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Background: The aim of this study is to investigate the effect of anatomic diffe-
rences on the relationship between renal artery and diaphragmatic crus via the

touch of two structures.

Materials and methods: The study included dynamic computed tomography
(CT) scans of 308 patients performed mainly for characterisation of liver and
renal masses. Anatomic differences including the thickness of the diaphragmatic
crus, the localisation of renal artery ostium at the wall of aorta, the level of renal
artery origin with respect to superior mesenteric artery were evaluated. Statistical
relationships between renal artery-diaphragmatic crus contact and the anatomic

differences were assessed.

Results: Thickness of the diaphragmatic crus at the level of renal artery origin
exhibited a statistically significant relationship to renal artery-diaphragmatic crus
contact at the left (o < 0.007) and right side (p < 0.001). There was a statisti-
cally significant relationship between high renal artery origin and renal artery-
-diaphragmatic crus contact at the left (p < 0.001) and right side (p = 0.01). The
localisation of renal artery ostium at the wall of aorta (right side, p = 0.436, left
side, p = 0.687) did not demonstrate a relationship to renal artery-diaphragmatic

crus contact.

Conclusions: Thickness of the diaphragmatic crus and high renal artery origin
with respect to superior mesenteric artery are crucial anatomic differences de-
termining the relationship of renal artery and diaphragmatic crus. (Folia Morphol

2018; 77, 1: 22-28)
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INTRODUCTION tery and diaphragmatic crus which is a rare cause of

Variations of renal artery and the anatomy of renal artery stenosis. This relationship, causing renal
diaphragmatic crus have been well-defined [12, 17]. artery stenosis, has been described as renal artery
However, anatomic differences and variations may entrapment syndrome (RAES) and evaluated in earlier
cause an abnormal relationship between renal ar- reports [5, 9, 19, 20]. The fibres forming part of the
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crus of the diaphragm or psoas muscle impinging on
the renal artery cause compression and narrowing of
renal artery lumen in RAES [21]. Although, the entrap-
ment is usually observed at the ostium of the artery, it
may also be truncal [21, 23]. Renal artery descending
along the aorta and a short ostial stenosis in a patient
free of atheroma were suggestive of renal artery
entrapment [23]. Congenital abnormalities such as
abnormal musculo-tendinous fibres, high ectopic
renal artery origin or hypertrophic diaphragmatic crus
were found to be responsible for these entrapments
[2, 23]. Whereas, the compression of renal artery with
diaphragmatic crus is not mentioned as congenital
and it has been reported that entrapments may de-
velop with the alterations between the relationship
of renal artery and diaphragmatic crus over time
[23]. It seems difficult to predict which patients will
develop RAES; nevertheless, a close relationship or
contact between renal artery and diaphragmatic crus
may be a predisposition. Scoliosis, tortuosity of aorta,
degenerative changes of vertebrae, retroperitoneal
masses may also be effective. Our aim is to evaluate
the relationship of renal artery and diaphragmatic
crus via the contact between two structures and
to investigate the anatomical differences that may
affect this relationship such as the thickness of the
crus at the level of renal artery origin, localisation of
renal artery ostium at the wall of aorta and level of
renal artery origin with respect to superior mesenteric
artery (SMA).

MATERIALS AND METHODS

Patients, admitted to our clinic for dynamic com-
puted tomography (CT) examination between January
2014 and February 2016 were retrospectively evaluat-
ed. Dynamic CT examinations were performed mainly
for the characterisation of liver or renal masses. Pa-
tients with nephrectomies, retroperitoneal masses
affecting renal arteries, ectopic kidneys, scoliosis,
aortic aneurysms were excluded. Examinations with
inadequate image quality were also excluded. The
study group consisted of 308 patients after the exclu-
sion. Approval for the study was obtained from the
ethical committee of our institution (date of approval:
2016, number of decision: 2016/64).

Multiphasic CT scans were performed using
a 64-slice scanner (Toshiba Aquilion 64, Toshiba Medi-
cal Systems, Tokyo, Japan). For each examination
90 cc nonionic contrast material was administered
through an antecubital venous catheter with an aver-
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age rate of 2-3 mL/s. Arterial, portal and late phase
images were obtained with a slice thickness of 0.5 mm.
The abdomen was scanned at supine position with
inspiratory breath-holding for each phase and arte-
rial phase images were used for the evaluation. The
timing of arterial phase images was 25 s and 40 s
for liver and renal masses, respectively. In each case,
the images were evaluated in consensus by two ex-
perienced radiologists on axial and sagittal images.
Multiplanar reformatted reconstruction (MPR), maxi-
mum intensity projection (MIP) images were obtained
from axial images.

Totally 308 patients (male/female: 177/131; mean
age 57.4 + 14.1 years, range 10-89 years) were in-
cluded in this retrospective study.

