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Two endotracheal tubes (ETTs) are available for use 
in operative suites for intubation: the Parker Flex-Tip 
(PFT, Parker Medical) and the standard Mallinckrodt 
(Covidien). To the authors’ knowledge, no study has 
compared these 2 ETTs with each other when the 
anesthesia provider uses the GlideScope video laryn-
goscope (Verathon) for intubation. The purpose of the 
study was to determine if there are differences related 
to ease of intubation reported by anesthesia providers 
who use the PFT tube compared with the standard 
tube while using the GlideScope. The study was a ran-
domized block intervention design.

The sample consisted of 58 observed intubations 
in an operating room setting. Data analysis was com-

pleted with a 2-factor analysis of covariance using 
2 covariates. The PFT tube in suboptimal conditions 
demonstrated a significantly greater ease of intuba-
tion, as measured by decreased time for ETT insertion 
and greater ease of ETT insertion score. The number of 
redirections at the glottis to intubate the trachea once 
the glottis was visualized was not statistically differ-
ent. Based on the findings from this study, anesthesia 
providers may want to consider the use of the PFT 
tube when using the GlideScope to promote ease of 
intubation.

Keywords: GlideScope, intratracheal, Mallinckrodt 
endotracheal tube, Parker Flex-Tip endotracheal tube.
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I
n the United States, 20 million patients undergo gen-
eral anesthesia annually,1 and most will require an 
endotracheal tube (ETT). Anesthesia providers have 
difficulty intubating some patients. Fortunately, most 
patients who are difficult to intubate will not have 

serious complications. However, the most common cause 
of perioperative brain damage and death is associated 
with failed or difficult endotracheal intubation.2 Of 4,460 
closed claims of adverse anesthetic outcomes reviewed, 
6% of the claims were attributed to hypoxia and airway 
injury, generally resulting from difficult intubations.3

Several airway instruments have been designed to fa-
cilitate endotracheal intubation and to reduce the number 
of unsuccessful attempts.4-9 A semirigid video “intu-
boscope” (intubation endoscope, SensaScope), Bullard 
laryngoscope (Gyrus ACMI, Circon Corp), optical la-
ryngoscope (Airtraq, Prodol Meditec), and optical stylet 
(Shikani Optical Stylet, Clarus Medical) allow the anes-
thetist to obtain a better view of the airway structures vs 
using the traditional direct laryngoscopy. These airway 
management devices can also be helpful in suboptimal 
intubating conditions, such as not having optimal muscle 
relaxation.10 Compared with direct laryngoscopy, these 
devices also increase the anesthetist’s opportunity for 
successful intubation.6,8

The GlideScope video laryngoscope (Verathon) is used 

to visualize the airway structures while passing the ETT 
into the oral pharynx and through the glottis into the 
trachea. Compared with the standard direct laryngoscope 
and Macintosh blade, the GlideScope is associated with a 
better view of the glottis and a higher rate of successful 
intubation.9,11

Several types of ETTs have been developed and ap-
proved by the US Food and Drug Administration for 
intubation. Endotracheal tubes are manufactured with 
different types of materials, cuffs or uncuffed, tips, sizes, 
lengths, and preformed shapes. They are made of various 
materials, including flexible polyvinyl chloride plastic, 
flexometallic, silicone, silver-coated, and armored with 
metallic rings to prevent kinking. One standard ETT is 
the Mallinckrodt ETT (Covidien). A newer ETT available 
is a flexible-tip tracheal tube (Parker Flex-Tip [PFT], 
Parker Medical) (Figure 1). The PFT tube was designed 
to improve the ease of insertion into the trachea and 
reduce possible injury to airway structures during in-
tubations. The PFT tube has been used successfully in 
situations of failed intubations with standard ETTs.12,13

Additionally, a decrease in insertion time to intubate was 
observed with the PFT tube.14-17 However, none of these 
studies used the GlideScope or controlled for the intubat-
ing skills of the anesthesia providers.

The purpose of the study was to determine if there are 
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differences related to ease of intubation reported by an-
esthesia providers who use the PFT tube compared with 
the standard tube while using the GlideScope. The study 
examined whether there are differences when using the 
GlideScope in the following: (1) time for ETT insertion 
using the PFT tube vs the standard tube, (2) number of 
ETT redirections at the glottis to intubate the trachea 
once airway structures were visualized using the PFT 
tube vs the standard tube, and (3) ease of ETT insertion 
score using the PFT tube vs the standard tube (Table 1).

Materials and Methods 
• Study Design. After receiving institutional review board 
approval from the institution, a randomized block design 
was used to control for differences among anesthesia 
providers. The patients of each anesthesia provider were 
randomly assigned to either the PFT tube or standard 
tube for oral intubation, so that 50% of each anesthesia 
provider’s patients received the PFT tube and 50% the 
standard tube. The clinical trial was registered with the 
ClinicalTrials.gov registry (http://www.clinicaltrials.gov; 
identifier NCT01263873). 

