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Abstract To determine the clinical value of the real-time-
ultrasound-guided minimally invasive percutaneous neph-
rolithotomy (m-PCNL) technique in the supine position, 92
patients suffering from renal or upper ureteral stones were
treated by m-PCNL with a nephroscope/ureteroscope in the
supine position. The ipsilateral flanks of the patients with
different body sizes were elevated with a 1,000 or 3,000-ml
water bag. Under cystoscopy, a ureteral catheter was
inserted into the kidney. Normal saline was infused into the
kidney via the ureteral catheter to dilate the entire urinary
system. Under the guidance of real-time ultrasound, the
needle was inserted into the urinary system to dilate the
tract and establish the 16F mini-tract for percutaneous
nephrolithotomy. All 92 (100%) m-PCNL procedures were
successfully performed in the supine position. Primary
stone clearance was achieved in 64 cases (69.6%). Residual
stones occurred in 28 cases (30.4%). M-PCNL was per-
formed for a second time in 16 cases to clear the residual
stones. In 4 cases, stones remained after the second m-
PCNL. Two of them were treated further by extracorporeal
shockwave lithotripsy (ESWL). The total stone clearance
rate of m-PCNL was 82.6%. Only one case required blood
transfusion. No other serious complications occurred. The
supine position is a favorable position for the patients, the
surgeons and the anesthesiologists during the m-PCNL pro-
cedure. Real-time ultrasound is a valuable technique for
guiding of the m-PCNL.
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Introduction

Since first described by Fernstr and Johansson in 1977, per-
cutaneous nephrolithotomy (PCNL) has become an
efficient technique for the treatment of renal or upper ure-
teral stones. Generally, PCNL is performed with the patient
in the prone position. However, this conventional practice
often causes patient discomfort, and respiratory and cardiac
problems, especially in obese or elderly patients. Morbidly
obese patients usually cannot tolerate this position and may
develop respiratory and cardiac complications due to
increased intra-abdominal pressure. To overcome these
drawbacks, PCNL in the supine position has been described
[1, 2]. We have adopted the supine position for PCNLs
since October 2004. The purpose of this study was to inves-
tigate the clinical value of minimally invasive percutaneous
nephrolithotomy (m-PCNL) technique in the supine posi-
tion under the guidance of real-time ultrasound. We report
our findings in this article.

Patients and methods

This study was approved by the institutional review board.
From October 2004 to October 2006, a total of 92 patients
(61 men and 31 women; age: range 21-78 years old, mean
52.6 years old; weight: range 45-92 kg, mean 62.2 kg) who
had suffered from renal and/or ureteral stones were treated
by m-PCNLs in the supine position. Before the treatment,
73 patients had lumbago complaints while others had no
clinical symptoms. The stones were detected by a series of
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routine check-ups. Twelve patients had renal surgical his-
tory. The m-PCNL was performed in the right kidney of 40
patients (43.5%), the left kidney of 38 patients (41.3%) and
the upper ureter of 14 patients (15.2%). Severe hydrone-
phrosis was found in 15 cases (16.3%) and moderate in 33
cases (35.6%). Preoperative imaging, including plain
abdominal radiograph, intravenous urogram (IVU) and
ultrasonography (US), and computed tomography (CT),
was performed. The details of the multiplicity of stones are
described in Table 1.

All m-PCNLs were performed under combined spinal
epidural anaesthesia. Patients were placed in a lithotomy
position. A 4F or 5F ureteral catheter was inserted into the
ipsilateral ureteral orifice in a retrograde fashion, under the
guidance of a cystoscopy. Then patients were placed in a
supine position with the side harboring the stone close to
the operation table. Skin surface was marked to indicate the
lower rib margin, anterior axillary line, midaxillary line,
postaxillary line and iliac crest (Fig. 1). The ipsilateral flank
was elevated with a 1,000 or 3,000-ml water bag, depend-
ing on patients’ body sizes. The ipsilateral arm was laid on
the thorax, and intravenous accesses were established in the
contralateral arm for fluid replacement.

