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Pathogenetic Overlapping of Renovascular Hypertension 
Developed in a Child with Takayasu Arteritis: ‘One-clip, 
One and Half-kidney Model’

There are two pathogenic models of renovascular hypertension (RVH) originating 
from renal artery stenosis. We noted a case of a boy who had severe hypertension 
with atrophic left kidney, hypertrophic right kidney, a segmental stricture of the 
abdominal aorta, and total occlusion of the right renal artery. Due to the atrophic 
change of the contralateral, unclipped left kidney, this patient presented with 
various clinical manifestations related to both models of pathogenesis of RVH oc-
curring at the same time. We conclude that this patient presented with the middle 
stage of the two RVH pathogenetic models, so called the ‘one-clip, one and half-
kidney model.’
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Introduction

Renovascular hypertension (RVH) is responsible for 5-10% of causes of 
hypertension in children1,2). Diseases associated with renovascular hyperten-
sion in children include neurofibromatosis type I, tuberous sclerosis, Marfan’s 
syndrome, Takayasu arteritis, polyarteritis nodosa and extrinsic compression 
due to tumor3). It has been reported that Takayasu arteritis is the most com-
mon vasculitis of the causes of RVH during childhood, especially in Asia and 
South Africa3,4).

There are two pathogenesis models of RVH originating from renal artery 
stenosis; the ‘one-clip, two-kidney model (1C/2K)’ and the ‘one-clip, one-
kidney model (1C/1K)’5). Because there are clear differences of pathogenesis 
and optimal treatment between the two models, it is essential to clarify the 
dominant mechanism of RVH before initiating treatment. We disclose a case 
showing mixed manifestations of two pathogenesis models of RVH occurring 
at the same time. 

Case report 

A 12-year-old boy with intermittent headache due to severe hypertension 
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was admitted to our hospital. His initial blood pressures 
(BP) of the extremities were 180/112 (right arm), 172/100 
(left arm), and 160/100 (both legs) mmHg. Physical exami-
nation was non-specific except for abdominal bruit. Rou-
tine laboratory findings were within the normal ranges. 
Studies were done for secondary causes of hypertension 
and revealed elevated peripheral plasma renin activity 
(PRA) (>20 ng/ml/hour). Renal ultrasonogram revealed 
atrophic left kidney, hypertrophic right kidney and an ab-
normal flow pattern in right renal artery. Glomerular filt-
ration rates on the 99mTc-diethylenetriamine-pentaacetic 
acid scan were 64 ml/min/1.73m2 in the right kidney and 
12 ml/min/1.73m2 in the left kidney. Computed tomogra-
phy angiography showed a segmental stricture of the abdo-
minal aorta, total occlusion of the right renal artery with 
collateral vessels through the adrenal artery (Fig. 1), severe 
stenosis of the right accessory renal artery and segmental 
stenosis of the proximal superior mesenteric artery, but a 
small relatively intact left renal artery (Fig. 2). This boy was 
diagnosed with Takayasu arteritis based on the diagnostic 
criteria of the American College of Rheumatology. The 
levels of PRA in the left, right renal veins and inferior vena 
cava were 25.02, 28.89, 23.22 ng/ml/hour, respectively. We 
carefully administered an angiotensin converting enzyme 
(ACE) inhibitor (enalapril 10 mg) because other antihyper-

tensive drugs such as beta-blockers, calcium channel bloc-
kers, and vasodilators were not effective. His BP decreased 
20-30 mmHg (systolic BP, 140-150 mmHg) just after ACE 
inhibition. Serum creatinine was maintained at normal 
levels. In order to decrease his BP within the normal range 
(systolic BP, under 120 mmHg), we added enalapril 10 mg 
and an angiotensin-receptor blocker (losartan potassium 
50 mg) under closed monitoring of his BP and renal func-
tion. One week later, his systolic BP decreased to about 120 
mmHg, but his serum creatinine increased to 2.6 mg/dL. 

This patient presented somewhat confused clinical ma-
nifestations related to two models of RVH occurring at the 
same time. Elevated PRA, a dramatic decrease in BP by an 
ACE inhibitor and unilateral renal artery stenosis in angio-
graphy were compatible with the 1C/2K, whereas acute 
renal failure developed after additional administration of 
an ACE inhibitor and non-lateralization of renin activity 
between bilateral renal veins were compatible with the 1C/ 
1K. Thus, these manifestations could only be explained 
with the middle stage of the two models, so called the ‘one- 
clip, one and half-kidney model (1C/1.5K)’, originated from 
the atrophic change of contralateral, unclipped left kidney 
(Table 1).

