Emergency Percutaneous Nephrostomy
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ABSTRACT

The primary indication for the urgent percutaneous nephrostomy is to relieve an
obstructed and infected renal collecting system (pyonephrosis). Percutaneous nephrostomy
catheter placement is a safe procedure with a high technical success rate. This article will
discuss all aspects regarding the emergent placement of nephrostomy catheters, including
the indications, techniques, results, and complications. Differences between emergent and
nonemergent placement of percutaneous nephrostomy catheters will also be addressed.
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Objectives: Upon completion of this article, the reader will have reviewed issues regarding placement of percutaneous nephrostomy

catheters on an emergent basis.
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Percutaneous nephrostomy (PCN) catheter
insertion was first described by Goodwin et al in 19551
as an emergency procedure to relieve urinary obstruc-
tion.? Subsequently, the safety and efficacy of this
procedure has been established using a variety of differ-
ent imaging modalities including various combinations
of computed tomography (CT), fluoroscopy, and ultra-
sound. The scope of PCN catheter placement has been
expanded and currently nonemergent clinical scenarios
including relieving urinary obstructions, urinary diver-
sion from a leak, and accessing the collecting system for
diagnostic and therapeutic procedures outnumber urgent
indictions.

Emergent nephrostomy is most common in the
clinical setting of pyonephrosis, which can be defined as
the presence of pus in an obstructed renal collecting
system.” Pyonephrosis may present with a classic triad of
fever, flank pain, and hydronephrosis or simply hydro-

nephrosis and sepsis. Pyonephrosis may also occur when

imaging shows a complex appearance to a dilated col-
lecting system. Due to the high risk of sepsis
from pyonephrosis and the associated morbidity and
mortality, the early recognition and treatment of this
condition is of paramount importance. Even if sepsis is
able to be treated medically, kidney function may be
destroyed due to the formation of xanthogranulomatous
pyelonephritis.3

Urinary obstruction may occur from a variety of
etiologies in any age group. Any patient with obstruction
may develop a superimposed infection and pyonephrosis.
In children, urinary obstruction commonly is due to a
ureteropelvic junction obstruction. In adults, urinary tract
stones cause more than 50% of cases* of urinary obstruc-
tion. An intraluminal or extraluminal tumor is another
important cause of urinary obstruction with an associated
high morbidity. When pyonephrosis is present, antibi-
otics with gram-negative coverage are usually the first
line of treatment. Escherichia coli is the most common
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pathogen that is isolated. Other infectious agents, in-
cluding fungus and tuberculosis, can also be present. The
general rule is that prompt drainage is needed to prevent
the risk of sepsis when “pus is under pressure.”3

Both PCN catheters and retrograde nephroure-
teral internal stents have been shown to be equally
effective in relieving an obstructed renal collecting sys-
tem, with similar complication rates.” The desired
method for drainage is often based on the experience
of the urologist and/or interventional radiologist at the
hospital. In our hospital, drainage by PCN catheter
placement is the initial invasive treatment of choice for
patients with pyonephrosis.

There are many arguments that are used to sup-
port the use of PCN catheters. A wide variety of catheter
sizes can be placed (8 French to 12 French) depending
on the characteristics of the fluid being drained. The
catheters can be irrigated when the drainage is purulent
or bloody, which will help avoid clogging. The urine
output of the kidney can be measured. Excessive ureteral
manipulation can be avoided, decreasing the risk for
sepsis or rupture.s The procedure can also be done with
local anesthesia and under conscious sedation, which
eliminates the need for an anesthesiologist and risks
associated with general anesthesia.> PCN catheter place-
ment is often easier to schedule in the interventional
radiology department, which can have flexibility in the
daily schedule when compared with difficulties that arise
with scheduling cases in busy operating rooms.

