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Abstract
Introduction: Hemorrhage is a major complication after percutaneous nephrolithotomy (PCNL). In the current study, we analyzed the risk factors for
severe bleeding after PCNL.
Material and methods: Medical records of 982 consecutive patients undergoing PCNL at the Department of Urology, the Third Xiangya Hospital, were
reviewed. The type of stone included: solitary (n = 471), multiple (n = 192)
and staghorn (n = 319). 139 patients had renal stones of solitary kidney or
functional solitary kidney. The puncture site was the inferior calyx in 246
cases, the middle calyx in 651 cases, and the upper calyx in the remaining
85 cases.
Results: The success rate (complete removal of the stone) was 92.8%, 73.4%,
and 80.9% for solitary, multiple and staghorn stones, respectively. Severe
bleeding occurred in 3.25% (8/246) of the cases with inferior calyx access,
and 0.3% (2/651) in cases with middle calyx access. No severe bleeding
occurred in patients with upper calyx access. The bleeding was controlled
successfully with focal embolization under angiography in all 10 cases.
Conclusions: Severe postoperative bleeding after PCNL is associated with
renal puncture via the inferior calyx, multiple renal stones and solitary kidney stones.
Key words: nephrolithiasis, percutaneous nephrolithotomy, bleeding,
embolization.

Introduction
Percutaneous nephrolithotomy (PCNL) was established as a minimally
invasive treatment option for removal of kidney stones in the 1970s [1].
Today, it is the treatment of choice for large-volume stone disease with
the advantages of better stone clearance, cost-effectiveness, and early convalescence compared with other modalities such as shock wave
lithotripsy (SWL) or open surgery. Despite PCNL’s effectiveness, serious
complications such as blood loss, adjacent organ injuries, and life-threatening medical complications have been identified because of it and
occur at a reported rate of up to 83% [2–5]. One of the most serious
complications is renal hemorrhage. Bleeding is a significant intraoperative complication not only because of blood loss but also because it can
impair vision, which may cause premature termination of the procedure
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[5]. In the literature, blood loss requiring transfusion is reported in 0.4–23% of cases and is associated with stone burden, sheath size, number of
tracts, and operative time [2, 5–9]. However, previous studies with regards to risk factors have not
achieved consistent conclusions [2, 5–9].
The purpose of this study was to detect the potential risk factors for severe postoperative bleeding in 982 patients with kidney stones undergoing
PCNL.

Material and methods
In the current study, we retrospectively analyzed
982 consecutive patients (542 men and 440 women, age range: 6 to 80 years old) undergoing PCNL
at the Department of Urology, the Third Xiangya
Hospital, between December 2005 and December
2010. The types of renal stone included: solitary
(n = 471), multiple (n = 192; average stone size
4.3 ±2.9 cm) and staghorn (n = 319 cases, average
stone size 5.8 ±4.8 cm). The location of solitary
renal stones included the pelvis (n = 210; 2.6 ±2.2
cm), upper calyx (n = 85; 2.1 ±1.5 cm), middle calyx (n = 124; 2.2 ±1.7 cm), and lower calyx (n = 52;
2.1 ±1.0 cm). In 37 cases of multiple stones and
85 of staghorn stones, multiple access tracts were
needed. The patients had solitary kidney or functional solitary kidney with contralateral atrophy
(differential function less than 5% and contralateral glomerular filtration rate (GFR) < 10 ml/min)
in 139 cases. The puncture site was the inferior
calyx in 246 cases, the middle calyx in 651 cases,
and the upper calyx in the remaining 85 cases.
A 7 Fr catheter was placed into the urethra with
a nephroscope. Direct percutaneous access to the
calyx was achieved under ultrasound guidance in
the prone position. The tract was dilated with a nephrostomy dilator set prior to placing an 18–20 Fr
Amplatz sheath. The kidney stone was broken up
with a holmium laser and removed with irrigation
or forceps under a nephroscope. The nephrostomy
tube was left in the pelvis for postoperative urine
drainage (Figure 1). Bleeding during the surgery
was managed by sealing the nephrostomy tube
during the surgery, and monitored 1 week later.
Initial conservative management upon severe
bleeding (hematuria that required blood transfusion of at least two units) included hemostatic
drugs, antibiotics, adequate hydration and absolute bed rest. If bleeding persisted (continuing hematuria that led to a further drop in hematocrit,
tachycardia and hypotension), selective renal arteriography and embolization was used to stop the
bleeding. Altogether, 10 patients required selective renal arteriography and embolization. Severe
postoperative bleeding in the current study was
defined as bleeding that required renal arteriography and embolization.