The authors could find no prior information in the 
literature about the comparative ease of intubation 
between the standard tube and PFT tube when using the 
GlideScope for intubation. Ease of intubation is conceptu-
ally defined as being able to easily pass the ETT through 
the vocal cords (glottis) and into the trachea with the use 
of an intubating device, such as a laryngoscope.18 There 
were 3 approaches used to measure ease of intubation: 
time in seconds for ETT insertion, the number of ETT 
redirections at the glottis to intubate once airway struc-
tures were visualized, and an ease of ETT insertion score. 
A multimodal measurement approach was used because 
of the lack of clarity defining “ease of intubation.” Both 
time in seconds for ETT insertion and the number of ETT 
redirections at the glottis to intubate were obtained from 
video recordings made by the principal investigator (PI) 
using a handheld device with the lens positioned on the 
GlideScope screen. An ease of ETT insertion score was 
obtained by using a visual analog scale (VAS) and asking 
the anesthesia provider, following the intubation, to mark 
a vertical line on a 100-mm line on a sheet of paper, with 

anchors of 0 mm on the left indicating “easiest ETT inser-
tion” and 100 mm on the right, “hardest ETT insertion.”

The study took place in an 800-bed, urban academic 
medical center, where 100 to 120 surgeries are per-
formed daily. Patients were selected by convenience if 
they were scheduled to be intubated by an anesthesia 
provider participating in the study. Patients were eligible 
if they were at least 18 years of age or older, required 
a general anesthetic with an ETT, and were able to 
give informed consent by speaking and understanding 
English. Exclusion criteria included a history of difficult 
intubation, an ASA status of 4 or greater, use of rapid 
sequence intubation, and any reason why the GlideScope 
was not, or could not be used. Anesthesia providers were 
recruited if they had at least 1 year of clinical experi-
ence in their specialty and were experienced in the use 
of the GlideScope, defined as at least 10 uses in the past 
3 months. 

The number of patients needed was determined by 
using Lenth online power calculator, using the balanced 
analysis of variance (ANOVA) module and then the ran-
domized block submodule.19 The α was predetermined 
at .05, and power at 0.8. During planning stages of the 
study, 4 to 6 anesthesia providers were established as the 

Figure 1.  Comparison of the Tip Difference Between 
Mallinckrodt Standard Endotracheal Tube and Parker 
Flex-Tip Tube 
Abbreviations: ST, standard; PFT, Parker Flex-Tip.

Randomized     
block design (each  Type of ETT Ease of intubation Suboptimal intubating 
anesthesia provider) (independent variables)  (dependent variables) conditions (covariates)

Same number of PFT ETTs PFT tube Time in seconds for ETT insertion Lack of or no muscle relaxant

   Number of ETT redirections at  
  glottis to intubate trachea once  
  airway structures were visualized

Same number of Standard tube Ease of ETT insertion score Cormack-Lehane view of 2 
 standard ETTs   using VAS scale

Table 1.  Block Design, Independent and Dependent Variables, and Covariates
Abbreviations: ETT, endotracheal tube; PFT, Parker Flex-Tip; VAS, visual analog scale.
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minimum-maximum number of recruits; this number 
was thought to provide the opportunity to acquire a 
cross-section of anesthesia providers in this setting, while 
facilitating timely patient enrollment. The sample size was 
determined for detecting a difference of intubating time of 
3 seconds between the ETTs, and standard deviations of 4 
seconds and 1 second for random variation and anesthesia 
provider variation, respectively. A sample size of 60 pa-
tients was calculated, with 6 anesthesia providers doing 5 
intubations of each ETT, for a total of 10 intubations each. 

Demographic recording sheets for both patients and 
anesthesia providers were investigator designed. Table 2 
includes all demographic and procedural data collected 
by the PI. Muscle paralysis was recorded as either (1) 
paralyzed, defined as no muscle twitches, or (2) non-
paralyzed, defined as having any muscle twitches. Muscle 
twitches were measured using a nerve stimulator by 
administering train-of-four stimuli. The airway structure 
view from the GlideScope video screen was coded as a 
Cormack-Lehane (CL) view of 1 to 4. The CL grading 
was as follows: grade 1 view indicates visualization of the 
entire laryngeal aperture; grade 2 view, visualization of 
just the posterior portion of the laryngeal aperture; grade 
3 view, visualization of only the epiglottis; and grade 4 
view, visualization of the soft palate only.

Data about anesthesia providers’ characteristics were 
obtained via interview at enrollment. Anesthesia provider 
data recorded included years of experience and type of 
anesthesia provider: anesthesiologist, anesthesia assis-
tant, or Certified Registered Nurse Anesthetist. 

The PI was present on days when the participating 
anesthesia providers were likely to have multiple cases 
requiring intubation. The PI determined from the oper-
ating room schedule the patients who met the inclusion 
criteria. After obtaining informed consent, demographic 
and background data were recorded in the preoperative 
area (Table 2).