Some institutions attempt to perform retrograde
ureteral stenting via cystoscopy as the primary invasive
therapeutic procedure. Proponents of the placement of
internal double-]J stents via cystoscopy note that the
patients are more comfortable without the burden of a
catheter exiting the flank. There is also a lower potential
for bleeding complications as the vascular kidney capsule
is not punctured.” Even though retrograde stenting by
cystoscopy is attempted initially at many hospitals, if this
procedure fails to alleviate symptoms, PCN insertion is

typically pursued.

INDICATIONS
There are many indications for PCN placement, which
include relief of obstruction, urinary diversion, and
accessing the collecting system for diagnostic and ther-
apeutic procedures. These indications will encompass
more than 95% of the cases that are performed.* Of these
broad groups of indications, emergent PCN catheters are
usually performed in a subset of this patient population.
As noted above, the main indication for emergent
PCN placement is to relieve an obstructed and
infected collecting system, also known as pyonephrosis.
The emergent treatment of pyonephrosis is considered
an acceptable emergent indication because of the risk

of developing sepsis very rapidly. In our hospital,

pyonephrosis is treated urgently regardless of the time
of day or night. The second most common reason for
emergent PCN placement is acute renal failure secon-
dary to obstructive uropathy, leading to life-threatening
biochemical abnormalities. The most worrisome bio-
chemical abnormality is acute hyperkalemia.6 Although
this has been described as an emergent indication,’ in
our hospital, hyperkalemia is corrected either medically
or by emergent dialysis before a PCN is considered. In
general, we will insert nephrostomy catheters in patients
with urinary obstruction and without infection during
the daytime hours on weekends but rarely at night. In
general, if either of these two emergent clinical situations
are not present, a PCN is performed electively. In our
hospital, certain exceptions are considered, such as if the
patient has a renal transplant or a solitary kidney.

PATIENT PREPARATION

Patients requiring emergent PCN placement are either
inpatients or are referred from the emergency room.
Informed consent is obtained. Some patients in need of
emergent PCN insertion are unable to give consent due
to mental status changes associated with sepsis. In these
situations, informed consent should be obtained from an
eligible medical decision maker. If none is available, the
procedure is performed as a medical necessity as deter-
mined by the primary attending physician caring for the
patient.

There are several laboratory values that should be
obtained prior to the procedure. A coagulation profile is
obtained, which includes a prothrombin time, activated
partial thromboplastin time, and an internal normalized
ratio (INR). A platelet count is also needed. Our depart-
ment considers an acceptable INR to be less than 1.5 and
an adequate platelet count to be greater than 75,000/mm?®,
Although Farrell et al noted that a platelet count of
less than 100,000/mm> was significantly predictive for
hemorrhage requiring blood transfusion, a similar trend
has not been observed in our hospital.7’8 Funaki and
Vatakencherry reported a series of 140 PCN placements
in our institution and found the risk of bleeding to be
between 3.7 and 4.7%, which is near the threshold
limits described by the Society of Cardiovascular and
Interventional Radiology.‘t’8 If needed, the patient can
be transfused with fresh frozen plasma or with platelets
before, during, or after the procedure. Blood cultures,
complete blood counts, urinalysis, and urine cultures are
usually already obtained by the primary clinical service.

PCN catheters are placed using local anesthesia
with 1% Xylocaine (lidocaine). Conscious sedation is
achieved using a standard protocol of 25 to 50 g
aliquots of fentanyl and 0.5 to 1 mg aliquots of mid-
azolam. If the patient is allergic to contrast, a premed-
ication regimen of 32 mg of methylprednisolone orally

12 hours and 2 hours before the procedure and 50 mg of
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Benadryl orally or intravenously 1 hour before the
procedure is administered.’ Although the goal of the
procedure is to inject the contrast into the collecting
system, intra-arterial and intravenous contamination
does occur with a high frequency, which necessitates
the need for proper prophylaxis in the presence of a
contrast allergy. If the patient’s medical condition re-
quires treatment that cannot be delayed by the premed-
ication regimen, the procedure can be performed with
alternative contrast agents such as gadolinium or carbon
dioxide.

