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Speed of reversal of midazolam-induced

esplratory depression by flumazenil — a study in

patlents undergoing upper G.1. endoscgpy
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Intravenous midazolam was glvcn w 17 pauems ccmmg w© uppcr G.[. endoscopy. All patens had an ear
oximeter and calibrated inducton plethvsmograph attached to record oxygen saturadon and minute volume

" continuously. Midazolam induced signiScant depression of respiradon. Following removal of the endoscope,

a new base line was obrained before giving intravenous umazenil in an attempt to reverse the sedadve and
vendlatory effects of midazolam. When 1.5 mg of flumazeail was given over 20 s, ‘ollowed by 0.1 mg every

minu.e, up t a total of 1.0 mg, all pacie:

ats were apparently awake in under 2 min. Although the flumazenil

had clearly reversed the sedative effecss of midazolam, the ventilatory effects were largely uninfluenced. The

implicadions are discussed.

Key words: Gastroscopy: reversal with lumazenil; sedative; ventilatory effect of midazolam.

Many studies have now shown that intravenous di-
azepam (1-9) and midazolam 10-12) in the doses
used for sedation prior to O.G.D. {oesophago-gastro-
duodenoscopyv) can cause significant hypoxaemia.
Even without intravenous benzodiazepine sedation,
some fall in oxygen saturaton is observed .during
O.GD. {1, 5, 7, 9, presumably as a result of the
endoscope partially occluding the patient’s upper air-
way. The fall in oxygen saturation at the time of
O.G.D. can be limited by: a: keeping the dose of
' *nzodiazepine to a minimum ‘1, 3, 7, 9); b- avoiding
-nultaneous use of narcotics, such as pethidine and
alfentenil {7); c) using a small diameter endoscope (7,

‘9%, and”"d)” having the procédure’ performed by an”~

experienced endoscopist (13).

Prevention of hypoxaemia at the time of O.G.D. is
not purely of academic interest since about 60%, of
the deaths following O.G.D. are cardio-pulmonary in
type {14-19) and thus ought in many instances to
be largely preventable. Whereas, anaesthetic related
deaths have dropped dramatically in the last 20 years

" as a result of better training of anaesthetists, and the
wider availability of safety and monitoring procedures
etc. (20), mortality following O.G.D. remains between

-1in 5000 and 1.in 10000 (2L). Most cardiac arrhyth-
mias during fibre optic gastroscopy- (2, 9, 22, 23) or
bronchoscopy (24-26) arc observed to occur at the
time of hypoxia. Although hypoxia during O.G.D. can

largely be prevented by using supplemenml ‘oxvgen’

delivered by nasal cannulae {27}, in practice very few
.

" pression was far from’impressive™

- endoscopists in the United Kingdom use supplemental

oxvgen (21},

Our concern was that the introduction in the United
Kingdom of fumazenil, the first specific benzodiaze-
pine antagonist, might paradoxically increase rather
than decrease endoscopicallv-related deaths and the
requency of major adverse events. We felt that some
endoscopists might largely ignore the possibility of
respiratory/cardio-vascular problems occurring with
intravenous benzodiazepines because they believed
thev had an effective antagonist available if problems
arose. It has been shown repeatedly that clinical obser-
vation is totally inadequate to detect the early warning
signs of respiratory depression” and ~hypoxia {2877
Therefore, we used a combination of an ear oximeter
and calibrated induction plethysmograph vest to study
the speed of reversal by flumazenil of midazolam-
induced respiratory depression following O.G.D. Our
results suggest that, although flumazenil rapidly and
effectively reversed the sedative effects of midazolam,
its effect on bcnzodlachme -induced respxratorv dc-

PATIENTS AND METHODS

[a all, we studied 17 patients bcxorc dunng and after O.G.D. The
method used has teen described in detail elsewhere {11), but bredy:
ai [n all patients oxygen saturation was continuously recorded using

" anear oximeter - Hewlett Packard Co. 472014, Sandiago, California}.

