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Background. The aim of this study was to evaluate the appropriateness of intubation depth

marks on the new Microcuff paediatric tracheal tube.

Methods.With local Institutional Ethics Committee approval and informed parental consent, we

included patients from birth (weighing>3 kg) to 16 yr who were undergoing general anaesthesia

requiring orotracheal intubation. Tracheal intubation was performed using direct laryngoscopy,

the intubation depth mark was placed between the vocal cords, and the tube was taped to the

lateral corner of the mouth. The distance between the tube tip and the tracheal carina was

assessed by flexible bronchoscopy with the patients in supine, and their head in neutral positions.

Tube sizes were selected according to the formula: internal diameter (ID; mm)=(age/4)+3.5 in

children>2 yr. In full-term newborns (>3 kg) to less than 1 yr ID 3.0 mm tubes were used and in

children from 1 to less than 2 yr ID 3.5 mm tubes were used. Endoscopic examination was

performed in 50 size ID 3.0 mm tubes, and in 25 tubes of each tube size from ID 3.5 to 7.0 mm.

Tracheal length and percentage of the trachea to which the tube tip was advancedwere calculated.

Results. 250 patients were studied (105 girls, 145 boys). The distance from the tube tip to the

carina ranged from 1.4 cm in a 2-month-old infant (ID 3.0 mm) to 7.7 cm in a 14-yr-old boy

(ID 7.0 mm). Mean tube insertion into the trachea was 53.2% (6.3) of tracheal length with a

minimum of 40% and a maximum of 67.6%.

Conclusions. The insertion depth marks of the new Microcuff paediatric tracheal tube allow

adequate placing of the tracheal tube with a cuff-free subglottic zone and without the risk for

endobronchial intubation in children from birth to adolescence.
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Correct insertion depth of tracheal tubes in children is essen-

tial to avoid accidental bronchial intubation, irritation of the

carina, and accidental extubation. The length of the trachea

in neonates and infants (39.4–60.5 mm) is short, leaving

little margin for error.1 Thus, intubation depth marks at

the tube tip have been introduced for optimal placement

of the tube tip in the mid-tracheal position.2

However, as reviewed recently by Goel and Lim, a large

disparity exists in the position and the presence of depth

marks, bands, and lines between different types of uncuffed

and cuffed tracheal tubes.3 Similarly, the lack of intubation

depth marks and inappropriately high positioned depth

marks in cuffed paediatric tubes have been reported.3–6 In

the latter, the tube tip will become positioned critically deep

in the trachea, when placed according to the depth marks.

Further, even with the upper cuff border positioned directly

below the vocal cords, a small margin of safety regarding

endobronchial intubation has been reported in cuffed pae-

diatric tubes because of long tube cuffs and Murphy eyes.7 If

placed with the tip in the mid-tracheal position, in many

tracheal tubes the cuff will lie within the larynx, again par-

ticularly in those with long cuffs and a Murphy eye.4

Recently, a new cuffed paediatric tracheal tube (Micro-

cuff Paediatric Tracheal Tube, Microcuff GmbH,

Weinheim, Germany) with a high volume-low pressure

cuff has been introduced. The thin-walled cuff is made
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from polyurethane, which is thought to improve sealing

characteristics, allowing shorter cuffs.8 The short cuff and

the avoidance of a Murphy eye allows appropriate intubation

depth with a cuff-free subglottic tube shaft.

The aim of the present study was to evaluate the approp-

riateness of the intubation depth marks in the new Microcuff

paediatric tracheal tube in a large population of patients

ranging from neonates to adolescence.

Methods

The intubation depth marks in the Microcuff paediatric tra-

cheal tube are based on tracheal dimensions published by

Griscom,1 9 potential tube tip displacement distances as

reported in the literature,10–13 and the formula described

by Motoyama for selection of cuffed tracheal tubes in chil-

dren aged >2 yr (internal diameter [ID, in mm]=[age in yr/

4]+3.5).14 For patients below 2 yr of age tubes were chosen

according to the recommendations of Steward and Khine,

respectively (Table 1).15 16

The depth marks are placed so that the tube tip can be

advanced to 60–65% of the shortest trachea of the related

age group (Table 1). This results in a safe margin for caudal

tube displacement during head flexion of at least 15 mm in a

neonate, and of 32 mm in a 14-yr-old child (smallest child

considered for an ID 7.0 mm tube) (Table 1).10 13 The short

cuff allows a cuff-free subglottic tube shaft (distance

between intubation depth mark and upper border of the

cuff) of 9 mm in a 3.0-mm ID tracheal tube and of

22 mm for a 7.0-mm ID tracheal tube.17 18 The semi-circular

glottic intubation depth mark, placed on the concave side of

the tube, is placed between the vocal cords during direct

laryngoscopy (Fig. 1). Four points proximal to the semi-

circular mark indicate the distance to it (in total 8 mm)

and are useful in adjusting the placement of a tube.

