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Abstract

Introduction: Renal stones are one of the most common reason for patient’s visit to Urologic outpatient department. PCNL is novel minimally
invasive modality for renal stone management and approved by the European Association of Urology (EAU) as 1% line approach. Inspite of high
success rates, PCNL can be associated with wide range of complications, ranging from 20-83%.A scoring system which can pre-operatively
grade the extent of stone disease, its possible impact on treatment outcomes and occurrence of complications are not only essential but should
become an integral part of the care plan.Guy’s score has been externally validated in many studies. In this study we use this Guy’s score in
predicting Post op stone free rate following PCNL and also assess the complications of PCNL. Materials and methods: This is retrospective
observational Study conducted in Department of urology, Nizam Institute of Medical Sciences, Hyderabad between November 2018 and
October2020. Information was obtained from previous records of total 100 patients and analysed retrospectively. All patients with renal calculi >
18 years of age , posted electively for Percutaneous Nephrolithotomy were included in the study. Patients with severe comorbid illness and who
underwent Percutaneous Nephrolithotomy in pastwere excluded. Results: Total number of patient included in the study were 100 , (n=100).
Majority of the patients were in the 5 decade (27%) Among them males were 64 (64%) and females were 36 (36%). Patient with comorbid
conditions were 28 (28%) . Among the comorbidities, Diabetes mellitus was present in 16% of patients.Patients were classified using Guy’s
Stone Scoring system to assess the preoperative complexity of the calculus and predict the stone free rate and the complications. Most of the
patients were included in the category of Guy’s stone score —1.All patients were evaluated for residual fragments by post PCNL ultrasound on
post-operative day 1. Clinically Insignificant Residual Fragments (CIRF)were defined as <4mm, non- obstructive and asymptomatic residual
fragments. All perioperative complications were stratified by clavin —Dindo classification system. Peri-operative complications includes
intraoperative and post operative complications including CSRF. Total number of patients who had complications include 25 (25%) . Of them 9
patients had grade 1 complication., 6 had grade-2, 7 had grade -3 and 3 had grade -4 complications. Statistical analysis showed significant
association between Clinically Significant Residual Fragements, number of punctures required and post operative stay with Guys Stone Score.
There is no significant association between Guys stone score and complications graded as per modified ClavienDindoclassification , but there is
non significant increased incidence of complication grade with increase in stone score. Conclusion: Guys stone score significantly predict,
number of punctures required for PCNL, Stone free rate, Post operative hospital stay.

Keywords: Percutaneous Nephrolithotomy,clavin —Dindo classification system,Clinically Significant Residual Fragements, postoperative
complications.
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Introduction

Renal stones are one of the most common reason for patient’s visit to
Urologic outpatient department. It affects about 12 % of world
population in their lifetime[1]. Because of renal stones, among
affected population 50 % may end up in losing renal function[2].
There is increase in number of people being affected with renal
stones, probable because of dietary and
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environmental changes[3,4]. PCNL is novel minimally invasive
modality for renal stone management and approved by the European
Association of Urology (EAU) as 1% line approach[5,6]. PCNL has
replaced open stone surgery because of its cost effectiveness, lower
morbidity, shorter operative time and lower post operative
complications[7,8]. With the availability of newer instruments
(flexible pyeloscopes and ureteroscopes) and refinement of PCNL
indications, there is increasing trend in utilisation of PCNL[9].

Inspite of high success rates, PCNL can be associated with wide range
of complications, ranging from 20-83%][9,10,11]. True complication
rates are difficult to determine as most of the reviews report only
specific complications of PCNL. The complications are intraoperative
complications like bleeding, injury to adjacent organs (colon, liver,
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spleen , pleura). Post operative complications include haemorrhage,
sepsis, stent / nephrostomy related complications, MODS, death.

A scoring system which can pre-operatively grade the extent of stone
disease, its possible impact on treatment outcomes and occurrence of
complications are not only essential but should become an integral
part of the care plan. Many such scoring systems are described: Guy’s
stone score (G.S.S), the CROES (Clinical Research Office of the
Endourological Society) nomogram, STONE (size, tract length,
obstruction, number of involved calyces, essence/stone density)
nephrolithometric score, S-ReSC (seoul National University Renal
stone complexity) score. An ideal scoring system should include
variables that both influence surgical planning and predictive of post-
operative complications. Guy’s stone score, 1%t described by Thomas
et al[12]., is novel assessment tool to predict Stone Free Rate (SFR) in
patient who require PCNL .Guy’s score has been externally validated
in many studies[13,14]. In this study we use this Guy’s score in
predicting Post op stone free rate following PCNL and also assess the
complications of PCNL

While preoperative stone assessment predicts treatment outcomes.
There is a need to reliably evaluate the complications that may arise
following surgery. Many different ways are being proposed to stratify
post-surgical complications. Standardization of the complications are
essential, which ensures relevant data comparison between different
studies. Modified Clavien Dindo classification[15,16] is one of the
methods for classifying the post operative complications depending
on the grade of complication. In this study we used the same to
classify the complications following PCNL.

