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ABSTRACT 
 

This study purpose to analyze the differences in the effectiveness of PCNL and open surgery in patients with 
staghorn stones. We searched the literatures from PubMed and ScienceDirect from year 2005 until 2020. The 
method used in this study was a systematic review with a quantitative statistical approach (meta-analysis) using 
primary research data. From 4 studies there were 148 cases of PCNL and 98 cases of open surgery. PCNL had 
lower postoperative stone-free rate than open surgery (OR 0.168). PCNL had a lower final stone-free rate than 
open surgery (OR 0.603). The number of patients who had complications with PCNL was lower than open surgery 
(OR 0.451). The number of patients receiving blood transfusions on PCNL was lower than for open surgery (OR 
0.494). Patients who received PCNL procedure required a shorter hospital stay than open surgery (MD -3,234). 
The number of patients who received additional therapy modalities on PCNL was lower than open surgery (OR 
1.917). The conclusions obtained in this study indicate that there are differences in the effectiveness of PCNL and 
open surgery for patients with staghorn stones. 
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INTRODUCTION 
Background 
 

Urinary tract stone disease is the formation of stones caused by the deposition of substances in the urine in 
excessive amounts or due to other factors that affect the solubility of substances. In the United States, among 11 people 
there is 1 person who has kidney stones, and an estimated 600,000 Americans develop urinary tract stones each year. 
In the Indian population, about 12% of the population is estimated to have urinary tract stones and 50% of them end in 
loss of kidney function.(1) Indonesia shows that the prevalence of the Indonesian population suffering from kidney stones 
is 0.6% or 6 per 1000 population. In Dr. Soetomo in 2016, there were 62 urinary tract stone patients.(2) 

There are several types of urinary tract stones from the many incidences of urinary tract stones, one of 
which is staghorn stones.(3) Staghorn stones are branched kidney stones that fill part or all of the renal pelvis and 
kidney calices so that they resemble deer antlers. Due to the significant morbidity and mortality potential of 
staghorn stones, immediate assessment and treatment are needed.(4) 

Several therapeutic modalities can be chosen, including PCNL or open surgery. Open surgery was once 
considered the "gold standard" for handling staghorn stones. However, thanks to advances in technology and science 
the handling of staghorn stones have been revolutionized. The American Urological Association (AUA) guidelines 
for the management of staghorn stones recommend PCNL as the modality of choice and standard of practice. But 
for several reasons, not a few urologists also recommend open surgery for patients with staghorn stones.(5) 
 

Purpose 
 

This study aimed to analyze the differences in the effectiveness of PCNL and open surgery so that it can 
be considered in the administration of therapy in patients with staghorn stones. 

 

METHODS 
 

The type of research used in this study was a systematic review using primary research results. This study 
used a meta-analysis approach, the selected primary research results were then synthesized using a statistical 

http://dx.doi.org/10.33846/hn41106
http://heanoti.com/index.php/hn
http://heanoti.com/index.php/hn/article/view/hn41106
mailto:ramanditaduta@gmail.com


Health Notions, Volume 4 Number 11 (November 2020)                                                                            ISSN 2580-4936 
 

382 | Publisher: Humanistic Network for Science and Technology                               
 

(quantitative) approach. Journal searches were performed on the PubMed and ScienceDirect databases. To 
simplify the search, the keywords "PCNL" or "open surgery" were used in combination with "staghorn stone 
patient". The selected period is the last 15 years, namely 2005 to 2020. 

Assessment of journal quality was carried out using dual tools, namely the NOS (Newcastle Ottawa Scale) 
for the case-control method study and the CONSORT checklist for the RCT (Randomize Controlled Trial) method. 
The independent variable of this study was the PCNL, open surgery. Meanwhile, the dependent variable of this study 
was the stone-free rate, complications, blood transfusion, hospitalization, and additional therapy modalities. 

 

RESULTS 
 

There were 3002 studies were found from databese using keywords but, finally. There were 4 studies 
included in this study. Of the 4 selected studies, there were 246 cases, with 148 cases undergoing PCNL and 98 
cases receiving open surgery.  

