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Abstract

Transient episodes of pain are common in autosomal dominant polycystic kidney disease
(ADPKD). A small fraction of patients have disabling chronic pain. In this review, we discuss the
etiologies of pain in ADPKD; review how ADPKD patients should be assessed; and discuss
medical, surgical, and other management options.
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Pain is a common symptom in patients with autosomal dominant polycystic kidney disease,
often occurring early during the course of the disease and leading to the diagnosis.2” It can
be managed effectively in most patients, but a minority of patients develop chronic pain that
limits their ability to function; causes sleep disturbance, fatigue, anxiety, and depression;
and negatively affects social relationships.82

Health care providers often fail to discuss pain during encounters with patients with
ADPKD, leading to suboptimal management.2° Understanding the spectrum of causes of
pain in ADPKD helps to guide diagnostic evaluations and specific treatments. Recent
studies have sought to characterize pain in ADPKD both quantitatively? and qualitatively.?
This review focuses on the causes of ADPKD-related pain and discusses management
options.

Patients with ADPKD report pain located in the low back (71%), abdomen (61%), head
(49%), chest (30%), and legs (27%), often with radicular features.? Although cyst
hemorrhage, nephrolithiasis, and urinary tract infection are often associated with acute
episodes of pain, the exact cause of chronic flank pain cannot always be determined.”-10
Chronic pain related to cysts has been attributed to traction of the renal pedicle, distension of
the capsule, and compression of nearby structures.2 Sometimes, the patient may be able to
indicate the location of pain with 1 finger, but frequently the pain is more diffuse. It can be
described as “razor sharp,” knife-like, dull, aching, cramping, or as a “fullness,” generally
lasting for hours to days and rated 4 to 5 out of 10 on a visual analog scale.2-® Exacerbations
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occur unpredictably, several times per day or per week or only a few times a month. The
inability to anticipate the onset of episodes or exacerbations of pain in ADPKD can cause
patients to worry and to limit social activities.? A small study using the Short-Form 36
Health Status Questionnaire (SF-36), a self-report tool to assess physical and mental well-
being, showed that patients reporting use of pain medication within the previous month had
lower scores on the Physical Component Summary than those who did not report any recent
pain medication use.l1

Pathogenesis

The detection of kidney pain relies on input from sympathetic, parasympathetic, and sensory
nerves.12 Chronic pain, regardless of the initial precipitating factor, is likely maintained by
aberrant activity of sensory and autonomic neurons innervating the kidney, renal pelvis, and
ureters (Fig 1). The sympathetic nerves supplying the kidneys originate in spinal cord
segments T10 to L1 and travel via white rami to the paravertebral ganglia.1213 The
sympathetic nerves travel via the lesser splanchnic nerves from the T10 and 11 thoracic
paravertebral ganglia to the synapse at the ipsilateral aorticorenal and celiac ganglia (Fig 1).
From the 12th thoracic paravertebral ganglion, nerves travel via the least splanchnic nerve to
the synapse either in the aorticorenal ganglion or in the renal plexus. The first lumbar
splanchnic nerve and the postganglionic sympathetic nerves from the aorticorenal and celiac
plexi synapse in the renal plexus. The parasympathetic inner-vation originates from the
vagus nerve. These parasympathetic nerves traverse through the celiac plexus or pass
directly to the renal plexus.1* Sensory renal nerves travel via the renal plexus, splanchnic
nerves, thoracic sympathetic ganglia, T10-12 spinal nerves, and spinal cord dorsal horn
neurons. Extensive cross-connection with innervation to other visceral structures explains
the complex patterns of referred pain in some patients.

Diagnosis and Evaluation

Patients can complain of abdominal, back, and flank pain, all of which can be severe and
require evaluation, in addition to the sensation of flank heaviness, which is not a “pain” as
such. Kidney and nonkidney sources of pain not related to cystic disease must be
considered; for example, abdominal wall hernias, colon diverticulitis, and possibly
abdominal aneurysms, which occur with increased frequency in ADPKD patients.

