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Lidstvo a potapéeni

Mezopotamie 4500 — 2400 pr. Kr.

ces

Perlet z musli, které Ziji hluboko v mofi

Egypt 3200-2181 pr. Kr.

Rybarstvi a lov, nasténné malby

Sumerska fise 2800-2004 pt. Kr.

Epos o Gilgamesovi - potapéni se zavazim

Recko

llias 8. stol. pf. Kr.
 Lov UstFic - Rekové i Trojané
Herodotos
Thukydides
Platon
Aristoteles

The British Museum 510-490 pr. Kr.



Skandalopetra
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Sama-Bajau




* Thajsko
* 5000-6000 let



Haenyeo

» Korea, zenské potapécky
* od 5. stol. n.l.







Potapecky Ama

* Japonsko
e 2000 let









Svetove rekordy v nadechovem
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Limitace pobytu pod vodou

* Nemoznost ventilace

e oxygenace ze zasob
* hromadéni CO2

* Hydrostaticky tlak
* komprese stlac¢itelnych kompartmentu (plice, stfredousi...)

* Fyzikalni rozpousténi plynu v organismu



Apnoe
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Chest Pleth

Apnoea start Start of involuntary breathing Apnoea end
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Arterial pressure ECG

Chest Pleth

Apnoea (struggle phase)
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Arterialni

tlak

-2 -1 0 1 2
Time (min)

Experimental Physiology. 2018;103:635-651.



Prutok krve mozkem

2500 -

no

o

o

o
]

1500 -

1000

500

Total CBF (ml/min)

| I I | 1
0 100 200 300 400 500
Apnoea time (s)

Experimental Physiology. 2018;103:635-651.



y | www.frontiersin.org Jecember 202




Voda



Mammalian dive response

e Aktivace:
* kontakt oblasti trigeminu s vodou
* apnoe

e Univerzalné pritomen u savcu



Mammalian dive response

* bradykardie

* snizeny srdecni vydej

* hypertenze

e periferni vazokonstrikce

e redistribuce krevniho obéhu
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Mammalian dive response

100

e Aktivace: 2] _—
e kontakt oblasti trigeminu s vodou  £2 * I t
* apnoe 50

T T 1
15 25 35
Water temperature
(°C)

e Univerzalné pritomen u savcu
e souhra sympatickych a parasympatickych déju
* chemo a baroreceptory

* snizeni spotreby kysliku
 perfuze vitalné dllezitych organu (mozek, myokard)
 vazokonstrikce v kUzi a ve svalech
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Hloubka
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Tlak ve stredous

* Valsalviv manévr




Tlak ve stredousi

* Valsalviv manévr

Equalize T

“Valsalva”

* Frenzeluv manévr
* prof. Herrmann Frenzel (1895 — 1967)

Equalize T

“Frenzel”




Efekt hydrostatickeho tlaku

komprese téla vysokym hydrostatickym tlakem:

stlaceni bricha — vysoky stav branice

redistribuce krve do hrudniku - snizeni rezidualniho
volumu

* ve 30m cca 1000ml krve presunuto do hrudniku
» zvyseny plicni kapilarni tlak

c_entralizacg obéhg aomechanické ochrana
nitrohrudnich organu

riziko poranéni plic (lung squeeze)



Lung squeeze

e stlaceni plice — kolaps drobnych cest dychacich
* jiz od 18m hloubky
e pres 200m hloubky
* témér totalni kolaps plicnich objemu
* 55-80% dychacich cest stlaceno
* riziko barotraumatu
* pri sestupu kompresi
e pri ndvratu reexpanzi, pohybem (kontrakce branice)
e oprese na prsou, hemoptyza, porucha oxygenace
e UZ plic = B-linie



Dusikova narkoza

* s hloubkou se zvysuje parcialni tlak dusiku v
alveolech (P,N,)

* narust tenze dusiku v krvi

 narkoticky ucinek (lipofilie)

* vliv na kognitivni i fyzické funkce od 10m

* nebezpecny od cca 70-90m, zavislost na Case

e orientace v Case a prostoru, euforie, zmeény nalady,
halucinace, poruchy koordinace pohybu a mysleni,
amneézie, bezvedomi



Dekompresni nemoc m

* Tvorba plynovych bublin pfi poklesu hydrostatického
tlaku ve tkanich nasycenych plynem a v krvi

* venozni mikroemboly (19-700 pum)
* filtrovany v plicnich kapilarach
e do arterialniho recisté P-L zkratem (PFO)
* mechanické poranéni malych cév, hemorhagie

* bolesti svall, kloubU, svédéni kUze, parestézie, poruchy
sfinktert a motoriky, vertigo, ataxie, poruchy vidéni,
mysleni, kasel, bolesti na hrudi...



