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SUMMARY
Objective: To evaluate impact of deliberate renal parenchy-
mal loss on renal function, distinguished from ischemic-reper-
fusion (I-R) injury after laparoscopic partial nephrectomy (LPN)
under warm ischemia (WI).
Patients and methods: Thirty five patients with a
single polar renal mass £4 cm with normal contralateral kid-
ney planned for transperitoneal laparoscopic partial nephrec-
tomy (LPN) under WI using en-bloc hilar occlusion in a
prospective study. Total differential renal function (T-DRF) us-
ing 99TTc-Dimercaptosuccinic acid (99TTc-DMSA) was eval-
uated preoperatively and postoperatively in different intervals
over one year. In all isotope assessments, a special region of
interest (ROI) was selected on the non-tumorous pole of the
involved kidney and it was compared with the same ROI in
the contralateral kidney. This was named as partial DRF 
(P-DRF). Any postoperative decline in the P-DRF of the oper-
ated kidney was contributed to I-R injury unrelated to
parenchymal loss. Subtraction of the P-DRF decline from the
T-DRF decline was attributed to the parenchymal loss caused
by deliberate resection and suturing of the normal parenchy-
ma. Other than DRF, serum creatinine (sCr), estimated
glomerular filtration rate (eGFR) using Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equation, warm
ischemia time (WIT), and weight of the resected specimen
were also measured.
Results: The mean WIT was 22 minutes, and the mean
weight of resected specimen was 18 grams. The mean post-
operative eGFR declined to 87 from its baseline mean value
of 97 (p-value = 0.0757). Mean postoperative T-DRF and 
P-DRF of the operated kidney, declined by 7% and 3% re-
spectively.

Laparoszkópos meleg iszkémiában
végzett parciális nephrectomia: a
parenchymavesztés hatása a vese-
funkcióra

ÖSSZEFOGLALÁS
Célkitűzés: A veseparenchyma-veszteség hatásának meg-
határozása a vesefunkcióra elkülönítve a reperfúzió károso-
dástól (I-R) meleg iszkémiában végzett parciális nephrectomia
során.
Betegek és módszer: Tanulmányukba harmincöt, £4
cm vesedaganat miatt meleg iszkémiában végzett transzpe -
ri toneális laparoszkópos parciális nephrectomián átesett, el-
lenoldali ép vesével rendelkező beteg került prospektíven be-
választásra. Meghatároztuk az egyes vesék funkcióját 99mTc-
Dimercaptosuccinic acid (99TmTc-DMSA) ve sesz cin tigráfiával
a műtét előtt, posztoperatíve és a nyomonkövetés során
meghatározott időpontokban egy évig (Total diffe rential
renal function – T-DRF). Összehasonlítottuk a daganatos ve-
se nem da ganatos pólusának és az ellenoldali vese azonos
lokalizációjú területének funkcióját ROI (region of interest)
technikával (partial DRF – P-DRF). Az operált és nem operált
vesék nem daganatos területeinek funkciójában észlelt csök-
kenés (P-DRF) a reperfúzió (I-R) hatásának volt betudható. A
P-DRF és a T-DRT-csökkenés különbsége paren chyma-
veszteségnek tulajdonítható, amelyet a parenchyma-reszek-
ció és varrat okozott. Ezen kívül vizsgáltuk a Se kreatinin ér-
tékek, a glomeruláris filtrációs ráta (eGFR) változását, a me-
leg iszkémiás időt (WIT) és az eltávolított veseszövet súlyát.
Eredmények: Az átlagos meleg iszkémiás idő 22 perc, az
eltávolított veseszövet súlya 18 g volt. A posztoperatív eGFR-
értéke átlagosan 87 ml/perc volt a kiindulási átlagos 97
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Introduction

