Original Article - Endourology/Urolithiasis INVESTIGATIVE AND CLINICAL UROLOGY

Investig Clin Urol 2019;60:21-28. IC URO LOGY Check for

https://doi.org/10.4111/icu.2019.60.1.21 updates
pISSN 2466-0493 - elSSN 2466-054X

A prospective study evaluating impact on renal
function following percutaneous nephrolithotomy
using Tc99m ethylenedicysteine renal scan:

Does multiplicity of access tracts play a role?
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Purpose: A prospective study evaluating impact of percutaneous nephrolithotomy (PCNL) on renal function following PCNL using
ethylenedicysteine (EC) renal scan. Does multiplicity of access tracts play a role?

Materials and Methods: A prospective observational study was done and patients undergoing PCNL for renal calculi at our urol-
ogy department were selected. Renal Tc99m EC scan was done pre-surgery and at 3 months follow-up. An assessment was done
on decline in glomerular filtration rate (GFR) in postoperative period based on number of access tracts required.

Results: A total of 110 patients were enrolled in the study. The total number of punctures was 170 with 141 being supra-costal
puncture and 29 infra-costal. The total number of single punctures were 60 and classified as Group | whereas patients with double
puncture and triple puncture (40 and 10 patients, respectively) were classified as Group Il. Mean postoperative split renal function (in
Tc99m EC scans) of patients of Group | (40.93+19.62%) was found to be higher than that of Group Il (32.82+16.98%). Mean change
(decline) in GFR for single, double and triple tracts were 2.68 mL/min, 3.80 mL/min, and 4.2 mL/min, respectively.

Conclusions: PCNL used for stone removal can improve renal function by eradicating obstruction; however, this procedure may
itself negatively impact the functions of the targeted kidney. Our study showed post PCNL decrease in GFR which worsens with an
increasing number of accesses.
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INTRODUCTION increasing. According to the National Health and Nutrition

Examination Survey, as of 2012, 106% of men and 71% of

Renal calculi pose major health issues in our society with ~ women in the United States are affected by renal stone

lifetime prevalence of kidney stone disease estimated at 1%  disease, compared to just 6.3% of men and 41% of women
to 15% [1]. The incidence of urinary tract stone disease is  that were affected in 1994 [1]
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Numerous surgical interventions are utilized to treat
nephrolithiasis including shockwave lithotripsy, ureteroscopy,
percutaneous nephrolithotomy (PCNL), laparoscopic, robotic
assisted and open surgery. Based on the guidelines set
forth by the American Urological Association (AUA) [2],
PCNLs should be the first treatment utilized for patients
with large/staghorn calculi. As per European Association of
Urology (EAU) guidelines, shock wave lithotripsy (SWL) is
the procedure of choice for most renal stones up to 15 cm
except selected cases with unfavorable factors. PCNL is the
choice for calculi larger than 15 cm without any absolute
contraindication to the procedure [3] The current indications
for PCNL include large, hard infected stones, obstruction-
related stones, ESWL failures, and stones related with
anatomical variations [45]

Though high success rate, PCNL is not without complica-
tions with a recent multi-centre study showing the overall
complication rate of 205% [6] In the setting of complex or
multiple stones, more than one percutaneous access may be
required for stone eradication, potentially increasing the risk
of renal injury.

Renal functions are generally assessed with lab-based
parameters such as estimated glomerular filtration rate
(eGFR) or serum creatinine. Efficacy of these lab-based
parameters can be greatly altered by patient factors inclu-
ding body mass index (BMI), renal functions at baseline, and
race [78]

Renal function after PCNL has also been assessed using
nuclear medicine techniques. Various isotopes have been
used for this function like Tc99m-mercaptoacetyltriglycine
(MAG3), Tc99m-diethylene triamine pentacaetic acid (DTPA),
Tc99m ethylenedicysteine (EC) and 131-Iodine labelled ortho
Todohippurate (OIH) [9]. To determine the most relevant
of the above, a study was done by Lima et al. [10], which
concluded that Tc99m EC could substitute Tc99m-DTPA to
evaluate patients with urinary tract dilation, with low cost
and higher-resolution images.

A prospective study was done at our institution using
Tc99m EC renography to better understand the effect of
single versus multiple-access PCNL on individual renal
function. We hypothesized that multi-tract PCNL should
conceptually cause more renal injury than a single-tract
procedure and therefore negatively affect split renal

function.

MATERIALS AND METHODS

A prospective study was conducted at Department of
Urology, King George’s Medical University after approval by
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the Institutional Review Board and clearance by the Ethical
Committee (approval number: 3689/ETHICS/RCELL1S).
After explaining the patients and their attendants about
the study, a written informed consent was obtained by the
patient or guardian (in case of minors) before enrollment
into the study, regarding participation and follow-up visits.

