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Abstract 
Introduction: A nephrectomy is the surgical removal of a kidney, performed to treat a number of kidney diseases including kidney cancer. It is 

also done to remove a normal healthy kidney from a living or deceased donor, which is part of a kidney transplant procedure. Both size and 

functions, primarily glomerular filtration rate (GFR) and renal plasma flow (RPF), increase almost immediately following unilateral 

nephrectomy.  Aim: To determine short term differences in contralateral renal function and volume in unilateral nephrectomy patients in our  

institution. Material and Methods: This is a prospective study, Observational and cross-sectional study of all patients who undergo nephrectomy 

for renal transplantation, malignancy and other renal diseases at Tertiary Care Teaching Hospital over a period 1 year. A total of 62 patients who 

undergo open or laparoscopic nephrectomy have been assessed during the study period. The detailed history of all patients has been recorded. 

Results: We evaluated a total of 62 patients who underwent nephrectomy for various reasons. In all types of nephrectomy, groups post 

nephrectomy improvement in GFR and kidney volume to a varying extent was noted. When compared to the other two groups donor 

nephrectomy group is showing higher postoperative GFR with kidney volume and more improvement as compared to their preoperative values. 

The mean difference is shown in the table for each nephrectomy group, and for each group, it has a p-value <0.05. Similarly, for RPV 

improvement donor nephrectomy group shows the highest mean difference, and the diseased nephrectomy group shows the lowest mean 

difference. The difference in means of all nephrectomy is significant and has p-value <0.05. Conclusion: The DTPA-GFR and RPV of 

contralateral kidney increased steadily after surgery in all nephrectomised groups. Difference in functional and volumetric outcome after 

unilateral nephrectomy, can be arranged in decreasing order as donor nephrectomy group, radical nephrectomy group and then diseased 

nephrectomy group. The change in RPV and GFR of contralateral kidney after nephrectomy will help to predict compensatory response in 

healthy as well as co-morbid patients. 
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Introduction 

A nephrectomy is the surgical removal of a kidney, performed to treat 

a number of kidney diseases including kidney cancer. It is also done 

to remove a normal healthy kidney from a living or deceased donor, 

which is part of a kidney transplant procedure[1]. Nowadays, 

nephrectomy most commonly performed after malignancy, trauma, 

and transplantation. Live donor renal transplantation is the treatment 

of choice for patients with end-stage renal disease. Patients 

undergoing nephrectomy for renal malignancies increased due to 

incidental detection of renal masses by imaging. Nephrectomy also 

performed for irreversibly damaged kidney after chronic infection,  
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obstruction, calculus disease, pyelonephritis, and dysplasia of 

kidneys[2]. 
The surgical removal of a normal kidney shows dramatic changes in 

the remaining kidney. Both size and functions, primarily glomerular 

filtration rate (GFR) and renal plasma flow (RPF), increase almost 

immediately following unilateral nephrectomy[3].
 

After nephrectomy, the remaining kidney undergoes compensatory 

adaptation, and its total glomerular filtration rate (GFR) increases by 

70% of the preoperative value within 8 to 12 weeks[4].
 

GFR is 

generally accepted as an optimal test for the overall assessment of 

renal function. It was observed that although the remaining kidney 

does continue to function normaly, nevertheless, it undergoes self-

mutilation in the form of glomerulosclerosis and interstitial injury[5].
 

Multiple autopsy studies indicated that kidney volume strongly 

correlates with the number of functioning nephrons[6].
 
In terms of 

donor nephrectomy, kidney volume directly corresponds with renal 

function in living donors and affects post‐transplantation graft 

outcomes;
 

and CT measured parenchyma strongly correlates with 

differential renal function on a nuclear renal scan for normal or 
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chronically obstructed kidneys[7].
 
Also, a significant correlation was 

identified between preoperative and postoperative kidney volume and 

their respective GFR after unilateral nephrectomy[8]. In addition, 

studies reported that preoperative kidney volume in donor patients can 

be a predictor of delayed renal function measured 6 months after 

surgery[9].
 

To identify factors determining the risk of renal failure after unilateral 

nephrectomy, it is necessary to correctly estimate the function and 

volume of each of the kidneys before and after surgery. In previous 

studies, the GFR of each kidney in binephric individuals was 

expressed as half of the corresponding two-kidney value[10].
 

