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Abstract
Background: High-altitude polycythemia (HAPC) is a common disease in high-altitude areas
characterized by excessive erythrocyte proliferation and severe hypoxemia. Recently, the incidence of
ureteral calculi has a rising trend. However, cases of ureteral calculi associated with high-altitude
polycythemia have not been reported.
Case Presentation: We present the cases of two patients with HAPC who were born in the lowlands and
worked in high altitudes and were admitted to the hospital with acute severe pain in the ureter as the first
symptom. Urological examinations confirmed the presence of a ureteral stone. Interestingly, the
biochemical tests showed elevated serum uric acid levels and the calculous component analysis
suggested anhydrous uric acid. Recently, extensive research has demonstrated a significant correlation
between hyperuricemia and high-altitude polycythemia. Therefore, we speculated that the occurrence of
ureteral calculi among immigrants to the plateau might be related to hyperuricemia associated with highaltitude polycythemia.
Conclusions: This case report and literature review highlights that the prevention of ureteral calculi in
patients with polycythemia who immigrate to the plateaus from high-altitude areas should be considered.
Additionally, the serum uric acid levels and urine pH should be monitored regularly.

Background
High-altitude polycythemia (HAPC) is a clinical syndrome caused by the inefficient acclimatization to
high-altitude hypoxic environments. It is characterized by excessive red blood cell proliferation and severe
hypoxemia (1). Recently, extensive research has demonstrated a significant correlation between
hyperuricemia and HAPC, as hyperuricemia is a common complication in patients with HAPC (2–4). Uric
acid is deposited in the kidneys in the form of sodium urate crystals when its concentration is
supersaturated in the bloodstream. Furthermore, a persistent low urine pH also plays a key role in the
pathogenesis of urolithiasis (5). Under high-altitude hypoxia, uric acid and other acidic metabolites
increase in patients with HAPC, leading to the precipitation of uric acid crystals and subsequent
deposition in the kidneys. Once the ureteral calculus is formed in such patients, the renal excretory
function is aggravated, leading to the enormous accumulation of uric acid thereby continuing a vicious
circle. As medical assistance in the plateau areas is often limited, when patients with ureteral calculi do
not receive timely treatment a series of irreversible consequences may result. Therefore, the prevention of
ureteral stones should be considered in patients with polycythemia after migrating to the plateaus.
However, no studies on ureteral calculi concurrent with HAPC have been reported. Therefore, we sought to
present two cases of ureteral calculi in patients born in lowlands and who worked at high altitudes. We
aimed to expand the literature on this disease and help clinicians to consider methods in preventing its
development.

Case Presentation
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Case 1
The first case was of a 26-year-old Chinese woman who was admitted to a hospital located at 4,300 m
(Maduo county, China) with complaints of severe pain in the right lower abdomen. The pain was
accompanied by nausea, vomiting, chest tightness, and shortness of breath. The patient was a PhD
student who was born in a lowland area (1,100 m; Tianshui, China) and had moved to Maduo county 3
months earlier to conduct her scientific research. At that high altitude, she gradually developed shortness
of breath, nocturnal sleep disturbance, and lip cyanosis. A clinical assessment revealed that she had
developed tachycardia (pulse rate, 132/min), decreased SpO2 (73%), and hypotension (blood pressure,
90/58 mm of Hg). Due to the limited medical assistance in the area, she was immediately transferred to
our hospital for further evaluation and treatment. A physical examination of the upper abdomen showed
tenderness and percussion pain over the right renal region and the ureter. An abdominal horizontal
position radiograph (KUB) showed a deformable area with a high-density shadow on the right upper
segment of the ureter suggesting the presence of a calculi. A urological ultrasound showed that the spot
separation of the right renal collecting system was 12 mm. On the right upper segment of the ureter,
approximately 20 mm away from the renal pelvis, a bright spot with a diameter of approximately 7 mm
was detected along with an acoustic shadow. The aforementioned findings revealed right hydronephrosis
and right upper ureteral calculi. A routine blood investigation showed an increased absolute erythrocyte
count and hemoglobin level (6.58×1012/L and 192 g/L, respectively). Further clinical biochemical tests
revealed a high uric acid level (458 µmol/L). Routine urine examination was positive for occult blood (2+)
and ketone bodies (2+). The peripheral blood Janus kinase 2 (JAK2) gene test showed no significant
abnormalities. After evaluation, the patient underwent extracorporeal shock wave lithotripsy. Analysis of
stone components suggested anhydrous uric acid. Additionally, no recurrences were found upon regular
re-examinations.

