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Hypertensive nephropathy as an outcome of unilateral 
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 Aim. To study the adaptive mechanisms of structural and functional changes in a single kidney after nephrectomy for 
kidney cancer. 

Materials and Methods. A total of 179 operations of two types were performed: nephrectomy and kidney resection in 
patients with cancerous lesions. Postoperative ultrasound was performed – size control and dopplerography of the vessels 
of the contralateral single kidney, monitoring-control of blood pressure. 

Results. In case of kidney resection, the adaptive mechanisms controlling the volume of functioning tissue are preserved. 
The load on the organ remains minimal and physiological, and is not redistributed, blood pressure remains close to baseline. 
Nephrectomy does not lead to functional changes in a single kidney, but to adaptive and pathophysiological structural 
damage as a result of increased plasma pressure, organ “reboot”, its vicarious hypertrophy, which is accompanied by ve-
nous edema of interstitium as a pressure factor on the tissue, increased tone of arterioles, the development of secondary 
organ ischemia, circulatory hypoxia and increased blood pressure. All this fits into the clinical picture of hypertensive 
nephropathy.

Conclusions. The potential risk of hypertension and hypertensive nephropathy in patients undergoing nephrectomy, 
compared with patients after organ-saving surgery, is significantly higher. One of the most important manifestations of 
hypertension in the elderly is a violation of the structure and function of “target organs”, which include: the brain, heart, 
blood vessels, kidney. Nephrectomy forms a pathological vicious circle, contributing to the development and further pro-
gression of renal and cardiovascular failure.

 Keywords: hypertensive nephropathy; kidney cancer; nephrectomy; kidney resection; vicar hypertrophy; arterial 
hypertension.
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 Цель. Изучить адаптационные механизмы структурно-функциональных изменений в единственной почке 
после нефрэктомии по поводу рака почки.

Материалы и методы. Больным раком почки выполнены 179 оперативных вмешательств двух видов: нефрэк-
томия и резекция почки. В послеоперационном периоде выполняли ультразвуковое исследование с оценкой 

https://doi.org/10.17816/uroved42529



 UROLOGY REPORTS (St. Petersburg)	 2020;10(3)	 ISSN 2225-9074 

230 original papers / Оригинальные статьи 

размеров и доплерографию сосудов контралатеральной единственной почки, проводили мониторинг артери-
ального давления (АД) оперированных больных.

Результаты и обсуждение. В случае резекции почки адаптационные механизмы, контролирующие объем 
функционирующей ткани, сохранены. Нагрузка на орган остается минимальной и физиологической, и не 
перераспределяется. АД не изменяется. Нефрэктомия ведет не к функциональным изменениям единствен-
ной почки, а к адаптационно-патофизиологическим структурным повреждениям в результате повышения 
плазменного давления, «перезагрузки» органа, его викарной гипертрофии, что сопровождается венозным от-
еком интерстиция в качестве фактора давления на ткань, повышением тонуса артериол, развитием вторичной 
ишемии органа, циркуляторной гипоксией и повышением АД. Все это укладывается в картину гипертензив-
ной нефропатии.

Заключение. Потенциальный риск развития артериальной гипертензии и гипертензивной нефропатии 
у пациентов, перенесших нефрэктомию, по сравнению с пациентами после органосохраняющей операции, 
существенно выше. Одним из важнейших проявлений артериальной гипертензии у пожилых людей является 
нарушение структуры и функции «органов-мишеней», к которым относятся: головной мозг, сердце, сосуды, 
почки. Нефрэктомия формирует патологический замкнутый круг, способствующий развитию и дальнейшему 
прогрессированию почечной и сердечно-сосудистой недостаточности.

 Ключевые слова: гипертензивная нефропатия; рак почки; нефрэктомия; резекция почки; викарная гипертрофия; 
артериальная гипертензия.

INTRODUCTION
Kidney cancer is one of the most common neo-

plasms of the urinary system [1]. Worldwide, 
the number of new cases of renal cell carcinoma 
(RCC) registered annually is on average approxi-
mately 209  thousand, which amounts to 2%–3% in 
the range of malignant neoplasms in adults, and 
up to 102  thousand patients die annually. RCC 
ranks tenth in terms of morbidity among all malig-
nant neoplasms and first in terms of growth rates, 
as this indicator was 41.35% over the past 5 years 
[2–4].

In Russia, of all malignant neoplasms, RCC con-
stitutes 4.3% in men and 2.9% in women, and it is 
more often diagnosed in the decades 6 and 7 of life; 
the median age of patients at the time of diagno-
sis is 61 years. The prevalence of RCC is 96.9 per 
100 thousand populations, and mortality is 5% [1].

The foremost method of treatment remains sur-
gery. A distinctive feature of modern surgery devel-
opment is organ-sparing treatment.