However, this method does not accurately reflect the individual 

function of each of the kidneys because creatinine clearance 

determines the total GFR rather than the individual kidney 

function.The Tc-99m DTPA scan has been validated and accepted as 

a method for determining the GFR as a measure of both the overall 

renal function and the individual function of each of the kidneys[11].
 

So, we want to evaluate changes in the postoperative glomerular 

filtration rate (GFR) and kidney volume after nephrectomy in order to 

understand the relation between these two factors. 

 

Material and Methods 

This is a prospective study, Observational and cross-sectional study of 

all patients who undergo nephrectomy for renal transplantation, 

malignancy and other renal diseases at Tertiary care Teaching 

Hospital over a period 1 year. A total of 62 patients who undergo 

open or laparoscopic nephrectomy have been assessed during the 

study period. The detailed history of all patients has been recorded. 

 

Inclusion Criteria 

 All patients aged 18-80 yrs with RCC and urothelial tumors 

underwent either open or laparoscopic radical nephrectomy. 

 All living kidney donors aged 18-55 yrs operated during the 

study period. 

 All patients aged 18-80 yrs underwent either simple or 

subcapsular nephrectomy for various benign and infective 

aetiologies 

 

Exclusion Criteria 

Patients with an abnormal contralateral radiological kidney, solitary 

kidney or synchronous RCC, patients with metastatic or locally 

advanced cancer at RN (pT4/N1–2), previous surgery for RCC and 

pre-existing severe renal insufficiency (defined as an eGFR of <30 

mL/min/1.73 m2) were excluded. All marginal kidney donors with 

age>55yrs, GFR<80ml/min, hypertension and diabetes. 

All patients evaluated with non-contrast computed tomography 

(NCCT) scan and DTPA scan pre-operatively and one month post 

operatively. The renal parenchymal volume can be calculated by 

ellipsoid formula as volume = length (average of sagittal and coronal 

lengths) × width × depth × π/6. While in DTPA scan the estimated 

GFR is calculated. Both parameters will compare using appropriate 

software. Selected patients undergoing RN for solitary renal masses 

(RCC group), donor nephrectomy for renal transplantation and 

appropriate type of nephrectomy for various renal diseases were 

matched for age and gender to the most suitable group. 

The GFR of the individual kidney was determined by Tc-99m DTPA 

scintigraphy before and after nephrectomy. While renal volume is 

calculated by Non-contrast CT scan with 128 slice 72 kW CT scan 

machine with 5 mm cut section, before and after nephrectomy. 

Quantitative scans of Tc-99m DTPA uptake in the kidneys were taken 

using a gamma camera-based on Gates method. The patient was 

injected intravenously with 75- 150 MBq (5 mCi) Tc-99m DTPA, and 

the Gates analysis was performed 2–3 min after the tracer was 

injected. Regions of interest were assigned for each kidney and 

perirenal semilunar background region. Perfusion and dynamic 

images were obtained using the Symbia E dual head gamma camera. 

All GFR values were corrected on the basis of depth and normalized 

correction. 

In calculating renal volume, linear renal dimensions (length, lateral 

diameter, anterior-posterior diameter) were measured. Renal length 

was calculated from axial slices by multiplying the slice thickness by 

the number of slices between the superior and inferior tips of the 

kidneys. The slice represented the greatest cross-sectional area for 

width and thickness measurements. Lateral diameter was measured 

from the lateral extent of the kidney to the renal sinus and antero 

posterior diameter was measured perpendicular to the lateral diameter. 

Renal volume was estimated from the linear dimensions using the 

ellipsoid formula. Same procedure has been repeated pre-and post-

nephrectomy. 

The ellipsoid formula to estimate renal volume = length ×lateral 

diameter ×anterior- posterior diameter ×π/6. 

 

Statistical Analysis 

All the data collected analysed through Microsoft excel 2007 

software. Statistical data have been analysed through SPSS software 

version 26. The pre and postoperative renal volume and GFR values 

were compared using a paired t-test. Categorical variables were 

examined using a simple chi-square analysis. P value <0.05 was 

considered statistically significant. 

 

Results 

In the study group, more than 50% of the patients were between 41-

60yrs age, and in the donor nephrectomy group, 75% were in that 

age. The mean age of patients is 45.08 ± 7.67 yrs, 52.07 ± 12.68 

yrs, and 42.22 ± 13.02 yrs in donor nephrectomy group, radical 

nephrectomy group, and diseased nephrectomy group respectively. 

