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Abstract Long-term effects of percutaneous nephroli-
thotomy (PCNL) on renal function have been evaluated in
many studies but there are little data on the renal effects of
PCNL immediately after surgery in human patients. The
aim of this study was to evaluate estimated glomerular
filtration rate (GFR) during the first few days after PCNL.
From July to September 2008, we gathered preoperative
and postoperative serum creatinine data of all the patients
who underwent PCNL at our center. Children and patients
who received transfusion during surgery were excluded.
Creatinine clearance was estimated by Cockcroft—Gault
equation and was used to estimate GFR. 94 patients met the
inclusion criteria. The mean + SD of creatinine clearance
by Cockcroft-Gault equation was 87.5 & 32.2 cc/min
before operation. It decreased to 85.5 £ 29.4 cc/min,
77.0 £ 26.8 cc/min and 75.9 4+ 25.0 cc/min at 6, 24 and
48 h after operation and then increased slightly to
81.9 £ 26.4 cc/min 72 h after operation. Renal GFR
decreases immediately after PCNL reaches a nadir 48 h
after operation, and then, increases slowly. It seems
advisable to avoid factors that can bear a negative influence
on renal function during the early postoperative period
such as nephrotoxic drugs, contrast agents, shock wave
lithotripsy and Re-PCNL.
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Introduction

The impact of percutaneous nephrolithotomy (PCNL) on
renal function has been evaluated in many studies. Many
indicators have been used for this purpose such as serum
creatinine [2, 3, 9, 14], DMSA scan [12, 13, 16], DTPA
scan [7], ultrasonography [7] and MAG3 scan [4]. In most
of these studies, the long-term effects of PCNL on renal
function have been evaluated and no significant influence
has been reported yet. There are limited data on the effects
of PCNL on renal function immediately after surgery.
Handa et al. [9] published an interesting article about the
acute effects of percutaneous tract dilation on renal func-
tion and structure. He reported a dramatic decrease in
glomerular filtration rate (GFR) during the first few hours
after unilateral tract dilation in pigs. He also reported an
increase in serum creatinine on the first postoperative day
in human after PCNL operations. In another study, the
acute effects of PCNL on renal function in geriatric
patients were compared to the non-geriatric population and
significant reduction in GFR was observed in both groups
after PCNL [14]. We investigated serum creatinine serial
measurements in the first few days after PCNL to assess for
GFR changes.

Materials and methods

From July to September 2008, we gathered preoperative
and postoperative serum creatinine of all patients who
underwent PCNL at our center. Indications for PCNL
were kidney stones >2 cm, stones refractory to shock
wave lithotripsy (SWL), and large proximal ureteral
stones. Patients older than or equal to 10 years old and
normal contralateral kidney (on intravenous pyelography
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or CT scan) who did not receive transfusion during sur-
gery were included in the study. The operation technique
is summarized in the following. After general anesthesia,
a 5 or 6 Fr ureteral catheter was inserted and fixed to a
Foley catheter. The patient was then turned into a prone
position with special care for the pressure points. The
desired calyx was punctured under fluoroscopic guidance
and a guide wire was inserted. Tract dilation was per-
formed by amplatz dilators in a one-shot manner in most
of the cases, and when impossible, dilation was performed
by serial metallic dilators. After amplatz sheath insertion,
nephroscopy was performed and stones were fragmented
by a pneumatic lithotripter (Litho Crack, Sp. Swiss-Ger-
many) and removed. Normal saline was used for contin-
uous irrigation.

If there was a residual stone >2 cm that could not be
accessed from the first tract, a second access was estab-
lished. Residual stones of <2 cm in diameter were sched-
uled for SWL. No SWL was performed during first few
days after surgery.

