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Does objective measurement of tracheal tube cuff pressures
minimise adverse effects and maintain accurate cuff
pressures? A systematic review and meta-analysis

C. A. Hockey*, A. A. J. van Zundertt, J. D. Paratz¥

Summary

Correct inflation pressures of the tracheal cuff are recommended to ensure adequate ventilation and prevent aspiration

and adverse events. However there are conflicting views on which measurement to employ. The aim of this review was to
examine whether adjustment of cuff pressure guided by objective measurement, compared with subjective measurement
or observation of the pressure value alone, was able to prevent patient-related adverse effects and maintain accurate cuff
pressures. A search of PubMed, Web of Science, Embase, CINAHL and ScienceDirect was conducted using keywords ‘cuff
pressure’ and ‘measure*’ and related synonyms. Included studies were randomised or pseudo-randomised controlled trials
investigating mechanically ventilated patients both in the intensive care unit and during surgery. Outcomes included adverse
effects and the comparison of pressure measurements. Pooled analyses were performed to calculate risk ratios, effect

sizes and 95% confidence intervals. Meta-analysis found preliminary evidence that adjustment of cuff pressure guided by
objective measurement as compared with subjective measurement or observation of the pressure value alone, has benefit
in preventing adverse effects. These included cough at two hours (odds ratio [OR] 0.42, confidence interval [Cl] 0.23 to 0.79,
P=0.007), hoarseness at 24 hours (OR 0.49, Cl 0.31 to 0.76, P <0.002), sore throat (OR 0.73, Cl 0.54 to 0.97, P <0.03), lesions
of the trachea and incidences of silent aspiration (P=0.001), as well as maintaining accurate cuff pressures (Hedges’ g 1.61, Cl
2.69 to 0.53, P=0.003). Subjective measurement to guide adjustment or observation of the pressure value alone may lead to
patient-related adverse effects and inaccuracies. It is recommended that an objective form of measurement be used.

Key Words: airway, intubation, tracheal, tracheostomy, intensive care

Many patients in the intensive care unit (ICU) or Routine cuff pressure measurement and adjustment to
operating theatre (OT) will require intubation with either keep the pressure within a recommended range has been
an endotracheal or tracheostomy tube. Cuff inflation claimed to be important in the prevention of adverse effects
is important to secure the tube position, to provide an to the intubated patient’> . However among the methods
adequate seal for ventilation and to prevent the aspiration utilised, there is much variability ranging from subjective
of gastric and oral secretions. Currently a range of 20 to 30 estimation techniques'®%, to more objective measures®2.
cmH O is regarded as safe; however out-of-range tracheal Despite this recommendation for routine measurement,
cuff pressures are common in patients with intratracheal cuff pressure monitoring is varied across sites, and recent
intubation®. Over-inflation of the cuff can potentially impair literature has shown that dedicated guidelines or protocols
tracheal mucosal blood flow?. This has been associated with and documentation are lacking®>?%.
tracheal injuries including mucosal inflammation, mucosal The objective of this systematic review was to examine
ischaemia, tracheal ulceration, stenosis, tracheo-oesophageal  whether adjustment of cuff pressure guided by objective
fistula, tracheomalacia and tracheal rupture®°. Conversely, measurement, as compared with subjective measurement or
under-inflation of the cuff is associated with inadequate observation of the pressure value alone, was able to prevent
ventilation and microaspiration®'**3, which may result in patient-related adverse effects in mechanically ventilated
ventilator-acquired complications including pneumonia®®. patients with an artificial airway. Secondarily, the review

compared the ability of the two forms of measurements to
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Hospital, Brisbane, Queensland target range between studies. Accurate cuff pressure was
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pressure guided by objective measurement, as compared
with subjective measurement or observation of the pressure
value alone, in mechanically ventilated patients in both
the intensive care unit (ICU) and in the operating theatre
(OT). Inclusion and exclusion criteria were determined and
are listed in Table 1. As it was anticipated there would not
be a large number of papers, it was decided a priori to
include all studies fulfilling the inclusion criteria, regardless
of the quality score. A protocol for this systematic review
was registered and published on the PROSPERO database
(42015016652). The PRISMA statement® was followed to
assure the quality of the reporting.