Assessment of Pain in ADPKD

A detailed history should be obtained focusing pain location, duration, associated symptoms
and relieving factors. The history will frequently help to identify whether pain relates
directly or indirectly (eg, mechanical back pain related to organomegaly) to the cystic
disease or whether is a manifestation of extrarenal associations of the disease.
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Kidney Pain

Acute

Cyst hemorrhage, urinary tract infection, and nephrolithiasis are common causes of transient
pain in ADPKD. The frequency of cyst hemorrhage, gross hematuria, and nephrolithiasis
correlate directly with the size of the kidneys.1®

Cyst Hemorrhage

Pain caused by cyst hemorrhage is very common and reported as sharp, localized, and
sudden in onset. It is thought that the pain is caused by an acute expansion in the cyst and
distension of the renal capsule.* Cyst hemorrhage is frequently associated with gross
hematuria and passage of clots may be associated with renal colic. Occasionally subcapsular
and retroperitoneal hemorrhage or hemoperitoneum may occur.16:17 Vascular endothelial
growth factor produced by the cystic epithelium promotes angiogenesis, which increases the
risk of hemorrhage into cysts and gross hematuria. Symptomatic episodes probably
underestimate the frequency of cyst hemorrhage because more than 90% of patients with
ADPKD have cysts that are hyper-dense (on computed tomography [CT] scan) or high
signal (on magnetic resonance imaging [MRI]), indicative of blood or high protein content.
Most hemorrhages will resolve within 2 to 7 days. If hematuria persists longer than 1 week
or if the initial episode occurs after the age of 50 years, investigation to exclude neoplasm
should be undertaken. Combined unenhanced and contrast-enhanced CT scan may be
required (when kidney function permits) to make a correct diagnosis and differentiate
among the various complications affecting patients with ADPKD.18:19 patients should be
forewarned of pain episodes associated with cyst hemorrhage by their physicians and
advised on what measures to take (see management).

Cyst Infection and Pyelonephritis

Urinary tract infections occur more frequently in women than men. Patients with ADPKD
are at risk for acute pyelonephritis and for cyst infections. When there is suspicion of uri-
nary tract infection in a patient with ADPKD, urine for Gram stain and culture should be
immediately obtained and appropriate antibiotic management quickly instituted. Because
genitourinary instrumentation is associated with an increased risk, prophylactic antibiotics
are indicated when this instrumentation is necessary. Patients with upper urinary tract
infections usually present with fever, leukocytosis, and flank pain. Acute pyelonephritis and
cyst infection may be different to separate. Failure to respond to or recurrence of symptoms
after an appropriate course of antibiotics should suggest a diagnosis of cyst infection. Cyst
hemorrhage can also present with flank pain and fever but usually without leukocytosis.
Negative urine and blood cultures do not entirely exclude cyst infection. In the appropriate
clinical setting, cyst aspiration and culture of complex cysts detected by imaging studies
may be indicated. Diagnostic criteria have recently been proposed for both kidney and
hepatic cyst infection: presence of all of the following: fever (temperature >38.5 °C for >3
d), abdominal pain (particularly a palpable area of renal or liver tenderness), increased C-
reactive protein (C-reactive protein >50 mg/L), and the absence of any significant recent
intracystic bleeding (based on the results of an abdominal computed tomography [CT] scan)
or other causes of fever.20 Kidney (and liver) ultrasound data should be considered positive
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if debris with a thick wall and/ or a distal acoustic enhancement is detected in at least one
cyst. Kidney CT scan and magnetic resonance imaging (MRI) data are considered positive
when enhanced wall thickening and/or perilesional inflammation is detected in at least 1
cyst.20 Diffusion-weighted MRI or nuclear imaging (67-Ga or 111-In-labeled leucocyte
scans) can also be useful, but false-negative and -positive results are possible with the latter
techniques.2%:21 Positron emission tomography scans may be helpful particularly for
infected liver cysts.20.22:23

Nephrolithiasis

Kidney stones occur in ~20% ADPKD patients and often present with renal colic.24-26
Stones are usually made of calcium oxalate or uric acid. Urinary stasis secondary to the
distorted renal anatomy might also play a part and metabolic factors include decreased
ammonia excretion, low urinary pH, and low urinary citrate concentration. Stones can be
difficult to differentiate from cyst wall and parenchymal tissue calcification. Patients with
larger kidneys are more prone to develop stones.1® To rule out obstruction (eg, because of
large cysts near the pelvis or calculus), CT imaging with contrast (where feasible) can be
most informative.18 Early consultation with urology or interventional radiology for
management with relief of obstruction should be considered.

Renal Cell Carcinoma

Renal cell carcinoma is a rare cause of pain in ADPKD. It occurs no more commonly in
ADPKD patients than in the general population. However, it may present at an earlier age
with frequent constitutional symptoms and a higher proportion of sarcomatoid, bilateral,
multicentric, and metastatic tumors.2” The presence of a solid mass on ultrasonography,
speckled calcifications on CT, contrast enhancement, tumor thrombus, or regional
lymphadenopathy should raise concern for carcinoma.

