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Naoharu Kitajima®?, Akemi Sugita-Kitajima'®, Seiji Kitajima’

Kitajima ENT Clinic

2Department of Otolaryngology, Tokyo Medical University

SDepartment of Otolaryngology, St. Marianna University School of Medicine

ABSTRACT
The recent great increase in the scuba diving popu-

lation worldwide has resulted in a corresponding rise in
barotrauma incidents. However, since it is difficult to
evaluate the efficacy of a treatment for patients experienc-
ing a diving accident, no criteria have yet been established
for resuming scuba diving. This paper addresses this
deficiency. Thirty-two patients who had a scuba diving
accident (9 males and 23females; mean=SD age of
38.8+12.2 years) participated in our study. All patients
regularly underwent Eustachian tube function tests (sono-
tubometry and impedance tests). If their Eustachian
tube function improved, they were allowed to engage in
trial diving (TD).

improved, TD results improved. A particularly important

As Eustachian tube functioning

criterion for resuming scuba diving was an improvement in
compliance curve. We conclude that divers experiencing
a scuba diving accident should undergo comprehensive

evaluation of any Eustachian tube dysfunction in order to
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Fig.1 Examples of sonotubometry curves measured from a normal subject
Swallowing induced external auditory sound pressure changes that synchronized with the pharyngeal noise. Amplitude
is defined as the maximum sound pressure level change value, and duration is defined as the length of time it takes for the
Eustachian tube to open and close. Durations less than 116.9 msec or amplitudes less than 5 dB were consistent with a
diagnosis of tubal stenosis, whereas durations more than 788.1 msec were consistent with a diagnosis of patulous Eustachian
tube.

(mD)
Maximum air contgnt (ml) | . . . . 02
Equivalent e 8;
volume 0.1
s * Open‘pressurt (daPa)® 0
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599
+1200
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pharyngeal S LT 0
pressure . . . . . . . . . - 600
Pharynx - 1200
noise o atd aath

1500msec/div

Fig.2 Examples of impedance test curves measured from a normal subject

Impedance tests were performed by means of the simultaneous recording of impedance in the tympanic membrane and
nasopharyngeal pressure. The passive opening capacity of the Eustachian tube with Valsalva's maneuver can be deter-
mined from the curve pattern of impedance changes recorded from the external ear canal. Open pressures less than
200 daPa were consistent with a diagnosis of patulous Eustachian tube, whereas open pressures more than 650 daPa were
consistent with a diagnosis of tubal stenosis. If we could not accurately determine the open pressure because of the techni-
cal error, we diagnosed the patient with either tubal stenosis or patulous Eustachian tube from the shape of the compliance
curve. We defined the maximum value of Equivalent volume as Maximum air content in the middle ear.
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Fig.3 Classification of Eustachian tube function based on compliance curves
In each figure, an arrow at the lower left represents start of Valsalva's maneuver and an arrow at the lower right repre-
sents swallowing after Valsalva's maneuver. We defined D (Cc) type as a normal pattern and the other types (A, B abc,

and C ab) as abnormal patterns.

As the patterns of the compliance curves improved from A type to D type, we concluded

that this represents an improvement in Eustachian tube function.
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Table 1125 A /\—EFHDORE M2 R L H BRI ZE
DIERE RS HTR, FEEICBOTREHEERL
DI 32 Birp 13 BT TD AT L H A B AR R,
HELFEDIHEBICHEL (L2512 p<0.002) 1>

EHRRXETOBBNIE (650 daPa) 13 2 FIDAKTE
LI X B85 (D DAL CTHo7ze TD fidTHRC
BT, 227747 2 AT, &I E BT
AZd o /oA, I REREIE B ol

A =5 0 A P TIN 8 L7245 R % Table 2

Table 1 Results of patients with diving complications
We defined an open pressure greater than 650 daPa as Excessive open pressure and all types except for D as Abnormal
compliance curve. We defined the maximum value of Equivalent volume as Maximum air content (in the middle ear).

First visit Trial diving

Duration (msec)
Amplitude (dB)

Sonotubometry
(13/32; 41%)

90.4:+129.9*
2.9x3.2%

0.0=0.0
1.4+1.9

Excessive open pressure
Abnormal compliance curve
maximum air contnt (ml)

Impedance test
(29/32 ; 91%)

2/19 (11%) (781,766 daPa)

1/24 (4%) (683 daPa)
20/32 (63%)
0.5+0.3

30/32 (94%)
0.4%0.2

2 p<0.002
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Table 2

The vertical axis represents the impedance curve pat-
tern at start of Valsalva’s maneuver (A, B, and C) and
the horizontal axis represents the impedance curve pat-
tern at swallowing after Valsalva’s maneuver (a, b, and
c). In the compliance curves, A/a, B/b, and C/c were
converted into compliance curve scores 1, 2, and 3, re-

spectively.

I) First visit

Compliance curve after treatment

c b a
C 2 9 17
B 5 5 2 12
A 3 3
7 11 14 32

Compliance curve score : 4.2=1.0
II) Trial diving

c b a
C 12 6 23
B 1 3 9

A 0
13 10 9 32

Compliance curve score : 4.8+1.0%

* 1 5<0.05

Table 3 Correlation between Eustachian tube function test results and trial diving success rate
Each value in the columns corresponds to the trial diving success rate (%).
plications after trial diving, we considered trial diving to be a success.

Impedance test

If there were no com-

Normal Abnormal
Sonotubometry Normal 8/8 (100%) 11/15 (73%) 19/23 (83%)
Abnormal 4/4 (100%) 2/5 (40%) 6/9 (67%)
12/12 (100%) 13/20 (65%)

Table 4 Eustachian tube function test results of trial diving success and failure groups
Nine of 32 patients exhibited abnormal sonotubometry results (success : failure = 6:3). Compliance curve scores in the

success group were significantly better than those of the failure group.

Sonotubometry Impedance test
Gr Duration Amplitude Open presuure Normal Compliance Muximun air
roup (msec) (dB) (daPa) compliance curve curve score content (ml)
Success 25/32 (78%)  308.4+214.0 10.8+£6.9 487.6+165.9 12/25 (48%) 5.0+1.0* 0.5x0.3
Failure ~ 7/32 (22%)  218.6+237.6  9.9+10.4 537.4%133.6 0/7 (0%) 4.1+0.9 0.4+0.3
*: p<0.01
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Table 5 Correlation between trial diving success rate and compliance curves
The vertical axis represents the impedance curve pattern at start of Valsalva’s maneuver
(A, B, and C) and the horizontal axis represents the impedance curve pattern at swallowing
after Valsalva's maneuver (a, b, and ¢). Each value in the columns corresponds to trial div-
ing success rate (%). As the compliance curves improved from A type to D type, we con-
cluded that this represents an improvement in the trial diving success rate.

c b a
C 12/12 (100%) 3/5 (60%) 5/6 (83%) 20/23 (87%)
B o1 (0%) 4/5 (80%) 1/3 (33%) 5/9 (56%)
A 0/0 (0%) 00 (0%)
12/13 (92%) 7/10 (70%) 6/9 (67%) 25/32 (78%)
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