Search strategy

A comprehensive search strategy of the electronic
databases PubMed, Web of Science, Embase, CINAHL and
ScienceDirect was conducted. All databases were searched
from 1970 to March 2015. Only studies after 1970 were
reviewed to exclude older low volume, high pressure tracheal
and tracheostomy tubes, which were replaced with high

Table 1

Inclusion/exclusion criteria for review

Inclusion Exclusion

Case studies
Narrative reviews

Design Prospective randomised

controlled trials

Pseudo-randomised controlled  Guidelines

trials Audits

Systematic reviews Studies published
<1970

Studies other than in
English or French

Animal models
Intubated with a
laryngeal mask airway

Adults or children mechanically
ventilated with an artificial
airway (tracheal tube or
tracheostomy tube) including
during surgery and in the
intensive care unit

Participants

Comparison Comparing objective cuff Comparing two
pressure measurement and objective cuff pressure
adjustment to either no, or measurements
subjective measurement Comparing personnel
(based on human decision) ability to accurately
Comparing objective cuff inflate cuff
pressure measurement and Comparing continuous
adjustment to observation monitoring to single
of the pressure without objective measurement
adjustment

Outcome Primary

measures Associated adverse effects

including sore throat,
dysphagia, dysphonia, hoarse
voice, bleeding of the tracheal
mucosa, cough post-extubation
Rates of cuff over-inflation/
under-inflation

Rates of silent aspiration
Secondary

Cuff pressures within the
recommended range

volume, low pressure (HVLP) cuffs in the early 1970s. The
keywords or search terms were as follows: (‘cuff pressure’
OR ‘cuff volume’ ‘mechanically ventilated” OR ‘mechanical
ventilation” OR ‘ventilated patient” OR ventilat* OR intubat*
OR tracheostom* AND measure* OR record* OR monitor*
OR observe®* OR manage*). In addition we scanned
citations from articles sourced within the database search.
For the purpose of this review we defined cuff pressure
measurement as any objective measure such as using a
manometer/direct intracuff pressure gauge or pressure—
volume loop closure. Subjective cuff pressure included
estimation techniques such as pilot balloon palpation,
auscultation technique, and measuring but not adjusting
the cuff pressure within an appropriate range. Language
limits were set to English and French. Animal studies were
excluded.

Selection criteria

Studies selected for the meta-analysis were confined to
those investigating mechanically ventilated patients both
within the ICU and the OT with either an endotracheal
tube or tracheostomy tube. Primary outcomes were
associated adverse effects including self-reported sore
throat, hoarse voice, tracheal mucosal injury visualised
via fibreoptic bronchoscopy, and cough post-extubation at
various timepoints. Secondary outcomes of interest were
cuff pressures within the recommended range. In order to
calculate 95% confidence intervals (Cl) and effect sizes, the
studies were required to report means, standard deviations
and sample size or sample size and P-value. To calculate
odds ratios the studies were required to report numbers and
percentages. To assess eligibility, two independent assessors
(CH, JP) independently examined the titles and abstracts of
the studies and consulted in case of disagreement. Figure 1
illustrates the article selection process.

Assessment of methodological quality

The quality of the methodological features of the nine
studies were independently assessed and rated using the
Physiotherapy Evidence Database (PEDro) scale. Criteria
include specification of eligibility criteria (not scored),
random allocation, concealed allocation, baseline similarity,
therapist blinding, assessor blinding, measure of key
outcomes >85% of subjects, intention to treat, between-
group statistical comparison and point measures, and
measures of variability®2. Only criteria two to 11 are scored
in the PEDro scale. This is a reliable instrument for rating
quality of randomised controlled trials (RCTs)?*2*3, based on a
0-10 point scale where a score of six or more indicates a trial
of moderate to high quality. Following independent scoring
and assessment, both reviewers (CH, JP) then discussed
and verified the results. Consensus was achieved with open
discussion between the investigators. The quality scoring for
the included studies is shown in Table 2 (next page).
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Potentially relevant studies
Relevant studies identified
through other sources (n=1)

identified and screened for
retrieval through database
searching (n=1009)

Duplicates identified (n=485)

A 4

Records screened Studies excluded based on title

(n=525) >

and abstract

(n=501)

A 4

Studies excluded
Full text articles assessed for n=15
cligibility (n=24) No full text available?

Non randomised control trials®
Non-relevant topics e.g. comparing
two specific methods of cuff
pressure measurement®

A 4

Language other than English'
or French

A4

Studies included in review
(0=9)

Figure 1: Flow diagram outlining the selection of studies for the review.

