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Background: Direct laryngoscopy and successful endotracheal intubation require optimal illumination of laryngeal structures.
The International Organization of Standardization (ISO) describes minimum adequate laryngoscope illuminance as 500 lux after
10 minutes, and further describes optimal dimensions of the illumination field. Laryngoscope light is subjectively assessed by
the anaesthetist as part of theatre preparation. This study sought to describe the illumination of laryngoscopes at two academic
hospitals, to compare illumination of incandescent and fibreoptic laryngoscopes and to compare the accuracy of a mobile phone
application (app) to a lux meter.

Methods: A prospective, contextual, descriptive study was conducted, testing the illumination of 43 laryngoscopes with a lux
meter, as well as a mobile phone app. The illumination field size of each laryngoscope was determined.

Results: ISO Standard for illumination was met by 8 (18.6%) laryngoscopes, and 11 (25.5%) had an adequate illumination field.
Only 4 (9.3%) laryngoscopes met both criteria. The mobile phone app readings were significantly different from those obtained
with a lux meter (p = 0.0008). After battery replacement 23 further laryngoscopes demonstrated an adequate illuminance. No
significant difference was found between incandescent and fibreoptic laryngoscope illuminance (p = 0.86).

Conclusion: This study demonstrated that the available laryngoscopes had poor illuminance. A mobile phone app was
not comparable to a lux meter. Routine objective illuminance testing as well as regular battery changes are suggested to be

implemented.
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Introduction

Direct laryngoscopy allows for inspection of airway structures,
removal of foreign bodies, and intubation of the airway. Despite
the availability of sophisticated equipment such as video
laryngoscopes and flexible fibreoptics, the rigid laryngoscope
remains the gold standard for direct laryngoscopy due to its
simple design and ease of use.

A laryngoscope is required to produce adequate illuminance
of the airway structures. A functioning laryngoscope is listed
in the South African Society of Anaesthesiologists (SASA)
Airway Guidelines' as essential as part of the minimum safety
requirements. The SASA Practice Guidelines of 20132 stipulate
that the anaesthetist should check all such theatre equipment.
Studies previously conducted have shown that the light
produced may be of varying intensity and that the laryngoscopes
functionality may not always be reliable.>®

The two most common lighting mechanisms of laryngoscopes
are the “bulb-on-blade” or incandescent type, and the “bulb-
in-handle” or fibreoptic type. The light source or bulb of an
incandescent laryngoscope is mounted on the blade of the
laryngoscope. In contrast, the light source of a fibreoptic
laryngoscope is encased within the handle, and is conducted to
the distal portion of the blade by a glass or plastic fibre bundle.?
Studies have demonstrated the superior illuminance of the
fibreoptic laryngoscopes when compared to the incandescent
type.478

Illuminance is the amount of light falling on a particular object,
measured in lumens per square meter, or lux. Factors have been
identified which influence the illuminance of laryngoscope light,
and include the lighting mechanism (incandescent or fibreoptic),
wear and tear of components due to repetitive cleaning and the
battery life as well as type of battery used.® In addition, a study
by Levitan et al> showed that, with regards to incandescent
laryngoscopes, the distance between the bulb and the tip of
the laryngoscope blade will affect the illuminance of the airway
structures. Macintosh, the inventor of the curved blade, did not
stipulate the actual angle or dimensions of the blade, as he felt
they were not of primary importance in direct laryngoscopy.'®
Hence, although named “Macintosh” laryngoscope blades,
the size of the flange, blade curve and bulb placement vary
according to manufacturer, and are usually titled by country
of origin, namely “American, English or German” Levitan et al.>
noted the superiority of the shorter distance between bulb and
blade tip of the German blade in comparison to a longer distance
of the American blades.

In the clinical setting the illuminance of a laryngoscope is
subjectively assessed by the user. The International Standard
Organisation (ISO) Standard 7376:2009" requires a more
sophisticated measurement using a lux meter. The Standard
specifies a minimum illuminance of 500 lux for at least
10 minutes. In comparison, the ambient indoor lighting is
between 150 to 500 lux, and light in operating theatres is
typically about 1000 lux.'? The Standard further describes the
required dimensions of the field of light distributed by the
laryngoscope. The ISO Standard 7376:2009 is in the process of
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Figure 1: Graphic representation of illumination field and required dimensions

being updated, with more detailed instructions on demarcating
the illuminance field described in the draft version.’> A study by
Murphy et al.” of 691 laryngoscopes found that 28% did not meet
the minimum required 500 lux at 10 minutes. Baker et al."* found
in their study that only 11% of laryngoscope illuminance audited
exceeded 500 lux, and none complied with the dimensions of
the illumination field.