After obtaining local Institutional Ethics Committee

approval and informed parental consent, paediatric patients

from birth (weighing >3 kg) up to 16 yr of age undergoing

general anaesthesia requiring oro-tracheal intubation

were included in this study. Children with known airway

A B

Fig 1 (A) Microcuff paediatric tracheal tube with high volume-low pressure cuff, semi-circular intubation depth mark, cuff-free subglottic tube shaft.

(B) Glottic intubation depth mark placed between the vocal cords. The four points can be used to estimate the distance to the intubation depth mark in case

of an obstructed view to the vocal cords or correction of too deep tracheal tube insertion.

Table 1 Tube sizes and age-related anatomical and technical measures8 9

Internal

diameter

(mm)

Intended age

group (yr)

Cuff-free

subglottic

tube shaft

(mm)

Length of

cuff (mm)

Distance from

depth marking

to tube tip (mm)

Shortest (95% CI)

tracheal length in

the youngest child

of age group (mm)

Percentage of

tube tip

advancement

into trachea %

Distance from tube

tip to carina in the

shortest trachea

of age group (mm)

3 Newborns (>3 kg)

to <1 yr

9 10 24 39.4 60.9 15.4

3.5 1 to <2 yr 10 12 27 43 62.8 16.0

4 2 to <4 yr 12 12 30 46.6 64.4 16.6

4.5 4 to <6 yr 12 15 34 53.8 63.2 19.8

5 6 to <8 yr 16 15 39 61 63.9 22.0

5.5 8 to <10 yr 16 20 45 68.2 66.0 23.2

6 10 to <12 yr 18 20 50 75.4 66.3 25.4

6.5 12 to <14 yr 19 22 54 82.5 65.5 28.5

7 14 to <16 yr 22 22 58 89.7 64.7 31.7
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anomalies, expected or previous difficult intubation, and an

ASA physical status of more than III were excluded. Pre-

medication and induction of anaesthesia (inhalation or i.v.)

depended upon the patient’s medical condition and prefer-

ence. Monitoring included precordial stethoscope, pulse

oximetry, ECG, and non-invasive blood pressure

recording. After adequate mask ventilation was achieved,

a non-depolarizing neuromuscular blocking agent was admi-

nistered and anaesthesia was maintained with sevoflurane in

oxygen. The tracheal tube size was selected according to

Table 1. Tracheal intubation was performed by direct

laryngoscopy, the glottic intubation depth mark placed

between the vocal cords, and the tube taped at the right

corner of the mouth. The correct tube position was initially

confirmed by capnography and auscultation of the lungs.

Adequate size of the tracheal tube was tested by the presence

of air leakage at a maximum of 20 cm H2O airway pressure

with the cuff not inflated. If no air leakage was obtained, the

tube was exchanged. The cuff was inflated to prevent audible

air leakage with the cuff pressure not exceeding 20 cm H2O,

using a cuff manometer (Cuff Pressure Manometer,

Mallinckrodt, Athlone, Ireland). The correct position of

the intubation depth mark was confirmed by one of the

two investigators using direct laryngoscopy, and adjusted

if required. Subsequently, the distance from the tube tip to

the tracheal carina was assessed by means of flexible

video-endoscopy (Flexible Airway Endoscopes, Acutronic

Medical Systems, Baar, Switzerland) using the drawback

technique. A clip was placed on the fibrescope at the

level of the swivel adapter as the crest of the tracheal carina

was just visualized on the monitor. Then the endoscope was

drawn back until the proximal tube tip was visualized, and

the distance between the clip and the level of the swivel

adapter measured (Fig. 2).

Endoscopic examination was performed in 50 patients

receiving a 3.0 mm ID tube and in 25 patients receiving a

tube varying from ID 3.5 to 7.0 mm, with the patients in

supine and their head in a neutral position. Neutral position

of the head was defined as a vertical line from the external

ear channel to the superior orbital margin (ear-eye-line). In

addition, patient characteristics, tracheal tube insertion

depth at the lateral corner of the mouth, and minimal cuff

pressure required to seal the trachea were noted.