Data Extraction and Analysis

Two reviewers (CH, JP) independently performed and
then cross-checked the data with regard to study design,
intervention, and outcome measures. To compare results
between trials, for continuous outcomes the unbiased
effect size estimators (Hedges’ g) with 95% confidence
intervals were calculated, using Comprehensive Meta-
analysis software. Dichotomous outcomes were expressed
as risk ratios with 95% confidence intervals. The data was
pooled using the fixed effects model, however where
heterogeneity was statistically significant (Q statistic P <0.01),
the data was reanalysed using the random effects model.
Meta-analysis was not possible for some outcomes due to
heterogeneity in the method of measurement and infrequent
outcome measures included in the studies. The data for
these outcomes was reported descriptively. A summary of
information is included in Tables 2 and 3, together with the
score for quality assessment.

Results

From 1009 papers identified, 985 were eliminated on
abstract review due to duplicate copies or meeting the a
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priori exclusion criteria (Figure 1). The 24 remaining studies
were full-text reviewed and excluded if they were non—
randomised controlled trials?>2%3*37 not available in English®,
full text not available***°or not on the actual topic?****. This
systematic review was based upon nine studies including
seven RCTs**! and two pseudo-randomised controlled trials
where interventions were compared but participants were
not randomly allocated to groups®*°2.

Demographics and setting

Specific details for selected studies are shown in Table 2.
Studies were in either adult tertiary intensive care settings
(2)°*%3, operating theatre (6)**°, both operating theatre and
intensive care setting®’, or intubated in medical wards (1)L
Mean age overall was 43 years (range 22—70). The ratio of
males to females was approximately 1:1 (Table 3). Intubation
time varied from 1.76 to 98.4 hours with the mean being
21.7 hours. Intubation time for ICU, OT and ICU, and ward
patients was longer (range 8-98.4 hours) compared to
intubation time in the OT (range 1.76—4.15 hours). The overall
number of subjects was 1077 (n ranging from 24 to 509).

Methodology

The control groups used a variety of subjective
measurement technigues and occasional objective
measurements but adjustments were not guided by frequent
objective measurement of pressures. The intervention
group had objective measurements, most commonly using
a manometer, and the pressures were either frequently or
continuously adjusted using this method.

Study quality and design

Most prospective randomised controlled trials were well
conducted but did not report the blinding of assessors®*®.
Faults noted in lower scoring papers were nonspecification
of eligibility criteria, lack of reporting of random allocation
or concealed allocation, inequality at baseline, or blinding of
assessors. As patients were heavily sedated or anaesthetised
at this stage they were assumed to be blinded. Quality
scores for the comparative studies are provided in Table 2.
All studies except one* were single-centre which decreases
external generalisability.

Summary of findings

Results are presented with Table 4 summarising the effect
sizes. Meta-analysis was performed for differences in cuff
pressures between groups (presented as a forest plot in
Figure 2), incidence of cough at two and 24 hours, incidence
of hoarseness at two and 24 hours, and incidence of sore
throat at 24 hours.

Cuff pressure measurement

Six studies recorded the difference in intra-cuff pressure
between the groups and a random effects model (i2 = 95.3,
P <0.001) found significantly lower cuff pressures in the
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Table 2

Physiotherapy Evidence Database (PEDro)** scores of reviewed studies

Study Random Concealed Baseline  Subject Therapist Assessor ~ Measure Intention  Between- Point Physio-
allocation allocation similarity  blinding blinding blinding of key to treat group measures  therapy
outcomes statistical and evidence
>85% of comparison measures database
subjects of score (/10)
variability

Almarakbi Vv \ v % X % \ v v 9

et al 2014°

Ansarietal Vv \ Y 3\ X 3\ 3\ Y v 9

2014%

Liu et al \ X v \ X \ ' v % 8

2010%

Morris et al X X X \ X \ \ v X 4

2007°?

Rubesetal Vv v X v X v \ \ v 8

201447

Ryu et al v Y \ v X v \ \ v 9

2013

Sajedietal Vv X v % X % \ v v 8

2002%°

Sridermma X X X 3\ X 3\ 3\ Y v 5

et al 2007°*

Zand et al X X X \ X \ ' v % 5

2008%

intervention group (Hedges’ g 1.61, confidence interval [Cl]
2.69 to 0.53, P=0.003) (Figure 2).