The randomization of type of ETT was done by using 
sealed envelopes. To achieve a balanced block design, the 
PI prepared, before data collection, 10 sealed envelopes 
with 5 of each ETT for each anesthesia provider. Once an 
eligible patient arrived in the operative suite, one of the 
anesthesia provider’s envelopes was selected at random 
and opened to determine which ETT would be used. 
Each envelope was used only once. The ETT was either 
a PFT tube or a standard Mallinckrodt tube. The sizes of 
the ETTs were either 7.0 mm for females or 8.0 mm for 
males. Regardless of ETT, all anesthesia providers used 
the GlideScope rigid stylet, and all ETTs were lubricated.

• Intubation. Immediately before the first intubation 
attempt, the patient’s head position, train-of-four twitch-
es, and induction medications were recorded (Table 
2). Next, the GlideScope blade (No. 3 blade for female 
patients and No. 4 for male patients) was positioned by 
the anesthesia provider for intubation, and the PI began 

video recording the GlideScope screen, continuing until 
the intubation was completed. The CL view was recorded 
from the GlideScope screen (Table 2). 

After the intubation was completed, the anesthesia 
provider marked the ease of ETT insertion score using 
the described VAS. The VAS score was calculated with 
the same tape measure throughout the study. Following 
completion of a day of data collection, the PI, using the 
video recordings from the GlideScope screen, timed the 
duration of ETT insertion in seconds. Time began when 
the optimal view was obtained with ETT in hand and 
stopped when the ETT was visualized passing through 
the glottis into the trachea. The video recordings were 
also viewed by the PI to count the number of ETT redi-
rections at the glottis to intubate the trachea. The number 
of ETT redirections was counted as zero if the ETT was 
placed into the glottis with a single motion through the 
trachea. If there were any ETT redirections at the glottis, 
the number of ETT redirections was counted until the 
ETT was placed into the glottis through the trachea.

• Data Collection and Analysis. Only 1 researcher 
collected data, to avoid interrater reliability challenges. 
To promote consistent data collection, the PI underwent 
training for use of data collection forms and used a 
practice GlideScope screen recording to measure time in 
seconds for ETT insertion and the number of ETT redi-
rections at the glottis to intubate the trachea. 

Statistical analysis was performed with Minitab version 
16.1.1 (Minitab Inc) and SAS version 9.1.3 (SAS Institute 
Inc.). Preliminary analyses were done to compare the 
characteristics of patients assigned to the 2 ETTs. Two-
sample t tests and 1-way ANOVAs were used when 
comparisons were for quantitative variables, and χ2 tests 
were used when comparisons were for categorical patient 
characteristics. Correlations among the 3 outcome vari-
ables were also computed to determine relationships. 
Further analysis was done to determine whether any 
of the patient characteristics were associated with the 3 
outcome variables. Correlation analyses and 2-sample t
tests were used for this purpose, depending on the type of 
patient variable. Characteristics found to be significantly 
related to the outcome variables were included as covari-
ates in the primary analysis. For the primary analysis, a 
2-factor analysis of covariance (ANCOVA), general linear 
model approach was used, comparing the 2 ETTs on each 
outcome variable while controlling for anesthesia provider 
differences and adjusting for the effects of key covariates. 

Results 
• Anesthesia Providers. The initial plan was to have 60 
patients, 10 for each of 6 anesthesia providers, where 
the PFT tube would be used for 5 of the patients of each 
anesthesia provider and the standard tube would be used 
for the other 5 patients. However, in the course of carry-
ing out the study, it turned out that some of the selected 
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anesthesia providers were unable to complete the desired 
number of intubations during the timeframe allotted for 
this study. One of the anesthesia providers completed 
intubations for only 2 patients; data for that anesthesia 

provider were considered insufficient and, therefore, ex-
cluded from the analysis, leaving 5 providers. Three other 
anesthesia providers completed only 6 intubations each. 

To compensate for the decrease in the number of 

Table 2.  Description of Demographic, Background, and Procedural Dataa 
a Data are given as mean ± SD or number of cases unless otherwise indicated. 
b Significance: P < .05
c Head position: 1 indicates use of only a “donut” (donut-shaped pillow); 2, donut plus 1 blanket; 3, donut plus 2 blankets; and 4, 
nothing for head elevation. 
d Dental status: 1 indicates missing front teeth; 2, missing lower teeth; 3, missing both top and bottom teeth; and 4, none of the above. 
Abbreviation: OELM, outer external laryngeal maneuver.