5 [n all padents a G.V.T. induction plethysmograph {P. K. Morgan
L:d., Chatham, Kenr) was used to record simultancousty depth and
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Fig. . Oxvgen saturation and chest movements continuously re-
corded using an ear oximeter and induction plethysmograpn respec-
tveiy. Following a titrated dose of intravenous midazolam {2.0 mg}
M.B.’s respiratory excursion was reduced from an estimated 3.1
l-min="t0 1.21- min~', two and a haif min after the start of injection.
The oxygen saturation dropped only slightly from 96, to 93°,.

rate of respiration. The instrument operates by detecting the change
in inductance of a coil wound into the vest worn by the patient.
¢} In ail patents the induction plethysmograph deflections were
calibrated against volume measurement made at the mouth using a
pneumortachograph and integrator (Si-Plan Electronics), so that a
value was obtained for minute ventilation at each stage in the pro-
cedure. Unfortunacely three of the_|7_patients were unable to co-
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Fig. 2. A continuation of Fig. I. Following intubation there was a
marked change in the recorded chest movements. This is thought to
represenc the patient’s respiratory efforts against a pardy occluded
upper airway. as a result of the presence of the endoscope. This type
of trace is reminiscent of thac obtained using similar equipment to
study sleep apnoea. Following removal of the endoscope, the respir-

acory pateern began to return to pre-intubation form. This patiend’s ._ . example), the patient’s depth and rate of respiration were markedly.

oxygen.saturation remained reasonably satisfactory throughout the
endoscopic procedure. 4
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._Fig. 3. A continuation of Fig. | and 2. Following removal of thd

endoscope, a new post-cadoscopy (pre-flumazenil) base line was
obtained, the esimated minute volume being 1.8 - min~' which was
stll significandy less than the pre-midazolam base line (Fig. 1) of
3.1 I min~". Following intravenous flumazenil the patient’s minute
volume gradually rose to its pre-midazolam level over a period of
approximately 8 min.

operate fully with the calibration of their plethysmograph vest and
were excluded {rom further analysis.

Informed consent was obtained from all patients and the study
was approved by the ethics committee of the Ipswich Hospital.

A lignocaine throac spray (4%,) was given to anaesthetise the back
of the throat. A steady “base line” recording of the padent’s oxygen
saturation was then obtained using the car oximeter. The inducgon
plethysmograph was calibrated using the pneumotachograph and
hence a “base line” value of the patient’s minute volume {litres per
minute, was-estimated.

The padents were sedated with intravenous midazolam using the
dose regime previously described (10, 11). The time over which the
drug was administered was marked on the paper recording following
ke intravenous midazolam; intubation was not attempted unal any
fall in oxvgen saturation and ventilation had stabilised and a new
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Fig. 4. Oxygen saturation and chest movements continuously re-
corded using ear oximeter and' inducdon plethysmograph respec-
.vely. As in Fig. |, following intravenous midazolam 5.0 mg in this

reduced. The associated fall in oxvgen saturation was very modes
from 96, to 92.5%, just prior to intubation. 3
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Tabie |
Mean =s.d. and individual mean volume L min=") results in 13

:--, total of 1.0 mg (F.0.6-F.1.0}. A final measurement of minute volume

Subject B PM BF F0.5 mg F.0.6 mg F0.7mg FO08mg FO0.9 mg = FlOmg Final

| 8.10 5.00 6.40 6.80 8.90 6.00 6.50 7.50 7.30
~Z_. .. .%80 280 320 ___ 290 _. 370,360, _ _ 270 ___370 . __ 370_.__
3. . %60 280 3.10.. 4.00 w= 2100 0240 - _300 . ..2.70 2.60--. .
C4 4.30 3.40 4.90 3.70 . 3.60 470 _ - 490 +.30 400