Arterialni vzduchova embolie

* rozpinajici se plyn v plicich pri dekompresi
e poruseni alveolokapilarni membrany

* vstup plynu do arterialniho reciste

* okluze arterie s nasledky (CMP, ...)

e dramaticky obraz, pri vystupu nebo vynoreni

e ztrata védomi, presynkopa, synkopa, hemiplegie,
poruchy vidéni nebo reci, krece

* nekdy s barotraumatem



Decompression lliness in Repetitive
Breath-Hold Diving: Why Ischemic
Lesions Involve the Brain?

Kiyotaka Kohshi'?*, Petar J. Denoble®, Hideki Tamaki**, Yoshitaka Morimatsu?,
Tatsuya Ishitake? and Frédéric Lemaitre®®

Potapéci Ama

* mnohocetné opakované ponory az do 30m
* mezi ponory cca 1 min.

e 6hdenné

-

Frontiers in Physiology September 2021 | Volume 12 | Article 711850



Fatal air embolism In a breath-hold diver
Neil DG Banham', John Lippmann

Diving and Hyperbaric Medicine Volume 49 No. 4 December 2019



Fatal air embolism In a breath-hold diver
Neil DG Banham', John Lippmann

Diving and Hyperbaric Medicine Volume 49 No. 4 December 2019



Prubéh oxygenace pri ponoru
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Prubéh oxygenace pri ponoru
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Prubéh oxygenace pri ponoru
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Prubéh oxygenace pri ponoru

* Pri prudkém poklesu tlaku pfi navratu hypoxie
* Prispiva i vyssi spotreba kysliku pri plavani

 Samba
* Poruchy pozornosti, koordinace motoriky, vnimani

* Shallow water blackout
* hypoxicka ztrata vedomi tésné pod hladinou
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Energetika nadechoveho potapéni

celkova
02 z plic 02 z myoglobinu spotreba 02

Subjects Depth (m) Time (s) AVLO, (ml) AVSO, (ml) E; ., (ml) E (ml) E (mfmin?)
A 70 144 819 200 668 1,687 703

70 151 1006 200 1,133 2,33 929

60 115 800 200 405 1,405 33
B 45 107 552 200 474 1,226 688

50 131 627 200 738 1,565 717

40 88 541 200 226 967 659

50 91 603 200 447 1,250 824
C 45 110 573 200 221 994 542

50 88 455 200 97 752 513

Pramérna spotreba kysliku v prabéhu hloubkového ponoru = cca 8ml/kg/min.
Odpovida cca 3x klidové spotrebé, cca 20-30% VO2max.

Eur J Appl Physiol (2001) 84: 254-271



Energetika nadechoveho potapéni

laktat
Study Subject Depth Time AVLO> AVLCO, R [La]y
(m) (s) (ml) (ml) (mM)
Extreme divers
Ferretti et al. (1991) A 70 144 819 42 0.05 441
70 151 1,006 0 0.00 |6.46
60 115 800 36 —0.05 [3.25
B 45 107 552 -23 —0.04 [4.02
50 131 627 55 0.09 ]5.68
40 88 541 10 0.02 |2.46
50 91 603 34 0.06 ]3.85
C 45 110 573 -23 —0.04 |2.36
50 88 455 39 0.09 |1.71

Prameérna spotreba kysliku v prabéhu hloubkového ponoru = cca 8ml/kg/min.
Odpovida cca 3x klidové spotrebé, cca 20-30% VO2max.

Laktat pravdépodobné dlisledkem vazokonstrikce — dive reflex?

Eur J Appl Physiol (2001) 84: 254-271



Jak se potopit hloubégji?

 zvyseni totalni kapacity plic
* relaxace hrudniku a branice
e stretching
* ,packing” — glossofaryngealni dychani



GLOSSOPHARYNGEAL BREATHING

ITS VALUE IN RESPIRATORY MUSCLE PARALYSIS
OF POLIOMYELITIS

BY
W. HOWLETT KELLEHER, M.D., D.P.H.

Physician Superintendent
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SEPT. 28, 1957
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Mostril (open)  Buccal cavity

Tongue Larynx {open)

Viocal sac |

aperture
(a)
Body wall contracts: \
vocal sac aperture Vocal sac aperture
opens closes and air
and sacs are inflated shifted back

/



Actlinopterygii

Dipnoi
Amphibia

Mammalia
Testudines
Lepidosauria
Archosauria

b

nn Testudines

Buccal pump lost
Aspiration breathing

Buccal pump breathing

Brainerd, E. L. "New perspectives on the
evolution of lung ventilation mechanisms
in vertebrates." Experimental Biology
Online 4.2 (1999): 1-28.



Actinopteryqgii

Dipnoi

Caudata
Gymnophiona
Amniota

Anura

(3) Aspiration Pump
Inhalation powerad by
axial muscles

(2) Expiration Pump

(buccal pump retained for inhalation)

(1) Buccal Pump

Lung ventilation powerad by

cranial musculature only (exhalation
passivE)

Active exhalation powered by axial muscles

Brainerd, E. L. "New perspectives on the
evolution of lung ventilation mechanisms
in vertebrates." Experimental Biology
Online 4.2 (1999): 1-28.



