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Abstract

Introduction: Ramped positioning during emergent endotracheal intubation has been associated with fewer
peri-intubation complications, including a decrease in difficult intubations, esophageal intubations,
pulmonary aspiration, and hypoxemia. However, the optimal bed angle and height for ramped position
intubation have not been determined. Our objective was to examine the effect bed angle and height in the
ramped position may have on laryngeal views during emergent intubation in the emergency department
(ED).

Materials and methods: We performed a secondary analysis of prospectively collected quality improvement
data on intubations from our ED. All adult medical intubations performed with ramped positioning in the ED
over a 24-month study period (September 1, 2020, through August 30, 2022) were eligible. We compared
laryngeal views using the percentage of glottic opening (POGO) score between ramp angles (>30° and <30°
from horizontal) and bed heights (relative to the intubator, including xiphoid or above, umbilicus or below,
and between xiphoid and umbilicus).

Results: Of the 251 patients intubated during the study period, 201 were intubated in the supine position
and 50 in the ramped position. Data forms were completed for 25 patients intubated using ramped position
in the ED during the study period. The median ramp angle was 30° (interquartile range (IQR) 25, 40) with 16
(64%) subjects intubated at >30° and 9 (36%) subjects at <30°. The median POGO scores for bed angles >30°
and <30° were 95% (IQR 79, 100) and 90% (IQR 75, 100), respectively. Bed heights varied, with four (16%)
intubated at the xiphoid or above height, one (4%) at the umbilicus or below, and 20 (80%) between the
xiphoid and umbilicus. The median POGO scores at each position were 95% (IQR 76, 100), 0% (IQR 0, 0), and
95% (IQR 79, 100), respectively.

Conclusion: ED clinicians use a variety of bed angles and heights when intubating in the ramped position.
More robust investigations are necessary to determine the optimal bed angle and height for ramped position
intubation in the ED.

Categories: Emergency Medicine
Keywords: intubation in sitting position, patient position, airway management , emergency airway management,
ramped position, endotracheal intubation

Introduction

Peri-intubation adverse events in the emergency department (ED), including hypoxemia, are associated with
cardiac arrest [1]. The ramped position is a method of positioning patients during emergent endotracheal
intubation that may reduce peri-intubation adverse events [2]. The ramped position is performed by flexing
the patient at the hips about 20°-45° so that the upper body is raised above the legs [3]. By raising the upper
body, functional residual capacity is improved, facilitating ventilation and oxygenation [4-12]. However, the
optimal positioning during ramped intubation to achieve intubation success is unknown [3].

Varying bed angles and heights during ramped position intubation may explain conflicting evidence
regarding the effect of ramped position on intubation success in acute care settings [3]. While some studies
show improved intubation outcomes in the ED and non-operating room settings, other works have not
shown a benefit [2,13-17]. In particular, a randomized intensive care unit-based trial found the ramped
position reduced first-attempt success from 85.4% to 76.2% compared to the sniffing position (p = 0.02) [15].
However, none of these works explored the effect of varying bed angles and heights or their interaction
during ramped intubation.

Few studies examine differing bed angles or heights during ramped position intubation. In 144 operating
room patients intubated with video laryngoscopy in the ramped position and randomized to either the
umbilical or nipple bed heights, the umbilical bed height resulted in a shorter laryngoscopy time [18].
However, the bed angle was not measured [18]. Alternatively, increasing ramp angle was associated with
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increased first-attempt success among 231 ED intubations [13]. However, bed height was not measured [13].
Nevertheless, the relationship between bed angles and heights affected the percentage of glottic opening
(POGO) score, time to intubation, and the number of laryngoscopy attempts during 250 simulated direct
laryngoscopy intubations by emergency medicine residents and fourth-year medical students [3]. However,
the interaction between bed angles and heights during ramped intubation in the ED has not been examined.
Therefore, our objective was to study the interaction between bed angle and height on laryngeal views using
the POGO score during ED intubations in the ramped position. We hypothesized that higher angles (>30°)
and more extreme bed heights (umbilicus and below or xiphoid and above) would worsen reported POGO
scores.