 Standard ETT Parker Flex-Tip ETT 
Characteristic (n = 29) (n = 29) P valueb

Gender (F/M) 15/14 18/11 .43

Age (y) 51.3 ± 19.0 55.2 ± 14.5 .39

Weight (kg) 82.0 ± 22.6 79.6 ± 20.2 .67

Height (cm) 167.6 ± 9.8 169.2 ± 9.7 .54

Thyromental distance (cm) 5.8 ± 0.9 5.7 ± 0.8 .48

Neck circumference (cm) 38.6 ± 5.0 38.2 ± 5.0 .79

Midazolam (mg) 2.6 ± 1.3 2.4 ± 1.4 .51

Fentanyl (µg) 82.1 ± 36.6 97.4 ± 46.5 .17

Lidocaine (mg) 91.5 ± 18.1 88.8 ± 16.8 .58

Propofol (mg)  161.0 ± 28.2 158.2 ± 40.2  .76

Rocuronium (mg) 51.3 ± 13.6 51.3 ± 14.6 .99

ASA class   .54 
 1 3 3
 2 15 11
 3 11 15 

Mallampati score   .79
 1  15 16
 2 14 13

Neck mobility   >.99
 1 (full range) 28 29
 2 (decreased range) 1 0

Muscle paralysis   >.99
 1 (no twitches) 25 25
 2 (any twitches) 4 4

Cormack-Lehane view   >.99
 1 25 25
 2 4 4

Head positionc   .33
 1 7 7
 2 17 21
 3 3 1
 4 2 0

Dental statusd   .84
 1 3 4
 2 0 0
 3  3 2
 4 23 23

OELM   .39
 1 (used) 4 2
 2 (not used) 25 27
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intubations, additional patients were enrolled for the 2 
anesthesia providers who were more available. One of 
these anesthesia providers intubated 22 patients, and the 
other anesthesia provider had 18 intubations. Thus, data 
for 58 patients were included in the analysis. Despite the 
varying numbers of patients per anesthesia provider, 50% 
of the patients of each anesthesia provider were intubated 
with the PFF tube and 50% with the standard tube. The 
anesthesia providers consisted of 3 anesthesiologists, 1 
anesthesia assistant, and 1 Certified Registered Nurse 
Anesthetist. The anesthesia providers’ experience ranged 
from 5 to 28 years in practice.

• Patient Characteristics and Procedural Variables. 
Table 2 summarizes characteristics for the 29 patients 
who were intubated with a PFT tube and the 29 patients 
intubated with the standard tube. Patients receiving the 2 
ETTs were found to be similar in all characteristics, with 
no statistically significant differences at the .05 α levels. 

Patient characteristics and procedural variables were 
analyzed to determine if any of these were associated with 
the ease of intubation outcomes. Correlations between 
the outcomes and quantitative patient variables (Table 2) 
showed no significant relationships. Two-sample t tests 
were used to explore relationships between the outcome 
variables and dichotomous patient variables (Table 2). 
One-factor ANOVAs were used to check for relationships 
between the outcome variables and factors with multiple 
categories, such as ASA class, head position, and dental 
status. With the exceptions of muscle paralysis and CL 
view, none of the variables in Table 2 were significantly 
related to the outcome variables. When patients were 
grouped according to muscle paralysis, those without full 
paralysis had significantly higher (P = .02) times for in-
sertion and worse ease of ETT insertion scores (P = .001), 
based on 2-sample t tests. When patients were grouped 
by CL view, t tests showed significantly higher number of 
redirections at the glottis (P = .03) and worse ease of ETT 
insertion scores (P = .002). Because of these findings, the 
variables CL view and muscle paralysis were included as 
covariates in the subsequent analysis for comparing the 
2 types of ETTs. Interaction terms involving the type of 
ETT and both the CL view and muscle paralysis status 
were also included in the subsequent analysis, to consid-

er possible ETT differences for the suboptimal intubating 
conditions of CL view 2 and lack of muscle paralysis. 

Correlations among the 3 ease of intubation outcome 
variables were calculated to determine how these dif-
ferent measures of ease of intubating coincide with one 
another. A correlation of approximately r = 0.75 (P < 
.001) was found for each pair of outcome variables.

Descriptive statistics for the 3 outcome variables, 
when aggregated for the 5 anesthesia providers, show 
better results for the PFT tube compared with the stan-
dard tube (Table 3). Plots of the data (Figure 2) indicated 
considerable positive skewness for 2 of the variables: 
time for ETT insertion and the number of redirections 
needed. Log transformations provided some reduction in 
the skewness of these 2 variables; therefore, log values 
were used in subsequent analyses. 

• Analyses of Covariance. Separate 2-factor ANCOVA 
models were used to compare the 2 ETT types on each 
of the 3 ease of intubation outcome variables (Table 4). 
In each case, a general linear model approach was de-
ployed (SAS Proc GLM). Factors included in the models 
were the type of tube and anesthesia provider, as well as 
the categorical covariates CL view and the presence or 
absence of muscle paralysis. Also included in the models 
were the 3 terms representing potential interactions 
between the type of tube and anesthesia provider, type of 
tube and CL view, and type of tube and muscle paraly-
sis. The anesthesia provider was designated as a random 
effect in the analysis. 

