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Abstract
Background: Yucatan stands out as the state with the highest prevalence of urolithiasis in Mexico, placing
significant demands on healthcare services, such as consultation and surgical intervention. Staghorn calculi
are related to recurrent urinary tract infections, and their management is always surgical. The stone-free
rate is a parameter used to measure the success of surgery, with residual stones considered those persisting
four weeks after surgical management. There are understudied prognostic factors that can predict the
success of achieving stone-free status, taking into account the number of stones, their location, and the
anatomical variations of the patient's collecting system. The study aims to determine the prognostic factors
for residual lithiasis in patients with staghorn calculi treated with percutaneous nephrolithotomy at the High
Specialty Regional Hospital of the Yucatan Peninsula.

Methods: A case-control study was performed including 188 patients, aged 18 years or older, and diagnosed
with staghorn calculus from January 2022 to June 2023, grouping the patients according to their stone-free
rate evidence on postoperative computed tomography. Data were collected from the records of the Urology
Department at a high-specialty hospital in Yucatan. The groups were analyzed, aiming to establish an
association between preoperative factors and postoperative outcomes measured in terms of stone-free rate.

Results: A total of 188 patients with staghorn calculi were included, with a predominance in females (58.5%)
and a mean age of 45.4 ± 11.9 years. The most common comorbidity was hypertension (29.8%), and 27.7%
had a history of recurrent urinary tract infections. Regarding the Sampaio classification, B1 was the most
prevalent in our population with 66 cases (35.1%), while Type A2 was the least common (13.8%). According
to what was obtained through the multivariate logistic regression model, the calyceal anatomy Type A1 and
A2 were associated with residual lithiasis (p= 0.016 OR: 2.994 CI: 1.223-7.331), and Grade IV was associated
with a higher rate of residual lithiasis (p=0.005 CI: 1.586-13.100). A statistically significant association was
found between stone burden and the presence of residual lithiasis (p=< 0.001).

Conclusion: Guy’s Score Grade IV showed a higher incidence of residual lithiasis, seemingly associated with
stone burden, leading to the conclusion that both factors were categorized as predictors for the development
of post-surgical residual lithiasis. Regarding anatomical variations according to Sampaio, it was observed
that types A1 and A2 showed a lower rate of stone-free status. Therefore, we also consider them as variables
that may influence the achievement of success in endourological management. Personalized patient
assessment allows for more accurate prognostic factors, enabling a more comprehensive surgical planning
in the presence of staghorn calculi.

Categories: Urology, General Surgery, Nephrology
Keywords: percutaneous nephrolithotomy, lithiasis, staghorn calculi, urology surgery, stone-free rate, kidney stones,
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Introduction
Renal lithiasis (RL) is a pathology that occurs when stones form due to changes in the solubility of urinary
components, leading to oversaturation and crystal formation [1]. A Staghorn calculus is a large intrarenal
calculus that fills the space of the renal collecting system, taking the shape of the renal calyces and pelvis,
being potentially dangerous due to the difficulty it represents in surgical management [2]. These types of
calculi can be classified according to their extent and obstruction as partial if they only affect part of the
calyces, or complete when they fill the entire calyceal and collecting space [2]. 

The formation of staghorn calculi might be related to recurrent or chronic urinary tract infections caused by
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urease-producing bacteria, resulting in a concentration of magnesium ammonium phosphate, also known as
struvite [3,4].

RL is a global condition that affects approximately 1-20% of the population, with a significant impact on
individuals of working age, translating into high social and economic burdens [5]. In Mexico, Yucatan stands
out with rates exceeding double the national average, with reports indicating that 5.8 out of every 10,000
inhabitants are affected, making it the first place in prevalence [6]. This increased prevalence is attributed to
the significant incidence of metabolic abnormalities in the Maya population, with hypocitraturia being the
predominant condition in both adults (61.9%) and children (35.8%) [7]. Specifically, staghorn calculi
entail significant morbidity and mortality worldwide, as it can result in mortality rates of up to 28% in
untreated cases [8]. 