Statistical analysis

Data are presented as mean (SD) and/or median and range as

appropriate. Tracheal length (vocal cords to carina distance)

was calculated by adding the distance from depth mark to

tube tip to the measured distance from tube tip to carina. The

percentage of the trachea to which the tracheal tube tip was

advanced within the trachea was calculated. Linear and/or

logarithmic regression models were calculated for the rela-

tionship of the distance from the tube tip to the carina,

calculated tracheal length and tube insertion depth to age,

weight, and length. In patients >2 yr of age, the distances

from the tube tip to carina were compared with those derived

from standard formulae for oral tube insertion (insertion

depth [cm]=11.5+[age(yr)·0.5] and 12+[age(yr)·0.5],

respectively).19 95% confidence intervals (CI) were

Fig 2 Measurement of the distance from tube tip to carina is performed using the fibreoptic drawback technique: a clip is placed on the fibrescope at the level

of the swivel adapter as the crest of the carina is just visualized on the monitor (left). Then the endoscope is drawn back until the proximal tube tip (arrow) is

just visualized, and the distance between the clip and the level of the swivel adapter is measured (right).
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calculated for tracheal length and compared with those

reported from radiological examination.1 9

Results

250 patients (105 female, 145 male) were studied. Median

height percentile was 43.1% (IQR 11.9–72.9%)20 (Table 2).

In two patients the selected tube (ID 3.5 mm and ID 5.5 mm)

had to be replaced because of no air leakage at more than

20 cm H2O airway pressure (height and weight in both

patients below the third percentile).20 In the remaining

248 patients, sufficient tracheal sealing was achieved with

the cuff inflated to a pressure of <20 cm H2O (median 10 cm

H2O [4–18]). The distance from the tube tip to the tracheal

carina ranged from 1.4 cm in a 2-month-old infant to 7.7 cm

in a 14-yr-old boy (Table 3). Calculated tracheal length

ranged from 3.8 to 13.5 cm and demonstrated a good corre-

lation with age (r=0.923), height (r=0.926), and less so with

weight (r=0.890) (Fig. 4).

Mean tube tip advancement into the trachea was 53.2%

(SD 6.3) of the tracheal length, with a minimum of 40% in a

3.5-yr-old boy and a maximum of 67.6% in a 10-yr-old boy

(Table 3). Overall tube insertion depth from the lateral

corner of the mouth correlated well with age (insertion

[cm]=10.6+[age (yr)·0.5]; r=0.956), height (r=0.960), and

less so with weight (r=0.887) for all patients (Fig. 3). For

children >2 yr oral tube insertion depth (cm) corresponded

to 11.5+[age (yr)·0.5] (r=0.870).

With correction of the distances the from the tube tip

to the tracheal carina in children >2 yr according to an

oral tube insertion depth (cm) of 11.5+(age [yr]·0.5) or

12+(age [yr]·0.5), the cuffs would have become

placed within the larynx or even between the vocal cords

in 56 and 20 patients, respectively. Furthermore, with the

12+(age [yr]·0.5) formula, 10 tubes would have been

advanced below the margin of safety for caudal tube tip

displacement during head-neck flexion (Fig. 3).

Calculated 95% CIs for measured trachea length, and

those reported from radiological examination1 9 are pre-

sented in Table 4. Our data are comparable with those

reported by Griscom.1

Discussion

In this study, we evaluated the appropriateness of the intu-

bation depth marks of the new Microcuff paediatric tracheal

tube with regard to the distance from tube tip to the tracheal

carina, and with regard to the tracheal insertion depth. The

main finding was that the intubation depth marks provided a

safe margin regarding inadvertent endobronchial intubation

and were an improvement over a theoretical formula for oral

tube insertion depth (Fig. 3). The mean tube tip position

corresponded to a mid-tracheal position.

