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Abstract

Upper tract urothelial cell carcinoma (UTUCC), formerly
known as transitional cell carcinoma of the upper urinary
tract, is a rare oncologic disease in Western countries.
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Thus its disease process and its management are not as
well defined as other urologic cancers. We are reviewing
the current evidence based literature available to develop
a plan for the treatment of UTUCC. A PubMed search was
completed using the key words “upper tract urothelial cell
carcinoma”, “epidemiology”, “risk factor”, “treatment” and
“prognosis”. Six hundred fifty two articles were found. We
narrowed our search to articles published between January
2004 and June 2016 for a more contemporary review
of the topic. Four hundred seventy articles were then
available for review. Further detailed search was performed
for relevance on the topic and hundred one articles were
selected for the review. Many risk factors have been
found to be associated with the development of UTUCC,
including tobacco use. Patients are often asymptomatic
and may only present with microscopic or gross hematuria.
Tumor grade and stage are pivotal in determining the
treatment options for UTUCC. Advancements in endoscopic
techniques have aided in the diagnosis, grading and
treatment of this disease. Treatment options include
topical therapy, with combinations of methotrexate,
vinblastine, doxorubicin and cisplatin or gemcitibine or
cisplatin, endoscopic resection, segmental ureterectomy
and ureteral implantation, and nephroureterectomy,
including bladder cuff. Treatment recommendations
depend on tumor grade and stage, renal function, tumor
location and the patient’s prognosis. There are currently
no tissue or blood-based biomarkers available to accurately
monitor the disease. Further studies of gene expression
and biomarkers may hopefully improve the management
of this disease. Although rare in many countries,
UTUCC is becoming more prevalent due to exposure to
carcinogenic herbal remedies and other identifiable risk
factors. Numerous treatment modalities, both surgical and
chemotherapeutic, have been utilized to treat both low
and high grade UTUCC tumors. Additional clinical trials
are necessary to further develop methods for screening,
treatment, and surveillance to improve management.

Key words: Urothelial cell carcinoma; Diagnosis; Upper
tract; Epidemiology; Risk factors; Treatment; Prognosis
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© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To review the current literature on upper tract
urothelial cell carcinoma (UTUCC) and provide a conte-
mporary management plan for treatment based on best
available evidence. Large randomized controlled trials are
lacking in UTUCC due to the fortunately rare occurrence of
the disease. Treatment recommendations for the primary
lesion, imaging, and follow-up in this review are based
on the stage and grade of the tumor. Early diagnosis and
aggressive treatment remains the mainstay of therapy for
UTUCC.

Choi K, McCafferty R, Deem S. Contemporary management of
upper tract urothelial cell carcinoma. World J Clin Urol 2017; 6(1):
1-9 Available from: URL: http:/www.wjgnet.com/2219-2816/full/
v6/i1/1.htm DOI: http://dx.doi.org/10.5410/wjcu.v6.il.1

INTRODUCTION

Upper tract urothelial cell carcinoma (UTUCC) accounts for
95% of upper tract carcinoma, with the remaining types
being squamous cell carcinoma and adenocarcinoma™.
Although UTUCC is a rare disease in the West, with an
incidence of approximately 40000 cases per year, the
incidence has risen in recent years. It is more common
and the incidence has risen quickly in Asian countries,
espedially Taiwan, along with the Balkan regions'”’.

UTUCC shares a similar embryologic origin as the
bladder; both being derived from the urothelium. But due
to anatomic, biological, and molecular differences between
upper tract urothelial carcinoma and bladder cancer, they
have been referred to as “disparate twin” diseases™?.
Accurate local surgical staging and subsequent clinical
staging (TNM) is important to help standardize treat-
ment planning. Modern management of UTUCC includes
chemotherapy, endoscopic procedures, and nephrour-
eterectomy. We will review the epidemiology, risk factors,
classification, diagnosis, staging and medical and surgical
treatments of UTUCC.

EPIDEMIOLOGY

Upper tract urothelial cell cancer can be found with
higher incidence in Balkan regions, and most recently in
certain Asian countries especially in Taiwan™*>,

Upper tract urothelial cell cancers are most commonly
diagnosed later in life, mostly in the eighth decade'.
However, it should also be considered in younger po-
pulations, especially in patients with exposure to aris-
tolochic acid (AA) plants, which is commonly used for
weight loss in Asian countries. It is a very uncommon
disease, with an incidence of less than 1 case per 40000™.
It makes up 5% of all urothelial tumors and 5% to 7% of
all renal tumors™. Men are twice as likely to have UTUCC,
compared to women'. Although low in incidence, UTUCC
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is very aggressive, as many patients are asymptomatic
and tend to present later with advanced stage disease,
often with metastasis. A thorough understanding of this
disease is pivotal in successful diagnosis and treatment™®.

RISK FACTORS

The most well known risk factor for UTUCC is aristolochic
acid plants, more commonly used in Balkan regions and in
Asian countries, especially in Taiwan™***?, Balkan endemic
nephropathy, associated with ingesting the aristolochic
acid plants, can lead to renal failure and increased risk of
UTUCC. In addition to increased exposure to aristolochic
acid, Balkan populations are also known to have genetic
and hereditary predisposition to UTUCC. Other risk factors
are microsatellite instability and lynch syndrome type
H[13-16].

Other risk factors for UTUCC are similar to bladder
urothelial cell carcinoma, with the most common risk
factor being cigarette smoking””"*®!, Tobacco use is
found to increase the relative risk exposure from 2.5
to 7%, Occupational exposures to chemicals such as
petrochemical and plastic industries, ink solvents, coals,
asphalt and aniline dye products are shared risk factors
between UTUCC and bladder UCC***". Newly identified
risk factors associated with UTUCC include inverted
papilloma which are found in the bladder™?.

UTUCC can be associated with bladder urothelial
cell carcinoma but occurs in less than 5%, although
nearly 25% in patients with carcinoma in situ (CIS).
Environmental exposures unique to upper tract tumors
include Blackfoot disease, Artesian well water, weight-
reducing pills, well water, arsenic, organic chlorides, and
Ergot alkaloids™®*, Phenacetin-based analgesics and
cyclophosphamide have also been found to be causative
agents in UTUCC.

PRESENTATION

UTUCC has been associated with significant delays in
presentation, as many cases are asymptomatic. However,
these cancers tend to be very aggressive once they
present. Typically, it presents with microscopic or gross
hematuria. Flank pain can be present in up to 30% of
patients. This is often attributed to urinary tract obstruction
by the tumor.

The most common locations for this tumor are the
renal pelvis and less often the ureter. Ureteral tumors
are located most commonly in the lower ureter and
least commonly in the upper ureter. Incidence based on
location is as follows: distal ureter in 70%, mid ureter in
25% and then proximal ureter in 5%>**,

DIAGNOSIS

Contrasted imaging of the collecting systems and ureters
with CT urogram or retropyelogram is necessary along
with cystoscopy to diagnose UTUCC. UTUCC is most
frequently identified as an obstruction or filling defect,
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Figure 1 Filling defect on retropyelogram, showing typical “goblet sign”
due to R ureteral urothelial cell carcinoma.

Figure 2 Central mass of upper tract urothelial cell carcinoma on left
kidney, seen as renal sinus mass.

often known as the “goblet sign” when found in the
ureter (Figure 1). CT urogram is the gold standard for
both staging and diagnosis, with the sensitivity of 0.67-1
and specificity of 0.931*?7*"1, If the patient has renal
failure or another reason to avoid intravenous contrast, a
retrograde pyelogram can be performed. Suspect UTUCC
if a central renal tumor is seen, as the mass grows into
the renal sinus (Figure 2).

Physicians must have a high index of suspicion for
UTUCC when faced with a positive cytology despite
having a negative cystoscopy, especially high grade
UCC and CISP*®, In this scenario, ureteral barbotage,
also known as selective ureteral catherization is per-
formed™*. Ureteral washing has 80% sensitivity and
ureteral brushing has 90% sensitivity. Of note, such
selective collection of urine samples should occur prior to
retrograde pyelography, as high-osmolar contrast agents
may alter the cytologic features of the urine sample.

Once UTUCC is suspected, ureteropyeloscopy and
biopsy is indicated®**”). Coupled with biopsy, uretero-
pyeloscopy is the method of choice for diagnosis of
UTUCC?**!, However, due to the small size of the ureteral
scopes, thin walled ureter and small biopsy forceps,
staging is limited. Nevertheless, concordance between
biopsy and final pathology is as high as 90% to 92%.

The TNM Staging System for UTUCC provided in Figure
3 and Table 1 defines the locations and extent of disease.
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Figure 3 Pathologic stage of upper tract urothelial cell carcinoma.
Courtesy of third year medical student at West Virginia University, Mike
Tran.

The staging system begins at TO, which is no evidence of
primary tumor and progresses to T4, where the tumor
invades adjacent organs or through the kidney into the
perinephric fat. Of note, tumor stage was identified as the
most important determinant in predicting recurrence and
survival. There for all efforts to obtain an accurately staged
tissue is crucial™".

Lymph node involvement for renal pelvis tumors may
include renal hilar, paracaval, aortic, and retroperitoneal
nodes. For ureteral lymph node involvement, renal hilar,
iliac, paracaval, periureteral, and pelvic nodes are commonly
involved.