A retrospective study was done from October 2015 to
September 2017. Patients with renal calculi who opted for
PCNL were included in the study. Patients found to have
urinary tract or any other malignancy, pregnancy, known
medical renal disease/compromised renal function (creatinine
more than 2), anatomical/functional solitary kidney, bilateral
renal calculi, patients with residual calculus more than 4
mm following PCNL and uncorrected bleeding disorders
were excluded.

Radiological evaluation was done using ultrasonography
kidney ureter bladder, intravenous pyelography (IVP) to
evaluate anatomical and functional status of kidney as well
as stone parameters. In case of raised serum creatinine non-
contrast CT (NCCT) was done. Renal Tc99m EC scan was
done pre-surgery and at 3 months post PCNL.

Preoperative urine culture was made sterile with appro-
priate antibiotics. Percutaneous nephrostomy tube was
placed in patients with pyonephrosis and was operated after
sterile urine culture. Prophylactic antibiotics were given
in all patients. Intra operative data regarding stone access
and stone retrieval were recorded in a detailed manner. The
PCNL procedure was performed by single consultant in
urology.

1. Surgical techniques

All patients received preop antibiotics. In lithotomy
position, ureteric catheter (4-Fr/5-Fr) was placed in the
pelvicalyceal system and then patient was turned to prone
position. The preferred puncture location was selected after
studying the radiological imaging (IVP/NCCT/contrast
enhanced computed tomography) in details. Percutaneous
access was performed with the help of fluoroscopic
guidance after obtaining air pyelogram. Tract was dilated
using coaxial serial metal dilator over guide rod. In all
patients the tracts were dilated to 28-Fr Amplatz sheath.
Rigid nephroscope was used for all patients. Pneumatic
lithotripsy (Swiss Lithoclast; Electro Medical Systems, Nyon,
Switzerland) was used for stone fragmentation. Small
fragments were removed using intra operative percutaneous
caliceal irrigation. Extra puncture was performed if required.

Intra operatively, stone clearance was confirmed by
nephroscope and fluoroscopy after the procedure. Double J
stent was placed after complete removal of stone. Ureteric
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catheter was left in situ and fixed with per urethral
catheter for those who need staged procedures. Nephrostomy
tube (18—22-Fr) was placed after the procedures. Number
of the nephrostomy tube was decided per operatively
depending on the number of the access tracts and size of
dilation needed. In multi tract cases, nephrostomy tubes
were left in the tract if it was anticipated the tract would be
used for a future procedure.

Stone free rate was defined as complete clearance or
having insignificant residual (<4 mm) after the PCNL
and evaluated by NCCT scan in the postoperative period.
Perioperative complications like fever, septicaemia, hydro/
pneumothorax, severity of bleeding were evaluated for each
patient and results tabulated. First follow-up at 2 weeks and
thereafter follow-up was done at 3 months when EC renal
scan was also performed.

2, Statistical tools employed

The statistical analysis was done using IBM SPSS
Statistics ver. 21.0 software (IBM Co., Armonk, NY,
USA). The values were represented in number (%) and
mean+standard deviation. Wilcoxon signed rank test
was used to calculate change in serum creatinine, GFR
and split function in the preoperative and postoperative
period. Student t-test and chi-square tests were applied for
calculations of mean changes between groups. A p-value less
than 005 was considered significant.

Table 1. Demographic profile

PCNL decreases GFR with multiple access

RESULTS

1. Study population

A total of 132 patients were enrolled in this study. Out
of 132 patients 8 patients excluded from study due to non-
functioning of kidney in renal scan and 12 patients were
lost to follow-up. In final analysis we included 110 patients.
Out of 110 patients enrolled in the study, single puncture
was required in 60 patients (545%) which were classified
as Group I while rest of the 50 patients (455%) in whom 2
or more than 2 punctures were required were classified as
Group IL Out of 110 patients right side calculi were in 61
patients (55.5%) while rest 49 patients (44.5%) were left sided.

2. Demographic variables

Overall mean age of study population was 34.65+13.23
years. Among patients of Group I, 50.0% were male and
50.0% were female while among patients of Group II, 74.0%
were male and only 260% were female.