Various techniques exist for managing RL, and the choice of the most suitable one is based on specific stone
characteristics such as density, location, size, and number [9]. The treatment of staghorn calculi is always
surgical and currently relies on minimally invasive techniques with the aim of achieving complete stone
clearance and minimal morbidity [10]. Residual lithiasis is a factor that can be used to assess the success rate
of endourological management, which is evaluated through tomography four weeks after undergoing
surgery, as during this period natural spontaneous elimination occurs [11]. If after this period fragments ≤ 4
mm still exist, there is a high possibility of developing recurrent lithiasis and having to undergo a new
intervention [12].

There are multiple classifications that allow us to predict the success of surgery, including predicting the risk
of residual lithiasis based on the anatomy and characteristics of the calculi. Among the most commonly used
scores is the Guy’s Stone Score (GSS), which allows us to know the complexity of lithiasis based on the
number of calculi, their anatomical location, and the anatomy of the collecting system and also serves as an
instrument to determine the most appropriate management for the patient and predict the success rate of
surgery [13].

In the same way, it has been demonstrated that anatomical variations of the pyelocaliceal system have a
significant impact on surgical management and outcomes, requiring the use of combined techniques to
achieve a stone-free state in abnormal variations [14]. In order to have a more detailed and adequate
classification of the collecting system, Sampaio and Mandarim-De-Lacerda proposed a system that classifies
renal calyces that is currently the most accepted worldwide [15]. In our region, there are no descriptions of
the GSS and Sampaio classification in relation to the stone-free rate, and furthermore, the characteristics of
staghorn calculi in the Mayan population have not been accurately described. Therefore, the study aims to
determine the prognostic factors for residual lithiasis in patients with staghorn calculi treated with
percutaneous nephrolithotomy (PCNL) at the High Specialty Regional Hospital of the Yucatan Peninsula.

Materials And Methods
Study design and study population
A case-control study was conducted, characterized as an observational, retrospective, cross-sectional, and
analytical investigation. The data were collected from the records of the Urology Department at the High
Specialty Regional Hospital of the Yucatan Peninsula. The hospital's urology department handles a high
demand of patients diagnosed with urolithiasis, coming from all states located in the southern region of
Mexico. The study was conducted from January 2022 to June 2023. Aiming to establish an association
between preoperative factors and postoperative outcomes measured in terms of stone-free rate, the
following groups were analyzed: (i) the control group represented by patients with staghorn calculi who
underwent PCNL without residual calculi evident on postoperative computed tomography (CT) scan; (ii) the
case group represented by patients with staghorn calculi who underwent PCNL and had residual calculi post-
procedure.

The postoperative outcome was measured in stone-free rate by abdominal plain CT scan up to one-month
post-surgery, considering stones measuring equal to or less than 4 mm in their maximum diameter on CT
scan as stone-free, while any stone larger than this measurement is considered residual calculi.

Inclusion and exclusion criteria 
We included 188 patients, comprising 110 females and 78 males, all aged 18 years or older and diagnosed
with RL. These patients underwent surgery at the referral hospital between 2022 and 2023. Individuals
lacking sufficient information in the database or urography records during their hospitalization were
excluded from the analysis.

Data collection 
To collect sociodemographic characteristics, records and clinical notes from the hospital were reviewed from
January 2022 to June 2023 extracting pertinent data for the study. 
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Variables in the study
For the study's objectives, we aimed to outline the socio-demographic profile of the patients by
incorporating categorical variables, including gender, obesity (BMI>30), and comorbidities such as
hypertension, diabetes mellitus, chronic kidney disease, and recurrent urinary tract infections. The
quantitative variables included age and body mass index (BMI).

Regarding the stone characteristics, the following categorical variables were included: complete stone
calculi, stone laterality, GSS grades, and hydronephrosis, and patients were classified based on preoperative
pyelography according to the Sampaio's Classification into types A1, A2, B1, and B2 (Figure 1) [15].
Additionally, the following quantitative variables were included: Stone Burden (mm3), GSS, stone-to-skin
distance, and stone density (Hounsfield Units).

FIGURE 1: Sampaio classification.
A) A1. Middle zone drains through minor calyces into superior (S) or inferior calyceal (I) group. B) A2. Middle zone
drains through crossed calyces into superior (S) and inferior calyx (I). C) B1. Middle zone (M) drains into major
calyx independently. D) B2. Middle zone (M) drains directly to the pelvis through minor calyces.

