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Objective: Renal artery aneurysm (RAA) is an uncommon 
disease, the natural course of which is still not well known. 
The objective of this study is to define factors that affect the 
growth rate of RAAs.
Materials and Methods: We retrospectively reviewed 32 
aneurysms in 26 patients at our institute between January 
2010 and March 2016. Basal demographics, comorbidi-
ties, reason for diagnosis, and details of the aneurysms and 
interventions were recorded. The chronological changes in 
the diameter of the RAA using multiplanar reconstructions 
of computed tomography images were measured and ana-
lyzed.
Results: The baseline mean diameter was 20.1±8.4 mm 
(range: 9.9–41). The mean follow-up period was 3.13±2.1 y 
(range: 0.5–7.1). The median growth rate was 0.35 mm/y 
(interquartile range: 0.05, 0.62). The growth rate was 
slower when the initial diameter was <20 mm than when it 
was >20 mm (p=0.036). Also, whole-completed calcifica-
tion was a significant factor for slower growth (p=0.016). 
We performed ex-vivo surgery in two cases and coil packing 
with stenting in one. No ruptures occurred during the study 
period.
Conclusion: Our results suggest that cases with an RAA 
diameter <20 mm do not require intervention. The inter-
val period can be longer in whole-completed calcification 
types.

Keywords: renal artery aneurysm, growth rate, natural his-
tory, expansion rate

Introduction
Renal artery aneurysm (RAA) is an uncommon disease 
with an estimated incidence of 0.01% in autopsy find-
ings.1) Recently, assisted by the remarkable developments 
in diagnostic imaging, the frequency of RAA detection 
has been increasing; it is reported to occur in 0.7% of 
all examinations using multidetector computed tomog-
raphy (MDCT).2) The natural course of RAA is still not 
well known. Indications for intervention are said to be 
rupture, symptoms such as hydronephrosis or hematu-
ria, intractable hypertension, pregnancy, or renal artery 
diameter >20 mm.3,4) Among these indications, the basis 
for diameter is unclear because few reports elucidate this 
indication. Therefore, we aimed to survey RAA patients at 
our institute. 

Materials and Methods
We retrospectively surveyed RAA patients from January 
2010 to March 2016 at our institute, Tohoku University 
Hospital, Sendai, Japan. We extracted demographics, co-
morbidities, reason for diagnosis, and laboratory data 
from the medical records. Hypertension was defined as 
blood pressure over 140/90 mmHg or the use of medica-
tion for hypertension. The location, shape, and diameter 
of the RAAs were confirmed using MDCT. The types were 
categorized by location as main trunk, main bifurcation, 
primary branch, and intrarenal types. The main trunk 
type was defined as an aneurysm located in the main renal 
artery but not reaching the branches: the main bifurcation 
type, an aneurysm involving the main renal artery and its 
first branch; the primary branch type, an aneurysm lo-
cated in the first branch but not involving the main renal 
artery; and the intrarenal type, an aneurysm in a kidney or 
in the renal pelvis. The aneurysm shapes were categorized 
as saccular, lobed, or fusiform. Calcification of the RAA 
was measured and classified as a non- or incomplete-
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calcification type or as a whole-completed calcification 
type. Non- or incomplete-calcification was defined as 
calcification <80% of the aneurysm’s circumference, and 
whole-completed calcification was defined as calcifica-
tion >80% of the circumference as detected by MDCT. 
Follow-up was performed by ultrasound or MDCT; 
MDCT examinations were performed at least once a year. 
The chronological order of change of the diameter was 
determined using multiplanar reconstructions, with the 
diameter defined as the maximum width perpendicular to 
the original artery. Figure 1 depicts the measurements of 
the aneurysm diameters. Our measurement data approxi-
mately matched the report of a radiologist. We achieved 
good reproducibility. All radiological data were viewed 
with a Ziocube DICOM viewer (Ziosoft, Osaka, Japan).

For the statistical analyses, the percentage, 
mean±standard deviation, or median [interquartile range 
(IQR)] in patients’ basal characteristic data were calcu-
lated. Growth rates were assessed from the diameter of the 
aneurysm on initial arrival, the calcification type, shape, 
location, and patient’s gender, age, hypertension, and side 
using the t-test. A p value <0.05 was considered signifi-
cant. All statistical analyses were performed with JMP pro 
12.2.0 software (SAS Institute Inc., Cary, NC, USA).