Foley and ureteral catheter were removed 24 h after
operation. Nephrostomy tube was clamped 48 h after
operation and removed after 24 h if there was no leak, pain,
or fever available. Demographic and perioperative data
such as age, sex, stone burden, laterality, co-morbid dis-
eases, stone opacity, operation time, number and site of
accesses and complications during and after surgery were
recorded by the surgeon. Patients with excessive bleeding
or hypotension during the operation and also patients with
recent SWL were excluded from the study. Patients were
kept hydrated during the operation and postoperative pain
was controlled by narcotics. No non-steroidal anti-inflam-
matory drugs were used. Ceftriaxone was prescribed before
operation and continued until discharge. Nephrotoxic drugs
were not used before, during, or after the operation.

Preoperative serum creatinine and postoperative serum
creatinine at 6, 24, 48 and 72 h after operation were col-
lected from the hospital records of the patients who were
not discharged. Creatinine clearance was calculated by
Cockcroft—Gault [11] equation and was used to estimate
GFR. Estimated blood loss (EBL) was calculated with
the following equation: EBL = (Hct before op-Hct after
op/Hct before op) x (weight x 85).

Data were analyzed by SPSS software version 16.0
(Chicago, IL). Paired ¢ tests were used to compare post-
operative creatinine clearances at 6, 24, 48 and 72 h with
their preoperative values. Independent samples ¢ test or
one-way analysis of variance was used to compare for the
magnitude of GFR reduction in the 24-h postoperative
period relative to the preoperative GFR with independent
variables. Two sided p values <0.05 were considered as
statistically significant.
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Results

Demographic and operation data are summarized in
Table 1. From 105 PCNL operations during the study per-
iod, 94 patients met the inclusion criteria. The alterations of
GFR before and after operation appear in Fig. 1. The
mean + SD of preoperative creatinine clearance was
87.5 £ 32.2 cc/min and decreased to 85.5 + 29.4 cc/min
6 h after operation. Continuous decrease in GFR was
observed up to 48 h after operation (75.9 + 25.0 cc/min),
and then, a slight increase was observed at 72 h after
operation (81.9 £ 26.4 cc/min). The drops in GFR at 24 and
48 h after operation were statistically significant relative to
their preoperative values (p < 0.05). Demographic data and
operation variables such as age, weight, EBL, operation
time, stone size and diabetes had no statistically significant
associations with the magnitude of GFR changes 24 h after
operation (p value > 0.05). The mean &+ SD of the drop in
creatinine clearance at 24, 48 and 72 h after operation in
patients with one versus two accesses were 8.1 + 24.4
versus 10.7 &+ 8.8, 7.9 £+ 19.0 versus 12.3 & 10.8 and
2.6 + 24.3 versus 10.2 & 13.8. The drops in GFR of
patients with two-access PCNL were higher than patients

Table 1 Demographic and perioperative data

Characteristics
Sex (male/female) 60/34
Age, years 45 £ 14
Side (left/right) 57137
Previous renal surgery 21 (22)
Greatest stone diameter

<2 cm 5(5)

2-5 cm 42 (45)

>5 cm 47 (50)
Number of accesses

One 83 (88)

Two 11 (12)
Stone type

Single 19 (20)

Staghorn 22 (23)

Multiple 53 (56)
Approach

Subcostal 83 (88)

Intercostal/supracostal 4 (4)

Multiple 7(7)
Estimated blood loss (ml) 292 + 188
Operation duration (min)* 85 + 22
Hospital stay (days) 33+1.2

Data are presented as N (%), N/N or mean + SD
* From intubation to nephrostomy fixation
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Fig. 1 Creatinine clearance based on Cockcroft-Gault equation
before operation, also at 6, 24, 48 and 72 h after operation

with one access but these differences were not statistically
significant (all p > 0.05). The percent of patients who
encountered GFR reduction (>25%, 50% and 75%) at 24, 48
and 72 h after surgery is summarized in Table 2.

All minor pelvicaliceal system injuries were managed
conservatively by keeping nephrostomy tube for a longer
duration. No major complications (colon perforation, per-
inephric hematoma and sepsis) were observed in any
patient.