For the outcome variable, time for ETT insertion, the 
2-factor ANCOVA showed significantly faster times for 
the PFT tube, compared with the standard tube (P = .005; 
Table 4). The analysis produced means of 8.2 seconds 
and 14.2 seconds for the PFT and standard tubes, respec-
tively, after adjusting for the anesthesia provider and the 
covariates. The anesthesia providers differed significantly 
(P < .001) with respect to time to intubate the trachea, 
and there was a significant (P = .03) interaction between 
the type of tube and CL view. The speed advantage of the 
PFT tube over the standard tube was more pronounced 
with a CL view of 2 (mean, 6.0 seconds vs 15.6 seconds) 
than with a CL view of 1 (11.0 seconds vs 13.0 seconds), 
as shown in Figure 3. 

Table 3.  Ease of Intubation Outcomes for Parker Flex-Tip and Standard Tubesa
a Data are given as mean ± SD and are aggregated over all 5 anesthesia providers.
b Redirections at glottis to intubate the trachea once airway structures were visualized.
c Using a visual analog scale from 0 mm, indicating easiest, to 100 mm, indicating hardest.
Abbreviation: ETT, endotracheal tube.

 Parker Flex-Tip ETT Standard ETT 
Outcome variables (n = 29) (n = 29)

Time for ETT insertion (s) 10.8 ± 7.6 12.7 ± 7.3

Number of redirectionsb 0.7 ± 1.4 1.3 ± 2.8

Ease of ETT insertion  scorec  12.7 ± 12.4 17.8 ± 19.9
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Figure 3.  Interaction Plots Comparing ETTs Using the 
GlideScope, by All Anesthesia Providers, for Time for 
Tube Insertion 
Abbreviations: ETT, endotracheal tube; Parker, Parker Flex-Tip; CL, 
Cormack-Lehane.

Figure 2.  Boxplots of Overall Descriptive Statisticsa
aData are aggregated over all 5 anesthesia providers. Asterisks 
indicate outliers data.
Abbreviations: ETT, endotracheal tube; Parker, Parker Flex-Tip; VAS, 
visual analog scale (0 mm = easiest, 100 mm = hardest).
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For ease of ETT insertion using the VAS by the anes-
thesia providers following each intubation, the 2-factor 
ANCOVA model also showed a significant difference 
between the 2 ETTs (P = .007; Table 4). After adjusting 
for anesthesia provider differences and covariates, the 
mean VAS scores were 15 mm for the PFT tube and 31 
mm for the standard tube. Patients without complete 
muscle paralysis had significantly higher difficulty scores 
than those with complete paralysis (P = .03). There was a 
significant (P = .002) interaction between the type of tube 
and CL view, such that the mean VAS scores were nearly 
equal for CL view of 1 (19 mm for the PFT tube vs 17 
mm for the standard tube), but considerably better ease 
of ETT insertion for the PFT tube for patients with a CL 
view of 2 (12-mm PFT tube vs 45-mm standard tube), as 
shown in Figure 4.

The 2-factor ANCOVA model did not show a sig-
nificant difference between the 2 ETTs with regard to the 
number of redirections at the glottis (P = .18; Table 4). 
The mean number of redirections was 0.6 for the PFT 
tube and 1.3 for the standard tube (Figure 5). Residual 
plots showed that this variable retained a skewed distri-
bution, despite the use of a log transformation. Thus, the 
normality assumption needed for the ANCOVA F tests 
did not hold. An alternative, more simplistic comparison 
of the 2 tube types based on redirections can be done by 
noting that only 28% (8 of 29) of the intubations made 
with the PFT tube required any redirections, compared 
with 59% (17 of 29) of the intubations performed with the 
standard tube requiring redirections. The difference was 
statistically significant (P = .02) according to the χ2 test. 

Discussion 
The anesthesia community continues to try to develop a 
perfect airway device that is easy to use and 100% suc-
cessful in intubating all patients. In this clinical trial, the 
purpose was to determine if there were differences related 
to ease of intubation when anesthesia providers use the 
PFT tube vs the standard tube concurrent with use of the 
GlideScope. Two of 3 outcome variables, time in seconds 
for ETT insertion, and ease of ETT insertion score, were 
significantly improved for the PFT tube compared with 
a standard tube. The use of the PFT tube while using the 

GlideScope reduced time for ETT insertion by 6 seconds, 
after adjusting for covariates, in this study of 58 patients. 

• Study Implications. Reduced ETT insertion times 
could reduce clinically important complications from 
intubation, such as decreasing the risk of aspiration or 
decreasing the risk of airway injury. An ETT that contrib-
utes to the ease of intubation may also improve intuba-
tion success. 

