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Upper airway 
obstruction during 
midazolam sedation: 
modification by nasal 
CPAP 

We examined the depressant effect of  midazolam on respiration 
in 21 healthy women undergoing lower abdominal surgery with 
spinal anaesthesia. Airway gas flow, airway pressure, and the 
sound of  snoring were recorded together with arterial oxygen 
saturation (SpOz). After spinal anaesthesia was established, sub- 
jects were deeply sedated with pentazocine 15 mg followed by 
incremental doses of midazolam 1 mg iv up to 0.I rag" kg -t. 
When Sp02 decreased to <9~o or snoring and/or apnoea 
was observed, continuous positive airway pressure applied 
through the nose (nasal CPAP) was increased until the res- 
piratory deterioration was reversed. While one patient remained 
free of  respiratory events, the other 20 patients were successfully 
treated with nasal CPAP restoring normal Sp02 (95.5 + 1.7%) 
without snoring. S tepwise reduction of  nasal C PAP determined 
the minimally effective CPAP to prevent snoring to be 5.1 + 
Z I cm 1120 Further reduction of nasal CPAP induced snoring 
in 15 patients and obstructive apnoea in five patients with the 
latter accompanied by a severe reduction of  SpO 2 (87.4 + 6.1%). 
Patients with apnoea were older than those who snored (P 
< 0.05). We conclude that upper airway obstruction contributes 
considerably to decreases in SpO 2 during midazolam sedation 
for spinal anaesthesia. 
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Nous avons ~tudi~ les effets a~presseurs du midazolam sur la 
respiration chez 21 femmes bien portantes o#r~es pour une 
chirurgie abdominale basse sous anesthdsie rachidienne. Le 

ddbit et la pression des voies a~riennes, ainsi que le ronflement 
ont ~t~ enregistr~s en m~me temps que la saturation en oxyg~ne 
(SpOz). Une fois l'anesth~sie rachidienne ~tablie, les patientes 
ont refu une s~dation profonde avec de la pentazocine 15 mg 
suivie par des doses rdp~t~es de midazolam l mg iv pour une 
dose totale de 0,1 rag" kg -t. Lorsque la Sp02 diminuait sous 
90% ou qu'un ronflement avec ou sans apnde dtait observd, 
une pression positive ~tait appliqu~e progressivement sur les 
voies a~riennes par le nez (CPAP nasal.) jusqu'au retour de 

la respiration normale. Tandis qu'une patiente ne manifestait 
auctm symptOme respiratoires, les 20 autres patientes $taient 
trait~es avec succbs par le CPAP nasal avec le r~tablissement 
d'une SpO 2 normale (95,5 d= 1,7%). Une diminution en paliers 
du C PA P nasal a permis de d~ terminer le C PAP minimal requis 
pour pr~venir le ronflement qui se situe ~ 5,1 -4- 2,1 cm 1-120 
La diminution subs~quente du CPAP a provoqu~ du r 
ment chez 15 des patientes et une apn~e de type obstructif 
chez cinq des patientes qui s'est accompagn~e d'une chute im- 
portante de la SpO 2 (87,4 + 6,1%). Les patientes devenues 
apn~iques dtaient plus agdes que celles qui ronflaient (P < 0,05). 
Nous concluons que l'obstruction des voles adriennes su- 
p~rieures conwibue consid~rablement aux baisses de SpO 2 pen- 
dant la s~dation au midazolam pendant I'anesth~sie rachi- 
dienne. 

Patients undergoing surgery with spinal anaesthesia are 
frequently sedated to suppress awareness and to enhance 
comfort. However, reduction in arterial oxygen saturation 
(SpOz) 1,2 and cardiopulmonary arrest 3 have been re- 
ported during sedation with spinal anaesthesia. Recently, 
Gauthier et aL 4 showed that the combination of mida- 
zolam and spinal anaesthesia has a modest synergistic 
effect of depressing resting ventilation. However, they did 
not examine the influence of upper airway obstruction. 
Benzodiazepines used to induce overnight hypnosis re- 
duce upper airway muscle tone which leads to upper air- 
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way collapse and may cause severe arterial oxygen desat- 
uration. 5 Hypoxaemia in patients receiving sedatives dur- 
ing spinal anaesthesia may also result from upper airway 
obstruction and, if so, continuous positive airway pressure 
through the nose (nasal CPAP) may improve oxygenation 
as well as breathing patterns.6 

This study was designed to test the hypothesis that 
the combined use of sedation with midazolam and spinal 
anaesthesia compromises respiration, especially upper air- 
way patency resulting in oxygen desaturation. 