PROGNOSTIC FACTORS

The most pivotal factors in determining prognosis are
tumor stage and grade™**®. Invasion of the vascular,
lymphatic, renal hilum and parenchyma, and perineural
tissue surrounding the kidney has been shown to indicate
more aggressive tumor behavior™*?. Multifocal disease,
including areas such as the bladder, have been found to
indicate a higher likelihood of recurrence and a worse overall
prognosis™>. Tumor necrosis greater than 10% is another
independent risk factor indicating worse prognosis™*>*,
Age, gender and tumor location have been found to offer
little information on disease course and predicting overall
prognosis®® !, Numerous molecular markers including
E-cadherin, Telomerase RNA component, hypoxia-inducible
factor (HIF) 1-a, epithelial membrane protein 3, and
C-erb-B2 have been investigated as possible diagnostic and
prognostic tools’**®*, More data is needed before applying
the markers in a dinical setting.

TREAMENT

Stage and grade of the tumor is instrumental in de-
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Table 1 TNM classification

T - primary tumor

TX Primary tumor cannot be assessed
TO No evidence of primary tumor
Ta Papillary noninvasive carcinoma
Tis Carcinoma in situ
T1 Tumor invades subepithelial connective tissue
T2 Tumor invades the muscularis
T3 (For renal pelvis only) tumor invades beyond muscularis into peripelvic fat or the renal parenchyma T3
(For ureter only) tumor invades beyond muscularis into periureteric fat
T4 Tumor invades adjacent organs, or through the kidney into the perinephric fat
N - regional lymph nodes
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis in a single lymph node, < 2 cm in greatest dimension
N2 Metastasis in a single lymph node, > 2 cm but not > 5 cm in greatest dimension; or multiple lymph nodes, none > 5 cm in
greatest dimension
N3 Metastasis in a lymph node, > 5 cm in greatest dimension
M - distant metastasis
MO No distant metastasis
M1 Distant metastasis

NCCN Guidelines® version 2, 2015", Upper GU tract tumors.

Figure 4 Obtaining tumor specimen for pathologic stage.

ciding treatment plans. Nephroureteretomy (NU) with
bladder cuff has been the gold standard, and remains
the treatment of choice for high grade (TA/T1, HG or
CIS), invasive, or multifocal tumors, along with regional
lymph node dissection***”.,

Segmental resection or distal ureterectomy may be
indicated in select cases to preserve renal function®”,
Tumors located in the distal third of the ureter can utilize
a Psoas Hitch”*”? which was popularized by Turner-
Warwick. This method is an effective means to bridge the
resultant defect of the lower third of the ureter. However,
a small contracted bladder is a contraindication due to
insufficient bladder capacity.

Ureteral defects proximal to the pelvic brim require
more than a Psoas hitch. A lengthy ureteral tumor or
diseased ureter in a patient with a need to preserve
renal function can utilize an ileal ureteral substitution.
Relative contraindications for ileal ureteral substitution
include renal insufficiency, bladder outlet obstruction, and
inflammatory bowel disease.

Endoscopic resection or ablation can be considered in

Raishidenge ~ WJCU | www.wjgnet.com

patients with a solitary kidney or poor surgical candidates,
especially for low grade and low stage tumors??>7®,
Holmium or Nd: Yag may be used for tumor ablation, as
well as ureteral resection via an ureteroscope (Figures 4
and 5)7,

A percutaneous approach may be considered in large
(> 1.5 am) renal pelvis UCC that are grade 1 and possibly
grade 2%, The advantage for the percutaneous approach
is that after 2-3 wk and with a normal nephrogram, BCG or
mitomycin may be administered into the collecting system
through the nephrostomy tube, as opposed to retrograde
administration via reflux up a ureteral stent which is more
challenging®®®. The disadvantage for a percutaneous
approach is that 1/3 will recur and it is more invasive than
other treatment options.

There is a lack of prospective studies that use of chemo-
therapy, whether neoadjuvant or adjuvant, due to the low
incidence of this disease. The National Comprehensive
Cancer Network® (NCCN®) Clinical Practice Guidelines in
Oncology (NCCN Guidelines®) suggest the use of both
with patient discretion (Table 2). For muscle invasive
UCC, MVAC (methotrexate, vinblastine, doxorubicin, and
cisplatin) or gemcitabine and cisplatin chemotherapy are
both treatment options™ ", Of note, BCG and mitomycin
treatment for upper tract UCC is extrapolated from bladder
cancer and retrospective studies. There are currently no
prospective studies showing improved survival and these
are difficult to construct since it is such a rare disease. A role
for BCG in the management of upper tract CIS has been
demonstrated in retrospective studies, although a definitive
efficacy of adjuvant topical therapy after endoscopic
resection of Ta/T1 tumors has not yet been proven® 2,
Of note, immunotherapy and chemotherapy in the upper
tract has limitations due to difficulty delivering them to
the system, unlike bladder instillations with such agents.
Currently NCCN Guidelines® support using postsurgical
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Table 2 Adjuvant treatment for renal pelvis and urothelial carcinoma of ureter

Pathologic staging Adjuvant treatment

Follow-up

pT0, pT1 None

Cystoscopy every 3 mo for 1 yr, then at increasing intervals

Imaging of upper tract collecting system at 3- to 12-mo intervals, if endoscopic resection

pT2, pT3
pT4, pN+

Consider adjuvant
chemotherapy

+ CT scan or MRI
+ Chest X-ray

Cystoscopy every 3 mo for 1 yr, then at increasing intervals
Imaging of upper tract collecting system at 3- to 12-mo intervals

+ CT scan or MRI
+ Chest X-ray

NCCN Guidelines® version 2, 2015"”. Upper GU tract tumors. CT: Computed tomography; MRI: Magnetic resonance imaging.

Figure 5 Tumor resection using ureteral resectoscope with loop.

intrapelvic chemotherapy or BCG for low grade UTUCC of
the renal pelvis after endoscopic resection®".

Chemotherapy for metastatic disease was studied
using MVAC (methotrexate, vinblastine, doxorubicin,
and cisplatin) in 184 patients from 1986 to 2004 at M.D.
Anderson Center. Median recurrence-free survival was 2.4
years”™), Patients with advanced disease should receive
chemotherapy, preferably in a neoadjuvant setting.
Enlarged lymph nodes should be biopsied prior to surgery,
and if positive then intravenous chemotherapy should be
administered, followed by surgery if no progression, as
with bladder UCC.

Radiation plays a very small role in the treatment
of UTUCC. Adjuvant radiotherapy may help limit local
disease in a palliative setting. Although its role is limited,
when combined with chemotherapy it may improve
survival and disease-free survival®*?,

MANAGEMENT/SURVEILLANCE

Management principles of UTUCC are similar to that of
bladder cancer. Low grade/low stage tumors may recur,
but have a low likelihood of progression and high grade/
high stage tumors are more aggressive and have a higher
chance to metastasize. The challenge is identifying tumors
as Ta low grade and ruling out CIS and more aggressive
tumorst®*® as obtaining adequate tissue for diagnosis
can be challenging. Surveillance after treatment of UTUCC
comes with many options. Per the European Association
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of Urology guidelines, low grade/stage tumors follow up
should include cystoscopy every 3 mo for 1-2 years with
periodic urine cytology, then every 6 mo for 2 years' !,
If renal sparing surgery was performed, an ureteroscopy
would also be required. If the tumor was high grade/stage
the management would be similar to that of the low
grade/stage. In addition you would recommend imaging
of the pelvis and abdomen and a chest X-ray.

CONCLUSION

Upper tract urothelial cell carcinoma is a rare disease
with an incidence of less than 40000 cases per year. The
most common presenting symptoms of UTUCC include
hematuria and ureteral obstructive symptoms such as
flank pain. The work up would then include cystoscopy,
urine cytology, BUN, Creatinine and a CT Urogram. Tumor
stage and grade are the most important prognostic
factors to help the physician determine the best treatment
options for the patient. Nephroureterectomy continues
to be the gold standard for treatment in high grade, high
stage tumors. In patients with low grade/stage disease, an
absent contralateral kidney, poor renal function, or bilateral
disease, renal sparing therapies including endoscopic
resection, intravesical therapy with BCG or mitomycin
C, and ureteral resection with ureteroureterostomy or
re-implantation should be considered as an option for
treatment. With appropriate treatment, the 5 year re-
currence free survival rate for low grade/stage disease can
be as high as 92%. However if the disease is not caught
early and the patient has high grade/stage disease the 5
year recurrence free survival can be as low as 5%-48%.
Factors such as high pathological stage, lymph node
metastasis and vascular invasion increase the risk of
recurrence and lead to decreased overall survival. Due to
the aggressive nature of this disease, and lack of large
prospective studies on this topic, large multi-institutional
clinical trials are necessary to further investigate options
for diagnosis, treatment, and surveillance to help those
diagnosed with UTUCC.
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Abstract
Nephrectomy is the treatment of choice for early stage

Roishidenge ~ WJCU | www.wjgnet.com

renal cell carcinoma. However, radical nephrectomy
is consistently associated with higher rates of new-
onset chronic kidney disease (CKD) than the general
population, regardless of the method used in measuring
renal function. The higher rates of CKD are associated
with worsened survival because of increased risk of
cardiovascular diseases and mortality. Comorbidities and
adjacent non-neoplastic kidney diseases are important risk
factors for the development of CKD after nephrectomy.
Partial nephrectomy has become the standard of care for
patients with stage 1la tumours (diameter < 4 cm) and
an attractive option for those with stage 1b (diameter
4-7 cm). Therefore stratifying the risk of postoperative
CKD before surgery is important and ongoing monitoring
of kidney function after radical nephrectomy is needed
in addition to oncological surveillance. More research is
needed to better understand the risk of CKD after radical
nephrectomy and develop effective strategies to optimize
kidney function after such surgery.