With advances in technology and mobile phone applications
(apps) the users may have access to sophisticated equipment in
their pockets. There are mobile phone lux meter apps available
that make use of the mobile phone camera lens as the light
sensor. However, not all are accredited. The company DIAL, which
produces lux meter devices, conducted a study of various free
lux meter apps available in comparison to one of their standard
lux meter devices. Their findings showed that the lux meter
app readings were variable, and were not consistent with those
taken by the lux meter.® In contrast, a study by Machado et al.¢
measuring illuminance of laryngoscopes using an app and a lux
meter showed that the app was as accurate as a lux meter. The
authors describe the type of phone used in the study (Motorola®
Moto G XT1068), but not the android app chosen, or if any other

accessories were required.

No South African studies were identified that described the
illuminance of laryngoscope light. A study was undertaken with
the aim to describe the illuminance of the laryngoscopes at
two hospitals affiliated to the Department of Anaesthesiology
at the University of the Witwatersrand (Wits), Charlotte Maxeke
Johannesburg Academic Hospital and Chris Hani Baragwanath
Academic Hospital. This study sought to describe the illumination
of laryngoscopes at two academic hospitals, to compare
illumination of incandescent and fibreoptic laryngoscopes and
to compare the accuracy of a mobile phone application (app) to
a lux meter.

Methodology

The research design was prospective, contextual and descriptive.
All 43 theatres in use were included in the study. A total of 43
laryngoscopes and size 3 blades were tested. A convenience
sampling method was used. The size 3 blade was chosen as
it is most frequently used. The Dr.Meter Digital llluminance/
Light Meter LX1330B was used. The manufacturer specifies an
accuracy of within 2%. This meter was chosen because it was the
most cost effective. An iPhone 7 was used. The app, Lux Camera
2.0, was selected as it was simple to use, free to download from
the South African app store and did not require the purchase of
extra accessories. It received a “fair’ rating on AppCrawlr.com,'¢
and was the only free app that had been rated. A portable dark
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box was constructed similarly to those in previous studies*® and
was used to minimise ambient light.

The illumination field was traced onto paper and measured
as shown in Figure 1 in accordance with the I1SO 7376:2009
Standard." The illumination field was either adequate (fulfilled
all criteria) or inadequate.

The 1SO 7376:2009 Standard' requires two sets of illuminance
measurements to be taken, the first as the laryngoscope is
initially assembled and the light is initially switched on, and the
second after the light has been lit for 10 minutes. The Standard is
met if an illuminance is initially of over 500 lux and is maintained
above that level for at least 10 minutes.

The first set of tests with the lux meter and mobile phone
app has been referred to as “Test 1”. A second set of data was
collected after the batteries of laryngoscopes, with illuminance
deemed to be inadequate, were replaced with new batteries.
This set of data is referred to as “Test 2". All replacement batteries
were new Duracell” alkaline 1.5V batteries, either size AA or C
(depending on the handle size). All old batteries were disposed
of responsibly. Figure 2 shows the process of how the data were
collected.

The data were entered onto a Microsoft Excel spreadsheet.
Descriptive and inferential statistics using STATA (StataCorp, USA)
and Graphpad Prism 7 (GraphPad Software, Inc, USA) were used

Only 11 (25.6%) laryngoscopes had initially acceptable lux
readings at 0 minutes, of these 3 (6.9%) were considered
inadequate as their readings of above 500 lux were not
maintained for 10 minutes. Eight (18.6%) laryngoscopes had
an illuminance of over 500 lux after 10 minutes. Three (6.9%)
laryngoscopes had adequate illuminance at 0 and 10 minutes
when tested with the app. The findings of Test 1 and Test 2 (with
new batteries) are shown in Figure 3. The results of testing with
the lux meter at 10 minutes are highlighted in Figure 3 as these
results comply with the ISO 7376:2009 Standard with regards to
illumination after 10 minutes tested with a lux meter.

Six of the 8 laryngoscopes that met the ISO Standard in Test 1
were matching Welch Allyn handle and blade pairs. Out of the 12
laryngoscopes that did not meet the ISO Standard after a battery
change in Test 2, 10 were mismatched handle and blade pairs.

The differences between the illuminance readings on the lux
meter compared to the mobile app were statistically significant
at 0 minutes (p =0.001) and 10 minutes (p = 0.008).

