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Abstract

Background: Percutaneous nephrolithotomy (PCNL) is the standard treatment for

kidney stones >2 cm. Recently, a novel approach in the modified supine lithotomy

position has been developed.

Objective: To demonstrate with a video our technique of supine PCNL (sPCNL) and

present our experience.

Design, setting, and participants: From September 2009 to August 2010, 47 conse-

cutive patients were prospectively evaluated. There were 31 single, 9 multiple, and 7

staghorn stones. The mean body mass index was 26.1 � 5 (range: 17.3–45.7), the

mean stone size was 29.6 � 15.3 mm (range: 10–75), and patients’ American Society of

Anesthesiologists scores were 1, 2, and 3 in 31, 11, and 5 cases, respectively.

Surgical procedure: Patients were positioned in Galdakao-modified supine Valdivia

position. The details of the technique are shown in the film.

Measurements: Success was defined as patients free of stones or with residual stone

fragments <4 mm.

Results and limitations: Average operative room occupation time was 123.5�
51.2 min (range: 50–245). In the single, multiple, and staghorn stone groups, the immediate

success rate after sPCNL was 90%, 78%, and 43%, respectively. Complications included one

fever, two incidents of pyelonephritis, one renal colic, two urinary fistulae, one postopera-

tive hemorrhage, and one incident of acute urinary retention. Mean hospital stay was

3.4� 1.9 d (range: 2–12). Nine patients (19%) had a secondary procedure (extracorporeal

shock wave lithotripsy or flexible ureterorenoscopy). At 3 mo, the success rate was 97%,

100%, and 100% in the single, multiple, and staghorn stone groups, respectively. However,

the limitation of this study is its design, which is descriptive rather than comparative.

Conclusions: sPCNL is a safe and reproducible method. It offers the advantage of

simultaneous retrograde and antegrade endoscopic combined intrarenal surgery,

and we believe it is a further advancement in stone management. In addition, it is

easier from the anesthetist point of view than the traditional prone approach. In our

hands, it meant a simplification of the operative technique, resulting in a more time-

efficient procedure.
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1. Introduction

Percutaneous nephrolithotomy (PCNL) in the prone position

has been considered the gold standard for the treatment of

kidney stones >2 cm. However, during the last few years, a

new approach in modified lithotomy position has been

proposed with the purpose of simplifying the procedure and

improving its efficacy.

The first large clinical series of supine PCNL (sPCNL) was

reported by Valdivia-Uria [1]. His technique was further

improved by Ibarluzea [2], opening the era of endoscopic

combined intrarenal surgery. This approach is becoming

increasingly popular worldwide, and its advantages are

widely documented: easier anesthesia management, single

positioning, and simultaneous anterograde and retrograde

access to the urinary tract [2–8]. However, although it is clear

that the prone position is no longer the exclusive way to

perform PCNL, many urologists remain reluctant to consider

the supine position [9,10]. We demonstrate our technique

with a video and describe our experience with modified

sPCNL in 47 patients and provide the method and the reasons

why we adopted this novel technique in our routine.

2. Methods

2.1. Patients

Between 1 September 2009 and 30 August 2010, we performed 47 sPCNL

procedures. Patient demographics are displayed in Table 1. Preoperative

patient evaluation included history, clinical examination, routine

laboratory investigations (basal parameters, including serum creatinine,

complete blood count [CBC], and coagulation profile), and evaluation of

the anesthesiology (American Society of Anesthesiologists) risk before

general anesthesia. All patients had an unenhanced computed tomogra-

phy (CT) scan and a plain film of the abdomen.

Stone size was determined by measuring the longest diameter on

preoperative radiologic investigations; in the case of multiple calculi, it

was defined as the sum of the longest diameter of each stone. Stone

surface area was estimated using the formula described by Tiselius and

Andersson (length �width � 3.14 � 0.25) [11].

Patients received low-molecular-weight heparin (LMWH) anticoag-

ulant prophylaxis. A urine analysis was performed 1 wk before surgery;

patients with a positive culture received specific antibiotic therapy for

4–7 d, and all others received 1.5 g of cefamandol intraoperatively.

