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P-DRF of the operated kidney was attributed to the RI. 
Subtraction of the P-DRF decline from the T-DRF decline 
was attributed to the parenchymal loss caused by the resec-
tion of the tumor and suturing of the normal parenchyma.
Results  The mean WI time was 22  min, and the mean 
weight of resected specimen was 18 g. The mean postoper-
ative eGFR declined to 87 ml/min/1.73 m2 from its baseline 
mean value of 97 ml/min/1.73 m2 (p value = 0.075). Mean 
postoperative T-DRF and P-DRF of the operated kidney 
declined by 7 and 3 %, respectively.
Conclusions  After LPN of small renal mass, decline in 
renal function is primarily attributed to parenchymal loss 
caused by tumor resection and suturing of the normal 
parenchyma rather than the RI.

Keywords  Laparoscopy · Parenchymal loss · Partial 
nephrectomy · Renal function · Warm ischemia

Introduction

Partial nephrectomy (PN) has become a standard of care 
for treatment of small renal masses. Hilar occlusion is com-
monly performed for a precise tumor resection and renal 
reconstruction. The above surgical maneuver results in 
warm ischemia (WI) of the remaining renal tissue and has 
been associated with ischemic reperfusion injury (RI) to the 
organ. Current evidence showed that the length of the warm 
ischemia time (WIT) and the subsequent RI may result in 
permanent renal damage [1, 2]. Moreover, the resection of 
the renal tumor and the suturing of the parenchyma resulted 
in additional reduction in the functional renal tissue [3, 
4]. Thus, two mechanisms of renal function damage dur-
ing PN could be proposed. Nevertheless, the importance of 
the mechanisms for the decline of the postoperative renal 

Abstract 
Purpose  To elucidate the impact of renal parenchymal 
loss and the ischemic reperfusion injury (RI) on the renal 
function after laparoscopic partial nephrectomy (LPN) 
under warm ischemia (WI).
Methods  Thirty-five patients with a single polar renal 
mass ≤4  cm and normal contralateral kidney underwent 
LPN. Transperitoneal LPN with WI using en bloc hilar 
occlusion was performed. The total differential renal func-
tion (T-DRF) using 99mTc-dimercaptosuccinic acid was 
evaluated preoperatively and postoperatively over a period 
of 1 year. A special region of interest (ROI) was selected 
on the non-tumorous pole of the involved kidney, and was 
compared with the same ROI in the contralateral kidney. 
The latter comparison was defined as partial differential 
renal function (P-DRF). Any postoperative decline in the 
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function has not been investigated. The current prospective 
study evaluated the split renal function and elucidated the 
role of renal parenchymal loss in patients with small renal 
mass who were treated by LPN with WI.

Patients and methods

Small renal masses have been treated by LPN at our insti-
tutions since 2005. Thirty-five patients were enrolled in a 
prospective pilot study between January 2012 and Novem-
ber 2014. Regional research ethics committee approval 
was received, and informed consent was obtained from all 
patients. The procedures were performed by two experienced 
laparoscopists. The exact location and dimensions of the 
tumor were identified by three-dimensional CT scan prior to 
the operation. Only patients with a single exophytic mass of 
≤4 cm in diameter located in the lower or upper pole of the 
kidney with normal contralateral kidney were enrolled.

All operations were performed by laparoscopic trans-
peritoneal approach with en bloc hilar occlusion using a 
Rumel tourniquet. Two minutes before hilar occlusion, 
0.5 g/kg of 20 % mannitol was infused. The surgical tech-
nique has been previously described [5].

The renal pedicle was released only after tumor excision 
and completion of the renorrhaphy. The recorded parame-
ters included the time for tumor resection, calyceal closure, 
hemostatic sutures, and the total WIT. After extraction of 

the specimen, the surrounding fatty tissue was detached 
and the weight of the tumor was measured. The kidney was 
placed in its anatomic position, and the Gerota fascia was 
closed.

Serum creatinine (sCr) was recorded, and estimated glo-
merular filtration rate (eGFR) was calculated using chronic 
kidney disease epidemiology collaboration (CKD-EPI) 
equation [6].

The above measurements were taken preoperatively, on 
the 1st, 3rd, and 7th postoperative days. These measure-
ments also took place at the end of 1st, 3rd, 6th, and 12th 
postoperative months.

All patients underwent 99mTc-DMSA renal scintigra-
phy for the determination of split renal function preopera-
tively and at the end of 1st, 3rd, 6th, and 12th postoperative 
months. The 99mTc-DMSA provided the total differential 
renal function (T-DRF) (Fig. 1a). Any postoperative reduc-
tion in the T-DRF of the operated kidney was considered 
as a result of both the RI and the parenchymal loss. In an 
attempt to distinguish between the effect of the WI and the 
parenchymal loss due to the resection and suturing, the so-
called partial differential renal function (P-DRF) was cal-
culated. A special region of interest (ROI) was selected on 
the pole of the involved kidney without a tumor in all iso-
tope assessments and was compared with the same ROI in 
the contralateral kidney (Fig. 1b).

