
 

  VTI särtryck
Nr 241 0 1995

 

Long-term Effect of Uvulopalatopharyngo-
plasty on Driving Performance

Per-Olle Haraldsson, Christer Carenfelt,
Michael Lysdahl, Karolinska sjukhuset,
Stockholm
Jan Törnros, VTI

Reprint from Archives of Otolaryngology Head & Neck
Surgery, January, 1995, Vol. 121, pp 90 94

  
 

    
Väg- och transport-

farskningsinstitutetl





 

VTI särtryck
Nr 241 0 1995

Long-term Effect of Uvulopalatopharyngo-
plasty on Driving Performance

Per-Olle Haraldsson, Christer Carenfelt,
Michael Lysdahl, Karolinska sjukhuset,
Stockholm
Jan Törnros, VTI

Reprint from Archives of Otolaryngology Head & Neck
Surgery, January, 1995, Vol. 121, pp 90 94

at»
    

Väg- och transport-
forskningsinstitutet'ISSN 1102-626X



Samhall Klintland AB. Grafiska Linköping 1995



Reprinted from the Archives of Oto/aryngo/ogy -Head & Neck Surgery
January, 1995 Volume 121

Copyright 1995, Amer/can Med/cal Association

 ORIGINAL ARTICLE 

Long-term Effect of Uvulopalatopharyngoplasty
on Driving Performance
Per-Olle Haraldsson, MD; Christer Carenfelt, MD; Michael Lysdahl, MD; ]an Törnros, MA

Obieciive: It has been questioned whether the effect of
uvulopalatopharyngoplasty lasts as years go by. From a
previous study it is known that patients with severe rhon-
chopathy, complaining of sleepiness at the wheel, im-
prove their vigilance and driving performance immedi-
ately following uvulopalatopharyngoplasty, but is this
effect persisting?

Design: In a cohort study, the long-term effect of sur-
gical treatment on driving vigilance was evaluated on 13
middle-aged (median, 52 years) male patients and five
matched controls. Three to 4 years postoperatively, they
were subjected to a boring 90-minute-long retest in an
advanced driving simulator and daytime polysomnog-
raphy, identical to those performed preoperatively. Fac-
tors measured were brake reaction time, lateral position

deviation, and off road incidents. The patients were also
asked to assess their driving skills on a self-report and
their Vigilance on a visual analogue scale.

Results: All but one patient reported themselves as be-
ing more vigilant and safe drivers following surgery. Ob-
jective results showed that the initial improvement in
brake reaction time, lateral position deviation, and num-
ber of off-road incidents was sustained, but not always
in concordance with the apnea index.

Conclusion: The positive effect of uvulopalatopharyngo-
plasty on vigilance and driving performance remains after
4 years. This may have a substantial impact on traffic safety.

(Arch Otolaryngol Head Neck Surg. 1995;121:90-94) 
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DANGEROUS tendency to
fall asleep while automo
bile driving is a common
complaint of patients with
intermittent upper air-

way obstruction during sleep. Some 50%
of patients with severe rhonchopathy re-
ported this hazard, compared with less
than 1% of matched controls.1 This group
also performs poorly in psychomotor and
cognitive tests, and it has been re

..ported that automobile accidents?6 espe-
cially single-car accidents,1 are overrep-
resented in drivers suffering from the
disorder.

When the respiratory obstruction is
generated at the level of the oropharynx,
a uvulopalatopharyngoplasty (UPPP)
should be considered. Following UPPP, a
50% reduction of apnea index (AI) can ini-

tially be expected in 50% to 80% of pa-
tients,7'9 even if it has a tendency to in
crease as years go by, especially in
overweight subjects.10

The long-term effect of UPPP on vigi
lance and psychomotor function is yet un-
known. To study this, a driving simula
tor test, developed at the Swedish Road and

Traffic Research Institute, Linköping, was
used, enabling detection of drivers suffer-
ing from impaired vigilance at the wheel. 11
Patients with severe rhonchopathy, com
plaining of sleepy spells while driving, had
participated in test drives preoperatively.
These patients were retested more than 3
years later in an identical drive to see
whether the positive effect noticed 3
months after UPPP would persist. The
driver s self assessment of vigilance and
driving capability was evaluated parallel
to the trials.