Before choosing a preprocedural antibiotic, it is
important to determine whether the patient is septic. As
most patients who are referred to interventional radiol-
ogy for emergent PCN placement are presenting with
urosepsis, antibiotic therapy has already been initiated in
most cases. The coverage typically includes broad cover-
age for both gram-negative and gram-positive organ-
isms. If antibiotics have not yet been administered, a
broad-spectrum antibiotic such as ampicillin/sulbactam
(Unasyn) may be given. If the PCN is placed emergently
in a patient who is not septic, our department policy is to
administer a first-generation cephalosporin for prophy-
laxis, such as Cefazolin 1 g intravenously.10 If the patient
is allergic to penicillin, a fluoroquinolone such as levo-
floxacin can be administered. It is important to remem-
ber that if a fungal infection is suspected, an antifungal
medication can also be given as prophyla.xis.6 Again,
because patients usually present with a clinical picture of
urosepsis, antibiotics are continued for many days to
weeks after the procedure. The treatment regimen can
eventually be tailored to culture-specific antibiotics
based on the urine specimen obtained from the PCN
placement.

ACCESS/TECHNIQUES

Relevant Anatomy

The ideal puncture entry site into the kidney is via a
posterior calyx using a subcostal approach. The posterior
calyx is desirable because entry does not violate Brodel’s
avascular plane, which should help minimize the risk of
bleeding complications. A posterior calyx entry also
helps for subsequent dilations and catheter placement
because these can be performed in a straight line with
the wire in place. If an anterior calyx is entered, a sharp
angle is needed to enter the renal pelvis, which can make
catheter placement more difficult. A subcostal entry is
desirable to eliminate the risk of pleural complications,
which can be encountered with supracostal access. A
supracostal approach has been described to have a sig-
nificantly higher intrathoracic complication rate, includ-
ing pneumothorax and pleural effusion, and overall
complication rate when compared with subcostal ac-
cess'tin patients undergoing percutaneous renal surgery.

Existing imaging, such as CT or ultrasound, are
reviewed preoperatively to avoid potential complications
from inadvertent organ puncture.12 Injury to adjacent
viscera near the kidneys has been reported rarely, with
rates between 0 and 3.0%.'° The colon has been de-
scribed as the organ that is most likely to be injured.
Inadvertent puncture typically occurs due to a very lateral
puncture when the colon is in its normal location or due
to a puncture using standard anatomic landmarks when
the colon is in an aberrant position such as in a con-
genital retrorenal location.!>1*

Imaging Guidance

PCN placement needs imaging guidance to be successful
and safe. Many different techniques have been described
including using fluoroscopy, ultrasound, C'T, and various
combinations of these three modalities.'>'® The final
decision on the imaging modality is determined by the
physician performing the procedure. The ultimate goal is
to identify a safe access site for the procedure and
imaging with a combination of ultrasound and fluoro-
scopy is typically used in most interventional radiology
departments.

Standard Procedure for Initial Entry

The patient is placed prone on the angiography table and
prepped and draped in the usual sterile fashion. Fluoro-
scopy is used to localize an appropriate subcostal punc-
ture site. Ultrasound is then used to localize the kidney
and identify the degree of hydronephrosis and a posterior
calyx. The skin is anesthetized with 1% lidocaine and a
small skin nick is made. The technique of entering the
collecting system is again based on physician preference.
Many techniques have been described including a direct
trocar access, the Seldinger technique, and using one
needle (“single-stick”) or two needles (“double-stick”)
techniques.8’17’18 In most cases I prefer a hybrid
technique, which will be described below.