Image credits: Mariana Mendez-Atoche, Carolina A. Gonzalez-Guillermo, Carlos D. Franco-Gonzalez

Statistical analysis
Descriptive and inferential statistics were performed using IBM SPSS Statistics for Windows, Version 24
(Released 2016; IBM Corp., Armonk, New York, United States). Categorical variables were represented in
frequencies and percentages, while numerical variables were represented in mean and standard deviation.
Normality tests were conducted to determine the statistical test for numerical variables. For categorical
variables, the Chi-squared test was utilized to determine factors associated with residual lithiasis.
Additionally, the Mann-Whitney U test was employed for numerical variables with non-normal distribution.
Univariate analysis was conducted, and variables with statistical significance were included in a
multivariate regression model.

Ethical considerations
Ethical approval was obtained from the Ethics Committee of the High Specialty Regional Hospital of the
Yucatan Peninsula with code 2023-018 on October 20, 2023.

Results
The sociodemographic data and comorbidities of the studied population are illustrated in Table 1. A total of
188 patients with staghorn calculi were obtained, with females comprising a clear majority (n=110; 58.5%)
compared to males (n=78; 41.5%). The mean age at the time of surgery was 45.4 years ± 11.9 years, ranging
from 19 to 82 years. Of the total, the most frequently encountered comorbidities were hypertension (29.8%),
followed by Type 2 diabetes mellitus and chronic kidney disease at 19.7% and 17.6%, respectively. Staghorn
calculi were more prevalent in obese patients (BMI ≥30), accounting for 41% (n=77). A notable feature in our
study population is that 27.7% of patients had a history of recurrent urinary tract infections (Table 1).
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Variable Number Percentage Mean ± SD

Age (years)   45.4 ± 11.9

Male 78 41.5%  

Female 110 58.5%  

Body mass index   28.4 ± 15.5

Obesity (BMI>30) 77 41%  

Comorbidities

Hypertension 56 29.8%  

Diabetes mellitus 37 19.7%  

Chronic kidney disease 33 17.6%  

Recurrent urinary tract infections 52 27.7%  

TABLE 1: Sociodemographic, clinical, metabolic, and microbiological characteristics of the study
population (n=188).

The majority of stones were found in the right kidney, with 112 (59.6%) compared to the left kidney with 76
(40.4%). According to the Sampaio classification, the predominant pelvicalyceal pattern was Type B1,
comprising a total of 66 cases (35.1%). Subsequently, Type A1 accounted for 53 cases (28.2%), Type B2 for
43 cases (22.9%), and Type A2 presented the lowest number of cases, accounting for only 26 (13.8%). Details
related to these classifications are summarized in Table 2.

2024 Garcia-Chairez et al. Cureus 16(3): e57052. DOI 10.7759/cureus.57052 4 of 9

javascript:void(0)


Variable Number Percentage Mean ± SD

Sampaio´s Classification

Type A1 53 28.2%  

Type A2 26 13.8%  

Type B1 66 35.1%  

Type B2 43 22.9%  

Stone characteristics

Complete Staghorn Calculi 87 46.3%  

Calculi in left kidney 76 40.4%  

Calculi in right kidney 112 59.6%  

Stone Burden (mm3)   1061.5 ± 763.2

Guy's Stone Score   2.86 ± 1.01

Guy's Stone Score I 24 12.8%  

Guy's Stone Score II 39 20.7%  

Guy's Stone Score III 65 34.6%  

Guy's Stone Score IV 60 31.9%  

Hydronephrosis 75 39.9%  

Stone-to-skin distance   12 ± 2.01

Stone Density (Hounsfield Units)   1059.9 ± 377.4

TABLE 2: Classification according to Sampaio and Stone characteristics of the study population
(n=188).
*Type A1: Middle zone drains through minor calyces into superior or inferior calyceal group

*Type A2: Middle zone drains through crossed calyces into superior and inferior calyx

*Type B1: Middle zone drains into major calyx independently

*Type B2: Middle zone drains directly to the pelvis through minor calyces

The average stone volume was 1061.5 ± 763.2 mm², the stone-to-skin distance had a mean of 12 cm, stone
hardness measured by Hounsfield Units on tomography averaged 1059.9, and hydronephrosis was present in
39.9% of the studied patients. 