2.2. Surgical technique

The patients were placed in a supine position, with one leg ipsilateral to the

stone in extension and the other in flexion (Fig. 1). This position allowed
Table 1 – Patient demographics

Single (n = 31) Multiple

Gender, M/F, no. 23/8 6/3

ASA 1/2/3, no. 25/6/0 3/3/3

BMI (range) 25.9 � 2.9 (21.5–32) 26.7 � 9.1 (

Stone size, mm (range) 21.7 � 7.2 (10–40) 36.2 � 10.3

Stone surface, mm2 (range) 334 � 235 (79–1257) 608 � 792 (

Side, R/L, no. 16/15 3/6

M = male; F = female; ASA = American Society of Anesthesiologists; BMI = body m
retrograde access to the urinary tract throughout the intervention. The

ipsilateral arm crossed the chest. The lumbar region next to the stone was

raised to 20 degrees with the help of an inflatable device (Pelvic-Tilt, OR

Comfort, Glen Ridge, NJ, USA). This device has a noninflated flap extending

from one side. The flap was placed under the lumbar region opposite the

stone, while the inflatable portion was placed under the stone. The weight

of the patient on the flap prevents lateral shifting of the pillow. The patient

was prepped and draped. Two surgeons started to operate simultaneously,

allowing them to share operative tasks during the entire intervention.

While one of the surgeons performed cystoscopy and retrograde

pyelography, the other proceeded to puncturing the kidney under

combined ultrasound and fluoroscopic control with an 18-gauge puncture

needle (Fig. 2). If ultrasound-guided renal puncture was unsuccessful

because of patient obesity or poor ultrasound penetrability of the tissues,

we used the fluoroscopic technique based on cephalad tilting of the C-arm

described by Makhoul et al [12]. Details of the operative technique are

summarized in Table 2.

The puncture site corresponded to the position of the stone and its

largest bulk. The puncture of a posterior lower calyx is preferred by most

urologists in Europe because this region is considered an avascular area

of the kidney. Upper-pole puncture increases the risk of thoracic and

intercostals artery injuries.Once access was established, two guidewires

were inserted into the collecting system, a working guidewire and a

security guidewire. Insertion was achieved with the help of a Coloplast

Colibri nephrostomy set (Humlebæk, Denmark) as follows: After having

inserted the first guidewire (Sensor, Boston Scientific, Natick, MA, USA),

the tract was dilated with the dilators of the nephrostomy to 8F. The

dilator we used is equipped with a peel-away access sheath. The dilator

was then removed, leaving the access sheath in the collecting system. A

second, Teflon-coated guidewire was introduced into the renal pelvis

through the access sheath. This second ‘‘safety’’ guidewire was attached

to the skin with an adhesive strip. The nephrostomy was loaded on the

Sensor guidewire. This nephrostomy is equipped with a hollow metallic

stylet. Pulling or pushing the stylet allows modification of the loop

curvature of the nephrostomy, helping to direct the guidewire into the

bladder. Once the guidewire had successfully descended into the

bladder, the second surgeon exteriorized the tip of the wire through the

urethra with the help of a cystoscope. This maneuver permitted

obtaining through-and-through guidewire passage.

In all cases, the tract was dilated with a balloon. The size of the

balloon was adapted to the patient’s anatomy: In the case of narrow

caliceal infundibulum, a 24F balloon (Cook Medical) was used.

Otherwise, in dilated systems, we preferred the 30F balloon.

Procedures were performed with a 22F Olympus OES 4000 reference

A3336A (Orangeburg, NY, USA) or Karl Storz 27295AA (Tuttlingen,

Germany) nephroscope. In all cases, we used the LithoClast Master

(Electro Medical Systems, Nyon, Switzerland) for stone fragmentation.

We used a flexible nephroscope (Olympus CYF-5), ureterorenoscope

(Olympus URF-P5), or a semirigid ureteroscope (Karl Storz URS 27001K

Gautier) whenever we felt it was useful or indispensable.

At the end of the procedure, a nephrostomy was inserted. If no

bleeding was observed at the removal of the Amplatz sheath, an 8F
(n = 9) Staghorn (n = 7) Overall (n = 47)

2/5 31/16

3/2/2 31/11/5

17.3–45.7) 25.5 � 5.5 (20.8–32.7) 26.1 � 5.0

(22–53) 56.4 � 12.8 (40–75) 29.6 � 15.3 (10–75)

118–2640) 1405 � 865 (471–2531) 540 � 623 (79–2640)

4/3 23/24

ass index; R = right; L = left.
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Fig. 1 – Galdakao-modified supine Valdivia position for percutaneous nephrolithotomy.
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nephrostomy was placed. Otherwise, in the case of venous bleeding, a

24F Foley catheter was inserted, with the balloon inflated to 3 ml. We did

not observe in this series any arterial bleeding. In the majority of cases,

the ureter was drained with a double-J stent or, occasionally, with a

ureteral catheter. All patients had a Foley bladder catheter for one night.