Chronic Kidney Pain

The definition of chronic pain is daily pain lasting more than 4 to 6 weeks. Some authors
prefer three months to be the dividing line between acute and chronic pain. Pain related
directly to a specific cyst tends to be a steady nagging discomfort, with the standing position
and walking exacerbating the discomfort.! Patients can often localize the pain with 1 finger,
and the location tends to be most frequently identified as the anterior abdominal area more
so than localized back pain. The area pinpointed may not readily correlate with the largest-
sized cysts seen on imaging.

Often, pain begins with an acute episode and persists as chronic kidney pain after the
eliciting cause has been treated and resolved, suggesting sensitization. On other occasions, it
develops gradually and becomes severe over several years. There is little relation between
the appearance of the kidneys and the severity of chronic pain: patients with moderate or
even mild cystic disease may still have disabling pain. This condition is very frustrating to
patients and physicians because extensive laboratory testing of the serum and urine and
exhaustive imaging studies fail to provide evidence for associated findings to explain the
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pain. Careful assessment is needed to identify non-renal pain and evaluation by a physical
medicine physician can be helpful to exclude musculoskeletal causes.

Sometimes a large kidney cyst compressing the greater curvature of the stomach and /or
duodenal loop can lead to early satiety.

Liver-related Pain

Hepatic cysts have been detected by MRI in 94% of patients between the ages of 35 and 46
although liver function remains preserved.28 Most patients have no symptoms from these.
Patients with marked hepatomegaly may experience a sensation of heaviness, dull ache,
mechanical low back, and gastrointestinal symptoms (Figs 3,4).2° Episodes of cyst
hemorrhage, rupture, torsion, and infection may be associated with acute episodes of pain.
Rarely, patients may develop symptoms from compression of vessels (hepatic venous
outflow obstruction, compression of the inferior vena cava or portal vein) or bile ducts.10-27

Pancreas-related Pain

It is extremely unusual to have pain because of pancreatic disease. When it occurs, it is
caused by pancreatic duct obstruction causing pancreatitis. Pancreatic cysts can be detected
by ultrasound in 5% to 9% of patients3%:31 although it may be closer to 19% by MR],10.32.33
An intraductal papillary mucinous neoplasm has been reported in patients with ADPKD.34

Medical Management of Kidney Pain in ADPKD

Cyst Hemorrhage

In the majority of patients, episodes of pain associated with cyst hemorrhage and gross
hematuria are transient and resolve spontaneously. Patients should be advised to avoid
aspirin and physical activities, and symptoms may necessitate time off work, use of
acetaminophen or propoxyphene (Darvocet, Aaipharma, Wilmington, NC, USA, Table 1) in
scheduled doses until the pain subsides, and staying well hydrated. Hypertension should be
strictly controlled. If the pain is severe or if gross hematuria is persistent or recurrent, more
thorough evaluation including CT scans or MRI is indicated. Hospitalization may be
necessary for pain control or for close observation when the hemorrhage is severe, extends
into the retroperitoneal space, or causes urinary tract obstruction by clots. Rarely,
interventions to stop the hemorrhage (embolization or surgery) may be necessary.

Cyst infection

The efficacy of antibiotic treatment and infection eradication is defined by the disappearance
of fever, normalization of C-reactive protein levels, and at least 2 negative blood and/or
urine cultures (these criteria also apply for hepatic cyst infection).20 If unresponsive to these
measures, percutaneous or surgical drainage should be considered.
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Nephrolithiasis

Extracorporeal shock wave lithotripsy can be performed safely in selected patients with
ADPKD; however, the presence of residual fragments in ~50% of patients is higher than that
in patients without ADPKD.25:26

Management of Acute Liver Pain

Hepatic Cyst Infection

Studies have shown that drainage and antibiotics prove more efficacious than antibiotics
alone in hepatic cyst infections (Fig 3), and another larger study confirmed that in the case
of large-diameter (>5 cm) infected cysts, early drainage is necessary because antibiotics
alone do not usually resolve the infection.20:35