3TOTTTTTS0T TR RGOS0 TR < Seg TR40TTTTSI 0 T 530 s

3 5.80 410 - ~-4.60 5.60 . . - . . 440

7 4.50 2.20 2.00 1.70 2.00 2.30 2.20 . 2.40- 3.00

3 450 2.80 570 - 470 - —.560-— - 400 - -—--420 - - 3,70 .00 4.20

9 7.60 680 - 5.00 6.20 5.70 +.80 3.90 4.00 3.80 5.00

10 8.70 6.60 6.50 7.00 6.30 5.30 5.10. 9.20 6.10 5.00

1 15.10. B0 T 5.9 6.00 5.40 9.00 ° 7 7.00 6.30 6.40 9.50

12 8.70 7.80 7.50 6.90 11.20 10.20 8.50 7.50 6.10 5.30

13 +40 3.40 3.40 3.40 +20 3.90 4.20 420 +10 470

Mean 6.99 +.43 483 192 5.33 5.27 +.68 5.22 +70 5.20

sd. 3.09 1.82 1.58 1.69 2.30 2.66 1.80 2.00 157 2.09

nos. 6 and 7 are incomplete because of failure of the pen recorder at

saaeacs betore
voiumes tollowing removal of the endoscope, i.e. before Jumazenii 36
{F.0.5 mg). Further minute volume measurements were made every munute, as further fumazenil was administered at 0.1 mg: min~'
was then made | min later (Final). Unfortunateiy the data on subjects

the time intervais shown with an asterisk.

21

B! and after intravenous midazoiam - PM). Also Taute
dumazeni|
up w0

aad then | mua arter admunistering 0.3 mg of'intravenous

* Trace unsatisfactory for estimation of minute volume because of Ziiure of pen recorder.

Sase line was obtained. The time from the start of the injection of
the sedative to intubation of the patient was recorded. The lowest
vgen saturation obtained during this period (i.c. the “post injection
svvgen saturation”! was noted. The minuce volume over the 20-30
“ prior to intubation {i.e. the “post injection minute volume™) was
csiculated from the already calibrated induction plechysmograpn
recording.
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- Fig. 3. A condinuation of Fig. +. Foilowing passage of the endoscope.
the patient’s oxygen-saturation was seen to drop alarmingly to less
than 75097, presumably as a result of a) hypovendlation and b)
Partial obstruction of the upper airways by the endoscope. Following

. administration of supplemental oxygen via nasal cannulae at a rate—
of 4 l-min=', the patient’s oxygen level rapidly rose to over 909 in
less than 2 min. 5 L

given 2.0 mg of intraven

All intubadons of the upper oesophagus were carried out under
direct vision bv one of us‘G.D.B.}, and the oesophagus, stomach
and duodenum were examined in the usual way. Again, the lowest
oxygen saturaton obtained at any time between the insertion and
removal of the zastroscope was recorded. The relatively large diam-
eter Pentax 3¢ F.G.A. endoscope was used ia all patients. Minute
volume was not measured during endoscopy because any tendency
to cough or choke made measurement difficult, and because the
presence of the endoscope in the upper airways invalidated the re-
lationship established between changes of vendlation and plethysmo-
graphy.

Once che patient’s breathing had settled down following removal
of the endoscope, we estifnated the patieat’s minute volume from the
tracing - the zost-endoscopy minute volume. Fig. 1, 2 and 3 show
a typical trace. Following measurement of the new post-endoscopy
{i.e. before flumazenil) base line, intravenous lumazenil was adminis-
tered. In the drst pacient lumazenil was given as 0.2 mg over 20 s

and then a further 0.1 mg every | min undl a toral of 1.0 mg had deen

administered. A further 13 padents receivéd 0.3 myg of lumazenil over
20 s, followed 5y 0.1 mg every | min up © a ol of 1.0 mg. One
paticne (F.F.} had a double study. [n each case, the time it ook the
patient to wake up after receiving lumazenil was recorded on the
chart.

RESULTS
The results in the first patient, an 88-vear-old lady,
avenous midazolam and later re-
versed using flumazenil, are shown in Fig. 1-3. The
mean age of the 13 patients given 0.5 mg of flumazenil
followed by 0.1 mg at l-min intervals, was 63 vears
(range 31-80 years). There were seven female and-six
male patients. The mean +s.d. dose of intravenous
midazolam was 6.1 +2.2 mg (range 3-10 mg). On a
mg:kg~' body weight basis, this was 0.l +0.03
mg-kg~' (range 0.06-0.17 mg-kg~'}. As can be seen
from Table 1, the mean minute volume of 6.99 +3.09
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— R iiiedy ing the 0.5 mg of dumazenil, all pagents woke
| Oxrgen ot 05mg  Awaxe rapicly (mean 1.1 min, range 0.5~1.3 minj, bue (k3
e ¢ ! | l ) minute volume did ot change significantly ovcr"Eg
i - o - next 6 min (Table 1, Fig. 7). v R
Io- - —— The 13 patients’ oxygen saruration data are showy
- in Table 2 and Fig. 7. There was a small drop (P
§ 0.08) in oxygen saturation from a base line leve] of

