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Percutaneous nephrostomy (PCN) placement, first described
in 1976 for the treatment of pyonephrosis,1 is now widely
utilized for emergent decompression in these patients.When
performed byan experienced interventional radiologist, PCN
is a safe procedure with technical success rates of over 96 to
99%.2,3 PCN placement for decompression of the obstructed
renal collecting system for any indicationwas first described
in 1955.4 It is now widely accepted as a safe and effective
procedure for decompression of both infected and sterile
collecting systems.3,5,6 Additionally, nonemergent indica-
tions for PCNplacement have expanded, and nowoutnumber
those placed for emergencies.

Often referred to as “pus under pressure,” pyonephrosis is
superinfection of an obstructed renal collecting system. Emer-
gent decompression with intensive postprocedural monitor-
ing is paramount due to the risk of sepsis and associated
morbidity and mortality in these patients. Pyonephrosis can
occur in any age range. In adults, nephrolithiasis accounts for
50 to 70% of cases,2,7 and the inciting bacteria is most
commonly a gram-negative organism, specifically Escherichia
coli.8 In children, a congenital obstructing lesion is usually

present, and a variety of gram-negative bacteria are com-
mon.9,10 Patientswill sometimespresentwith the classic triad
of fevers,flankpain,andhydronephrosis, butmanifestationsof
urosepsis also include hemodynamic instability, leukocytosis,
renal failure, and lactic acidosis.2,7While imagingalonecannot
always differentiate pyonephrosis from simple hydronephro-
sis, dependent echogenic urine-debris levels seen under ultra-
sound cinch the diagnosis (►Fig. 1).

Indications

While this review focuses specifically on emergent PCN
placement for pyonephrosis, it is important to recognize
the expanded, nonemergent indications for which PCN is
most frequently performed. The broad categories for PCN
placement include urinary drainage for obstruction, urinary
diversion, and provision of access to the collecting system.

Urinary obstruction may result from intrinsic or extrinsic
compression caused by stones, malignancy, or iatrogenic
conditions. Noninfected urinary tract obstruction accounts
for 70 to 90% of nephrostomies.2,3,11 It is important to
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Abstract Pyonephrosis is gross accumulation of pus within an obstructed renal collecting system
that, if left untreated, can lead to potentially fatal septic shock. Treatment requires
urgent decompression coupled with systemic antibiotics. Percutaneous nephrostomy
(PCN) placement, first described in 1976 for the treatment of pyonephrosis, is now
widely utilized for emergent decompression in these patients. When performed by an
experienced interventional radiologist, PCN is a safe procedure with technical success
rates of over 96 to 99%. This article will address the clinical presentation of pyoneph-
rosis, and will discuss the indications, technique, complications, and outcomes of
emergent PCN placement. Additionally, the expanded indications for PCN placement in
nonemergent scenarios will also be described.
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recognize nonobstructive hydronephrosis related to preg-
nancy, overhydration, diabetes insipidus, or diuretic admin-
istration, as PCN is not necessary in these scenarios.2 Infected
urinary obstruction, or pyonephrosis, may account for 3 to
19% of nephrostomies,2,11,12 is most commonly a result of
stone disease, and requires emergent decompression.

In cases of urinary leak, urinary fistulae, and hemorrhagic
cystitis, urinary diversion can be achieved with bilateral PCN
placement. Finally, PCN placement may be performed to pro-
vide access to the proximal collecting system to perform
percutaneousorotherendoscopicprocedures.Suchprocedures
includepercutaneousnephrolithotomyor nephrostolithotomy,
antegrade ureteral stent placement, cooling pyeloperfusion,
foreign body retrieval, and other diagnostic procedures.2

Preprocedure Assessment

Before traveling to the interventional radiology suite, any
hemodynamically compromised patient must first be resus-
citated with appropriate administration of fluids and, if
necessary, vasoactive medications.