This study was approved by the Institutional Review 
Board of Tohoku University Graduate School of Medicine.

Results
We identified 32 RAAs in 26 patients at our institute from 
January 2010 to March 2016. Table 1 shows baseline 
characteristics of the patients. The baseline mean age 
was 61.5±15.4 years (range: 27–84). Females were in 
the majority (males, 10; females, 16). The mean follow-
up period was 3.13±2.12 years (range: 0.5–7.1 years). 
One-half of the patients had hypertension; however, other 

risk factors for arteriosclerosis such as dyslipidemia and 
diabetes mellitus were infrequent. The most frequent 
reason for diagnosis was incidental findings on computed 
tomography done to investigate other symptoms (22 
cases, 84.6%). Three cases were detected on ultrasound 
imaging for health examinations (11.5%). No patients 
were symptomatic.

The baseline mean diameter of RAAs was 20.1±8.4 mm 
(range: 9.9–41). The most frequent location was the main 
bifurcation (13 cases, 40.6%), and the next was the 
primary branch (11 cases, 34.4%). These two locations 
accounted for 75% of RAAs. There were three intrarenal 

Fig. 1 Location, shape, and mode of measuring the diameter of 
RAAs.

Table 1 Baseline characteristics

Demographics
Mean age±S.D. 61.5±15.4 year  

(range: 27–84)
Gender Male: 10 Female: 16

Comorbidities
Hypertension 13 (50.0%)
Diabetes mellitus 5 (19.2%)
Dyslipidemia 5 (19.2%)
Coronary artery disease 1 (3.8%)
Cerebral vascular disease 1 (3.8%)

Opportunity of diagnosis
Incidental finding 16 (61.5%) (All by CT)
Abdominal or back pain  

examination
6 (23.1%) (All by CT)

Health examination 4 (15.4%) (3 by Ultrasound,  
1 by CT)

Aneurysm
Mean follow-up period 3.13±2.12 year  

(range: 0.5–7.1)
Mean diameter on initial  

arrival
20.1±8.4 mm  

(range: 9.9–41)
Median growth rate 0.35 mm/y (IQR 0.05, 0.62)
Side Right 17/Left 15
Multiple RAA 3 (11.5%)
Bilateral RAA 1 (3.8%)

Location
Main trunk 13 (40.6%)
Main bifurcation 11 (34.4%)
Primary branch 5 (15.6%)
Intrarenal 3 (9.4%)

Shapes
Saccular 27 (84.4%)
Lobed 4 (12.5%)
Fusiform 1 (3.1%)

Calcification
Non- or incomplete- 

 calcification
26 (81.3%)

Whole-completed  
calcification

6 (18.8%)

SD: standard deviation; IQR: interquartile range; CT: computed 
tomography
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(9.4%) and five main trunk RAAs (15.6%). Saccular types 
were the most frequent RAA shape (27 cases, 84.4%). 
Among the others, four were lobed (12.5%) and only one 
was fusiform. RAA calcification was also investigated. The 
whole-completed calcification type observed in six cases 
(18.8%), and non- or incomplete-calcification type was 
observed in 26 cases (81.3%).

Figure 2 shows changes in diameter. We defined the 
diameter of the saccular type as the maximum length 
perpendicular to the artery. We calculated the growth rate 
from the size measured on initial arrival to the most recent 
measurement. The median growth rate was 0.35 mm/y 
(IQR: 0.05, 0.62).

Table 2 shows the median growth rate for each factor, 
such as diameter, calcification, gender, age, hyperten-
sion, side, shape, and location. The growth rate of RAAs 
with a baseline diameter <20 mm was significantly 
slower (p=0.036), as was the growth rate for the whole-
completed calcification type (p=0.016). The diameter of 
the whole-completed calcification type remained mostly 
unchanged. Growth rate with hypertension or at nor-
mal blood pressure was independently similar (0.42 vs 
0.41 mm/y). For the other factors, the growth rate was not 
significantly different.