Aims and Objectives

1. To assess the complexity of renal stone preoperatively by Guy’s
stone scoring system

2. To analyse complications of PCNL and to stratify with modified
claviendindo grading system

3. To correlate preoperative Guy’s stone score with stone free rates
after surgery and complications

Methodology

This is retrospective observational Study conducted in Department of
urology, Nizam Institute of Medical Sciences, Hyderabad between
November 2018 andOctober 2020. Information was obtained from
previous records of total 100 patients and analysed retrospectively.
All patients with renal calculi > 18 years of age , posted electively for

Percutaneous Nephrolithotomy were included in the study. Patients
with severe comorbid illness and who underwent Percutaneous
Nephrolithotomy in pastwere excluded.

All patients who are included in the study underwent preoperative
investigations including X-ray Kidney, Ureter and Bladder (KUB) ,
Intravenous pyelography, Ultrasonography of abdomen , Non
Contrast computerized tomography ( NCCT) or Contrast enhanced
CT urogram (CECT Urogram) as necessary. CT scan was performed
in cases with radiolucent calculus and in patients with abnormal
anatomy.

Parameters such as renal stone size , location , and associated
abnormal renal anatomy were noted based on radiographic evaluation.
Stones were classified using Guy’s Stone Score as GSS-I/II/111/1V.
Percutaneous Nephrolithotomy was performed as per standard
protocol after obtaining informed and written consent. Antibiotic
prophylaxis was given to all patients. Routine placement of foley
catheter and percutaneous Nephrostomy was practiced.

Stone free rate assessment was done by detecting the CSRF(
Clinically Significant Residual Fragements). CSRF is defined as size
of the residual fragment after PCNL more than 4 mm, symptomatic
and obstructive. Absence of CSRF were considered as stone free.
CSRF was determined by ultrasonography on postoperative day -1. In
the absence of CSRF and absence of haematuria, nephrostomy tube
and foleys catheter were removed. Patient was advised to review after
3 to 4 weeks following PCNL for DJ stent removal.

Perioperative complications were stratified based on Modified
ClavienDindo classification system[15,16].

Statistical methods

Data was analyzed in SPSS (Statistical Package for Social Sciences)
version 17.0. Categorical variables were analyzed using chi-square
test. Fischer’s exact p value < 0.05 was considered significant.
Frequencies and percentage distribution were expressed after
performing descriptive analysis

Data analysis and results

Total number of patient included in the study were 100 , (n=100).
Majority of the patients were in the 5" decade (27%) Among them
males were 64 (64%) and females were 36 (36%). Patient with
comorbid conditions were 28 (28%) . Among the comorbidities,
Diabetes mellitus was present in 16% of patients.Mean creatinine is
0.96mg/dl.

Tablel : Age distribution

Age of the patients (range)

30 and below

31-40

41-50

51-60

Above 60

Total

Frequency Percent
21 21%
23 23%
27 27%
16 16%
13 13%
100 100.0

Patients were classified using Guy’s Stone Scoring system to assess the preoperative complexity of the calculus and predict the stone free rate and
the complications. Most of the patients were included in the category of Guy’s stone score —1

Table2 : Classification based on Guy’s stone scoring system
Guy score | Frequency Percent
1 37 37%
2 28 28%
3 8 8%
4 27 27%
Table 3:Frequency distribution of abnormal renal anatomy
Abnormal renal anatomy Frequency | Total Percentage (%) | Percentage with in the category (%)
Gross hydronephrosis 4 4
Compact pelvicalyceal system 2 4
Horse shoe kidney 2 2
Total 8 8% 100%
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Stone density was estimated by comparing the density of the calculus with 12t or 11% rib(in the absence of 12% rib) in the X-ray KUB . Based on
this, calculi were categorized into denser than rib, less dense and radiolucent. Most of the patients had denser calculi ( 93%)

Table 4:Density of the calculus

Density of the calculus Frequency | Percent
Denser(HU>1000) 92 92.0
Less denser (HU: 500-1000) 2 2.0
Very less density /radiolucent(HU<500) 6 6.0
Total 100 100.0

During surgery,16 patients needed multiple punctures to complete PCNL. Rest of the patients required single puncture.

All patients were evaluated for residual fragments by post PCNL ultrasound on post-operative day 1. Clinically Insignificant Residual Fragments
(CIRF)were defined as <4mm, non- obstructive and asymptomatic residual fragments. Others are considered as Clinically Significant Residual
Fragments (CSRF). 13% of the patients had clinically significant residual fragments which were followed up subsequently. Among them three
patient underwent Redo-PCNL in the immediate post-operative period.