In the setting of pyonephrosis or urosepsis, all patients
should already be receiving intravenous (IV) antibiotics.
Broad-spectrum, gram-negative coverage with ceftriaxone
or ampicillin/sulbactam should be used.13 It is noteworthy
that, even in the absence of infection, antibiotic prophylaxis
in high-risk patients may decrease postprocedural compli-
cations from 50 to 9%.13 Risk factors include advanced age,
diabetes, bladder dysfunction, neurogenic bladder, or prior
ureteral manipulation. While the data are less clear for
patients without risk factors,14 all patients undergoing
PCN placement at the authors’ institution receive preproce-
dural antibiotics. Per Society of Interventional Radiology
(SIR) consensus guidelines, antibiotics include 1 g cefazolin
IV, 1 g ceftriaxone IV, 1.5 to 3 g ampicillin/sulbactam IV, 2 g
ampicillin IV combined with 1.5mg/kg gentamicin IV, and

vancomycin or clindamycin and an aminoglycoside if allergic
to penicillin.13

Coagulopathies should be corrected prior to the procedure,
and routine laboratory evaluation should therefore include a
complete cell blood count (CBC) and international normalized
ratio (INR). For those patients receiving IV unfractionated
heparin, activated partial thromboplastin time (aPTT)
should also be evaluated. Ideally, platelet count should be
greater than 50,000, INR should be less than or equal to 1.5,
and aPTT should be no greater than 1.5 times control.15 Fresh
frozen plasma (FFP) should be administered to achieve INR
levels below 1.5, platelets should be transfused to raise the
platelet count above 50,000, and heparin should be held or
reversed until the aPTT is normalized. Due to the risk of
arrhythmia, severehyperkalemiaandmetabolic acidosisshould
also be corrected.

In certain cases, PCN placement can be done under local
anesthesia to avoid respiratory depression and blood pres-
sure lability associated with moderate sedation. This is
particularly prudent during procedures requiring prone
positioning. If sedation is required, consultation with the
department of anesthesiology prior to the procedure is
wise in the emergent setting, as urosepsis may rapidly
progress during or shortly after the procedure.

Finally, cross-sectional imaging should be reviewed to
determine the underlying etiologyof obstruction, and to plan
the best trajectory for access. Important anatomical consid-
erations include the presence of renal masses or cysts, the
relationship of the involved kidney with adjacent solid
organs (namely, the liver and spleen), interposition of colon
posteriorly along the intended PCN trajectory, and level of
the kidney with respect to the ribs.

Description of Access and Technique

Patient Preparation
After informed consent is obtained, the patient is brought to
the interventional radiology suite and placed in the prone
positionon thefluoroscopy table. A pillowcanbeplacedunder
the ipsilateral abdomen to elevate the flank 20 to 30degrees,
optimizing the trajectory into a posterior calyx.16,17 This
posterolateral trajectory theoretically reduces the risk of
bleeding because the needle passes through the avascular
plane of Brodel, a relatively avascular area between the termi-
nal branches of the anterior and posterior segmental renal
arteries, demarcated by the junction of theposterior one-third
and anterior two-thirds of the renal cortex (►Fig. 2). In reality,
accessing this avascular plane is impractical from a bleeding
standpoint. However, it does provide themost direct pathway
to the renal pelvis, in contrast to the acute entryangle resulting
from anterior calyceal puncture (►Fig. 3).17 Additionally, this
trajectory results inamore lateral catheter skinexit site,which
provides better comfort for the patient when lying supine.18

Standard Single-Stick Access
After the patient is prepped and draped using standard
aseptic technique, the skin access site is anesthetized with
1% lidocaine. In the setting of pyonephrosis, a single-stick

Fig. 1 Renal ultrasound in a 9-month-old child with a congenital
ureteral pelvic junction (UPJ) obstruction demonstrates marked
hydronephrosis of the left kidney with dependent echoes (white
arrowheads) layering within the pelvis and calyces. The fluid-debris
interface represents pus within an obstructed collecting system,
which is diagnostic of pyonephrosis.
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access technique with ultrasound guidance is preferred, as
there is usually hydronephrosis making dilated calyces
readily accessible (►Fig. 4). A 22-gauge Chiba needle (Cook
Medical, Bloomington, IN) is advanced into the posterior
calyx, preferably along a subcostal trajectory to avoid tho-
racic complications.17,19,20 Return of urine from the needle
hub either spontaneously or with gentle aspiration confirms

appropriate positioning. A urine sample should be sent for
microbiology analysis to help tailor appropriate antimicro-
bial therapy.