“Glossopharyngeal Breathing” by Paralyzed Patients

A Preliminary Report

CLARENCE W. DAL, M.D., Los Angeles

Patient
Nao.

Age,

Sex

29M
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29M
21M
1™
20M
39F
24M
44M
24F
25M

4°F

Onset of
Paralysis

5-9-44
8-10-49
6-25-48
10-24-49
11-10-48
11-7-50
8-7-49
10-10-48
8-29-48
11-15-48
9-3-50
10-10-49
5-29-50
9-17.48

8.2-48

Date GPB*
Scarced

About 46
10-12-50
9.21-50
10-12-50
9.13-50
2-15-50
1950
April 49
May ’50
9.22-50
2-13-50
10-27-50
11-14-50
10-3-50

May 51

Appmxima_tc
~—Vital Capacity—,
Without With

GPB GPB
150 600
100 1,000
200 815
200 1,710
100 1,150

10 1,200
1,500 2,700
500 1,500
600 1,600
100 300
200 L
0o .

150

0
200 900

~——Time Out of Respirator——
{ As of June 1, 1950)

Without -~

GPB
Not known
25 min.
25 min.

2 min,

2 min.
Not out
T
1-
-*.

1 min.

1 min.

1 min.

1 min.

1 min.

All day
1 )

With
GPB Remarks
All day Died 1-30-49
2 hrs.
2 hrs.
3 hrs.
1 hr.
1% min. )
Practicing only.
Imin. ) Not yet learned.
1 min.
1 min.
1 min.
1 min.
Does most of
breathing with
| neck muscles
September, 1951

CALIFORNIA MEDICINE



ITS VALUE IN RESPIRATORY MUSCLE PARALYSIS

GLOSSOPHARYNGEAL BREATHING

OF POLIOMYELITIS

BY

W. HOWLETT KELLEHER, M.D., D.P.H.

Physician Superintendent

I

SEPT. 28, 1957

MEDICAL JOURNAL

Vital Capacity as Average

Vital Capacity (V.C.) | Expected Percentage of Vv ohmi

S V.C. Expected Normal f Each

ooq (Baldwin : Guts

Case Age U i Assisted et al., d Asms{::d Durigg

nassiste with 1948) Unassiste wit

(Yrs.) G.P.B. G.p.B. | GFB.
(ml.) (ml.) (ml,) (%) VA (ml.)
1 F 38 200 1,900 2,889 7 64 60
2 | M27 550 1,800 4,380 12:5 41 40
3 |F 19 600 1,850 3,098 19 60 90
4 | M 30 550 3,500 4,344 13 80 120
5 | M 36 800 1,800 4,154 19 43 25
6 | F 23 350 700§ — — —_ —

t t

BRITISH




FIGURE 1 | Subxiphoidal and costodiaphragmatic recessus (marked with
white arrows) filed with air during glossopharyngeal insufflation.

Front. Physiol. 12:710429.



Front. Physiol. 12:710429.
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Effects of glossopharyngeal insufflation on pulmonary function in

cervical cord injury patients
Akanksha Sharma(®' - Shambhovi Mitra®' - Vijay Dutta? - Jamal Ali Moiz’

0.8+ |
mm Experimental Poranéni kréni michy
0.6 ms Control n=31
4 tydny respiraCni rehabilitace
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0
s 0.2+ ‘ {
-
0.07 Glossofaryngealni insuflace zlepsSuje
024 respiracni funkce u pacient( s poranénim
' krcni patere.
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Spinal Cord Series and Cases (2021)7:15



Jak to délaji jini?

ponor ve vydechu
jiné slozeni surfaktantu

nekolabujici malé dychaci cesty Lt Ry
mammalian dive reflex Tuleri Weddeliv
velka slezina s oxygenovanymi erytrocyty

splenicka kontrakce

perfuze jen nezbytnych svall
e vysSi obsah hemoglobinu, myoglobinu, neuroglobinu
* jina velikost, ulozeni a distribuce mitochondrii

ergonomicky pohyb, splyvani
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DESCENT ASCENT

Bradycardia, vasoconstriction i E

Thoracic blood poolin
P g Blackout

Compression of gas filled cavities

Pulmonary edema Severe Hypoxia

*Lung volume reaches 25% of TLC 30m Hypercapnia
Decompression illness
Increase in pa0; Opening of IPAVA?

CO, diffusion into blood & tissues

Pulmonary barotrauma

Nitrogen uptake of body tissues Lung re-expansion

0, diffusion into tissues

*World record freediving

Rapidly decreasing pa0-

Nitrogen narcosis

*Predicted total lung collapse

Front. Physiol. 12:710429.
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