Intubation depth marks in paediatric tracheal tubes

were introduced for safe positioning of tracheal tubes,

particularly in the emergency situation when tracheal

Table 3 Endoscopically measured distance from tube tip to tracheal carina, calculated tracheal length, and percentage of the trachea to which the tube tip was

advanced. Data are mean (SD) [range]. (n=250 patients)

Tube size

ID (mm)

n Intended age

group (yr)

Distance from tube tip

to tracheal carina (cm)

Calculated tracheal

length (cm)

Percentage of the trachea to

which the tube tip is advanced

3 50 Birth to <1 2.3 (0.6) [1.4–3.5] 4.7 (0.6) [3.8–5.9] 51.5 (6.0) [40.7–63.2]

3.5 25 1 to <2 2.8 (0.6) [1.8–4.0] 5.5 (0.6) [4.5–6.7] 49.9 (5.8) [40.3–60.0]

4 25 2 to <4 3.1 (0.8) [2.0–4.5] 6.1 (0.8) [5.0–7.5] 49.7 (6.4) [40.0–60.0]

4.5 25 4 to <6 3.2 (0.8) [1.9–4.5] 6.6 (0.8) [5.3–7.9] 52.3 (6.7) [43.0–64.2]

5 25 6 to <8 3.3 (0.8) [2.0–4.7] 7.2 (0.8) [5.9–8.6] 54.4 (6.1) [45.3–66.1]

5.5 25 8 to <10 3.7 (0.8) [2.4–5.6] 8.2 (0.8) [6.9–10.1] 55.4 (5.1) [44.6–65.2]

6 25 10 to <12 3.9 (0.7) [2.4–5.5] 8.9 (0.7) [7.4–10.5] 56.4 (4.6) [47.6–67.6]

6.5 25 12 to <14 4.2 (1.0) [2.8–6.6] 9.6 (1.0) [8.2–12.0] 56.8 (5.7) [45.0–65.9]

7 25 14 to <16 5.2 (1.4) [2.8–7.7] 11.0 (1.4) [8.6–13.5] 53.6 (6.7) [43.0–67.4]

Table 2 Patient characteristics. Data are mean (SD) [range]. (n=250 patients)

Tube size

ID (mm)

n Intended age

group (yr)

Age (yr) Height (cm) Weight (kg)

3 50 Birth to <1 0.4 (0.3) [0.0–0.9] 62.1 (8.4) [48.0–84.0] 6.4 (2.1) [3.2–11.1]

3.5 25 1 to <2 1.5 (0.3) [1.1–1.9] 79.4 (5.4) [67.0–88.5] 10.5 (1.6) [7.7–14.6]

4 25 2 to <4 2.9 (0.6) [2.0–3.9] 93.9 (4.7) [87.5–102.0] 13.7 (2.1) [10.5–19.2]

4.5 25 4 to <6 4.8 (0.5) [4.0–5.9] 107.0 (6.6) [93.0–121.0] 17.1 (1.9) [12.5–20.0]

5 25 6 to <8 6.8 (0.6) [6.0–7.9] 122.0 (8.6) [104.0–139.5] 24.5 (5.6) [16.2–39.5]

5.5 25 8 to <10 9.0 (0.7) [8.0–9.8] 131.6 (8.6) [115.0–147.0] 27.0 (6.2) [18.6–45.5]

6 25 10 to <12 11.0 (0.6) [10.0–11.8] 144.3 (9.1) [125.0–163.0] 37.1 (8.6) [25.3–58.0]

6.5 25 12 to <14 12.9 (0.5) [12.0–13.9] 153.0 (6.4) [142.0–164.0] 42.3 (8.1) [31.0–65.7]

7 25 14 to <16 14.9 (0.8) [14.1–15.9] 163.1 (11.7) [132.0–187.0] 54.3 (12.9) [31.0–83.8]
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intubation often has to be performed by inexperienced

personnel. Correctly positioned intubation depth marks

on tubes should allow a cuff-free subglottic tube shaft,4–7 21

appropriate tracheal tube insertion depth to avoid

endobronchial intubation,22 and inadvertent extubation

during manipulation of the head.10–13 Unfortunately,

there are no British, European, or American standards

for tracheal tube markings23 24 and each manufacturer
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Fig 3 Fibrebronchoscopically measured tube tip to carina distances with indicated margin of safety for endobronchial intubation during head–neck flexion.

The thin line indicates caudal tube tip displacement in case of head–neck flexion (neonate 8 mm; adult patient 19 mm).10–13 (A) Tracheal tube tip position

above the tracheal carina based on intubation depth markings (n=250). (B and C) Formula-based corrected tube tip position above the carina in children aged

>2 yr (n=175). (B) Oral tube insertion depth (cm)=11.5+(age [yr]·0.5); (C) oral tube insertion depth (cm)=12.0+(age [yr]·0.5). Negative correction values

indicate a new cuff position in the subglottic area or even between the vocal cords.