3. Radiological stone characteristics
In Group I, most common site of stones was right side

(68.3%) followed by left side (31.7%) while among patients of
Group II, most common site was left side (60.0%) followed
by right side (40.0%). Locations of stones in kidneys are also
shown in Table 1

Proportion of patients having single stone was statistically

Variable Group 1 (single puncture) Group 2 (multiple puncture) p-value

Number of patients 60 50 -
Age (y) 34.65+13.23 35.78+12.43 0.828
Sex 0.650

Male 30(50.0) 37(74.0)

Female 30(50.0) 13(26.0)
Body mass index (kg/m?) 21.60£1.50 21.62%1.51 0.945
Stone surface area (mm?’) 78.35+188.25 643.00+296.77 0.012
Side of stones -

Right 41 20

Left 19 30
Location of stones -

Pelvis 52 48

Upper calyx 16 26

Middle calyx 3 18

Inferior calyx 12 27
Hydronephrosis 0.546

Mild 25(41.7) 16 (32.0)

Moderate 22(36.7) 20 (40.0)

Severe 13(21.7) 14 (28.0)

Values are presented as number only, mean+standard deviation, or number (%).
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significantly higher in Group I as compared to Group II
having single stone (650% vs. 24.0%), rest of the patients of
both the groups had multiple stones. Difference in severity of
hydronephrosis of patients of Group I and Group II was not
found to be statistically significant (p=0546).

Overall stone surface area was 4986527622 mm” Stone
surface area was significantly high in Group II patients
(643.00+296.77) as compared to Group I (378.35:£188.25).

Urine culture of majority of patients (n=96, 87.3%) was
sterile.

4, Operative findings

Out of 110 patients enrolled in the study, the total
number of punctures was 170. Out of the total no. Of
punctures 141 were supra-costal puncture and 29 were infra-
costal puncture. The total number of single puncture was
60, double puncture were 40 and triple puncture were in 10
patients. None of patient had 4 or more than 4 punctures.

Number of punctures in all the patients of Group I
was one while in Group II ranged from 2—-3 punctures.
Proportion of patients with multiple stone was significantly
higher in Group II (760%) as compared to Group I (350%).

Requirement of relook PCNL, requirement of blood
transfusion and mean duration of removal of nephrostomy
were all significantly higher in patients of Group II as
compared to Group I (Table 2). According to modified
Clavien Dindo Classification overall grade 2 complications
was more common than grade 1 (30.0% vs. 282%), but fever
was most common (24.54%) followed by blood transfusion

ICUROLOGY

(21.8%). None of the patients had grade 4/5 complications.

Mean postoperative serum creatinine of patients of
Group II (1.24+0.44 mg/dL) was found to be higher than that
of Group I (109039 mg/dL) but difference in postoperative
mean serum creatinine levels of patients of Group I and
Group II was not found to be statistically significant (Table
3).

Out of 110 patients enrolled in the study, mean post-
operative split renal function (in Tc99m EC scans) of
patients of Group I (4093+19.62%) was found to be higher
than that of Group II (3282+1698%) and this difference was
found to be statistically significant.

Both mean preoperative and postoperative GFR of
patients of Group I was found to be higher than that
of Group II but difference in both was not statistically
significant (Table 3).

On comparing changes in split renal functions among
patients of Group I (1.25+1.41%) and Group II (3.22+1.15%),
change was found to be significantly higher in Group II as
compared to Group L Overall change in split renal functions
was 2154163 units (5.6%), which was also significant.

On univariate analysis, we did find a statistically
significant difference in pre- and postoperative MAG3
renal function when stratification was performed for
comorbidities such as diabetes mellitus, hypertension and
other associated factors like guys stone score, degree of
hydronephrosis and number of punctures which impacted
renal function as shown in Table 4. A multivariable analysis
using a logistic regression model was used to determine if

Table 2. Comparison of operative and postoperative findings between groups

Statistical significance

Variable Total (n=110) Group | (n=60)  Group Il (n=50) =
X p-value
Multiple number of stones 59 21 (35.0) 38 (76.0) 18.436 <0.001
Relook PCNL 22 4(6.7) 18 (36.0) 14.667 <0.001
Blood transfusion 20 4(6.7) 16 (32.0) 11.766 0.001
Mean duration of removal of nephrostomy 2.28+0.47 2.05+0.29 2.56+0.50 't'=6.680;
p<0.001
Grade 1 complications
Fever 27 14 (23.3) 13 (26.0) 0.105 0.746
Decrease urine output requiring diuresis 4 1(1.7) 3(6.0) 1.461 0.227
output required diuretics
Grade 2 complications
Blood transfusions 20 4(6.7) 16 (32.0) 11.766 0.001
Febrile UTI 13 8(13.3) 5(10.0) 0.291 0.590
Grade 3 complications
Urine leak >24 hours 4 2(3.3) 2(4.0) 0.035 0.852
Pneumothorax 0 1(2.0) 1.211 0.271

Values are presented as number only, number (%), or meanzstandard deviation.