Table 5: CSRF (Clinically Significant Residual fragments)

CSRF Frequency | Percent
Nil 89 89.0
Present 11 11.0
Total 100 100.0

Post operative complications

All perioperative complications were stratified by clavin —Dindo classification system. Peri-operative complications includes intraoperative and
post operative complications including CSRF. Total number of patients who had complications include 25 (25%) . Of them 9 patients had grade 1
complication., 6 had grade-2, 7 had grade -3 and 3 had grade -4 complications.Among complications, fever is present in 9 patients who didn’t
require any deviation from normal treatment- grade 1 clavin —Dindo classification.7 patient required blood transfusion.5 patients required Redo
surgery and one patient required clot evacuation procedure for bladder clot evacuation.One patient had colonic perforation which was noticed on
day 2, as patient developed persistent tachycardia and signs of peritonism. Laparotomy and exploration was done, where perforation was noted in
the colon for which colostomy was made and patient recovered well. Among the patients who had grade 4 complications, 2 patients had septic
shock and were recovered after intensive care. One patient had Acute Kidney Injury for which 2 sessions of dialysis was given and patient slowly
recovered from renal injury.

Table 6 : Post-operative complications (over-all)

Post-operative complications | Frequency | Percentage
Nil 75 75%
Present 25 25%
Total 100 100.0

Table7 : Stratification of peri-operative complications: (Clavien’s grading system)

Percentage with in Percentage of complications in the
Clavien grading | Frequency complication group (n=25) study population (n=100)
Grade 1 9 36% 9%
Grade 2 6 24% 6%
Grade 3 7 28% 7%
Grade 4 3 12% 3%
Total 31 100.0 31%
Clavin Dindo complicaiton grading
10
5 l . .
0
Grade -1 Grade-2 Grade-3 Grade- 4

B Clavin Dindo complicaiton grading

Fig 1:Clavin Dindo complication grading
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The average length of hospital stay for majority of the patients 73% of patients was 4 days. Patients who had complications had prolonged post
operative stay

Analysis
Table8 :CSRF versus Guys_score Crosstabulation
Guys_score Total
1.00 2.00 3.00 | 4.00
CSR NIl Count 36 26 7 20 89
F % within CSRF 404% | 29.2% | 7.9% | 225 100.0
% %
% within Guys_score 97.3% | 929% | 875 | 741 | 89.0%
% %
present Count 1 2 1 7 11
% within CSRF 9.1% 182% | 9.1% | 63.6 100.0
% %
% within Guys_score 2.7% 7.1% 125 | 259 11.0%
% %
Total Count 37 28 8 27 100
% within CSRF 37.0% | 28.0% | 8.0% | 27.0 100.0
% %
% within Guys_score 100.0 100.0 100. | 100. 100.0
% % 0% 0% %
P value as per Pearson Chi-square test= 0.027
Bar Chart
a0 Guys_score
E1.00
=35
Ma4.00
3
Absent Present
CSRF
Fig 2: GUYS score vs CSRF
Table 9 : Stone free status ( absence of CSRF)
Guy score | Frequency | CSRF Stone free status
1 37 1 97%
2 28 2 92%
3 8 1 87%
4 27 7 74%
Bar Chart
a0 Guys_score
H1.00
=300
[ 4.00
° 1-4 days 5.7 days more than 7 days
stay
Fig 3: Post-operative stay Vs Guys Stone Score
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Table 10 :Number of punctures versus Guy’s score cross tabulation:
Guys_score Total
1 2 3 4
punctur | 0 Count 37 23 6 18 84
e % within puncture 440% | 274% | 7.1% | 214 100.0
% %
% within 100.0 82.1% | 750 | 66.7 | 84.0%
Guys_score % % %
4 Count 0 5 2 9 16
% within puncture 0.0% 31.3% 125 | 56.3 100.0
% % %
% within 0.0% 17.9% | 25.0 | 333 | 16.0%
Guys_score % %
Total Count 37 28 8 27 100
% within puncture 37.0% 28.0% | 8.0% | 27.0 100.0
% %
% within 100.0 100.0 100. | 100. 100.0
Guys_score % % 0% 0% %
P value =0.003
Bar Chart
40 Guys_score
= 1.00
—E
[ 4.00
3 =
° Single Multiple

FPuncture

Fig 4: Guys score vs number of punctures

Table 11: P value of analyzed parameters

Parameter Fishers exact test P value
Number of punctures vs Guy’s score 0.003 (S)
CSRF vs Guy’s score 0.027(S)
Clavien grade of peri-op complications vs Guy’s score 0.168(NS)
Post-op stay vs Guy’s score 0.028(S)

S- Significant, NS- Not Significant, CSRF- Clinically Significant
Residual Fragments

Statistical analysis showed significant association between Clinically
Significant Residual Fragements, Number of punctures required and
post operative stay with Guys Stone Score. There is no significant
association between Guys stone score and Complications graded as
per modified ClavienDindoclassification , but there is non significant
increased incidence of complication grade with increase in stone
score.