All patients reported a reduction of sleepy
spells at the wheel, even if it still was oc-
curring often in two. All except one (pa-
tient 4) reported that their driving was
more Vigilant and safer than before sur-
gery. The self-reported sleepiness score de
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SUBJECTS AND METHODS

DEFINITIONS AND SELECTION OF SUBJECTS

Fifteen male drivers, aged 30 to 69 years, who were ha-
bitually sleepy at the wheel, were consecutively selected from
patients with the clinical triad of habitual symptoms that
characterize severe rhonchopathy, including sleep apnea
syndrome heavy snoring, sleep disturbances (a history of
sleep apneas and/or midsleep awakenings, but no diffi-
culty in falling asleep), and excessive daytime sleepiness
with sleep attacks. 12.13 On a validated questionnaire,14 symp-
toms were neglected if scored never or seldom, but they
were included as habitual if they occurred often or al-
ways. Ten age-matched male volunteers, with similar ex
perience of car driving, were selected as controls. Al-
though they were not subjected to sleep studies, they denied
hypersomnia at the wheel and habitual occurrence of symp-
toms associated with the disease, except possible snoring.
Thus, they were unlikely to suffer from sleep apnea.14 ln-
formed consent was obtained from all participating sub-
jects.

At the time of the long-term postoperative trial, 13 of
15 patients and five of 10 controls (median age, 52 years
[range, 45 to 64 years] vs 50 years [range, 48 to 63 years])
were willing and fit to participate. Two patients unable to
do so had non sleep apnea syndrome related disorders, and
one of the controls had to be excluded because symptoms
of sleep apnea syndrome developed. Primary performance
data of the controls, selected for evaluation of consis-
tency, did not differ from those not retested. Postopera- _
tive clinical success regarding traffic hazard was defined
as a denial (never, seldom) of recurrent sleepy spells at the
wheel on the self report.

CLINICAL AND POLYSOMNOGRAPHIC
EXAMINATIONS

All patients had a routine preoperative ear, nose, and throat
examination, also including fiberoptic rhinolaryngoscopy
during voluntary snoring and Muller s maneuver, and based
on these findings, the level of obstruction could be classi
fied according to Fujita.15 Furthermore, all patients were
examined by a neurologist to exclude narcolepsy. They were
subjected to a standard electrocardiogram and static cepha-
lometry,16 as well as a body mass index (BMI) calcula-
tion17 preoperatively. Blood pressure was read before each
test. Daytime polysomnography (DPSG) was performed fol-
lowing 1 night of sleep deprivation. 19 Total sleeping time;
sleep stages; number and duration of obstructive, central,
or mixed apneas; and total apnea time were calculated.

DRIVING SIMULATOR TEST

The advanced driving simulator at the Swedish Road and
Traffic Research Institute was used (Figure). The equip-
ment, computer program, and the test run have been de-
scribed previously.11 A monotonous drive at about 90 km/h
(55 mph) on a one-lane, narrow (3.5 m) curved road at twi
light, intended to provoke sleepiness, was programmed, dur
ing which the driving performance was measured. After hav-
ing had lunch, all subjects were instructed to drive for a
period of 90 minutes. During this time they were sub-

jected to 25 visual brake reaction stimuli. The lateral po=
sition of the vehicle was sampled twice per second, and the
SD was calculated for each 5-minute period. Performance
data were collected during the total drive and subse=
quently subjected to analysis. During the test, drivers were
observed and videotaped, using infrared-sensitive televi-
sion. Factors measured included brake reaction time (BRT),

lateral position deviation (LPD), and frequency of off-
road incidents.11 Mean values and 90th percentiles of BRT
and LPD were calculated. At the late retest, an identical data
program was used, but the simulator cabin at the institute
had been upgraded from one car (Saab 900) to another (Saab
9000), with a similar modification of the vehicle model.

