
Introduction

Urinary tract stone disease is a health problem that has existed since ancient Egyptian civiliza-
tion; this disease is showing a gradual increase, with a significant lifetime risk of stone formation 
(1). The United States has the highest prevalence of this disease (13%); the prevalence in Europe 
is 5%–9%, and Asia has the lowest prevalence, 1%–5% (2). The prevalence of this disease has in-
creased since the last quarter of the 20th century; it varies depending on age, gender, and race 
(3). Stones that do not cause complaints have also contributed to the increase in prevalence; this 
is due to the increasingly frequent use of radiological examination and the increase in imaging 
capabilities in parallel with advancing technology. Urinary tract stone disease is 1.5 times more 
common in men than in women and is often seen in people between 20 and 40 years of age with 
low socio-economic status and educational level (4).

Factors causing a higher prevalence of urinary tract stone disease are physical inactivity and poor 
eating habits, which are facets of modern life. According to a study conducted in 1991 on urinary 
tract stones, the prevalence of this disease in our country was reported to be 14.8% (4). This high 
prevalence of urinary stone disease in our country is due to the environmental conditions of our 
geographically hot climate zone and the high hypocitraturia rate (5).

The first treatment method (8) recommended by current treatment guidelines for the treatment of 
stones larger than 2 cm is percutaneous nephrolithotomy (PNL), especially in kidneys with a narrow 
infundibulopelvic angle, a lower calyx infundibulum shorter than 5 mm, and a lower calyx pole 
longer than 10 mm (7). PNL, which involves percutaneous entry (6) and was first described in 1955 by 
Goodwin, was conducted for the first time in 1976 by Fernstorm and Johannson. Although standard 
PNL has a success rate of 78%–95% (9) for the treatment of kidney stones, complication rates for this 
operation have been reported to vary between 29% and 83% (10). Generally, hemorrhage is one of 
the most serious complications; it arises because dilation must be performed to enable entry of 
nephroscopes with widths of up to 26 Fr. Therefore, to avoid wide dilation and to reduce trauma, the 
development of fine instruments is required. In particular, retrograde intrarenal surgery (RIRC) and 
mini-PNL methods are currently being used to minimize damage to renal parenchyma during treat-
ment of cases in which shock wave lithotripsy (SWL) failed to treat small-scale pole stones (11, 12).

Furthermore, micro-PNL, the newest PNL method, enables visual entry in a single session via a 
special puncture needle, called an “all-seeing needle”, by means of a micro-optical imaging sys-
tem; this method does not require dilation because the nephroscope can be as fine as 4.8 Fr (13, 
14). This new method not only avoids dilation, which may cause complications such as hemor-
rhage and perforation, but also shortens operation and fluoroscopy times (14).

Micropercutaneous Nephrolithotomy: First 66 Cases 
Experience

Objective: To present the initial experience with micro-percutaneous nephrolithotomy (micro-PNL) in patients with kidney stones.

Methods: Medical records of 66 patients with kidney stones who underwent micro-PNL between December 2012 and March 2015 were retrospectively 
reviewed. The demographic data; stone side, location and size; operation and fluoroscopy time; intraoperative and postoperative complications; preop-
erative and postoperative hemoglobin levels and hematocrit; and operation success of the patient were evaluated.

Results: The mean age of the patients was 46.62±13.94 years, and their mean body mass index was 25.77±2.62 kg/m2. The mean stone size was 
186.7±34.23 mm2. The mean operation and fluoroscopy times were 80.46±43.67 min and 10.78±7.14 min, respectively. The mean hemoglobin 
drop was 0.86 g/dL. Twenty-four intraoperative and 17 postoperative complications were observed. An overall success rate of 95% (including clini-
cally insignificant residual fragments) was achieved.

Conclusion: Micro-PNL is a feasible, safe, and effective minimally invasive treatment modality for patients with small kidney stones. 
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In this study, we aimed to demonstrate the feasibility, effective-
ness, and reliability of the micro-PNL technique by presenting our 
first 66-case series.

