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ABSTRACT

Nephrolithiasis is a very common condition with significant burden to patients. Percutaneous
nephrolithotomy (PCNL) is safe procedure considered as gold standard for large renal stones.
The most common complication of PCNL is bleeding which can require blood transfusion to
angioembolization and may even need nephrectomy. The purpose of this study is to assess if
STONE Nephrolithometry Score can predict hemoglobin drop in PCNL procedure. A total of 104
patients who underwent PCNL during one year period from October of 2022 to September of
2023 were taken using consecutive sampling method. All patients with renal stones underwent
routine blood tests including complete blood counts, renal function and electrolytes. CT scans
were then done and STONE nephrolithometry Score was evaluated. PCNL was performed and
hemoglobin investigation was sent at 24 hours postoperatively. The two data were compared
with the STONE nephrolithometry Score and other factors. More than three-fourths (78.8%) of
the patients had comorbidities with hypertension being the commonest (76.9%). There was a
significant association of drop of hemoglobin more than 1 g/dl with age <30 years (p <0.034),
higher preoperative hemoglobin (p <0.046), larger stone size (p <0.001), shorter tract length
(p=0.017) and STONE Score greater than 10 (p<0.001). On correlation study only STONE score (p
=0.015) and larger stone size (p = 0.002) were associated with hemoglobin drops of more than 1
g/dl. STONE Nephrolithometry score is a good predictor of bleeding complications during PCNL
and higher score is associated with more drop in hemoglobin levels.
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INTRODUCTION

Nephrolithiasis is a very common condition
with significant burden to patients affecting
between 10 to 15% of the world’s population.
2 With vast improvements in technology and
techniques, minimallyinvasive proceduressuch
as shock wave lithotripsy (SWL), ureteroscopy
are considered first-line therapy for most
stones.® Percutaneous nephrolithotomy (PCNL)
has been advocated as standard treatment for
larger and complex renal stones (>2cm), lower
pole renal stones, and stones with unfavorable
composition (i.e. cysteine, brushite, calcium
oxalate monohydrate).*

PCNL is minimally invasive, safe and
highly effective procedure however serious
complications are encountered. Bleeding is
common although often minimal and self-
limiting, it can be life threatening requiring
transfusion and angioembolization in rare
cases.5 It is affected by a multitude of factors
from patient factors to stone factors.® Stone
complexity is one of the factors that correlate
with postoperative hemoglobin drop. There
are many scoring systems and one of them is
the STONE score. The STONE score is calculated
using five variables, abbreviated as the acronym
STONE.® So the aim of this study was to find if
STONE score can correlate with postoperative
hemoglobin drop after a PCNL procedure.

The general objective of this study was to
associate between STONE Nephrolithometry
Score and hemoglobin drop in patients
undergoing PCNL. Further specific objectives
were to evaluate various factors assessing stone
complexity i.e. stone number, stone size, stone
location, number of calyces involved, density
of stone, anatomy of the kidney, tract length
and presence of hydronephrosis, to evaluate
the drop in hemoglobin level and to compare
the STONE Nephrolithometry Score and drop in
hemoglobin level.

MATERIALS AND METHODS

This was a hospital based observational study
from October 2022 to September 2023 done
at Nepal Medical College Teaching Hospital
which included all patients undergoing PCNL
procedure using a consecutive sampling
technique. All patients undergoing PCNL
surgery were included in the study. Patients
excluded in this study were those who’'ve
undergone PCNL, nephrostomy or open
renal surgeries in the past, petient who had
undergone additional procedures such as OIU,

TURP, URS along with PCNL, patients without
CT Urography, patients under anticoagulants,
patients with skeletal deformity who are unable
to position for the surgery, patients needing
multiple tract or double setting operation and
those who had both side kidney surgery.

Preoperative assessment: Prior to
scheduling PCNL, complete history and
physical examination of all patients was done.
Preoperative investigations i.e. complete blood
count (CBC), hematocrit, renal function test
(RFT), urine routine examination and culture/
sensitivity test, bleeding profile, serology, blood
grouping and Rh typing, ECG, chest X-Ray, CT
urography were done.

