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Abstract. This study builds upon an earlier case report, where the authors briefly men-
tioned the accessory diaphragm. This report provides a more detailed analysis of the 
embryological origins of the accessory diaphragm malformation, its clinical features, 
and, importantly, its impact on lung development. Duplication of the diaphragm, a 
rare congenital anomaly typically found on the right side and often associated with 
lobar agenesis-aplasia complex, is commonly referred to as an “accessory diaphragm”. 
The exact cause of diaphragm duplication is not fully understood. However, it is 
believed that this condition may result from a lack of coordination between the down-
ward migration of the septum transversum and the development of the bronchial sys-
tem. The accessory diaphragm is characterized as a delicate fibromuscular membrane 
lined with serosa that attaches to the anterior part of the diaphragm. This membrane 
extends in a posterosuperior direction to connect with the posterior chest wall, effec-
tively dividing the right hemithorax into two distinct regions. Early formation of the 
bronchial system may lead to the developing septum transversum being cleaved as it 
encounters the developing lung. Literature on accessory diaphragms indicates that the 
associated pulmonary vascular malformations occur during this embryonic period. In 
all reported cases, aplasia or varying degrees of pulmonary hypoplasia occurred on the 
affected side. Consequently, the accessory diaphragm divides the right pleural cavity 
into two sections, trapping part or all of the right middle or lower lobes beneath it.

Keywords:	 accessory diaphragm, pseudo horseshoe lung, congenital cardiovascular 
and pulmonary anomaly, partial anomalous pulmonary venous return 
(PAPVR), embryology of diaphragm development.

INTRODUCTION

A previous case report, briefly stated the presence of an ‘accessory dia-
phragm’ in a donor body [12]. This follow-up report includes a more detailed 
analysis of the embryological reasons behind this malformation, its clinical 
features, and, its effect on the lung’s development.
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Duplication of the diaphragm, also known as ‘acces-
sory diaphragm,’ is a rare congenital anomaly that is 
almost always located on the right side and frequently 
associated with lobar agenesis-aplasia complex [9]. In 
the normal development of the diaphragm, the ‘central 
hiatus’ allows the passage of blood vessels and bronchial 
structures [15]. When the central hiatus is considerably 
narrowed and the trapped lung is not aerated, it may 
appear as a solid mass. In contrast, when the trapped 
lung is aerated, the accessory diaphragm can be seen as 
a fissure-like structure in the right base, extending from 
the anterior aspect of the hemidiaphragm toward the 
posterior chest wall [15]. 

The exact cause of diaphragm duplication is not 
fully understood. However, it has been postulated that 
this anomaly may arise from a lack of synchronization 
between the caudal migration of the septum transver-
sum and the development of the bronchial system [1, 5]. 
In gross pathology, the accessory diaphragm is described 
as a delicate fibromuscular membrane lined with serosa 
that is connected to the anterior part of the diaphragm. 
It extends in a posterosuperior direction to connect with 
the posterior chest wall, dividing the right hemithorax 
into two distinct regions. It often features a central hia-
tus medially, allowing the passage of vessels and bron-
chial structures [17]. While some patients may remain 
asymptomatic, most present with varying degrees of res-
piratory difficulties. Radiographic image features include 
a small lung with a shift of the mediastinum and a hazy 
border to the mediastinum.

Very early formation of the bronchial system may 
result in the developing septum transversum being 
cleaved as it contacts the developing lung. The associ-
ated pulmonary vascular malformations reported in cas-
es of accessory diaphragm in the literature suggest that 
the pathogenic event occurs during the same embryonic 
period [2, 6]. An accessory diaphragm is a malforma-
tion more common in males, and most often right sided 
[1]. It can occur in isolation or in association with lung 
hypoplasia or other vascular malformations. Hashida 
and Sherman reported that the accessory diaphragm 
is not always lethal in the neonatal period and may be 
associated with chronic pulmonary infection in later life 
[11]. Priyadarshi et al. reported an accessory diaphragm 
associated with non-immune hydrops fetalis [14].

In all the reported cases, aplasia or some degree of 
pulmonary hypoplasia was evident on the affected side, as 
seen in our earlier report [12 ]. The accessory diaphragm 
thus separates the right pleural cavity into two parts, trap-
ping part or all of the right middle or lower lobes beneath 
it [4], as seen in this case. If the lung trapped beneath the 
accessory diaphragm is aerated, as the previous study 

revealed [12], it will move with respiration [7]. Further-
more, a branch of the pulmonary artery supplied the 
‘sequestered’ segments. Most interestingly, an accessory 
diaphragm separating the fused anterior and lateral basal 
segments could be aerated using an air pump, thus pro-
viding evidence that it was functional [12].

MATERIALS AND METHODS

The cadaveric specimen reported on previously and 
here was obtained from the willed body program intend-
ed for dissection by medical students. This case report 
is based on the cadaveric dissection of a 71-year-old 
Caucasian male donor who died of chronic obstructive 
pulmonary disease and hypertension [12). Observation 
revealed what appeared to be surgical interventions of 
the heart, lung, and vasculatures, possibly due to mal-
formations and anomalous venous drainage. Since stu-
dents performed most of the dissection, some vascular 
and other structures were not optimally preserved. Addi-
tionally, the surgical corrective procedures disturbed the 
natural architecture of the gross morphology.