The thickness of the diaphragmatic crus was evalu-
ated on axial images at the level of renal artery for
each side. The measurements were made at the thick-
est part in a plane perpendicular to the long axis of
the crura as in the study reported by Brengle et al. [3].
The levels of renal artery origins were evaluated de-
pending on the level of SMA. In order to evaluate
with respect to SMA origin, the height of vertebrae
corpus was divided into five segments on sagittal
images and disc space was accepted as one seg-
ment. The level of SMA and renal artery origins were
determined with respect to this segmentation. Renal
arteries originating at the same level, higher level or
only one segment lower level compared to SMA were
accepted as high origin.

Figure 1 demonstrates the segmentation of aorta
on axial images. Aorta was divided into four quarters
on axial images and the ostium localisation of renal
artery was also noted as anterior, midline and pos-
terior at each side.

Finally, the contact of the crus and renal artery
was assessed and the contact at only one point was
enough to accept positive. In addition to the meas-
urements, the examiners noted the compression of
the lumen of main or accessory renal arteries by the
crus, if there was any.

Statistical analysis

All analyses were performed using IBM SPSS Sta-
tistics Version 20.0 statistical software package. Cat-
egorical variables were expressed as numbers and
percentages, whereas continuous variables were
summarised as mean and standard deviation. Chi-
-square test was used to compare categorical vari-
ables between the groups. For comparison of con-
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Figure 1. The schematic division of lateral half of the aorta in order
to evaluate the localisation of renal artery ostium (A — anterior;

M — midline; P — posterior). Note that the midline is limited to
the lateral midpoint of aorta.

Table 1. The thickness of right and left crus

Thickness [mm]
Mean + standard Range
deviation [mm]
Right crus 94+29 2-19.1
Left crus 32+317 0-15.8

Table 2. Distribution of the patients according to the contact
between diaphragmatic crus and renal artery at the level
of renal artery origins

Group 1 Group 2
Right 121 (39.3%) 187 (60.7%)
Left 48 (15.6%) 260 (84.4%)

Group 1 — Patients with contact between renal artery and diaphragmatic crus.
Group 2 — Patients that have no contact between renal artery and diaphragmatic crus.

tinuous variables between two groups, the Student’s
t-test was used. The statistical level of significance for
all tests was considered to be 0.05.

RESULTS

The range of the thickness and mean thickness
of diaphragmatic crus is shown in Table 1. The mean
thickness of the right diaphragmatic crus was higher
than that of the left one. We also could not observe
the left diaphragmatic crus in 50.6% of the patients
at the level of renal artery origin.

Table 2 demonstrates the distribution of the pa-
tients according to the contact between diaphrag-
matic crus and renal artery at the level of renal artery
origins. The number of the patients that have no
contact between diaphragmatic crus and renal artery
was higher than the patients that have a contact at
the left and right. Table 3 shows the mean thickness
of right and left diaphragmatic crus of the patients
according to the contact between diaphragmatic crus
and renal artery at the level of renal artery origins. The
mean thickness of diaphragmatic crus that contact
with renal artery was higher than the mean thickness
of crus that does not contact with renal artery at both
sides. There was a statistically significant relationship
between the thickness of the crus and the contact at
the left (p < 0.001) and right (p < 0.001).

The mean age of the patients who have a contact
between renal artery and diaphragmatic crus at the
right and left side was 52.5 + 14 and 49 + 14.5,
respectively. The mean age of the patients whose
renal artery was not in contact with diaphragmatic
crus were 60.5 *+ 13.3 at the right side and 58.9 +
+ 13.5 at the left side. We demonstrated a statistically
significant relationship between age and contact at
the left (p < 0.001) and right (p < 0.001) side. As
a result, the mean age of the patients that do not
have a contact between diaphragmatic crus and renal
artery were higher than the patients having a contact.

Table 3. The mean thickness of right and left diaphragmatic crus of the patients according to the contact between
diaphragmatic crus and renal artery at the level of renal artery origins

Mean thickness [mm] =+ standard deviation

Group 1 Group 2 p
Right crus 10.7 + 2.8 85+ 27 < 0.001
Left crus 82+25 23+32 < 0.001

Group 1 — Patients with contact between renal artery and diaphragmatic crus.
Group 2 — Patients that have no contact between renal artery and diaphragmatic crus.
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Table 4. Distribution of the right and the left renal artery origins
according to the localization of ostium at the wall of aorta

Localisation Renal artery

of ostium Right Left
Anterior 222 (72.1%) 23 (7.5%)
Midline 86 (27.9%) 190 (61.7%)
Posterior 0(0%) 95 (30.8%)

Table 4 shows the distribution of right and left
renal artery origins with respect to the localisation of
ostium at the wall of aorta on axial images. Although
the majority of right renal arteries were originating
from the anterior aspect of the aorta, there was not
any right renal artery originating from the posterior
aspect. Whereas, 30.8% of left renal artery were aris-
ing from the posterior aspect of aorta.