It is essential to minimize any unnecessary manipulation
within the collecting system. Therefore, as long as the renal
pelvis or renal hilum is not punctured directly, most other
access to the collecting system is sufficient. Contrast injec-
tion should be avoided or at least minimized, as further
distention of an already pressurized and infected collecting
system could result in intravasation of bacteria and acute
urosepsis. If contrast is needed to confirm appropriate
calyceal access, an equal amount of urine should first
be aspirated.

Catheter Placement
Once acceptable needle access is established, a 0.018-inch
nitinol guidewire (Boston Scientific, Marlborough, MA) is
advanced through the 22-gauge Chiba needle. Passage of the
wire into the ureter serves to further confirmneedle position
and may minimize subsequent urothelial dissection or caly-
ceal perforation. This step is preferred in nonemergencies,
but in pyonephrosis the additional manipulation is unneces-
sary and may increase the risk of urosepsis. There should
only be enough wire looped in an adjacent calyx to allow
adequate support for exchange of the coaxial introducer.

The wire should easily advance into the collecting system
without resistance. Recognition of false wire passage is
important, as the needle may withdraw after access, may
be positioned within the intimal plane of the urothelium, or
may be back-walled against the urothelium. Tactile resis-
tance and “pretzeling” of the wire (demonstrated under
fluoroscopy) both indicate the wire is not within the collect-
ing system.18 When encountered, the wire should be with-
drawn under fluoroscopic guidance to avoid shearing off the
wire tip, and if any resistance occurs during wire removal,
bothwire and needle should be removed together. If contrast
is injected with the needle mispositioned, infiltration of the
subintimal space and perirenal fat with air and contrast will
obscure the kidney on ultrasound and fluoroscopy, making
subsequent access much more challenging (►Fig. 5). This
should be avoided.

Fig. 2 Schematic of the kidney demonstrates ideal posterior calyceal
access through Brodel’s avascular plane along a posterolateral tra-
jectory of�20–30 degrees. The avascular plane of Brodel is a relatively
avascular area between the terminal branches of the anterior and
posterior segmental renal arteries, at the junction of the anterior two-
thirds and posterior one-third of the renal contour.

Fig. 3 A posterior calyceal puncture (black arrowhead) provides the most direct pathway for wire passage into the renal pelvis (asterisk). In
contrast, anterior calyceal puncture (white arrowhead) results an acute entry angle into the renal pelvis (asterisk).
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With the0.018-inchwire inplace, theneedle is removedand
a coaxial 4 and 6 Fr dilator/sheath assembly (AccuStick II
Introducer System;BostonScientific) isadvanced. Thedirection
of force as the coaxial system is advanced should be directly
along the trajectory of thewire to avoid kinking thewire as the
coaxial system is advanced through the subcutaneous tissues,
and as it enters the renal parenchyma. Once the 6-Fr
dilator/sheath is in the collecting system, a stiff 0.035-inch
wire (Amplatz Super Stiff guidewire, Boston Scientific) is
advanced into either the ureter or coiled in the renal pelvis.
The tract is serially dilated from the skin to the calyx with 8-,
10-, and 12-Fr dilators, and a 12-Fr drainage pigtail catheter
(FleximaADPL, Boston Scientific) is advanced over thewire and
into the collecting system. In the setting of pyonephrosis, a
larger bore catheter is always used to minimize premature

catheter occlusion by purulent debris. The wire and inner
stiffener are removed, and Cope loop formed within the renal
pelvis. The catheter is secured to the skin with either a Roman
sandal suture or adhesive fixation device (StayFIX Catheter
Fixation Device; MeritMedical, South Jordan, UT). The catheter
is attached to a gravity drainagebag, which allows urine output
to be monitored and recorded.

