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Abstract

Purpose To measure the age-dependent changes of anatomical positions and relations between the trachea, cricoid cartilage
(CC), and innominate artery (IA) in adults by computed tomography (CT).

Methods A retrospective cohort reviewing images of 127 consecutive adult patients who underwent CT angiography (CTA)
of the neck. The trachea-to-IA (T-IA) distance was measured as the minimal horizontal distance between them. The vertical
distance between the CC and the IA was measured between the axial section, demonstrating the CC’s inferior border to the
axial section at the level of the T-IA measurement.

Results Images of 125 patients (median age 53 years, range 18—-89; 74 males) were reviewed. The mean T-IA distance
was 2.3+ 1.1 mm for males and 1.7+ 0.9 mm for females (P =0.002). The vertical C-IA distance was 44.2 + 11.4 mm and
49.5+12.5 mm for males and females, respectively (P=0.01). Age correlated negatively with the vertical C-IA distance
(P<0.0001) and positively with the T-IA distance (P <0.0001). The rate of IA variants was 23.2%, with no significant dif-
ference between the measurements of distances among patients with or without IA variants.

Conclusions This is the first description of the relationships between the trachea, CC, and IA distances in adults as depicted

on CTA. The T-IA distance becomes larger while the T-CC distance becomes shorter with age.
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Introduction

The anatomical relationship between the trachea, the lar-
ynx and the innominate artery (IA) is important in surgical
procedures involving the neck (e.g., retrosternal thyroid-
ectomy, tracheal resection, tracheostomy, and others). For
example, the evaluation of the neck prior to tracheostomy
includes palpation of three anatomical landmarks: the cri-
coid cartilage (CC), the sternal notch, and the trachea. Dur-
ing that procedure, it is imperative to palpate and assess
the course of the IA to avoid the devastating complication,
though extremely rare, of intraoperative bleeding from the
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IA is [1-4]. In the postoperative course of a tracheostomy,
it is essential to know the level and proximity of the IA to
the trachea due to the risk of a trachea-innominate artery
fistula (TIAF) formation, related to the use of cannula. The
reported incidence of TIAF is between 6 and 0.8% [5, 6],
with a survival rate of about 14% [7]. TIAF formation is
thought to be attributed to both the anatomical relationship
of the arterial trunk and the trachea, as well as to the damage
of the inflated cuff or the tip of the tube itself to the tissue of
the tracheal wall [8].

Oshinsky et al. [8] measured the position of the IA rela-
tive to the trachea in 10 cadavers and reported that the IA
crosses anteriorly to the trachea between the level of the
6th and 10th tracheal rings. Fawcett et al. [9] described a
mean distance of 6.57 mm between the IA and the trachea
as depicted on computerized tomography (CT) in 71 patients
up to 40 years of age.

The impact of age on the neck anatomy and physiology
is important for surgical planning and outcomes. The goal
of the current study was to measure the anatomical position
and relations between the trachea, the CC, and the IA on CT
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studies. To the best of our knowledge, this is the first study
to measure the proximity of the IA and the trachea in adult
and elderly patients as depicted on CT evaluation.

Materials and methods

The imaging studies of 127 consecutive adult patients
(median age 53 years) who underwent CT angiography
(CTA) of the neck (standardized slices of 0.9-mm width)
in the Sheba Medical Center emergency department were
retrieved. These scans were performed as part of general
evaluations for neurologic complaints or during evaluations
in the emergency department. Two CT scanners were rou-
tinely used at the time of the study: Brilliance CT 64-channel
scanner and iCT 256 CT scanner (Phillips, Cleveland, Ohio;
manufactured in Haifa, Israel). Multi-planar reconstructions
were used to realign the larynx on axial and sagittal planes.
Excluded were the CTAs of patients with a positive his-
tory for laryngeal pathology, neck surgery, tracheostomy,
previous radiotherapy to the cervical region and any TA
pathologies. The CTA scans of inadequate technical quality
as determined by a senior radiologist, and those of patients
who had a nasogastric tube, an endotracheal tube, or a tra-
cheostomy tube were excluded as well.