Radiologist in the Department of Radiology
measured the stone complexity variables such
as stone size, tract length, degree and presence
of obstruction (hydronephrosis), number of
involved calyces, and stone essence (density).
Each of the variables were scored according to
the predefined system proposed by Okhunov
et al'® and the STONE nephrolithometry score
was calculated. Finally all patients underwent
PCNL only after negative urine culture was
confirmed.

Surgical technique of PCNL: Patient under
general anesthesia, in the lithotomy position,
cystoscopy was done and ureteric catheter of 6
Frenz was negotiated up to renal pelvis under
fluoroscopic guidance in the operating kidney.
After this foley catheterization was done and
position changed to prone. Under fluoroscopic
guidance, with the help of contrast instilled
through the ureteric catheter placed before,
desired calyx was punctured with 18 gauze
Chiba needle via infracostal / supracostal
approach. Entry into pelvi-calyceal system was
confirmed by aspiration of urine mixed contrast
in a syringe from the puncturing needle. A
0.035-inch Terumo guidewire with straight tip
was introduced into the calyceal system to the
ureter via the needle to secure the tract. Tract
was dilated with metallic alken dilators up to 18
Frenz followed by insertion of amplatz sheath
of 18 Frenz. A 12 Frenz Nephroscope was
then introduced through the amplatz sheath
and thorough inspection of the pelvi-calyceal
system was done along with visualization
of stone and its location. Stone was then
fragmented with pneumatic/laser lithotripter.
Fragmented stones were removed by flushing
with irrigation saline or by retrieving with a
stone grasper. Multiple tracts were created
to clear the stones if required but these cases
were not included in the study. Stone clearance
was confirmed by direct visualization of pelvi-
calyceal system through the nephroscope along
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with the help of fluoroscopy. Ureteral catheter
placed earlier was then removed and a double
] stent of 6 Frenz was introduced into the
ureter up to the urinary bladder via amplatz
sheath with the help of guidewire antigradely.
Proximal tip of the double J stent in the renal
pelvis was confirmed by direct visualization
through nephroscope. Puncture site was closed
with 2-0 silk without keeping nephrostomy
tube.

Follow-up was done on first post-operative day
with the investigations like complete blood
count, Hematocrit level and renal function test.
Stone clearance was checked by plain X-Ray
KUB on the 3™ post-operative day and urine
culture/sensitivity test was repeated after
removal of foley catheter on 3" post-operative
day.

Estimation of blood loss: Blood loss was
calculated by comparing preoperative
hemoglobin and hematocrit levels done 24
hours before surgery to 24 hours after PCNL
procedure.

Sample size calculation: The sample size was
calculated using following formula:

z’pq
n:
d2

Operational Definition

STONE nephrolithometry score: The STONE
nephrolithometry score proposed by Okhunov
et al® integrates five components measured
from non-contrast/contrast enhanced (NCECT/
CECT) images before surgery to provide a
picture of the complexity that can affect the
percutaneous management of renal stones. The
components are abbreviated as an acronym
STONE i.e. stone size, tract length (skin-to-stone
distance), degree of obstruction, number of
calyces involved and stone essence (density).

The stone size was estimated by combining
the measures of length and width in square

millimeters. The stone size was scored from 1
to 4 according to a calculated area of 0-399, 400-
799, 800-1599, and >1600 mm?, respectively.
The tract length evaluates the skin-to-stone
distance. The skin-to-stone distance was
defined as the mean vertical distance from
the center of the stone to the skin measured
on a supine non-contrast-enhanced CT film at
0-degree, 45-degree and 90-degree.

The tract length was scored according to a mean
length of 100 mm. This cutoff was determined
according to the distances calculated in patients
with a body mass index (BMI) of 30 kg/m?. A
BMI of 30 kg/m? was selected, because it is the
currently accepted cutoff for obesity.

The third variable obstruction, evaluates the
degree of hydronephrosis and was scored
according to the severity of dilation of the
collecting system. No obstruction or mild
dilation was assigned 1 point and moderate to
severe dilation was assigned 2 points.

The fourth component assesses the number
of calyces containing stones. If only a single
calyx was involved, a score of 1 was assigned.
If 2 or 3 calices were affected, a score of 2 was
assigned. A maximum score of 3 was assigned
if a full staghorn calculus was present.