Methods

Study population:
In our clinic, data obtained from 45 male and 21 female patients 
(total: 66) on whom micro-PNL was performed between December 
2012 and March 2015 were evaluated retrospectively after obtain-
ing the approval of the hospital’s ethics committee. Micro-PNL was 
administered to patients whose kidney stones were smaller than 1 
cm and whose stones could not be crushed by SWL; it was also per-
formed on patients with symptomatic kidney stones larger than 1 
cm for whom RIRC was unsuccessful. Additionally, micro-PNL was 
applied to patients with probable low SWL success rates due to 
calyx-located 1–2 cm stones with narrow lower and middle pole 
infundibula. Patients were informed in detail about the operations 
and alternative treatment methods. Informed consent forms were 
then signed by the patients. Demographic data of the patients, 
such as age, gender, body mass index (BMI), and previous kidney 
stone operations, were recorded.

Before the operation, following detailed history-taking and physi-
cal examination of the patients, routine biochemical analysis, co-
agulation tests, urine cultures, and complete blood counts were 
conducted. Then, ultrasound and intravenous urography and/or 
unenhanced computed tomography (CT) imaging were request-
ed. According to direct urinary system radiography images, the 
stone zone was calculated via the following formula: maximum 
length×width×π×0.25 (15). Patients with positive urine cultures 
were started on appropriate antibiotic therapy based on their cul-
ture antibiograms; the operation was postponed until their urine 
culture results were negative. Prophylactic antibiotics were admin-
istered during the operation.

Operation and fluoroscopy times were recorded for each patient. 
Perioperative complications were recorded in the patients’ files. On 
the first day after the operation, the patients’ ureteral catheters 
and catheters were removed. Blood loss was assessed through 
hemogram values. To demonstrate the success of the operation, 
direct urinary system radiography was conducted to ensure that 
no residue remained. If no complications developed, the patients 
were then discharged. In the first postoperative month, direct uri-
nary system radiography was performed as a follow-up. Suspected 
cases were verified via unenhanced CT. Stones smaller than 4 mm 
were considered clinically insignificant.

Surgical technique:
Under general anesthesia, in the lithotomy position, a 5 Fr ureteral 
catheter was inserted for all patients. Then, the patient was placed 
in a prone position that was suitable for fluoroscopy. The collect-
ing duct system was viewed by fluoroscopy with contrast material 
that was administered via the ureteral catheter. PNL entry was per-
formed by experienced surgeons using a 4.8 Fr “all-seeing needle” 
accompanied by direct vision under the control of fluoroscopy us-
ing a micro-optical system (Polydiagnost; Pfaffenhofen, Germany) 
as described in the literature (13, 14). After entry was complete and 
the collecting duct system was reached, urine output was verified; 
then, the inside of the needle was removed, and a 3-way connec-
tor apparatus was installed at the end of the needle. The optical 
system was attached to the middle duct of the 3-way apparatus; 
the other ducts were used to provide isotonic solution for irriga-

tion and to enable entry of the laser fiber that was used to crush 
the stone, respectively. The stones were completely fragmented 
using a 200 µm holmium: YAG laser fiber. Removal of the crushed 
stone fragments from the collecting duct system and sharper im-
ages were provided by the irrigation fluid pump system, which was 
under the control of the surgeon. The differences between the iso-
tonic liquid used during irrigation and the fluid volumes exiting 
from the ureteral catheter were observed.

For patients whose stone volumes were large, after performing entry 
via a 4.8 Fr needle, a sensor guide wire was introduced into the col-
lecting duct system. Aided by fluoroscopy, the needle was changed 
to a 8 Fr needle; thus, a laser fiber with a larger diameter and more 
irrigation fluid could be used, and sharper images could be obtained.

Statistical analysis
Statistical analysis was performed using a software package (Stata 
11, College Station, TX). Data are given as mean±standard devia-
tion (SD). To compare the patients’ preoperative and postoperative 
hemoglobulin and hematocrit values, the paired sample t-test was 
used. P values <0.05 were considered to be significant.

Results

The average age of the patients was 46.62±13.94 years. The aver-
age BMI of the patients was calculated to be 25.77±2.62 kg m2. 
The average stone zone was 186.7±34.23 mm2. The demographic 
and operative data of the patients is summarized in Table 1. 18 
patients underwent unsuccessful SWL, and 4 patients underwent 
unsuccessful RIRC. 4 fails in the SWL and 18 patients had failed 
RIRC story. No anatomical difficulty was observed in any of the 
patients. Of the stones, 40 were localized in the lower pole, 6 were 
localized in the pelvis, 10 were localized in the pelvis and middle 
pole, 6 were localized in the middle pole, and 6 were in multiple 
locations. The average operation time was 80.46±43.67 minutes, 
and the average fluoroscopy time was 10.78±7.14 minutes.