PCNL, percutaneous nephrolithotomy; UTI, urinary tract infection.
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PCNL decreases GFR with multiple access

Table 3. Comparison of pre- and postoperative serum creatinine, GFR and split renal function

Variable Group 1 (single puncture) Group 2 (multiple puncture) p-value

Serum creatinine

Preoperative 1.04£0.36 1.12+£0.42 0.232

Postoperative 1.09+£0.39 1.24+£0.44 0.063
GFR

Preoperative 34.83+£17.21 33.58+17.74 0.708

Postoperative 32.15+£17.35 29.70+18.26 0.473
Split renal function

Preoperative 42.18+19.08 36.04+16.94 0.080

Postoperative 40.93+£19.62 32.82+16.98 0.024

Values are presented as meantstandard deviation.
GFR, glomerular filtration rate.

Table 4. Univariate analysis of change in GFR (pre- and postoperative) with other variables

Paired t-test

Variable No. of patients Preoperative GFR Postoperative GFR Change % change ¢ Al

Comorbidities

Diabetes 27.00+£14.76 22.11+£14.86 -4.89+1.45 -18.1 -10.094 <0.001

HTN 7 34.43+16.76 30.00+17.32 -4.43+£1.90 -12.9 -6.519 0.001

DM+HTN 15.50+£2.12 11.50£3.54 -4.00+1.41 -25.8 -4.000 0.156

No comor 92 35.37+17.61 32.41+17.86 -2.96+1.97 -8.4 -14.422 <0.001
Guy'’s stone score

1 36 32.03+15.28 29.22+15.85 -2.81+1.55 -8.76 -10.889 <0.001

2 42 39.31£17.70 35.74+17.95 -3.57+1.89 -9.09 -12.253 <0.001

3 15 26.47+16.94 23.13+16.75 -3.33+£2.58 -12.6 -5.000 <0.001

4 17 33.41£18.92 30.24+19.91 -3.18+2.51 -9.51 -5.226 <0.001
Hydronephrosis

Mild 41 38.85+14.22 35.88+14.74 -2.98+2.09 -7.66 -9.110 <0.001

Moderate 42 33.71+£17.43 30.10+£17.71 -3.62+1.62 -10.7 -14.457 <0.001

Severe 27 28.15+£20.10 25.15+20.36 -3.00+2.34 -10.7 -6.670 <0.001
Number of puncture

1 60 34.83+17.21 32.15+£17.35 -2.68+1.84 -7.7 -11.318 <0.001

2 40 35.20+17.56 31.40+18.17 -3.80+£1.96 -10.8 -12.238 <0.001

3 10 27.10+£17.84 22.90+17.93 -4.20+2.25 -15.5 -5.900 <0.001

Values are presented as number only or meanztstandard deviation.

GFR, glomerular filtration rate; HTN, hypertension; DM, diabetes mellitus.

any of the following potential risk factors was associated
with significant decline in GFR (>15%): age, sex, diabetes,
hypertension, and number of access tracts (one vs two/three).
The independent risk factors identified as predictors of a
deterioration in GFR of >15% from baseline were elevated
diabetes (coefficient, 3.85; p=0.025), and number of access
tracts (coefficient, 2.85; p=0.050)

DISCUSSION

PCNL is an established technique for treatment of renal
calculi. The 2005 AUA and 2008 EAU guidelines on the

Investig Clin Urol 2019;60:21-28.

management of staghorn calculi recommended PCNL as the
first-line treatment for staghorn calculi, any renal stone that
exceeds 20 mm in diameter, and lower calyceal stones [211]
Multiple or staghorn or complex stones may require
more than one renal puncture during PCNL which may
cause more renal parenchymal injury compare to single
renal puncture. There are various studies done in past on
this effect and showed divergent results. However most
of these studies used lab-based parameters including the
Modification of Diet in Renal Diseases (weight as variable)
and Cockcroft-Gault equations (race as variable) formula,
which are commonly used estimates of renal function [12]
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These lab-based parameters are affected by patient’s age
sex, race, BMI, and base line renal parameters and alter the
calculation of eGFR [12]

When patient is planned for PCNL on one side, the
global creatinine based assessment is confounded by opposite
normal kidney function. Nuclear renal scan provides a much
more accurate assessment of individual renal functions.
Previous studies used DMSA, DTPA, and MAG3 Tc99m
renal scans to know the impact of PCNL on renal functions.
In our study we used Tc99m EC (L, L-ethylenedicysteine)
scan to know impact on renal functions.

Our study demonstrated that multi access PCNL had a
trend towards decreasing GFR as the number of puncture
increases although there was no association between two
cohorts and serum creatinine levels.