The last variable is the stone essence, which
evaluates the stone density. This was measured
on preoperative CT imaging and was assigned a
score according to a radio density threshold of
>950 or <950 Hounsfield units.

Data collection and analysis: Data was
analyzed using SPSS-16. Continuous variables
such as age and the STONE score were described
in terms of mean/median and standard
deviations. For post-operative hemoglobin
drop, mean difference (preoperative and
postoperative hemoglobin) was assessed by
paired t-test. Categorical variables such as
gender was described in terms of frequencies
and percentages. The correlation between the

Table: Summary of STONE nephrolithometry scoring system

) Score
Variables
1 2 3 4
Stone size (mm?) 0-399 400-799 800-1599 >1600
Tract length (mm) 100 >100
Obstruction (degree of .
hydronephrosis) None or mild Moderate or severe
Calyces involved (n) 1-2 3 Staghorn calculus
Stone Essence (HU) <950 >950

The scores from each variable are added to obtain the S.T.O.N.E. Nephrolithometry Score (min=5, max =13).
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STONE score and postoperative hemoglobin
drop was measured by the Pearson correlation/
Spearman correlation coefficient as
appropriate.

RESULTS

A total of 104 patients were taken in this
study with males forming two-thirds of the
population. The majority of patients were
from 30-50 years age group (54.8%). More than
three-fourths of the patients had comorbidities
with HTN having the largest share (76.9%). Left
sided stones were nearly as twice common as
right sided as shown in table 1.

The mean STONE score was 10.71 with 58.7%
having score of more than 10 which can be
attributed to the moderate to severe degrees
of obstruction in 76% and involvement of 3 or

more calyces in 53.8%. The stones sizes ranged
from 870mm? to 1870mm? with 29 patients
having stone sizes greater than 1600mm? as
shown in Table 2.

All patients were found to have a drop in
hemoglobin by 1 g/dl or less (42.3%) and by
more than 1 g/dl (57.7%). Two patients required
blood transfusion and one had to undergo
angioembolization. Upon statistical analysis a
significant drop in hemoglobin by 1 g/dl or more
was found in younger age group of less than 30
years, higher preoperative hemoglobin, larger
stone size, higher STONE score and shorter
tract lengths as shown in Table 3.

When above significant parameters were
analyzed using a correlation study, STONE
score and stone size had significant correlation
with drop in hemoglobin of 1g/dl or more as
shown in Table 4.

Table 1: Demographic Profile and baseline stone-related and clinical parameters

Frequency Mean (+ SD)

Parameters
(n =104)

Age (years) n (%) 43.94+11.77
Less than 30 years 12 (11.5)
30-50 years 57 (54.8)
More than 50 years 35 (33.7)
Gender
Male 66 (63.5)
Female 38 (36.5)
Chronic disease
No 22 (21.2)
HTN 77 (74.0)
DM 2.9
DM and HTN 3(2.9)
Average Pulse (beats/min) 84.58 + 10.02
Side of surgery
Left 70 (67.3)
Right 34 (32.7)
Blood pressure
Non Hypertensive 24 (23.1)
Hypertensive 80 (76.9)
Preoperative hemoglobin (g/dl) 13.50+3
Preoperative hematocrit (mg/dl) 40.50 + 8.9
Postoperative hemoglobin (g/dl) 12.38 + 1.64
Postoperative hematocrit (mg/dl) 37.15+4.94
Drop in hemoglobin (g/dl) 1.216 + 1.03
<1g/dl 44 (42.3%)
>1g/dl 60 (57.7%)
Hospital stay (Days) 4.18 £ 0.67
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Table 2: Stone-related parameters, calyces involved, and degree of obstruction

Parameters Frequency (%) Mean + SD
Stone score 10.71 £+ 1.26
Moderate risk (<10) 43 (41.3)

High risk (>10) 61 (58.7)

Stone size (mm?) 1282 +290.09
800- 1599 75 (72.1)

>1600 29(27.9)

Tract length (mm) 107.82 + 8.52
<100 12 (11.5)

>100 92 (88.5)

Obstruction

None or mild 25 (24)

Moderate or Severe 79 (76)

Calyces Involved (n)