Statistical analysis
All analyses were performed using SPSS, version 15.0 (SPSS, Inc., Chicago, IL). The χ2 test was
used to evaluate the association between categorical variables. One-way analysis of variance
and t-test were used to compare the means of
continuous variables. A logistic model was used to
determine the odds ratios for statistically significant parameters affecting severe postoperative
bleeding. Data were expressed as mean ± standard deviation. Statistical significance was considered at p < 0.05.

Results
The overall success rate for complete stone
removal was 85.1% (836/982). In patients with
solitary renal stones, the success rate was 92.8%
(437/471). The success rate was considerably
lower at 73.4% (141/192) and 80.9% (258/319)
for patients with multiple stones and staghorn
stones, respectively.
Severe postoperative bleeding occurred after
PCNL in 10 cases. Injury to the renal arterioles
was confirmed with angiography in all 10 cases.
The puncture site was the inferior calyx in 8 cases (8/246) and the middle calyx in the remaining
2 cases (2/651). Re-bleeding occurred in 2 patients
within 24 h, and was treated successfully with repeat angioembolization. Renal angioscintigraphy
with technetium 99mTc-MAG3 at 3 months after PCNL was used to evaluate the renal function
[10, 11] and showed absence of the radioisotope
in target areas. No clinical evidence of postoperative infection or renal colic pain was observed.
In this study, predictive factors for severe postoperative bleeding included: stone type (solitary,
multiple vs. staghorn); number of punctures;
whether the patient received prior extracorporeal
shock wave lithotripsy (ESWL) treatment; multiple
tracts; the puncture site; solitary kidney; pre-existing urinary infection; operation time; and renal
function (chronic renal failure or not).
Univariate analysis indicated that severe postoperative bleeding is correlated with lower calyx
access (p < 0.001) and solitary kidney stones (p =
0.030), and closely associated with multiple renal
stones (p = 0.053) and multiple tracts (p = 0.0579).
However, lower calyx access (p = 0.001), solitary
kidney stones (p = 0.005), and multiple renal
stones (p = 0.005) are independent prognostic
factors of severe postoperative bleeding according
to the multivariate analysis (Tables I and II).

Discussion
Percutaneous nephrolithotomy has replaced
open surgery as the treatment of choice for most
renal calculi, particularly staghorn stones [12]. The
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Figure 1. Percutaneous nephrolithotomy (PCNL) for patients with kidney stones. A – PCNL coronal view; B – PCNL
transversal view; C – Puncture site, transversal CT scan of the upper abdomen showed one stone in each of the
left renal pelvis and the calyces, the former causing increased volume and hydronephrosis of the left kidney;
D – Intraoperative ultrasonography, under the guidance of ultrasonography, the upper arrow shows the end of the
needle with strong echogenicity. The lower arrow shows the penetration site, where the hypoechoic area on the
left is the lower calyces of the left kidney, and the hypoechoic area on the right the upper calyces of the left kidney.
The bilateral shadow beneath the lower calyces of the left kidney represents the retrograde placement of the 7 Fr
ureteral catheter; E – With the patient prone, the penetration site was ultrasonically confirmed as the posterior
calyceal fornix of the median calyces in the right kidney, allowing the maximum depletion of stones; F – With the
patient prone and the operation channel established for percutaneous stone removal, the nephroscope was placed
under the guidance of the safety wire. The entire renal pelvis was observed, and stones were crushed using the
holmium laser and washed out through the operation channel with saline;

results from our study indicated that severe postoperative bleeding is associated with inferior calyx
puncture access, multiple renal stones and isolated
kidney stones. Renal parenchyma next to the lower
pole calyx is rich in arterioles. Inferior calyx access
requires an oblique and longer surgical tract. To
reach the renal pelvis, the nephroscope often needs
to be adjusted. The risk of laceration of renal parenchyma is therefore increased. Also, the lower calyx
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is smaller; accidental injury to the opposite side of
the lower pole calyx is thus more likely.
Upper calyx access is associated with increased
risk of intrathoracic complications [7, 13, 14]. We
treated 85 cases with single upper calyx stones
through upper calyx access with ultrasound guidance; hydrothorax or hemothorax was not noticed
in any patient. Middle calyx access has been recommended for PCNL. The tract through middle
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Figure 1. Cont. G – During the surgery of such
patients, a handful of operation channels may be
simultaneously established in different calyces under ultrasonic guidance; H – Preoperative kidney,
ureter and bladder (KUB) showed staghorn stones.
High density areas were observed all over the renal pelvis, located between the first and the third
lumbar vertebrae, about 8 cm × 4 cm. Stones were
seen in the entire right pelvis, from upper, median
to lower kidneys; I – KUB after the operation: lithotripsy was done through a single channel penetrating the median calyces with favorable outcomes
Table I. Univariate analysis of the potential factors for severe postoperative bleeding
Factors