94.7% +2.3 10 93.2% + 3.1. In only one patient (Fig?}
T g T T T T T e s e 67 did the oxygen level fall 16 potentially dafigeroys:

e s e e, levels during the endascopic procedure. No other pa3

Mg T T B “dent required Supplemental oxygen. g
byt T A Flumazenil had little effect on OXygen saturadons

_ ) - -~ ~ .._._.during the 6 min it was recorded (Table 2, Fig. 7). %

o pA ™ - - T - The intravenous flumazenil was well tolerated in au'i

17 8 . . o
Time n meutes cases. One subject kindly agreed to let us study him
Fig. 6. A condnuaton of Fig. + and 3. Following removal of the On a second occasion, without having an actual endos-
gastroscope, a new post-endoscopy {pre-flumazeail) base line of .5 copy fOUOMng midazolam. As can be seen from com-

| was obrained {Le. still less than half the pre-midazolam base line - paring Fig. 8 with Fig. 4 and 6, the midazolam-in-
see Fig. +). Following discontinuation of the supplementai oxygen, duced respirat d i, simil h

the oxvgen saturation again fell to 86%. Within | min of giving 0.3 uce‘f fespiratory cpres'ﬂlon was similar on the two
mg of flumazenil, the patient was awake. However, his respiratory  OCcasions. On both occasions he woke up promptly
rate and excursion increased much more slowly. [n contrast to the following flumazenil, but the midazolam-induced
rapid effect of supplemental oxygen on oxygen saturation seen in Fig. respiratory depression was slow to reverse.

3, the patienc’s oxygen sacuration remained below 90% for several :

minutes following intravenous fumazenil, despite his being appar-
endy wide awake. o .
DISCUSSION

This study confirms the finding in our previous larger
l-min~' fell significantly (P=0.002) following intra- studies (10-12} that intravenous midazolam in the
venous midazolam to +.48 = 1.82 | - min~! prior to the  doses used to sedate patients prior to endoscopy pro-
gastroscopy. Following removal of the gastroscope and  cedures produces respiratory depression and a signifi-
re-establishment of a _post-endoscopv before fluma- cant fall in both minute volume and oxygen saturadon.
zenil) base line, the minute volume was still significant- A recent study gave evidence to suggest that midazo-
ly depressed (P=0.01) at .83 = 1.38 I min~". Follow- lam in sedation dosage might significantly depress hy-

Table 2

Mean =5.d. and individual oxygen saturation results in 13 paueats before B} ana after intravenous midazolam PM;. Also oxygen saturadon
recorded foilowing removal of the endoscope, i.e. before Qumazenil (BF’ and then | min after administration of 0.5 mg of intravenous
flumazenil :F.0.5 urther 0Xygen saturation measurements were made every munute as tlumazenil was administered. ac 0.l mg-min~'.up. .-
to a total of I. {F0.6-F.1.0). A final measurement was made | min later Final). Unfortunately che dara on subjects nos. 6 and 12 are
incomplete because of failure of the pen recorder at the times indicated with aa asterisk. V

Subject B PM BF FO0.5mg  F0.6 mg FO0.7 mg F.0.8 mg F0.9mg FlOmg Final
i 93.0 88.0 93.0 93.0 93.0 93.0 95.0 . 9.0 95.0 95.0 -
2 96.0° 96.0 96.0 ©96.0 96.0 96.0 96.0 96.0 96.0 96.0
3 - 99.0 99.0 95.0 96.0 99.0 %89 . 970 97.0 97.0 97.0
4 95.0 “94.0 95.0 93.0 95.0 930 95.0 95.0 95.0 95.0 -
5 93.0 91.0 91.0 9.0 89.0 90.0 ~90.0 90.0 91.0 91.0
6. ie—m 920 930 87.0 870 L v e s 860 -
7 96.0 94.0 95.0 93.0 9.0 96.0 96.0 96.0 96.0 - 96.0 -
8 94.0 92.5 92.0 90.5 89.0 93 92.0 92.0 92.5 93.0 =
9 93.0 89.0 90.0 90.0 90.5 91.0 9L.0 9t.0 91.0 91.0
10 97.0 97.0 96.0 96.0 96.5 %5 96.0 9.0 960 __ 95 _ =
- = 960" 950" 97.0 T796.3 96.5 T%3 97.0 96.3 96.3 95.5 =
12 90.0 9L.0 87.5 86.5 87.0 90.0 . .o - 89.0
13 95.0 913 90.0 90.0 90.0 gl.0 91.0 91.0 91.0 91.0
Mean 94.7 93.2 92.7 92,3 93.1 ©93.7 94.3 94.1 94.3 93.2
I S 23 - 3.1 33 T35 7 T 39T T T a9 2.8 2.6 2.4 34 -