Discussion

With the advances in endourology instrument and optics, PCNL has
established itself as first line therapeutic intervention for renal stones.
European Association of Urology guidelines recommend PCNL as
primary treatment option for large, multiple and inferior calyceal
stones[6]. Eventhough PCNL is generally safe, it is not without
complications. These complications after PCNL are poorly stratified.
Several workers have assessed stone complexity preoperative by
various parameters[12,30,32]. These tools have not found to have
universal application because of heterogenesity. However Guy’s
Stone scoring system is one of the very few systems that has been
externally validated in several series[12,13,14].

Guys scoring system is a preoperative assessment tool, which can best
predict the probability of complications following surgery. Post
surgical complications need to be stratified accurately not only for
reporting purpose but also for evaluation of management purpose.

The combination of preoperative stone complexity score assessment
and accurate stratification of complications are important as they both
can give an insight into interventional care provided in a given
situation and helps in refining treatment strategies.

This study was designed to assess the preoperative stone complexity
with the help of Guys stone score and to predict the stone free status
after surgery by using GSS. Post operative complications were
analysed and stratified based on modified clavienDindo classification
system and are correlated with Guys stone score.

Total number of patients included in our study were 100 (n=100).
Majority of the patients were in 5% decade, comprising about 27% of
the entire study population with the mean age of 43.69 years. Study
population is male predominant comprising around 64%.

Patients were classified by using Guy’s Stone Score to assess the
preoperative complexity of the calculus , based on preoperative
imaging findings. Most of the patients were in the category 1, similar
to in study by Sinha et al[50].

Table 12:Comparison of stone complexity based on Guy’s stone score with other studies

Guy stone Grading

Our study

Sinha et al[50]

1

37 82
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2

3

4

28 21
8 21
27 18

Guys stone score was initially proposed by Thomas et al and was validated in 100 patients in a tertiary care centre[12]. Their study revealed Guys
score has predicted the stone free status with high accuracy and concluded that it was easy to use and reproducible. Mandal et al[49] and Labate
et al[9], also observed similar correlation between the preoperative stone complexity by Guys score and stone complexity rates after PCNL.
Similarly in our study stone free rate was accurately predicted by Guys Score. It suggests that increasing stone complexity leads to decreased

clearance of stones.

Table 13:Comparison of correlation between Guys Stone score and stone free rate with previous studies

GUY'’s score Our study | Kay Thomas et al[12] | Labate G et al[9] Mandal et al[49]
1 97.3% 81% 70.2% 100%
2 92.9% 72.4% 65.4% 74%
3 87.5% 35% 48.1% 56%
4 74.1% 29% 35.9% 0%
Overall 89% 62% 56% 76%

The overall complication rate of PCNL reported in previous studies ranging from 20% to as high as 83% [9,10,49]. IN our study the overall
complication rate was 31% .Most of them are minor i.e., Modified ClavienDindo grade 1 and 2. Major complications were encountered in 10% of

patients, grade 3 in 7 and grade 4 in 3.

Tablel4 : Comparison of co-relation between GUY’s score and PCNL complications with previous studies

Study

PCNL complications

Our study

31%

Labate G et al: 2011[9]

20.5%

Mandal s et al: 2012[49]

41.7%

Michel MS et al: 2007[10]

83%

In our study there is a higher incidence of higher grade complications in patients who had higher Guys stone score, but the association is not
significant. This is in accordance with Thomas et al[12], Kumar U et al[51] and Noureldin et al[47], who didn’t find any correlation between
Guys stone score and complication rates. In other studies by Vicentini[13] et al and mandal et al[49], they found a positive correlation between

the Guys stone score and complication rates.

In the study by Mandal et al,[49] they prospectively documented the perioperative complications of PCNL using modified Clavien Dindo grading
and the stone complexity was graded by validated Guy’s Stone score. In their series, complications were common with higher Guys stone score
like in our study but was found to have significant association between them.As mentioned in other studies like, wezel et al[55], minor grade
complications were more common in our study,i.e., grade 1 and 2 complications were more common than higher grade complications.