Key words: Nephrectomy; Renal function; Renal cell
carcinoma; Chronic kidney disease; Prevention

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic kidney disease (CKD) is an important
complication associated with radical nephrectomy. CKD
post-nephrectomy is associated with increased risk of
cardiovascular diseases. Risk factors for CKD should be
assessed thoroughly before radical nephrectomy. Where
possible, nephron-sparing treatment should be used to
mitigate the onset of CKD after tumour resection.
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INTRODUCTION

Renal cell carcinoma (RCC) is the third most common
urological cancer but has the highest mortality rate'. The
five-year survival of late stage RCC is 5%-10%"". Radical
or partial nephrectomy is the preferred treatment for the
majority of patients with RCC or other renal malignancies.
Although outcomes are favourable for early stage RCC
treated with unilateral radical nephrectomy, concerns
are emerging about the adverse impact on long-term
renal function and survival. Nephrectomy for renal mali-
gnancies has been recognized as an independent risk
factor for developing chronic kidney disease (CKD)™?!
whilst nephrectomy for other indications such as living
kidney donation has a more benign long-term renal
outcome™. CKD is defined as kidney damage for more
than 3 mo (either confirmed by indicators of kidney
injury such as proteinuria, or pathological disease in
biopsy samples) with or without changes in estimated
glomerular filtration rate (eGFR), or eGFR < 60 mL/min
per 1.73 m? for more than 3 mo®..

In the United States, 75%-80% of patients with renal
cancer are diagnosed incidentally with disease localized
to the kidney'™. This observation is largely attributable
to a 73% rise in imaging of the abdomen with CT and
MRI™®. In parallel with increased detection of renal
neoplasms, benign renal tumours such as oncocytoma,
angiomyolipoma and simple renal cysts, have been
diagnosed increasingly'”’. More than 20% of incidental
renal masses are benign but current radiological in-
vestigations cannot accurately differentiate malignant
from benign tumours™®.

In this review, we will describe the epidemiology of
CKD after radical nephrectomy for renal tumours and
ways to prevent the development of this condition after

surgery.

EPIDEMIOLOGY

Evidence from observational studies support the finding
that radical nephrectomy is associated with higher rates
of CKD, regardless of the method used in measuring
renal function. Klarenbach et af”’ used a large Canadian
population-based database of subjects who underwent
nephrectomy between 2002 and 2007 to evaluate kidney
outcomes after a mean follow-up of 2 years and 8 mo.
Among those who underwent radical nephrectomy, 106
out of 921 (11.5%) experienced adverse renal outcomes,
which was defined as end-stage renal disease (ESRD),
acute dialysis, CKD (eGFR < 30 mL/min per 1.73 m?),
and rapidly progressive CKD (eGFR < 60 mL/min per 1.73
m? and eGFR loss = 4 mL/min per 1.73 m? per year)™..
In the Memorial Sloan-Kettering Cancer Center (MSK
CC) study, about a quarter of patients with Tla RCC
(tumour diameter < 4 cm) had CKD (eGFR < 60 mL/min
per 1.73 m?) prior to surgery despite preoperative serum
creatinine within the normal range'” (Table 1). In a study
of patients who had nephrectomy for Tla RCC using
the linked Surveillance, Epidemiology and End Results
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(SEER)-Medicare database in the United States between
1998 and 2005, an increased rate of new-onset CKD was
observed in patients who had radical nephrectomy (20%)
compared with partial nephrectomy (11%)"%. Using data
from this study, the authors estimated that the five-year
rate of new-onset CKD was 18% for radical nephrectomy
and 9% for partial nephrectomy.

With variable duration of follow-up after radical nep-
hrectomy, ESRD has been reported in 0%-4% of patients
in various studies'>®*", In a Canadian study involving
1151 subjects with kidney lesions who have undergone
nephrectomy, 2% developed ESRD requiring dialysis
within a median period of 32 mo after surgery™. However
ESRD was not considered as a specific renal outcome due
to its low incidence. In the SEER-Medicare (1988-2005)
linked cohort, 2% of patients who had partial nephrectomy
and 4% of radical nephrectomy developed ESRD when
the data was censored in 2008™°". However there was no
statistical difference between these two treatment groups.
In the subgroup analysis of the European Organisation
for Research and Treatment of Cancer (EORTC) trial, the
incidence of ESRD was low in the radical nephrectomy
group at 1.5% and was not significantly different from
those who had partial nephrectomy!'!. In the MSKCC
study, none of the included subjects required renal
replacement therapy, acute or chronic®,

Recent studies have provided new insight into di-
fferences between patients with CKD caused by medical
conditions and those after nephrectomy. One study
found that CKD related to nephrectomy was associated
with annual kidney function decline of 0.7%, which is
significantly lower than the 4.7% observed in medical-
related CKD".

Most studies have used either creatinine or eGFR
to determine kidney function. Nonetheless serum crea-
tinine alone does not reliably reflect kidney function
due to variations in between days, extremes of age and
people with different muscle mass™. More recent studies
have found that using serum creatinine and eGFR have
underestimated the real effect on kidney function™. By
measuring 24-h urinary creatinine clearance, one study
has shown a decline in renal function by 31.6% after
radical nephrectomy**?.,

PREDISPOSING FACTORS FOR CKD
POST-NEPHRECTOMY

Patients with renal tumours tend to be older resulting in a
higher prevalence of cardiovascular diseases. As a result,
this group of patients may have a greater degree of renal
disease even when their creatinine concentration is still
within the reference interval.

Similar systemic comorbidities and intrinsic renal
risk factors might predispose people to develop both
renal malignancies and CKD™®"”, These factors include
patient characteristics (such as age, sex and ethnicity),
genetic predisposition, medical comorbidities (such
as hypertension, diabetes mellitus and other chronic
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Table 1 The incidence or prevalence of chronic kidney disease or end-stage renal disease before and after radical or partial nephrectomy

for suspected renal cancers

Population Incidence or prevalence Ref.

CKD in patients with Tla RCC before surgery 26% Huang et al”

New-onset CKD after radical nephrectomy (SEER-Medicare database) 20% Sun et al"”

New-onset CKD after partial nephrectomy (SEER-Medicare database) 11% Sun et al"”

ESRD after radical nephrectomy 2%-4% Sun et al"”
Scosyrev et al™!

ESRD after partial nephrectomy 2% Sun et al™”

CKD: Chronic kidney disease; ESRD: End-stage renal disease; RCC: Renal cell carcinoma; SEER: Surveillance, Epidemiology and End Results.

Table 2 Risk factors associated with new-onset chronic kidney disease or acceleration of pre-existing chronic kidney disease after

radical nephrectomy

Risk factor

Odds ratio (95%Cl); P-value Ref.

Diabetes mellitus

Hypertension

Low preoperative GFR (< 90 mL/min per 1.73 m?)
Preoperative GFR (per 10 mL/min per 1.73 m” rise)
Postoperative AKI

Adjacent non-neoplastic kidney parenchyma abnormalities
Arteriosclerosis > 50%

Interstitial fibrosis (present)

Glomerulosclerosis = 5%

Brandina et al™

Cho et al®

Brandina et al™
[24]

11.60 (1.39-97.04); P = 0.024
2.74 (1.07-6.98); P = 0.035
3.67 (1.28-10.48); P = 0.015
3.30 (1.16-9.37); P = 0.025
0.47 (0.36-0.60); P = 0.0001
4.24 (2.28-7.89); P = 0.0001

Brandina et al
Cho et al®
Cho et al®

Brandina et al™

3.33 (1.03-10.79); P = 0.045
3.78 (1.32-10.76); P = 0.013

3.78 (1/24-11.50); P = 0.0061

AKI: Acute kidney injury; GFR: Glomerular filtration rate.

or acute diseases), coexisting pathologies in adjacent
non-neoplastic renal parenchyma and environmental
exposures (such as nutrition and smoking status)"®”’
(Table 2).

Non-neoplastic renal parenchymal disease

Several studies have shown that arterionephrosclerosis
and glomerular diseases frequently coexist with RCC**?2,
In resected tumour specimens, up to 90% have been
reported to have coexisting non-neoplastic renal disease
in the adjacent parenchymal tissue™, Clinically signi-
ficant intrinsic renal abnormalities, such as glomerular
hypertrophy, diabetic nephropathy, mesangial expansion
and diffuse glomerulosclerosis were evident in more than
60% of these specimens'!.,

From a study of 110 neoplasm-related nephrectomy,
people with significant abnormal renal parenchyma
showed a higher decrease in kidney function at 6 mo
after surgery in comparison to those with normal adjacent
renal tissue (increase in serum creatinine by 97.24 +
159.12 pmol/L vs 17.68 + 17.68 pmol/L)*®. Nonetheless,
a limitation of this study was the small sample of serum
creatinine measurement on follow-up. In another study of
156 patients after tumour nephrectomy who had follow
up for 12 mo or more, findings of severe arteriosclerosis
or arteriolosclerosis, tubular atrophy or interstitial fibrosis,
or glomerulosclerosis in nephrectomy specimens were
associated with significantly lower renal function after
surgery®?,
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One study with a follow-up of an average 19.7 mo
found that after laparoscopic radical nephrectomy, the
change in eGFR was significantly associated with the
severity of glomerulosclerosis or the finding of interstitial
fibrosis'®!. For every ten percent rise in the degree of
glomerulosclerosis, eGFR dropped by 9% post-surgery
compared with baseline.