Due to the limitation of medical treatments and con-
sideration for the growth of height, we decided to perform 
surgical treatment involving insertion of an aortic stent 
and autotransplantation of the right kidney. Until now (at 
5 years after operation), his BP and PRA level are main-
tained at normal levels without anti-hypertensive drugs. 
We are using only low-dose aspirin for the purpose of anti- 

Fig. 1. Computed tomography angiography shows segmental 
stricture of abdominal aorta (white arrow), total occlusion of right 
renal artery with collateral vessels through the adrenal artery 
(white arrowhead).

 

Fig. 2. Computed tomography angiography shows an atrophied 
left kidney (yellow arrowhead) with a small relatively intact left 
renal artery (yellow arrow).
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coagulation to the aortic stent.

Discussion

There are two pathogenetic mechanisms of RVH deve-
loped by renal artery stenosis; 1C/2K and 1C/1K. These 
mechanisms were created in animal models of renal artery 
stenosis with use of clips. The 1C/2K is developed from 
unil ateral renal artery stenosis in two functional kidneys, 
whereas the 1C/1K from bilateral renal artery stenosis in 
both functional kidneys or single renal artery stenosis in 
one functional kidney5). 

In the 1C/2K, angiotensin-dependent manifestations 
such as prominent elevation of PRA, a dramatic decrease 
of BP and decrease of GFR in the stenotic kidney after ad-
ministration of an ACE inhibitor can be presented. Re-
duced renal perfusion in the ipsilateral kidney due to unila-
teral renal artery stenosis provokes the activation of the 
renin-angiotensin system (RAS) and angiotensin II de-
pendent hypertension, whereas, in the contralateral kidney, 
increased renal perfusion due to hypertension produces 
suppressed RAS and pressure natriuresis. In this case, the 
use of an ACE inhibitor is the choice of treatment to control 
BP before surgical correction. On the other hand, in the 
1C/1K, because reduced renal perfusion is developed in 
the single kidney with a clip or in both kidneys with each 
clip simultaneously, pressure natriuresis cannot be pro-
duced, thus RAS is inhibited due to volume expansion. 
Therefore, PRA is normal or low, and arterial pressure is 
reduced only after volume depletion. Also, in this model, 
the use of an ACE inhibitor is contraindicated due to the 
possibility of acute renal failure and the use of diuretics is 
recommended. In patients with two functional kidneys, a 

pathogenetic mechanism can be decided according to the 
role of the contralateral kidney without a clip. If the contra-
lateral kidney has good function, the 1C/2K can be domi-
nant, but if its function is not good, a pathogenetic mecha-
nism of RVH can be changed to the 1C/1K. In our patient, 
elevated PRA, a dramatic decrease of BP by an ACE inhi-
bitor and unilateral renal artery stenosis in angiography 
were compatible with the 1C/2K, whereas acute renal failure 
developed after additional administration of ACE inhibi-
tors, and non–lateralization of renin activity between both 
renal veins were compatible with the 1C/1K. We suggested 
that these confused, overlapped manifestations were de-
veloped by the atrophy of left contralateral kidney without 
a clip. If this kidney has no function, his manifestations 
would be compatible with the typical 1C/1K. However, be-
cause this contralateral kidney had partial renal function 
and produced limited pressure natriuresis, he presented 
ambivalent manifestations, so called the ‘1C/1.5K’. Although 
we do not know the accurate reason of atrophic change in 
the left contralateral kidney without definite renal artery 
stenosis, there could be several possible causes including 
congenital hypoplasia or acquired atrophy due to Takayasu 
arteritis.   

In conclusion, to understand the pathogenesis and choose 
the optimal treatment of RVH, it is important to clarify the 
dominant model of RVH developed by renal artery stenosis. 
We report on a child who was diagnosed with Takayasu 
arteritis and presented the middle stage of the two models 
of RVH, so-called the ‘1C/1.5K’.
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Table 1. Comparison of Clinical Manifestations according to the Pathophysiologic Mechanisms of Renovascular Hypertension
1C/2K model 1C/1K model Our patient

PRA level Increased Normal or decreased Increased

Response to ACEi Good Good only after volume depletion Good

Angiography Unilateral renal artery stenosis Bilateral renal artery stenosis Unilateral renal artery stenosis

Decrease of GFR after ACEi In only stenotic kidney Yes Yes

Lateralization of renin activity 
 between both renal veins

Yes No No

Abbreviations: 1C/2K, one-clip, two-kidney model; 1C/1K, one-clip, one-kidney model; PRA, plasma renin activity; ACEi, angiotensin converting enzyme 
inhibitor; GFR, glomerular filtration rate.
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alone are responsible for the content and writing of the 
paper. 
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