ventilation is
supposed to last for 2-3 weeks (8, 14).

The standard of care for children with NMDs
is directed towards prevention and treatment of
bacterial infections of the low respiratory tract
and the lungs. Kinesitherapy is one of its essen-
tial components. It is considered a gold standard
in facilitating elimination of secretions from the
small airways and improving the impaired me-
chanics of respiration and ventilation, thus fa-
voring gas exchange and pulmonary hemody-
namics. It includes postural drainage, massages,
exercises, stimulating the drainage of secretions
and diaphragmatic respiration, training of the
intercostal muscles, manual percussion, high fre-
quency chest oscillation (so called “vest therapy”)
and intrapulmonary percussive ventilation. The
latter is performed by a device releasing small
volumes of air with high frequency and varying
pressures along with bronchodilators and saline.
Physiotherapy improves the functional capacities
of the respiratory system and helps resolving in-
flammatory conditions. Aerosol therapy followed
after an interval of 15-30min by kinesitherapeutic
procedures for evacuation of low respiratory tract
secretions is another option (6).

The approach to chronic respiratory failure de-
pends on whether it is latent or manifest. Breath-
ing support at night is of particular importance. It
is imperative when hypoventilation is present and



nauus, a npu NpocTyaHn 3abonasaHnA ce npuna-
ra n npes geHs. [onsnTe OT Hero ca NoYMBKa Ha
AVXaTenHUTe MyCKynu, NogobpeHn oKcUreHauma
N CbH, HamManeHo U3NoTABaHe, NO-PAAKO rMaBo-
6onne, No-gob6bP aneTuT, HagaaBaHe Ha Terso u
no-go6pa KoHueHTpauuma (6, 20).

MporHosa. MNpn mHoro ot pasrnegaHute HM3
TA e nowa — 95% ot KbpmauetaTta cbC SMA ymu-
paT ot [IH Kbm 18 mMeceuHa Bb3pacT; B pe3yntaT
Ha 6enofpobHa HefoCTaTbYHOCT ymumpaT 80% ot
nauymenTute ¢ MMA. AbnrocpoyHata nporHosa ce
onpepensa oT HapylueHaTa AuxaTenHaTa GyHKLuA.
KonkoTo no-gbnaro Bpeme 1 NpaBUHO Ce NpPo-
BEXKOA [AOuxaTenHaTa pexabunutauma, TONKOBa
no-gobpe ce pa3BrBa AUXaTeIHA KanauuTeT Ha
neteto. [Tpn CbBpeMeHHUTe rpuXKin 3a Te3n nayu-
€HTN, XMBu Ha 2,4, 10 n 20 roanHn ca CbOTBETHO
32%, 18%, 8% 1 0% (7). NHankaTop 3a 3HayeHue-
TO Ha paHHaTa 1 ageKkBaTHa AguxaTtesiHa Tepanus
€ YyBeNnYyaBaHeTO Ha NPOAb/IKUTENHOCTTA Ha
XMBOTa NpPW NaumeHTn ¢ bonectta Ha Duchenne.
BbBexgaHeTo Ha noagnomMaralla HolllHa BEHTUNA-
LA Npu TAX yBennyaBa 25-rognwHarta npexmnssa-
emMocT oT 12% Ha 54% (18).
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when colds occur should be applied at day time
as well. It enables better oxygenation and sleep,
along with rest of respiratory musculature, de-
creased perspiration, rare headaches, improved
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