OBSERVATIONS AND RESULTS

On the right side of the thoracic wall, we observed 
an incision extending from the parasternal region at the 
fourth intercostal level to the midaxillary line, apparent-
ly to address anomalies surgically. Considering the shape 
of the incision, the surgery was probably performed dur-
ing the donor’s childhood to correct problems in the 
thoracic viscera [12]. 

Respiratory System: Right Lung

The right lung seemed functional, but its physi-
cal morphology was abnormal. In the hypoplastic right 
lung, the oblique fissure separated the upper lobe from 
the lower lobe, and a horizontal fissure defining the 
small middle lobe was also observed. The inferior lobe 
was vastly disorganized and severely hypoplastic and 
showed uncharacteristic morphology. The superior bron-
chopulmonary segment was markedly hypoplastic; the 
posterior basilar and medial basal segments (P/M basal) 
were not only hypoplastic and fused but also formed a 
slender “tail” that extended to the left pulmonary cavity 
behind the heart/pericardium and in front of the esoph-
agus and aorta. However, the fused, tail-like right seg-
ments did not fuse with the similar segments of the left 
lung, as seen in the “scimitar” lung [8]. Closer examina-
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tion of all the thoracic viscera, vasculatures, and surgical 
interventions revealed a hypogenetic right lung with par-
tial anomalous pulmonary venous return (PAPVR) and a 
defined “accessory diaphragm.” (Fig. 1). 

The accessory diaphragm separated the fused ante-
rior and lateral basal segments (Fig. 1). Additionally, the 
fused anterior and lateral basal segments, which were 
situated between the actual diaphragm and the acces-
sory diaphragm, were inf latable. Although hypoplas-
tic, the bronchi remained patent; we could inflate the 
superior and middle lung segments using an air pump. 
Notably, we could also inflate all the bronchopulmonary 
segments of the lower lobe and successfully pass a soft 
probe (such as a pipe cleaner) into the pulmonary arte-
rial branches of these lower lobe segments.

The accessory diaphragm described and reported 
here is a rare congenital anomaly associated with pedi-
atric patients having an atrial septal defect [13, 16]. It 
occurs mainly on the right side [3] and comprises fibro-
muscular tissue with a serosal lining [5]. In all docu-
mented cases, aplasia or some degree of pulmonary 
hypoplasia was evident on the affected side [3].

Heart and Vasculatures

The heart’s morphology appeared normal; however, 
the heart and mediastinum were displaced more to the 
right side, as observed in previous studies [10, 12]. Evi-
dence pointed to surgical procedures to correct the atri-
al septal defect and right superior pulmonary vein that 
reached into the superior vena cava.

DISCUSSION AND ANALYSIS

A person like the one in this report who has scimitar 
syndrome or partial anomalous pulmonary venous return 
(PAPVR), is often asymptomatic and may be unaware of 
the condition. However, the person (donor) in this report 
had surgical interventions at a young age to correct anom-
alous venous return and cardiac anomalies such as ASD.

Accessory Diaphragm 

An accessory diaphragm is a thin fibromuscular 
membrane that appears to be related to the incomplete 
descent of the septum transversum [5]. This anomaly 
mainly occurs on the right side. Its cause remains unclear, 
but the timing difference in the growth of the two lung 
buds, as previously suggested, may provide an explanation 
[5]. In all the reported cases, aplasia or varying degrees of 
pulmonary hypoplasia were evident on the affected side, 
as also seen in the case presented here (Fig. 1). The acces-
sory diaphragm separates the right pleural cavity into 
two parts, which can trap part or all of the right middle 
or lower lobes beneath it [4], as observed in the case pre-
sented here. If the lung located beneath the accessory dia-
phragm is aerated, as demonstrated in this report, it will 
move with respiration [7]. Interestingly, an accessory dia-
phragm separated the fused anterior and lateral basal seg-
ments; these segments could be aerated using a handheld 
cycle pump, thus providing evidence that it was function-
al. Additionally, the ‘sequestered’ segments received blood 
supply from a branch of the pulmonary artery.

CONCLUSION

In conclusion, in the follow-up of the case of the 
hypogenetic right lung, another unusual feature, the 
accessory diaphragm, is reported here. Very early for-
mation of the bronchial system may result in the devel-
oping septum transversum being cleaved as it makes 
contact with the developing lung, which likely results 
in an accessory diaphragm. The associated pulmonary 

Figure 1. The accessory diaphragm is shown here by a line separat-
ing the fused anterior and lateral basal (A/L basal) segments. These 
fused anterior and lateral basal segments wedged between the true 
diaphragm and the accessory diaphragm were inflatable. The lungs 
of the donor show the hypogenetic right lung with anomalous mor-
phology. The bronchopulmonary segments of the right upper (UL) 
and middle lobe (ML) were markedly hypoplastic but inflatable. 
The lower lobe was highly disorganized and severely hypoplastic 
and exhibited uncharacteristic morphology; the posterior basilar 
and medial basal segments were not only hypoplastic and fused, 
but also formed a slender “tail-like” morphology. UL: Upper Lobe; 
LL: Lower Lobe; ML: Middle Lobe; AcD: Accessory Diaphragm; 
A/L basal: Anterior and Lateral Basal fused segments; P/M basal: 
Posterior basilar and Medial basal fused segments.
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vascular malformations reported in cases of accessory 
diaphragm in the literature suggest that the pathogenic 
event occurs during this embryonic period.
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