SURGICAL PROCEDURE

All patients had a UPPP performed under general anesthe-
sia, using a slight modification of the technique described
by Dickson and Blokmanis.20 Three patients (cases 2, 4, and

13) who complained of decreased nasal patency also had
their nasal obstruction corrected. Obese Subjects were told
to lose weight, and all were informed that weight gain would
jeopardize the effect of UPPP.

EVALUATION OF VIGILANCE

All subjects were asked to indicate their current sleepi-
ness on a 10-cm long visual analogue scale, with 0 being
alert to 10 being asleep, three times daily (at 8 AM, at noon,
and at 8 PM) for a week before the trial. The sum of sleepi
ness for each week was calculated in an arbitrary unit equal
to centimeters. Each patient also had to state whether he
considered himself a poorer, equal, or better driver than
before surgery.

DESIGN AND TESTING PROCEDURE

All patients were subjected to a preoperative test drive, which
was compared with that of matched controls. On average,
45 months (range, 35 to 49 months) following surgery,
symptoms were reassessed using an identical question-
naire and all, except two patients with a positive DPSG
(A125) preoperatively, were reexamined. Patients and con-
trol subjects were given an individually identical retest. To
exclude possible impact on the results from age and the new
simulator car, the BRT and LPD from the patients were not
only compared with the preoperative values but they were
also related to the results of the control drivers (difference
for patients minus difference for controls). Driving perfor-
mance data for all tests were assessed without knowledge
of the questionnaire-evaluated clinical outcome.

STATISTICS

For comparison of BRT, LPD, and visual analogue scale pre-
operatively and postoperatively (related samples), Wil-
coxon Signed Rank Test was used. For comparison of num-
ber of drivers off road, preoperatively and postoperatively,
x2 test with Yates correction was used, while the number
of such episodes preoperatively and postoperatively was
evaluated with a Sign Test. Impact of cofactors was evalu-
ated by comparing the change in BRT and LPD for pa-
tients and retested control drivers by use of the Mann-
Whitney U Test (unrelated samples).
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Drawing demonstrating the main features of the Swedish Road and Traffic
Research Institute car-driving simulator.

creased from a preoperative mean value of 137.9 to 86.8
(P<.01) in the 13 retested patients (Table I). The av-
erage BMI was unchanged from 30.1 (range, 25.5 to 35.3;
SDi3.6) to 30.0 (range, 26.0 to 37.6; SDi4.4) preop-
eratively. The BRT, LPD, and off-road incidents before
and a mean of 45 months (range, 35 to 49 months) after
surgery are given in Table 2 and Table 3. The mean
BRT improved 0.44 second postoperatively, which trans-
lates to an average of ll m shortening of the brake re
action distance at 90 km/h. All those patients who drove
off the road preoperatively were found to have de
creased their number of incidents or had none at all at
the long-term retest.

Driving performance of patients improved, and
the difference was significantly greater than that for
retested control drivers (BRT, P<.05; and LPD,
P<.01). Long-term results, however, were similar in
both BRT and LPD in both patients and controls
(Table 4). No correlation was found between AI and
the visual analogue scale (Spearman correlation coeffi-
cient, <.50) or between AI and BRT (90th percentiles)
preoperatively (Spearman correlation coefficient,
<.33).

The present study shows that the initial improvement of
simulated driving performance, found some months af
ter UPPP,20 also substantially remained long-term. The
advanced driving simulator has been recognized as a very
sensitive tool to detect central nervous system depres-
sion,21*22 and it gives an opportunity to test psychomo
tor function in an environment similar to that in which
patients had reported their problems, ie, at the wheel.
Moreover, it permits standardized test conditions and al
lows driving assessment without any danger.
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* The subjects scored on a 10-cm-long visual analogue scale 3 times
daily (8 AM, noon, and 8 PM) for 7 days, where 0 stands for alert and
10 cm means asleep. All figures were summarized to arbitrary units equal
to centimeters.
TThe decrease in sleepiness remained highly significant (P<.001) at the

long-term follow-up. Driver 1 had early working hours (from 5 AM) at the
long-term follow-up.

iDrivers 11 and 14 could not participate.