The trachea-to-IA (T-IA) distance was measured as the
minimal horizontal distance between the adventitia of the
IA to the adjacent tracheal ring (Fig. 1). The vertical dis-
tance between the cricoid cartilage (CC) and the IA was
measured between the axial section that demonstrated the

Fig. 1 An axial image demonstrating the distance between the trachea
and the TA (double-arrow), trachea’s midline (dashed line) and the
angle between the trachea’s center and the point closest to the IA. JA
innominate artery
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CC’s anterior—inferior border to the axial section at the level
of the T-TA measurement (Fig. 2). The angle between the
trachea’s anterior—posterior midline diameter and the point
that was measured where the IA was closest to the trachea
was determined, with the vertex of the angle being located
on the center of the trachea’s lumen (the midpoint of the
trachea midline; Fig. 1). A positive angle indicated the IA
was located to the right of the trachea midline and a negative
angle indicated that it was located to the left of it. We also
measured the T-IA and C-IA distances on a sagittal plane
to verify our findings.

The measurements were reviewed by two senior (attend-
ing) otolaryngologists and a Student ¢ test was performed to
examine (and exclude) differences in the results. The study
was approved by the Research Ethics Committee of the
Chaim Sheba Medical Center, Tel-Hashomer, Israel (appli-
cation number—5780-18-SMC).

Statistical analysis

The mean and standard deviations of each measurement
were determined. The Student #-test was used to analyze the
differences according to gender, age, and IA anatomy (with
or without anatomical variants of the IA). Linear regres-
sions were performed to analyze correlations between vari-
ous measurements and patients’ age.

Results
The neck CTA images of 127 patients (74 males and 51

females) were reviewed. Two male patients were excluded
due to a history of neck surgery or radiation to the neck.

| N

Fig.2 A sagittal image demonstrating measurement of the distance
(dashed line) between the inferior border of the cricoid and the level
of the trachea that is closest to the IA (white thick line). /A innomi-
nate artery
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The average ages of the 125 remaining study patients were
54.4 years for the males (range 18-89, median 56) and
49.7 years for the females (range 21-88, median 47).

The average T-IA distance, as measured on the axial
plane, was 2.3+ 1.1 mm (range 0-5.4 mm) among the
males and 1.7+ 0.9 mm (range 0—6 mm) among the
females (P =0.002; Table 1, Fig. 3). The respective vertical
C-IA distances were 44.2 +11.4 mm and 49.5 +12.5 mm
(P=0.01). There was no difference between the results of
the T-IA or C-IA distances when measurements on axial
and sagittal planes were compared (P=0.49 and 0.61,
respectively). The minimum C-IA distance for the entire
study population was 23.5 mm and the maximum distance
was 77.4 mm.

The parameter of age had a significant effect on both
the T-TA and C-IA distances. Regression models showed
a significant negative correlation between the age of the
entire cohort and the vertical C-IA distance (P <0.0001;

Table 1 Innominate artery (IA) to trachea parameters

R2=0.22), as well as a positive correlation to the T-TA
distance (P <0.0001; R2=O.18). To demonstrate an effect
of age on the various parameters, we divided the study
population according to a median age of 53 years, yield-
ing a “younger” (18-53 years, n=63) and an “older” (54-
89 years, n=62) group. The T-IA distance was significantly
shorter for the younger group compared to the “older” group
(1.5+£0.7 mm vs. 2.6+ 1.1 mm, respectively, P <0.0001),
and the C-IA distance was an average of 11 mm longer for
the “younger” group (51.9+11.3 mm vs. 40.7 +10.3 mm,
respectively, P <0.0001) (Table 1).

The CTA of 29 (23.2%) patients demonstrated IA ana-
tomical variants [10]. A “bovine arch” IA was the most com-
mon among them (n=19, 65.5%), followed by an “aberrant
right subclavian artery” variant (n=>5, 17.2%) and an “iso-
lated left vertebral artery” variant (n=3; 10.3%). The rate
of IA variants was similar among males and females (22.9%
and 23.5%, respectively), and the mean age of this subgroup

By gender By innominate artery variants (males and By age (males and females)
females)
Males (n=74) Females P value No IA variants IA variants P value 18-53 years 53-89 years P value
(n=51) (n=96) (n=29) (n=63) (n=62)
Trachea to IA* 2.3+1.1 1.7+09 0.002 21+x1.1 1.9+0.8 0.51 1.5+£0.7 26+1.1 <0.001
(mm) (0-5.4) (0-6.0) (0-6.0) (1-4.0)
Cricoid to IA®  44.2+11.4 49.5+12.5 0.01 46.7+11.7 45.0+13.8 0.7 529+11.3 40.7+10.3 <0.001
(mm) (24.3-72.8) (23.5-77.4) (24.3-77.4) (23.5-72.8)
Angle between 19 +22° 9+25° 0.042 15+23° 14 +£26° 0.76 14 +23° 40 +£26° <0.001
midline [(—44°)- [(—74°)- [(—74°)-64] [(—35°)-
and IA® 79°] 64°] 79°]
(degrees?)