Table 15: Classification of PCNL complications using the Modified Clavien gradin

system- Comparison with the other studies

Study Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Our study 9% 6% 7% 3% 0%
de la Rosette et al.[11] 11.1% 5.3% 3.6% 0.5% 0.03%
Wang et al.[52] 13.1% 5.1% 0% 0% 0%
Tefekli et al.[53] 4% 16.3% 9.4% 1.4% 0.1%
Chang et al.[54] 7.6% 7.6% 3.1% 0% 0%
Wezel et al.[55] 37% 12% 3% 0.5% 0%

With regards to complications, most common post-operative
complications that were encountered after PCNL was fever. Several
studies reported on post PCNL fever, all with different results ranged
incidence between 10-32%[56,39]. In our study, the incidence is 11
%, which correlates with previous studies. And 2% of patients had
severe sepsis which required critical care management. This sepsis
occurred in patients with higher stone burden, i.e., grade 3 and 4. This
impact of stone burden as a risk factor for post PCNL fever is clear
and confirmed by several studies[56,57].

According to Lee et al[58]. the predictive factors associated with
hemorrhage during percutaneous surgery includes patient
characteristics, multiple access sites, supracostal access, increased
tract size, tract dilation with methods other than balloon dilation,
prolonged operative time, and renal pelvic perforation. In our study 6
patients required blood transfusion. A widely accepted way to prevent
bleeding related complications is to puncture the kidney through a
calyx with a minimal angulation of the dilators and nephroscopy
shaft. If significant bleeding in terms of decreased visibility or low
hemoglobin occurs, a nephrostomy tube should be placed and re-
intervention should be planned 48 hours later. The nephrostomy may
tamponade further bleeding[58].

Inour study one patient had colonic injury during PCNL. This patient
had left lower calyceal calculus for which PCNL was performed
electively. Colonic injury was suspected in the post operative period

in view new onset signs of peritonism and persistent tachycardia. CT
scan was performed which showed pericolonic collection. In this
patient in view of signs of peritonism , exploratory laparotomy was
performed and colostomy was made. Thorough literature review
suggests colonic injury happens in about 1% percutaneous renal
procedures in prone position. It is thought to be due to retro-renal
position of the colon. It is more common on the left side when a lower
calyx access is attempted. Thin patients, elderly age group, dilated
colon, prior colon surgery or disease, and the presence of a horseshoe
kidney are additional risk factors. It can also happen in patients who
undergo significant weight loss in a short time like patients after
bariatric surgery, ileal diseases and resections[59,60]. A recent
hypothesis by MaheshwariPN et al. proposed retro-renal colon to be
an acquired anomaly[61]. Five patients in 2" stage of PCNL
developed colonic injury. All these patients had a long-standing large
hydronephrosis that was initially drained by either nephrostomy or a
DJ stent. They proposed that the colonic mesocolon lengthens over
the gradually dilating obstructed kidney. Once the kidney is de-
obstructed, it shrinks but the long mesocolon persists. The colon with
the long mesocolon drops posterior to kidney forming a retro-renal
colon. Prevention of colonic injury is very difficult. In patients who
are predisposed to colonic injury, a preoperative CT scan in prone
position could help to identify the position of colon in relation to the
proposed tract. Awareness of the colonic gas bubble on fluoroscopy at
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the time of making access and monitoring any changes in the bubble
could help in preventing this injury[59,60]. The initial management
includes withdrawal of the nephrostomy tube outside of the kidney
and colon to the retroperitoneal space, insertion of a double-J ureteral
stent, anal dilatation, total parenteral nutrition, bowel rest, and
intravenous antibiotics for 7 days[60]. We had to perform exploratory
laparotomy for our patient in view of delayed diagnosis of colonic

injury with large retroperitoneal collection. The risk factors seen in
our patient were left side surgery, thin built with infected
hydronephrosis and status post DJ stenting.

One of the patient (1%) in the study developed transient renal
insuffiency with raised serum creatinine levels following surgery.
This is also in accordance with previous studies, Shin et al[56]
observed that transient increase in creatinine occurs in 1% of cases.

Table 16:Important complications of PCNL: Comparison with other studies

Study Shinet | MausaviBahar | El Nahas et de La Rosette Lee et Ranaet Osman et Our study
al.[56] et al.[62] al.[60] et. Al[11] al[58] al.[63] al.[48]
Number of patients 88 671 241 5803 582 667 315 100

Hemorrhage requiring 6.9 0.6 16 5.7 11.2 1.49 0 6
transfusion

Hemorrhage requiring 1.4 0.15 2 NA NA 0.14 0.3 0
intervention

Colonic injury 0.7 0.3 NA NA 0.2 0 0 1

Pleural injury/ effusion 1.1 0.7 2.4 1.8 3.1 0.14 0 0

Mortality 0.4 0.3 0.4 0.3 0.3 0 0.3 0

Mortality following PCNL is rare and rate ranges from 0.1-0.7%. Death associated with PCNL is typically secondary to complications such as
pulmonary embolus, myocardial infarction or severe sepsis. In our study no such event occurred.