Another study of 65 individuals who had radical ne-
phrectomy for RCC, elevated risk of new-onset CKD
(eGFR less than 60 mL/min per 1.73 m?) was observed
in association with abnormal pathology in adjacent non-
neoplastic parenchyma®. A multivariate analysis in this
study showed that arteriosclerosis of more than 50%
(odds ratio, OR = 3.3), presence of interstitial fibrosis (OR
= 3.8) and glomerulosclerosis of 5% or greater (OR =
3.8) were associated with significant loss in renal function
after radical nephrectomy.

Findings from these studies have led the College of
American Pathologists to recommend reporting of non-
neoplastic renal parenchyma for examination of all tumour
nephrectomy and nephroureterectomy specimens,
However, no study has reported any correlation bet-
ween adjacent non-neoplastic renal disease and the
development of ESRD or cardiovascular diseases after
nephrectomy.

Co-existing morbidities

After nephrectomy, co-existing morbidities are important
contributing factors to deterioration in kidney function
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after nephrectomy because of their effects on remaining
renal parenchyma. Diabetes mellitus, hypertension
and cigarette smoking have been independently linked
with the decrease in renal function after nephrectomy
for kidney tumours®?®!, These factors can lead to de
novo development of CKD or acceleration of decline
in pre-existing CKD. Studies have pointed towards a
progressive increase in the risk of RCC with worsening
hypertension but the pathophysiological mechanism for
this relationship is still unclear’”’***”), Diabetes mellitus is
present in 6.8%-23.0% of patients with RCC undergoing
surgery®”*®, A prior diagnosis of diabetes has been found
to be a predisposing factor for development of stage I
CKD after radical nephrectomy®.,

Postoperative acute kidney injury

Acute kidney injury (AKI) after radical nephrectomy
among patients diagnosed with RCC has been found
to be a significant risk factor for new-onset CKD".
This study also found that about one-third of patients
experienced post-operative AKI when they underwent
radical nephrectomy. A year post-surgery, median GFR
was lower in the AKI group compared to those without
AKI. Advanced age, male gender, increased body mass
index, low presurgical GFR and small size of RCC were
identified as predisposing factors for postoperative
AKI®?, Uncertainty remains about how these factors are
associated with inadequate compensation of the remaining
kidney and adaptive hyperfiltration®®”. Additional research
is required to identify ways of preventing AKI after radical
nephrectomy as a strategy to prevent new-onset CKD
after this procedure.

Characteristic of renal tumour

One study has found that larger kidney tumour diameter
was independently associated with decreased preoperative
estimated GFR even after adjusting for hypertension and
raceP®!, The findings of this study suggest that either the
growth of a tumour or displacement of the non-tumour
renal parenchyma affects kidney function.

On the other hand, two other studies found that small
tumour size was associated with significant deterioration
in renal function after radical nephrectomy™**%, Therefore,
researchers in these studies have advocated that partial
nephrectomy are more appropriate in patients with tu-
mour size 7 cm or less.

POST-NEPHRECTOMY CKD,
CARDIOVASCULAR DISEASES AND
MORTALITY

Higher rates of CKD in patients who had radical nep-
hrectomy have been associated with increased risk of
cardiovascular diseases and mortality™>*. Using Medicare
data, Huang et af® found that the risk of cardiovascular
events and non-cancer mortality was increased in the
group that had radical nephrectomy. This finding was
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corroborated by a study from Weight and colleagues®®.

In their study, they evaluated the overall and disease-
specific survival in 1004 subjects with T1b RCC (tumour
of 4-7 cm in diameter) who had either radical or partial
nephrectomy. This study found that a significant drop
in renal function was observed in those who had radical
nephrectomy, over a follow-up period of 4 years. In
addition, this differing rate of decline in kidney function
was associated with a 25% increase in cardiovascular-
related mortality and a 17% rise of all-cause mortality.

PREVENTION OF CKD AFTER RADICAL
NEPHRECTOMY

In the past decade, partial nephrectomy has emerged as
the standard treatment for most small kidney masses of
less than 4 cm in size®*"), Available evidence strongly
supports the notion that control of cancer and risk of
cancer-associated mortality for tumours up to 7 cm are
not compromised by partial nephrectomy when compared
with the radical procedure®®®*,

The EORTC is the only randomized trial comparing
partial and radical nephrectomy in patients with solitary
kidney lesions™*”. This study randomized 541 participants
with solitary renal tumours with a diameter of 5 cm or
less and normal contralateral kidney to receive either
radical or partial nephrectomy. After a median follow-
up period of over 9 years, this trial showed an inferior
outcome after partial nephrectomy in comparison with
radical nephrectomy (mortality of 25.0% compared with
18.3%). However the trial closed prematurely due to low
recruitment and was confounded by a large humber of
crossover in between the two arms of treatment.

A subsequent subgroup analysis of the EORTC study
found that after a median follow-up of 6.7 years, nephron-
sparing surgery was associated with a lower absolute
risk (21%) of developing stage I CKD!!. In addition,
stage IV and V CKD (eGFR < 30 mL/min per 1.73 m?)
were observed in 10.0% of participants who had radical
nephrectomy compared with 6.3% of those who had
nephron-sparing surgery.

Several studies have found that partial nephrectomy
can be expanded safely to patients with tumours of 4-7 cm
in size (TLbNOMO)®***), One study has extended these
findings on partial nephrectomy in patients with T1b to the
population level, using analyses from the SEER registry™.
Using propensity scoring, this study found no overall
survival difference between partial and radical nephrectomy
in @ matched cohort of patients with TIbNOMO staging.
One meta-analysis of 39 studies and 41010 individuals
who had surgery for small renal neoplasms found that
nephron-sparing surgery had a 19% lower all-cause
mortality (hazard ratio, HR = 0.81; P < 0.0001)",
However, this finding has to be interpreted cautiously due
to the heterogeneity in study population and the inclusion
of retrospective studies.

In a meta-analysis of 26 studies (27845 radical nep-
hrectomy and 8201 partial nephrectomy), nephron-
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sparing surgery was associated with a 73% risk reduction
of new-onset CKD (eGFR < 60 mL/min per 1.73 m?) in
all included patients (HR = 0.27; P < 0.0001) compared
with radical nephrectomy™. In patients with tumours >
4 cm, partial nephrectomy was associated with a 65%
risk reduction of new-onset CKD compared to radical
nephrectomy. However this systematic review was not
able to assess the incidence of ESRD (eGFR < 15 mL/min
per 1.73 m®) after surgery because of a lack of relevant
data.

In one study, patients treated with nephron-sparing
surgery have about half the risk of developing cardio-
vascular events compared with radical nephrectomy™”.
After adjusting for clinical characteristics, comorbidities,
and cardiovascular risk at diagnosis, nephron-sparing
surgery was independently associated with a lower risk of
cardiovascular events compared to radical nephrectomy.

However, in a meta-analysis of 6 studies (16745
radical nephrectomy and 5403 partial nephrectomy), there
was no significant difference between radical and partial
nephrectomy in relation to post-surgery cardiovascular
events (HR = 0.86; P = 0.24) and cardiovascular death
(HR = 0.71; P = 0.20)"*). However, these results are still
contentious because of the limited number of studies.

The most likely mechanism of how partial nep-
hrectomy confer the kidney function advantage is
through preservation of a larger renal volume or some
may refer to a functional volume. Among people with
a single kidney undergoing nephron-sparing surgery,
a larger preserved kidney volume is independently
associated with better renal function®*’\. An increase of
5% in the volume of preserved kidney was associated
with a reduction in the risk of new-onset stage IV CKD by
17%"7,

After nephron-sparing surgery, the integrity and
quality of the remaining parenchyma is predictive of CKD
risk. In one study of 1169 subjects, a greater dedline in
kidney function was observed during open or laparoscopic
partial nephrectomy with increased duration of warm
ischaemia greater than 20 min™". This study also showed
that the duration of warm ischaemia was correlated with
nadir eGFR decline after surgery and the magnitude of
this reduction was associated with progression to CKD™",
Furthermore, duration of warm ischaemia of more than 25
min has been demonstrated to double the risk of severe
CKD™. However, even with prolonged ischaemic time
during partial nephrectomy (> 30 min), kidney function
outcomes were still better than radical nephrectomy®™?.

Cryoablation and radiofrequency ablation are em-
erging as other nephron-sparing therapies for localized
kidney neoplasms®>**. However ablative procedure often
precludes definitive pathological staging. Although a
promising option for small lesions, the efficacy in terms
of oncological and renal outcomes have not yet been
established due to small study cohort and the absence of
long-term data. Therefore surgical resection remains the
preferred treatment modality in most cases of suspected
kidney malignancy.

Active surveillance can be considered the preferred
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“nephron-sparing” procedure in patients with limited
life expectancy due to comorbidities or advanced age.
Lane et al*”! have demonstrated that for patients 75
years or older, the renal function deterioration after
radical nephrectomy is associated with higher risk of
cardiovascular death. In this older age group, neither
radical nor partial nephrectomy conferred a significant
survival advantage over active surveillance. In the largest
prospective observational study using the Delayed
Intervention and Surveillance for Small Renal Masses
(DISSRM) registry, the 5-year overall survival was lower
in the active surveillance (75% vs 92%) but no difference
in cancer-specific survival®®.

RISK STRATIFICATION BEFORE
NEPHRECTOMY

Comprehensive stratification of risk before nephrectomy
is vital to ensure patients achieve the best functional
renal outcomes. One of the risk stratification tool is the
Screening for Occult Renal Disease (SCORED) which uses
factors such as patient age, gender, anemia, proteinuria
and cardiovascular comorbidities”™. This tool has been
validated in patients with small kidney masses undergoing
nephrectomy and those in the high risk category (SCORED
= 4) were three times more likely to develop Stage
Il CKD™. Another group has proposed an alternative
instrument for risk prediction. Sorbellini et ali®’ have
devised a nomogram to predict dedline in kidney function,
which was defined as two or more creatinine measure-
ments of 176 umol/L within a month after surgery. This
nomogram takes into account the change in kidney
volume and pre-surgery creatinine but does not include
preoperative comorbidities which can be important risk
factors for CKD.