 

Table 1: Distribution of Age group 

Age Donor nephrectomy Radical Nephrectomy Diseased Nephrectomy Total 

<20 0 0 1 01 

20-40 4 3 18 25 

40-60 8 6 17 31 

>60 0 4 1 05 

    62 

 

The majority of the patients were between 41-60 yrs age in both donor nephrectomy group and diseased nephrectomy group. But in a radical 

nephrectomy group, an approximately equal proportion of patients were noted in both 40-60yrs and >60 yrs  age groups. No patient was 

present in < 20 yrs and >60 yrs age group in the donor nephrectomy group. Only 1 patient was in less than 20 yrs age in a diseased 

nephrectomy group. No patient of age less than 20 yrs was presented with RCC in the study. 

 

Table 2: Distribution of gender 

Gender Donor Nephrectomy Radical Nephrectomy Diseased Nephrectomy Total 

Male 4 10 15 29 

Female 8 3 22 33 

    62 

In the study population, we are seeing a slight female predominance in total. As well in both donor nephrectomy group and diseased nephrectomy 
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group, female predominance is prominently present 

Table 3: Surgery Wise Distribution 

Operative Side Donor Nephrectomy Radical Nephrectomy Diseased Nephrectomy Total 

Left 7 5 20 32 

Right 5 8 17 30 

    62 

Donor nephrectomy was done in 12 patients, and radical nephrectomy was done in 13 patients. Simple or subcapsular nephrectomy was done for 

the remaining 37 patients. Hence in our study, major patient load came from a diseased nephrectomy group. 

 

Table 4: Etiological Distribution 

Surgery Etiology No. Of Patients 

Donor Nephrectomy  12 

Radical Nephrectomy Renal Malignancy 13 13 

 

 

 

Diseased Nephrectomy 

TB 2  

 

 

37 

PUJO 11 

XGPN 6 

EPN 5 

Pyonephrosis 11 

Angiomyolipoma 1 

Renal Artery Thrombosis 1 

 

As we see in the above table, we evaluated a total of 62 patients who underwent nephrectomy for various reasons. In those, 12  were donor 

nephrectomy, 13 were having renal malignancy, and 37 diseased nephrectomies. In this 37 diseased nephrectomy, we got 2 tuberculosis patients, 

11 pelviureteric junction obstruction, 6 xanthogranulomatous pyelonephritis, 5 emphysematous pyelonephritis, 11 pyonephrosis,  1 

angiomyolipoma, and 1 renal artery thrombosis. In our study, two unusual nephrectomy we got, i.e., renal artery thrombus formation due to 

trauma and angiomyolipoma.  

 

Table 5: Mean GFR Before and After Nephrectomy 

Surgery Pre-op GFR (ml/min) Post-op GFR (ml/min) Mean Difference p-value 

Donor Nephrectomy 54.42±3.47 79.17±4.82 24.75(45.5%) <0.05 

Radical Nephrectomy 46.44±6.65 62.99±6.83 16.55(35.6%) <0.05 

Diseased Nephrectomy 49.04±8.63 64.98±8.69 15.94(32.5%) <0.05 

In all types of nephrectomy, groups post nephrectomy improvement in GFR and kidney volume to a varying extent was noted. When compared to 

the other two groups donor nephrectomy group is showing higher postoperative GFR with kidney volume and more improvement as compared to 

their preoperative values. Similarly, the percentage increase in GFR of each nephrectomy group is shown in the table. The mean difference is 

shown in the table for each nephrectomy group, and for each group, it has a p-value <0.05.  

 

Table 6: Mean RPV Before and After Nephrectomy 

 

Surgery 

Pre-op RPV 

(cm
3

) 

Post-op RPV 

(cm
3

) 

Mean Difference 

(cm
3

) 

p-value 

Donor Nephrectomy 154.69±11.63 175.80±12.86 21.11(13.64%) <0.05 

Radical Nephrectomy 154.73±15.95 174.39±18.02 19.66(12.70%) <0.05 

Diseased Nephrectomy 148.62±16.56 165.27±18.8 16.65(11.70%). <0.05 

 

Similarly, for RPV improvement donor nephrectomy group shows the 

highest mean difference, and the diseased nephrectomy group shows 

the lowest mean difference. The percentage increase in each group of 

nephrectomy is shown in the table. The difference in means of all 

nephrectomy is significant and has p-value <0.05. 