Alternative Methods of Access and
Troubleshooting

18-Gauge Needle Access
Occasionally, scarred renal parenchyma makes passage of a
coaxial introducer over a 0.018-inch wire difficult. This step
can be avoided by using a larger 18-gauge needle, which

Fig. 4 A54-year-oldwomanwithbilateral hydronephrosis andprogressive renal failure secondary to anobstructingbladdermass requires bilateral PCN. (a)
Ultrasound guidance is utilized to access a posterior calyx in the right kidney using a 22-gauge needle. The needle tip is visualized within the posterior calyx
(white arrow), and there ismoderate hydronephrosis. (b) After aspiration of urine to confirmpositionwithin the collecting system, a small and equal volume
of dilute contrast is injected to opacify the posterior calyx (black arrowhead) and collecting system. (c) A 0.018-inch wire passes without resistance into the
renal pelvis and down the ureter. (d) Final fluoroscopic image demonstrates an 8-Fr catheter with Cope loop appropriately positionedwithin the renal pelvis.
The collecting system has been decompressed, and contrast opacifies the ureter and proximal collecting system.
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facilitates immediate placement of an 0.035-inch wire into
the ureter or renal pelvis, and has been shown to be as safe as
access with a smaller 22-gauge needle.21

Two-Stick Needle Access
If initial access is inadequate or too central, a two-stick
method can be utilized (►Fig. 6).22 Notably, this technique
is quite usefulwhen the collecting system is nondilated. First,
a 22-gauge Chiba needle is advanced into the collecting
system. This can be done under ultrasound by directly
accessing the renal pelvis. Alternatively, if a radiopaque stone
or ureteral stent is present, it can be targeted under fluoros-
copywith a “down the barrel approach.”22 A small amount of
contrast (less than or equal to the amount of aspirated urine)
is injected to confirm positioning within the collecting
system, followed by a small amount of air, which will rise
and fill the nondependent posterior calyces. Via a postero-
lateral approach, a second 22-gauge Chiba needle is then
advanced under “down the barrel” fluoroscopic guidance,
and into the desired air-filled posterior calyx.

Intravenous Contrast Injection
If access cannot be established with the single-stick or two-
stick techniques, and if the patient’s renal function permits,
50mL of IV contrast can be administered. This will opacify
the renal calyces in the excretory phase and provide a
fluoroscopic target. CT guidance can also be utilized as a
last resort.

Intercostal Access
Inferior calyceal access via a subcostal approach mitigates
the risks of thoracic complications and is generally pre-
ferred in the emergent setting for decompression. However,
a subcostal approach is not always possible, and, in some
nonemergent scenarios, is less favorable. Specifically, when
provision of access is planned prior to lithotripsy, superior
calyceal access is indicated for staghorn calculi, large upper
caliceal calculi, calculi associated with ureteropelvic junc-
tion (UPJ) pathology, and large upper-ureteral calculi.23 In
these scenarios, upper pole access may necessitate an
intercostal approach. An understanding of thoracic anatomy
is crucial to minimize complications associated with trans-
pleural access, which include pneumothorax, pleural effu-
sion, urothorax, and intercostal arterial injury.

The parietal pleura reflect at the level of the 10th rib in the
midaxillary line, and variably along the 12th rib posteriorly.
The lateral half of the 12th rib lies below the parietal pleura
as it courses superiorly. The diaphragm usually inserts more
inferiorly, along the lower margin of the 12th rib, the
transverse process of the first lumbar vertebral body, and
the anterior surface of the upper lumbar vertebral bodies.
During quiet respiration, the lung normally does not fill the
costophrenic sulcus, lying approximately at the 10th thoracic
vertebral body posteriorly (►Fig. 7), but can descend two
vertebral levels with deep inspiration.24 By accessing above
the lateral half of the 12th rib during expiration, injury to the
pleura can be minimized.23 Access above the 11th rib signifi-
cantly increases the risk of pleural injury,25 and is therefore
avoided in some institutions.24