Partial nephrectomy (PN) has become a standard of care for
treatment of small renal masses. Hilar occlusion is commonly
performed for a precise tumour resection and renal
reconstruction. The above surgical manoeuvre 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 reperfusion injury
may result in permanent renal damage (1, 2). Moreover, the
resection of the renal tumour and the suturing of the
parenchyma resulted in additional reduction of the functional
renal tissue (3, 4). Thus, two mechanisms of renal function
damage during PN could be proposed. Nevertheless, the
importance of the mechanisms for the decline of the
postoperative renal 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 institu-
tions since 2005. Thirty five patients were enrolled in a
prospective pilot study. Regional research ethics committee
approval was received and informed consent was obtained
from all patients. The procedures were performed by two ex-
perienced laparoscopists. The exact location and dimen si ons
of the tumour was identified by three-dimensional CT scan
prior to the operation. Only patients with a single exophytic
mass of £4 cm in diameter located in either lower or upper
pole of the kidney with normal contralateral kidney were en-
rolled.
All operations were performed by laparoscopic transperi-
toneal approach with en-bloc hilar occlusion using a Rumel
tourniquet. Two minutes before hilar occlusion, 0.5 gr/kg of
20% mannitol was infused. The surgical technique has been
previously described (5). Cold scissors were used for tumour
resection. Running sutures of 3/0 Vicryl were applied for col-

lecting system closure and haemostasis. In all cases, the
parenchymal defect was filled with one or two rolled Surgical
bolsters. Parenchymal reconstruction was achieved by running
0 Vicryl sutures secured at each parenchymal exit by a Hem-
o-lok clip. The renal pedicle was released only after tumour
excision and completion of renorrhaphy. At the time of hilar
tourniquet release, 0.5 mg/kg of Furosemide injection was
administered. The kidney was placed in its anatomic position
and the Gerota's fascia was closed.
After extraction of the specimen, the surrounding fat tissues
were detached and weight of the remaining resected mass
was measured. The recorded parameters included the time
for tumour resection, calyceal closure, haemostatic sutures
and the total WIT.
Serum creatinine (sCr) was recorded and estimated glomeru-
lar filtration rate (eGFR) was calculated using chronic kidney
disease epidemiology collaboration (CKD-EPI) equation (6).
The above measurements were performed preoperatively
(baseline), 5-6 hours after the surgery, on the 1st, 3rd and 7th

postoperative days and at the end of 1st, 3rd, 6th and 12th post-
operative months.
In this study, in addition, 15 randomized patients treated with
laparoscopic radical nephrectomy (LRN) were examined as a
control group for our laboratory outcomes and all the above
parameters were registered in this group.

Renal scintigraphy
In order to distinguish the impact of parenchymal loss from
WI effect on the operated kidney, we planned a novel
method of investigation with renal scan as follow. All patients
in LPN group underwent 99m Technetium-Dimercaptosuc-
cinic Acid (99mTc-DMSA) renal scintigraphy for the determina-
tion of split renal function preoperatively and at the end of 1st,
3rd, 6th and 12th postoperative months.
99mTc-DMSA isotope is a static renal agent and allows accu-
rate calculation of differential renal function (DRF) (7). Since
99mTc-DMSA scan provides relative functional percentage of
the two kidneys and the contralateral kidney served as a con-
trol for comparison after LPN, we selected patients with soli-
tary small polar mass (T1a), otherwise normal ipsilateral kid-
ney, and normal contralateral kidney. Such selections have re-
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Conclusion: After LPN of small renal mass, decline in renal
function is primarily contributed to parenchymal loss caused
by deliberate resection and suturing of the normal parenchyma
rather than the I-R injury.
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ml/perchez képest (p-value = 0,0757). A posztoperatív T-DRF
és P-DRF csökkenés átlaga 7%, illetve 3% volt.
Megbeszélés: A laparoszkópos parciális nephrectomiát
követően észlelt vesefunkció-csökkenés oka elsődlegesen a
veseparenchyma-veszteség és varrat, az I-R szerepe lényegesen
kisebb. 
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sulted in a young cohort of patients with mean age of
50.5±11.9 years old in our study.