Management of Chronic Kidney Pain

Noninvasive Techniques

There have been no formal studies looking at these modalities in PKD, and they are a fertile
area for future research. Because very limited knowledge exists on the underlying
physiology of visceral and somatic pain syndromes and their pharmacologic management,
conservative measures are suggested first (Fig 2). These include the use of physical
measures such as ice, heat, whirlpool, massage, and the Alexander technique.36:37

Alexander Technique

Training in the Alexander technique (by a trained teacher) provides an individualized
approach designed to develop skills for self-care that help people recognize, understand, and
avoid poor habits affecting postural tone and neuromuscular coordination. The technique
involves continuous assessment of individual patterns of habitual musculoskeletal posture
with special attention to the release of unwanted head, neck, and spinal muscle tension,
which is guided by verbal instruction and hand contact. The goal is to allow decompression
of the spine and improve posture.36

Transcutaneous Electrical Nerve Stimulation

There is good evidence that TENS may reduce the perception of nociceptive stimuli because
most dorsal horn cells with renal inputs have the concomitant somatic inputs. TENS
electrodes placed on the somatic receptive fields of neurons on the skin reduced
responsiveness to nociceptive stimuli and decreased the dorsal horn cell responsiveness to
C-fiber direct electrical stimulation to about 39% of control in cats.38 In these studies, TENS
decreased the dorsal horn cell responsiveness to C-fiber direct electrical stimulation to ~39%
of control and dorsal horn cell responsiveness to ureteral occlusion decreased to 38% of
control. Again, in this model, with renal artery occlusion, the dorsal horn cells were only
46% as responsive with TENS use compared with controls. Bajwa et al* found that the
intermittent use of a TENS unit can often help alleviate symptoms especially in patients with
chronic dull aching pain. They suggested that a trial can be given for 2 weeks, and if found
effective it can be used long-term with virtually no side effects. It has also been found to be
helpful in managing renal colic.3?
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Nonopioid Analgesia

Acetaminophen has been used as a first-line pain medication for over 50 years and is safe in
patients with renal impairment. Its mechanism of action is in the central nervous system.
Because of the potential nephrotoxicity of nonsteroidal anti-inflammatory drugs, opioid
agents are often used as the next step for patients with ADPKD who do not achieve adequate
pain control with acetaminophen.

Opioid Analgesia

Tramadol

Opioids have been regarded for centuries as among the most effective drugs for the
treatment of pain, but in the 21 century prescribers should be concerned not only about their
obligation to address and adequately treat pain but also with the potential for patients to
develop adverse effects, habituation, and addiction.*? Patients should be informed about
possible adverse effects and enter into an informed agreement for treatment with opioid
analgesics.#! In general, short-acting opioids (Table 1) are useful for initial titration and
control of pain. Regardless of which opioid regimen is used, physicians should assess the
level of pain and function before and after initiating opioid therapy as well as repeatedly
evaluate for the potential of misuse or abuse of these agents.*!

There are currently no guidelines available on the use of opioid medication in people with
chronic kidney pain. However, the American Society of Pain physicians recommend that the
effectiveness of long-term opioids in reducing chronic noncancer pain and improving
functional status for 6 months or longer is variable.#243 The best evidence for efficacy
applies to transdermal fentanyl and sustained-release morphine (level 11-2), whereas for
oxycodone the level of evidence is 11-3 and the evidence for hydrocodone and methadone is
level I11. Because there is also significant evidence of misuse and abuse of opioids, we tend
to involve a specialist in pain management in the assessment of these patients because they
are at risk of becoming disabled by pain and are treated with increasing doses of
antidepressant and opioid medications that have significant side effects and potential for
toxicity and addiction. Also, they may be subjected to multiple invasive procedures, such as
spinal cord stimulation, cyst aspirations, and fenestration surgery, which have only shown
potential benefit in uncontrolled studies (Table 2).

Tramadol (Ultram, Ortho-McNeil-Janssen Pharmaceuticals, Titusville, NJ, USA) is
particularly effective for moderate pain, and we tend to use this if acetaminophen is
ineffective alone or in combination with acetaminophen (Ultra-cet, Ortho-McNeil-Janssen
Pharmaceuticals, Titusville, NJ, USA). Once adequate pain control is achieved,
consideration may be given to switching to long-acting opioids (Table 1), which can provide
less erratic analgesia and improve medication adherence because less frequent dosing is
needed.*4