Any postoperative decline in the P-DRF of the operated 
kidney was considered as the renal functional loss related 

Fig. 1   a 99mTc-DMSA renal scintigraphy showing an imaginary 
tumor in the lower pole of the one kidney (red circle). The ROI is 
selected (purple line) to demonstrate and compare the T-DRF of 
both kidneys. b The ROI is selected in the non-tumorous pole of the 
involved kidney and compared with the same ROI in the contralat-
eral kidney. c The graph shows the mean preoperative and postopera-

tive eGFR values in the studied time intervals. d The graph shows 
the mean decline of both P-DRF and T-DRF of the operated kidney 
in the studied time intervals. e Comparing correlation of the T-DRF 
decline in the operated kidney to WI time. f Comparing correlation of 
the T-DRF decline in the operated kidney to the mass of the resected 
specimen
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to the WI. All renal isotope tests were evaluated by a spe-
cialist doctor in nuclear medicine. For further confirma-
tion, a linear correlation coefficient was calculated for the 
assessment of a possible correlation of the T-DRF decline 
with the WIT in the operated kidney and with the mass of 
the resected specimen.

Statistical evaluations

The IBM SPSS version 20 (IBM Corp., Armonk, NY, 
USA) was used for the calculations and statistical analy-
sis. ANOVA and Pearson product-moment correlation were 
calculated as deemed necessary. A p value <0.05 was con-
sidered statistically significant.

Results

The characteristics and the surgical outcome of the LPNs 
are presented in Table  1. Cases related to events which 
could unpredictably influence the WI and the renal func-
tional outcome were excluded from the statistical analysis. 
Twenty-eight patients were eventually enrolled in the sta-
tistical analysis. Mean values of the preoperative and post-
operative renal function as described by sCr, eGFR, T-DRF, 
and P-DRF are summarized in Table 2.

Table  2 and Fig.  1c show that the mean preoperative 
eGFR of our patients was 97  ±  17 (range 55–122) ml/
min/1.73  m2 which decreased to 81 ±  21 (range 44–114) 
ml/min/1.73 m2 on the 1st postoperative day (p =  0.007). 

Table 1   Patient’s demographics 
and operation results

Numerical values or mean values ±  standard deviation (range) or numerical value (percentage) are pre-
sented in the table

PADUA preoperative aspects and dimensions used for an anatomic classification of renal tumors, RCC 
renal cell carcinoma, WIT warm ischemia time

Number of enrolled patients 35

Reasons for patient exclusion (number of patients)

 Conversion to open partial nephrectomy 1

 Continuous moderate bleeding from the resected site during WIT 1

 One of the two accessory arteries were clipped for safe resection 1

 Early postoperative bleeding and selective arterial embolization 1

 Missed more than one follow-up appointment 3

Number of patients included in statistical analysis 28

Male/female ratio 16/12

Patient’s age (years) 50.5 ± 11.9 (range 23–74)

Body mass index 27.6 ± 4.3 (range 19.7–39)

Right/left ratio 12/16

Tumor greatest dimension (mm) by CT Scan 26.4 ± 6.4 (range 18–40)

PADUA classification of tumors 7 (range 6–10)

Surgery indication

 Relative 17

 Elective 11

 Absolute 0

Operative time (min) 145 ± 35 (range 95–245)

Time used for tumor resection (min) 4.8 ± 1.5 (range 2.5–10)

Time used for internal sutures (min) 9.6 ± 3.5 (range 5–18)

Warm ischemia time (min) 22 ± 5.3 (range 12–32)

Weight of the resected specimen (g) 18 ± 9.1 (range 6–40)

Histopathology results

 RCC, conventional type 19 (68 %)

 RCC, chromophobe type 2 (7 %)

 RCC, papillary type 4 (14 %)

 Oncocytoma 2 (7 %)

 Angiomyolipoma 1 (4 %)