Methods 
The protocol was approved by the Hospital Ethics Com- 
mittee, and each patient gave informed consent. Twenty- 
one ASA physical status I female patients, ages 25-59 
yr and having elective lower abdominal surgery, were 
studied. Their average heights and weights were 156.4 
+ 4.8 cm and 55.8 5:6.6 kg, respectively (means 5: SD). 
None complained of habitual snoring at night. 

All patients received, an hour before induction of 
anaesthesia, ranitidine 50 mg/v and, 30 re_in later, atro- 
pine 0.5 mg and hydroxyzine 50 mg ira. In the operating 
rom, spinal anaesthesia was established with dibucaine 
0.096 mg. kg -I (max. dose 5.76 mg for those >60 kg) 
through the L3_4 interspace. Pulse oximetry and a side 
stream spirometer (Datex, Capnomac Ultima SV) were 
used for the monitoring of SpO2, airway gas flow ( ~  
and mask pressure (Pro), which were recorded on a four- 
channel recorder (Graphtec, LINEARECORDER F 
WR3701). The snoring sound heard through the precor- 
dial stethoscope placed on the patient's neck was also 
recorded through a microphone and an amplifier (TOMY, 
Voice Changer). 

After confu'rning the upper level of the subamehnoid 
�9 block by loss of sensation to pinprick, pentazocine 15 

nag /v was given followed by incremental doses of mi- 
dazolam 1 mg /v every 30 see to a maximum of 0.1 
mg. kg -l (max. dose 6 mg). A nasal CPAP mask (Re- 
spironics, BiPAP or Rescare, Sullivan Nasal CPAP sys- 
tem) was tightly fitted while breathing room air. The 
CPAP was increased when (1) SpO2 was <90% or (2) 
changes in respiratory pattem such as snoring or apnoea 
occurred. Apnoea was diagnosed by an absence of in- 
spiratory airflow for > 10 sec. Airway pressure was in- 
creased until SpO2 was >90% without apnoea or snoring. 
If SpO2 values did not exceed 90% even with 10 cm 
H20 CPAP, the patient was given oxygen and was with- 
drawn from the study. After midazolam 0.1 mg. kg -l 
was given and respiratory pattern was stable with SpO2 
> 90%, surgery was started confn'ming no discomfort 
was felt by the patients. The CPAP was then reduced 
by 1 cm H20 by every 30 sec until snoring was heard 
again. The minimally effective CPAP pressure to reverse 

snoring (Psnore(-)) was determined. The pressure was 
further reduced to zero. However, if apnoea was ob- 
served, no further reduction of airway pressure was per- 
formed. Upon observing apnoea, if SpOz decreased to 
<85% with no sign of restoration of breathing, CPAP 
was raised. 

Patients were divided into three groups according to 
the changes in respiratory patterns observed during 
CPAP reduction: SNORE; continuous snoring at CPAP 
0 cmH20, APNOEA; occurrence of apnoea during the 
reduction of CPAP, and NORMAL; maintaining SpO2 
> 90% with no change in the breathing pattern at CPAP 
0 cmH20. Apnoea was further diagnosed as obstructive 
or central in its origin. Obstructive apnoeas were accom- 
panied with (1) paradoxical chest wall movement during 
apnoea, (2) a characteristic snort with the restoration of 
respiration, and (3) effective reversal with nasal CPAE 

Data were analyzed with Student's t test and one way 
analysis of variance, difference being detected by Scheffe's 
test. A probability value of P < 0.05 was considered 
significant. 

Results 
One patient remained free of respiratory events after se- 
dation and 20 were treated with nasal CPAP. All patients 
regained SpO2 values >90% with nasal CPAP < 10 
cmH20 and none was excluded from the study. The level 
of subarachnoid block was above Th 10 but below Th 
6 in all patients at examination and surgery was per- 
formed without complaints. After the maximum dose of 
midazolam had been given, patients were deeply sedated 
responding to pain but not to verbal commands not al- 
lowing the insertion of any artificial airway. 

Figure 1 is an example of changes in the breathing 
pattern observed during reduction of nasal CPAP. As 
Pm was reduced from 8 to 4 cmH20, maximum inspi- 
ratory flow decreased: gradually the typical flow pattern 
of inspiratory flow limitation, characterized by the fiat- 
tening of the inspiratory flow curve accompanied with 
the snoring sound. 7 The SpO2 values also showed con- 
comitant decreases with reduction of Pro. The Psnore(-) 
of this patient was 8 cmH20. 