No severe postoperative
bleeding (n = 972)

Severe postoperative
bleeding (n = 10)

Stone type:

Value of p
0.053

Solitary stones

469 (48.3)

2 (20.0)

Multiple stones

187 (19.2)

5 (50.0)

Staghorn stones

316 (32.5)

3 (30.05)

Number of punctures

2.17 ±1.31

1.50 ±0.71

0.125

Prior ESWL

172 (17.6)

2 (20.0)

0.840

Multiple tracts

121 (12.4)

1 (10.0)

0.0579

Puncture site (inferior calyx)

238 (24.5)

8 (80.0)

< 0.001

Solitary kidney or functional
solitary kidney stones

135 (13.9)

4 (40.0)

0.030

Pre-existing urinary infection

812 (83.5)

7 (70.0)

0.252

Operative time [h]

1.62 ±0.73

1.55 ±0.44

0.748

Chronic renal failure (serum
creatinine > 1.5 mg/dl)

203 (20.9)

2 (20.0)

0.945

Results presented as n (%) or mean ± standard deviation.

Table II. Multivariate logistic analysis of the potential factors for severe postoperative bleeding
Factors

Characteristics

Hazard ratio

95% CI

Value of p

Unfavorable

Favorable

Inferior calyx

Middle/upper calyx

2.56

1.00–4.11

0.001

Kidney stones

Solitary

Normal

2.66

1.81–4.50

0.005

Renal stones

Multiple

Single

2.57

1.76–4.38

0.005

Site of puncture
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calyx access is shorter and manipulation of the
stone is easier. In most cases, with the exception
of renal infundibular stenoses, single middle calyx
access is sufficient to remove the renal stones. Infundibular stenosis is typically the result of infection or scarring, and is characterized by a narrow
infundibulum leading to a dilated or nondilated
calyx with or without stone(s) [15]. In the current
study, infundibular stenosis was noted in 24 out of
982 cases (2.44%). We used holmium : YAG laser
to open infundibular stenoses, but only achieved
a success rate of 37.5% (9/24). Multi-channel
puncture or ESWL was often needed to clear residual stones.
The incidence of severe postoperative bleeding in the current study is consistent with previous reports [6, 16, 17] at approximately 1%. In
clinical practice in China, the diameter of tract
dilation is 28 Fr for conventional PCNL, and 20 Fr
for mini-PCNL. The operation involves several dilation stages and postoperative urine drainage
through a nephrostomy tube. Severe postoperative bleeding was also associated with multiple
renal stones and renal stones in solitary kidney.
For renal stones in solitary kidney, compensatory
hypertrophy of renal parenchyma could increase
the risk of bleeding. According to related reports,
retrograde flexible ureteroscopy may offer a safe
and efficient modality for managing renal stones
[18–25]. It is preferable to undergo retrograde ureteroscopy in selected patients with small stones
in a solitary kidney who underwent neither SWL
nor percutaneous stone removal. Severe postoperative bleeding may be correlated with multiple
renal stones. The nephroscope often needs to be
maneuvered through several calyceal necks. Selective renal angiography revealed injury to renal
arterioles in all 10 cases with severe postoperative
bleeding. A single treatment with selective embolization stopped the bleeding in 8 cases. In the
remaining 2 cases, the bleeding was successfully
controlled upon repeat embolization.
We are well aware that this is a retrospective study, and our results do not have the same
strength as an observational study. However, it provides a substantial basis for the design of future
randomized, prospective clinical trials and treatment strategies.
In conclusion, we can achieve satisfactory
stone clearance rates through single middle calyx
access in most cases except those with renal infundibular stenosis. Severe postoperative bleeding after PCNL is associated with renal puncture
via the inferior calyx, multiple renal stones and
solitary kidney stones.
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