A CL view of 2 and inadequate amount of muscle pa-
ralysis may be considered factors that contribute to subop-
timal intubation conditions. Patients who pose a difficult, 
or potentially difficult intubation, usually have higher 
numbered CL views.20-22 In this study, the PFT tube 
showed an advantage over the standard tube in 2 of the 3 
outcome variables when the CL view was 2. The results 
of this study suggest suboptimal intubating conditions 
reduced ease of intubation for the standard tube. A clinical 
implication for this study is that the PFT tube improves 
ease of intubation during these suboptimal conditions. 

The anesthesia providers’ ease of ETT insertion score 
with suboptimal conditions for the PFT tube was 16 mm 
less than the standard tube. This value shows that the 
PFT tube was easier to insert by anesthesia providers’ 
opinion, especially when muscle relaxation was inade-
quate or when the glottis was not in full view when using 
the GlideScope. The anesthesia provider will more likely 
choose to use the PFT tube in situations where the task of 
intubation can become a challenge. Thus, the anesthesia 
provider could be more successful with his or her intuba-
tion and could provide more favorable outcomes for the 
patient. The PFT tube may build confidence and skill, 
decreasing delay or injury in suboptimal conditions. 

This study, by design, excluded patients with poten-
tially difficult intubation conditions. Generally, difficult 
intubations are characterized by a prolonged period of 
establishing the artificial airway, multiple attempts to 
establish an artificial airway, and anatomic features that 
make it difficult to visualize the vocal cords.23 Future 
studies should extend patient enrollment to patients 
assessed as having potentially difficult intubating condi-
tions, to determine the utility of the PFT tube in difficult 
conditions. Previous studies and reports12-17,24 have 
found that the PFT tube moves more easily through the 

Table 4.  Two-factor ANCOVA With 2 Covariates (Cormack-Lehane View and Muscle Paralysis)a 
a Data are given as adjusted mean ± standard error.
b Redirections at glottis to intubate the trachea once airway structures were visualized.
c Using a visual analog scale from 0 mm, indicating easiest, to 100 mm, indicating hardest. 
Abbreviations: ANCOVA, analysis of covariance; ETT, endotracheal tube.

  Standard ETT Parker Flex-Tip ETT 
Outcome variable (n = 29) (n = 29) P value

Time to intubate (s) 14.2 ± 1.1 8.2 ± 1.1 .005

Number of redirectionsb 1.3 ± 1.2 0.6 ± 1.2 .18

Ease of ETT insertion scorec 31.0 ± 4.0 15.1 ± 4.0 .007
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Figure 4.  Interaction Plots Comparing ETTs Using the 
GlideScope, by All Anesthesia Providers, for Ease of 
ETT Insertion Score Using VAS
Abbreviations: ETT, endotracheal tube; Parker, Parker Flex-Tip; VAS, 
visual analog score (0 mm = easiest; 100 mm = hardest); CL, 
Cormack-Lehane.

Figure 5.  Interaction Plots Comparing ETTs Using the 
GlideScope, by All Anesthesia Providers, for Number 
of ETT Redirections
Abbreviations: ETT, endotracheal tube; CL, Cormack-Lehane.
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airway anatomy and can reduce the difficulty of passing 
the ETT on airway structures, create less friction along 
airway anatomy, and have gentle skiing along the airway 
surface tissue. These characteristics of the PFT tube 
have led to a decrease in ETT insertion times in 4 prior 
studies.14-17 These findings are confirmed in the current 
study. Using the PFT tube in difficult intubation has been 
shown to be beneficial. Two case reports11,12 have dem-
onstrated successful intubation with the PFT tube after 
failed attempts with a standard tube. The results of this 
study, along with the case reports, support the use of the 
PFT tube in suboptimal conditions. 

The PFT tube might provide greater ease of intubation 
because the bevel of the PFT tube faces posteriorly with 
a 37-degree bevel. This physical structure of the PFT 
tube can provide the anesthesia provider with a better 
visualization of the airway structures. Also, the tip of the 
PFT tube is flexible while the tip of the standard is com-
paratively inflexible. This flexibility can allow the PFT to 
glide past airway structures with subsequent ease past the 
glottis and into the trachea. 

In this study, the 3 outcome variables that measured 
ease of intubation suggested that muscle relaxants con-
tribute to an easier intubation. When muscle twitches 
were observed (indicating no or reduced muscle relax-
ation), there was an increase in the amount of time for 
ETT insertion, more ETT redirections needed to intubate 
the trachea, and reduced ease of ETT insertion score by 
the anesthesia providers. When using muscle relaxants 
to achieve muscle paralysis for ETT insertion, the use of 
a nerve stimulator is essential to verify that the patient 
is optimally paralyzed for intubating the trachea. Muscle 
relaxation could affect the ease of intubation in this study 
regardless of the ETT used. 

The GlideScope was used in all patients to lessen the 
variability that would have been introduced by allowing 
direct and other video laryngoscopy devices. In a series 
of 728 patients, the intubation failure rate when using the 
GlideScope was 3.7%, despite the ability to obtain a CL 
view 1 or 2 in 99% of the cases.11 In the current study, 
no intubation attempts failed, and 100% of the CL views 
were 1 or 2, with 86% being CL view 1 (Table 2). 