Conclusion

PCNL is well established and minimally invasive treatment option for
renal calculi. It is associated with lesser grade complications.( grade
1&82)

Guys stone score significantly predict:

1. Number of punctures required for PCNL

2. Stone free rare

3. Post operative hospital stay

Acknowledgement

The author is thankful to the department of urology for providing all
the facilities.
Ethical clearance
committee.

obtained from the institutional ethics

References

1. C. K. Chauhan, M. J. Joshi, and A. D. B. Vaidya, “Growth
inhibition of struvite crystals in the presence of herbal
extract Commiphorawightii,” Journal of Materials Science, vol.
20, no. 1, pp. 85-92, 2008.

2. K. C.Joseph, B. Bharat, H. Parek, and M. J. Joshi, “Inhibition of
growth of urinary type calcium hydrogen phosphate dihydrate
crystals by tartaric acid and tamarind,” Current Science, vol. 88,
pp. 1232-1238, 2005.

3. K. B. Singh and S. Sailo, “Understanding epidemiology and
etiologic factors of urolithiasis: an overview,” Scientific
Visualization, vol. 13, no. 4, pp. 169-174, 2013.

4. N. H. Sofia and T. M. Walter, “Prevalence and risk factors of
kidney stone,” Global Journal For Research Analysis, vol. 5,
2016.

5. Fernstrom I, Johansson B. Percutaneous pyelolithotomy. A new
extraction  technique. Scand J UrolNephrol. 1976;10 (3) :257-
9.

6. Turk C, Petrik A, Sarica K, et al. EAU Guidelines on
interventional treatment for urolithiasis. EurUrol 2016; 69:475—
482

7. Al-Kohlany KM, Shokeir AA, Mosbah A, Mohsen T, Shoma
AM, Eraky I, et al. Treatment of complete staghorn stones: a
prospective randomized comparison of open surgery versus
percutaneous nephrolithotomy. J Urol. 2005; 173:469-473.

8.  Chandhoke PS. Cost-effectiveness of different treatment options
for staghorn calculi. J Urol. 1996;156:1567-1571.

9. Labate G, Modi P, Timoney A, Cormio L, Zhang X, Louie M, et
al.  The percutaneous  nephrolithotomyglobal  study:
Classification of complications. J Endourol. 2011;25:1275-80.

10. Michel MS, Trojan L, Rassweiler JJ. Complications in
percutaneous nephrolithotomy. Eur Urol. 2007;51:899-906.

11. de la Rosette J, Assimos D, Desai M, et al. The Clinical
Research Office of the Endourological Society Percutaneous
Nephrolithotomy Global Study: indications, complications, and
outcomes in 5803 patients. J Endourol 2011;25:11-7

12. Thomas K, Smith NC, Hegarty N, Glass JM. The Guy’s stone
score--grading the complexity of percutaneous nephrolithotomy
procedures. Urology. 2011; 78: 277-281.

13. Vicentini FC, Giovanni SM, Mazzucchi E, et al. Utility of the
Guy’s stone score based on computed tomographic scan
findings for predicting percutaneous nephrolithotomy outcomes.
Urology. 2014;83: 1248-1253.

14. Ingimarsson JP, Dagrosa LM, Hyams ES, Pais VM Jr. External
validation of a preoperative renal stone grading system:
reproducibility and inter-rater concordance of the Guy’s stone
score using preoperative computed tomography and rigorous
postoperative stone-free criteria. Urology. 2014;83:45-49.

15. Clavien PA, Sanabria JR, Strasberg SM. Proposed classification
of  complication of surgery with examples of utility in
cholecystectomy. Surgery. 1992;111:518-26.

16. Dindo, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of a
6336 patients and results of survey. Ann Surg. 2004;240:205-
13.

17. Shah J, Whitfield HN. Urolithiasis through the ages. BJU
International. 2002;89(8):801-810

18. Michell ~AR. Urolithiasis-historical, = comparative and
pathophysiological aspects: a review. Journal of the Royal
Society of Medicine. 1989;82(11):669-672.

19. Dimopoulos C, Gialas A, Likourinas M, Androutsos G,
Kostakopoulos A. Hippocrates: founder and pioneer of
urology. British Journal of Urology. 1980;52(2):73-74.

20. PAK CYC: General guidelines in medical management, in
Urolithiasis: A Medical and Surgical Reference, edited by
Resnick MI, Pak CYC, Philadelphia, PA, WB Saunders, 1990,
pp 173-184

21. Martin DC. A. Le
Urology. 1974;12:9

22. Lingeman JE, Lifshitz DA, Evan AP. Surgical management of
urinary lithiasis. In: Walsh PC, Retik AB, Vaughan ED, Wein
AJ, editors. Campbell’s Urology. 8th edition. 2002. pp. 3361—
3451

23. Smith MJ, Boyce WH. Anatrophic nephrotomy and plastic
calyrhaphy. The Journal of Urology. 1968;99(5):521-527.

24. Brandstetter LH, Schwentker FN. Comparison of Gil-Vernet
and classic  flank  approaches to  pyelo- and
ureterolithotomy. Urology. 1975;5(1):37-40.