Assessment of total and partial differen-
tial renal function

A novel approach
Before the operation, all patients underwent radionuclide iso-
tope examination performed by 99mTc-DMSA. Renal scans
were performed in supine position. Individual kidney uptake
and differential renal function (DRF) percentage of left-to-
right kidneys were determined by the Patlak-Rutland method
(8). The region of interest (ROI) of each kidney was deter-
mined with the use of an automated computer program
drawing the ROI around the whole kidney. For processing
purposes, all isotope results were saved in a computer pro-
gram. This assessment which is a customary method of eval-
uating a static renal scan was called a “Total-DRF” (T-DRF) in
our study (Fig. 1A).
By this means, in the tumorous kidney, the postoperative de-
cline in percentage ratio, reflecting decrease in renal function,
was considered as a consequence of both factors:

1. IR injury caused by length of WIT;
2. The kidney parenchymal volume reduction caused by

removal of the tumour, and excision and suturing of
the surrounding healthy tissues.

In an attempt to distinguish the impact of each of these two
factors, we introduced a novel method which is referred as
“Partial-DRF” (P-DRF). For this reason, in the preoperative re-
nal scans, the exact location of the tumour was determined
and only small polar masses (either upper or lower pole
mass) were selected for the study. In the tumorous kidney, a
region in the tumour-free pole was selected and manually a
ROI was drawn in that pole. Identical ROI was selected in the
same pole of the contralateral kidney (Fig. 1B). The same ROI
drawing was used in all follow-up studies of a given patient.
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FIGURE 1: RENAL SCINTIGRAPHY IS SHOWN WITH AN
IMAGINARY TUMOUR IN THE LOWER POLE OF ONE KIDNEY
(RED CIRCLE). A: 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 CONTRALATERAL KIDNEY

TABLE 1: PATIENT’S DEMOGRAPHICS AND OPERATION
RESULTS OF LPN
Number of enrolled patients 35 

Reasons for patient exclusion
(number of patients):

conversion to open partial
nephrectomy

1

continues moderate bleeding
from the resected site during
WIT

1

one of 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 (gm)

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
PADUA: Preoperative aspects and dimensions used for an
anatomical classification of renal tumours; RCC: Renal cell
carcinoma; WIT: Warm ischemia time



Accordingly, P-DRF which reflects DRF of the intact pole of the
operated kidney, which is affected only by the IR injury, was
compared with the same pole on the contralateral kidney.
The same processing was applied for all patients in all isotope
scan examinations. As a result, in the postoperative isotope
scans, with the P-DRF, we could compare an intact part of the
operated kidney which was impacted by WI but not affected
by parenchymal volume reduction with an identical segment
of the normal contralateral kidney.
Any postoperative decline in the P-DRF of the operated kid-
ney was considered as the renal functional loss resulted from
IR injury only.
All renal isotope tests were evaluated and reported by same
specialist doctor in nuclear medicine.

Patient selection and statistical evaluations
Any factor which could unpredictably influence on the WI
consequence or the renal function outcome was excluded
from the statistical assessments. Accordingly, one patient was
excluded due to conversion to open partial nephrectomy.
One patient was excluded due to continuous moderate
bleeding from the resected site during WI time. In one pa-
tient with two accessory renal arteries, we had to clip one of
the arteries for safe resection. In one case, five days after the
operation, selective segmental arterial embolization of the
operated kidney was applied due to arteriovenous shunt.
Three patients were disqualified for statistical analysis since
they missed more than one cycle of post-operative follow-
ups. Consequently, 28 patients were enrolled in the final sta-
tistical analysis. Demographics of the 28 patients and results
of the operations are described in Table 1. The IBM SPSS ver-
sion 20 (IBM Corp., Armonk, NY, USA) was used for the cal-
culations and statistical analysis. ANOVA and Pearson prod-
uct-moment correlation were calculated as deemed neces-

sary. A p-value <0.05 was considered statistically significant.
For further confirmation, a linear correlation coefficient was
calculated for the assessment of a possible correlation of the
T-DRF decline to the WIT in the operated kidney and to the
mass of the resected specimen.

Patients operated with laparoscopic radical nephrectomy
In 15 patients with LRN selected for control group, the mean
age was 61±12 years (range: 41–78). The male to female ratio
was 11/4, and right to left involved kidney ratio was 12/3. Their
mean BMI was 29.7±5.4 (range: 21.6–38.6), and the mean
operative time was 153 minutes (range: 100–220). The mean
age, BMI and the mean operative time were slightly higher
than in the group of LPN.