Materials And Methods

We performed a secondary analysis of prospectively collected quality improvement data on intubations from
our ED. Intubating clinicians reported data through online and paper case report forms (Appendix). The
Allegheny Health Network (AHN) Institutional Review Board reviewed the protocol and determined that the
project did not meet the definition of human subject research (#000015120). All adult, non-trauma, non-
pregnant, first-attempt intubations performed in the ramped position from our single ED over a 24-month
study period (September 1, 2020, through August 30, 2022) were eligible. We recorded the patient's age,
weight, body habitus (obese or not as determined by the intubator), and sex, as well as intubator use of
direct versus video laryngoscopy. The a priori primary outcome was the POGO defined as the amount of
glottic opening vertically visualized by the intubator between the anterior commissure and the
interarytenoid notch. Independent variables included bed angle (>30° and <30° from horizontal) and bed
height (head of the bed at the intubator's xiphoid or above, umbilicus or below, and between xiphoid and
umbilicus). The bed angle was measured by the intubators using a protractor. The 30° cut-off was chosen as
it was used to define ramped intubation in a prior study showing the benefits of ramped position intubation
in non-operating room settings [2]. The umbilicus and xiphoid bed heights were chosen since prior
simulation work suggested that these heights may be optimal [3].

We present categorical variables as counts with percentages and continuous variables as medians with
interquartile ranges (IQR). Normality was determined by the Shapiro-Wilk test, and missingness for each
variable was reported. Analysis was performed with R version 4.2.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Of the 251 patients intubated during the study period, 201 were intubated in the supine position and 50 in
the ramped position. Paper case report forms, containing the bed angle and height data, were completed for
25 patients intubated using the ramped position in the ED during the study period. The mean age was 67
years (SD 13) (two cases missing), the mean weight was 79 kg (SD 24.6) (two cases missing), and 8 (32%)
subjects were obese. Intubators were post-graduate year one for five (20%) subjects, two for 11 (44%)
subjects, and three for seven (28%) subjects (two cases missing). Video laryngoscopy was used in 18 (72%)
cases.

The median ramp angle was 30° (IQR 25, 40) with 16 (64%) subjects intubated at >30° and nine (36%)
subjects at <30°. The median POGO scores for bed angles >30° and <30° were 95% (IQR 79, 100) and 90%
(IQR 75, 100), respectively (Table 7). Bed heights varied, with four (16%) intubated at the xiphoid or above
height, one (4%) at the umbilicus or below, and 20 (80%) between the xiphoid and umbilicus. The median
POGO scores at each position were 95% (IQR 76, 100), 0% (IQR 0, 0), and 95% (IQR 79, 100), respectively
(Table ). There was no correlation visually between bed angle or height and POGO on a scatterplot (Figure
1). Hypothesis testing was not performed due to the small number of subjects enrolled.
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Variable
Bed Angle
230° from Horizontal
<30° from Horizontal
Bed Height
Xiphoid or Above*
Between Xiphoid and Umbilicus*

Umbilicus or Below*

N (%)

16 (64%)

9 (36%)

4(16%)

20 (80%)

1 (4%)

POGO, Median (IQR)

95% (79, 100)

90% (75, 100)

95% (76, 100)

95% (79, 100)

0% (0, 0)

TABLE 1: Percentage of Glottic Opening at Various Bed Angles and Heights

*Bed heights were measured using the head of the bed and the anatomical reference points (i.e., xiphoidal and umbilicus) on the intubator.

POGO, percentage of glottic opening; IQR, interquartile range
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FIGURE 1: Scatterplot of Percentage of Glottic Opening Scores and
Ramped Intubation Bed Angles and Heights

Scatterplot of ramped intubation bed angles (x-axis) and percentage of glottic opening scores (y-axis) with bed

heights (shape and color).

Discussion

We studied a small number of ramped intubations; therefore, definitive conclusions cannot be drawn from
our data. Nevertheless, we did not observe a convincing correlation between bed angle or height and POGO
score, which differs from our prior work. In our prior study examining various bed angles (25° and 45°) with
bed heights (knee, mid-thigh, umbilicus, xiphoid, and nipple/intermammary fold) during 250 simulated
intubations performed by emergency medicine residents and fourth-year medical students with direct

laryngoscopy, several interactions between bed angle and height were observed [3]. For example, 25° yielded

greater POGO scores than 45° at the umbilicus bed height (difference 12% (95% confidence interval, 1, 23))
[3]. However, at the 45° bed angle, the umbilicus bed height had higher POGO scores compared to the
xiphoid (difference 20° (7-33)) [3]. Finally, at 25°, the nipple/intermammary fold bed height had more
laryngoscopy attempts compared to the xiphoid (0.48 (0.16 to 0.79)) [3].