2.3. Postoperative care

All patients were given LMWH perioperatively. In the typical patient, the

nephrostomy and the bladder catheter were removed the first day after

surgery. A full CBC was run and serum creatinine checked the first

postoperative day.
Table 2 – Operative technique

Single (n = 31) Multiple

Puncture

Superior calyx: 3 –

Midcalyx: 3 2

Inferior calyx: 25 7

Amplatz sheath:

30F 20 7

24F 11 2

Use of flexible nephroscope 7 3

Use of flexible ureterorenoscope 1 3

Use of semirigid ureteroscope – 3

OR occupation, min (range) 118 � 48 (50–240) 110 �
Drainage nephrostomy:

8F 25 9

24F 6 –

Double-J stent 24 6

Ureteral catheter 7 3

OR = operating room.
* Three patients in the ‘‘multiple’’ group also had simultaneous lumbar ureteral st

with the nephroscope.
Radiologic examination was undertaken on the first postoperative day

and was individually tailored. For patients with strongly radio-opaque

calculi and normal body habitus, a kidney-ureter-bladder was performed.

In obese patients, especially those with low-density, bulky, or complex

calculi, we preferred nonenhanced CT scans. If no complications occurred,

patients were routinely discharged the second postoperative day.

If the patient had no residual stones, the ureteral catheter was removed

before the patient left the hospital. In patients with a double-J stent, if no

residual stones were present, the stent was removed 1 wk after surgery in

the outpatient department. Patients having a double-J stent and residual

fragments underwent preferably a flexible URS or, occasionally, extracor-

poreal shock wave lithotripsy (ESWL) 2–3 wk after PNCL.
(n = 9)* Staghorn (n = 7) Overall (n = 47)

– 3

2 7

5 37

5 32

2 15

3 13

4 8

– 3

30 (80–140) 192 � 74 (140–245) 123.5 � 51.2 (50–245)

5 39

2 8

7 37

– 10

ones treated with semirigid ureteroscopy, while the other stones were removed



Table 3 – Results

Single (n = 31) Multiple (n = 9) Staghorn (n = 7) Overall (n = 47)

Results Evaluation:

CT 11 5 2 18

KUB 20 4 5 29

Success (%) 28/31 (90) 7/9 (78) 3/7 (43) 38/47 (80.9)

Hospital stay, d (range) 3.1 � 1.2 (2–6) 4 � 2.2 (2–9) 3 � 3.5 (2–12) 3.4 � 1.9 (2–12)

Complications Clavien grade 1, no. (%) Transfusion: 1 – Urinary retention: 1 5/47 (10.6)

Fever: 1 Urinary fistula: 1

Renal colic: 1

Clavien grade 2, no. (%) Postoperative

hemorrhage: 1

– Pyelonephritis: 2 4/47 (8.5)

Urinary fistula: 1

Overall, no. (%) – – – 9/47 (19.1)

Further treatment ESWL, no. 1 – 2 3

Flexible URS, no. 2 2 2 6

Success rate at 3 mo, no. (%) – 30/31 (97) 9/9 (100) 7/7 (100) 46/47 (97.9)

CT = computed tomography; KUB = kidney–ureter–bladder; ESWL = extracorporeal shock wave lithotripsy; URS = ureterorenoscopy.
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Complications were graded according to the modified Clavien

classification [13]. Fever was defined as temperature �38.5 8C. Hemor-

rhage was defined as bleeding significantly altering the postoperative

course and necessitating specific measures, such as hospitalization,

bladder irrigation, or transfusion. Treatment success was defined as

patients stone free or with residual fragments < 4 mm [14].

3. Results

Results are summarized in Table 3. Access creation was

performed under ultrasound and fluoroscopic control. All

patients had a single puncture site through the lower calyx

in 37 cases, through the midcalyx in 7 cases, and through

the upper calyx in 3 patients. The nephrostomy tract was

developed with the help of a balloon. In 32 patients, a 30F

Amplatz sheath was inserted; a 24F sheath was used in the

remaining 15 patients.

A retrograde URS (semirigid or flexible) was performed

in 11 cases, and a flexible nephroscopy was performed in

13 cases (see Table 2). Reporting of operative time is

controversial, because usually in the literature, the starting

event and the end of the procedure are not well defined. We

preferred to report operative room occupation time, which

was an average of 123 min in the whole series. There were

no intraoperative complications.