Results

Twenty eight patients with small renal mass successfully un-
derwent LPN and completed one year follow up according
to our protocol. During operation, after hilar unclamping, in
six patients we observed mild bleeding from the resected
margin, which were resolved within 2-3 minutes by increas-
ing pneumo-peritoneum or application of Surgical. We
didn’t have any significant bleeding, necessitate hilar re-oc-
clusion. In our selected patients for statistical evaluations,
major intra- or postoperative complication was not ob-
served.
In the LPN group, the mean results of preoperative and post-
operative renal function measured by serum creatinine (sCr),
estimated glomerular filtration rate (eGFR, CKD-EPI equation)
as described by Levey and colleagues (6) and total differential
renal function (T-DRF) as well as partial differential renal func-
tion (P-DRF) are summarized in Table 2.
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TABLE 2: MEAN ESTIMATIONS OF KIDNEY FUNCTION BEFORE AND AFTER LPN SURGERY

Investigated
parameter and
normal ranges

Preop
(base-
line)

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% )



Evaluation of the renal function based on
serum creatinine
The detailed mean values of these tests are shown in Table 2
for LPN and Figure 2 for both LPN and LRN patients. In Figure
2, the preoperative (time point 1) mean values of serum cre-
atinine as well as the mean values at the eight postoperative
check points is shown for both LPN and LRN groups. In LRN
group we had elder population (61±12 years vs. 50.5±11.9
years, p-value = 0.008), more male to female ratio (73% vs.
57%) and higher body mass index (BMI) (29.7±5.4 vs.
27.6±4.3, p-value = 0.18). These data may explain the higher
baseline (84 μmol/l) serum creatinine in the LRN group. It was
a strong increase of serum creatinine level immediately after
LRN with a peak on the 3rd post-op day. It declined slightly
and remained constantly high (123 μmol/l) until the end of
first postoperative year. This reflects ~ 46% rise in Se creati-
nine level compared to the baseline in LRN patients. In con-
trary, in the LPN group, the serum creatinine level was only
slightly increased from 71 μmol/l to 82 μmol/l (~16% increase)
during the first three postoperative days and remained con-
stant until the end of observation.

Evaluation of the renal function based on
estimated GFR
As shown in Table 2 and Figure 3, the mean preoperative or
baseline eGFR of patients treated with LPN was 97±17 (range:
55–122) which decreased to 81±21 (range: 44–114) in the 1st
postoperative day (p-value = 0.0069). This shows a 16% de-
cline in average eGFR which was the largest postoperative
drop within one year of follow up. Conventionally, we call it
“transient-state” of kidney function deterioration. In the 3rd
postoperative day, we observed a 7% recovery in the average
eGFR comparing to the 1st day. Although, due to the large de-
viations in the values, this tendency toward recovery was sta-
tistically insignificant (p-value = 0.3821). From the 3rd postop-
erative day to end of the study in 12th month, the average
eGFR remained roughly the same in both groups. Accordingly,
for simplicity, average of all postoperative eGFR mean values
after the transient-state (after the 1st day) were calculated
and considered as the “steady-state” of renal function dete-
rioration. This was 87 ml/min/1.73 m2 in LPN patients which
demonstrates ~10% decrease in renal function comparing to
the baseline (p-value = 0.0757).
As shown in Figure 4, the eGFR was lower for patients treat-
ed with LRN and showed a decrease during the first three
postoperative days and thereafter remained at the same level.
By this comparison, the difference in clinical parameter be-
tween the two groups as indicated above also should be tak-
en into account.
It is worth to highlight that in the LRN control group, the aver-
age decline in the “steady state” of the kidney function was
~ 40% (81.34 declined to 48.36 ml/min/1.73 m2).
In a simple explanation, we can conclude that, by removal of
one whole kidney, nearly 40% of global kidney function de-
clines, and by removal (resection) of one part of a kidney,

nearly 10% of the global kidney function decreases. Accord-
ingly, parenchymal volume reduction after partial nephrecto-
my has a very important impact on outcome of kidney func-
tion and this should be certainly distinguished from the im-
pact of the IR injury caused by WI.