The relationship between high renal artery origin
with respect to SMA and renal artery-diaphragmatic
crus contact was statistically significant at the right
(p = 0.01) and the left (p < 0.001) side. Among the
patients that have right renal artery-diaphragmatic
crus contact, the percentage of high and normal
right renal artery origins were 51.1% and 34.5%,
respectively. On the other hand, among the patients
that have left renal artery-diaphragmatic crus contact,
the percentage of high and normal left renal artery
origins were 41.3% and 11.1%, respectively.

There was not a statistically significant relation-
ship between the localisation of renal artery origins
at the wall of aorta and renal artery-diaphragma-
tic crus contact (right side, p = 0.436; left side,
p = 0.681).

Totally, 54 (17.5%) patients had one or more ac-
cessory renal artery. Twelve accessory renal arteries
were in touch with the crus of diaphragm. Compres-
sion of the main renal artery by the diaphragmatic
crus was detected in 3 patients with stenosis lower
than 40% (Figs. 2, 3).

DISCUSSION

As mentioned before, abnormal musculotendi-
nous fibres, high ectopic renal artery origin, and
hypertrophic diaphragmatic crus were reported as
the main responsible factors for entrapment syn-
drome in various studies [6, 10, 19, 22, 23]. In the
study reported by Thony et al. [23], the diagnostic
and therapeutic approaches to RAES were evalu-
ated in 15 patients. Arazinska et al. [2] investigated
the anatomical factors that may be related to the
entrapment of renal artery in 7 patients. In cases of
entrapments, the relationship is observed as a truncal
or ostial compression that causes different degrees of
stenosis [23]. In the present study, we accepted the
contact of two structures without any compression
as an indicator of relationship different from RAES.
However, we did not take the length and the localisa-
tion of contact into account.

Figure 2. Coronal volume rendered computed tomography image showing the minimal compression of right renal artery with the crus of
the diaphragm (arrowhead); Ao — aorta; RRA — right renal artery; LRA — left renal artery; RDC — right diaphragmatic crus; LDC — left

diaphragmatic crus.
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Figure 3. Axial consecutive computed tomography images. A, B. Ostial compression of the right main renal artery with the right crus of the
diaphragm. Note that the compression is observed only at the ostium of renal artery (arrowheads); Ao — aorta; DC — diaphragmatic crus;

LRA — left renal artery.

The diaphragm forms between the 4th and 12t
weeks of embryonic life [17]. The septum transversum
and pleuroperitoneal membranes fuse with the dorsal
mesentery of the oesophagus which constitutes the
median portion of the diaphragm [15]. The crura of
the diaphragm develop from myoblasts that grow
into the dorsal mesentery of the oesophagus [15].
While the tendinous aspect of the right crus attaches
to the ventral surface of the lumbar vertebral bodies
and to the intervertebral fibrocartilage of the first
three lumbar vertebrae, the left crus attaches to the
first two lumbar vertebral bodies [17]. The right crus
is longer and broader than the left [17]. In the present
study, the mean thickness of right crus was higher
than the left crus at the level of renal artery origins.
However, we could not observe the left diaphragmatic
crus in 50.6% of the patients at the level of renal
artery origins.

The kidneys ascend to the lumbar region between
the 6t and 9th weeks of the embryo [13]. During the
cephalic migration of the kidneys, they are vascular-
ised by a succession of transient aortic sprouts that
arise at higher levels progressively [13]. The low-
est suprarenal artery develops into the main renal
artery from the middle group, while more caudal
and cephalic vessels degenerate [2]. The final pair of
arteries, most commonly, originate from the lower
margin of the L1 vertebra on the right side and from
the upper margin of the L2 vertebra on the left side
[7, 13]. Rarely, renal arteries may originate from the
more proximal portion of the abdominal aorta above
the origin of the SMA [12]. The persistence of cranial
group lateral mesonephric arteries is thought to be re-
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lated to the formation of a renal artery that branches
above the coeliac trunk [7].

High renal artery origin seems to be another fac-
tor in renal artery-diaphragmatic crus relationship.
Arazinska et al. [2] revealed that the most important
anatomical risk factors of renal artery stenosis are
level of renal artery origin in respect to vertebrae
and distance between main left and right renal ar-
teries. Generally, renal arteries arise below the origin
of the SMA. Herein, we evaluated the level of renal
artery origin with respect to SMA instead of lumbar
vertebrae and observed higher contact ratios in the
patients with higher originated renal artery.