Cough, hoarseness

Random effects models found a significant effect for
incidence of cough at two hours (odds ratio [OR] 0.43, Cl
0.23 to 0.79, P=0.007) but not for 24 hours, (OR 0.80, Cl
0.33 to 1.99, P=0.64). Although two studies***® found no
difference between groups in hoarseness at two hours
postoperatively (OR 0.67, Cl 0.39 to 1.16, P=0.15), overall
there was a significant decrease in hoarseness at 24 hours in
the intervention group (OR 0.49, Cl 0.31 to 0.76, P <0.002).

Sore throat, pain and dysphagia

Three studies*®*®° found significantly increased incidence
of sore throat in the control group at 24 hours (OR 0.55, Cl
0.41 to 0.75, P=0.00). Another study established pain by the
visual analog scale (VAS) and found a significantly greater
score for pain at two and six hours but not at 24 hours®
(Table 4). One study investigated dysphagia at two and 24
hours and found no difference between groups® (Table 4).

Tracheal lesions

Of the two studies that looked for tracheal injury, Liu et al
(P=0.043)* and Sajedi et al (P <0.001)*° found an increased
incidence of tracheal injury in the control group. There
was also a higher incidence (P=0.002) of blood-streaked
expectoration in the control group? (Table 4).

Silent aspiration

A significant incidence of silent aspiration was found in the
intervention group (P <0.001) of one study*’ (Table 4).

Rates of over-inflation

One study>® examined rates of over-inflation (>25 cmH,0)
and severe over-inflation (>40 cmH,0) and found no
difference between groups (Table 4).

Intubation time and possible risk of bias

The majority of the studies***¥>° had intubation times of
approximately two hours, including all studies included in
the meta-analyses reporting pain, sore throat, hoarseness,
dysphagia and cough. The only outliers were Zand et al
(98 hours)>® and Rubes et al (50 hours)*’. Two studies*?
reported an approximate intubation time for both groups,
and one study®? did not report any time. Within studies,
times between groups were homogeneous, except in the
study by Rubes et al where there was a non-significant
difference between groups (P=0.038) (Table 3).

Discussion

This review provided preliminary evidence that adjustment
of cuff pressure guided by objective measurement, as
compared with subjective measurement or observation of
the pressure alone can prevent adverse effects including
hoarseness, sore throat, lesions of the trachea, and
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Study name Statistics for each study
Hedges' Standard Lower Upper
g error  Variance limit

Ryu et al (2013) 3119 0313 0.098 -3.731 -2506 -9.976
Zand et al (2008) -1.862  0.365 0133 -2578 -1.147 -5.105
Rubes et al (2014) -1495 0449 0202 -2375 -0614 -3.326
Anasari et al (2014) -2798 0426 0.181 -3.632 -1964 -6.574
Morris et al (2007) 0123  0.186 0035 -0.242 0488 0.660
Almarakbi et al (2014)  -0.673  0.204 0.042 -1.073 -0273 -3.299
Overall -1.613  0.352 0304 -2694 -0532 -2.925

Figure 2: Differences in cuff pressures between groups. Cl = confidence interval.

incidences of silent aspiration, as well as maintaining accurate
cuff pressures.

Multiple factors that contribute to patient-related adverse
effects have been implicated in the literature. These include
tracheal tube size, cuff position, type of tube, cuff contours,
multiple attempts at tracheal intubation, duration of
intubation, type of surgery, use of nasogastric tubes and,
throat packs, some forms of lubrications, and downfolding
of the epiglottis®**%. However the studies in this group were
relatively homogeneous as regards intubation times and type
of surgeries within groups. Other factors, while a source of
variability, should have been counteracted by randomisation.
However there is a need for larger studies with the analysis
adjusted for confounders.

Only one study reported dysphagia as an outcome and
found no difference between the two measurement groups
at either two or 24 hours. These results were similar to a
study of patients undergoing anterior cervical spine surgery,
where dysphagia was related to the duration of neck
retraction rather than cuff pressure®.