Case 2
The second case was of a 31-year-old Chinese man who was admitted to our hospital with complaints of
right lumbar pain accompanied by gross hematuria for 3 days. The patient was born in a lowland area
(47m; Yantai, China) and worked as an engineer in the highlands (2,994 m; Haixi, China) for 3 years. He
had a 2-year history of HAPC, without receiving any treatment. A physical examination revealed a right
renal and ureteral tenderness, slight cyanosis of the lips, telangiectasia of the face, and conjunctival
hyperemia. A clinical assessment revealed that he had tachycardia (pulse rate, 118/min) and reduced
SPO2 (79%). The patient’s body temperature, respiratory rate, and blood pressure were within the normal
limits. Ultrasonography of the urinary system indicated 11mm separation of the right kidney collection
system. The inner diameter of the upper part of the right ureter was 8mm, while the middle and lower part
were not clearly displayed. The left ureter does not dilate. KUB showed no positive urinary calculi in the
bilateral renal area and ureteral path. Intravenous urography (IVP) showed right hydronephrosis after
intravenous contrast agent injection. There was dilatation in the upper and middle segment of the right
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ureter, and no dilatation, hydronephrosis or damage in the left ureter. Imaging diagnosis: the right middle
and lower ureter incomplete obstruction was considered. A routine blood investigation revealed increased
absolute erythrocyte count and hemoglobin levels (7.78×1012/L and 225 g/L, respectively). Further
clinical biochemical tests revealed high uric acid (579 µmol/L), and creatinine (64 µmol/L) levels. A
routine urine examination was positive for occult blood (3+) and protein (1+). The peripheral blood JAK2
gene test, tumor marker levels, and heart color doppler ultrasound results detected no significant
abnormalities. The patient underwent right ureteroscopy and right ureteral stenting. After the operation,
the patient was given anti-inflammatory, hemostatic and rehydration therapy. Analysis of stone
components suggested anhydrous uric acid. Afterward, he returned to the plateau to resume his previous
work and no recurrences were found upon regular re-examinations.