Surgical intervention was performed in three cases; 
details are shown in Table 3. Case 1 describes a 42-year-
old female patient with an intrarenal RAA of 35 mm, 
which was indicated for coil packing and stenting. Case 2 

Fig. 2 Chronological change in aneurysm diameter. The hori-
zontal axis reflects the time of follow-up; the vertical axis 
reflects the diameter of RAA.

Table 2 Analysis of the growth rate

Median growth rate (IQR) mm/y p value

Initial diameter
<20 mm 0.21 (−0.01, 0.38)

p=0.036
>20 mm 0.82 (0.33, 1.76)

Calcification
Non- or incomplete 0.36 (0.20, 0.62)

p=0.016
Whole-completed −0.09 (−0.23, 0.26)

Gender
Female 0.21 (0.0, 0.48)

p=0.70
Male 0.35 (0.08, 0.82)

Age
Under 70-year-old 0.21 (0.03, 1.02)

p=0.15
Over 70-year-old 0.35 (−0.13, 0.47)

Hypertension
Yes 0.28 (−0.01, 0.50)

p=0.96
No 0.31 (0.01, 0.58)

Side
Right 0.27 (−0.1, 0.48)

p=0.49
Left 0.46 (0.13, 0.82)

Shape
Saccular 0.35 (0.05, 0.50)

p=0.55Lobed 0.78 (−0.04, 1.6)
Fusiform −0.17 (−0.17, −0.17)

Location

Intrarenal 0.46 (0.46, 0.46)

p=0.48
Primary branch 0.21 (−0.01, 0.4)
Main bifurcation 0.36 (−0.11, 0.76)
Main trunk 1.06 (0.51, 1.61)

IQR: interquartile range
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describes a 43-year-old male patient, and case 3 describes 
a 76-year-old female patient. Ex-vivo surgery was per-
formed on cases 2 and 3. In cases 1 and 2 a small renal 
infarction occurred; however, renal functions were main-
tainedafter surgery. None of the patients had any recur-
rence. In addition, there was no ruptured case during the 
follow-up period.

Discussion
One of the accepted indications of RAA is a diameter over 
20 mm, except in female expectation of pregnancy or in 
cases with symptomatic RAA; these need to be consid-
ered independently. As majority of the reports are from 
Western countries, this study is meaningful because we 
investigated chronological changes of RAA in an Asian 
population.

The median growth rate in this study was 0.35 mm/y. 
This is similar to that found in previous studies.5,6) We dis-
covered that the growth rate is faster when the baseline di-
ameter is >20 mm (p=0.036). However, some aneurysms 
grow slowly even though their diameter is >20 mm: these 
aneurysms belong to the whole-completed calcification 
type. In all cases of this type, growth was slow regardless 
of the diameter. In previous reports, there was no signifi-
cant difference in the growth rates between calcified and 
non-calcified aneurysms.5,7) However, in aneurysms clas-
sified as whole-completed calcification, growth was quite 
slow (p=0.016). In one case of great interest, calcification 
progressed steadily during the entire study period. Even 
though the calcification extended over the entire aneu-
rysm, the growth rate was a constant 0.5 mm/y. Follow-up 
will be conducted to further monitor the growth rate for 
slowing.

A former study reported that aneurysms with circum-
ferential calcification were unlikely to rupture.8) Using 
high-detailed imaging, we discerned at a high level of ac-
curacy that whole-completed calcification types were sig-
nificantly slower growing. The walls of whole-completed 
calcifications are less flexible, but the intensity of their 
aneurysmal wall would be equal. Our results suggest 
that a longer follow-up interval could be provided in the 
whole-completed calcification type. As we do not have a 
large enough number of cases to check for the rupture rate 
of the whole-completed calcification type, the intervention 
of a large cohort of whole-completed calcification type of 