1-2 35(33.7)

3 56 (53.8)

Staghorn calculus 13 (12.5)

Stone density (HU) 1261.47 +175.47
>950 104 (100)

Table 3: Comparison of the groups regarding various outcome parameters in patients

who had < or >1 gm/dl hemoglobin drop

Hemoglobin drop Hemoglobin drop of

Parameters of <1 >1 p-value
n (%) n (%)

Gender
Male 24 (36.4) 42 (63.6) 106
Female 20 (52. 6) 18 (47.4) ’
Chronic disease
Presence 6 (40) 9 (60) 845
Absence 38 (42.7) 51 (57.3) '
Age group
<30 yrs 1(8.3) 11(91.7) 034*
30-50 yrs 28 (49.1) 29 (50.9) '
>50 yrs 15 (42.9) 20(57.1)
Blood pressure
Non hypertensive 14 (58.3) 10 (41.7) 070
hypertensive 30 (37.5) 50 (62.5) '
Site of surgery
Left 31 (44.3) 39 (55.7) 558
Right 13 (38.2) 21 (61.8) '
Preoperative hemoglobin (gm/dl) 13.23 +1.51 13.86 + 1.60 .046*
Postoperative hemoglobin (gm/dl) 12.62 £ 1.50 12.20 £ 1.73 .198
Preoperative hematocrit (mg/dl) 39.71 £ 4.53 41.59 + 4.81 .046*
Postoperative hematocrit (mg/dl) 37.88 +4.50 36.61 + 5.21 .198
Stone size (mm?) 1130.48 + 219.024 1394.70 + 286.206 <0.007***
STONE score 9.95 +1.140 11.27 + 1.056 <0.001%***
Tract Length (mm) 110.14 + 7.473 106.12 + 8.903 .017*

*significant at the 0.05 level *** significant at the 0.01 level
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Table 4: Correlations of the STONE scores and individual parameters with hemoglobin

drop

Variables Correlation coefficient P-value
Total STONE Score .238 .015%*
Stone size (mm?) .297 .002%*
Tract length (mm) -.071 473
Stone density (Hounsfield units) 131 .186

*Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level

DISCUSSION

PCNL is a minimally invasive procedure
considered safe and highly effective yet serious
complications can be encountered. One such
dreaded complication is bleeding. Most often
it is self-limiting and minimal but occasionally
it can become life threatening requiring
transfusion to angioembolization and even may
need of nephrectomy. Studies have cited blood
transfusion rates as high as 23.8%.'2 Various
methods from ultrasound-guided approach,
miniaturization of instrument, tubeless PCNL
and using balloon catheter nephrostomy tube
have been described to reduce bleeding. Those
with lower transfusion rates in their studies
have cited younger age,'* supine position
and balloon dilator use'>!¢ as possible reasons.
However our study found that younger patients
of less than 30 years had a significant drop in
hemoglobin by 1 or more (p = 0.34) which can
be an incidental finding.

Focus has shifted over the identification of
possible bleeding complication beforehand
by using scoring systems and one such score
is the STONE score. After being proposed by
Okhunov et al*® in 2013 who used the term
estimated blood loss (EBL), the STONE score
has been validated by many studies as a good
predictor for stone free rates and postoperative
complications including bleeding.'”?° Literature
is also abundant regarding STONE score
and EBL which is often difficult to quantify.
However hemoglobin measurement is a more
direct and definitive assessment.

Our study shows that all the patients had a drop
in hemoglobin level. A drop in hemoglobin by
1 g/dl or more was significantly associated with
higher STONE score of more than 10. Shoaib et
al** in 2020 found that higher STONE score of
more than 9 was significantly associated with
greater hemoglobin drop (p=0.05). Larger size
stones was the other significant association
(p=0.03) which is a similar observation to ours
(p<0.001). A particular highlight is on the tract
length where in shorter tracts were associated

with more drop in hemoglobin in their study
which is similar to our study findings of more
hemoglobin drop with shorter tract length.
(p=0.017) Similarly Noureldin et al'® found in
their study that EBL of 250 ml and more was
seen when mean STONE score was more than
8.3. However the same authors performed
another study comparing Guy’s score with
STONE score and found that while both
predicted EBL good accuracies, there were no
significant associations between both scoring
systems and complications (p=0.7 and 0.6).*