Positive surgical margins None
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Thus, there was a 16 % decline in the average eGFR which 
was the largest postoperative drop within the 1-year follow-
up period. Conventionally, renal function status of the 1st 
postoperative day was described as the “transient-state” 
of kidney function deterioration. On the 3rd postoperative 
day, we observed a 7  % recovery in the average eGFR in 
comparison with the 1st day. Nevertheless, this trend toward 
recovery was statistically insignificant (p =  0.382). From 
the 3rd postoperative day to end of the study at 12 months, 
the average eGFR remained roughly the same. In these time 
points, the comparison of the lowest with the highest val-
ues, which were in the 7th postoperative day and 3rd month, 
respectively, showed insignificant alteration in the eGFR 
(p =  0.4483). The mean value of all postoperative eGFR 
values after the 1st day (transient-state) was calculated and 
considered as the “steady-state” of the renal function after 
the procedure. The average value was 87  ml/min/1.73  m2 
which demonstrates a 10  % decrease in renal function 
compared to the baseline (p = 0.075). The mean preopera-
tive T-DRF of the operated kidneys was 49 ±  4 % which 
is decreased to 42 ±  7  % on the 1st postoperative month 
(p < 0.001) (Table 2; Fig. 1d). This value remained almost 
the same in the follow-up appointments. The statistical com-
parison of all remaining postoperative T-DRFs to the base-
line did not show any significant change (p > 0.6). Eventu-
ally, the mean value of all postoperative T-DRF which was 
42 % was considered as the final postoperative result. On the 
other hand, the mean preoperative P-DRF of the intact pole 
of the operated kidney was 50 % which decreased to 47 % 
on the 1st postoperative month (p = 0.072). The average of 
all postoperative P-DRF was also 47 % without any signifi-
cant alteration among the time periods (p ≥  0.1). In addi-
tion, the linear correlation coefficient revealed a weaker cor-
relation between the T-DRF decline and the WIT (Fig. 1e) 
in comparison with the resected mass (Fig. 1f) (R2 = 0.0837 
and 0.7241, respectively).

Discussion

The traditional approach for PN includes the hilar clamp-
ing in order to minimize intraoperative bleeding and to 
provide a bloodless surgical field. Although the hilar occlu-
sion is not always necessary, most PNs are performed with 
hilar occlusion [7]. PN is related to postoperative decline 
in renal function due to the removal, devascularization, or 
incomplete recovery of the nephrons from ischemia [8]. 
Renal ischemia and the RI have been considered for a long 
time as the main factor related to postoperative renal func-
tion deterioration in patients undergoing PN under WI [1, 
9–13]. Several technically challenging techniques have 
been introduced for the reduction in WI [14, 15]. Never-
theless, the impact of renal parenchymal mass reduction 
was not distinguished from the effects of WI and RI in 
the above literature. Parenchymal loss after PN occurs as 
a result of intentional tumor excision, some normal paren-
chyma resection and suturing. Thus, the mass or volume of 
the parenchymal loss should be considered and differenti-
ated from RI when evaluating the renal functional outcome 
after PN. Some authors have studied the impact of the 
parenchymal volume reduction on the renal function. Shi-
kanov et al. [16] assessed the influence of RI on the long-
term total renal function after LPN for small renal masses. 
Changes in the eGFR were −16 and −11  % at the early 
postoperative and 1-year follow-up, respectively. The cur-
rent results are similar to the above investigation and also 
to the literature which reported that the preservation of the 
total renal function after PN ranged between 88 and 91 % 
(approximately 10  % loss of the renal function) [7]. Mir 
et  al. [7] also showed a higher reduction in the eGFR in 
patients with larger tumors which could be attributed to the 
excision of a larger lesions and the consequent greater loss 
of renal parenchyma. Sharma et al. [17] reported an average 
of 15 % parenchymal volume loss and 19.7 % deterioration 

Table 2   Mean estimations of kidney function before and after the surgery

Pre-op preoperative, post-op postoperative, eGFR estimated glomerular filtration rate, CKD-EPI chronic kidney disease epidemiology collabora-
tion, T-DRF total differential renal function, P-DRF partial differential renal function

Investigated parameter and 
normal ranges

Pre-op
(Baseline)

1 day
Post-op

3 days
Post-op

7 days
Post-op

1 month
Post-op

3 months
Post-op

6 months
post-op

12 months
Post-op

Mean of all
Post-op results 
after day 1

Serum creatinine
(62–106 µmol/l)

71 ± 14
(44–94)

86 ± 22
(43–120)

82 ± 20
(42–124)

82 ± 16
(50–112)

80 ± 16
(43–103)

79 ± 17
(47–108)

80 ± 17
(40–98)

82 ± 16
(50–111)

81
(14 % ↑)

eGFR (CKD-EPI)
(>90 mL/min/1.73 m2)

97 ± 17
(55–122)

81 ± 21
(44–114)

87 ± 20
(55–117)

85 ± 18
(60–106)

87 ± 18
(49–114)

90 ± 21
(48–124)

87 ± 20
(54–120)

86 ± 20
(48–116)

87
(10 % ↓)

T-DRF of the involved kidney 
(%)

49 ± 4
(43–58)

Not done Not done Not done 42 ± 7
(24–52)

42 ± 7
(25–54)

41 ± 7
(25–52)

41 ± 7
(24–51)

42
(7 % ↓)

P-DRF of non-tumorous pole 
of involved kidney (%)

50 ± 4
(44–59)

Not done Not done Not done 47 ± 6
(37–57)

48 ± 5
(37–55)

