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Abstract
The aim of the present paper is to contribute to the understanding of the history of the anatomical study of the intra-renal arter-
ies. The vasculature and especially the intra-renal arteries of the kidneys are an intriguing field which was first studied through 
art and then perfected by medicine. Angiography and microsurgery have resulted in partial nephrectomy techniques for surviv-
ing kidneys with adequate functional results. Graves’ categorization dating from 1954 opened the way for innovative approaches 
that have resulted in modern topographical anatomy. Conclusion: Our understanding of the anatomy of intra-renal arteries has 
played a significant role in surgical anatomy and internal medicine.  
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Introduction 
The segmental anatomy of the kidneys is a chal-
lenging issue due to the wide range of endo- or in-
tra-renal vessel variations (1). Many scholars have 
tried to provide a concise system that is accept-
ed throughout the world. The embryological de-
velopment of the kidney, the topographic anato-
my of the organ, the renal pyramids, and the anat-
omy of the segmental kidney arteries have been all 
used as the basis of different approaches to topo-
graphical anatomy. Nevertheless, a global consen-
sus is fundamental since kidneys play a crucial role 
in surgical procedures. A cluster of dangerous sit-
uations and possible fatalities may occur, such as 
necrosis, during nephrectomies and alter the ex-
pected results.  

The kidneys, like the lungs, liver and spleen, 
have a system of segmental arteries with an es-
sential role in the surgical anatomy of these organs 
(Figure1). Regarding the intra-renal arteries, their 
study began using a scientific surgical approach 
during the last seven decades, even though efforts 
began in the 17th century. Despite the fact that the 
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Figure 1. A figure of human kidney’s blood supply and col-
lecting system (2). 
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first detailed work began at the beginning of the 
20th century, it is surprising that the best descrip-
tive attempt was not provided by a physician or 
anatomist, but by a medical artist. 

This historical vignette aims to record the story 
of the decade from 1950 to 1960, when it all started.

The Painter

The German artist Max Brödel (1870-1941), who 
was born in Leipzig, was to become one of the 
greatest medical illustrators of modern times (3). 
He graduated from the Leipzig Academy of Fine 
Arts, and at a young age was brought to the John 
Hopkins School of Medicine to work as an illus-
trator for the medical authorities of the school. 
Brödel was credited with the development of the 
carbon dust technique for medical and scientif-
ic illustrations. His innovative thought, to present 
his illustrations in an acceptable medium that was 
able to demonstrate the vividness and the detailed 
characteristics of living tissues, paved the way for 
a second breakthrough in art, using clay-surfaced 
lithographic transfer paper (4). Those two novel-
ties created a new era in topographical anatomy. 
He soon became known as an anatomist and sci-
entist, mainly for his description of the avascu-
lar area of the kidney (which became known as 
Brödel’s bloodless line) (Figure 2) (5) and an im-
proved method of nephropexy using a suture that 
he designed (Brödel’s suture) (6). His description 
of the vascular system of the kidneys was the best 
at that time (7). 

Figure 2. Brödel kidney avascular line (5).

The Pioneer

It was F.T. Graves who presented a study on the in-
tra-renal arteries for the first time back in 1954, 
which has remained in use until today (8). This 
gold standard approach to the anatomical study of 
the segmental renal arteries led to the categoriza-
tion of vascular renal segments which is of great 
value for nephrectomies. Graves, who was a pro-
lific researcher into the vascularization of the kid-
neys gave us a proposal of five vascular segments: 
i) the apical/superior, the upper pole in both the 
anterior and posterior planes, ii) the upper, central 
area, iii) the middle, the area between the upper 
and the lower pole, iv) the lower/inferior, forming 
the lower pole in both the anterior and posterior 
planes, and v) the posterior, the area between the 
apical and the lower pole in the posterior plane. 

The intra-renal arteries are known for their 
diversity. However, Graves recorded what in his 
opinion should be followed as the “normal” pat-
tern. Thus, according to his survey, the renal ar-
tery splits into anterior and posterior branches 
before the hilum. The anterior branch is divided 
into four segmental branches which provide blood 
to the apical/superior, upper, middle, and inferior 
segments of the kidney. The posterior branch pro-
vides blood to the posterior segment of the kidney. 
Furthermore, each branch supplies blood to a lo-
bar artery, which in its turn provides hematosis to 
the renal pyramid. Each lobar artery is further sep-
arated into two or three more inter-lobar arteries, 
which arch over the base of the pyramid in order 
to form the various arcuate arteries. From every 
arcuate artery various interlobular arteries origi-
nate, and their branches constitute the glomerular 
capillaries which are the fundamental factors for 
the essential action of the kidneys, that is, filtra-
tion. We must have in mind that every segmental 
renal artery should be considered as the end.