Table 1. Studies characteristic 
 

Study Study design Time study Operation Average age Case (n) Average stone size 
Al-Kohlany KM et al 

2005 RCT 2001-2003 PCNL 48.6 ± 8.5 43 18.7 ± 6.9 cm3 
Open surgery 48.7 ± 10.9 45 18.8 ± 8.1 cm3 

Aminsharifi A et al 
2016 Case-control 2010-2015 PCNL 48 ± 8.57 16 79.06 ± 15.63 mm 

Open surgery 48.21 ± 7.87 14 77.0 ± 14.33 mm 
El-Nahas AR et al 

2014 Case-control 2000-2013 PCNL 7.1 ± 2.93 28  
Open surgery 7.6 ± 3.31 28  

Zhang FBY et al 
2017 Case-control 2007-2013 PCNL 54.3 ± 411.6 61 19.7 ± 6.4 cm2 

Open surgery 50.5 ± 11.1 11 19.8 ± 5.6 cm2 
 

Free-rate Stone 
 

 
 

Figure 1. Forest plot of post treatment stone-free rate. 
 

In the assessment of the stone-free number after the action, the randomized effect model was used. Of the 
4 studies that have been selected, there is one study that does not have post-treatment stone-free number data, 
namely the study from El-Nahas. Meta-analysis and Forest Plot showed that PCNL had significantly smaller post-
procedure stone-free results compared to open surgery, this difference was clear (OR 0.168; 95% CI 0.041-0.689; 
p = 0.013), with heterogeneity between significant study (Q = 5.801; I2 = 65.524). 

 
Figure 2. Forest plot of final stone-free rate 
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The final stone-free rate examined in the study was the stone-free rate 3 months postoperatively, except 
for the study of Aminsharifi and colleagues (2016) which examined 12 months postoperatively. All four studies 
showed final stone-free rates, but in the Aminsharifi study, PCNL and open surgery had 100% results. The 
combined analysis of 3 studies showed that the final stone-free rate in the PCNL group was 78.03% (103/132) 
and open surgery 83.33% (70/84). From the results of Figure 5.2 it can be seen that PCNL has a lower final stone-
free rate than open surgery, although the difference is not so significant (OR 0.603; 95% CI 0.283-1.287; p = 
0.191). There was no statistical heterogeneity between studies, assessed by (Q = 0.536; I2 = 0.000). 
 

Complications 
 

 
Figure 3. Forest plot of complications 

 

The parameter assessed was the total number of complications. All four studies reported overall 
complications. It can be seen that the number of patients who have complications with PCNL is lower compared 
with open surgery (OR 0.451; 95% CI 0.251-0.809; p = 0.008), but with low heterogeneity between studies (Q = 
3.970; I2 = 24.440). 

 

Blood Transfusion 
 

 
Figure 4. Forest plot of blood transfusion 

 
Meta-analysis shows that the number of patients requiring blood transfusion on PCNL is lower compared 

with open surgery (OR 0.494; 95% CI 0.238-1.027; p = 0.059), with moderate heterogeneity between studies (Q 
= 4.320; I2 = 30.563). 
 
Length of Hospital Stay 
 

The random-effects model was used in the assessment of the length of stay. Length of stay was reported in 
all four studies. Patients who receive PCNL get a shorter length of stay if compared with patients who received 
open surgery (random-effects model; MD -3.234; 95% CI -4.253 - -2.215; p = 0.000), with significant 
heterogeneity between studies (Q = 6.390; I2 = 53.0%). 
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Figure 5. Forest plot of length of hospital stay 

 

Additional Therapeutic Modalities 

 
 

Figure 6. Forest plot of additional therapeutic modalities 
 

In the additional modality assessment, enter data on the number of cases that receive additional modality for residual 
stones. The number of patients who received additional therapy modalities on PCNL was higher than open surgery (OR 
1.917; 95% CI 0.993-3.700; P = 0.052), with moderate heterogeneity between studies (Q = 4.876; I2 = 38.471). 

