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Abstract

The azygos lobe (AL), an additional lung lobe most commonly found in the right apical
lung region, is a rare anatomical variant present in approximately 1% of the population.
It is embryological in origin and may form if the azygos vein fails to migrate medially
over the lung. While it is normally clinically silent, it can have surgical and clinical
implications. An AL can be the source of infection or disease, such as squamous cell
carcinoma, and can also compress the upper lobe and lead to obstruction, infarction, and
necrotic tissue. Additionally, it can present as an unforeseen surgical obstacle, specifically
during a thoracotomy, and can be mistaken for a thoracic mass on radiographic imaging,
potentially leading to unnecessary interventions. In this case report, a 38-year-old male
donor with a history of Ogilvie’s syndrome, multiple traumatic brain injuries (TBls), and
chronic respiratory failure presented with an AL during routine donor dissection. The cause
of death was listed as prostate cancer, hypertension, atrial fibrillation, and type II diabetes
mellitus. The AL, located on the posterior apical surface of the right lung, measured 5 cm in
width and 8 cm in length. The left lung showed signs of atrophy and discoloration, possibly
the result of pollution exposure or smoking earlier in life. In this article, we describe the
incidence, historical classification, embryology, and physiology associated with an AL and
its clinical implication for this donor.

Keywords: azygos lobe; azygos fissure; azygos bronchiole; lung variations; anatomical
lung variations; Ogilvie’s syndrome; acute colonic pseudo-obstruction; chronic respiratory
failure; pulmonary vasculature; bronchial vasculature

1. Introduction

Of its many functions, the lung is essential to oxygenate blood and assist in the
exchange of carbon dioxide with the environment through a closely integrated system of
blood vessels and conducting airways [1]. The right and left lungs are divided into three
and two lobes, respectively, aerated by the conducting system, which divides from the
trachea into bronchi and further branches until microscopic terminal alveoli are formed
and lined by alveolar capillaries [2]. Of note, the lung receives a dual blood supply by
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the pulmonary arteries, which carry deoxygenated blood to the alveoli, as well as the
bronchial arteries, which carry oxygenated blood to the parenchyma. This blood mixes
before returning to the heart through the pulmonary veins [3]. The arterial system derived
from the pulmonary arteries tracks closely with the airways, while the bronchial arteries
supply lymph nodes, visceral pleura, nerves, and pulmonary vasa vasorum in addition
to the lung parenchyma [3], tracking more loosely along these structures after associating
with the main pulmonary bronchi [4]. The bronchial circulation is usually derived from
branches of the thoracic aorta and occasionally the pulmonary circulation.

The azygos lobe (AL) was first described by Dr. Heinrich August Wrisberg in 1777
regarding a three-year-old boy in whom there were apparent configurations of vascular
bilaterality, resulting in bilateral clefting [5]. Azygos lobe variants have been described to
occur in frequencies near 1% [6-9]. An AL occurs when the posterior cardinal vein fails to
migrate past the apex of a lung and instead penetrates the nearby lobe [10]; however, there
is some disagreement regarding the relative contributions toward azygos vein development
from the caudal cardinal, subcardinal, supracardinal, and sacrocardinal veins to the azygos
venous system [11]. Left-sided ALs are rare, whereas the majority are on the right side [12].
Plural layers that follow the vein entrap a portion of the right upper lobe [10,13]. The
resulting structure resembles mesentery due to two folds of parietal and two folds of
visceral pleura [10]. Additionally, the bronchial and arterial connections arise from the
apical or posterior segments of the right upper lobe. The azygos vein (AV) terminates in the
superior vena cava (SVC) and occasionally the right brachiocephalic vein (BCV) [10]. The
classification system set out in 1919 by Stibbe continues to be used to describe the position
of the azygos fissure (AF), as shown in Table 1, below.

Table 1. Historical classification of azygos fissure types [8].

Azygos Fissure Classification, Historical

Type A
Type B
Type C

More or less horizontal and cutting the outer (lateral) surface of the lung at some point
between the apex and a point two inches below the apex.

More nearly vertical, and dividing the apex of the lung into lateral halves.

Vertical, and cutting off a small tongue-shaped lobe from the inner (mediastinal) surface,
the pedicle being attached to the upper margin of the root of the lung.