* Trace unsatisfactory for estimation of oxygen saturation because of failure of pen recorder.
.
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- A . ) ) i Fig. 8. Oxygen saturation and chest wall movements contnuously
Fig. 7. Q-‘wgcn sauradon and chest movements recorded continu- Sl using an car oximeter and induction plethysmograph
ously using an ear oxmeter and 1nducuon‘pl«?zhysmovgnph "SPEC respectively. Padent FF (see also Fig. 4-6) agreed t0 a repeat study
tveir. Oxygen saturation and estimated ventilation are nereexpressed 1, ohcerve the dect of fumazenil on midazolam-induced respiracory
as mean = standard deviation of base line in the 13 padents whose oo reciion, but without having a gastroscopy on this occasion. Again
g.-.x%xndunl d'jlm are shown in Tables l<a_nd 22 Note u:m the m;an a depression of munute volume and slight fall in oxygen saturation as 2
Fsumzucd minute volume was under 73% of base line following result of intravenous midazolam was observed. Following intravenous
imravenous midazolam. After co‘mplcnon of th_e gaswroscopy and  gymasenip the patient awoke within 2 min, bur the midazolam-
«mova} of [hf endoscope, di": estimated vtntllgqn was _sull.unfict induced dcprasion of his minute volume was slow to correct.
i3%; of base line. All 13 subjects were awake within 2 min of being
gven 0.5 mg of Qumazenil and then 0.1 mg-min~" up o a total of .
1.0 mg ‘as indicated by the individual * symbols). However, despite
Seing awake the midazolam-induced effect on vendladon was not assessment s not an 3dcqua[c mechod of dctecdng
soticeably reversed. even after 6 min observation. zarly respimrory depression and hypoxia - hence non-
invasive techniques such as oximetry should be much
more readiiy available 28). b) All elderlv and at-risk
padents should. be pre-oxygenated and given sup-
plemental oxvgen throughout the procedure (27). cj
Although intravenous flumazenil is a verv valuable
drug and should now be available on the emergency
drug trolley of all clinicians using intravenous benzodi-
azepines, is effect”on reversing midazolam-induced
ventilatory depression is slow in an emergency situ-
adon. Hencs if a patient goes blue and stops breathing
following intravenous benzodiazepine administration,
it is still of saramount importance to (i} give oxvgen,
{ij maintain'an adequate airwayand (iii} i necessarv,”
start C.P.R. j¢fore giving intravenous flumazenil. To
waste valuabie time drawing up and giving flumazenil
instead of arzending to the above simple fundamentals
may have serious and potentially fatal consequences.

poxic ventilatory drive in man (29). The authors re-
commended that oxygen saturation should be continu-
ously monitored in all patients who are sedated with
midazolam (29). We would agree with this-=12), par-
tcularly if a midazolam/narcotic combination is used
since oxygen saturation can fall alarmingly in this situ-
ation (23).

We swere surprised to observe that, although intra-
venous flumazenil rapidly reversed most of the sedative
etfect of midazolam, with all our patients apparently
wide awake within 2 min, the ventilatory depressant
effect of midazolam was little affected. Mora and col-
leagues (30) have recently studied the sedation and
ventilatory effects of midazolam at the time of colono-
scopy and its reversal with flumazenil. Interestingly,
again although the flumazenil effectively reversed the
sedative effects of midazolam, CO, responsiveness was - - -
actually decreased by flumazenil and remained so for REFERENCES
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