The mean drop of hemoglobin in this study
was 1.2 g/dl. Zehri et al** reported a mean drop
of 1.68 g/dl which is higher than this study
and they also had a higher transfusion rates
of 14.2% with 33 patients requiring blood
transfusion. An interesting observation noted
in this study was a significant association
between higher preoperative hemoglobin
levels (mean 13.86 g/dl) and greater drop in
postoperative hemoglobin levels (mean 1.66 g/
dl). Similar findings were found by Shoaib et al*®
who reported mean preoperative hemoglobin
of 13.7 g/dl and a drop of 1.76 g/dl. This needs
to be further analyzed to identify the clinical
implications.

Among the other parameters used in STONE
score, only stone size (p<0.001) and tract
lengths (p<0.017) were found to be associated
with bleeding. However a correlation study
identified only stone size to be significant. This
is very similar to the studies done by Okhunov
et al'® and Shoaib et al.® The mean stone size
was 1282 mm? and 27.9% patients had stones
larger than 1600 mm?. A study by Syahputra et
al?? also concluded similarly that higher stone
burden and staghorn calculus were associated
with a significant drop in hemoglobin.
While larger stone requiring greater intra-
renal manipulation was cited as a reason
for bleeding, this forms only a part of PCNL
surgery and bleeding can occur from the first
step of puncture and gaining access. However a
study by Senocak et al?® found that in pediatric
patients, stone size and staghorn have a lesser
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impact and more role is played by degree of
hydronephrosis (p=0.021), number of tracts
(p=0.032) and longer operating times (p=0.007).
Hydronephrosis as referenced in our study
by degree of obstruction was found in 76%
and contributed to a higher STONE score but
when considered as a single entity, it was not
associated with bleeding (p=0.56). Others?*%>
have also found that multiple access tracts
and multiple punctures relate to bleeding.
Our study has not included these cases due to
possibility of confounding.

Regarding the technique of PCNL, Turna et
al*? found significant association of staghorn
stones, single but large stones multiple tracts
during PCNL, diabetes and method of dilation.
Of note they found that Amplatz sheath dilators
had a greater drop in hematocrit than balloon
dilators (9.1 vs 6.2). At our institute we regularly
use Amplatz sheath dilators and the mean drop
in hematocrit of 3.45 is quite lower than the
drops found in their study for either Amplatz
or balloon.

This study can have a few limitations. The
Urologist was not blinded from the study
procedure. It is unknown whether the exact
cutoffs used in STONE Score for tract lengths
and stone density are optimal.'” The STONE
Score itself has not been validated by a large
randomized trial.

PCNL is a standard procedure for renal
stones and is very commonly performed with
good safety. As with any surgical procedure,
bleeding is the most common complication and
can become deadly. STONE nephrolithometry
score can be easily obtained using just the CT
scans which are routinely done as preoperative
workup of patients prior to PCNL and it is a
good evaluator of PCNL related blood loss.
So we recommend surgeons to incorporate
preoperative  assessment using STONE
neprhrolithometry score in their practice.

Conflict of interest: None
Source of research fund: None

REFERENCES

1. Ziemba ]B, Matlaga BR. Epidemiology and
economics of nephrolithiasis. Investig Clin Urol
2017; 58: 299-306.

2. Desai M, Sun Y, Buchholz N et al. Treatment
selection for  urolithiasis: percutaneous
nephrolithotomy, ureteroscopy, shock wave
lithotripsy, and active monitoring. World J Urol
2017.

3. Adam CM, Rangel L], Lingeman JE, Krambeck
A E. Factors influencing Urologist treatment

10.

11.

12.

13.

14.

15.

16.

17.

18.

preference in surgical management of stone
disease. Urol 2012; 996-1003.

Wignall GR, Canales BK, Denstedt JD et al.
Minimally invasive approaches to upper urinary
tract urolithiasis. Urol Clin North Am 2008; 35:
441-54.

Preminger GM, Assimos DG, Lingeman JE
et al. AUA Guideline on management of
staghorn calculi: diagnosis and treatment
recommendations. J Urol 2005; 173: 1991-2000.