A posterior calyx is targeted with real-time ultra-
sound guidance. A 21-gauge needle (Accustick intro-
ducer set; Boston Scientific, Natick, MA) is advanced
toward a posterior calyx. Urine is aspirated through the
skinny needle. The volume of urine that is aspirated is
always less than the volume of dilute contrast that is
injected to opacify the collecting system to verify needle
position. A small amount of air can be injected after the
patient is elevated to ~30 to 40 degrees so that air rises
to fill a posterior calyx. If the puncture site is deemed
inappropriate, a second skinny needle can be advanced
toward a posterior calyx using fluoroscopic guidance.

A 0.018-inch guide wire (V18 control wire; Bos-
ton Scientific) is advanced down the ureter. The needle
is removed and coaxial 4-F and 6-F dilators with a
metal stiffener are advanced over the guide wire. A stiff
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Figure 1

D

(A) Transverse ultrasound of kidney with hydronephrosis. Arrow shows skinny needle accessing the kidney. Asterisk (*)

indicates echogenic debris/fluid level. (B) Skinny needle access into posterior lower pole calyx. (C) Guide wire advanced into collecting

system. (D) Final pigtail catheter placement.

0.035-inch wire (Amplatz superstiff guide wire; Boston
Scientific) is advanced under fluoroscopic guidance
through the outer 6-F dilator and down the ureter or
coiled in the renal pelvis. The tract is dilated with 7-F
and 9-F dilators and an 8.5-F all-purpose drainage
pigtail catheter is coiled in the renal pelvis (Boston

Scientific).>!® Only a tiny amount of contrast is injected
to confirm the catheter tip position (Fig. 1).

If the patient has a fluoroscopically visualized
target, such as a radiopaque kidney stone or an internal
ureteral stent, the skinny needle can be advanced
under fluoroscopic guidance using a “down the barrel”
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technique using ~20 to 30 degrees of fluoroscopic
angulation. Once access into the collecting system is
gained, the previously described steps above are
performed.

A single-stick method has been described. After
access into the collecting system is confirmed by the
aspiration of urine, the nephrostomy is placed without
the use of contrast to opacify the collecting system.g’15
The single-stick method is quicker and does not have the
risks associated with injection of contrast. This aspect of
the procedure may be desirable in this patient population
with pyonephrosis.g’15

If emergent or urgent access is needed into a
nondilated collecting system, such as in a patient with
a urine leak, percutaneous puncture with ultrasound
guidance is technically difficult.'” Administration of
50 to 100 mL of nonionic intravenous contrast will
opacify the collecting system, enabling fluoroscopic
puncture. Carbon dioxide or a small amount of air has
been described as an alternative contrast agent in patients
with allergies to iodinated contrast."’

ANTEGRADE PYELOGRAPHY

During routine nephrostomy catheter placement, ante-
grade pyleography is typically performed after pelvicaly-
ceal access is achieved. Pyelography is helpful to evaluate
both the anatomic and functional characteristics of the
collecting system. Proper PCN catheter deployment is
facilitated when the actual collecting system can be
visualized. Underlying pathological lesions, such as an
obstructive calculus or tumor, can be diagnosed during
pyelography. Also, urodynamics of the collecting system
can be evaluated.

During emergent PCN catheter placement, the
goal is to inject as little contrast as possible to safely place
the PCN catheter. Catheter placement is the primary
objective and this is performed at the expense of inter-
rogating the entire collecting system for underlying
pathology or physiological information. Just enough of
the collecting system is opacified to determine the
adequacy of the puncture site and to safely deploy the
catheter in the desired location. In the setting of pyo-
nephrosis, the collecting system is usually already under
pressure. If contrast is injected, the collecting system
may become overdistended, which increases the risk of
bacteremia and urosepsis. If urosepsis does occur, the
patients can become clinically unstable very quickly.
Contrast is injected only after an equal or larger volume
of urine is aspirated to minimize the risk of bacteremia
and urosepsis.

In a series described by Funaki and Vataken-
cherry, nephrostomy catheters can be successtully placed
using a “single-stick” method without the injection of
contrast.® In the setting of pyonephrosis, this technique
may be helpful to eliminate any injection of contrast

into the collecting system, which may precipitate a
bacteremic episode.