[()TD$FIG]

Fig. 2 – Trajectory of the puncture needle during supine percutaneous
nephrolithotomy.
As mentioned earlier, the choice of postoperative

drainage was made individually. If no bleeding was

observed at the skin incision, an 8F nephrostomy was

inserted. In the case of venous bleeding, a Foley catheter

was used, with the balloon inflated to 3 ml. The ureter was

drained with a double-J stent in 37 patients and with a

ureteral catheter in 10 patients.

Postoperative complications included renal colic in

one patient after removal of the ureteral catheter, without

the presence of a residual stone. This patient probably had

postoperative ureteral edema and was treated with a double-

J stent for 1 wk. In two cases, a urinary fistula was observed.

The fistulae were managed conservatively with a colostomy

pouch at the level of the percutaneous incision and healed

spontaneously within 48 h in one patient. In the other

patient, it necessitated additional drainage with a bladder

catheter for 5 d.

One patient presented with acute urinary retention and

another with transient fever without bacteriologic evidence

of infection. Two patients presented with severe pyelone-

phritis, both in the staghorn calculus group. The results in

terms of full success (stone free + residual frag-

ments < 4 mm) were 90%, 78%, and 43% in the single-stone,

multiple-stone, and staghorn stone groups, respectively. The

hospital stay was 3.4 d (range: 2–12) in the whole series. For

more details, see Table 3. One patient was readmitted 1 d

postoperatively with acute gross hematuria. His hemoglobin

level was stable and did not require blood transfusion. He was

treated conservatively with continuous-flow bladder irriga-

tion for 5 d. Nine patients (19%) had further treatment with

ESWL or flexible URS. The success rate at 3 mo increased to

97%, 100%, and 100% in the single-stone, multiple-stone, and

staghorn stone groups, respectively.

4. Discussion

The advantages of the Galdakao-modified supine Valdivia

(GMSV) position have been well documented and include,

among other things, a unique positioning that is more

comfortable from an anesthetist point of view and less

time-consuming because of the possibility of simultaneous
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anterograde and retrograde access to the collecting system.

These features definitely represent an added value for the

patient, the surgeon, and the anesthetist when compared to

the classic prone position.

However, although the supine position is becoming more

and more accepted and popular worldwide, many urolo-

gists remain reluctant to use a method other than the

classical prone position or one of its variants [9,15]. In our

department, we switched to the GMSV position in 2008. As a

teaching hospital, we always have a second surgeon

(typically a resident) available, which allows rationalizing

the different surgical tasks throughout the whole proce-

dure, thus improving its efficacy.

Although severe anesthesia complications are seldom

reported with the prone position, it is generally accepted

that the supine position is more comfortable for the

anesthetist, especially in obese or high-risk anesthesia

patients [4,16]. In our experience, the absence of reposi-

tioning and the ability to coordinate the work of two

surgeons resulted in an approximately 30-min gain in

operative time. This shortening in operative time is

confirmed by a recent meta-analysis based on two

randomized controlled trials and two case-control studies

including 389 patients [17]. Liu et al reported a 24.8-min

shortening in operating time, which represents an impor-

tant 28% reduction compared to the prone position.

In the present series, the puncture of the renal cavities was

performed with combined ultrasound- and fluoroscopy-

guided control. In some patients, ultrasound-guided renal

puncture was unsuccessful because of patient obesity,

undilated target calyx, or poor ultrasound penetrability of

the tissues. In such circumstances, we used a purely

fluoroscopic method, as described by Makhoul et al, based

on cephalad tilting of the C-arm [12]. The supposed difficulty

resulting from the hypermobility of the kidney in the supine

position never jeopardized puncture or dilation.

The tract dilation was systematically performed with a

balloon device. The diameter of the Amplatz sheath was

selected according to the size of the calyx and caliceal

infundibulum. A large (30F) Amplatz sheath allows removal

of fragments up to 1 cm, whereas a smaller (24F) Amplatz

sheath is less traumatic in the case of a narrow caliceal

infundibulum.

The choice of the nephroscope is of utmost importance.

On older nephroscopes, the cranked or 458 offset optic and

the light cable are on the opposite sides of the shaft.

Therefore, in a supine position, collision of this type of

nephroscope may occur with the operative table, resulting

in limited maneuverability. Presently, all major manufac-

turers make models on which the optical, irrigation line, and

light cable are on the same side of the shaft. With such

nephroscopes, we have never encountered any problem

resulting from diminished manoeuvrability. No intra-

operative complications occurred in our patients; in

particular, we did not experience colonic injury.

