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Abstract
A 48-year-old woman presented with hyperreninemic hypertension and renal dysfunction and was diagnosed with hydrone-
phrosis-related Page kidney. The pathophysiology was “renal tamponade”, in which the kidney was compressed by the renal 
pelvis and Gerota’s fascia, resulting in intrarenal microvascular ischemia. Ureteral stent placement promptly improved the 
hyperreninemic hypertension and renal dysfunction, and additional perirenal fluid drainage gradually improved these condi-
tions. These observations indicated the following three points. First, renal compression-induced renin–angiotensin–aldos-
terone system upregulation plays an important role in the pathogenesis of Page kidney. Second, physicians should consider 
perirenal fluid drainage as a therapeutic option in addition to ureteral stenting in patients with hydronephrosis-related Page 
kidney. Third, bilateral perirenal subcapsular hematomas in this case could be caused by hydronephrosis. Hydronephrosis-
induced intrarenal pressure elevation possibly caused chronic perirenal subcapsular hemorrhage at the vulnerable sites of 
the renal cortex and peeling of the renal capsule from the cortex, resulting in the bilateral massive subcapsular hematomas 
and Page kidney.
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Introduction

In 1955, Page et al. reported an unusual case in which severe 
hypertension improved following the surgical removal of 
both kidneys that had perirenal fluid collection [1]. Based on 
animal experiments in which hypertension was produced by 
wrapping a kidney in cellophane [2], it was concluded that 
changes in intrarenal hemodynamics, rather than the com-
pression of the renal artery, led to hypertension. This unu-
sual phenomenon was named Page kidney and is believed to 
occur when external compression of the kidney activates the 
renin–angiotensin–aldosterone system (RAAS) via micro-
vascular ischemia [3–24]. We herein report an unusual case 
of hydronephrosis-related Page kidney in which “renal tam-
ponade” occurred due to renal compression from the renal 
pelvis and Gerota’s fascia.

Case report

A 48-year-old Japanese woman presented with severe hyper-
tension and renal dysfunction. She reported a 3-month his-
tory of malaise, anorexia, and bilateral lower back pain. 
Severe hypertension (194/129 mmHg) was noted at presen-
tation; however, other vital signs and physical examinations 
were unremarkable. Blood tests revealed renal dysfunction 
and high renin and aldosterone levels: serum creatinine, 
4.01 mg/dL; plasma renin activity, 5.6 ng/mL/h; and aldos-
terone, 282 pg/mL (Table 1). Chest X-ray, electrocardio-
gram, and cardiac and abdominal ultrasound did not reveal 
pulmonary edema, myocardial infarction, cardiac heart fail-
ure, or renal artery stenosis. Abdominal computed tomogra-
phy and ultrasound demonstrated bilateral hydronephrosis 
and perirenal fluid collection with computed tomography 
numbers of 10–30 Hounsfield Units (Fig. 1A–B).

As the patient’s renal function did not improve after an 
indwelling bladder catheter was inserted, the patient was 
determined not to have urinary retention. Further studies 
revealed that the ureter obstruction was caused by new-onset 
metastatic cervical cancer. Therefore, bilateral ureteral stents 
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were placed 8 days after presentation (day 8). Thereafter, the 
improvement in the renal function of the patient was propor-
tional to the decrease in blood pressure and plasma renin 
activity; however, these changes plateaued on days 21–25. 
A follow-up ultrasound on day 21 revealed remaining peri-
renal fluid with an improvement in hydronephrosis (Fig. 2); 
therefore, we suspected that the perirenal fluid contributed 
to the hyperreninemic state. Ultrasound-guided fluid drain-
age was performed in the right kidney on day 26, and 30 mL 
of serous brown fluid was drained (Fig. 1C). Examination 
of the fluid revealed almost the same levels of electrolytes, 
urea nitrogen, and creatinine as those in the blood and an 
elevated level of lactate dehydrogenase with many red and 
white blood cells, suggesting that the fluid was hemolyzed 
blood rather than urine. Further, there was no evidence of 
infection or malignancy in the fluid (Table 1). After the 
drainage, the patient’s renal function, blood pressure, and 
plasma renin activity improved gradually, and chemotherapy 
for metastatic cervical cancer was initiated on day 51. No 
hydronephrosis or perirenal fluid was noted on follow-up 

computed tomography on day 83. No antihypertensive medi-
cation was used in the patient’s clinical course (Fig. 3).

The differential diagnosis of hyperreninemic hyperten-
sion is shown in Table 2 [25]. The usual causes of hyperre-
ninemic hypertension were excluded based on the patient’s 
clinical course, history, and examination. First, malignant 
hypertension was unlikely since there were no labora-
tory findings suggestive of thrombotic microangiopathy 
including hemolytic anemia, thrombocytopenia, or schis-
tocyte. Further, it was atypical of patients with malignant 
hypertension to not develop cardiac failure or hypertensive 
encephalopathy if they were not taking any antihyperten-
sive medication. Second, clinical examination did not reveal 
renal artery stenosis, renin-secreting tumors, pheochromo-
cytoma, hypertensive encephalopathy, pulmonary edema, or 
cardiac or aortic diseases. Third, the patient had no history 
of trauma, drug use, or operation.