In the multivariate logistic regression model, it was determined that stones classified as GUY 4 were
associated with a higher rate of residual lithiasis with statistically significant difference (p= 0.005, CI [1.586-
13.100]). No significant differences were found in lower grades on the GUY scale. On the other hand,
categorizing patients based on Sampaio's classification, a difference was found in the stone-free rate
depending on the anatomy of the renal calices. Calyceal anatomy Type A1, where minor calyces in the
midzone drain dependent on a major calyx, and calyceal anatomy Type A2, where the midzone drains
simultaneously via crossing calices were factors associated with residual lithiasis with a statistically
significant difference (p= 0.016, OR 2.994 CI [1.223-7.331]), (p= 0.002, OR 13.769 CI [2.712-69.916]) (Table
3).
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   Univariate Multivariate

Variable Stone-free (n=94) Not Stone-free (n=94) p-value OR (IC 95%) p-value OR (IC 95%)

Sampaio´s Classification

Type A1 19 (20.2) 34 (36.2) 0.023* 2.237 (1.161-4.311) 0.016** 2.994 (1.223-7.331)

Type A2 2 (2.1) 24 (25.5) <0.001* 15.771 (3.606-68.980 0.002** 13.769 (2.712-69.916)

Type B1 46 (48.9) 20 (21.3) <0.001* 0.282 (0.149-0.534) 0.577 .779 (0.324-1.874)

Type B2 27 (28.7) 16 (17) 0.082 0.509 (0.253-1.024)   

Stone characteristics

Complete Staghorn Calculi 37 (39.4) 50 (53.2) 0.079 0.571 (0.320-1.019)   

Guy's Stone Score I  15 (15.9) 9 (9.5) Reference Reference   

Guy's Stone Score II  39 41.5) 26 (27.7) 0.781 1.159 (0.408-3.294) 0.806 1.149 (0.378-3.488)

Guy's Stone Score III  23 (24.4) 16 (17) 0.83 1.111 (0.424-2.913) 0.648 1.268 (0.457-3.524)

Guy's Stone Score IV  17 (18) 43 (45.7) 0.005* 4.216 (1.552-11.449) 0.005** 4.558 (1.586-13.100)

Hydronephrosis 33 (35.1) 42 (44.7) 0.233 0.670 (0.372-1.205)   

TABLE 3: Multivariable logistic regression of factors associated with stone-free rate (n=188).
*The significance level is p<0.05 (significant) using the Chi- square test for the univariate analysis

**The significance level is p<0.05 (significant) using the Chi- square test for the multivariate analysis

Continuous variables were analyzed separately as shown in Table 4, finding that certain stone characteristics

on tomography such as stone burden (mm3) were associated with post-procedure residual lithiasis, being
statistically significant (p=<0.001). There was no statistically significant difference in surgical outcome
regarding the stone-to-skin distance or stone hardness measured by Hounsfield Units on tomography (Table
4).

Variables Stone-free (n=94) Not Stone-free (n=94) p-value

Stone characteristics  

Stone burden (mm3) 883.23 ± 635 1239 ± 838 <0.001*

Stone-to-skin distance 11.9 ± 2.11 12.1 ± 1.9 0.68

Stone density (Hounsfield Units) 1075.9 ± 427.3 1043.8 ± 321.3 0.561

TABLE 4: . Evaluation of numerical variables for the stone-free rate.
*The significance level is p<0.05 (significant) using the Chi-square test 

Discussion
Urinary lithiasis constitutes a significant public health issue with a considerable impact on working-age
patients, particularly in the state of Yucatan, Mexico. A special case is the staghorn calculi, whose treatment
is always surgical; however, achieving a stone-free state can be challenging and may require staged or
combined approaches, leading to increased hospitalizations, a rise in surgical events, and a risk of
complications related to patient medical and surgical care, as well as a significant increase in economic
expenditure for both the population and healthcare services in our country.