Retrograde Ureteral Stent Placement
While a mainstay for the treatment of pyonephrosis, PCN is
not the only method to emergently decompress the collect-
ing system. Urologists can place retrograde ureteric stents,
which are equally effective for managing pyonephrosis.12,26

The technical success rates for retrograde ureteric stenting
are reported at 98%,26 with no difference in overall compli-
cation rates compared with PCN.12 Currently, there is no
consensus regarding the choice of first-line therapy. Rather,
the preferred method is determined by the urologist/inter-
ventional radiologist’s experience and the available local
resources.

Each technique has advantages and disadvantages that
should be considered. PCN can be done with local or moder-
ate anesthesia, while retrograde stenting usually requires
general anesthesia and a fully staffed operating room. Retro-
grade stent failure is more likely if there are multiple calculi,
larger calculi, or calculi located in the upper ureter.27 If the
ureteral orifice is obscured by tumor, stricture, or extrinsic
compression, retrograde stenting is probably less success-
ful.26 It seems logical that retrograde stenting should carry
an increased risk of postprocedural sepsis because of the
increased ureteral instrumentation, and smaller catheter
sizes. However, this has not been demonstrated in multiple
studies.12,26 In contrast, retrograde stenting provides an
internal means of decompression through a natural orifice,
which results in better patient comfort and a lower risk of

Fig. 5 A 49-year-old woman with a vesicovaginal fistula requires
bilateral diverting nephrostomies. After ultrasound-guided access
into a nondilated collecting system is attempted, urine cannot be
aspirated, and wire passage is met with resistance. Contrast injection
is performed, resulting in subintimal and perinephric extravasation of
both contrast and air. Further attempts at access are unsuccessful
because the collecting system is obscured under both ultrasound and
fluoroscopy, and the procedure is aborted.
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Fig. 6 A 56-year-old woman with an obstructing proximal left ureteral stone underwent failed retrograde ureteral stent placement, which was
complicated by ureteral perforation, and now requires PCN. (a) Initial 22-gauge needle placement performed under ultrasound results in central
access of an anterior calyx (white arrowheads). (b) A small amount of air is injected, which non-dependently fills multiple posterior calyces. The
posterior inferior calyx (black arrowheads) is targeted with a second 22-gauge needle. (c) A 0.018-inch wire passes without resistance into the
collecting system via the posterior calyceal access and into the ureter. (d) Final image demonstrates placement of an 8-Fr PCN with its cope loop
appropriately positioned in the renal pelvis. (e) A simplified illustration demonstrates air filling the nondependent posterior calyx (black
arrowheads) as it is injected via initial needle access, which is positioned in the infundibulum near the anterior calyx.
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hemorrhage when compared with PCN, which requires
external drainage and a renal parenchymal puncture.

Ultimately, the priority in patients with pyonephrosis is
urgent decompression. Close collaboration with the urologi-
cal service is essential to ensure expeditious treatment with
either PCNor retrograde stent placement. And PCN should be
immediately performed as a bailout if retrograde stenting
fails.

Postprocedure Care

Due to the risk of transient bacteremia and sepsis immedi-
ately after PCN placement, all patients remain hospitalized
and closely monitored, not infrequently in the intensive care
unit (ICU).6,17 These patients are seen on morning rounds by
the interventional radiologist. Vital signs and laboratory
values (e.g., white blood cell count, lactic acid, creatinine,
and potassium) are monitored to ensure resolution of infec-
tion and recovery of renal function. Daily urine output from
each PCN is monitored. Hematuria is almost universal after
PCN placement and should clear within 72 hours. If gross
hematuria persists and hemoglobin levels downtrend, a
vascular injury should be suspected. Urokinase, a proteolytic

enzyme found in urine, breaks down blood clots, and so
rarely cause catheter obstruction. However, purulent debris
may cause temporary occlusion, or the catheter may become
kinked or inadvertently displaced. Therefore, the catheter
insertion site should be evaluated every day. If output
decreases, the catheter should be flushed with 10mL of
sterile saline and inspected for kinks. If urine output subse-
quently remains low, a fluoroscopic evaluation is necessary,
because the catheter may need urgent repositioning or
replacement.