For each ETT, few patients needed multiple redirec-
tions. The high fraction of cases for which no redirections 
were needed made this dependent variable highly discrete 
and skewed, with a preponderance of values of 0. Thus, 
the standard ANOVA approach, assuming a continu-
ous dependent variable, was unable to find a significant 
difference between the ETTs. However, only 28% (8 of 
29) of the intubations made with the PFT tube required 
any redirections, compared with 59% (17 of 29) of the 
intubations performed with the standard tube requiring 
redirections. These observations indicate a reduced po-
tential for glottis injury due to fewer ETT redirections at 
the glottis with the PFT tube. 

• Study Strengths and Limitations. An important 
strength of this study was the randomized block design. 
Such designs reduce experimental error and increase the 
reliability of comparisons of the treatments when the 
variability between the blocks is greater than the vari-
ability within the blocks.25 In this case the participating 
anesthesia providers did vary significantly with regard to 
each of the ease of intubation outcome variables.

This study also used multiple measures of ease of in-
tubation. Using multiple measures may help define this 
nebulous but common term in anesthetic practice and 
education. The strong positive correlations among the 
outcome variables showed some agreement among these 
measures. However, since these correlations were well 
below perfect agreement, future researchers are encour-
aged to use all 3 measures to capture “ease of intubation.” 
The 3 outcome measures used in this study should be 
evaluated in the difficult intubation populations to deter-
mine if the same correlations exist. 

Limitations of this study included an unblinded use of 
ETTs. Although the specific ETT for an intubation was 
randomized, the anesthesia provider was able to see the 
ETT immediately before use. To minimize operator bias, 
random assignment was predetermined for consecutive 
patients, only the PI viewed the assignment after patient 
enrollment, and both ETTs were available until the PI 
handed the ETT to the provider at the moment immedi-
ately preceding intubation. 

Summary
Anesthesia providers and educators are concerned about 
ease of intubation and reducing complications. This 
clinical trial supported greater ease of intubation with the 
PFT tube compared with the standard tube while using 
the GlideScope when ease of intubation was measured 
by the time in seconds for ETT insertion and a greater 
ease of ETT insertion score. However, the difference in 
ease of intubation as measured by the number of ETT 
redirections at the glottis to intubate was not statisti-
cally significant, even though only 28% (8 of 29) of the 
intubations made with the PFT tube required any redirec-
tions, compared with 59% (17 of 29) of the intubations 
performed with the standard tube requiring redirections. 
This clinical trial used a block design to control anesthe-
sia provider variation. The block design could be used in 
other types of studies that use multiple anesthesia pro-
viders to account for different skill sets from individual 
anesthesia providers. 

Future comparative studies for ETTs will benefit from 
enrolling patients who are anticipated to have difficulty in 
intubation or who are intubated in suboptimal conditions, 
such as cases that do not use muscle relaxants for intuba-
tion. A longer series of comparative data may also capture 
differences in failed intubations and complications from 
intubations. As a result of the findings from this study, 
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anesthesia providers may want to consider the use of the 
PFT tube while using the GlideScope to promote ease of 
intubation. 

REFERENCES 
1. Wachter RM. Understanding Patient Safety. New York, NY: McGraw-

Hill Lange; 2007. 

2. Henderson JJ, Popat MT, Latto IP, Pearce AC, for Difficult Airway 
Society. Difficult Airway Society guidelines for management of the 
unanticipated difficult intubation. Anaesthesia. 2004;59(7):675-694.

3. Domino KB, Posner KL, Caplan RA, Cheney FW. Airway injury dur-
ing anesthesia: a closed claims analysis. Anesthesiology. 1999;91(6): 
1703-1711.

4. Brain AI. Three cases of difficult intubation overcome by the laryngeal 
mask airway. Anaesthesia. 1985;40(4):353-355. 

5. Greif R, Kleine-Brueggeney M, Theiler L. Awake tracheal intubation 
using the SensaScope in 13 patients with an anticipated difficult air-
way. Anaesthesia. 2010;65(5):525-528.

6. Zamora JE, Nolan RL, Sharan S, Day AG. Evaluation of the Bullard, 
GlideScope, Viewmax, and Macintosh laryngoscopes using a cadaver 
model to simulate the difficult airway. J Clin Anesth. 2011;23(1):27-34.

7. Shukry M, Hanson RD, Koveleskie JR, Ramadhyani U. Management 
of the difficult pediatric airway with Shikani Optical Stylet. Pediatr 
Anesth. 2005;15(4):342-345.

8. Maharaj CH, Costello JF, Harte BH, Laffey JG. Evaluation of the 
Airtraq and Macintosh laryngoscopes in patients at increased risk for 
difficult tracheal intubation. Anaesthesia. 2008;63(2):182-188.