The significance of the localisation of renal artery
ostium at the level of origin has not been described
in entrapment syndromes. We did not demonstrate
a relationship between the ostium localisation and
contact. However, the majority (72.1%) of the right
renal arteries originated at the anterior aspect of
aorta and 61.7% of the left renal artery originated
at the midline according to our classification. It has
been described that right renal artery courses anterior
at first 1-2 cm and then turns posterior [16]. The left
renal artery has a more linear course. To the best of
our knowledge there is not enough data about the
aetiology of this course. We observed a curving in
the course of right renal artery around the crus with
a broad-based contact as if the renal artery is dis-
placed by the crus in some of the patients. However,
majority of the patients demonstrated the similar
curving course without any contact and there was
fat tissue between the renal artery and crus (Fig. 4).
In a study performed with children, Brengle et al. [3]
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Figure 4. Axial computed tomography images demonstrate the curving of right renal artery at different patients. A. Thirty-seven-year-old man
who is a liver donor. The right renal artery has a broad-based contact with diaphragmatic crus (arrow). B. Sixty-year-old man with liver cirrho-
sis. Note the fat tissue between diaphragmatic crus and renal artery without any contact at curving point (arrow).

reported that crural width does not increase with
age and the diaphragmatic crus of smaller children
appear relatively large. Moes et al. [14] observed that
diaphragmatic crus in the neonate are considerably
enlarged in comparison with adults. As the body
grows, crus will occupy a smaller area compared
with other organs during the childhood. On the
other hand, Caskey et al. [4] described the evolution
of diaphragm with aging and demonstrated that
diaphragm muscle thickness did not change signifi-
cantly with increasing age. In the study reported by
Dovgan et al. [8], maximal crural thickness occurred
at the origin of SMA in 73% of patients and the
range of maximal crural thickness was 1.8-18.8 mm
in men and 1.8-21.1 mm in women which remained
constant from the second to the 8t decades of life.
In our study group, the mean age of the patients
who do not have a contact between diaphragmatic
crus and renal artery were higher than the patients
having a contact. However, our study population was
not homogeneous and most of the patients were
at 5t and 6™ decades of life. Further analyses are
needed about the effects of aging on the relationship
between renal artery and diaphragmatic crus which
may also be helpful to understand the mechanism
of RAES. In consequence, diaphragmatic crus may
be the reason of renal artery curving with a close
relationship during development and this relation-
ship between two structures might decrease physi-
ologically by the time during childhood.

The accessory renal arteries constitute the most
common renal artery variations [12]. In addition to
the main renal artery, the contact of diaphragmatic
crus to accessory renal arteries or compression of
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the artery by the crus may be seen and cause ar-
terial stenosis. In our study, there was more than
one renal artery in 17.5% of the patients and 22%
of accessory renal arteries were in contact with
diaphragmatic crus. Accessory renal arteries of
3 patients were compressed minimally with dia-
phragmatic crus which were not causing hyper-
tension. The clinical significance of accessory renal
artery stenosis is controversial. Gupta et al. [11] re-
vealed that stenosis in accessory renal arteries is not
a risk factor for hypertension. Saba et al. [18] did not
find any statistical association between the presence
of accessory renal artery stenosis and hypertension.
However, Saba et al. [18] also advised that accessory
renal artery stenosis is an important finding which
should prompt the radiologist to evaluate its pos-
sible association with hypertension.

Renal artery entrapment was found in 0.97% of
our study population. However, the degree of stenosis
was lower than 40% and the patients did not have
hypertension. Entrapments were at the right side in
2 patients and at the left in 1 patient. The thickness of
theright crus was 13.6 mmand 12.2 mm in 2 patients
while the thickness of left crus was 8.2 mm in the
patient with left entrapment. None of the patients
had high localised renal artery with respect to SMA.
All patients were over 62 years old.

Limitations of the study

It should be noted that the study has some limita-
tions. First of all, this is a retrospective study; thus,
neither the examinations were standardised nor were
the patients randomised. Earlier reports demonstrat-
ed that the thickness of the crus increases during
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inspiration [1]. All phases of dynamic CT in our study
were taken during inspiration so that measurements
have been made in the thickest form of the crus and
the relationship may have been overestimated. We
did not evaluate the body mass index of the patients
which may affect the thickness of the diaphragmatic
crus or retroperitoneal fat tissue.

CONCLUSIONS

In conclusion, this study allowed us to investigate
the possible anatomic differences affecting the dia-
phragmatic crus-renal artery relationship at the level
of renal artery origins in a larger population. Thick-
ness of the diaphragmatic crus and high renal artery
origin with respect to SMA determine the relationship
of renal artery and diaphragmatic crus. However, it
is difficult to predict the development of renal artery
entrapment via the contact of two structures.
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