Among the variables in our population, there was similarity regarding the average age of presentation of this
pathology compared to the literature, being more common in the fifth decade of life [16]. There are aspects
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that differ from those reported, such as the predisposition in terms of gender, being higher in females in our
population (58.5%), contrary to the demographic characteristics, where up to twice the risk is reported in
males compared to females [17,18].

Nonetheless, there are similar characteristics such as some comorbidities that, due to their pathophysiology
predispose to a greater risk of lithiasis, such as hypertension since these patients may present greater
excretion of urinary calcium than normal tense patients [19]. Hypertension is the second comorbidity most
associated with the formation of staghorn stones in 29.8% of patients. Additionally, obesity emerged as the
comorbidity predominantly related to this pathology, with a frequency similar to that reported by Sansores-
España around 47%, being found in 41% of cases in our study [16]. 

Our research examined the relationship between the complexity of renal stones, as evaluated by the GUY
scoring system, and the outcomes of PCNL. This score, well-regarded for its comprehensive assessment of
stone complexity based on factors such as the number of involved calyces and specific calyceal anatomical
features, suggests that higher grades correlate with increased surgical complexity and the likelihood of
residual stones. Our study confirmed this association solely for GSS IV, indicative of complete staghorn
calculi, which carry a heightened risk of residual stones. Our findings align with those of de Souza Melo et
al., who, after analyzing 1,066 PCNL procedures in 891 patients, observed a success rate decreasing inversely
with calculus complexity, particularly noting a 19.5% success rate in GSS4 cases [20]. Similarly, Rashid et al.
reported consistent results in 115 patients undergoing PCNL, wherein CT-based GSS accurately predicted
success rates and postoperative complications [21].

Considering the aforementioned, standardizing the presentation of calyceal anatomy is essential, as
according to the findings of our study, there are significant differences in the various variants of the renal
calyceal system according to the Sampaio classification. Our study more frequently observed Type B1,
similar to what Marroig et al. reported, where this subgroup was obtained in 34.71% of 170 cadaveric kidneys
of Brazilian origin [22]. In contrast, other studies found that the most commonly encountered morphology
was Type A1, with an occurrence ranging from 30.5% to 64% [15,23-26]. These variations may be attributed
to the local characteristics of the diverse ethnic composition in our study population, emphasizing the need
for additional research in the region to explore potential genetic factors associated with these observations.

Regarding the stone-free rate, it was found that patients with a pyelocaliceal anatomy according to Sampaio
A1 and A2 were prognostic factors for higher postoperative residual lithiasis. Similar results were reported in
the study by Kirecci et al., in their analysis of 125 flexible ureteroscopies, they evaluated the stone
elimination rate in all subgroups of cases according to the Sampaio classification, where it was found that
the rate of Stone clearance was significantly lower in subgroup A2 at 30.4%, while it was significantly higher
in subgroup B2 reaching 93.8% [14].

The stone burden obtained falls within the reported ranges in the literature and stands out as a factor
impacting residual lithiasis, which is consistent with findings where residual burden is the most important
factor for residual lithiasis presence [22,27]. Similarly, these findings appear to be linked to a higher
incidence of residual lithiasis observed in patients with complete staghorn calculi (GSS 4).

The primary limitations encountered in this study were attributed to the absence of prior research on
lithiasis and anatomical variations in the region and country.

Conclusions
According to the GUY score classification, we observed a prognostic factor of a higher incidence of residual
lithiasis in patients with complete coral (GSS 4), seemingly correlated with lithiasic burden, which was also
found as a factor for postoperative residual lithiasis. However, lower GUY scores (GSS 2 and 3), which
account for anatomical anomalies, were not found to be associated with residual lithiasis.

The analysis of renal calyceal variants according to the Sampaio classification revealed Type B1 as the most
frequent variant in our sample, followed by A1. Additionally, Types A1 and A2 were associated with a lower
stone-free rate.

This study provides important insights into predictive factors that can improve personalized patient care
and surgical planning for staghorn calculi. By optimizing resource allocation, the goal is to maximize patient
benefit and utilize technological advancements for diagnosing and treating coraliform lithiasis. The
implications of this analysis go beyond enhancing medical care; it also opens doors for further research in
the field, ultimately advancing our understanding and management of this condition.
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