Table 1 Multiplicity of stones in the upper urinary tract

Multiplicity of stones Number of cases

Single 30
Multiple 43
Staghorn 19

The stone volumes ranged from 1.2 to 18.5 cm?, and the biggest stag-
horn stone was 18.5 cm®

Fig. 1 The patient was placed in the supine position with skin marked
to indicate the lower rib margin, anterior axillary line, mid-axillary
line, and post-axillary line. The ipsilateral flank was elevated with a
1,000-3,000-ml water bag
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Following preoperative imaging, the targeted calyx was
selected carefully in order to clean the stone effectively and
completely. For the single calyx stone, in most cases, the
calyx harboring the stone would be chosen. For the single
pelvic stone, if the stone volume was less than 4 cm’, the
middle calyx would be chosen, which can access the renal
pelvis and observe the collecting system all around more
conveniently. But if the stone volume was larger than
4 cm?, a second tract would be included to clean the stone
completely. The second targeted calyx was chosen, based
on the stone position. For the staghorn stone, the middle or
upper calyx would be chosen, which is convenient for a
ureteroscope to access the ureter and other calyces. And a
second tract was usually needed in this situation. Percutane-
ous puncture in a selected calyx was carried out with an 18-
G PTC needle under the guidance of real-time ultrasound
(Fig. 2). A real-time grayscale ultrasound system with
3.5 MHz transducer (Aloka, Japan) was employed in this
study. A 0.025-in guide wire was passed through the nee-
dle, and threaded to the renal pelvis. A set of telescopic
dilators (OptiMed, OptiMed Medizinische Instrumente
GmbH, Germany) was used to dilate the tract. A 16F sheath
(OptiMed, OptiMed Medizinische Instrumente GmbH) was
passed through the tract. A holmium laser or pneumatic
lithotripsy with a 9.8F rigid ureteroscope (Olympus, Japan)
was used to fragment the stone in the standard fashion. For
the remnant stones that were difficult to be removed by sin-
gle tract or large staghorn stones occupying certain calyx
parallel to the tract, a second tract was set up in the same
way to help remove the stones. After completely cleaning
the stones, a ureteroscope was inserted into the ureter under
the guidance of guide wire; the ureteral catheter was pulled
out; a pigtail stent was placed in the ureter from renal pelvis
to urinary bladder; and finally a 14F or 16F nephrostomy
tube was fixed for drainage. The whole procedure was com-
pleted by the surgeon in a sitting position (Fig. 3).

Fig. 2 Percutaneous puncture of a selected calyx was performed un-
der real-time ultrasound guidance
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Fig. 3 The surgeon can sit on a stool during the procedure

Results

All m-PCNL procedures were successful. No patients were
switched to open surgery. Mean operation time was
120 £+ 68 min (range 45-350 min). Real-time ultrasound
imaging provided reliable information to guide the percuta-
neous puncture. Primary stone clearance was achieved in
64 cases (69.6%). Residual stones were observed in 28
cases (30.4%); 16 of them received a second m-PCNL
treatment. Four of the 16 patients still had residual stone
(<10 mm®) after the second m-PCNL; two of them were
treated further by ESWL to clear the stone. The total stone
clearance rate of m-PCNL was 82.6%.

Although most of the cases (71/92) were managed satis-
factorily by a single tract, a second tract was used in 21
cases. Blood loss during the operation was 100 £ 45 ml.
Only one patient who had severe hemorrhage during the
procedure received a blood transfusion (transfusion rate
was 1.1%). The nephrostomy tube was kept for 5 days and
a second m-PCNL was performed on this patient. No other
severe complications such as colon damage, pneumothorax
or hydrothorax occurred.

Discussion

The PCNL, ureterorenoscopy (URS) and extracorporeal
shockwave lithotripsy (ESWL) have been the main proce-
dures for the management of upper tract stones in the past
20 years. These techniques have revolutionized the treatment
of upper urinary tract stones from traditional open surgery.
The PCNL is generally performed with the patient in a
prone position. However, the prone position has several dis-
advantages. Adequate prone positioning requires a special
operation table, and the patients often feel uncomfortable
during the procedure (with a conscious sedation) even if they

have practiced this positioning preoperatively. Therefore,
some patients cannot tolerate a long operation in the prone
position. In addition, the prone position limits respiratory
movement, especially in morbidly obese patients and those
with pulmonary diseases. Moreover, position changing pro-
longs the duration of the procedure, due to the placement of
a ureteral catheter before m-PCNL is in the lithotomy posi-
tion. Finally, if effusion of peritoneum or pleura appears,
switching to general anesthesia with endotracheal intubation
is more difficult for the anesthetist. Thus, the prone position
may not be the best choice for high-risk patients.