Graves’ studies distinguished further variations 
of each segmental artery. That is: a) for the api-
cal segmental artery he recognized four types: i) 
Type I, arising from the upper segmental artery, 
ii) Type II, arising from the junction between the 
anterior and posterior division of the main stem 
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renal artery, iii) Type III, arising at the junction of 
the main renal artery with the aorta, entering the 
apical segment outside the hilum and iv) Type IV, 
arising from the posterior division; b) for the up-
per, middle and lower segmental arteries he recog-
nized three groups: i) Group I: the lower segmen-
tal artery arises first, while the upper and middle 
have a common origin, ii) Group II: the upper 
segmental artery arises first, while the middle and 
lower have a common origin and iii) Group III: the 
upper, middle and lower segmental arteries arise 
in common  (9-14).

The Reformer

A few years after Graves’ categorization, it was 
Boijsen who, with the use of radiology, present-
ed an angiographic study of the renal arteries. His 
differentiated approach in the segmental anatomy 
of the kidneys sought to ameliorate or supplement 
Graves’ efforts. Boijsen had the belief that the seg-
mental arteries did not correspond to the kidney’s 
parenchyma division according to the topographi-
cal view. He based this on the fact that an average 
adult kidney has seven pairs of Ventral-Dorsal pyr-
amids. Therefore, he introduced the idea of divid-
ing the kidneys into four segments based on the re-
lationship of the segmental arteries to the renal pyr-
amids. That is: i) Segment I containing Pyramids 
1-2 Ventral and Dorsal, ii) Segment II containing 

Pyramids 6-7 Ventral and Dorsal, iii) Segment III 
containing Pyramids 3-5 Ventral, and iv) Segment 
IV containing Pyramids 3-5 Dorsal (15).

Discussion 

Recent studies have demonstrated that in the hu-
man kidneys the arterial vasculature is frequent-
ly different from the description made by Graves 
65 years ago (Figure 3) (16). Additionally, in a sig-
nificant percentage of cases, a single renal seg-
ment receives two or more branches which origi-
nate from another artery leading to a different seg-
ment. Thus, in 47% of cases the arteries may de-
rive from a common trunk. This fact should be 
taken into account by surgeons when performing 
nephrectomies (17-18). With the evolution of mi-
crosurgery and the tendency towards the saving of 
organ tissues rather than complete resection, par-
tial nephrectomy is gaining more interest in on-
cological kidney surgery, and in polytraumatic pa-
tients. Kidney microsurgery requires mapping and 
a good knowledge of the vascular intra-renal anat-
omy for acceptable outcomes both oncologically 
and functionally (17-19). Thus, nephrectomy re-
quires imaging, nephrometry scoring systems, and 
vascular control techniques so that the surgeon is 
able to maximize the remaining vascularized pa-
renchyma, control renal function and minimize 
local ischemia (20). In 1998, the Terminologia 
Anatomica consensus homologated two branches 
of the renal artery: i) the anterior, and ii) posteri-
or, while five segmental branches were recognized: 
i) four from the anterior branch and ii) one from 
the posterior branch. This partially altered Graves’ 
categorization after almost 70 years of global ac-
ceptance (19). The modern practice of thorough 
presurgery mapping of the renal arterial net is the 
outcome of the diachronic anatomical investiga-
tion which is highlighted in this essay.

Epilogue

Max Brödel introduced the idea of describing the 
small arteries and became known for his work in 
renal anatomy. Graves presented his approach to Figure 3. Vascular variations of Kidney (16).
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the intra-renal vasculature, which after some re-
forms is still in use and mentioned by studies in 
the field. Partial nephrectomy is the modern form 
of kidney surgery and knowledge of the blood sup-
ply is a key element for success.  

What Is Already Known on This Topic: 
A modern anatomical study on intra-renal arteries and its role in surgi-
cal anatomy.

What This Study Adds: 
This study, with its starting point in the work of a painter, describes the 
diachronic development of the medical-anatomical study of the intra-
renal arteries, and how modern medicine, with modern methods such 
as angiography, can help the physicians to understand their topographi-
cal anatomy in order to apply it in the surgical field.
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