The interaction between bed angle and height during ramped intubation in the acute care setting has not
been published elsewhere; however, bed angle alone has been published. For example, increasing ramp
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angles (in 5° increments) have been associated with first-attempt success (adjusted odds ratio 1.11 (95%
confidence interval, 1.01 to 1.24)) in a cohort of 231 ED intubations [13]. In contrast, upright vs. ramped
position was not associated with first-attempt success among 632 ED intubations after propensity score
matching (adjusted odds ratio 0.91 (95% confidence interval, 0.44, 1.9)) in a study examining video
laryngoscope blade shape in the setting of non-supine ED intubations [19]. The cause of this equipoise
between studies is unclear.

In our pilot study, we show that bed heights vary in addition to bed angles during ramped intubation in the
ED offering a mechanism for conflicting intubation outcomes between studies [2, 13-17]. This mechanism is
supported by a simulation study that suggests that there is an interaction between bed angles and heights
during ramped intubation [3]. Therefore, given the variation we observed, the interaction between bed
heights and angles during ramped intubation in the ED needs further investigation as it may explain the
equipoise between studies [2, 13-17].

Limitations

In addition to low enrollment, our study has some other limitations. It is an observational study from a
single center exposing the results to confounders and lack of generalizability. In addition, intubators
completed the data collection forms exposing the results to observer and recall biases. Furthermore,
intubator skill or experience with ramped position intubation was not measured, which may have
confounded the results. Finally, 72% of intubations were performed with video laryngoscopy, and our prior
work showed no difference in video POGO between any bed angle and height comparison [3]. Therefore, the
bed angle and height interaction during ramped position intubation may be affected by laryngoscope type.

Conclusions

The interaction between bed angle and height during ramped intubation in the ED and its effects on
laryngeal views remains unknown. However, a variety of bed angles and heights were used during ED ramped
position intubation. Bed angles around 30° and bed heights between the xiphoid and umbilicus were more
common. More robust investigations are necessary to determine the optimal bed angle and height for
ramped position intubation.

Appendices
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RAMPED POSITION DATA COLLECTION FORM

Instructions: ##*To be completed by the intubating clinician®**

- Confirm that the intubation meets inclusion/exclusion criteria below.
- Complete steps -3 before the intubation or immediately after if unable to do so before.
- Complete steps 4-6 immediately after the intubation.

Inclusion Criteria: Exclusion criteria:
- Emergency Department Endotracheal Intubation - Trauma
- The initial intubation of the case utilizing ramped - Obstetric/Pregnant
positioning - Pediatric
- Supine intubations (bed parallel with the ground)

1. Record the medical record number (MRN) and date of the intubation below:

MRN: Date:

2. Measure and record the initial bed angle below (Figure 1 to the right displays the bed angle, and figure 2 to
the right displays how to use the protractor on the back of this page):

Top of Figure 1
Mattress N

degrees

3. Place an *X” in the box ‘00" next to the initial bed height (the
body structure that approximated best with the top of the Anglc —
mattress) used during the intubation,

Railing e

Bed .~
| } : = Frame Fi 2
Xiphoid and above
F < ’ Mattress B¢

[0 Between
:|» / / Protractor

O Umbilicusandbelow  Angle -—‘_____\—\
:

Railing or” @

Figure 3
) . bed frame Epiglottis
4. Record the best percentage of glottic opening (POGO) slots -
obtained during the intubation (Figure 3). T "
% Vocal i
Cords i
5. Was the bed angle or height altered after the initial laryngoscopy attempt?
L g%
OYes [No Arytenoids ’

If yes, which was altered and how?

6. Did you use a head pad to aid in obtaining proper sniffing position? OYes [ONo

If Yes, did you use (ie. gel pad, towel, sheet, pillow, etc.)?

FIGURE 2: Paper Case Report Form

Figure 2 displays the paper case report form used to collect data on bed angle and height.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Allegheny Health
Network Institutional Review Board issued approval 000015120. The Allegheny Health Network IRB
determined that this project did not meet the criteria of human subjects research (FWA: 000015120). The IRB
letter is available upon reasonable request from the corresponding author. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: This study was supported by the Lake Erie College of Osteopathic Medicine (LECOM) and the Lake Erie
Consortium for Osteopathic Medical Training (LECOMT) (Grant #]2020.10). Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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