As observed in Table 2, some patients did not have
creatinine measurement at 24, 48 and 72 h after operation.
The reason was that some patients were discharged 2 days
after operation and for some patients creatinine measure-
ment was not available in their files. We compared creat-
inine clearance values of these patients up to their last
available measurement. No statistically significant differ-
ence was observed between patients with missed and
available measurements. Also the magnitude of creatinine
clearance change from preoperative values to all the
available measurements before the missed one did not
differ significantly between missed and available groups.

Discussion

An important goal of minimally invasive operations such
as PCNL is less glomerular loss and scar formation. Many
studies have supported the superiority of PCNL to open
surgery regarding lower morbidity, shorter operative time,
shorter hospital stay and earlier return to work. Experi-
mental animal studies have revealed that scar formation
after PCNL is less than one percent of renal parenchyma
[5, 15, 17].

Indicators such as serum creatinine and renal isotope
scans (DMSA, DTPA and MAG-3) have been used to
assess kidney injury after PCNL and revealed no significant
changes in renal function after operation [7, 12, 13, 16].
Chatham et al. [4] evaluated the impact of PCNL on dif-
ferential renal function with 99mTc-MAG3 nuclear re-
nography and serum creatinine measurements. The median
time to the follow-up renal scans was 22 days (ranging
from 7 to 461) postoperatively. They observed that renal
function was preserved in 84% of patients. Serum creati-
nine was unchanged postoperatively. They finally con-
cluded that PCNL does not result in loss of renal function
when treating complex renal calculi as measured by
nuclear scintigraphy. The effects of PCNL on renal func-
tion in high risk patients (children, old age, solitary kidney
and chronic kidney disease) have been studied and long-
term safety of this procedure has been shown [2, 3, 14, 16].

Dawaba et al. [7] studied the anatomical and functional
effects of PCNL in children with DMSA and DTPA scan.
The patients would be followed regularly every 3 months
during first year, and every 6 months thereafter. At last,
they concluded that the renal function improves without
renal scarring. Nevertheless, the above studies evaluated
long-term effects of PCNL on kidney function. Data
regarding the early postoperative effects of PCNL on
human kidney function are limited. Handa et al. [9]
reported reduced GFR, renal plasma flow, and renal
excretory function in female pigs up to 5 h after percuta-
neous tract dilation. In another part of his study, only the

Table 2 GFR and kidney injury categories in the studied patients during the first postoperative days

Characteristic 24 h, N = 87 48 h, N = 64 72 h, N =32
Glomerular filtration rate cc/min, mean = SD 77 + 27 76 + 25 82 £+ 26
Percent reduction in preop GFR, median (IQR) 8 (=3, 23) 12 (=3, 20) 8 (-9, 22)
Patients with kidney risk, N (%)* 17 (20) 9 (14) 5 (16)
Patients with kidney injury, N (%)° 1(1) 3(5) 1(3)
Patients with kidney failure, N (%)° 0 (0) 1) 0 (0)

* Defined as >25% reduction in GFR or >1.5 times increase in serum creatinine
® Defined as >50% reduction in GFR or >2 times increase in serum creatinine

¢ Defined as >75% reduction in GFR or >3 times increase in serum creatinine
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serum creatinine of human patients on the first postopera-
tive day was gathered. He observed that mean serum cre-
atinine was increased significantly, however; the duration
and height of this increase were not reported.

Tok et al. [14] evaluated the effects of PCNL on renal
function in geriatric patients with estimated GFR and it was
compared to the non-geriatric population. Estimated GFR
was recorded both preoperatively and postoperatively
(12-24 h after the operation). Estimated GFR (ml/min) in
geriatric group was 70.6 & 23.0 preoperatively and
71.6 £ 22.3 postoperatively and in non-geriatric group
112.3 + 36.3 preoperatively and 108.5 + 36.1 postopera-
tively. They concluded that preoperative GFR had signifi-
cant changes in the postoperative period.