A fine convex line represents the AF between the right upper lobe and the AL on
radiography [10]. This corresponds to a small triangular-shaped extra-plural tissue between
the prior layers of the pleura, also known as the trigone parietale [10]. As a consequence
of development, the AL may penetrate deeply behind the inferior vena cava, which can
be seen on lateral chest radiographs and cross-sectional imaging [10]. The right BCV-SVC
complex may be visible on a chest radiograph due to an intrapulmonary course of these
veins; however, this is rare [10]. The right BCV-SVC complex course is variable and has not
been well described in patients with an AL. Of note, anatomic differences, such as scars,
bullae, displaced fissures, and supernumerary fissures, may mimic an AF; however, a false
AL is identified when the AV is not present [10].

2. Case Description

Sixty total donors were dissected at the Uniformed Services University, including
48 donors by first-year medical students, six dissected by the students within the graduate
school of nursing, and six donors prosected by anatomy faculty at the Uniformed Services
University of the Health Sciences. An AL located on the posterior surface of the right
apical lung was revealed in a 38-year-old male donor with cause of death listed as prostate
cancer, hypertension, atrial fibrillation, and type II diabetes mellitus. The patient’s medical
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history was notable for Ogilvie’s syndrome, multiple traumatic brain injuries (TBIs), and
chronic respiratory failure. The AL, located on the posterior apical surface of the right lung,
measured 5 cm in width and 8 cm in length at the time of dissection (Figure 1). The left
lung showed signs of atrophy and discoloration, suggestive of pollution or smoking earlier
in life.

Figure 1. Schematic of a right lung showing an azygos lobe (AL). Schematic created by Dr. Gary Wind.

Measurements were obtained using Image] version 1.51q software, a free and open-
source image analysis platform [14], to extract specific dimensions from photographic
images of the donor lungs (Figures 2a—c, 3 and 4). At its greatest lateral dimension, the
AL measured 5.50 cm. The widths of the right and left lungs were 11.86 cm and 9.82 cm,
respectively. At its greatest vertical dimension, the AL measured 12.20 cm. The lengths
of the right and left lungs were 23.27 cm and 15.81 c¢m, respectively. Of note, the lobe
was shaped such that there was a rounder terminus near the apex and an eccentric neck
proximal to the hilum, and the lobe was oriented posteromedial to the right superior lobe.
The terminal region reflects the greatest diameter of the AL, whereas the neck measured
2.56 cm at its greatest width and 8.74 cm at its greatest length. The angle of the AF is best
observed from the anterior aspect and measured 17.01 degrees from the midline. Of note,
the transverse fissure and right oblique fissure measure 49.64 degrees and 85.93 degrees
from the midline, respectively. When observing the primary bronchiole leading to the AL,
the greatest diameter was measured as 0.52 cm, and branches at 26.21 degrees from the
proximal bronchiole.
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Figure 2. (a): Right lung, posterior view. (b): Right lung, anterior view. (c): Left lung, anterior view.
AL = azygos lobe; AF = azygos fissure; NAL = narrowed portion of azygos lobe; RUL = right upper
lobe; TF = transverse fissure; ML = middle lobe; ROF = right oblique fissure; RLL = right lower lobe.
LUL = left upper lobe, L = lingula, LOF = left oblique fissure, LLL = left lower lobe.

Figure 3. Air-conducting structures of the azygos lobe. PAB = primary azygos bronchiole;
TB = tertiary bronchus; SB = secondary bronchus; LMB = left main bronchus.
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Figure 4. Schematic of a right lung with suggested components for classification of azygos lobes,
created by David Johnson.