Adjuvant Analgesics

Adjuvant analgesics should also be considered for ADPKD patients with chronic kidney
pain, specifically clonidine, gabapentin, or pregabalin.*®
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Although there have been no studies of this medication in ADPKD, gabapentin (Neurontin,
Pfizer, New York, NY) has been shown to be a useful medication in the treatment of
genitourinary pain. It has been successfully used in chronic genitourinary pain at a mean
dose of 1,200 mg/d of gabapentin (range, 300-2,100 mg). Some patients reported subjective
improvement of their pain, but others showed no improvement. The most common adverse
effects were dizziness and drowsiness.*> Gabapentin should be used cautiously, requiring
dose reduction or interval extension in patients. Suggested dosing is as follows: reduced
kidney function, and monitoring of drug levels is indicated for patients. Suggested dosing is
as follows: CrCl >60 mL/min, 900 to 3,600 mg/d; CrCl 30 to 59 mL/min, 400 to 1,400
mg/d; CrCl 15 to 29 mL/min, 200 to 700 mg/d; and CrCl 15 mL/min, 100 to 300 mg/d. For
patients with CrCl < 15 mL/min, the daily dose should be decreased in proportion to
creatinine clearance.*6

There are no studies of its effectiveness in patients with chronic kidney pain, but it has been
shown to be effective in neuropathic pain syndromes. Pregabalin should be used cautiously,
requiring dose adjustment in patients with reduced kidney function. Dose adjustment should
be considered for patients with CrCl < 60 mL/min. A 50% reduction in pregabalin daily
dose is recommended for patients with CrCL between 30 and 60 mL/min compared with
those with CrCl > 60 mL/min. Daily doses should be further reduced by ~50% for each
additional 50% decrease in CrCl. Pregabalin is highly cleared by hemodialysis.
Supplemental pregabalin doses may be required for patients on chronic hemodialysis
treatment after each hemodialysis treatment to maintain steady-state plasma pregabalin
concentrations within desired ranges.

Spinal Cord Stimulation

Neuromodulation of the spinal column by implanting electrodes in the epidural space is
another method used for chronic pain control. This is an invasive procedure and requires a
long-term implantation of a device and will preclude future MRI studies. The principle of
action is probably similar to TENS but has the additional benefit of more central intense
effects and also avoids the cutaneous discomfort associated with a TENS unit. Before the
permanent stimulator is implanted, a trial stimulator electrode is used for a few days to
assess the beneficial effects. For moderate to severe pain, it can be a very useful non-
pharmacologic treatment option (Fig 2).

Complementary Medicine

Acupuncture

There are no studies of acupuncture in polycystic kidney disease, but many patients have
mechanical low back pain because of their large kidneys and may benefit from acupuncture
(Fig 2). Collectively, a number of recent trials provide strong and consistent evidence that
real acupuncture needling using the Chinese meridian system is no more effective for
chronic back pain than various purported forms of sham acupuncture and that both real and
sham acu-puncture, however, appear superior to usual care.#”49 Individualized acupuncture,
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standardized acupuncture, and simulated acupuncture therapies compared with usual care
have been shown to have beneficial and persisting effects on chronic back pain and provide
clinically meaningful improvements in function. Medication usage has also been reported to
decrease significantly with this treatment. MRI studies have shown that superficial and deep
needling of an acupuncture point elicited similar blood oxygen level-dependent responses.>?

Surgical Approaches

Kidney Pain

Kidney cyst(s) aspiration—Cyst aspiration, (Fig 5), which is sometimes accompanied
by sclerosis is the least invasive among the various surgical interventions for pain related to
ADPKD. Although aspiration may successfully relieve pain in the short-term, only about
one third of patients may remain pain free at 18 months.%!

Surgical Fenestration of Kidney Cysts—In cases in which cysts are large and cause
marked distortion of the kidney and compression of the surrounding tissues, surgical cyst
fenestration can provide symptomatic relief. Although patients undergoing surgical
decompression may obtain immediate pain relief in 85% to 90%, which decreases to 62% to
67% within 2 years, and experience improved blood pressure control, the technique has
partial chance of success in providing long-term pain control.1:2.7.14.52-54