Impact of parenchymal volume reduction
on the kidney function
As seen in Table 2 and Figure 5, in the LPN study group, the
mean preoperative or baseline T-DRF of the operated kidneys
was 49% which is decreased to 42% on the 1st postopera-
tive month (p-value = 0.001). This value remained almost the
same in the following time points. Repeated ANOVA meas-
urements of all postoperative T-DRF did not show any signif-
icant alteration among them (p-value >0.6). Accordingly, av-
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FIGURE 2: THE CURVES SHOW THE MEAN PREOPERATIVE
(TIME POINT 1) SERUM CREATININE AND MEAN RESULTS OF
POSTOPERATIVE SERUM CREATININE MEASURED IN PATIENTS
WITH LRN AND LPN AT DIFFERENT TIME INTERVALS
(POINT 2: 5–6 HOURS POST-OP; POINT 3: 1ST POST-OP DAY; POINT 4: 3RD POST-OP DAY;
POINT 5: 7TH POST-OP DAY; POINT 6: 1ST POST-OP MONTH; POINT 7: 3RD POST-OP MONTH;
POINT 8: 6TH POST-OP MONTH; POINT 9: 12TH POST-OP MONTH)

FIGURE 3: THE GRAPH SHOWS THE MEAN PREOPERATIVE
AND POSTOPERATIVE EGFR VALUES IN THE STUDIED TIME
INTERVALS FOR THE LPN PATIENTS ENROLLED IN THE
STATISTIC EVALUATION



erage of all postoperative T-DRF which was 42% was consid-
ered 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 postop-
erative month (p-value = 0.0727). Average of all postoperative
P-DRF was also 47% without any significant alteration among
the time periods (p-value = >0.1).
Linear correlation coefficient was used to compare relation-
ship of the T-DRF decline in the operated kidney to the mass
of the resected specimen (Figure 6).
We have also used linear correlation coefficient to compare
relationship of the T-DRF decline in the operated kidney to
WIT (Figure 8). This showed a much stronger correlation be-
tween T-DRF decline and the resected mass comparing to the
WI time (R2 = 0.7241 and p0.0837 respectively).

Discussion

In 1950, Benjamin Abeshouse wrote “Few procedures pro-
vide the urologist with more satisfaction than those that pre-
serve renal function” (9). While Abeshouse may have prac-
ticed urology prior to the availability of the strong data we
now possess, his statement rings true to this day. On this prin-
ciple, NSS has taken a prominent position at the helm of the
treatment of renal tumours. Likewise, there has been contin-
ual progress toward resecting less and less renal parenchyma
to preserve more renal function without sacrificing any of on-
cological rules.
There are several factors determining the postoperative renal
function:

A: the preoperative quality of renal function (underlying
renal disease, limited glomerular function, etc.);
B: the quantity of renal parenchyma remained after oper-
ation;
C: the warm ischemia time.

The first factor can’t be modified by surgical technique; the
second is determined by the anatomical size and location of
the tumour. The warm ischemia time is influenced by the ex-
perience of the surgeon and the operation technique applied.
We planned a prospective study in order to distinguish the
impact of parenchymal loss and effect of warm ischemia on
the function of operated kidney. In our study, 99TmTc-DMSA
isotope was used which is a static renal agent and allows ac-
curate calculation of DRF (7). Since 99TmTc-DMSA scan pro-
vides relative functional percentage of the two kidneys and
the contralateral kidney served as a control for comparison
after LPN, we selected patients with normal contralateral kid-
ney. Such selections have resulted in a young cohort of pa-
tients with mean age of 50.5±11.9 years old in our study. The
T-DRF was measured in all isotope studies. Any postoperative
decline in T-DRF in the operated kidney was considered as a
result of warm ischemia and ischemia-reperfusion injury com-
bined with parenchymal loss. In nearly all postoperative stud-
ies, mean decline of T-DRF in the operated kidney was 7%. In
order to distinguish the effect of warm ischemia from the