Figure 2 is a record of a patient with snore at CPAP 
0 cmH20. Snoring was accompanied by a slight and con- 
stant decrease in SpO2, and a limitation of the inspiratory 
flow. A record of a patient with apnoea is shown in Figure 
3. A period of no airflow associated with severe but epi- 
sodic decrease in SpO2 was followed by a brief large air- 
flow and a loud snort with restoration of SpO2, a pattern 
typical of obstructive apnoea. During the apnoeic period, 
paradoxical movement of the chest wall was observed 
confirming that the inspiratory effort was present. 

Patient characteristics, values of Psnore(-) and the 
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FIGURE 1 Effect of nasal CPAP on breathing patterns. As the Pm is reduced from 8 to 4 emH20, maximum inspiratory flow shows a gradual 
decrease and limitations of inspiratory flow accompanying the snoring sound is seen with concomitant decrease in SpO 2. (SpO 2 = arterial oxygen 
saturation; Pm = mask pressure). 

FIGURE 2 Record of a patient who snored at CPAP of zero. 
Snoring is accompanied with a slight decrease in SpO2 and a 
limitation of the impimtory flow. (SpO 2 = arterial oxygen saturation; 
Pm = mask pressure.) 

breathing patterns are summarized in the Table. An av- 
erage of 5.1 + 2.1 cmH20 was effective in the treatment 
of snoring and apnoea. Five patients were observed with 
apnoea while only snoring was observed in 15 patients 
when CPAP was reduced. All apnoeas observed were 
diagnosed obstructive. In four patients, spontaneous res- 
toration of breathing was seen before SpO2 < 85%, while 
in one patient increase in CPAP was necessary to es- 
tablish patent airway to breathe. There was no difference 

in Body Mass Index (BMI: kg-m -2) between patients 
with apnoea and patients who snored (22 �9 4.8 kg. m -2 
vs 22.9 + 2.8 kg. m -2, respectively), but patients with 
apnoea were older than patients who snored (49.0 + 7.5 
vs 39.9 + 8.2 yr, P <0.05). 

The average SpO2 value of all 20 patients at Psnore(-) 
was 95.5 :i: 1.7 (range 92"-98)%; SpO2 values at 
Psnore(-) were similar between patients who snored and 
patients with apnoea (95.3 + 1.6% vs 95.8 + 2.2%, re- 
spectively) (Figure 4). These values decreased with snor- 
ing at CPAP zero (95.0 + 1.8%, P < 0.05) or with the 
occurrence of apnoea (87.4 + 6.1%, P < 0.05). The de- 
crease in SpO2 values was lower with apnoea than in 
snorers at CPAP zero (P < 0.05). 

Values of Psnore(-) had no correlation with age or 
BMI, nor was there any difference in Psnore(-) between 
patients who snored and patients with apnoea (4.9 :i: 
1.9 vs 5.4 + 3.0 cmH20, respectively). 

Discussion 
The present study demonstrated that the combined use 
of midazolam with spinal anaesthesia for lower abdom- 
inal surgery in otherwise healthy female patients caused 
apnoea and/or snoring which were accompanied with 
reductions in SpO2 values suggesting that the critical ef- 
fect of/v midazolam on respiration is upper airway ob- 
struction. 

After administration of midazolam and pentazocine, 
all patients showed a sedation level at which the patient 
responded to pain but not to verbal commands. A com- 
monly used dose of midazolam for sedation during re- 
gional anaesthesia is 0.05"--0.1 mg.kg-l .  1,2,4 However, 
during lower abdominal surgery with spinal anaesthesia, 
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FIGURE 3 Record of a patient with apnoea. Attenuation of flow and episodic desaturation is followed by a brief large airflow and a loud snort. 
This pattern is characteristic of obstructive apnoea. (SpO 2 = arterial oxygen saturation; Pm = mask pressure.) 