Sore throat is a common postoperative complaint following
tracheal intubation. Causative factors reported in the
literature include tracheal tube size®®, cuff design®, certain
lubricants containing local anaesthetic agents and steroids®?,
and high cuff pressures®. This review demonstrated a
significant decrease in reports of sore throat or pain,
suggesting a role of objective measurement. It is postulated
that over-inflation may cause an increase in the cuff-tracheal
contact area®?, and as such a larger area of damage to the
mucosa, due to ischaemia®®. The incidence of sore throat
has been shown to be relative to the area of cuff—tracheal
contact® with the literature suggesting that cuff-pressure
limitation may reduce the incidence of postoperative sore
throat®.

All adverse effects reported in the included studies were
within the first 24 hours post-extubation. Conclusions
therefore are unable to be drawn about any long-term effects
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that high cuff pressures may have.

All nine studies included in this review compared cuff
measurements between groups. Meta-analysis of six studies
demonstrated that objective cuff pressure measurement
has a significant role in maintaining a lower cuff pressure,
as compared to subjective techniques or observation of the
pressure value alone.

Of note, whilst most of the studies reported cuff pressures
as a direct comparison between the measurement groups,
few of them reported a direct comparison between adverse
events and targeted pressures. The one study that did look
at the incidences of cuff pressure measurements within
a recommended range, favoured the use of objective
measurement in maintaining accurate cuff pressures®?.
There was significant variability among the recommended
cuff pressure ranges within the studies included in this
review. This variability is reflected in the literature, where
there is no clear consensus of target cuff pressures®. It is
often recommended to be between 20 and 30 cmH_0****,
however benchtop studies have suggested that cuff pressures
may need to be much higher (up to 60 cmH,O) in order to
limit microaspiration®. The application of higher pressures
(>30 cmH,0) is of concern because of the risk of tracheal
injury resulting from the obstruction of bloodflow in the
tracheal mucosal wall?%®. These upper ranges have mostly
been informed by animal studies, which conclude that cuff
pressure monitoring is essential to avoid serious injury to the
trachea®*,

Tracheal cuff pressure tends to fluctuate with time.
Diffusion of nitrous oxide during anaesthesia into the cuff of
the tracheal tube results in an increase in cuff pressure
almost immediately®, whilst prolonged surgical procedures
(>4 hours) have been shown to result in significant variations
in cuff pressure®. Using intermittent monitoring, Sole et al®®7°
noted decreases in tracheal cuff pressure within four to 12
hours after adjustment of the pressure to 20 cmH,0. Similar
findings were noted when cuff pressure was monitored
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Table 4

Summary of results

Outcome Measure  Author Results (study Favours
vs. control)

Adverse effects

Rates of over- Morris et al 20/52 (38%) vs. NS

inflation 2007 24/63 (38%) P=0.99

Rates of severe Morris et al 21% vs. 17% P=0.83 NS

over-inflation 2007%

Dysphagia at 2 h Ryu et al 2013*® 39 (89) vs. 36 (82) NS
P=0.367
Dysphagia at 24 h Ryu et al 2013*® 31 (71) vs. 34 (77) NS
P=0.467

Pain 1 h after Ansari et al 3.9(1.5)vs. 5.3 (1.1)  Study

extubation (VAS) 2014% P=0.002 group

Pain 6 h after Ansari et al 3.1(1.5)vs. 4.5(1.3)  Study

extubation (VAS) 2014% P=0.002 group

Pain 24 h after Ansari et al 1.6 (1.2)vs.1.9(1.1) NS

extubation (VAS) 20144 P=0.4

Blood-streaked Liu et al 2010* 9% (4) vs. 30% (11) Study

expectoration P=0.002 group

Fibreoptic Liu et al 2010 P=0.043 Study

bronchoscopic group

examination

(degree of injury)

TMLS >0 Sajedi et al 28% vs. 77.5% Study
2002%° P <0.001 group

Intra-cuff

Measurements

Mean TT CP Liu et al 2010*  43+/-23.3 vs. 20+/- Study

difference in 3.1 P<0.001 group

study group after N =236 N =273

palpation vs.

adjustment (mmHg)

Mean CP in loose Sajedi et al 81+/-17 vs. 23.4+/-3  Study

control group 2002%° P <0.001 group

vs. set pressure N =40 N =40

(cmH,0)

Number of Sridermma et al 181 (90.5%) vs. 123 Study

measurements 2007°* (31.8%) P <0.001 group

within CP (95% Cl 2.44-3.32)

recommended N =20 N =39

range

Tracheal tube (TT), cuff pressure (CP), hours (h), visual analog scale (VAS),
tracheal mucosal lesion score (TMLS), non-significant (NS).

continuously*’*. Longer duration of intubation has been
associated with greater decreases in pressure over timel”?
and this is thought to be due to the cuff becoming less
compliant”. This change in pressures has implications for the

timing of measurements. A recent qualitative review of cuff
measurement practices found wide variability in frequency
ranging from four-hourly to once a day®. This variability was
reflected in this review with frequency of measurements
ranging from continuous measurement to once every one to
two days.