parenchymal loss, we introduced the so-called P-DRF in which
a region of interest was selected on non-tumorous pole of
the involved kidney and it was compared with the same re-
gion in the contralateral kidney.
Any postoperative functional decline in this intact pole of the
operated kidney was considered to be as a result of warm is-
chemia and ischemia-reperfusion injury only. In our study,
mean postoperative decline in the P-DRF of the operated kid-
ney was only 3% which was found to be statistically insignif-
icant (p-value = 0.0727). In agreement with the previous stud-
ies, we believe that within certain time limits of warm is-
chemia, which was 22±5.3 minutes in our study, the ischemia-

163

BAGHERI ÉS MTSAI MAGYAR UROLÓGIA, XXIX. ÉVFOLYAM, 4. SZÁM (2017)

FIGURE 4: THE CURVES SHOW MEAN PREOPERATIVE (TIME
POINT 1) EGFR AND MEAN RESULTS OF POSTOPERATIVE
EGFR MEASURED IN PATIENTS WITH LPN AND LRN AT
DIFFERENT TIME INTERVALS
(POINT 2: 5-6 HOURS POST-OP; POINT 3: 1ST POST-OP DAY; POINT 4: 3RD POST-OP DAY;
POINT 5: 7TH POST-OP DAY; POINT 6: 1ST POST-OP MONTH; POINT 7: 3RD POST-OP MONTH;
POINT 8: 6TH POST-OP MONTH; POINT 9: 12TH POST-OP MONTH)

FIGURE 5: THE GRAPH SHOWS THE MEAN DECLINE OF BOTH
P-DRF AND T-DRF OF THE OPERATED KIDNEY (LPN) IN
THE STUDIED TIME INTERVALS



reperfusion insult may be negligible or reversible. On the other
hand, deliberate parenchymal loss plays a major role in kidney
function deterioration.
Warm ischemia and the IR injury to the kidney have been con-
sidered for a long time as the main factor related with post-
operative renal function deterioration in patients undergoing
PN under WI (1, 10–13). Several technically challenging tech-
niques have been introduced for the reduction of WI (14, 15).
Nevertheless, the impact of renal parenchymal mass reduction
was not distinguished from the effects of WI and IR in the
above literature. Parenchymal loss after PN occurs as a result
of intentional tumor excision, some normal parenchyma re-
section and suturing. Thus, the mass or volume of the
parenchymal loss should be considered and differentiated
from IR injury when evaluating the renal functional outcome
after PN.
Few authors have studied the impact of parenchymal vol-
ume reduction on renal function. In a large multicenter
study cohort Shikanov and colleagues (16) assessed the in-
fluence of renal ischemia on long-term global renal function
after LPN in patients with 2 functioning kidneys. They retro-
spectively evaluated eGFR of 401 patients with median tu-
mor size of 25 mm and normal contralateral kidney who
underwent LPN with median warm ischemia time of 29 min-
utes. Changes in early postoperative and nearly one year fol-
low-up eGFR were –16% and –11%, respectively. This result
is nearly identical to our findings. The percent change in last
eGFR was worse in patients with larger tumors suggesting
that excising a larger lesion would result in more loss of re-
nal parenchyma. Mir and colleagues (17) also reported that
the preservation of the total renal function after PN ranged
between 88% and 91% which reflects approximately 10%
loss of the renal function (similar to our finding). Mir et al al-
so showed that a higher reduction of 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. This was documented also by Sharma and col-
leagues (18) in 21 patients with solitary kidney who under-
went partial nephrectomy due to small renal mass. Volume
of the kidney was measured preoperatively and postopera-
tively by CT scan and software with an automated segmen-
tation algorithm. An average of 15% parenchymal volume
loss and 19.7% deterioration in kidney function were docu-
mented in mid-term postoperative period. They concluded
that the percent of renal parenchymal volume loss was cor-
related with the percent loss in eGFR. It was shown that vol-
ume loss had a more direct, predictable effect on ultimate
eGFR than ischemia time. A similar result was concluded by
Simmons and colleagues (3) and also Song and colleagues
(19). In the later study, diethylene-tetramine penta-acetic
acid (99mTc-DTPA) was used for accurately estimating renal
clearance and measuring eGFR by the kidney. They meas-
ured changes in individual renal function and investigated
factors determining the degree of functional reduction in 65
patients who underwent LPN and 52 patients with open
partial nephrectomy. In the entire cohort, renal volume re-