Discussion And Conclusions
In this report, we present, for the first time, two cases of patients with HAPC who were born at low
altitudes and developed ureteral calculi while residing at high altitudes. According to the chronic
mountain sickness (CMS) Qinghai integral standard of the 6th Plateau Medicine Conference in 2004 (6),
the CMS integral of patients 1 and 2 were 8 and 12 points, respectively. Both cases presented with acute
ureteral colic as the first symptom and increased serum uric acid levels. In light of the aforementioned
data, we speculate that polycythemia may be a risk factor for ureteral calculi in individuals who migrate
to the highlands. To the best of our knowledge, this is the first report that presents the occurrence of
HAPC with ureteral calculi in migrants to the highlands.
The etiology of ureteral calculi remains unknown and is related to geographical locations, climatic
environments, dietary habits, occupations, and basic diseases (7). Ureteral calculi account for 65% of
urinary calculi and the incidence has been rising recently (8). It is well accepted that hyperuricemia
significantly increases the incidence of urinary calculi (9). When the uric acid concentration is
supersaturated, it gets deposited in the renal tissues in the form of sodium urate crystals. Researchers
have found that there was a 75% incidence rate of urinary tract stones in patients with hyperuricemia
caused by rare single-gene enzyme disorders (10).
Uric acid is the end-product of purine nucleotide metabolism and approximately two-thirds of uric acid
excretion occurs through the urine (11). Hyperuricemia is a common condition in patients with HAPC and
multiple factors contribute to this process. Excessive erythrocyte proliferation and apoptosis of HAPC
may contribute to increased uric acid levels (12). Hyperuricemia is also commonly found in patients with
erythrocytosis secondary to lung diseases and polycythemia vera (13, 14), which indirectly indicates the
correlation between erythrocytosis and uric acid. Moreover, the filtration function of the kidneys can be
inhibited by increased blood viscosity. In addition, high-altitude hypoxia increases the concentration of
lactic acid, especially in patients with HAPC, which can competitively inhibit the excretion of uric acid
(15).
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A high uric acid concentration and the persistent low pH of urine play a key role in the pathogenesis of
uric acid calculi (5). Urine pH can affect the formation of different types of urinary stones. Under normal
circumstances, urine pH is approximately 5.7–6.3. Consequently, a uric acid calculus is easy to form
when the urine pH is < 5.5, while calcium phosphate and struvite calculi readily form when the urine pH is
high (16, 17). In addition to pure uric acid stones, uric acid or sodium urate precipitation provides a nidus
for the subsequent formation of calcium oxalate stones, thereby further contributing to the overall
incidence of stones (18). Individuals are at risk of developing hyperventilation and respiratory alkalosis
when they are exposed to acute hypoxia, although their pH is kept within a normal range (19). Moreover,
the formation of urinary calculi has a relatively slow progress rate, and hence, acute hypoxic exposure
has a limited effect on urinary stone formation. However, for patients with HAPC who are exposed to
chronic hypoxia, a high uric acid concentration plays an important role in the formation of uric acid
stones. Moreover, the concentrations of uric acid metabolites in such patients are increased, and uric acid
crystals are apt to precipitate and deposit in the kidneys. A urinary calculus is formed in patients with
HAPC, which in turn aggravates the renal excretion function that can ultimately lead to uric acid
formation thereby continuing a vicious circle.
The prevention of ureteral calculi associated with HAPC is particularly important for several reasons.
First, in routine blood investigations, the serum uric acid level and 24-h urinary pH should be regularly
monitored in individuals who have migrated to the high-altitude areas. Second, drinking plenty of water is
recommended because a large amount of liquid intake has a protective effect on the incidence of
urolithiasis. Third, the dietary structure should be appropriately adjusted by reducing the intake of foods
with high purine content. It is worth noting that type II diabetes, metabolic syndrome, and obesity are
associated with hyperuricemia, and are also the risk factors for uric acid stone formation (20). Therefore,
people with these diseases entering the plateau should monitor the uric acid levels in order to reasonably
prevent the occurrence of urolithiasis.
Urolithiasis associated with HAPC might be a public health concern worldwide. Implementation of a
system to monitors serum uric acid levels in individuals residing in high-altitude areas could help prevent
ureteral calculi associated with HAPC. Meanwhile, publicity and education on this matter should be
strengthened to improve the dietary structure and develop the habit of drinking plenty of water. Further
research on the underlying mechanisms of urinary stone formation in patients with HAPC, including stone
analysis and 24-h urine composition analysis could provide useful information regarding the association
between urinary stone formation and HAPC.
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Figure 1
The Urological Doppler ultrasound and radiograph of KUB of patient 1. (A and B) The Urological Doppler
ultrasound revealed hydronephrosis of the right kidney and right proximal ureteral calculus. (C and D) The
abdominal horizontal position radiograph in the right upper segment of the ureter deformable area
showed high-density shadow because of the calculi.

Figure 2
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The ultrasonography of the urinary system, KUB, and IVP of patient 2. (A) Right hydronephrosis. (B) Right
ureterectasia. (C) KUB showed no positive urinary calculi in the bilateral renal area and ureteral path. (D)
IVP showed right hydronephrosis and dilatation in the upper and middle segment of the right ureter.
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