Other models of risk prediction have used information
from renal parenchyma surrounding the tumour™. The
presence and extent of glomerulosclerosis in adjacent
parenchyma has been found to correlate with decline in
kidney function after nephrectomy but this relationship
is not observed with arteriosclerosis, interstitial fibrosis
or tubular atrophy'®. Brandina et af** have proposed
a nomogram using age-adjusted Charlson comorbidity
index, percentage of glomerulosclerosis in the adjacent
non-neoplastic parenchyma and baseline eGFR before
surgery to predict the probability of developing CKD after
nephrectomy. However this nomogram has not been
validated for clinical use.

KNOWLEDGE GAP AND FUTURE
RESEARCH

The evidence to support nephron-sparing surgery in
patients with suspected RCC has been derived mainly
from single-centre cohort studies. Consequently these
studies lack standardisation in the definition for renal
impairment, method in assessing kidney function and
varying cutoff or stages of CKD as the primary outcome.
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How is long-term cardiovascular health affected by radical nephrectomy?

What is the incidence of end-stage renal disease and renal replacement therapy after radical or partial nephrectomy?

What reliable investigations can be used to identify patients with renal cell carcinoma prior to surgery?
How does the contralateral kidney compensate after radical nephrectomy?

How can kidney function be preserved after nephrectomy?

Furthermore there is also disparities between studies in
terms of eligibility criteria and duration of follow-up after
surgery.

Hitherto, none of the studies have used ESRD after
nephrectomy as the primary endpoint. Future work is
needed to evaluate the effects of nephrectomy on pa-
tients, particularly with ESRD as the main endpoint, and
the possible two-way relationship between RCC and
CKD. Further research is required to better understand
how CKD develops or progresses after nephrectomy and
identify effective measures to prevent CKD and associated
adverse effects in this setting. While comorbidities such
as hypertension and diabetes mellitus are cited as risk
factors for new-onset CKD or worsening kidney function
after radical nephrectomy, no study have evaluated how
interventions to control these risk factors may potentially
influence outcome.

Assessment of kidney function before and after
nephrectomy is still largely based on serum creatinine
measurement. Although serum cystatin C has been found
to be a good predictor of AKI in different settings®*¥,
its use has not been evaluated in those undergoing
nephrectomy. Similarly, another marker, neutrophil gela-
tinase-associated lipocalin (NGAL), has not been studied in
patients having nephrectomy.

The increased incidence of CKD after radical neph-
rectomy also highlights the need for more research to
distinguish between high- and low-risk renal tumours
before surgery to better select patients who will require
surgical management. Clinical trials are currently investi-
gating gene alterations such as chromatin remodelling
and microsatellite instability as tool for such differentiation
(NCT02204800 and NCT01305330). Urinary biomarkers
such as aquaporin-1 and perilipin-2 have demonstrated
early promise in differentiating benign tumours from
malignant RCC'®!. Newer markers such as decreased
expression of small non-coding RNAs known as PIWI-
interacting RNAs have also been associated with poor
survival in RCC*®, However more research is required to
validate the accuracy of these markers in the pre-surgical
diagnosis of RCC.

Future studies are needed to address a number of
important gaps in knowledge for patients who had radical
nephrectomy. Table 3 summaries a few key questions
about kidney function and adaptation after radical nep-
hrectomy that warrants further research.

CONCLUSION

Consistently, patients who have undergone radical nep-
hrectomy for a suspected kidney malignancy are at
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increased risk of CKD. The concern with the deterioration
in kidney function after radical nephrectomy is that this
group of patients are at increased risk of ESRD and
adverse cardiovascular outcomes. Coexisting medical
disorders including diabetes mellitus, hypertension and
abnormalities in the remaining kidney parenchyma are
risk factors for new-onset CKD after radical nephrectomy.
A comprehensive assessment of developing CKD after
radical nephrectomy should be undertaken in every
patient in whom this procedure is being considered so
that management decisions can be better informed.
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Abstract

AIM

To investigate the association of urinary chemokines with
the treatment response in chronic prostatitis/chronic pelvic
pain syndrome (CP/CPPS) patients.

METHODS

Between 2007-2011, 18 out of 21 male CP/CPPS patients
met the exclusion/inclusion criteria of the 16 wk longi-
tudinal study on twice daily oral treatment with Phos-
phodiesterase 4 inhibitor called Apremilast for 12 wk.
Symptom scores and urine specimen were collected at
baseline and every visit at 4 wk interval from CP/CPPS
patients who completed at least 8 wk of drug treatment.
Urine collected at each visit was frozen and then analyzed
together after thawing for chemokines and growth factors
using MILLIPLEX™ MAP immunoassay. Cross sectional
association of Chronic Prostatitis Symptom Index (CPSI)
and visual analog scale (VAS) with chemokine levels in
urine collected at baseline was assessed in 18 CP/CPPS
patients relative to 10 asymptomatic male subjects.
Longitudinal association between urine chemokine levels
and symptom scores was assessed in 8 treatment-
adherent CP/CPPS patients at baseline and at 4, 8, 12 and
16 wk.

RESULTS
Urine chemokines levels of CXCL-1 (GRO-a), CXCL-8
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(IL-8), CXCL-10 (IP-10) and CCL5 (RANTES) in CP/CPPS
patients at baseline were significantly elevated relative to
asymptomatic subjects, whereas levels of sIL-1RA in CP/
CPPS were significantly lower compared to controls (P <
0.05). Quantitatively, urine levels of CXCL-10 were higher
than other chemokines in CP/CPPS, but its fold change of
5 relative to controls was lower than the 20 fold change
noted for CXCL-8. The mean age of enrolled patients who
completed at least 8 wk of treatment (7 = 8) was 46.5
+ 9.4 years and analysis found that elevation of CXCL-8
and CCL5 increased the odds for higher score of CPSI by
54% and 25%, respectively (F test, £ = 0.00007). Urine
levels of CCL2 (MCP-1) and CXCL-10 together explained
approximately 85% of variance in longitudinal data on
multivariate analysis. Bivariate analysis of 5 patients who
fully complied and completed the assigned dose regimen,
showed strong linear correlation of reduced urine
levels of CXCL-10, CXCL-8, CCL5, CCL2 and PDGF with
improvement in clinical activity as measured by pain VAS
and CPSI (Pearson r = 0.83-0.97; P < 0.05).

CONCLUSION

Urine levels of CXCL-10, CCL2 and PDGF can be sensitive,
objective and non-invasive markers of response to new
therapeutic intervention in CP/CPPS patients.

Key words: Chronic prostatitis; Longitudinal measurement;
Phosphodiesterase 4; Urine; Chronic pelvic pain syndrome;
Chemokines

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic prostatitis or chronic pelvic pain syn-
drome is a poorly understood and prevalent male con-
dition, which is generally described by pelvic pain in the
absence of demonstrable urinary or genital tract infection.
Inflammation is considered to play a critical role in the
prostatitis and so we carried out a small physician initiated
clinical study to investigate the potential efficacy of a new
phosphodiesterase 4 inhibitor drug, Apremilast. Urine
was collected from the study participants at the baseline
and at each visit to assay the chemokine levels and then
determine their association with the treatment response.
We are the first to report that chemokine levels in urine
instead of the semen or prostatic secretions have the
potential to serve as non-invasive biomarkers of severity
and treatment response of the prostatitis patients.

Tyagi P, Killinger K, McLennan G, Jayabalan N, Chancellor
M, Peters KM. Urine chemokine levels correlate with treatment
response to phosphodiesterase 4 inhibitor in prostatitis. World J
Clin Urol 2017; 6(1): 18-26 Available from: URL: http://www.
wjgnet.com/2219-2816/full/v6/i1/18.htm DOI: http://dx.doi.
org/10.5410/wjcu.v6.i1.18

INTRODUCTION

Chronic prostatitis (CP) or chronic pelvic pain syndrome
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(CPPS) is a poorly understood and prevalent male con-
dition that affects 10% to 14% of men of all ages and
ethnic origins!'). According to the National Institutes of
Health (NIH) consensus definition, CPPS is regarded as
category III prostatitis described by genital or pelvic pain
in the absence of demonstrable urinary or genital tract
infection™.,

Unlike NIH category I and II prostatitis, the patho-
physiology of category I (CP/CPPS) is an enigma and
may not be as organ (prostate) centric as categories I and
™. With progression of symptom severity, CP/CPPS
may evolve into regional pain syndrome with symptoms
resembling interstitial cystitis™. Considering the signi-
ficant inflammatory component in CP/CPPS, most prior
therapies have focused on targeting inflammation®®.
Leukocyte infiltration is a primary event in inflammation
and because expression of chemokines temporally
precede that™ it makes the chemokines well suited to
serve as biomarkers for pelvic pain disorders®.

Interestingly, leukocytes and immune cells pre-
dominantly express a cyclic adenosine monophosphate
CcAMP metabolizing isoenzyme called phosphodiesterase
4 (PDE4)". Consequently, selective pharmacological
inhibition of PDE4 by Apremilast, a novel, orally available
small molecule, can cause buildup of cAMP which affects
production of cytokines including CXCL-10 (IP-10),
CCL2/monocyte chemoattractant protein-1 (MCP-1),
CCL5/Regulated on Activation, Normal T cell Expressed
and Secreted (RANTES) and vascular endothelial growth
factor (VEGF)™. Since mechanism of action for Apremilast
is different from traditional anti-inflammatory drugs (NSA
IDS), it could have potential efficacy in CP/CPPS patients
refractory NSAIDS"™!, which work by inhibiting COX instead
of PDE4.