TABLE Patient characteristics, breathing patterns, Psnore(-) and minimum SpO 2 

Age Height Weight BMI Psnore(-) Minimum 
Patient (yr) (cm) (kg) (kg" m -2) Criteria (cmH20) SpO~o) 

I 47 153.5 53.0 22.5 Apnea 4 9 I 
2 53 152.0 72.0 31.2 Apnea 4 86 
3 29 169.5 62.0 21.6 Snore 2 95 
4 41 155.0 53.0 22.1 Snore 6 9 I 
5 36 162.0 54.2 20.7 Snore 2 93 
6 59 156.0 51.0 21.0 Apnea 2 <(85 
7 44 155.0 65.8 27.4 Snore 3 96 
8 41 158.0 59.0 23.6 Normal 
9 44 149.8 60.0 26.7 Snore 3 91 

10 43 150.0 53.0 23.6 Snore 4 95 
11 38 157.0 54.0 21.9 Snore 7 95 
12 39 153.0 47.5 20.3 Apnea 9 94 
13 47 153.0 53.0 22.6 Snore 5 97 
14 54 156.5 58.0 23.7 Snore 7 94 
15 36 163.0 48.0 18.1 Snore 6 96 
16 27 163.0 53.0 19.9 Snore 5 90 
17 42 159.0 59.0 23.3 Snore 6 96 
18 42 155.8 49.0 20.2 Snore 4 94 
19 25 157.4 56.5 22.8 Snore 6 92 
20 50 152.5 65.5 28.2 Snore 8 87 
21 47 154.0 46.0 19.4 Apnea 8 88 

patients often complain of nausea or discomfort upon 
upper displacement of the intestines or traction of the 
viscera,8 requiting additional doses of analgesics or light 
general anaesthesia 9A~ to produce profound sedation. The 

dose chosen for study was sufficient to produce such pro- 
found sedation, but patients were rousable after 1~1.5 
hr of surgery. 

Though decreases in SpO2 values were observed with 
snoring, they remained >90%. However, obstructive ap- 

noea produced oxygen desaturation <90%. Thus, it is 
important to predict the patient's airway response to sed- 
ative drugs. The occurrence of upper airway obstruction 
may be influenced by two different mechanisms; ana- 

tomical (i.e., a structurally narrow or highly compliant 
airway) and neuromuscular (i.e., central depression of 
neural mechanisms controlling upper airway muscles). I I 
Patients in our study were all healthy female patients, 
none complained of habitual snoring at night. High BMI, 
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HGURE 4 Comparison of SpO2 values at Psnore(-) and at CPAP 
0 cmH20(P(0)) or minimal SpO2 values with apnoea. Values are 
expressed as means + SD. * P <  0.05 vs. Psnore(-) w < 0.05 
between snore at CPAP 0 crnH20 and apnoea. 

a known risk factor for obstructive sleep apnoea did not 
predict the occurrence of apnoeas with sedative drugs. 
In our study, patients with apnoea were older than those 
who snored. Burger et al. 12 have reported that in normal 
men, age was not associated with decrease in diameter 
or collapse of the upper airway. These facts suggest that 
there was no anatomical background for the airway ob- 
struction. 

Anatomical factors being equal, the sensitivity the neu- 
romuscular mechanisms: of each patient to sedative drugs 
may play an important role. Benzodiazepines are known 
to depress motor activity of upper airway muscles se- 
lectively, 13-is increasing sleep-disorder breathing patterns, 
such as obstructive apnoea and hypopnea even in asymp- 
tomatic subjects when used to induce hypnosis. 16 Leiter 
et al. 15 have found greater sensitivity to diazepam in older 
subjects, who showed a decrease in genioglossal EMG 
activity. Old age suggests higher sensitivity to sedative 
drugs, greater depression of upper airway neuromuscular 
mechanisms, that leads to complete obstruction. 

A decrease in SpO 2 during midazolam sedation with 
spinal anaesthesia is considered to be a result of central 
respiratory depression.2.3.5 Under profound sedation, how- 
ever, several factors such as central depression of the ven- 
tilation, a decrease in functional residual capacity (FRC), 
and upper airway obstruction, all contribute to the de- 
crease in SpO2. In our study, low levels of nasal CPAP 
resolved upper airway obstruction and snoring and re- 
stored SpO2 values to normal, which in turn suggests 
that the upper airway obstruction contributes to the oxy- 
gen desaturation. 

In conclusion, profound sedation induced by mida- 
zolam and pentazocine combined with spinal anaesthesia 
caused obstruction apnoea and/or snoring which were 
accompanied with decreases in arterial oxygen saturation. 
Low levels of nasal CPAP used to prevent upper airway 
obstruction was effective in the restoration of SpO2 sug- 
gesting that the critical effect of midazolam sedation on 
respiration is upper airway obstruction. 
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