*Minimum distance measured between the tracheal ring and the IA adventitia (Fig. 1)

"Minimum distance measured between the inferior border of the cricoid cartilage and the level where the IA is at the minimal distance to the

trachea (Fig. 2)

°An angle measured between the midline of the trachea and the point where the TA is at the minimal distance to the trachea (the vertex of the

angle is the center of the trachea) (Fig. 1)

4A positive degree means that the IA is to the right of the tracheal midline and a negative degree means that it is to its left

Fig.3 Two axial images dem-
onstrating the variability in the
distance between the innomi-
nate artery and the trachea:

5.8 mm (white double arrow)
vs. < 1 mm (black arrow)
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was 51.4 years, which is similar to that of the entire study
population (54.4 years). There was no significant difference
between the measurements among patients with or without
TA anatomical variants (Table 1).

Discussion

Knowledge of anatomical landmarks and relationships is
essential during the preoperative, intraoperative, and post-
operative evaluation of the neck. Many of the measurements
available in the textbooks and the anatomical literature are
based on small numbers of cadaveric dissections [8]. Fur-
thermore, these structures change their position and rela-
tionship with growth and aging. Fawcett et al. [9] reported
that the T-IA distance was most commonly less than 1 mm
before the age of 3 years, whereas it became around 6.57 mm
by the 3rd and 4th decades. Those authors suggested that this
difference might be related to the gradual decrease in size
and involution of the thymus gland with time. The availabil-
ity of imaging and other technologies facilitating accurate
measurements and reconstructions enables the conducting
of studies on large numbers of patients of different ages and
with better precision [11, 12].

The elderly population experiences changes in sagittal
alignment of the spine due to loss of supporting capabilities
of the intervertebral discs that places increased stress on the
facet joints. These changes include decreased lumbar lordo-
sis, increased thoracic kyphosis, and anterior advancement
of the C7 plumb line [13, 14]. As a consequence, and also
due to the relaxation of the suprahyoid muscles, the position
of the larynx descends with age [15]. This is in line with
our measurements: the distance between the trachea and the
IA, the distance between the CC and the 1A, and the angle
between the trachea midline and the IA. As described by
Fawcett et al. [9], our results of T-IA distance measurements
also demonstrated that the gap between the trachea and the
IA increases with age. In their study, however, the age of
the patients did not exceed 40 years, whereas the median
age of the patients in our study is 53 years (range 18-89).
In addition, our results of the CC-IA distance (a mean of
4.42 mm in males and 4.95 mm in females) differ from the
mean of 6.11 mm reported by Oshinsky et al. [8] since we
measured the distance from the level of the inferior border of
the CC, whereas those authors measured the distance from
its superior border.

The clinical implications of our results are related to both
formation and evaluation of TIAF. The length of the verti-
cal segment of a commonly used tracheostomy tube (dis-
tal to the curve) is about 40 mm (i.e., Rusch, CrystalClear
Plus Tracheostomy Tube size 7.0 mm (Teleflex, Malaysia),
and has a total length of 70 mm with a vertical segment of
40.2 mm). When the tube is inserted between the 2nd and
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the 3rd tracheal rings, the cuff is expected to be located at
a level where the IA is adjacent to the wall of the trachea
and the formation of TIAF is attributed to the position and
pressure of the cuff [8, 12, 16].Thus, during the evaluation
of tracheostomy-tube related bleeding and while perform-
ing fiber-optic flexible endoscopy via the tube, the examiner
should bear in mind that the IA and the trachea are most
probably closest at a point proximal to the end of the tube
and cannot be viewed.

In our study, we addressed the issue of the anatomi-
cal variants of an IA. The rate of brachiocephalic variants
(23.2%) was similar to the values reported in the literature
[10], with no significant difference between the group with
variants and the group without them.