Therefore, an unusual case of renal parenchymal hyper-
tension possibly occurred. Minimally invasive procedures 
were effective in relieving renal compression. Thus, we 

Table 1  Laboratory findings on the first attendance and on perirenal fluid drainage

Renal dysfunction with elevated plasma renin activity and serum aldosterone was observed on the first attendance; however, there were no labo-
ratory findings suggestive of thrombotic microangiopathy, pheochromocytoma, coagulopathy, autoimmune disease, perirenal tumor invasion, or 
infection. On perirenal fluid drainage, examination of the fluid revealed almost the same levels of electrolytes, urea nitrogen, and creatinine as 
those in the blood and an elevated level of lactate dehydrogenase with many red and white blood cells, suggesting that the fluid was hemolyzed 
blood rather than urine
ACTH adrenocorticotropic hormone, ANA antinuclear antibody, MPO myeloperoxidase, PR3 proteinase 3, ANCA anti-neutrophil cytoplasmic 
antibody, GBM glomerular basement membrane

On the first attendance On perirenal fluid drainage

<Blood test> <Blood test> <Perirenal fluid component>
Blood cell count Coagulation  Na 141 mEq/L  Specific gravity 1.020
    WBC 8450/μL    PT-INR 1.01  K 4.5 mEq/L  pH 8.0
   RBC 3.66×106/μL    APTT 27.1 s  Cl 104 mEq/L  Protein (2+) 3.0 g/dL
   Hb 10.3 g/dL    Fibrinogen 701 mg/dL  Cre 1.50 mg/dL  Occult blood (3+)
   Hct 33.7 % Endocrine  BUN 25.1 mg/dL  RBC >100/HPF
   Plt 29.4×104/μL    Plasma renin  

activity
5.6 ng/mL/h <Urinalysis>  WBC 30-49/HPF

Blood chemistry    Aldosterone 282 pg/mL  Specific gravity 1.014  Cast Negative
   CRP 0.28 mg/dL    ACTH 12.3 pg/mL  pH 6.0  Bacteria Negative
   TP 7.5 g/dL    Cortisol 11.5 µg/dL  Protein (2+) 0.127 g/dL  Atypical cell Negative
   Alb 4.0 g/dL Immunochemistry  Occult blood (3+)  Na 140 mEq/L
   AST 10 U/L    ANA ×40 titer  RBC >100/HPF  K 3.9 mEq/L
   ALT 6 U/L    MPO-ANCA Negative  WBC 30–49/HPF  Cl 108 mEq/L
   LDH 299 U/L    PR3-ANCA Negative  Cast Negative  Cre 1.46 mg/dL
   T-Bil 0.5 mg/dL    Anti-GBM  

antibody
Negative  Na 107 mEq/L  UN 24.0 mg/dL

   BUN 30.8 mg/dL <Urinalysis>  K 27.6 mEq/L  LDH 679 U/L
   Cre 4.01 mg/dL  Metanephrine 0.121 mg/gCre  Cl 108 mEq/L
   Na 142 mEq/L  Normetanephrine 0.225 mg/gCre  Cre 78.9 mg/dL
   K 5.0 mEq/L  Cre 57.9 mg/dL  UN 542 mg/dL
   Cl 107 mEq/L
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concluded that the pathophysiology was “renal tamponade,” 
in which the kidney was compressed by the renal pelvis and 
Gerota’s fascia, leading to intrarenal microvascular ischemia. 
Indeed, renal compression-induced hyperreninemic hyper-
tension could occur both in hydronephrosis [26, 27] and 
Page kidney [4–22]. Hydronephrosis primarily contributed 
to the pathophysiology in this case since the blood pressure 
improved promptly after bilateral ureteral stenting. On the 
other hand, Page kidney seemed to be a secondary cause of 

the hyperreninemic state since renal function, blood pres-
sure, and plasma renin activity plateaued at approximately 
2 weeks after the ureteral stent placement, and these param-
eters improved after additional perirenal fluid drainage.

Discussion

Page kidney is believed to occur when external compression 
of the kidney activates RAAS via microvascular ischemia; 
however, few studies have analyzed the perirenal fluid com-
ponents or changes in RAAS activity during treatment for 
Page kidney. In this case, changes in RAAS activity during 
the treatment and the efficacy of minimally invasive proce-
dures were evaluated. First, minimally invasive procedures 
relieved the renal compression, leading to the downregula-
tion of the RAAS and the improvement in renal function and 
blood pressure. These observations support the hypothesis 
that renal compression-induced RAAS upregulation has an 
important role in the pathogenesis of Page kidney. Second, 
renal function, blood pressure, and plasma renin activity 
plateaued approximately 2 weeks after the ureteral stent 
placement, and these parameters improved after additional 
perirenal fluid drainage. If hyperreninemic hypertension and 
renal dysfunction are insufficiently ameliorated via ureteral 
stenting, physicians should consider performing perirenal 
fluid drainage.