While 54.5% of the patients were found to be stone-free, when 
stones that were considered clinically insignificant were included, 
the success rate was as high as 95.5%. 24 of the patients developed 
intraoperative complications, and 18 patients experienced post-
operative complications (Table 2). In 16 patients, hemorrhage that 
was detrimental to perioperative imaging was observed. Although 
the patients’ intraoperative and postoperative hemoglobulin (0.86 
g/dL) and hematocrit (2.7%) values were not clinically insignificant, 
statistical differences were detected (hemoglobulin: p=0.001; he-
matocrit: p=0.021). None of the patients required blood transfu-
sions. Two of the patients experienced renal pelvis perforation 
during the operation; in one of these two patients, contrast extrav-
asation was observed. One patient was diagnosed with abdominal 
fluid leak during the first operation due to the development of 
distension; a percutaneous drain was placed into the periton. Min-
imal hydrothorax and postoperative pneumothorax were observed 
in the same patient. A postoperative chest tube was inserted. Four 
patients experienced perioperative ureteral stone migration. One 
patient had a fever, and two patients experienced urinary inconti-
nence during their postoperative periods; these patients received 
double-J (DJ) stents on the first day. Additionally, the number of 
fragments in two patients was excessive due to abnormal stone 
bulk, and urinary incontinence was observed; these patients re-
ceived DJ stents. Patients with ongoing urethral and urethral cath-
eter hemorrhage were discharged on the fourth day at the latest 
without any intervention. The DJ stents that were placed during 
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the operation were removed under local anesthesia approximately 
one week later. None of the patients developed adjacent organ 
injuries or complications requiring open surgical procedures.

Discussion

The treatment of urinary stone disease, which is quite common in 
our country, has evolved from open surgery to minimally invasive 
techniques due to technological advancements and the increas-
ing accumulation of endourology knowledge. Therefore, open 
surgery, which was formerly the only option for the treatment of 
kidney stones, is now applied almost exclusively to a limited group 
of patients. The endoscopic methods used in kidney stone surger-
ies cause fewer complications due to the use of tools with smaller 

diameters; consequently, morbidity and mortality rates are lower. 
As a result of these developments, PNL has become a become 
standard procedure for kidney stones larger than 2 cm (8).

Percutaneous nephrolithotomy was first described as percutane-
ous entry in 1955 and was applied for the first time in 1976 (6, 7). 
Hemorrhage-related (16) morbidity and mortality is one of the most 
frequent and serious complications in PNL, and its rate is reported 
to be between 0.4% and 23% in the literature. To address this, the 
diameter of the tool was decreased; mini-PNL, using needles with 
sizes of 12–20 Fr, was developed (17). It has been demonstrated that 
compared to standard PNL, mini-PNL results in lower hemorrhage 
rates and shorter hospital stays (11, 18). Furthermore, Bader et al. (13) 
have provided a reliable and effective method for direct entry into 
kidney stones under direct vision by means of an “all-seeing needle,” 
which is the optical imaging system with the smallest diameter. In 
this system, entry is similar to that in standard PNL; however, be-
cause the instruments used are smaller in size, complications that 
occur during standard PNL, such as hemorrhage and adjacent organ 
injuries, are less frequent.

In contrast, micro-PNL, which was developed by Desai et al. (14), 
differs from the standard and mini-PNL methods. Unlike other PNL 
operations, the 4.8 Fr “all-seeing needle” enables entry under direct 
vision without any dilation. Therefore, once entry is performed, 
by inserting the laser fiber through a side duct of a 3-way appa-
ratus, the stone is completely fragmented under vision. By includ-
ing clinically insignificant stones and stones that were fragmented 
via 200 µm holmium: YAG laser fiber, we obtained a clinical suc-
cess rate of 95.5%. In the literature, in the first study presented by 
Desai et al. (14) on this subject, the success rate was reported to 
be 89% when clinically insignificant stones were excluded. Sub-
sequent studies have reported stone-free rates between 85% and 
93%, demonstrating the success of this new technology (19, 20). In 
a recent study that compared the success rates of micro-PNL and 
RIRC, it was found that the stone-free rate was 80% in patients who 
underwent micro-PNL treatment, whereas the stone-free rate for 
RIRC was 86.2% (p=0.47) (21). When the methods were compared 
in terms of complications, it was reported that micro-PNL caused 
fewer complications (13.3%) than RIRC (16.6%); however, the dif-
ference between these two groups was not statistically significant 
(p=0.675). When micro-PNL was compared with mini-PNL, another 
minimally invasive method, it was reported that the success rates 
were 87.3% and 93.6%, respectively (22). In addition to similar suc-
cess rates, other advantages of micro-PNL over mini-PNL reported 
in the same study were that micro-PNL results in smaller decreases 
in hemoglobin levels and shorter hospital stays.