 

Discussion 

This present prospective study was conducted to compare the renal 

function and RPV outcome following nephrectomy for different 

indications. We evaluated the outcome by comparing the remaining 

kidney GFR, both pre and post-operatively, using DTPA renogram, 

while RPV changes measured by NCCT KUB. 

In the study group, more than half of the patients were between 41-60 

yrs age. The mean age of living donors was 45.08 ± 7.67 years (range 

– years), with the majority of donors being between 41 and 60 years 

old. The ratio of male to female donors was 4:8. Renal function was 

normal in all patients. In the year 2014, according to the Indian 

transplant registry mean age of the donor was 35-49 yr. Miki N et al., 

in a similar study of 2013, demonstrated the mean age of donor as 

59.1 yr. In our study, the mean age of the donor was 45.08 ± 7.67 yr, 

which almost similar to the mean age described in the Indian 

transplant registry[12].
 

The mean age for diseased nephrectomy in our study is 41.9 ± 13.02 

yrs with major patient load in 40-60 yrs age group. Suraj Godara et al.
 

in his study has mean age of diseased group 48.7 ± 5.5 yrs while in 

Funahashi et al. study, the mean age of study population is 62.3 ± 

13.3 yrs[13,14].
 
In our study, in diseased group patients have been 

included with very variable age, ranging from 19 yrs to 70 yrs. 

Emamian SA et al., reported mean RPV 146 cm3 in the left kidney 

while 134 cm3  in the right in 665 adult volunteers in one study[15].
 

In our study, the mean RPV comes for the left side is 152.65 ± 16.09 

cm3 and that for the right side, it comes to 149.78 ± 15.43 cm3. Our 

sample size for left side kidney were 33 for left, and 29 for right, so 

due to small sample size the difference between left and right-side 

volume may not be that much significant. As like above study, there 

is no any data found which shows the difference in GFR according to 

side of kidney. 

In present study, the average percentage increase in the GFR of the 

contralateral kidney in donor nephrectomy group is 45.5% compared 

to radical nephrectomy group (35.6%) and disease nephrectomy group 

(32.5%). Z. Chen et al.[16],
 
in 2012 in his study showed a 22% 

increase in GFR post 1-month nephrectomy and 23.5% post 12 

months nephrectomy in donor Nephrectomy group, and both values 

are not significantly different at 1 and 12 months. Kim et al., in 2010 

also showed that mean change in GFR was significantly greater in the 
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donor nephrectomy group than in the disease nephrectomy group 

(11.1 ± 8.5ml/min vs. 5.6 ± 7.2ml/min, p<0.05)[17].
 

In the study population with advanced age, reduced pre-operative 

GFR was noted. This change in GFR with advanced age in present 

study population was similar to the general population. In the general 

population, the GFR decreases with age and begins to fall at the age 

of 40. After 50 years of age, the GFR declines more rapidly. The 

decline in GFR between the age of 35 and 55 years is approximately 1 

ml/min/year, and it accelerates to approximately 1.4 ml/min/year 

beyond 55 years of age. 

Considering the RPV, the highest increase in mean value found in the 

donor group (13.64%) as compared to radical (12.70%) and diseased 

groups (11.70%). Prassonpoulos et al. had inferred that the 

compensatory reaction in the remaining kidney occurs before surgery 

in patients with renal cell cancer because he found unaffected kidneys 

were 36% larger than the corresponding normal kidney in binephric 

individuals 1 month before nephrectomy[18].
 
In Yasuhito Funahashi 

et al. study, the mean RPV of group including all types of 

nephrectomy increases by 13.3 % after 1 week and stabilised to 9% 

after 6 months[19].
 

 

Conclusion 

The DTPA-GFR and RPV of contralateral kidney increased steadily 

after surgery in all nephrectomised groups. Difference in functional 

and volumetric outcome after unilateral nephrectomy, can be arranged 

in decreasing order as donor nephrectomy group, radical nephrectomy 

group and then diseased nephrectomy group. The compensatory 

change in the GFR will help in predicting variation in GFR after 

nephrectomy, especially in elderly patients. The change in RPV of 

contralateral kidney helps to predict the surgical CKD in association 

with GFR data. The change in RPV and GFR of contralateral kidney 

after nephrectomy will help to predict compensatory response in 

healthy as well as co-morbid patients.
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