Previous studies have reported correlations between
increased cytokines, chemokines and growth factors in
the semen and prostatic secretions with symptom scores
of CP/CPPS™*™!, Instead of seminal plasma, we aimed
to correlate in a longitudinal study the disease severity
and treatment response to Apremilast by non-invasive
measurement of chemokines in urine of CP/CPPS patients.

MATERIALS AND METHODS

Patient selection

Adult male subjects aged = 18 years at time of informed
consent were recruited in a prospective open-label, one
arm, physician initiated study (NCT00701311)"' that was
approved by the institutional review board (HIC-2007-135).
The inclusion and exclusion criteria for CP/CPPS patients
enrolled in a 12 wk oral therapy of PDE4 inhibitor,
Apremilast (20 mg BID; provided by Celgene), can also be
found at http://clinicaltrials.gov/ct2/show/NCT00701311.
The inclusion criteria were patients with clinical symptoms
of CP/CPPS (pain in the pelvic area, penis, scrotum, or
perineum) who were refractory to other therapies (e.g.,
NSAIDS) for at least 3 of the 6 mo immediately before the
first visit. Enrolled patients also fulfilled the NIH definition
of CP/CPPS (category Il prostatitis) and had a NIH-CPSI
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total score of 15 or higher. Exclusion criteria were subjects
with genital infection, clinical epididymitis, documented
positive urine culture (> 100000 CFU/mL) within the
past three months, pelvic mass, or known active or prior
genitourinary malignancies (including renal, ureteral,
bladder or prostate). Urine samples from 10 age-matched
males without CP/CPPS diagnosis or symptoms were also
included as controls in the analysis for comparison.

Follow up protocol

Clinical and laboratory assessments were performed at
baseline and then every 4 wk till the end of treatment
(at 12 wk) with a final follow up at week 16. Clinical
assessment for improvement in symptoms after treat-
ment included change between week 0 and week 12 in
the chronic prostatitis symptom index (CPSI), which is a
validated urinary and pain measurement tool from the
NIH. Pain was measured using a visual analog scale (VAS)
for pain (0 = no pain and 10 = worst pain imaginable).
Laboratory assays included urine culture at baseline,
complete blood count, metabolic blood chemistry, uri-
nalysis, liver and kidney function tests, and PSA.

Specimens

Urine specimens were collected from consented patients
at baseline and at 4, 8, 12 and 16 wk after started
treatment. Urine dipstick was done after each urine
collection. After collection, all the spot-urine samples
were frozen at -80 ‘C until analysis.

Assay of urinary chemokines

On the day of analysis, all the frozen urine samples were
thawed quickly and nine different chemokines/cytokines
in urine were measured by MILLIPLEX human cytokine/
chemokine immunoassay following the procedure as pre-
viously described™. An automated immunoassay analyzer
Bioplex Luminex 200 IS System, (Luminex, Austin, TX)
purchased through Bio-Rad, was used to assay chemokines
using commercially available microspheres (Millipore,
Billerica, MA) following manufacturer’s instructions.
Microspheres of defined spectral properties conjugated
to antibody directed against CXCL-1, CXCL-8, CXCL-10,
IL-6, soluble interleukin-1 receptor antagonist (sIL-1RA),
MCP-1 (CCL2), RANTES (CCL5), VEGF, platelet derived
growth factor (PDGF) were pipetted into 96-well plate. The
median fluorescence intensity of microspheres specific for
each chemokine was recorded for each well to calculate
chemokine concentration.

Statistical analysis

The differences in urine levels of chemokines between
controls and CP/CPPS patients were measured by Mann-
Whitney U test. The test assesses significant differences
between groups without making assumptions of normality.
Both bivariate and multivariate models using principal
component analysis (PCA) were examined to assess the
degree to which each baseline predictor was associated
with the dlinical outcome measures independently or in
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conjunction with the other variables using Unscrambler®
X 10.1 software (CAMO Software Inc, NJ, United States).
Assumptions of linearity were verified for each model
and age, urine chemokines, and duration of CP/CPPS
symptoms were included as covariates in all models.
Pearson (r) and Spearman (rs) correlation test were used
to assess the correlations among reductions in urinary
chemokines and dlinical outcomes. All statistical tests were
evaluated for statistical significance at o < 0.05 2-tailed,
and trends at 0.05 < o > 0.10. Continuous variables are
expressed as mean % standard error of mean.

RESULTS

Baseline clinical and demographics features

Of the 21 patients recruited for the study only 18 met
the exclusion/inclusion criteria and provided urine at
baseline, 7 provided a urine specimen at baseline but did
not complete at least 8 wk of treatment, and 3 others
withdrew before completing the study. The mean age
of enrolled patients who completed at least 8 wk of
treatment (n = 8) was 46.5 £ 9.4 years. Among 8 CP/
CPPS patients, those who fully complied and completed
the assigned dose regimen are referred to as treatment
adherent (n = 5) and those not completely adherent to
regimen are referred to as treatment non-adherent CP/
CPPS patients (n = 3).

Urine levels of chemokines in CP/CPPS and controls
Urine dipstick done after each collection ruled out pre-
sence of urinary infection. At baseline, levels of CX CL-1
(15 fold), CXCL-8 (20 fold) and CXCL-10 (5 fold) were
significantly elevated in CP/CPPS (P < 0.05) (Figure 1A-C).
Higher levels of CXCL-10 (169.8 + 46.38 pg/mL vs 31.45
+ 16.83 pg/mL) relative to controls is in agreement with
the intra-acinar infiltration of T-lymphocytes previously
noted in prostate biopsy of CP/CPPS patients™. Levels
of neutrophil attracting CXC chemokines CXCL-1 (32.46
+ 9.9 pg/mL) and CXCL-8 (5.3 £ 1.8 pg/mL) were
comparatively lower in CP/CPPS™ (notice scale on Y-axis
Figure 1).

CCLS5, which is also known to drive trafficking of lym-
phocytes™ (Figure 1E), was also significantly elevated
in CP/CPPS relative to controls (19.26 + 6.8 pg/mL vs
0.14 £ 0.02 pg/mL). CCL2 and PDGF were detected
in substantial amount in all the CP/CPPS patients, but
due to high variability in the control group, results were
not significant (Figure 1D and F, respectively). Levels
of CXCL-1, CXCL-8 and CCL5 in the control group were
uniformly below or very near the detection limit of our
assay method.

Urine levels of CXCL-8 and CCL5 levels were not only
quantitatively lower in CP/CPPS patients compared to
other chemokines (Figure 1), but were also detected only
in 7 and 8 patients, respectively, of 18 enrolled CP/CPPS
patients at baseline. The urine levels of CXCL-1, CXCL-8
and CCLS5 in the control group were uniformly below
or very near the detection limit of our assay method.
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Figure 1 Comparative baseline levels of cytokines, CXC and CC chemokines and growth factors in urine obtained from asymptomatic individuals and
chronic prostatitis/chronic pelvic pain syndrome patients. A-C: Urine levels of CXCL-1, CXCL-8 and CXCL-10 chemokines at baseline were significantly elevated
in CP/CPPS patients (*P < 0.05). Quantitatively, levels of CXCL-10 (169.8 + 46.38 pg/mL vs 31.45 + 16.83 pg/mL) that attract lymphocytes were higher relative to other
CXC chemokines CXCL-1 and CXCL-8 that attract neutrophils (notice scale on y-axis). Levels of CC chemokine, CCL-5 (RANTES) also chemotactic for lymphocytes
(E) were significantly elevated in CP/CPPS relative to controls (*P < 0.05). Lymphocytic infiltration previously noted in biopsy of CP/CPPS patients is also consistent with
significantly lower levels of sIL-1RA in CP/CPPS (G) compared to controls (°P < 0.05). Due to high variability in control group, results were not significant with respect to
CCL2 and PDGF (D and F, respectively). Horizontal bars represent mean of the group and Mann-Whitney U test was used for unpaired comparison and chemokines with
significant difference appear in bold. CP/CPPS: Chronic prostatitis/ronic pelvic pain syndrome; sIL-1RA: Soluble interleukin-1 receptor antagonist.
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Figure 2 Visualization of principal component analysis principal component analysis for the cross sectional data of asymptomatic controls (C1-10)
and chronic prostatitis/chronic pelvic pain syndrome patients (1 s-21 s). At baseline (A and B) and the longitudinal treatment response data of adherent and
non-adherent CP/CPPS patients (C and D), PC1 and PC2 explained 76 % and 9% of the data characteristics at baseline (A and B), respectively which in turn was
explained largely by the variation in the urine levels of CCL2, CXCL-10 and PDGF. Majority of CP/CPPS mapped separately from a close cluster for controls (A), and
the spreading of CP/CPPS is explained by disease heterogeneity as revealed by the variation in the levels of different chemokines in CP/CPPS at baseline (Figure 1).
PCA of longitudinal data also included VAS and CPSI scores measured at each visit as variables, where each dot represents the expression profile of an individual
patient at a singular timepoint identified by baseline (s), visit 5 (v5), visit7 (v7), visit 9 (v9), and final visit (v10) (C). PCA allowed grouping of patients with overall similar
cytokine expression profiles at individual time points. Compared to PCA of cross-sectional data (A and B), the contribution of CCL2 was slightly increased whereas
contribution of CXCL-10 was slightly reduced in PC1 of longitudinal data (Panel D). The urine levels of CXCL-1 and CCL5 together with CPSI scores only contributed
< 1% to both PC1 and PC2 scores. PC: Principal components; PDGF: Platelet derived growth factor.