RAAs based on the diameter should be planned.
Decades ago, intervention was recommended for diam-

eters of 15–20 mm regardless of blood pressure status.9) 
Presently, a diameter of 20 mm is accepted in most medical 
institutions as indication for intervention. A recent study 
has suggested that asymptomatic RAAs with diameter 
>30 mm should be considered for intervention, as all 
ruptured cases were >30 mm.7) Thus, the indication di-
ameter for RAA is changing over time. Our study suggests 
that for asymptomatic RAAs with diameter <20 mm, 
non-operative management is reasonable. Intervention for 
asymptomatic RAA with diameter <20 mm is no longer 
realistic. Also, for asymptomatic RAAs with diameter of 
20–30 mm, observation could be acceptable. Diameters 
>20 mm were seldom included in previous studies. More 
investigation of larger aneurysms is required to reveal 
their natural history and their risk of rupturing. Such 
studies could be helpful in regulating when to decide to 
intervene. Also, records of whole-completed calcification 
types should be collected to identify the relationship be-
tween the progress of calcification with the growth rate 
and the risk of rupture. It should be noted that rupture 
under observation is very rare, ranging from 0% to 1.2% 
of cases.5,9) We also had no rupture among our cases dur-
ing the follow-up period. The low risk of rupture makes 
it difficult to shed light on it as a risk factor or how that 
changes based on optimal diameter.

Also, it is remarkable that cases of rupture of small 
sizes have been reported during pregnancy, especially in 
the third trimester. The etiology of RAA during pregnancy 
has not been reported previously. Hemodynamic and 
hormonal changes facilitate rupture, and rupture during 
pregnancy comes with a high rate of fetal mortality and 
morbidity.4,10) It is thought to be rare, but it cannot be 
overlooked.

Broadly, there are several approaches for the treatment 
of RAA, such as endovascular and open surgical ap-
proach. Open surgical approaches for aneurysm include 
the venous patch or ex-vivo surgery, whereas endovascu-
lar approaches are coil packing with stenting, emboliza-
tion, or stent grafts.11–13) The outcomes of each approach 
are similar.7,14–17) Recently, a report described the use of 
a multilayer flow modulator, which has the potential to 
modulate the aneurysm without critical shuttering or loss 
of native side branches.18) We need to select strategies ac-
cording to the shape or location of the aneurysm and the 

Table 3 Cases that required intervention

No. Age Gender Diameter Shape Location Intervention Complication

1 42 Female 35 mm Saccular Intrarenal Stent+Coil packing Mild renal infarction
2 43 Male 41 mm Saccular Main bifurcation Ex vivo Surgery Mild renal infarction
3 76 Female 40 mm Fusiform Main bifurcation Ex vivo Surgery None
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patient’s general condition.
In addition, we tend to consider the difficulty of inter-

vention. As main bifurcation or primary branch RAAs 
are more common, larger aneurysms would involve 
more branches. Distal branches will more frequently be 
of a smaller diameter, and we should consider sacrific-
ing a small branch in endovascular treatment or increase 
anastomosis in open surgery. However, we must be aware 
that sacrificing small vessels has at least a slight effect on 
renal function. At present, we are using renoscintigraphy 
to evaluate differential renal function. However, there is 
some risk of being over-concerned regarding interven-
tional difficulty, but earlier interventions may result in an 
increase in the number of unnecessary interventions. We 
need evidence for both the diameter that warns regarding 
the increases in the risk of rupture and the safe diameters 
at which unnecessary interventions can be avoided.

We acknowledge that this study has some limitations. 
First, it is a single-center retrospective study. We recog-
nize that some data is missing and bias exists. As longer 
durations are needed to evaluate aneurysms, our mean 
follow-up period of 3.13 year was insufficient. Further, it 
is unavoidable that small or slow-growing aneurysms are 
outnumbered in a study cohort. However, in our study, 
30% of RAAs were >20 mm. This is a relatively high 
ratio compared with that in previous reports. Also, we 
used growth rates expressed in mm/y. Our report suggests 
that the growth rates would increase more rapidly relative 
to the original diameter. However, expressed in mm/y, the 
value would be smaller in small aneurysms. Expressed as 
percentages, growth rates would be more equal; however, 
we used mm/y because this parameter has been used in 
most reports of aneurysms.

Conclusion
This report is the first to present the natural history of 
RAA. At diameters <20 mm their growth was signifi-
cantly slow. Also, regardless of the diameter, growth rate 
was significantly slow in whole-completed calcification 
types of RAA. Our study supports non-operative manage-
ment for diameters of <20 mm. The interval period can 
be longer in whole-completed calcification types. A study 
with a larger number of RAAs with diameters >20 mm is 
required to make an appropriate indication.
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