 

DISCUSSION 
 

In the observed stone-free rate is divided into post-treatment stone-free rate and final stone-free rate. The 
randomized effect model was used in the assessment of the stone-free number after the action because of the 
significant heterogeneity between studies. The results of the meta-analysis revealed that open surgery provided a 
significantly higher statistical post-treatment stone-free rate than PCNL. Stone free rate data after 3 months in the 
journal by Zhang et al. (2017) shows that the ratio of final stone-free rates in open surgery is higher than PCNL, 
with a ratio of 100% vs 84%. Although the results of the combined assessment show that open surgery provides 
a statistically significant high postoperative stone-free rate compared to PCNL, no significant difference was 
found in the final stone-free rate. In fact, Aminsharifi and colleagues (2016) showed the final stone-free rate data 
on PCNL and open surgery which was 100% in both measures which made it unpredictable by the forest plot.(6,7) 

Although the PCNL meta-analysis had a relatively lower stone-free rate compared to open surgery, this 
could be compensated for by the lower complications. The difference in complication rates is related to the 
magnitude of the invasive approach given to patients with staghorn stones. In open surgery, the action given is 
more invasive. In PCNL the procedure is minimally invasive. In PCNL, the operation is performed by making a 
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small puncture about 1 cm in the waist area of the patient, although this cannot be separated from the complexity 
of the PCNL procedure, while open surgery can result in a wider open incision.(8) 

In keeping with open surgery which is more invasive as it requires a wider incision compared to PCNL which 
only requires a relatively small puncture, open surgery makes the renal parenchyma more susceptible to injury. 
Therefore, it tends to result in various complications such as nephron damage and bleeding, leading to more frequent 
blood transfusions. The combined meta-analysis data showed that the number requiring blood transfusion on PCNL 
was less than open surgery (OR 0.494). Risk factors for severe bleeding are the means of achieving a superior calyx, 
solitary kidney, staghorn stones, number of punctures, and surgeon experience. In the study of El-Nahas et al. (2014) 
showed that PCNL has a higher number of patients requiring blood transfusions than open surgery (OR 4.5). One of the 
influencing factors is the younger age group. Moreover, the concerns about PCNL in children include the use of large 
instruments due to small kidney size, the risk of major complications, including sepsis and bleeding.(9-11) 

The meta-analysis showed that patients who received PCNL had a shorter length of stay in the hospital than 
open surgery. In the analysis of length of stay, it has quite significant heterogeneity. There is even one study whose 
results are not cut off by the centerline of combined data (diamonds), namely the study from Aminsharifi (2016). The 
patient's age, Body Mass Index (BMI), stone size, and length of time of surgery did not affect the length of stay.(7), (12) 

Aminsharifi (2016) showed the results of patients after receiving additional therapeutic modalities, had a stone-
free rate on PCNL 9 primary action from 9 to be stone free. The meta-analysis showed that the PCNL procedure had 
more patients requiring additional therapeutic modalities than open surgery. This difference looks significant. However, 
data from El-Nahas and colleagues (2014), show a similarity in results between PCNL (Percutaneous Nephrolithotomy) 
and open surgery. Each study has its criteria for implementing additional therapy modalities.(7), (9) 

 

CONCLUSION 
 

The postoperative stone-free rate on PCNL (Percutaneous Nephrolithotomy) is lower when compared to 
open surgery, one of the contributing factors is because PCNL is a surgical procedure that requires high skills. 
However, it has a not too different final stone-free number. The number of patients who have complications in 
PCNL (Percutaneous Nephrolithotomy) is less than those with open surgery. The number of patients requiring 
blood transfusion on PCNL (Percutaneous Nephrolithotomy) is less than that of open surgery because open 
surgery is more invasive, it requires a wider incision than PCNL which only requires a relatively small puncture, 
open surgery makes the renal parenchyma more susceptible to injury. Therefore, it tends to cause bleeding, so 
blood transfusions are more common. Patients who receive PCNL (Percutaneous Nephrolithotomy) require a 
shorter hospital stay than open surgery. The number of patients who require additional therapy modalities on 
PCNL (Percutaneous Nephrolithotomy) is more when compared to open surgery. 
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