In the setting of pyonephrosis, additional diag-
nostic pyelography or further intervention, such as
nephroureterostomy catheter placement during the ini-
tial procedure, should be avoided. Excessive manipula-
tion of an infected collecting system can precipitate
urosepsis.20 If further intervention is desired, the patient
can return several days after decompression when the

patient is stabilized (Fig. 2).

CATHETER PLACEMENT

Once pelvicalyceal access is achieved, a stiff 0.035-inch
wire (Amplatz superstiff guide wire; Boston Scientific) is
either coiled in the renal pelvis or is advanced down the
ureter. Serial dilations are performed with sizes up to one
French size larger than the catheter that will be placed.
For instance, if an 8-F locking pigtail nephrostomy is
desired, serial dilations are performed using 7-F and 9-F
dilators. The 8-F self-retaining loop pigtail catheter is
deployed over the wire and formed in the renal pelvis. A
trace amount of contrast can be injected to confirm the
final position. The catheter is either sutured to the skin
or secured with an adhesive disc. The catheter is placed
to gravity drainage.

AFTERCARE

Immediate

Catheters are placed to a gravity drainage bag. Routine
flushing of the catheter is only performed if output drops
or if output is very purulent or bloody. Urine has
proteolytic enzymes that help break down blood clots.®
Patients who require emergent PCN catheter placement
are sick enough to require admission to the hospital or
are already admitted to the hospital. The patients are
rounded on daily by the interventional radiology service.
The amount and quality of urine output are noted. The
skin at the puncture site is also evaluated.

Long-Term Care

Patients are schedule to return every 6 weeks for routine
catheter changes. Patients can come back sooner after
they are stabilized for diagnostic pyelography or for
conversion to nephroureterostomy catheters or internal
double-]J stents as clinically indicated.

RESULTS

When PCN catheters are placed emergently, the
initial technical success has been reported to be
989%.2! This is similar to the high technical success
rate of 98 to 100% in a series reviewing both emergent
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Figure 2 (A) Skinny needle access into posterior lower pole calyx. (B) Arrow points to guide wire that was sheared off accidentally
during wire manipulation. (C) Wire fragment was successfully snared. (D) Distal ureteral obstruction was not able to be crossed
with a catheter and a guide wire. (E) A pigtail nephrostomy was successfully placed. The patient experienced a bacteremic episode
after the procedure requiring an ICU admission, which was likely precipitated by excessive manipulation in an infected collecting

system.

and nonemergent PCN catheter placements.”® The
risk of a technical failure for both emergent and routine
procedures is higher in patients with nondilated collect-
ing systems or who are obese.?’ However, PCN catheter
placement rates in nondilated collecting systems can

be successful with a success rate of 92 to 96%.%%

The presence of hydronephrosis, which is common in
most cases of emergent PCN catheter placement, con-
tributes to the high potential technical success for the
procedure.
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COMPLICATIONS
According to the Society of Interventional Radiology
(SIR) standards, an upper threshold of complications
should be set at 10%.* Major complications include
sepsis, hemorrhage, vascular injury, bowel transgression,
and pleural complications4 and are categorized by out-
come including those requiring therapy, minor hospital-
ization (<48 hours), those requiring major therapy,
unplanned increase in level of care and prolong hospital-
ization (> 48 hours), permanent adverse sequelae, and
death. Minor complications require no therapy or have
no consequence or nominal therapy of no consequence.
This includes overnight admission for observation only.4

When PCN catheters are placed emergently, Lee
et al described a major complication rate of 6% and a
minor complication rate of 28%.%! This major compli-
cation rate is within the expected range for the guidelines
set forth by the Standards of Practice by the SIR. As
expected, more complications can occur when proce-
dures are performed emergently after-hours. In the series
by Lewis and Patel, a higher percentage of major
complications during PCN catheter placement occurred
after-hours (5.7%) versus during the working day hours
(1.8%).%2 The minor complication rate described by Lee
et al of 28% is much higher than most series, which
described minor complication rates to be lower, ranging
from 15 to 25%.°" A very low mortality rate of 0.2%
has been described with this procedure.6

The two most common and worrisome major
complications include sepsis and hemorrhage, and the
focus of the discussion will surround these two topics.