Apart from the success rates of percutaneous surgery, when compli-
cations are considered, the most important complication is hemor-
rhage. The occurrence of hemmorhage is reported to be between 
0.8% and 45% in the literature (23-25). Especially when entry is per-
formed with a needle, hemorrhage occurs more frequently during 
dilatation, stone crushing, and searching for the crushed pieces (23, 
25-27). In studies on micro-PNL, the differences between preopera-
tive and postoperative hemoglobin values were reported to be be-
tween 0.8 and 1.4 g/dL (14, 19, 20). Also in our study, a low level 
of average hemoglobin decrease of 0.86 g/dL was determined; as a 
result, none of our patients required blood transfusions.

Other advantages of micro-PNL over standard PNL are shorter du-
ration of operation, shorter hospital stay, and time of fluoroscopy 
use (19). Performing entry via “all-seeing needle” under direct vi-

Table 2. Complications according to Satava and Clavien classifications

 Complications    Satava  Clavien  
 (n)  degree  degree

Intraoperative Hemorrhage 16 1 1

 Renal pelvic perforation 2 1 1

 Contrast extravasation 1 1 1

 Stone in the ureter 4 1 2

 Hydrothorax and abdominal  1 3 3A 
 extravasation 

Postoperative Hemorrhage 9 1 1

 Urine incontinence 4 1 1

 Pneumothorax 1 1 3A

 Fever 2 1 2

 Hydrothorax 1 1 3A

Table 1. Demographic and operational parameters of the patients

 n

Renal unit (n) 66

Side (right/left) 28/38

Gender (M/F 45/21

Age (years) 46.62±13.94

BMI (kg/m2) 25.77±2.62

Stone zone (mm2) 186.7±34.23

Location of the stone 

Lower pole 40

Pelvis 6

Pelvis+lower pole 10

Middle pole 4

Multiple 6

Preoperative Hb (g/dL) 14.14±1.65

Preoperative Htc (%) 43.85±4.8

Postoperative Hb (g/dL) 13.28±1.47

Postoperative Htc (%) 41.11±3.83

Duration of the operation (minutes) 80.46±43.67

Duration of fluoroscopy (minutes) 10.78±7.14

Stone-free rate (%) 95

BMI: body mass index; Hb: hemoglobin; Htc: hematocrit
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sion and without requiring dilatation shortens both the duration 
of the operation and the fluoroscopy time (19). In our study, the 
average operation time was 80.46±43.67 minutes, and the average 
time of fluoroscopy use was 10.78±7.14 minutes. The important 
factor that shortened these periods was that the stones were fully 
fragmented by holmium: YAG laser. The fragments were left to 
fall spontaneously; thus, no additional time was spent collecting 
the pieces. However, fragments that are left sometimes become 
lodged in the ureter during or after the operation; this may lead 
to renal colic, which is another complication. It was observed dur-
ing the operation on four of our patients that stone fragments fell 
into the ureter. Upon observing postoperative fever in two of the 
patients and urine incontinence in all four, 4.8 Fr DJ stents were 
placed in the patients. Another complication that should be taken 
into consideration during surgery is fluid leakage in the abdomen 
or chest. Therefore, the amount of liquid taken in and discharged 
should be monitored. In our first case, fluid leakage that was ob-
served through distension development in the abdomen during 
the operation was resolved by ultrasound-guided percutaneous 
drainage. Hydrothorax development was observed in the same pa-
tient, and a thorax tube was placed in the patient postoperatively.

Conclusion

Compared to standard PNL, the micro-PNL method is a reliable 
and effective option, especially for the treatment of small and 
symptomatic kidney stones that cannot be successfully treated by 
SWL and RIRC.
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