Of the 8 laryngoscopes that met the ISO Standard after 10
minutes, T wasincandescentand 7 were fibreoptic. The difference
between the illuminance of the 2 types of laryngoscopes was
found not to be statistically significant (p = 0.86).

Eleven (25.6%) laryngoscopes had an adequate illuminance field
in Test 1. Only 1 (2.3%) laryngoscope had readings of over 500

for analysis. A Wilcoxon signed-rank test was used to compare
data, with a p < 0.05 considered statistically significant. 43
Results Luxmeter I | App_
All 43 laryngoscopes were of the reusable type. Twenty-eight OT;M" _L - n;m Om;n‘r ,,10m3m
(65.1%) of the laryngoscope handle and blade pairs were (i;g;/:l) (liasg"e/:; (ng:ﬁg (;59:2
mismatched sets not from the same manufacturer, which could ~ [ e et Mo
possibly contribute to poor electrical contact between the parts & I'(‘; I‘; 7::‘ “I‘;':
and affect illumination. Thirteen (30.2%) laryngoscopes were 57.6-504.7 39.9-257.3 41-199 32-159
incandescent and 30 (69.7%) were fibreoptic.
The number of handles and blades made by various
manufacturers are shown in Table I. The majority were made 35 (81.4%) Failed—s Batterics changed, test repeated
by Welch Allyn®, those labelled as “other” included Intubrite®,
Sololite®, Vibgyor®, Rheister, Ultra®, Penlon®, Hi-care®, Gale Med®, S | Ti, s
Mdlunalite®, Rhein, EFF®, and Medicon. One blade, manufactured
by Intubrite, had 2 light bulbs; 1 light emitting diode type (LED) OmmJ —L L (L] <f T* 10 min
and 1 ultraviolet (UV) bulb. (652%) (652'3%) (3415%) (311;%)

passed passed passed passed
Fourteen (32.5%) handles were of the paediatric type (using ; Median Median 5463 Median Median
AA batteries), while the remaining 67% were the standard size = . il 3‘:::“ 3:;“
(housing size C batteries). The batteries were all alkaline and T S Lazeis2 831028
included 27 sets of Eveready®, 9 Energizer®, 5 Excell®, 1 Duracell®,
and 1 Super Power®. Figure 3: Results of Test 1 and Test 2
Table I: Manufacturers of blades and handles

Number (percentage)

Manufacturer Welch Allyn Heine Medisensor No name Hilbro Other
Handle 25(58) 0(0) 3(6.9) 4(9.3) 3(6.9) 8(18.6)
Blade 23 (53) 4(9.3) 1(2.3) 5(11.6) 0(0) 10 (23)
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lux for both the mobile phone app and the lux meter, as well
as having an adequate illuminance field. A further 15 (34.9%)
laryngoscopes’ illumination fields became adequate after the
batteries were changed in Test 2.

Discussion

The findings of this study were in keeping with previous
studies,>”'* as well as the clinical impression of poor
laryngoscope illuminance. Only 8 (18.6%) laryngoscopes of the
43 tested met the ISO Standard after 10 minutes. Compared to
theatre ambient and surgical light requirements, a minimum of
500 lux is seemingly low."

The importance of noting the manufacturer of the laryngoscope
handles and blades has been highlighted in previous
studies.® Although the length of the Macintosh size 3 blade is
standardised, the degree of the curve, the size of the flange,
and the placement of the light bulb/fibreoptic bundle do vary.
The latter is suggested to have an effect on the illuminance. The
majority of handles (58%) and blades (53%) in use in the two
hospitals were made by Welch Allyn, an American manufacturer.
It would be difficult to assess which manufacturer had the best
illuminance, considering that there were many single handle
and blade sets from different manufacturers. Mismatched pairs
of laryngoscope handles and blades may lead to poor electrical
contact and affect illumination. It is not known whether the
Welch Allyn laryngoscopes were purchased more recently, and
therefore had not yet been exposed to heavy use and cleaning.

All laryngoscopes tested were reusable. The methods of cleaning
and autoclaving of reusable handles and blades has been
previously shown to cause wear and tear and ultimately affect
their functioning."'® This study did not take into consideration
how the equipment was being cleaned, and it is not known
how long each handle and blade had been in use. It may be
considered that the laryngoscopes that did not meet criteria
after Test 2 were old. Faulty electrical connections, damaged
fibre bundles of the fibreoptic blades and exhausted light bulbs
are all possible causes of low illuminance,* which could be the
topic of a future study.