Weiss et al.

84

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/94/1/80/379311 by guest on 04 April 2024



has its own intubation depth marks.3 4 25 Based on our

measurements, the intubation depth marks of the Microcuff

paediatric cuff tracheal tube guarantee a cuff-free subglot-

tic area, allow adequate placing of the tracheal tube and

minimize the risk of endobronchial intubation or accidental

extubation, even with caudal and cranial tube tip displace-

ment because of head–neck flexion and extension

(Fig. 3).10–13
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Fig 4 Linear/logarithmic regression plots for the comparison of tube insertion depth at the lateral corner of the mouth based on intubation depth marks and

calculated tracheal length with age, height, and weight (n=250).

Table 4 Tracheal length assessed by fibreoptic endoscopy and chest radiography. (n=250 patients)

Age

group

(yr)

n Endoscopically measured tracheal length Radiologically measured tracheal length1 8 9

Age

(mean)

(yr)

Height percentile

(mean)

(%)

Tracheal

length (95% CI)

(mm)

Age

(mean)

(yr)

Height percentile

(mean)

(%)

Tracheal

length (95% CI)

(mm)

0 to <2 75 0.9 38 3.8–6.4 1 40 4.0–6.8

2 to <4 25 2.9 44 4.3–8.1 3.2 47 5.4–7.4

4 to <6 25 4.8 39 5.0–8.3 4.9 57 5.6–8.8

6 to <8 25 6.8 53 5.5–8.9 6.5 54 6.8–9.6

8 to <10 25 9.0 40 6.7–9.6 9.2 54 7.4–10.2

10 to <12 25 11.0 48 7.3–10.4 11.2 49 8.2–11.8

12 to <14 25 12.9 39 7.3–12.0 13.2 58 7.8–13.8

14 to <16 25 14.9 47 8.2–13.5 15.1 67 8.8–13.6
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The age-related formula for oral tube insertion depth in

children >2 yr of age calculated on the basis of our data

resulted in an overall tube insertion depth of 0.5 cm less than

the conventionally used formula for children aged more than

2 yr (insertion depth [mm])=12+(age [yr]·0.5).14 19 The

main reason for this is, that the intubation depth marks of

the Microcuff tracheal tube were placed so that the tube tip

becomes situated at 60–65% of the shortest trachea of the

intended age group while still leaving a safe margin for

caudal tube displacement with head flexion (Table 1). Con-

sequently, in a larger patient receiving a similar sized tube,

the tube would be advanced to a shorter percentage of the

trachea, resulting in a reduced oral insertion depth (com-

pared with standard formulae) and an increased distance

from tube tip to carina. This is not a shortcoming of the

intubation depth marks, but reflects a consistent problem

with paediatric tracheal tubes, that outer diameter, pre-

formed bend, and depth marks will not be appropriate for

each individual in an age range of 2 yr. Multiple intubation

depth marks could be used to indicate age-dependent inser-

tion depth. However, multiple markings on the distal end of

a tube could be confusing during intubation. Nevertheless,

the proposed intubation depth marks allowed safe placement

of the cuffed tracheal tube in all children in our study (Fig. 3).

Several techniques, other than depth marks, have been

proposed for determining the appropriate tube insertion

depth: palpation of the tube tip or the cuff in the jugular

fossa,26 27 endobronchial intubation followed by tube draw-

back until bilateral breath sounds are heard or inspiratory

pressure decreases,28 endoscopic control29 or lighted

stylet,30 chest X-ray, and formula-based insertion

depth.14 19 These techniques may be appropriate for

uncuffed tubes; however, in many conventional cuffed

tubes, the subglottic and the intra-glottic position of the

tube cuff still can occur.3–7 Thus, cuffed paediatric tubes

should be initially inserted according to an appropriately

placed intubation depth mark to guarantee a cuff-free

subglottic airway.

In conclusion, intubation depth marks are useful in cuffed

paediatric tubes to guarantee adequate tracheal tube place-

ment with a cuff-free subglottic airway and a sufficient

margin for preventing inadvertent endobronchial intuba-

tion, or tracheal extubation. Based on our findings, the

intubation depth marks of the Microcuff paediatric tracheal

tube allowed the safe placement of a cuffed tracheal tube

in children from a wide age range and were an improve-

ment on the age-based formulae for oral tube insertion

depth.
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