25. Abdel-Halim RE, Altwaijiri AS, Elfagih SR, Mitwalli AH.
Extraction of urinary bladder stone as described by Abul-Qasim

Dentu  (1841-1926) Investigative

SS Dheeraj et al
www.ijhcr.com

International Journal of Health and Clinical Research, 2021; 4(20):154-161

160


http://www.ijhcr.com/

International Journal of Health and Clinical Research, 2021;4(20):154-161

e-1SSN: 2590-3241, p-1SSN: 2590-325X

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Conflict of Interest:Nil

Khalaf lbn Abbas Alzahrawi (Albucasis) (325-404H, 930-
1013AD). A translation of original text and a
commentary. Saudi Medical Journal. 2003;24(12):1283-1291.

Young HH, McKay RW. Congenital valvular obstruction of the

prostatic urethra. Surgery, Gynecology&
Obstetrics. 1929;48:509-512.
Grocela JA, Dretler SP. Intracorporeal lithotripsy:

instrumentation and development. Urologic Clinics of North
America. 1997;24(1):13-23.

Rupel E, Brown R. Nephroscopy with removal of stone
following nephrostomy for obstructive calculus anuria. The
Journal of Urology. 1941;46:177-179.

Goodwin WE, Casey WC, Woolf W. Percutaneous trocar
(needle) nephrostomy in hydronephrosis. Journal of the
American Medical Association. 1955;157(11):891-896.

De la Rosette J, Assimos D, Desai M, et al. The Clinical
Research Office of the Endourological Society Percutaneous
Nephrolithotomy Global Study: indications, complications, and
outcomes in 5803 patients. J Endourol. 2011;25:11-7.

Smith A, Averch TD, Shahrour K, et al; CROES PCNL Study
Group. A nephrolithometric nomogram to predict treatment
success of percutaneous nephrolithotomy. J Urol. 2013; 190:
149-156.

Okhunov Z, Friedlander JI, George AK, et al. S.T.O.N.E.
nephrolithometry: a novel surgical classification system for
kidney calculi. Urology. 2013; 81:1154-1159.

Jeong CW, Jung JW, Cha WH, et al. Seoul National University
renal stone complexity score for predicting stone free rate after
percutaneous nephrolithotomy. PLOS One. 2013; 8: 65888.

de Souza Melo PA, Vicentini FC, Beraldi AA, Hisano M, Murta
CB, de Almeida Claro JF. Outcomes of more than 1 000
percutaneous nephrolithotomies and validation of Guy's stone
score. BJU Int. 2018  Apr;121(4):640-646. doi:
10.1111/bju.14129. Epub 2018 Feb 1. PMID: 29322602.
Labadie K, Okhunov Z, Akhanavein A, et al. Evaluation and
comparison of urolithiasis scoring systems used in percutaneous
kidney stone surgery. J Urol. 2015; 193:154-159

H. Shafi, Z. Shahandeh, B. Heidari et al., “Bacteriological study
and structural composition of staghorn stones removed by the
anatrophicnephrolithotomic ~ procedure,” Saudi  Journal  of
Kidney Diseases and Transplantation, 2013;24(2): 418-423
Takeuchi H, Ueda M, Nonomura M, et al. Fever attack in
percutaneous nephrolithotomy and transurethral ureterolit
hotripsy. Hinyokika Kiyo 1987;33:1357-63.

Dogan HS, SahinA,CetinkayaY,AkdoganB,0zdenE,Kendi S.
Antibiotic prophylaxis in percutaneous nephrolithotomy:
prospective study in 81 patients. J Endourol2002;16:649-53.
Rashid AO, Fakhulddin SS. Risk factors for fever and sepsis
after percutaneous nephrolithotomy. Asian J Urol. 2016;3(2):82-
87.doi:10.1016/j.ajur.2016.03.001

Takeuchi H, Ueda M, Nonomura M, et al. Fever attack in
percutaneous nephrolithotomy and transurethral
ureterolithotripsy. Hinyokika Kiyo 1987;33:1357-63.

Dogan HS,. Antibiotic prophylaxis in percutaneous
nephrolithotomy: prospective study in 81 patients. J
Endourol2002;16:649-53.

Vorrakitpokatorn P, Permtongchuchai K, Raksamani EO,
Phettongkam A. Perioperative complications and risk factors of
percutaneous nephrolithotomy. J Med Assoc Thai 2006;89:826—
33

Schultheiss D, Engel RM, Crosby RW, Lees GP, Truss MC,
Jonas U. Max Brodel (1870-1941) and medical illustration in
urology. J Urol. 2000; 164: 1137-1142.