Renal Denervation—Renal denervation also yields favorable results for pain control and
may be performed laparoscopically®>->7 with or without nephropexy or thoracoscopically.®®
In 2001, a bilateral laparoscopic renal denervation procedure was first reported in a 41-year-
old man with ADPKD who had become completely disabled because of kidney pain.>’
Using a modified laparoscopic living-donor nephrectomy incision approach, nerve fibers of
the renal and intermesenteric plexi were severed along the anterior surface of the aorta and
the periarterial nervous tissue on the right renal artery was divided (Fig 1). Upon initial
follow-up, the patient had 2 of 10 pain, but no information on long-term outcome is
available. In 2004, using a thoracoscopic approach for splanchnicectomy (renal denervation)
surgery, a left kidney denervation was performed in a 47-year-old woman with intractable
pain and full disability.?® Sensory afferents for the kidneys travel via the splanchnic nerves
(greater, lesser, and least splanchnic nerves), and in this procedure the sympathetic chain
and roots of the splanchnic nerves were selectively removed (Fig 1) from the level of the
first root of the greater splanchnic nerve to the diaphragmatic recess. In this patient,
postoperative pain resolved after 3 months, and she remained pain free at 1 year.
Identification of the different roots of the splanchnic nerves (Fig 1) is considered less
difficult by this approach compared with the method used by Valente and colleagues,®’ who
used an abdominal laparoscopic surgery approach and handled the renal arteries to sever the
nerve supply to both kidneys. Complete removal of the nerves is recommended, and this
may be the reason why this procedure is successful in alleviating pain compared with
previous reports in which the nerve was severed but not completely removed; instead
inadequate excision of 1- to 2-cm segments of nerves, division with electrocautery,
transection of the main trunks of the nerves, or splanchnicolysis by thermocoagulation was
done. The complete removal, using sharp dissection, monopolar or bipolar electrocautery, or
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ultrasonic dissection is necessary to prevent re-nervation and accounts for poor long-term
results of this procedure for other indications.>%:60 Although Chapuis and colleagues®8
reported a unilateral procedure, they suggested that a bilateral thoracoscopic approach could
be performed in 1 procedure. Recently, another small series reported 4 adolescent ADPKD
patients who underwent laparoscopic denervation of 5 kidneys by abdominal transperitoneal
approach, with excellent intermediate results.56 This group performed nephropexy because
the entire kidney was circumferentially dissected from the surrounding tissue as well as the
hilum. The circumferential dissection is intended to eliminate any potential nerves not
coursing through the hilum and participating in innervation.6 We have performed
thoracoscopic renal denervation for intractable renal pain in 10 patients (Clinicaltrials.gov
NCT00571909).61 Six of these patients have enrolled in a 2-year prospective study to
evaluate the impact of this procedure on pain control, opioid use, quality of life, and renal
blood flow (measured by MRI) and renal function (by iothalamate glomerular filtration
rate). All had chronic pain requiring opioid analgesics for more than 6 months before
enrollment. All 10 reported that their pain was immediately different and less intense after
the surgery. Pain treatment satisfaction at 3 months compared with baseline improved in the
6 study patients.81 We prefer this approach to an abdominal approach because there is no
handling of the renal arteries and hence very low likelihood of developing a subsequent
renal artery stenosis (as occurred in the case of the patient who had the abdominal
laparoscopic approach (Dr WM Bennett, personal communication, June 2007)°7 (Table 2).

Nephrectomy—Nephrectomy is reserved for patients who fail other methods of pain
control. Although some patients seek nephrectomy before dialysis commencement or ESRD,
we do not advocate this approach unless patients have at least stage IV CKD. Either
unilateral or bilateral nephrectomies may be performed, usually when one or both kidneys
are functioning at a very low level. In general, the removal of large polycystic kidneys may
be safely accomplished via laparoscopy with fewer complications, decreased postoperative
pain, and a better cosmetic result compared with open nephrectomy.®2 Occasionally,
operative complications during laparoscopic nephrectomy will obligate conversion to an
open procedure; this is more likely when renal volume is above 3500 mL.53 Options for
patients who are candidates for kidney transplantation and after transplantation are dealt
with in a separate section written by Dr Perrone.

Transcatheter Arterial Embolization—When there is progressive abdominal distention
and discomfort because of large kidneys, another approach that has been used has been renal
transcatheter arterial embolization (TAE) using intravascular coils. Renal arteriography is
required to identify the renal arteries at a proximal location. The approach initially described
by Ubara and colleagues®4.6° has changed over time, and this procedure is suitable in a
minority of patients who have reached ESRD, are unstable, or are a poor surgical candidate
(for nephrectomy). Initially, stainless steel coils were placed into the renal arteries and were
then advanced into the arteries. Subsequently, platinum microcoils were used to obstruct
peripheral renal artery branches. If this is ineffective in reducing renal volume, a third
procedure of application of a gelatin sponge close to the platinum microcoil in the smaller
renal arterial branches that could not be obstructed by microcoils is used. A spinal epidural
was required for pain control in the majority of patients. At least 30 platinum microcoils
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were required in most of the cases. Serious complications were not seen after this treatment
although such minor complications as fever and flank pain were observed within the first
week after the procedure.5495 This procedure is capable of reducing kidney volume up to
~50% at 12 months compared with preintervention volumes.