Although the lateral decubitus position for PCNL has
been reported in the literature [3, 4], it still suffers from
drawbacks. For example, patients in this position might feel
uncomfortable, and sometimes the stones are difficult to be
rushed out because of the relatively large angle between the
horizontal plane and the working tract.

Valdivia-Uria et al. [2] reported a study in 1988 in which
a total of 557 consecutive percutaneous nephroscopies were
attempted in the supine position. Nephroscopy was per-
formed in 519 cases (93.1%). In our study, the rate of suc-
cessful calyceal puncture for m-PCNL in the supine position
was 100%. The sufficient preoperative examination (plain
films, including orthotropic view, lateral view and antero-
posterior view, and/or three-dimensional computed tomog-
raphy scan) and intraoperative selection of ideal PCNL tract
by real-time ultrasound were key factors for us to achieve
the success of the procedure. Shoma [5] evaluated a total of
130 patients who underwent percutaneous nephrolithotomy
for renal or upper ureteral stones in a prospective and non-
randomized manner. Their procedure was carried out in
supine and prone positions and the stone clearance rate was
89 and 84%, respectively. In our study, only four (4.3%)
patients had residual stones after the second m-PCNL.

Colon injury is considered as a severe complication of
PCNL. Although this complication occurred rarely, such
problems have been described in some percutaneous neph-
roscopies performed in the prone position [6-8]. We note
that the risk of damaging the colon of the patient in the
supine position could be minimized by carefully reviewing
pre-operative images (plain films, IVU and 3D CT) and,
more importantly, by guiding the puncture with real-time
US imaging to select an ideal tract. In our study of 92 cases,
no colon injuries were observed. From an anatomic point of
view, if the colon is located anterior to the line or on the
line of the percutaneous nephrostomy tube, colon injury is
inevitable. It means there is a potential risk of colon injury
because of its posterior position to the line.

Hopper et al. [9] found that in a series of 90 prone and
500 supine abdominal CT scans, the bowel was posterior to
the kidneys in 10 and 1.9% of cases, respectively. They sug-
gested that the bowel might be more often encountered in
the posterior of the kidney in the prone position compared to
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the supine position. Therefore, performing PCNL in the
prone position may increase the risk of colon injury. Boon
[10] stimulated the percutaneous nephroscopies guided by
CT scan. They found that, when the upper pole or renal
hilum or the lower pole of the kidney was punctured, the
potential risk of injuring the descending colon was 1.1, 5.2,
16.1%, respectively, while the potential risk of injuring the
ascending colon was 0.4, 2.8, 9.0%, respectively. They con-
cluded that the risk of injuring the colon increased when
puncturing was performed at the lower pole of the kidneys.

In order to identify anatomy variations and choose the
appropriate puncture site, it is necessary to obtain a preop-
erative plain abdominal radiograph (including lateral and
anteroposterior views) or CT scan. For a single pelvic
stone, the middle calyces should be chosen; for staghorn
stone, the middle or upper calyces should be selected. It is
more convenient for the ureteroscope to access the ureter
and other calyces. In general, two tracts for PCNL were
enough. A third tract was not advocated in our study,
because there was not enough space for the third tract in the
supine position. In addition, the more PCNL tracts set up,
the more injuries. In order to avoid injuring the colon, renal
pedicle or pleura, the area margin within the lower ribs,
iliac crest, midaxillary line and angulus inferior scapulae
line should be chosen as the puncture site. Compared to the
prone position, the safe area can be extended to the midax-
illary line because of the anterior displacement of kidney by
elevating ipsilateral flank and a small angle between the lat-
eral axis of the kidney and the horizontal plane.

Real-time ultrasound is a useful and reliable tool for m-
PCNL. It can not only dynamically monitor the whole pro-
cedure of puncture, but also allow us to detect residual
stones at the end of the surgery.