In 1 to 2 weeks, once the patient is stable and the urinary
system is decompressed, an antegrade nephrostogram is
performed to further evaluate the obstructing lesion. In close
collaboration with urology, a follow-up plan is devised. If
long-term stenting is necessary, internalization with a
ureteral stent is attempted. For those patients requiring
long-termPCN catheters, routine catheter exchange is sched-
uled every 6 to 12 weeks.

Results

In the setting of obstruction, technical success for PCNapproa-
ches 99%, and is slightly lower (approximately 82–96%) for
nondilated collecting systems.2,3,16 Left untreated, pyoneph-
rosis carries a mortality rate of 19.2%. Urgent decompression
dramatically reduces mortality to 0.04%.1,28,29 Two mecha-
nisms contribute to this effect.30 Following decompression,
there is an immediate and significant increase in renal plasma
flow rates, which increases antimicrobial concentration in
both the renal parenchyma and in the urine. Additionally,
mechanical decompression immediately reduces the bacteria
and debris burden within the collecting system. The inability
to reach therapeutic antibiotic levels in an obstructed collect-
ing system is demonstrated by the frequent failure of medical
therapy alone.30 In the absence of infection, decompression
helps protect against deteriorating renal perfusion and
function.17

Complications and Management

PCN is a very safe andwell-tolerated procedurewithmortality
rates between 0.04 and 0.3%.6,22 The overall complication rate
for PCN is approximately 10%,2 and the major complication
rate is approximately 3 to 4%.6,31 These complications are
stratified based on patient outcome and per SIR standard of
practice guidelines.Minor complications havenoconsequence
and require no therapy, nominal therapy, or overnight obser-
vation. Major complications progress in severity when they
result in minor therapy or hospitalization less than 48hours;
major therapy, an unplanned increase in level of care, or
prolongedhospitalizationover 48hours; a permanent adverse
sequela; or death.32

Major complications related to PCN include sepsis, hem-
orrhage requiring transfusion, visceral organ injury, and
pleural injury. Not surprisingly, major complications were
reported at higher rates in the setting of pyonephrosis (6%),5

and when performed emergently after hours (5.7%) com-
pared with normal working hours (1.8%).6

Fig. 7 The parietal pleura (black arrows) reflects at the level of the
10th rib in the midaxillary line, and variably along the 12th rib
posteriorly. The lateral half of the 12th rib lies below the parietal
pleura as it courses superiorly. The diaphragm (black arrowheads)
usually inserts more inferiorly, along the lower margin of the 12th rib,
the transverse process of the first lumbar vertebral body, and the
anterior surface of the upper lumbar vertebral bodies. During quiet
respiration, the lung normally does not fill the costophrenic sulcus,
lying approximately at the 10th thoracic vertebral body posteriorly
(white arrowheads), but can descend two vertebral levels with deep
inspiration. Access above the lateral half of the 12th rib (asterisk)
during expiration minimizes the risk of thoracic injury.
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Sepsis
Sepsis is the most common complication following PCN
placement and is also the most likely cause of escalation of
care and patient death, thus emphasizing the importance of
intensive postproceduralmonitoring. Sepsis is defined by the
SIR Standards of Practice Committee as fever and chills with
hypotension requiring a major increase in level of care. Such
an escalation of care may include emergent resuscitation
with fluids, vasoactive medications, and intubation.
Reported sepsis rates in the setting of routine PCN placement
are between 1.8 and 2.2%.6,31 The SIR guideline threshold in
nonemergent scenarios is less than 4%. In the setting of
pyonephrosis, the threshold guideline is higher at less than
10%, reflecting the increased risk in these patients.2 Lee et al
reported an increased rate of 3.6% in patients with pyoneph-
rosis.5 It was also notable that all patients in this study
developed a transient increase in body temperature after the
procedure. In the event that patients develop fevers with
rigors, 25 to 50mg of IV meperidine may be administered.