The Intubrite laryngoscope blade had two bulbs, one LED and
one UV. This laryngoscope passed the first test with an average
illuminance of 827 lux at 10 minutes. This illuminance was not
the highest of the study group, as one would assume. This may
be because it was paired with a handle from a different company
(Sololite), or perhaps the batteries may have been partially
depleted. No second test with new batteries was performed on
this particular laryngoscope, as it met the I1SO Standard in Test
1. The manufacturer of this particular blade specifies that the
quality of light produced allows for better tissue differentiation
and less glare, but not necessarily increased illumination.®

The reason for the required 10-minute time duration for
maintaining an illuminance of 500 lux is not specified in the ISO
Standard. It may be to ensure the adequacy of the illuminance in
a situation such as a difficult airway where the laryngoscope may

be left on for a longer duration. In Test 1, although 11 (25.6%)
laryngoscopes had adequate illuminance at 0 minutes, 3 (6.9%)
did not maintain adequate illuminance. A possible reason is
that the batteries were old and depleted. Test 2 showed that
23 laryngoscopes (65.7% of the repeated 35 tests) met the ISO
Standard after new batteries were inserted. A weakness of this
study is that the types of batteries were noted but were not
tested with a multimeter to determine their condition.

There was no significant difference found between the
illuminance of the incandescent or fibreoptic laryngoscopes (p =
0.86), which is in keeping with a study by Volsky et al.? In contrast,
Murphy et al.” found the fibreoptic illuminance to be superior
to the incandescent. None of the laryngoscopes in this study
were made with bulbs utilising xenon, which the authors of the
studies mentioned had found to be superior to incandescent
and fibreoptic. A Canadian study? found the incandescent light
source was superior to the fibreoptic. In their study, the 1SO
Standard was not used to determine illuminance. The authors
measured the exposure indices of the laryngoscopes and
converted their readings into lux by a complex calculation.

The mobile phone app was not found to be accurate when
compared to a lux meter. This is in keeping with a previous
comparison of various free apps to a lux meter,'® but is in contrast
to the study by Machado et al. The author specified that the app
used would have an accuracy of 80% in the range of 5 - 10 000
lux, but it is not mentioned which app was used, if the app was
purchased, and if any other accessories were required to ensure
accuracy.

Only 25.6% of laryngoscopes had an adequate illuminance field.
This may pose a problem in the case of a difficult airway, where
the glottic opening is not directly in front of the laryngoscope
blade tip. Potential damage to soft tissue and teeth could occur
if the anaesthetist were to repeatedly reposition a blade to bring
the glottis into a narrow illuminance field. A further 34.9% of
laryngoscopes demonstrated adequate illuminance fields after
the batteries were replaced, indicating the importance of using
non-depleted batteries.

During this study, if a laryngoscope was still found to have
inadequate illuminance after a battery change, the findings were
reported to the anaesthetist and anaesthetic nurse assigned to
the particular theatre. They were then responsible for reporting
faulty equipment and sending the laryngoscope for repairs. The
particular theatre could continue operating at the discretion
of the theatre staff. This may pose an ethical issue, as the staff
may have continued to use the laryngoscope on patients
despite the proven inadequacy of their equipment. There are,
however, no studies proving the relationship between adequate
laryngoscope lighting and successful intubation. It may have
been of value to have followed up the faulty laryngoscopes
sent for repairs, to determine the cause of their low illuminance,
and if they could be returned to circulation after repairs were
carried out.
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Of the laryngoscopes that were in use, 81.4% had inadequate
illuminance, and 74.4% had an inadequate illuminance field.
The improvements seen between Test 1 and Test 2 suggest that
more regular battery changes may improve illuminance. The
increased cost of the batteries is outweighed by the potential
improvement in conditions for direct laryngoscopy. Regular
audits of laryngoscope illuminance using a lux meter may
be of benefit in providing objective data that may be used as
motivation to replace older equipment. Furthermore, a cleaning
and repair register may be of value. An inexpensive, easy to use,
mobile phone app that is comparable to a lux meter was not
found by this study.

Conclusion

The anaesthetic complications of failed airway management
result in significant morbidity as well as mortality. An
anaesthetist should therefore have optimal tools available for
successful intubation, such as a laryngoscope with optimal
illumination. This study concludes that regular objective audits
of laryngoscope illuminance, frequent battery changing and
documentation of laryngoscope cleaning and sterilisation may
assist in improving the illuminance if the laryngoscopes in
use at CHBAH and CMJAH. A further consideration may be to
attempt to have matching handle and blade sets from a single
manufacturer available in theatre.
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