The development of hardware in diagnostics have 
enabled the implementation of mass screening of the 
population, which in turn have increased the detec-
tion rate of early stage RCC and made organ-sparing 
surgeries possible, with their share reaching 32% [3]. 
Resection of the kidney is accompanied by the oc-
clusion of the organ vessels. At the same time, great 
importance is associated with the time of ischemia 
both in the development of acute kidney damage 
and the transition of the disease into a chronic form 

[5, 6]. A decrease in the number of functioning 
nephrons and/or hypoxic damage to the remaining 
ones form or cause the progression of chronic kid-
ney disease (CKD), which is an independent factor 
in the occurrence of cardiovascular complications 
[7–10].

Nevertheless, the treatment of choice in most 
cases of kidney cancer remains radical nephrectomy. 
Studying the compensatory mechanisms of the re-
maining kidney and the body as a whole after ne-
phrectomy is a pressing task in current medicine. 
Further, when performing these surgeries, the el-
derly age of patients and the associated co-morbidity 
should be taken into account.

Nowadays, fewer cancer patients die from kid-
ney cancer and more from cardiovascular diseases 
and CKD. As a factor in the natural adaptation of 
the organ in response to increased load after ne-
phrectomy for cancer, compensatory hypertrophy of 
the kidney is considered quite acceptable. Vicarious 
hypertrophy can provide a high stability of homeo-
static parameters for a prolonged period. Addition-
ally, in clinical nephrology, many cases that indicate 
the progression of nephropathy in dyscirculatory or 
metabolic disorders of the kidney functional appa-
ratus in elderly patients have been described, which 
lead to a disorder of plasma and platelet hemostasis 
(toward hypercoagulation). This is accompanied by 
renal tissue fibrosis [11, 12]. Disorders in the hemo-
static system toward hypercoagulation constitute a 
risk factor in patients with malignant neoplasms. 
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All this requires active therapeutic and prognostic 
medical measures [13].

Renal pathology manifests itself with arterial hy-
pertension syndrome; moreover, the causes of its 
occurrence are associated with the affected kidney. 
However, the question arises that, is an increase in 
blood pressure possible after nephrectomy due to 
the compensatory enhancement of the organ func-
tion due to overload?

The description of the mechanisms leading to 
CKD progression is also relevant. Nephrectomy has 
been proven to be a reliable aspect in CKD develop-
ment, which increases the probability of metabolic 
complications, vascular diseases, and lethal outcome 
[11, 12]. It is logical to assume that the risk of CKD 
is prevented or reduced by preserving functioning 
tissue during kidney resection. Nevertheless, an 
important factor of kidney damage is systemic hy-
pertension, the long-term effect of which results 
in the remodeling of the organ tissue accompanied 
by structural and functional rearrangements and 
the formation of nephrosclerosis, namely, preglo-
merular arteriolosclerosis and tubulointerstitial 
fibrosis.

An assessment of the adaptive mechanisms of the 
structural and functional state of the solitary contra-
lateral kidney (after nephrectomy for cancer) is of 
considerable interest due to the complexity of unam-
biguous interpretation.

This study aimed to analyze the structural and 
functional changes in the solitary kidney as a com-
pensation mechanism after nephrectomy for kidney 
cancer.

MATERIALS AND METHODS 
OF RESEARCH

In the urological and oncourological depart-
ments, over an 8-year period, 179 patients with 
a diagnosis of stage 1–3 kidney cancer were fol-
lowed up after surgical treatment. The exclusion 
criterion in the study was a history of arterial hy-
pertension. Distribution of patients by gender 
showed 104  men  and  75  women, and the age of 
the patients was 39–76  years, with mean age of 
59.0 ± 10.8 years. The ratio of men and women 
was 1.1 : 1. The left kidney was most often affect-
ed (101 cases, 56.4%). Tumor sizes ranged from 
1.0 to 12.0 cm. CKD was diagnosed in all patients, 
and three of them had decreased renal function to 
stage III CKD.

The degree of complexity of the planned kid-
ney resection was determined as per the RENAL 
scale using computed or magnetic resonance im-
aging data of the retroperitoneal organs and aver-
aged at 7.4 ± 0.8 points. All patients gave volun-
tary consent to the surgery and for participation 
in the study.

The patients underwent prevention of throm-
boembolic complications before the surgery, which 
comprised elastic compression of the lower extremi-
ties, pharmacological thromboprophylaxis, and ear-
ly activation of patients in the postoperative period. 
Blood pressure monitoring, ultrasound examination 
of the size and structure of the kidneys, and Doppler 
sonography of the kidney vessels were performed as 
well as blood urea and creatinine parameters were 
monitored. Hemostasis was controlled over time 
during kidney resection, and nephrectomy and pho-
tobiomicroscopy of the bulbar conjunctiva and cap-
illaroscopy of the subungual bed were performed 
during the follow-up period.

RESULTS AND DISCUSSION
In total, 36 (20.1%) nephrectomy surgeries and 

143 (79.9%) kidney resections were performed in this 
study. A histological examination of tumors revealed 
clear cell renal cancer in 79% of cases. A  tendency 
to an increase in blood pressure on days 2–4 after 
surgery was noted in 84% of patients who underwent 
nephrectomy, and in 14% of patients who underwent 
resection. In 56% of patients after nephrectomy, the 
levels of urea and creatinine in the blood increased 
already on day 2 after surgery, which returned gra
dually to normal on day 10–15 during the course of 
appropriate therapy.