Liver Surgery: Partial Hepatic Reduction and Liver Cyst Fenestration Surgery
—Surgical interventions may also be considered for pain related to massive PCLD although
indications for and outcomes of hepatic volume reduction with partial hepatic resection and/
or cyst fenestration have not been characterized until recently. In a series of 141 patients
from the Mayo Clinic who underwent partial hepatectomy with cyst fenestration of the
hepatic remnant (88%), cyst fenestration alone (7%), and orthotopic liver transplantation
(5%), the indication for surgery in 93% of patients was the presence of symptoms, including
pain, severe enough to negatively impact quality of life. Thorough preoperative imaging and
assessment at a center with experience in these procedures is mandatory to select appropriate
surgical candidates as well as to determine which procedure is likely to yield the best overall
outcome (Fig 3). Encouragingly, 75% of long-term survivors report improved or normalized
performance status, and bodily pain scores on the SF-36 questionnaire appear similar to
general population norms.%6 In another series Que and colleagues®’ reported a ~62% mean
reduction in liver volume with combined liver resection and cyst fenestration surgery.

TAE—TAE, which has been used in treating hepato-cellular carcinoma, has been reported
in a small series of patients with symptomatic polycystic liver disease (PCLD) to
substantially decrease (~20%) both total liver and cyst volume.58 Normal liver generally
shows hepatic arterial and portal venous branches that course in parallel in the same
anatomic segment (liver is divided anatomically into 7 segments). However, in polycystic
livers, hepatic arteries and portal veins course in a different fashion; almost all hepatic
arterial branches are well developed, whereas portal venous branches in hepatic segments
are replaced by multiple cysts. Using local anesthesia, the interventional radiologist
superselectively targets hepatic arterial branches supplying hepatic regions to minimize
damage to the remaining intact liver, and the majority of patients underwent embolization of
2 to 5 segments using platinum micro-coils.58 In experienced hands, TAE appears to be
useful in treating symptomatic PLD in selected ADPKD patients with few serious adverse
effects; however, the procedure has only been reported to have been used routinely in Japan
and Korea.%8:69 |t may be particularly useful in symptomatic patients deemed unfit for any
other type of surgical procedure. Common side effects include fever, nausea, vomiting, and
epigastric pain. Contrast is required for this procedure, thus limiting its utility in patients
with advanced CKD.

Conclusions

There are multiple causes of pain in individuals with ADPKD, and each patient needs
careful evaluation. Significant improvements in medical, radiologic, and surgical approaches
to pain management have occurred in ADPKD and PCLD in the last 5 years. More
procedures are now available to physicians involved in managing ADPKD patients with
pain.
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Future Directions

In the field of pain research, it is likely there will be significant advances in the
identification and validation of urine biomarkers that correlate with kidney pain intensity
using as-says that are minimally invasive and easy to perform at the bedside.’® These could
be tested in ADPKD patients with chronic pain, permitting noninvasive monitoring of these
patients. Such biomarkers are likely to be small peptides readily detectable in urine by mass
spectroscopy (eg, substance P, calcitonin gene-related peptide, or prostaglandins). The
identification of such biomarkers are likely to enhance understanding of the molecular
pathways involved in chronic kidney pain pathways and may provide important therapeutic
targets.’?

In order to prospectively study the problem of pain in ADPKD pain questionnaires are being
used in the HALTstudy, a multicenter, randomized, double-blind, placebo-controlled
interventional study evaluating conventional versus intensive blood pressure control in 1018
hypertensive ADPKD patients.’? These data gathered will provide the largest database of
information to date on pain patterns in ADPKD patients and may provide the basis for
development of surrogate end points for pain monitoring in this group helping to identify the
important minority of ADPKD patients with severe pain and permit validation of pain
biomarkers.