Although an identical data program was used, the
new upgraded simulator used for retesting may have in-
uenced the results. The slight improvement in LPD and

deterioration of BRT in controls suggest that this may be
the case. However, this would not change the conclu-
sions. The improvement of BRT and LPD seen in pa-
tients remained significant even when possible improve
ment in retested controls was subtracted. Furthermore,
long-term results showed the driving performance at-
tained by both patients and control subjects to be about
the same.

On initial testing 3 months postoperatively,20
three of 15 patients reported persistent sleepiness at
the wheel, and these were of special interest. The first
one, an obese taxi driver (patient 4), had failed to lose
weight, but was successfully treated with nasal con-
tinuous positive airway pressure, although it was not
used the nights before the present test drive. The sec-
ond patient (patient 8), had a BMI exceeding 37 and
the UPPP did not change his driving vigilance until he
had lost weight to a BMI of about 32. He claims that
he now can drive 500 km without need of pulling off
the road for a nap, which is a 10 times longer distance
than preoperatively. The third patient (patient 13), an
executive, admitted heavy evening drinking habits.
The rhonchopathy and the daytime sleepiness amelio
rated after a radical change of lifestyle.
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*A/ indicates apnea index; DPSG, daytime polysomnography;
TThese drivers had thick spectacle frames and missed three peripheral

BRT stimuli each. The BRT and LPD values are missing for patients 3 and
6, respectively.

tDrivers 11 and 14 could not be retested due to non sleep apnea
syndrome related medical disorders.

 
*P90 indicates 90th percentile. Unless otherwise specified, all values are

meani SD.
TWi/coxon Signed Rank Test.
ix? test.
§Sign Test.

The AI, as measured by DPSG, related neither to
the preoperative BRT nor to the improvement seen in
BRT, LPD, or off-road incidents following surgery. It
might be argued that DPSG has low validity and a too-
wide range of outcome, compared with all-night poly-
somnography,14 but even in this instance, daytime

 
 

*P90 indicates 90th percentile. The differences between the two groups
(P values) are nonsignificant. Unless otherwise specified, values are mean
i SD.

sleepiness shows a low correlation with ALB,24 Fur-
thermore, sleepiness may be caused by rhonchopathy,
even without apnea.25 The incongruity between a
patient s subjective experience of well-being and the
objective sleep data, indicating a persistent disorder,
found in the present study and by others,10 has yet to
be explained. Patients, unaware of these objective
data, however, did report less awakenings and more
refreshing sleep.

Findley et al26 have shown that patients with sleep
apnea treated with nasal continuous positive airway pres-
sure also improve their performance when tested in a driv-
ing simulator. This improvement could be expeCted to
remain as long as patients persevere with the treatment.
Nasal continuous positive airway pressure is superior to
UPPP in abolishing episodes of apnea, but this should
not fool the physician into thinking that a prescription
has cured the patient, since the long-term compliance is
unreliable and hasbeen found to be only 58% to89%.27'3O
As shown in the present study and by others,10 the feel-
ing of Vigilance most patients achieve after UPPP is in-
dependent of polysomnography findings. Therefore, from
the standpoint of driving Vigilance, UPPP is a reliable al-
ternative that is not directly dependent on patient com-
pliance.

The subjective asseSSment of daytime sleepiness
in Table 1 showed a tendency to long term impair-
ment for some subjects even in the control group. We
did not investigate this further. HoWever, self-reported
vigilance and driving skills showed a better correlation
with the objective vigilance data than with the AI and
indicated that a clinical history from the driver could
forecast driving performance. The final answer to the
benefit of UPPP to road safety, however, can first be
given when it is possible to show that the improve-
ment of subjective vigilance and simulated driving is
reflected in a corresponding decrease in traffic acci-
dents.
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