duction was the most significant, independent prognostica-
tor for eGFR reduction after partial nephrectomy. Mir and
colleagues (20) evaluated the role of volume preservation by
introducing computed tomography volumetric analysis using
free-hand scripting. The eGFR was measured by MAG3 in 92
patients who underwent partial nephrectomy. The authors
revealed that the ultimate renal function after partial
nephrectomy was primarily driven by parenchymal preserva-
tion with ischemia playing a secondary role as long as it was
within a limited time period.
Current literature has not concluded to the most important
factor for the renal function decline after PN and the contri-
bution of WI to the postoperative renal function has not been
well documented (17). Some investigators advocated that the
parenchymal mass preservation was stronger correlated to
the functional recovery in comparison to the WI (4, 19).
The current prospective study aimed in distinguishing the im-
pact of parenchymal loss from the WI effect on the operated
kidney. The 99mTc-DMSA isotope was used for the purpose
due to the fact that it allows accurate calculation of DRF (7).
The latter parameter was measured preoperatively and in dif-
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FIGURE 6: COMPARING CORRELATION OF THE T-DRF
DECLINE IN THE OPERATED KIDNEY TO THE MASS OF THE
RESECTED SPECIMEN

FIGURE 7: COMPARING CORRELATION OF THE T-DRF
DECLINE IN THE OPERATED KIDNEY TO WI TIME



ferent postoperative intervals in 28 patients with solitary small
polar tumours. Since 99mTc-DMSA scan provided relative
functional percentage of the two kidneys, the contralateral
kidney served as the control for the comparison after LPN.
Consequently, 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 operated kidney was
considered as a result of WI and WI combined with parenchy-
mal 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 intro-
duced. 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 tumour
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 re-
sult in negligible or reversible renal damage within certain time
limits of WIT such as a mean WIT of the current study. In addi-
tion, the parenchymal 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 tumour excision and su-
turing rather than to the minimization of WIT. Nevertheless,
additional 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 reference unit be-
fore 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 compensa-
tory hypertrophy of the contralateral kidney after PN remained
rather limited and less than 2.3% in most cases. They conclud-

ed that the larger the excised volume of the kidney, the more
hypertrophy of the contralateral kidney was expected. The
median tumour diameter of the latter study was 3.5 cm and
probably resulted in higher volume loss in comparison to our
series (median of 2.6 cm). Hence, we assume that the com-
pensatory hypertrophy may have been negligible in our study.
Another limitation of our study was the lack of stratification
of the results according to the length of the WIT or the tu-
mour size. The parenchymal volume was never measured and
the current study could not provide information regarding 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 vol-
ume would expose the patient in additional radiation without
providing evidence that would significantly influence the re-
sults of the study.

Conclusion

In LPN, the parenchymal loss caused by the resection of the
tumor and the suturing of the surrounding normal tissues re-
sulted in kidney function deterioration which should be distin-
guished from WI effects. An average WIT of 22 minutes for a
mean tumor diameter of 2.6 cm resulted in a 7% kidney
function decline. 4% could be attributed to the parenchymal
loss and 3% to WI.
The ultimate renal function after partial nephrectomy is pri-
marily driven by parenchymal preservation with ischemia play-
ing a secondary role as long as it is within a limited time peri-
od. One of the major implications of our study is that creating
a bloodless filed by clamping the renal pedicle within certain
time limits, and consequently precision of excision and renor-
rhaphy, should be a primary objective during any partial
nephrectomy. This may result in more kidney function preser-
vation than putting all efforts to decrease WI time to zero
while accepting all potential complications.
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