There are several advantages of the supine position.
First, patients are comfortable and they do not need to prac-
tice the position before surgery. Second, this position does
not disturb blood circulation and respiration as the prone
position does. Therefore, PCNL can be performed in
patients with poor cardiorespiratory function or under
intensive care. Third, the patients can tolerate a longer
period of operation in this position. In our study, one
patient had a large stone of 60 g. The procedure of this
patient took 350 min to remove the entire stone in the
supine position. Fourth, the risk of iatrogenic colon injury
is lower in the supine position. Fifth, this position is conve-
nient for the anesthetist to observe the patient and switch to
general anesthesia with endotracheal intubation if neces-
sary. Moreover, a retrograde catheter can be placed in the
same position at the beginning of the procedure. Finally,
because the angle between the horizontal plane and work-
ing tract is small, it is easier to wash out stone fragments
through the working sheath. In addition, urologists are
comfortable as they can sit while performing the operation.
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There are also certain disadvantages in the supine posi-
tion. One of them is that there is not enough space for a
third tract if needed. In addition, the mobility of kidneys in
the supine position is larger than in the prone position or
lateral decubitus position. Therefore, the kidneys are easy
to move anteromedially during the tract dilation in the
supine position. The PCNL procedures are relatively diffi-
cult for anterior calyceal stones and the cases with severe
hydronephrosis, because it is difficult to dilate the renal pel-
vis and calyces after puncture due to gravity. As the angle
between the plane of the operation table and the anterior
calyces is smaller than other positions, it is difficult to
access the anterior calyces.

Conclusions

In conclusion, the supine position is a very good alternative
position for the patients and surgeons. The risk of iatro-
genic spleen injury is rare with this method and the frag-
mented stones are easier to be washed out. The position is
convenient for the anesthetists to observe the patient and
switch to general anesthesia with endotracheal intubation if
necessary. This position is especially suitable for stones in
the upper ureter, renal pelvis and posterior calyces. Disad-
vantages of the supine position include kidney movement
anteromedially during the tract dilation.

References

1. Valdivia-Uria JG, Valer J, Villarroya S et al (1995) Why is percu-
taneous nephroscopy still performed with patient prone? J Endo-
urol 4:269-272

2. Valdivia-Uria JG, Gerhold J, Lopez JA et al (1999) Technique and
complications of percutaneous nephroscopy: experience with 557
patients in the supine position. J Urol 160:1975-1978

3. Gao X, Zhou T, Xiao CL et al (2003) Developing renal tract for
percutaneous nephrostolithotomy solely under the guide of
B-Ultrasound (Report of 102 cases). J Clin Urol 18:10-12

4. Gofrit ON, Shapiro A, Donchin Y (2002) Lateral decubitus posi-
tion for percutaneous nephrolithotripsy in the morbidly obese or
kyphotic patient. J] Endourol 16(6):383-386

5. Shoma AM, Eraky I, El-Kenawy MR et al (2002) Percutaneous
nephrolithotomy in the supine position: technical aspects and
functional outcome compared with the prone technique. Urology
60(3):388-392

6. Li X, Zeng GH, Yuan J et al (2004) Treatment of upper urinary
calculus with the PCNL technique (Experience of 20 years).
J Peking Univ Health Sci 36(2):124-126

7. Netto NR, Lemos GC, Fiuza JL (1988) Colon perforation follow-
ing percutaneous nephrolithotomy. Urology 32(3):223-224

8. Vallancien G, Capdeville R, Veillon B et al (1985) Colonic perfora-
tion during percutaneous nephrolithotomy. J Urol 134(6):1185-1187

9. Hopper KD, Maj MC, Sherman JL et al (1987) The retrorenal co-
lon in the supine and prone patient. Radiology 162:443-446

10. Boon JM, Shinners B, Meiring JH (2001) Variations of the posi-
tion of the colon as applied to percutaneous nephrostomy. Surg
Radiol Anat 23(6):421-425



	Clinical value of minimally invasive percutaneous nephrolithotomy in the supine position under the guidance of real-time ultrasound: report of 92 cases
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