The fear of increased risk of colonic or splanchnic injury

in the supine position is unfounded. Indeed, in the prone

position, because of the abdominal compression, the colon

tends to move laterally and posteriorly to the kidney
[18,19]. In the supine position, rather than making the colon

more vulnerable to injury, the colon floats away from the

kidney. However, this difference is of only hypothetical

importance, and the best way to avoid colonic injury is to

perform preoperative evaluation and planning with CT

scans and puncturing under ultrasound control [20].

The rationale of postoperative drainage is to guarantee

hemostasis, prevent urine extravasation, facilitate tract

healing, and prevent ureteral obstruction resulting from

residual stones or edema. There is no consensus regarding the

size of the nephrostomy (large, small, or tubeless nephros-

tomy) and the type of ureteral drainage (ureteral catheter or

double-J stent). The choice depends on the results and

difficulties encountered during the surgical procedure, the

preference and habits of the surgeon, and his or her priorities.

In this series, we did not perform any completely tubeless

procedures: We prefer to leave a small, 8F nephrostomy until

the next day to be sure the patient has no abdominal pain or

fever suggesting colonic injury or infection. In the latter

situation, the nephrostomy should be left until resolution of

the complication. There is growing evidence that a smaller

nephrostomy is better tolerated than a large one and

decreases the risk of postoperative urinary fistula [21]. A

larger, 24F nephrostomy (Foley catheter) was used only in

cases of persistent venous bleeding after the removal of the

Amplatz sheath. Regarding ureteral drainage, we favored a

double-J stent, because it allowed us to obtain a highly

reproducible and predictable hospital stay. In this series, 66%

of patients left the hospital by postoperative day 3. If on the

control CT scan or plain film of the abdomen there was a

significant (�4 mm) residual stone, the patient was sched-

uled for a flexible URS or ESWL. The presence of a double-J

stent greatly facilitates a second-look flexible URS. Other-

wise, in the absence of significant fragments, the double-J

stent was removed 1 wk postoperatively.

Two patients presented with transient urinary leak at the

nephrostomy site. Both patients were drained with double-J

stents and were conservatively treated by attaching a

colostomy bag at the nephrostomy site for a few days.

Our results in terms of stone clearance seem to be similar

to other series. However, this is not a comparative study, and

evaluating results related to other series has a questionable

level of scientific evidence [22]. Furthermore, the efficiency of

this novel approach remains controversial, and many

urologists remain faithful to classical prone position. Two

review articles identified a ‘‘trend in favour of better

outcomes in the prone position over the supine position’’

[9] and recommend the supine position only in ‘‘carefully

selected patients’’ [10]. But these studies included mostly

case series and only a few comparative studies. Furthermore,

it is rather hazardous to make conclusions based on

noncomparative studies because of the extensive heteroge-

neity of reporting the results [22]. More recently, a

meta-analysis based exclusively on higher-evidence-level

randomized comparative studies confirmed that the simpli-

fication of the procedure in the supine position invariably

leads to a significant and clinically relevant reduction in

operative time while maintaining equivalent stone-free rates

and similarly low complications [17].
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The main indication for PCNL is to optimize stone

clearance in the shortest time whilst at the same time

minimizing any complications. We believe that in appro-

priate hands, either the supine or the prone approach can

accomplish this goal. The choice of the approach depends on

several factors. The human factors include the experience,

training, preference, and convictions of the surgeon; the

level of standardization of the procedure; the availability of

a second surgeon; and the number and skills of paramedical

staff. In addition, logistic factors include the organization

and ergonomics of the operative room and the availability of

appropriate technical equipment. It is certainly not judi-

cious to try to extrapolate the experience of a given surgical

team to the rest of the urologic community.

5. Conclusions

The modified supine lithotomy position for PCNL is here to

stay. Its ability to offer combined antegrade and retrograde

access to the urinary tract means a significant progress in

stone surgery. For many urologic centers with appropriate

equipment, especially new-generation nephroscopes, this

novel approach may be more favorable for the patient, the

operative theatre team, and the anesthetist when compared

to the classic prone position. Stone clearance and morbidity

seem to be similar. Because of the rationalization and

simplification of the surgical steps, the operative time may

be shortened, especially if two surgeons are available. It is

likely that, as experience with the modified supine

lithotomy position grows, this approach will gain increasing

acceptance among urologists in the coming years.
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The Surgery in Motion video accompanying this article
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