Age was the most significant parameter for all three ana-
tomical measurements examined. Our results suggest that
the distance between the trachea and the IA becomes larger,
the distance between the CC and the IA becomes shorter,
and the angle between the midline and the IA grows wider
with aging. These novel findings should be borne in mind
when initiating a tracheostomy procedure and when follow-
ing-up adult patients.

Funding None.

Compliance with ethical standards

Conflict of interest There are no financial or personal conflicts of in-
terest to declare.

Ethical approval The study was approved by the Sheba Medical Center
Institutional Review Board. All procedures performed in studies involv-
ing human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed consent Retrospective study without intervention, data
was retrieved anonymously from medical charts with no identifying
information. Informed consent was not required by the Medical Center
Institutional Review Board.

References

1. Goldenberg D, Golz A, Netzer A, Joachims HZ (2002) Trache-
otomy: changing indications and a review of 1,130 cases. J Oto-
laryngol 31:211-215

2. Sagiv D, Nachalon Y, Glikson E et al (2018) Awake tracheos-
tomy—indications, complications and outcome. World J Surg
42:2792-2799

3. Maruti Pol M, Gupta A, Kumar S, Mishra B (2014) Innominate
artery injury: a catastrophic complication of tracheostomy, opera-
tive procedure revisited. BMJ Case Rep. https://doi.org/10.1136/
ber-2013-201628


https://doi.org/10.1136/bcr-2013-201628
https://doi.org/10.1136/bcr-2013-201628

European Archives of Oto-Rhino-Laryngology (2019) 276:2001-2005

2005

10.

11.

Okada Y, Narumiya H, Ishii W, Ryoji I (2016) Damage control
management of innominate artery injury with tracheostomy. Surg
Case Rep 2:17. https://doi.org/10.1186/s40792-016-0144-7
Gelman JJ, Aro M, Weiss SM (1994) Tracheo-innominate artery
fistula. J Am Coll Surg 179:626-634

Jones JW, Reynolds M, Hewitt RL, Drapanas T (1976) Tracheo-
innominate artery erosion: successful surgical management of a
devastating complication. Ann Surg 184:194-204

Wood DE, Mathisen DJ (1991) Late complications of tracheos-
tomy. Clin Chest Med 12:597-609

Oshinsky AE, Rubin JS, Gwozdz CS (1988) The anatomical basis
for post-tracheostomy innominate artery rupture. Laryngoscope
98:1061-1064

Fawcett SL, Gomez AC, Hughes JA, Set P (2010) Anatomical
variation in the position of the brachiocephalic trunk (innominate
artery) with respect to the trachea: a computed tomography-based
study and literature review of innominate artery compression syn-
drome. Clin Anat 23:61-69

Dumfarth J, Chou AS, Ziganshin BA et al (2015) Atypical aortic
arch branching variants: a novel marker for thoracic aortic disease.
J Thorac Cardiovasc Surg 149:1586-1592

Sagiv D, Eyal A, Mansour J, Nakache G, Wolf M, Primov-Fever A
(2016) Novel anatomic characteristic of the laryngeal framework:
a computed tomography evaluation. Otolaryngol Head Neck Surg
154:674-678

12.

14.

15.

16.

Glikson E, Sagiv D, Eyal A, Wolf M, Primov-Fever A (2017) The
anatomical evolution of the thyroid cartilage from childhood to
adulthood: a computed tomography evaluation. Laryngoscope J
127:E354-E358

. Johnson KN, Botros DB, Groban L, Bryan YF (2015) Anatomic

and physiopathologic changes affecting the airway of the elderly
patient: implications for geriatric-focused airway management.
Clin Interv Aging 10:1925-1934

Fehlings MG, Tetreault L, Nater A et al (2015) The aging of the
global population: the changing epidemiology of disease and spi-
nal disorders. Neurosurgery 77(Suppl 4):S1-S5

Yamashiro Y, Kryger M (2012) Is laryngeal descent associ-
ated with increased risk for obstructive sleep apnea? Chest
141:1407-1413

Sung JH, Kim IS, Yang SH, Hong JT, Son BC, Lee SW (2011)
Is computerized tomography angiographic surveillance valuable
for prevention of tracheoinnominate artery fistula, a life-threat-
ening complication after tracheostomy? J Korean Neurosurg Soc
49:107-111

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1186/s40792-016-0144-7

	Imaging of the age-related anatomical relationship between the innominate artery and the trachea
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	References