Theoretically, sepsis should be the most controllable of
the major complications, as the risk factors are identifi-
able.6,31 In the setting of pyonephrosis, it is essential that
broad-spectrum antibiotics are initiated preprocedurally.
Rapid decompression in these patients is essential, as is
good procedural technique to prevent overmanipulation
and overdistention of the collecting system. These factors
were all contributory to postprocedure sepsis in multiple
retrospective studies.30,31

Hemorrhage
While transient hematuria is almost universal after PCN,
hemorrhage requiring transfusion is rare. It often manifests
as persistent or recurrent hematuria with downtrending
hemoglobin and may be associated with hemodynamic
instability. Reported rates of hemorrhage requiring transfu-
sion after PCN range from 0.5 to 1.5%,6,16,31with higher rates
(2.4%) reported in the emergent setting.5 The SIR guideline
threshold for this complication is less than 4%.2 Venous
oozing may result if a freshly placed catheter becomes
partially retracted and has sideholes transgressing the renal
parenchyma. This can be addressed by repositioning the
catheter or upsizing the catheter to tamponade the tract.22,33

While less frequently encountered, pulsatile arterial
bleeding is the most severe cause of hemorrhage. The
threshold guideline for arterial bleeding is less than 1%.2

It is associated with more central access into the pelvis or
infundibulum, which are adjacent to the larger segmental
and intralobular renal arteries.6 When arterial bleeding is
suspected in a hemodynamically stable patient, computed
tomographic angiography (CTA) of the abdomen should be
performed. If IV contrast is contraindicated, a Doppler
ultrasound (DUS) may be sufficient to demonstrate a pseu-
doaneurysm or arteriovenous fistula. After imaging confir-
mation of arterial injury, or in the instance of a
hemodynamically unstable patient, conventional angiogra-
phy is performed to identify and embolize the culprit vessel
(►Fig. 8). In contradistinction to the liver and bowel, in
which collateral supply is rich, the renal arteries are end

arteries. Therefore, one needs to only coil embolize the
artery proximal to the site of injury. In the liver and bowel,
coiling must be performed both proximal and distal to the
site of injury to prevent “back door” bleeding from collateral
arcades.

In the event of intermittent hematuria or pulsatile bleed-
ing during catheter exchange, it is important to consider the
tamponade effect by the catheter, which may be masking an
arterial injury. If CTA or DUS fails to demonstrate a pseu-
doaneurysm despite a high clinical suspicion for an arterial
injury, conventional angiography should be performed first
with the catheter in place, and then after the catheter is
removed over a secure wire. If an arterial injury is present,
removing the catheter will often unmask it, and immediate
coil embolization can then be performed.

Transcolonic Injury
In general, the prescribed posterolateral subcostal approach
is free of interposed colon at risk of transgression during
catheter placement. The SIR threshold guideline for bowel
transgression is less than 1%, with a very low reported rates
between 0.2 and 0.5%.2 This risk is further mitigated by the
reviewof cross-sectional imaging prior to the procedure, and
with the use of ultrasound guidance which may allow for
real-time visualization and avoidance of interposed colon
during needle placement.

A small number of patients have posterior interposition of
colon which puts them at risk for bowel transgression during
catheter placement. Multiple studies have also demonstrated
that prone positioning increases the incidence of interposed
colon identified on CT compared with supine positioning
(►Fig. 9).34,35

If colonic interposition is identified prospectively, a more
medial trajectory will reduce the risk of bowel transgression.
If there is concern for colonic transgression at the time of
needle access, a 0.018-inchwire can be advanced through the
22-gauge needle into the collecting system. Using a 4-Fr
angled catheter (Glidecath; Terumo Interventional Systems,
Somerset, NJ) attached to a Tuohy-Borst sidearm adaptor
(Cook Medical, Bloomington, IN), a pullback tractogram over
the wire can be performed prior to dilation and catheter
placement. If transgression is identified, this can generally be
managed conservatively with antibiotics.

