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Risk of decompression sickness caused by
driving to altitude and flying after diving
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Risk of Decompression Sickness (DCS), concerning
the ascending in an automobile and flying after
diving increases in recent years. The diving in west-
coast of Izu peninsula and in Nansei Islands are
very popular for recreational divers. Many divers
return to Tokyo driving pass the mountainous area
from Izu, and fly back to the main island from
Nansei Islands. Therefore, we measured the
altitude of the expressway from Izu to Tokyo, and
the cabin altitude of commercial flights from Nansei
Islands. We verify the risk of flying after diving with

the animal experiments, the hypobaric exposure
0.07 MPa (3,000m altitude) after the hyperbaric
exposure 0.4 MPa on rats and 0.5 MPa on rabbits.
Within a few hours after diving, the divers can
arrive the highest point (466 m altitude) of express-
way. The cabin altitude increased to 2,000m -
2,500m within 15 min after takeoff for the flights at
around 10,000m altitude. On the animal experi-
ments, we observed the high level DCS over 500 -
1,000m altitude for short interval conditions.

Keywords
diving, decompression sickness, flying, altitude,
animal experiment
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A: Nansei islands (from Kyushu to Taiwan) is popular diving place, many divers return to main

island by domestic airline after their diving.

B: Ohsezaki, it's very popular diving spot for recreational diver in Tokyo area. The divers
return to Metropolitan area driving through the mountainous Izu peninsula.
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Fig. 2 Profile of hyperbaric and hypobaric exposure of the animal experiment, simulation of flying

after diving.
hyperbaric exposure :

compression and decompresssion rate were 0.1 MPa/min (depth of 10 m/min), pressure
holding at 0.4 MPa (30 m depth) on rats (Fig-2A) and at 0.5 Mpa (40 m depth) on rabbits

for 2h 30.
Interval time : 1, 5, 10, 20, 30 min
hypobaric exposure :

decompresssion rate was 300 hPa/min (altitude of 3,000 m/min), pressure holding at 500,
1000, 1500, 2000, 2500 and 3,000 m altitude for 30 min.
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Altitude (m) Expressway from Izu peninsula to Tokyo (Numazu and Ebina)
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Fig. 3 The altitude of expressway from west side of Izu peninsula to Tokyo area.
Numazu: the nearest entrance of expressway from Ohsezaki (diving spot)

Gotenba: foot of Mt. Fuji,

Ebina: end of moutainous route in Tokyo (east) side
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Fig.4 Cabin altitudes of commercial aircraft between Nansei, Kyushu and Tokyo
A: West route (from Tokyo to Nansei Islands)
B: East route (from Nansei Islands to Tokyo)
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Fig. 5 Cabin altitudes on commercial aircraft in international routes (between Tokyo and Malta via

Frankfurt).
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Table 1 Mortality and Respiratory Deompression Sickness: RDCS rates on rats caused by simulated
"flying after diving'.
Rats : 20-22 weeks old, male, 450 - 550g,
7 rats for each experiment for Serie-I
5 or 7 rats for each experiment for Serie-II

A: Relationship between Mortality rate and hypobobaric conditions:

Altitude | Pressure Interval time (min)
(m) (hPa) 1 5 =l 10 | 20 30 45 | 60
Serie - 1
500 950 0/7 0/7 1/7 0/7 0/7
1,000 900 1/7 2/7 1/7 2/7 1/7
1,500 850 2/7 1/7 2/7 2/7 0/7
2,000 800 2/7 1/7 2/7 1/7 1/7
2,500 750 5/7 3/7 2/7 2/7 0/7
3,000 700 1 6/7 3/7 2/7 3/7 1/7 0/7 0/7
Serie - 11 Decompression time to 3,000m (min)
3,000 700 5 4/7 4/7 2/7 2/7 0/7
3,000 700 10 3/5 1/5 1/5 1/5 0/5
3,000 700 20 2/5 1/5 1/5 1/5 1/5
3,000 700 30 1/5 1/5 1/5 1/5 0/5