In this case, bilateral perirenal subcapsular hematomas 
could have been caused by hydronephrosis, and not merely 
by coincidence. There are two grounds for this hypothesis: 
ultrasonographic changes during treatment and no applica-
ble cause of perirenal fluid collection. First, compared with 
the initial ultrasound, a follow-up ultrasound presented a 
reduction in the subcapsular hematoma approximately 2 
weeks after ureteral stenting (Fig. 2). This suggests that 
an increase in hydronephrosis-induced intrarenal pressure 
contributed to the subcapsular hematoma formation. Sec-
ond, there was no applicable cause for perirenal fluid col-
lection in this case. Generally, the causes of perirenal fluid 

Fig. 1  The image findings and appearance of the perirenal fluid. 
Abdominal computed tomography (A) and ultrasound (B) suggest-
ing hydronephrosis (asterisks) and bilateral perirenal fluid collection 
(white arrows) at presentation are shown. Upon drainage, the fluid is 
serous brown (C)

Fig. 2  Comparison between the 
initial and follow-up ultrasound. 
Compared with the initial 
ultrasound at presentation (A), 
a follow-up ultrasound on day 
21 (B) showed a reduction in 
perirenal fluid and an improve-
ment in hydronephrosis
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collection include trauma [3–10]; iatrogenic causes such as 
renal biopsy [11–15] and kidney transplantation [16–19]; 
perirenal tumors [20]; urinomas [21–24]; and renal lym-
phangiectasias [28]. However, such etiologies were excluded 
based on the clinical history and examination of this patient. 
Further, laboratory findings showed no evidence of coagu-
lopathy, autoimmune disease, or perirenal tumor invasion or 
infection (Table 1).

Therefore, this case implies the possibility of a novel 
etiology of Page kidney; hydronephrosis-induced intrare-
nal pressure elevation caused chronic perirenal subcapsular 
hemorrhage at the vulnerable sites of the renal cortex and 
peeling of the renal capsule from the cortex, resulting in 
bilateral massive subcapsular hematomas and Page kidney. 
The draining fluid had elevated lactate dehydrogenase levels 
and contained several red and white blood cells. Further, the 
electrolyte, urea nitrogen, and creatinine levels in the fluid 
were similar to those in blood, not urine (Table 1). These 

findings indicate hemolysis with obsolete perirenal hem-
orrhage, but not drainage-induced acute hemorrhage. In a 
mouse model of hydronephrosis, renal compression-induced 
mesenchymal ischemia and hypoxia resulted in inflamma-
tion and fibrosis of the renal cortex [29]. Similarly, in this 
case, hydronephrosis-induced renal compression could have 
caused renal cortical damage and tissue vulnerability. As a 
result, subcapsular hemorrhage could have occurred at the 
vulnerable sites of the renal cortex due to chronic intrarenal 
pressure elevation, leading to the bilateral massive subcap-
sular hematomas and Page kidney.

In summary, the patient in this report had hydronephro-
sis-related Page kidney. The pathophysiology was “renal 
tamponade” in which the kidney was compressed by the 
renal pelvis and Gerota’s fascia due to hydronephrosis 
and perirenal fluid, resulting in intrarenal microvascular 
ischemia causing hyperreninemic hypertension and renal 
dysfunction. Ureteral stent placement promptly improved 

Fig. 3  The clinical course. 
The scheme (A) shows the 
patient’s renal function and BP. 
Plasma renin activity and serum 
aldosterone are also shown (B). 
After a ureteral stent placement 
on day 8, the patient’s renal 
function improved in propor-
tion with a decrease in BP and 
plasma renin activity; however, 
the changes in these parameters 
plateaued on days 21–25. After 
perirenal fluid drainage on day 
26, the patient’s renal function, 
BP, and plasma renin activity 
improved without the use of 
antihypertensive medications. 
Abbreviations: BP blood pres-
sure, eGFR estimated glomeru-
lar filtration rate
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hyperreninemic hypertension and renal dysfunction, and 
additional perirenal fluid drainage gradually improved 
these conditions. These observations indicated the fol-
lowing three points. First, renal compression-induced 
renin–angiotensin–aldosterone system upregulation plays 
an important role in the pathogenesis of Page kidney. 
Second, physicians should consider perirenal fluid drain-
age as a therapeutic option in addition to ureteral stent-
ing in patients with hydronephrosis-related Page kidney. 
Third, bilateral perirenal subcapsular hematomas in this 
case could be caused by hydronephrosis. Hydronephro-
sis-induced intrarenal pressure elevation possibly caused 
chronic perirenal subcapsular hemorrhage at the vulner-
able sites of the renal cortex and peeling of the renal cap-
sule from the cortex, resulting in the bilateral massive 
subcapsular hematomas and Page kidney.
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