In the event that a catheter inadvertently transgresses
colon, conservative management is an appropriate first step
for asymptomatic patients. However, it is also important to
consult surgical colleagues so that escalation of therapy can
be anticipated and planned if surgical intervention becomes
necessary. The principles of management are similar to
management of other entero-enteral or entero-cutaneous
fistula: minimize flow through the fistula with diversion,
suppression of secretions, and minimization exogenous
flow.36 To accomplish this, the catheter is retracted into
the colon to allow for tract maturation while the patient is
placed on bowel rest with total parenteral nutrition. After
2 weeks, the catheter can be withdrawn into the adjacent
retroperitoneum, and subsequently removed after thefistula
has healed.
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Pleural Injury
Although possible for the lung to inflate below the 12th rib
with deep inspiration, it is unlikely, making intrathoracic
injury during subcostal PCN rare.20 Pleural complication
rates (pneumothorax, empyema, hydrothorax, and hemo-
thorax) are between 0.1 and 0.6% during routine PCN.2

However, when intercostal access is performed, complica-
tions increase more than 10-fold.

The theoretical risk calculated for pleural transgression in
the 11th intercostal space during expiration was 29% in the
right lung and 16% in the left lung.20 This risk was based on the
projected needle path on sagittal reconstructed computed
tomography. In practice, reported pleural complication rates
are lower. In a study by Picus et al, 8% of patients who
underwent intercostal PCN for stone removal developed pleu-
ral effusions and 4% developed pneumothoraxes.24 Munver

Fig. 8 A 72-year-old with obstructing nephrolithiasis underwent left-sided PCN and had persistent hematuria with a significant drop in
hemoglobin 3 days after placement. (a) Computed tomographic angiography demonstrates a subcapsular hematoma (white asterisks) and
pseudoaneurysm (black arrow) immediately adjacent to the catheter (black arrowhead). (b) Digital subtraction angiography (DSA) with reverse
curve catheter positioned in the main left renal artery (c) and a superselective DSA with microcatheter positioned in a posterior segmental
branch confirm the presence of an iatrogenic pseudoaneurysm (black arrow) related to catheter placement (black arrowhead). (d) After
microcoils are deployed through the microcatheter proximal to the site of vessel injury, DSA from the main left renal artery demonstrates
successful occlusion of the culprit artery (black arrow) and no further filling of the pseudoaneurysm.

Fig. 9 Computed tomography of the chest in a patient undergoing
evaluation for pulmonary embolus incidentally demonstrates inter-
position of colon (white arrowheads) posterior to the left kidney.
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et al reported an intrathoracic complication rate of 1.4 and 23%
for access in the 11th and 10th intercostal spaces, respectively,
demonstrating a significant increase in risk foraccess above the
11th rib.25 Despite these risks, many advocate for intercostal
access inthesettingof stone removalbecauseofamoreoptimal
approach to the intrarenal collecting system, shorter operating
time, less bleeding, and higher stone clearance rates.23

Conclusion

Pyonephrosis can rapidly progress into life-threatening
septic shock, and requires urgent decompression coupled
with systemic antibiotics. PCN is a widely utilized, safe, and
effective method to decompress the collecting system. Indi-
cations for PCN have expanded to nonemergent scenarios
and include urinary drainage, urinary diversion, and access
provision. Complication rates are slightly higher in the
emergent setting, with sepsis being the most common and
most likely complication to result in escalation of care and
death. Therefore, good procedural technique to prevent
overmanipulation and overdistention of the collecting sys-
tem is essential and is best accomplished using a single-stick
technique under ultrasound guidance. While retrograde
stenting is as effective, there are some advantages of PCN
over retrograde stenting, and the ultimate choice of treat-
ment requires close collaboration with urology.
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