SEPSIS

One of the most feared complications of emergent PCN
catheter placements is sepsis. Sepsis has a wide variety of
presenting signs and symptoms. In emergent nephros-
tomy, many patients are already septic at the start of the
procedure.20 Bacteria and endotoxins can be released
from the urine and collecting system during the proce-
dure with subsequent presenting symptoms of fever,
chills, leukocytosis, rigors, and shock.

The SIR Standards of Practice describe the in-
cidence of sepsis defined by fever and chills with hypo-
tension, requiring a major increase in level of care at a
reported rate of between 1 and 3%.* The threshold for
this complication is less than 4%. PCN catheter drainage
of pyonephrosis has been shown to have higher compli-
cation rates.® In the setting of pyonephrosis, septic shock
is reported to occur in 7 to 9% of procedures. The
threshold for expected sepsis is also higher but remains
less than 10%.* In a series reported by Lee et al on
emergent PCN placement, a risk of sepsis was 3.6%°%%';
however, 100% of the patients developed a transient
increase in body temperature after the proc«f:dure.zo’21

Higher rates of sepsis from 4.5% up to 21% have been

reported; however, in many of these series, patients were
already septic at the start of the procedure.20 As ex-
pected, in the emergency setting, the risk of complica-
tions increases. In reported series, this was attributed to a
combination of the critical condition of the patients, less
ancillary support, and/or the possibility of less experi-
enced operators performing the procedure such as
fellows or residents.

Bacteremia and sepsis can begin during or after
the procedure. Careful monitoring is needed as patients
can quickly become toxic and require emergent resusci-
tation and intubation. When this complication arises,
intravenous fluids are aggressively administered. Rigors
are controlled with 25 to 50 mg of Demerol (meper-
idine) intravenously. Another dose of broad-spectrum
antibiotics such as Unasyn or Levaquin may also be given
immediately.

HEMORRHAGE

The rate of hemorrhage requiring transfusion with PCN
catheter placement is reported to be between 1 and 4%
with a desired threshold of less than 4%.* In a series of
emergency PCN catheter placements, bleeding requiring
transfusion occurred in 2.4%.2>*! Mild hematuria com-
monly occurs after PCN catheter placement and often
resolves spontaneously after a few days. If bleeding is
excessive, the catheter tip position is assessed to ensure
the side holes have not been retracted into the paren-
chymal tract. In this situation, venous bleeding can be
controlled by advancing the catheter more centrally. A
larger-diameter catheter can be inserted to tamponade a
bleeding source around the parenchymal tract. If the
bleeding is heavy or pulsatile, an arterial injury should be
considered, which may represent laceration of a renal
artery branch, a bleeding pseudoaneurysm, or an arterio-
venous fistula.”® These complications often require
embolization using either coils, gelfoam, or polyvinyl
alcohol particles.20

CONCLUSION

PCN catheter placement should be performed urgently,
day or night, when obstruction is present and a clinical
suspicion for pyonephrosis also exists. If hydronephrosis
is present without infection, PCN catheter placement
can be performed during the daylight hours on weekends
or electively. In contrast to elective PCN insertion, the
goal of urgent or emergent nephrostomy is to decom-
press the system as rapidly as possible with as little
manipulation as necessary. Diagnostic antegrade pyelog-
raphy should not be performed at the time of initial tube
insertion. Instead, this procedure should be deferred for
several days to enable the urinary system to decompress,
which minimizes the risk of sepsis. In general, a slightly
higher rate of complications is encountered during
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on-call nephrostomy insertion and may be attributed
to the underlying comorbidities often present in this
patient population.
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