Significantly higher levels of sIL-1RA in controls relative
to CP/CPPS (Figure 1G) are consistent with its anti-
inflammatory role (P < 0.05).

PCA was used to reduce the dimensionality by extra-
cting two principal components (PCs), PC1 and PC2 from
the cross-sectional data of 9 cytokines from 18 CP/CPPS
patients and 10 controls at baseline (Figure 2A and B).
PC1 and PC2 together explain most of the variation, 76%
and 9% respectively, and are defined by a weighted sum
of the individual cytokine values referred to as loadings
(Figure 2B). The majority of variance at baseline was
explained by CCL2, CXCL-10 and PDGF. The value of PC1
and PC2 for each patient and controls were calculated and
these values are referred to as “scores”. The scores are
represented graphically to summarize the variation (Figure
2A). The majority of CP/CPPS mapped separately from
controls, but a dose cluster of CP/CPPS patients like most
controls was absent which can be explained by disease
heterogeneity as revealed by the variation in the levels of
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different chemokines in CP/CPPS at baseline (Figure 1).

Correlation of urinary chemokines with clinical
outcomes

Significant improvement in clinical outcome measures
(VAS and CPSI) was noted post treatment in adherent
CP/CPPS patients (Figure 3). Multivariate modeling of
data from treatment adherent and non-adherent patients
together (n = 8) revealed that age and duration of
CP/CPPS symptoms had no effect on the CPSI or VAS
scores or on the response to treatment. The longitudinal
effect of treatment was visualized by PCA (Figure
2C) after excluding the data of Patient 6 due to high
variation relative to other treated CP/CPPS patients. PCA
allowed grouping of patients with overall similar cytokine
expression profiles at individual time points. With regard
to cross-sectional data (Figure 2A and B), the contribution
of CCL2 was slightly increased whereas contribution of
CXCL-10 was slightly reduced in PC1. CXCL-1, CCL5 and
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Figure 3 Significant improvement in clinical outcome measures was noted post treatment in adherent chronic prostatitis/chronic pelvic pain syndrome
patients. A-E: The disease heterogeneity and variability in response to treatment in CP/CPPS patients is highlighted by different urinary chemokines correlating with
the clinical outcome scores measured at each visit (VAS and CPSlI) in different treatment adherent Patients 6, 9, 10, 16 and 17 at baseline and week 4, 8, 12 and
16 after starting treatment. Lower VAS in Patient 10 strongly correlated with reduced urine levels of CXCL-10 (triangle; Pearson r = 0.97; P = 0.003), CCL2 (Inverted
triangle; r = 0.97; P = 0.005), CCL5 (diamond; r = 0.99; P < 0.0001), VEGF (square; r = 0.98; P = 0.003) and PDGF (circular; r = 0.99; P < 0.0001) at various time
points and CPSI scores correlated with CXCL-10 (triangle; Pearson r = 0.96; P = 0.009), CCL2 (Inverted triangle; r = 0.86; P = 0.05), CCL 5 (diamond; r = 0.91; P =0.03),
VEGEF (square; r = 0.80; P = 0.1), PDGF (circular; r = 0.86; P = 0.06) and CXCL-1 (rs = 0.9; P = 0.08) (A). In contrast, in Patient 17, only VAS scores showed strong
correlation with CXCL-10 (triangle) (Pearson r = 0.84; P = 0.07), IL-8 (triangle) (r = 0.94; P = 0.01) and sIL-1RA (square) (r = 82; P = 0.08) (B) and CPSI showed
Spearman rs coefficient of 0.4-0.5 for PDGF, CXCL-10 and CXCL-8 without any significance. In Patient 6 (C), reduced CXCL-10 (triangle) strongly correlated with
lower VAS (r = 0.89; P = 0.04) and CPSI (r = 0.82; P = 0.08) and PDGF (circular) correlated with VAS (rs = 0.89; P = 0.08) and CPSI (rs = 0.9; P = 0.08). In Patient 9 (D),
lower CCL5 (diamond) strongly correlated VAS (r = 0.80; P = 0.09) and CPSI (r = 0.86; P = 0.05) whereas CCL2 (Inverted triangle) correlated only with VAS (rs = 0.9;
P =0.08). In Patient 16 (E), PDGF (circular) correlated with VAS (r = 0.95; P = 0.01) and CPSI correlated with CXCL-10 (triangle) (s = 0.82; P = 0.13) Notice the log-
scale on the y-axis in all the panels. The units of pg/mL only apply to chemokines and not to VAS and CPSI scores. PDGF: Platelet derived growth factor; VAS: Visual
analog scale; CPSI: Chronic Prostatitis Symptom Index; IL: Interleukin; VEGF: Vascular endothelial growth factor.
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CPSI scores together contributed < 1% to both PC1 and
PC2 scores. Furthermore, the elevated CXCL-8 and CCL5
raised the odds ratio for higher CPSI scores by 54% and
25%, respectively (F test, P = 0.00007).

Considering the variability of treatment response,
we used both parametric and non-parametric bivariate
correlation analysis for clinical outcome scores measured
at each visit with the respective urine levels of chemokines
individually for each of the 5 treatment adherent patients
(Figure 3). Analysis of longitudinal data from treatment
adherent Patient 10 (Figure 3A) demonstrated that lower
VAS strongly correlated with reduced levels of CXCL-10
(Pearson r = 0.97; P = 0.003), CCL2 (r = 0.97; P = 0.005),
CCL5 (r = 0.99; P < 0.0001), VEGF (r = 0.98; P = 0.003)
and PDGF (r = 0.99; P < 0.0001). Lower CPSI also
correlated with reduced levels of CXCL-10 (r = 0.96; P =
0.009), CCL2 (r = 0.86; P = 0.05), CCL5 (r = 0.91; P =
0.03), VEGF (r = 0.80; P = 0.1), PDGF (r = 0.86; P = 0.06)
and CXCL-1 (rs= 0.9; P = 0.08). In contrast, only the VAS
of Patient 17 (Figure 3B) strongly correlated with CXCL-10
(r=0.84; P=0.07), CXCL-8 (r = 0.94; P = 0.01) and sIL-
1RA (r = 82; P = 0.08) and CPSI showed rs coefficient of
0.4-0.5 for PDGF, CXCL-10 and CXCL-8 without achieving
statistical significance.

In Patient 6 (Figure 3C), reduced CXCL-10 strongly
correlated with VAS (r = 0.89; P = 0.04) and CPSI (r =
0.82; P = 0.08) and PDGF correlated with VAS (rs = 0.89;
P = 0.08) and CPSI (rs = 0.9; P = 0.08). For Patient 9
(Figure 3D), lower CCLS5 strongly correlated with VAS (r
= 0.80; P = 0.09) and CPSI (r = 0.86; P = 0.05), and
CCL2 correlated only with VAS (rs= 0.9; P = 0.08). In
Patient 16 (Figure 3E) PDGF correlated with VAS (r =
0.95; P = 0.01) and CPSI correlated with CXCL-10 (rs =
0.82; P =0.13).

DISCUSSION

In our study, we focused on chemokines, which are mainly
subdivided into 2 families (CXC and CC) based on the
position and number of conserved cysteine as well as the
presence of intervening amino acid(s) between the first
two conserved cysteine residues!*”, The CXC chemokines
(CXCL-1, CXCL-8, CXCL-10) mainly act on neutrophils
and lymphocytes, while the CC chemokines (CCL2/MCP-1
and CCL5/RANTES) act on monocytes and lymphocytes
without affecting neutrophils'*. Chemokines not only
induce chemotaxis but also activation of these target
cells in affected tissue!*” through their influence on the
expression and/or affinity of leukocyte integrins to cause
inflammatory cell adhesion and infiltration.

A major finding of our clinical study is the successful
measurement of chemokines in urine of CP/CPPS patients,
which have been previously detected only in seminal
plasma (CXCL-8 and CCL2)!"*""), Previous longitudinal
studies on CP/CPPS only reported subjective symptom
scores™™, but we were able to correlate the subjective
scores with objective urine biomarker data. CP/CPPS, being
a chronic disease with substantial variation in symptoms
across patients*®, probably contributes to the variable
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levels of different chemokines at baseline (Figure 1) and
different chemokines correlating with treatment induced
reduction in VAS and CPSI scores in different patients
(Figure 3). The disease heterogeneity and variability in
treatment response of CP/CPPS patients justify the need for
personalized treatment guided by urinary biomarkers.

CCL2 previously detected in seminal plasma'”! can
also be non-invasively measured in urine (Figure 1D).
Loading plots of cross-sectional and longitudinal data
identified CCL2 as the key variable explaining the variance
in data (Figure 2). CCL2, together with significant elevation
of another CC chemokine (CCL5) in CP/CPPS (Figure 1E),
agrees with previous suggestions of a dominant T-helper
Thi-mediated inflammation in CP/CPPS!*?). Previously
observed activated T-lymphocytes in prostate biopsy
of CP/CPPS patients** also supports Thil-mediated
inflammation and concurs with the results of our study
that showed higher urine levels of CXCL-10 (Figure 1C)
that chemoattracts activated T-lymphocytes™ relative
to CXCL-1 and CXCL-8 (Figure 1A and B) that attract
neutrophils®®”. CXCL-10 is induced by pro-inflammatory
interferfon-y (IFN-y) or TNF-¢. directly or through activation
of nuclear factor-xB (NF-xB)*” and it chemoattracts T
cells, which inhibit the proliferation of endothelial cells and
inflammatory angiogenesis™". Since sIL-1RA is known to
block T lymphocyte activation'*”, the significantly lower
levels of sIL-1RA (Figure 1G) in urine of CP/CPPS relative
to controls (P < 0.05) also supports predominance of
T-lymphocytes in the pathophysiology of CP/CPPS.