Settlage J. Derek Hodson. Teaching and Learning About
Science: Language, Theories, Methods, History, Traditions and
Value. Science & Education. 2011; 20: 393-396.

Source of support:None

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Kaye KW, Reinke DB. Detailed -caliceal
endourology. J Urol. 1984; 132: 1085- 1088.
Asghar M, Zafar MR, Kiani F, Mehmood A. Complications of
Percutaneous Nephrolithotomy single center experience 103
cases. Pak Armed Forces Med J 2016; 66:270-74.

Noureldin YA, Elkoushy MA, Andonian S. Which is better?
Guy's versus S.T.O.N.E. nephrolithometry scoring systems in
predicting stone-free status post-percutaneous nephrolithotomy.
World J Urol. 2015 Nov;33(11):1821-5. doi: 10.1007/s00345-
015-1508-5. Epub 2015 Feb 13. PMID: 25678344.

Osman M, Wendt-Nordahl G, Heger K, et al. Percutaneous
nephrolithotomy with ultrasonographyguided renal access:
experience from over 300 cases. BJU Int 2005;96:875-8.

Mandal S, Goel A, Kathpalia R, Sankhwar S, Singh V, Sinha
RJ, Singh BP, Dalela D. Prospective evaluation of
complications using the modified Clavien grading system, and
of success rates of percutaneous nephrolithotomy using Guy's
Stone Score: A single-center experience. Indian J Urol. 2012
Oct;28(4):392-8. doi: 10.4103/0970-1591.105749. PMID:
23450640; PMCID: PMC3579117.

Sinha RK, Mukherjee S, Jindal T, Sharma PK, Saha B, Mitra N,
Kumar J, Mukhopadhyay C, Ghosh N, Kamal MR, Mandal SN,
Karmakar D. Evaluation of stone-free rate using Guy's Stone
Score and assessment of complications using modified Clavien
grading system for percutaneous nephro-lithotomy. Urolithiasis.
2015 Aug;43(4):349-53. doi: 10.1007/s00240-015-0769-1. Epub
2015 Apr 8. PMID: 25850962.

Kumar U, Tomar V, Yadav SS, et al. STONE score versus
Guy's Stone Score - prospective comparative evaluation for
success rate and  complications in  percutaneous
nephrolithotomy. Urol Ann. 2018;10(1):76-81.

Wang CJ, Chang CH, Huang SW. Simultaneous bilateral
tubeless percutaneous nephrolithotomy of staghorn stones: a
prospective  randomized controlled study. Urol Res
2011;39:289-94.

Tefekli A, Ali Karadag M, Tepeler K, et al. Classification of
percutaneous nephrolithotomy complications using the modified
Clavien grading system: looking for a standard.
EurUrol2008;53:184-90.

Chang CH, Wang CJ, Huang SW: Totally tubeless percutaneous
nephrolithotomy: a prospective randomized controlled study.
Urol Res. 2011; 39: 459-65.

Wezel F, Mamoulakis C, Rioja J, Michel MS, de la Rosette J,
Alken P. Two contemporary series of percutaneous tract dilation
for percutaneous nephrolithotomy. J Endourol2009;23:1655-61.
Shin T., Cho H., Hong S., Lee J, Kim S.,, Hwang T.
Complications of percutaneous nephrolithotomy classified by
the modified Clavien grading system: a single center's
experience over 16 years. Korean J Urol. 2011;52:769.

Kreydin E., Eisner B. Risk factors for sepsis after percutaneous
renal stone surgery. Nat Rev Urol. 2013;10:598-605

Lee JK et al. Predictive factors for bleeding during percutaneous
nephrolithotomy. Korean J Urol. 2013; 54:448-53.

Korkes F, Lopes Neto AC, Lucio J, Bezerra CA, Wroklawski
ER. Management of colon injury after percutaneous renal
surgery. J Endourol. 2009; 23: 569-573

El-Nahas AR, Shokeir AA, EI-Assmy AM, Shoma AM, Eraky I,
El-Kenawy MR, El-Kappany HA. Colonic perforation during
percutaneous nephrolithotomy: study of risk factors. Urology.
2006; 67: 937-941.

Maheshwari PN. Retro-renal colon: Is it an acquired anomaly. J
Endourol. 2011; 28: A16U.

Mousavi-Bahar SH, Mehrabi S, Moslemi MK. Percutaneous
nephrolithotomy complications in 671 consecutive patients: a
single-center experience. Urol J 2011;8:271-6.

Rana AM, Zaidi Z, El-Khalid S. Single-center review of
fluoroscopy-guided percutaneous nephrostomy performed by
urologic surgeons. J Endourol2007;21:688-91.

anatomy for

SS Dheeraj et al

www.ijhcr.com

International Journal of Health and Clinical Research, 2021; 4(20):154-161

161


http://www.ijhcr.com/