In our study, mean age of patients was 34.65+1323 years
which was slight lower compared to studies done by Fayad
et al. [13], Gorbachinsky et al. [14], Moskovitz et al. [15], where
reported mean age distribution was 39-53 years. This could
be due to two third patients in our study were younger age
group between 1645 years and 7 patients were less than 15
years. Age groups in both the groups single versus multiple
accesses were comparable in our study.

In this study, 67 patients (60.9%) were male while 43
patients (39.1%) were female. This high incidence of renal
stones in males (151) is similar to that reported by Fayad et
al. [13], and is in accordance to the reported high incidence of
renal calculi in males [14] BMI in our study population was
21.61+1.50, which was comparable in both the groups.

The overall stone surface area was 49865+27622 mm”
and it was slightly higher than study done by Pérez-Fen-
tes et al. [16] in which stone surface area was 356 mm®
This difference may be due to more no of patients with
multiple renal calculi in our study compare to their study
(51 vs. 17). The stone surface area was significantly high in
Group II (multiple accesses) patients compared to Group
I (643.00+296.77 vs. 378.35+188.25). Patients with multiple
number of stones were also significantly high in multiple
accesses group. PCNL tract dilatation in both the groups was
28-Fr.

In our study relook PCNL was required for complete
clearance in 22 of patients (20%) which is comparable to
study done by Moskovitz et al. [15], they showed 90% stone
free rate. Study done by Thomas et al. [17] showed stone
clearance 62% overall and 30%—80% according to Guy’s stone
score. This is because of more no of patients with staghorn
calculi in their study compare to our study (29% vs. 15%)).
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1. Comparison of pre- and postoperative renal
functions: Tc99m EC scan

The majority of patients showed decrease in split renal
functions and decline in GFR after intervention in same
renal unit. In both the groups significant decline in renal
functions after intervention was observed. In Group I
and Group II changes in pre and postoperative split renal
functions were 125% and 322%. Furthermore, there was a
trend toward worsening renal function with an increasing
number of accesses.

Similar results were noted by Gorbachinsky et al. [14],
they shown significant 2.28% decrease in renal function
based on mercaptoacetyltriglycine nuclear renogram results
after PCNL of the affected kidney in patients with multiple
accesses. Similar results also noted by Fayad et al. [13] that
PCNL with multiple tracts carries a risk for adversely
affecting renal function than single tracts. Chatham et al.
[18] studied 19 patients with MAGS renography after PCNL.
At a median of 22 days after surgery they found 16% had
a decrease in renal function, 37% had improvement and
the remainder had no significant alteration. Compare to
our study this study had only 19 patients and they did post
PCNL renal scan which is earlier than our study (3 weeks
vs. 3 months).

Because diabetes is more common in patients with kidney
stones who develop CKD, it is likely that the coexistence of
both situations would explain the increased risk of CKD
in this kidney stone cohort. Ozden et al. [19] have found by
multivariate analysis that DM was a significant marker for
subsequent decline in GFR in patients undergoing PCNL.
This association was also seen in our study.

As the number of punctures increases, there is increase
in change (decline) in GFR after intervention. Mean change
(decline) in GFR for single, double and triple were 268 mL/
min, 380 ml/min, and 4.2 ml/min, respectively. In our study,
renal function declined after surgery even in those with
severe hydronephrosis. The drop was less than mild, but still
significant. This 1s worth highlighting as urologists often
debate the merits of PCNL in terms of improving renal
function (ie, someone presents with a large stone and split
renal function of 15%—is PCNL or nephrectomy the better
option?). Based on our data it would suggest that it would
be unlikely to see an improvement in function and perhaps
a nephrectomy 1is the simpler option with a lower overall
complication rate.

2. Limitation of study
Our study comprised of only 110 patients, with limited
follow-up period of 3 months at a single center. The other
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limitation is the lack of metabolic evaluation and stone
analysis in our study.

CONCLUSIONS

PCNL used for stone removal can improve renal function
by eradicating obstruction; however, this procedure may
itself negatively impact the functions of the targeted kidney.
Our study showed post PCNL decrease in GFR which
worsens with an increasing number of accesses. This may
have significant impact in those with altered renal function
or those who may require repetitive multi stage procedures.
As such, attaining additional access during PCNL, especially
in patients with concomitant renal insufficiency, should be
considered carefully due to the profound impact on renal
function and consequent impaired renal function recovery in
this patient subset. Accurate assessment of this relationship
may help urologists to guide surgical decisions, especially
in patients with comorbidities associated with poor renal
recovery following PCNL.
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