46 ± 4
(35–52)

47 ± 4
(38–54)

47
(3 % ↓)
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in renal function during a midterm postoperative period 
in patients with solitary kidney who underwent partial 
nephrectomy for small renal masses. They concluded that 
the percent of renal parenchymal volume loss was corre-
lated with the percent of loss in eGFR. Simmons et al. [3] 
showed that the volume loss had a more direct, predicta-
ble effect on ultimate eGFR than ischemia time. A similar 
conclusion was noted by Song et  al. [18] who stated that 
renal volume reduction was the most significant, independ-
ent prognosticator for eGFR reduction after PN. Similarly, 
Mir et al. [19] revealed that the ultimate renal function after 
PN was primarily driven by parenchymal preservation with 
ischemia playing a secondary role for the cases of limited 
WIT.

Current literature has not concluded to the most impor-
tant factor for the renal function decline after PN, and the 
contribution of WI to the postoperative renal function has 
not been well documented [7]. Some investigators advo-
cated that the parenchymal mass preservation was strongly 
correlated with the functional recovery in comparison 
with the WI [4, 18]. The current prospective study aimed 
at distinguishing the impact of parenchymal loss from the 
WI effect on the operated kidney. The 99mTc-DMSA iso-
tope was used for the purpose due to the fact that it allows 
accurate calculation of DRF [20]. The latter parameter was 
measured preoperatively and in different postoperative 
intervals in 28 patients with solitary small polar tumors. 
Since 99mTc-DMSA scan provided relative functional 
percentage of the two kidneys, the contralateral kidney 
served as the control for the comparison after LPN. Con-
sequently, only patients with normal contralateral kidney 
were selected and a young patient population with mean 
age of 50.5 ±  11.9  years was eventually included in the 
study. Any postoperative decline in the T-DRF of the oper-
ated kidney was considered as a result of WI and WI com-
bined with parenchymal loss. In nearly all postoperative 
studies, a mean decline of 7 % in the T-DRF was noted. 
In an attempt to distinguish the effect of WI from the 
parenchymal loss, the P-DRF was introduced. A ROI was 
selected on the non-tumorous pole of the involved kidney 
and was compared with the same ROI on the contralateral 
kidney. Any interference of the excision area to the ROI 
was prevented by including only patients with tumor mass 
of ≤4 cm in diameter located on either upper or lower pole 
of the kidney. Any postoperative functional decline in this 
intact pole of the operated kidney was considered to be as 
a result of WI only. The mean postoperative decline in the 
P-DRF of the operated kidney was only 3  % which was 
found to be statistically insignificant (p value =  0.072). 
In agreement with the previous studies [21], it could be 
suggested that WI may result in negligible or reversible 
renal damage within certain time limits of WIT such as the 

mean WIT of the current study. In addition, the parenchy-
mal loss seemed to play a more important role in kidney 
function deterioration than WI. Considering the above, it 
could be advocated that the LPN surgical technique could 
probably focus on the precise tumor excision and suturing 
rather than the minimization of WIT. Nevertheless, addi-
tional studies are necessary for the confirmation of the 
above hypothesis.

Limitations of this study include the reliance on DRF 
and the use of the non-operated kidney as a stable refer-
ence unit before and after the surgery. Any postoperative 
compensatory hypertrophy of the contralateral kidney may 
result in a false outcome of DRF. Takagi et al. [22] showed 
that the compensatory hypertrophy of the contralateral kid-
ney after PN remained rather limited and less than 2.3 % 
in most cases. They concluded that the larger the excised 
volume of the kidney, the more hypertrophy of the con-
tralateral kidney was expected. The median tumor diam-
eter of the latter study was 3.5  cm and probably resulted 
in higher volume loss in comparison with our series 
(median of 2.6  cm). Hence, we assume that the compen-
satory hypertrophy may have been negligible in our study. 
Another limitation of our study was the lack of stratifica-
tion of the results according to the length of the WIT or the 
tumor size. The parenchymal volume was never measured, 
and the current study could not provide information regard-
ing the pre- and postoperative changes in the volume of the 
renal parenchyma. Nevertheless, the changes in the contour 
of the operated kidney may influence measurements of the 
renal volume and the selection of ROIs out of the excision 
field for measurements probably allowed for more reliable 
results. Moreover, the use of CT scans for the evaluation of 
renal volume would expose the patients in additional radia-
tion without providing evidence that would significantly 
influence the results of the study.

Conclusion

In LPN, the parenchymal loss caused by the resection of 
the tumor and the suturing of the surrounding normal tis-
sues resulted in kidney function deterioration which should 
probably be distinguished from WI effects. An aver-
age WIT of 22 min for a mean tumor diameter of 2.6 cm 
resulted in a 7 % kidney function decline. Four percentage 
could be attributed to the parenchymal loss and 3 % to WI.
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