We prospectively evaluated the effect of unilateral
PCNL on GFR of patients with normal serum creatinine.
The results showed an observable trend of GFR decrease up
to 48 h after operation. Then, a slight increase in GFR was
observed at 72 h after the operation. Longer follow up was
not included in the data collection protocol as we did not
have any prior idea about the exact time of GFR normali-
zation. Handa et al. [10] have recently shown that in pigs,
GFR decreases approximately 55% in operated kidneys and
returns to preoperative values within 72 h. On the other
hand, in a retrospective human study, they observed that
serum creatinine decreases significantly at 1 and 2 days
after PCNL but they did not follow their patients further [8].
Another human study reported that kidney function judged
by radionuclide imaging returns to normal values 2 weeks
after operation [17], Therefore, we think that the time of
GFR normalization will possibly lie between 3 and 14 days
after PCNL. Regarding the study data, we can assume that
the return of GFR after PCNL starts between 48 and 72 h
after operation. The results of this study are in accordance
with the results of previous studies [9, 14] that reported
GFR reduction in first postoperative day.

The magnitude of GFR reduction was not associated
with demographic variables and operation characteristics
such as age, weight, EBL, operation time, number of
accesses, stone size. Handa et al. [8] have also shown
previously that in animal models, single or multiple PCNL
tracts did not change GFR by different magnitudes.

The magnitude of GFR reduction or creatinine rise in
patients is illustrated in Table 2 with the categories defined
for kidney risk, injury or failure [1]. Overall, 20 patients
(23%) experienced kidney risk during postoperative days, 5
patients (6%) experienced kidney injury and 1 patient (1%)
experienced kidney failure.

In this study, no nephrotoxic drug was used either pre-
operatively or postoperatively. Such medications can the-
oretically prolong the GFR reduction duration or the
magnitude of its nadir. It is believed that a combination of
factors such as tract dilation, nephroscopy and normal
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saline irrigation, also stone fragmentation with lithoclast
are important in bilateral renal vasospasm and decreasing
GFR in PCNL patients with normal contralateral kidney
[9]. This is a preliminary study that raises other questions
such as when the GFR returns to the normal value and what
mediators are effective in decreasing GFR after PCNL and
how to control them.

This study has some drawbacks: (1) the follow-up
duration of the patients was limited to a few postoperative
days. Longer follow up could reveal the time of GFR
normalization. (2) Serum creatinine is not the best tool for
GFR measurement. Cockcroft—Gault equation is a widely
used formula and has the ability to show GFR changes with
acceptable error [11]. As the goal of this study was to track
GFR changes than to exactly measure it, we think that
employing Cockcroft—-Gault formula will not introduce
significant error into the results [6]. (3) All patients did not
have full measurements at 24, 48 and 72 h after operation.
Although we showed that the creatinine clearance of these
patients or the magnitude of its change up to the last
documented measurement were not different between
patients with missed and available measurements but we
can not be sure that the available data are totally repre-
sentative of the censored data. (4) Creatinine measurements
were coincident with the time of urinary drainage manip-
ulation like discontinuation of Foley, ureteral or nephrostomy
catheters. We do not know whether these manipulations can
influence the creatinine measurements we performed. Nev-
ertheless, as discontinuation of Foley, ureteral and nephros-
tomy catheters after PCNL operation usually occurs at time
schedules similar to what we performed, such influences, even
if they exist, will also be observed for other operated patients
as well.

Conclusions

The results of this series show that in the first 48 h after
PCNL, renal GFR continually decreases and then rises
toward preoperative values. It is advisable to avoid factors
that can have a deleterious effect on kidney function during
this early postoperative period such as nephrotoxic drugs,
contrast agents, SWL and Re-PCNL.
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