B: Relationship between Respiratory DCS rate and hypobobaric conditions:

Altitude | Pressure Interval time (min)
(m) (hPa) 1 5 10 20 30 45 | 60
Serie - 1 .
500 950 1/7 2/7 3/7 1/7 1/7
1,000 900 3/7 2/7 2/7 4/7 3/7
1,500 850 2/7 3/7 3/7 4/7 1/7
2,000 800 4/7 4/7 2/7 1/7 4/7
2,500 750 6/7 3/7 3/7 517 3/7
3,000 700 1 6/7 5/7 5/7 5/7 5/7 3/7 2/7
Serie - 11 Decompression time to 3,000m (min)
3,000 700 5 6/7 | 5/7 4/7 5/7 1/7
3,000 700 10 4/5 3/5 3/5 3/5 1/5
3,000 700 20 4/5 1/5 2/5 2/5 1/5
3,000 700 30 2/5 1/5 1/5 2/5 0/5

WETEDFEIL, YREN6 B UWVKFEREE, 5 7 v MEBRNIBT AT ENRER I, (KFE
WA VR —=N)L ) BORERE (5 9 b EERID B (S%) R (P<0.01) , 1 & =73 (P<0.05),
FUFRICERICHM LU, ZONESWE T, FERIITIE W E BB (P<0.01) , 44 — L
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Table 2 Mortality and RDCS rates on rabbits caused by simulated "flying after diving'.
Rabbits : 20-22 weeks old, male, 3000g, 3 rabbits for each experiment

A: Relationship between Mortality rate and hypobobaric conditions:

Altitude | Pressure Interval time (min)
(m) (hPa) 1 5 10 20 30
250 975 0/3 - - - -
500 950 2/3 - - - -
1,000 900 3/3 0/3 0/3 0/3 0/3
1,500 850 - 1/3 1/3 1/3 -
2,000 800 - 1/3 1/3 0/3 -
2,500 750 - 1/3 0/3 1/3 -
3,000 700 3/3 1/3 2/3 1/3 0/3

B: Relationship between Respiratory DCS rate and hypobobaric conditions:

Altitude | Pressure Interval time (min)
(m) (hPa) 1 5 10 20 30
250 975 1/3 - - - -
500 950 2/3 - - - -
1,000 900 3/3 0/3 1/3 0/3 1/3
1,500 850 - 1/3 2/3 2/3 -
2,000 800 - 2/3 - 1/3 1/3 -
2,500 750 - 2/3 1/3 1/3 -
3,000 700 3/3 1/3 2/3 2/3 1/3

(P<0.05) TEHETHD, 2 EBRIZHEWT 2 EHD
RHAERIZRAD S Nkh 7z, WIREFEOREE
i3, 7y MEBRITREERE (BE) & EBR
UTRBERREOEENGR (P<0.05) 2580561
7= (F&1),

5y b OFECROEEMIL, 950hPaD KRRz
FOEFRDENDH, 900hPaTIIFHEE L 51,
IR ¢ 950hPa (BERRES00m) 7 5 8403 5 fiia
MaElbN Tz, £ KESRMA 238 L1 750hPall T
FXSICFEERDS LF L2, 4 V4 —7 4557
FTRBEEED LT,
XHICEBRIEERIOK LD, BERBERDS
D700hPa K EBRBEIZEIE T 5 £ TORRAAFE L
BE (A X EERBER T %104 BIZ700hPail#

FTBLUTO 3 &HOHERL E VERIDA V4 =N
N10%F, BERIIDA » & —7¥)L 5 43 T700hPa DI
JE 5%, 4 ¥ & —/0 1 5 TRIERBL04) , BE
BABMTHH-TE, 4 VE—7LDRWEHFDIZS
DRESEIFER N Z & A BRI T & 72,
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7y MZHNE D FIOEESA975hPa (B 250m)
HE»SFEEES EH L, & 512850hPabl ETO
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