Ultrasound examination on days 4–5 after sur-
gery showed an increase in size of the solitary re-
maining kidney on average up to 4% of the initial 
value. After resection, there were no significant 
signs of vicarious hypertrophy. Doppler sonography 
of the vessels of the solitary kidney showed a tenden-
cy to increase renal blood flow rate up to 1.15 cm/s 
in 83.7% of cases. An increase in the resistance index 
was revealed, the value of which defines the state of 
the microvasculature and tone of the walls of the ar-
terioles and capillaries. The resistance index of the 
main trunk of the renal artery was 0.72 ± 0.02 (with 
a norm of 0.62) whereas that of segmental arteries 
was 0.69 ± 0.01 (with a norm of 0.61) and that of 
interlobar arteries was 0.66 ± 0.04 (at a rate of 0.6). 
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Photobiomicroscopy of the bulbar conjunctiva and 
capillaroscopy of the subungual bed indicated a 
slowdown in the capillary blood flow and stasis of 
blood corpuscles in the microcirculation system. 
The hemodynamic parameters remained unchanged 
after the kidney resection in the contralateral 
organ.

Attention is drawn to initially pronounced fi-
brinogenemia and an increase in the level of solu-
ble fibrin-monomer complex (SFMC). An increase 
in the SFMC level was registered when comparing 
the dynamics of thrombinemia in the early post-
operative period. There is a more pronounced de-
crease in SFMC due to low molecular weight hep-
arins used in the postoperative period, which is 
nevertheless higher than the control value for up to 
10 days.

During the dispensary follow-up period from 
2012 to the present, no cases of recurrence or pro-
gression of the tumor in kidney resection were re-
corded. Overall, 22 (61%) patients after nephrec-
tomy and 59 (46%) patients after kidney resection 
were followed up. The median follow-up was 
54.6 ± 21.4  months, and no significant differences 
between the groups were seen. In the solitary kid-
ney after radical nephrectomy, rapid progression 
of CKD was noted in six patients, and in two pa-
tients compared with kidney resection. One patient 
from the radical nephrectomy group died during 
follow-up.

Functional and physiological restructuring of the 
solitary kidney after nephrectomy and restarting mi-
crohemocirculation and transcapillary metabolism 
are the major aspects of the pathological process, 
and these require targeted action within pathoge-
netic therapy. In the case of kidney resection, the 
adaptive mechanisms that control the volume of 
functioning tissue are preserved. The load on the or-
gan remains minimal and physiological and is not 
redistributed; blood pressure remains at the initial 
level.

Nephrectomy does not lead to functional chang-
es in the solitary kidney, but it does cause adaptive 
and pathophysiological structural damage due to 
increased plasma pressure, restarting of the organ, 
vicarious hypertrophy, tissue ischemia, and circula-
tory hypoxia accompanied by the increase in blood 
pressure. This forms a vicious circle, wherein the or-
gan increases in volume, causing venous edema of 
the interstitium due to the pressure on the tissue, 

increase in the tone of arterioles, development of 
secondary tissue ischemia, circulatory hypoxia as an 
irritant to the cells of the juxtaglomerular apparatus, 
and increase in blood pressure. All this presents as a 
pattern of hypertensive nephropathy.

Patients with kidney cancer are initially at high 
risk of thromboembolic complications; further sur-
gical intervention increases the level of the above-
mentioned markers of the hemostatic system, which 
then increases the risk of thrombogenesis in the 
microcirculation system and development of he-
mic hypoxia. This can also promote the develop-
ment of chronic pyelonephritis, nephrosclerosis, 
and CKD.

Adaptive mechanisms compensate for organ 
functioning after kidney resection, the total load 
on the renal tissue remains within the physiological 
limits, and systemic BP does not change.

CONCLUSION
Compared with patients who undergo organ-

sparing surgery, the potential risk of arterial hy-
pertension and hypertensive nephropathy in pa-
tients with a history of nephrectomy is significantly 
higher. One of the most significant manifestations 
of arterial hypertension in elderly patients is im-
paired of structure and function of target organs 
including the brain, heart, blood vessels, kidneys. 
Simultaneously, the small vessels that make up the 
microcirculation system are affected, and due to 
age-related atherosclerosis, dystrophic, necrotic, and 
sclerotic changes, thereby aggravating the organism 
aging.

Nephrectomy leads to the formation of pathologi-
cal vicious cycle that contributes to the development 
and further progression of renal and cardiovascular 
failure.

Nephrectomy, a method of forced radical inter-
vention in the treatment of RCC, requires not only 
pathogenetically substantiated complex medical 
but also social and economic rehabilitation of pa-
tients with a solitary kidney, which cannot be con-
sidered complete as its functional load increased 
twofold.
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