3. Discussion

In addition to knowledge of typical accessory fissures [15], azygos variants are im-
portant for radiologic evaluation. Pathologic states that affect the volume within the AL
or others may affect the distribution of the horizontal and oblique fissures and accessory
fissures. Subtle changes in fissure distribution are helpful in the assessment of volume loss
associated with chronic lung disease [16]. Additionally, AL variants contribute to com-
plications in surgeries, including sympathectomy and lobectomy [17-19], and have been
observed in a case of cervical herniation of the AL [20] and during resection of metastatic
histiocytoma to the AL [21]. In the case of this patient, who experienced acute colonic
pseudo-obstruction (Ogilvie’s Syndrome), colonic distention from lack of motility [22] likely
prevented full expansion of the lungs through diaphragmatic pressure. Ogilvie’s syndrome
is defined by colonic distention without true obstruction, likely secondary to autonomic
nervous disturbance from a variety of medical or surgical conditions [22]. This may have
contributed to azygos airway or vascular obstruction. Although Ogilvie’s syndrome is not
listed as a cause of death for this patient, there have been examples of Ogilvie’s syndrome
leading to respiratory compromise and death [23]. In addition to other comorbidities,
a pathologic state imposed on an azygos variant may have contributed to the patient’s
chronic respiratory failure through poorly ventilated regions or contributing to dead space.
Although hypoxic pulmonary vasoconstriction is a compensatory mechanism for venti-
lation/perfusion mismatch and can normally compensate for mild ventilatory defects,
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multiple superimposed pathologic states may overwhelm compensation [24]. Additionally,
the gravitational distribution of blood flow typically does not significantly utilize apical
vasculature; however, this region may be under greater use while a patient is in a recumbent
position [2]. Given that this patient’s AL is posterolateral, it is likely that their AL received
some gravity-dependent pulmonary blood flow.

The historical classification of ALs is subjective and fails to capture important informa-
tion. In this donor, the AL appeared to have a narrower neck than the apical portion. The
AF angle may provide insight into the orientation of vascular and airway supplies; however,
it may have limited utility in predicting the caliber of the airway or large pulmonary arter-
ies/veins and is only a proxy for the branching angle. Figure 4 reflects that the direction of
the primary azygos bronchiole after its bifurcation appears orthogonal to the azygos fissure;
however, it is unclear if this relationship is consistent among ALs of varying dimensions.
The arterial vessels associated with the donor AL were not adequately captured to comment
on their branching pattern; however, pulmonary and bronchial vasculature tend to follow
the conducting air structures and are assumed to be subject to similar geometric confine-
ment as the primary azygos bronchiole and its derivatives. A more practical classification
of ALs could take into account factors that would impact function, such as volume, shape,
angle of AF branching, angle of primary azygos pulmonary vasculature branching, caliber
of pulmonary vasculature, angle of primary azygos bronchiole branching, and caliber of
primary azygos bronchiole, as reflected in Table 2.

Table 2. Morphometric information that could be used to further characterize and classify
azygos lobes.

Azygos Fissure Classification Criteria, Proposed

Azygos lobe volume

Azygos lobe shape

Branch angle of azygos fissure

Branch angle of primary azygos pulmonary vasculature

Branch angle of primary azygos bronchiole

Caliber of primary azygos pulmonary vasculature

Caliber of primary azygos bronchiole

Of note, basic chest imaging, such as a chest x-ray, can only, on occasion, reveal the
orientation of the AF without reflecting the lobe volume or the branching angle for the
bronchopulmonary vasculature and airways. As evidenced by this donor, azygos bronchial
branching may not closely mirror the angle of the AF. Computed tomography and magnetic
resonance imaging may yield more useful data that could inform the classification of the
AL for patient care. Further research is needed to create a generalizable AL classifica-
tion scheme. It is unknown whether some AL variants definitively increase the risk of
pulmonary dysfunction. Further research that accounts for vascular, airway, and AL mor-
phometry through careful donor dissections or advanced radiography may provide insight
into the risk stratification of patients with ALs to create a robust classification scheme.

4. Conclusions

An AL is an uncommon variant that is often unrecognized by the patient or their care
team; however, its presence may have implications for the patient’s radiologic evaluation
and surgical planning as well as their clinical course with regard to conditions that affect
the lungs. An AL can be differentiated from a bulla or other pathological conditions by
the presence of an AV on advanced imaging and occasionally on plain film chest X-rays.
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Further, the presence of additional tissue and vascular structures may serve as a nidus
for complications in surgeries involving the posterior apical thorax. The donor with an
AL variant described in this case had their clinical course affected by the presence of
Ogilvie’s syndrome, which is known to negatively impact pulmonary function. Historical
classifications of AL variants are not easily interpreted or widely applied to justify their
sustainment. Enhanced classification of AL variants through more meaningful morpho-
metric data is necessary to stratify patient risk for pulmonary compromise, among other
life-threatening conditions.
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