Labate G, ModiP, Timoney A et al. On behalf of the
CROES PCNL STUDY GROUP J. The percutaneous
nephrolithotomy global study: classification of
complications. ] Endourol 2011; 25: 1275-80.

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.

Ghani KR, Sammon JD, Bhojani N et al. Trends
in percutaneous nephrolithotomy use and
outcomes in the United States. J Urol 2013;
190:558-64.

Wu WJ, Okeke Z. Current clinical scoring systems
of percutaneous nephrolithotomy outcomes.
Nat Rev Urol 2017; 14: 459-69.

Okhunov Z, Friedlander JI, George AK et al.
STONE nephrolithometry: novel surgical
classification system for kidney calculi. Urol
2013; 81: 1154-9.

Shoaib M, Bangash M, Salam B, Ather MH. The
correlation between STONE nephrolithometry
score and hemoglobin drop in patients
undergoing percutaneous nephrolithotomy.
Cureus 2020; 12: e11463. DOI: 10.7759/
cureus.11430

Turna B, Nazli O, Demiryoguran S, Mammadov R,
Cal C: Percutaneous nephrolithotomy: variables
that influence hemorrhage. Urol 2007; 69: 603-7.
DOI: 10.1016/j.urology.2006.12.021

Mahmud M, Zaidi Z. Percutaneous
nephrolithotomy in children before school age:
experience of a Pakistani centre. BJU Int 2004;
94: 1352-4.

Rana AM, Bhojwani JP, Junejo NN et al. Tubeless
PCNL with patient in supine position: procedure
for all seasons?--with comprehensive technique.
Urol 2008; 71: 581-5.

Armitage JN, Irving SO, Burgess NA et al
Percutaneous nephrolithotomy in the United
kingdom: results of a prospective data registry.
Eur Urol 2012; 61: 1188-93.

Tomaszewski JJ, Smaldone MC, Schuster T et al.
Factors affecting blood loss during percutaneous
nephrolithotomy using balloon dilation in a
large contemporary series. | Endourol 2010; 24:
207-11.

Vernez SL, Okhunov Z, Motamedinia P et al.
Nephrolithometric scoring systems to predict
outcomes of percutaneous nephrolithotomy. Rev
Urol 2016; 18: 15-27.

Noureldin YA, Elkoushy MA, Andonia S. External
validation of the S.T.0.N.E. nephrolithometry
scoring system. Can Urol Assoc J 2015; 9: 190-5.

NMC)




Khadka et al

19.

20.

21.

22.

Noureldin YA, Elkoushy MA, Andonia S. Which is
better? Guy’s versus S.T.0.N.E. nephrolithometry
scoring systems in predicting stone-free status
post-percutaneous nephrolithotomy. World J
Urol 2015; 33: 1821-5.

Farhan M, Nazim SM, Salam B, Ather MH.
Prospective  evaluation of outcome of
percutaneous nephrolithotomy using the

‘STONE’ nephrolithometry score: A single-centre
experience. Arab | Urol 2015; 13: 264-9.

Zehri AA, Biyabani SR, Siddiqui KM, Memon A:
Triggers of blood transfusion in percutaneous
nephrolithotomy. | Coll Physicians Surg Pak
2011, 21: 138-41.

Syahputra FA, Birowo P, Rasyid N, Matondang
FA, Noviandrini E, Huseini MH. Blood loss

23.

24.

25.

predictive factors and transfusion practice
during percutaneous nephrolithotomy of kidney
stones: a prospective study. F1000 Res 2016, 5:
1550. Doi: 10.12688/f1000research.8993.1

Senocak C, Ozbek R, Bozkurt OF, Unsal
A. Predictive factors of bleeding among
pediatric patients undergoing percutaneous
nephrolithotomy. Urolithiasis 2018; 46: 383-9.

Akman T, Binbay M, Sari E et al. Factors affecting
bleeding during percutaneous nephrolithotomy:
Single surgeon experience. J Endourol
2011; 25: 327-33.

Stoller ML, Wolf JSSLM. Estimated blood loss and
transfusion rates associated with percutaneous
nephrolithotomy. J Urol 1994; 152: 1977-81.

NMC)

97