9. Jones M, Armstrong KP, Armstrong PM, et al. A comparison of  
GlideScope videolaryngoscopy to direct laryngoscopy for nasotra-
cheal intubation. Anesth Analg. 2008;107(1):144-148.

10. Sastry SG, Lemmens HJ. The intubating laryngeal mask airway: 
rocuronium improves endotracheal intubating conditions and success 
rate. J Clin Anesth. 2005;17(3):163-166.

11. Cooper RM, Pacey JA, Bishop MJ, McCluskey SA. Early clinical expe-
rience with a new videolaryngoscope (GlideScope) in 728 patients. 
Can J Anaesth. 2005;52(2):191-198.

12. Higueras J, Onrubia X, Sánchez de Merás A, Estruch M, Barberá M. 
Parker Flex-Tip tube for fibreoptic nasotracheal intubation in a case 
of lingual tonsil hypertrophy. Can J Anaesth. 2005;52(7):778-779.

13. Ohmura T, Suzuki A, Kurosawa A, Fujimoto K, Kunisawa T, Iwasaki 
H. Parker Flex-Tip Tube facilitates intubation when the Pentax-AWS 
fails to reach the larynx. J Anesth. 2010;24(6):974-975.

14. Gutierrez FA, Stene J, Schuler HG, Weigel W. A pilot study compar-
ing the ease of intubation over an Eschmann’s stylette and the Parker 
Vs. the Mallinckrodt endotracheal tubes [abstract]. Anesthesiology. 
2001;95:A595.

15. Kristensen MS. The Parker Flex-Tip tube versus a standard tube for 
fiberoptic orotracheal intubation: a randomized double-blind study. 
Anesthesiology. 2003;98(2):354-358. 

16. Suzuki A, Tampo A, Abe N, et al. The Parker Flex- Tip tracheal tube 

makes endotracheal intubation with the Bullard laryngoscope easier 
and faster. Eur J Anaesthesiol. 2008;25(1):43-47.

17. So M, Sobue K, Arima H, et al. Flexible, tapered-tip facilitates conven-
tional orotracheal intubation by novice intubators. J Anesth. 2006;20 
(4):344-347.

18. Dorsch AJ, Dorsch SE. Understanding Anesthesia Equipment. 5th ed. 
Philadelphia, PA: Wolters Kluwer/Lippincott Williams & Wilkins; 2008.

19. Lenth RV. Java applets for power and sample size. http://www. 
stat.uiowa.edu/~rlenth/Power. Accessed January 22, 2012. 

20. Kovacs G, Law JA, McCrossin C, Vu M, Leblanc D, Gao J. A com-
parison of a fiberoptic stylet and a bougie as adjuncts to direct 
laryngoscopy in a manikin-simulated difficult airway. Ann Emerg Med. 
2007;50(6):676-685.

21. Koyama Y, Inagawa G, Miyashita T, et al. Comparison of the Airway 
Scope, gum elastic bougie and fibreoptic bronchoscope in simulated 
difficult tracheal intubation: a manikin study. Anaesthesia. 2007;62 
(9):936-939.

22. Stackhouse RA, Infosino A. Airway management. In: Stoelting RK, 
Miller RD, eds. Basics of Anesthesia 5th ed. Philadelphia, PA: Churchill 
Livingstone; 2007:210-216.

23. Practice guidelines for management of the difficult airway: an 
updated report by the American Society of Anesthesiologists Task 
Force on Management of the Difficult Airway [published correction 
appears in Anesthesiology. 2004 Aug;101(2):565]. Anesthesiology. 
2003;98(5):1269-1277.

24. Ozaki M, Murashima K, Fukutome T. A less-traumatic way of light-
guided intubation with Parker Flex-Tip tube. J Anesth. 2005;19(2):185.

25. Rossi RJ. Applied Biostatistics for the Health Sciences. Hoboken, NJ: 
Wiley; 2009.

AUTHORS
Brian P. Radesic, CRNA, DNP, MSN, is associate director, Graduate Anes-
thesia Program, College of Nursing, University of Akron, Akron, Ohio. 
Email: radesic@uakron.edu.

Chris Winkelman, RN, PhD, is associate professor, Frances Payne Bolton 
School of Nursing, Case Western Reserve University, Cleveland, Ohio.

Richard Einsporn, PhD, is associate professor, University of Akron.

Jack Kless, CRNA, PhD, is a director of the Anesthesia Program,  
Frances Payne Bolton School of Nursing, Case Western Reserve University.

ACKNOWLEDGMENTS
I (BPR) want to thank Edwin Avery, MD, and Howard Nearman, MD, for 
their help in making data collection possible. Also, I want to thank all the 
anesthesia providers who participated in the study. Lastly, thank you to 
my family members for all their support. 

FINANCIAL DISCLOSURE
Parker Medical supplied the Parker Flex-Tip endotracheal tubes at no 
cost to the principal investigator. There are no other financial disclosures.