Future studies are needed to evaluate the utility of emerging end organ interventions in the
management of ADPKD patients with chronic kidney and liver pain. These studies ideally
should include monitoring of therapeutic pain biomarker based end points as they become
available.
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Figure 1.
The sympathetic, parasympathetic and sensory innervation of the kidney. Sympathetic fibers

from the spinal cord run to the sympathetic chain and, thereafter, via the splanchnic nerves,
synapse in the celiac ganglion. The splanchnic nerves lie medial to the sympathetic trunk
over the bodies of the thoracic vertebra. Solid line; sympathetic component; dotted line
parasympathetic nerve supply; dashed line-afferent sensory fibers and these travel with the
autonomic nerves. (By permission of Mayo Foundation for Medical Education and
Research, as adapted from Ansell12).
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Figure2.
A sequential approach to pain management in polycystic kidney disease patients. The first

step is to set expectations that pain may not be “cured,” but there will be adaptations that
will allow the patient to adjust to the chronic pain. Combining different modalities may be
needed for refractory pain. (Reprinted with permission.1).
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Figure 3.
A CT scan of a 59-year-old patient with ADPKD with a dominant right lobe of liver cyst (13

cm in diameter). This patient was managed initially with aspiration of the large cyst shown
here. No sclerosis was performed, and the cyst fluid refilled the cyst within 3 months
enlarging to 17-cm diameter. She then underwent laparoscopic right-lobe cyst fenestration
and remained symptom free for a further 16 months.
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Figure 4.
The CT scan shows location of larger right upper lobe liver cyst in a 39-year-old female

patient with autosomal dominant polycystic liver disease. Images are shown (before and
after) 1,100 mL of fluid was aspirated from the cyst without apparent complication under
CT guidance; 150 mL of saline and contrast were then reinjected into the cyst (second
image). Imaging of the entire liver was then performed that showed no evidence of
extravasation from the cyst or connection to the biliary tree. This material was then removed
from the cyst, and 20 mL of alcohol were used to sclerose the liver cyst over a 15-minute
period. Alcohol was then removed from the cyst. The patient tolerated the procedure well.
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Figurebs.
Ultrasound-guided left kidney cyst aspiration and cyst sclerosis for kidney pain in an opiate-

dependent 39-year-old man with ADPKD and chronic left kidney pain. He had cyst
fenestration surgery 1 year prior where 156 cysts removed from the left kidney.
Subsequently, aspiration the largest cyst was drained on the left kidney, and the procedure
was a failure in terms of pain. He reported exacerbations of acute pain due to cyst rupture
occurring averaging monthly. The dominant 6-cm cyst in the posterior superior aspect of the
left kidney seemed to correlate with this patient's left kidney pain (marked with cursors 1 1).
Using ultrasound guidance, sterile technique, local anesthetic (1% lidocaine containing
bicarbonate), and intravenous sedation, a catheter was advanced into this cyst and ~50 mL of
yellow fluid was removed. Next, 20 mL of 95% sterile ethanol was instilled into the cyst
under real-time ultra-sound guidance. This was left in place for 8 minutes, at which point a
total of 40 mL of fluid was removed, completely decompressing the cyst.
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Table 1

Starting doses of selected short and long acting opioids for chronic non-cancer paina

Oral administration

Drug Dose (mg)b Frequency (h) Duration of effect (h) Plasma half-life (h)
Codeine 15-60 3-6 4-6 3
Fentanyl 100-200 ug ¢ 0.5-1 (1V), 72 (TD), 2-4 (TM) 3.7
Hydrocodone 2.5-10.0 3-6 4-8 2.5-4.0
Hydromorphone  2-4 3-4 4-5 2-3
Levorphanol 2-4 6-8 6-8 12-16
Methadone 5-10 6-8 4-6 24
Morphine 15-30 (IR) 3-4(IR) 3-6 2.0-35
Oxycodone 10 (CR), 5-10 (IR) 12 (CR), 3-6 (IR)  8-12 (CR), 3-4 (IR) 2.5-3.0
Oxymorphone 10 (IR), 5-10 (ER) 4-6 (IR), 12 (ER) 3-6 7.0-95
Propoxyphone 65-100 4 4-6 6-12
Tramadol 50-100 (IR), 100 (ER)  4-6 (IR), 24 (ER)  4-6 (IR), 24 (ER) 5-7

Data from references 1, 32, and 34.

Copyright permission Argoff, CE et al. Mayo Clin Proc, 84: 602-12, 2009.

a . . .
CR = controlled-release; ER = extented release; IR = immediate-release; 1V = intravenous; TD = transdermal; TM = transmucosal.

Doses are given in milligrams unless otherwise indicated.

c
Not more than 4 doses per day.
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