Two studies in the review reported on lesions of the
trachea. It is thought that high cuff pressures affect
perfusion of the tracheal mucosa, resulting in inflammation,
ischaemia, ulceration, stenosis, necrosis, and ultimately,
rupture of the tracheal mucosa’*’. Both studies directly
visualised the tracheal mucosa via fibreoptic bronchoscopy,
and reported mucosal injury. In addition Liu et al*® reported
incidences of blood-streaked expectoration as a measure
of tracheal damage. Both studies reported some degree
of mucosal injury to the trachea in both measurement
groups but found that the injury was more severe in the
non—objectively measured group. Post mortem specimens
of intubated patients have demonstrated extensive laryngeal
and tracheal epithelial damage occurring as a result of both
the intubation itself and the presence of the tracheal tube
with an intubation period as short as one hour’®’”’. Damage
was greatest in those patients who had been intubated
the longest’®. Intubation time in the studies included in
this review ranged from one hour to five days. The times
were homogeneous between the measurement groups in
all studies. There appeared to be no association between
length of intubation and reported adverse effects or tracheal
damage. All studies included in meta-analysis of these
outcomes came from the OT group and as such had relatively
short intubation times, meaning that no comparisons could
be made between the shorter intubation groups (OT) and the
patients requiring longer intubation times (longer cases in OT
and prolonged ICU and ward stays).

Only one study in the review looked at the incidence of
silent aspiration as a reported adverse effect. They found
objective cuff pressure measurement to be beneficial in
preventing silent aspiration. Similarly Nseir and colleagues”
demonstrated that continuous cuff pressure monitoring
was effective in reducing the risk of microaspiration and
subsequently ventilator-associated pneumonia (VAP).

Cuff pressure control to prevent microaspiration is often
included in the bundle of care to prevent VAP2#!, The results
from this review support the use of regular objective cuff
measurement as part of a VAP prevention strategy.

From the overall results of this review there is strong
evidence that adjustment of cuff pressure guided by objective
measurement as compared with subjective measurement
or observation of the pressure alone has beneficial effects
in maintaining accurate cuff pressures, despite the lack of
a clear consensus regarding a recommended cuff pressure
range. There does appear to be some moderate evidence
that objective measurement is beneficial in preventing
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cough, hoarseness, sore throat, lesions of the trachea, and
incidences of silent aspiration. The results clearly support
that cuff pressure adjustment be guided by use of an
objective device as it has a direct impact on patient-related
outcomes for the prevention of adverse effects.

This systematic review and meta-analysis has some
limitations, namely the small number of participants included
in the studies and heterogeneity of both methodology and
outcome measures. Initial criteria excluded comparison
of continuous or automated monitoring. These forms of
monitoring are becoming more common and need to be
investigated further. Generalisation of results may be limited
as most of the trials were conducted within a theatre, where
intubation time is shorter relative to stays in the ICU. This
review did not seek to outline the specifics of recommended
cuff pressure range, frequency of measurements or objective
device used. Further definitive studies are required to inform
the specifics associated with this practice.

Future trials should focus on specific measurable targets,
such as a recommended cuff pressure range, and be powered
for meaningful short- and long-term outcomes. It is important
to include a priori a more diverse population of intubated
patients in order to investigate which population of patients
receives most benefit from cuff pressure measurement.

This review has found preliminary evidence that adjustment
of cuff pressure guided by objective measurement as
compared with subjective measurement or observation of
the pressure alone, can prevent adverse effects including
hoarseness, sore throat, lesions of the trachea and incidences
of silent aspiration, as well as maintaining accurate cuff
pressures.

Conclusion

Adjustment of cuff pressures guided by subjective
measurement, or observation of the pressure value alone,
may lead to patient-related adverse effects and inaccurate
cuff pressures. It is recommended that an objective device be
used.
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