Interestingly, the same CCR5 receptor acted on by
CCL2 and CCLS5 for recruitment of macrophages, mono-
cytes and lymphocytes to inflammatory foci highlight the
inbuilt redundancy in chemokines signaling®®. Because
chemokines operate in integrated networks™, a more
complete understanding of their role can be gained by
measuring multiple chemokines for examining patterns
associated with symptoms and prognosis of CP/CPPS. The
results of our study and the statistical logic lend impetus to
the assertion that a multiple panel of chemokines instead
of single protein like PSA®! will be able to better serve as
a “proteomic signature” to predict treatment response and
stratify CP/CPPS patients according to disease severity.

The predictive association of CXCL-8 and CCL5 with
CPSI scores is corroborated by previous studies with
regard to CXCL-8 (IL-8)™% where CXCL-8 is known to
act as a secretagogue for histamine from basophils'®®.
Reduced levels of CXCL-8, CXCL-10, CCL2, CCL5, and
PDGF measured individually in treatment adherent
patients strongly correlated with coincident lower VAS and
CPSI scores (Figure 3). PCA analysis of longitudinal data
agree (Figure 2D) with regard to CXCL-10, and CCL2 is in
agreement with the bivariate correlation of lower CXCL-10
and CCL2 with lower VAS in Patients 6, 9, 10 and 17 (Figure
3).

The negative association of lower CXCL-10 and CCL2
with pain scores of CP/CPPS is presumably linked to the
concentration dependent suppression of opioid receptors®”
and augmentation of TRPV1 receptor responses?®®*
caused by elevated chemokines. Drug related lowering

March 24,2017 | Volume 6 | Issuel |



of chemokines will unmask the endogenous pain killing
effect of opioid receptors and block the adverse effect of
afferents sensitization on pain to explain the lower pain
scores. The lower VAS and CPSI scores in Patients 6, 9,
10, 16, 17 may also be related to reduced inflammatory
angiogenesis in prostate as a consequence of reduced
expression of PDGF™”, CXCL-10"! and CCL5"™" caused by
Apremilast.

The dose of Apremilast 20 mg BID was selected
based on pre-clinical studies to maintain the serum level
above the ICso of 77 nM for TNF-a inhibition in serum
for the duration of therapy. As predicted by pre-clinical
studies®, steady PDE4 inhibition by Apremilast reduced
chemokines in urine collected without any prostatic
massage from treatment adherent CP/CPPS patients
(Figure 3). Considering that CP/CPPS may not be as
organ (prostate) centric as categories I and I, the
ability to track disease severity and treatment response
by non-invasive measurement of chemokines in urine is a
significant improvement. The urine levels probably reflect
the inflammation not only localized in prostate but in pelvic
floor muscle as well.

These results demonstrate that chemokines are better
biomarker candidates than the cytokines TNF-a or IL-
1p that have been previously measured only in seminal
plasma®. Chemokines are the downstream member of
the inflammation cascade*** and are therefore produced
in copious amounts'™ which explains their substantial
presence in urine of CP/CPPS patients (Figure 1). Very
small amounts of TNF-a. have been detected previously
in urine® and very low levels of IL-6 and VEGF (Figure
3) were detected in one or two patients of our study.
Possibly the secretion of IL-6 and VEGF is just enough
from the inflamed site to bind with receptors in nearby
tissue and not available for release into urine of other
patients. Unlike PDGF, VEGF was only detected in urine of
3 patients at various time points, which is probably related
to the differences in expression of cognate receptors of
two growth factors at inflamed site leading to trapping of
secreted VEGF within the tissue.

These findings show the promise of urinary chemokines
for monitoring disease activity of CP/CPPS and objectively
evaluate the response to therapeutic intervention. The
present study was limited by small size of the cohort and
incomplete adherence to treatment in some patients;
nevertheless these results can build the framework for
a larger prospective longitudinal study to investigate the
causal relationship of these chemokines with patient
symptoms. Perhaps, urine may be able to serve as a non-
surgical diagnostic tool for prostate disease in the future.

In conclusion, a major finding of our study is the suc-
cessful longitudinal measurement of chemokines in urine of
CP/CPPS patients instead of seminal plasma and objective
urine chemokines data strongly correlated with subjective
symptom scores in treatment adherent patients. Urine
levels of chemokines such as CXCL-10, CCL2 and PDGF
can be sensitive, objective and non-invasive biomarkers for
monitoring patient response to novel therapy in CP/CPPS.
The study also offers insight into the mechanisms underlying
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the benefit from Apremilast in CP/CPPS.

COMMENTS

Background

Chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) is a poorly understood
and prevalent male condition that is described by genital or pelvic pain in the absence
of demonstrable urinary or genital tract infection.

Research frontiers

Unlike NIH category I and II prostatitis, the pathophysiology of category Il (CP/
CPPS) is an enigma and may not be as organ (prostate) centric as categories I and
IT. With progression of symptom severity, CP/CPPS may evolve into regional pain
syndrome with symptoms resembling interstitial cystitis, which necessitates the
search for objective tools to assist in differential diagnosis and treatment.

Innovations and breakthroughs

The significant inflammatory component in CP/CPPS can be leveraged as a target
for symptomatic drug treatment and paracrine messengers mediating inflammation
can be tracked in non-invasive bio-fluids as objective surrogate markers.

Applications

Data described here can be the basis of a large scale clinical study to assess the
potential of identified chemokines as treatment surrogates and for basic research to
understand the biological significance of identified chemokines.

Terminology
CPICCPS is chronic prostatitis or chronic pelvic pain syndrome also called NIH
category Ill prostatitis.

Peer-review

Available papers on urine analysis of CP/CPPS patients without prostate massage
are scarce. Authors are first analyze the urine from a longitudinal study uncover their
potential as non-invasive biomarkers for CP/CPPS.
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Abstract

Seminoma is a germ cell tumour which primarily affects
the testes. Seminomas are treated by orchidectomy with
usually excellent outcomes. We report the occurrence of a
classical seminoma in a 92-year-old man, who is currently
the oldest patient with this histology reported in literature.
He presented with a painful, swollen testis. Scrotal
ultrasound scan revealed a testicular mass. A left inguinal
orchidectomy was carried out and histological examination
confirmed the diagnosis of a classical seminoma. Further
staging by computerised tomography revealed pulmonary
lesions suspicious of metastases. The patient declined
further treatment in view of his age and co-morbidities.

Key words: Urology; Geriatrics; Seminoma; Medical oncology

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first case in the literature which
describes the occurrence of such a tumour in patients
over the age of 90 and should raise the index of suspicion
for malignant testicular tumours in elderly patients where
infectious causes of testicular swellings are by far the
most common.
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INTRODUCTION

We would like to introduce the first case in the literature
which describes the occurrence of a testicular seminoma
in patients over the age of 90 and we hope that this
presentation will educate the future doctors to raise
the index of suspicion for malignant testicular tumours
in elderly patients where infectious causes of testicular
swellings are by far the most common.

CASE REPORT

A 92-year-old man presented with a 4 wk history of a
left painful swollen scrotal mass, initially to his General
Practitioner (GP), and subsequently to the emergency
department. His medical history included alcoholic liver
disease, oesophageal varices, chronic obstructive airway
disease, and a cardiac pacemaker. Scrotal ultrasound
scan showed a 4cm heterogeneous vascular testicular
mass. Laboratory tests revealed normal levels of serum
alpha feta protein (AFP) (2 kU/L) BhCG (< 2 iU/L) and
lactate dehydrodgense (LDH) (59 iU/L). Left inguinal
orchidectomy was performed in view of the suspicious
findings. Macroscopic histopathological examination
revealed a well-circumscribed pale grey mass measuring
6.5 cm with central necrosis. Histological sectioning
showed sheets of large polygonal cells (Figure 1) which
stained positively for Oct-3/4 (Figure 2) and placental
alkaline phosphatase (PLAP). These findings were
consistent with a diagnosis of classical seminoma with no
evidence of intratubular germ cell neoplasia. The tumour
had not breached the tunica vaginalis nor involved the
spermatic cord. A staging computerised tomography (CT)
scan revealed diffuse pulmonary metastases, a collapse
fracture of the 12" thoracic vertebra and severe ascites
(secondary to chronic liver disease). The patient declined
further intervention including oncological input in view of
his age and co-morbidities. He died 6 wk later but a post
mortem was not carried out.

DISCUSSION

Testicular cancer is the 16™ most common cancer in men
in the United Kingdom. It accounts for 1% of all new
cases of male cancer. Between 2009 and 2011, 84%
of testicular cancer cases were diagnosed in men aged
15-49 years in the United Kingdom; only 6% occurred
in patients aged over 60", The incidence of testicular
cancer in patients older than 85 is only 2.4 per 100000.
Ninety-five percent of testicular tumours are germ cell
tumours (GCTs), which includes seminomas (40%-45%)
and non-seminomas (55%-60%). GCTs develop from
a non-invasive lesion called carcinoma in situ (CIS) of
the testis (ITGCN), whose malignant transformation is
likely to be influenced by hormones at or after puberty'?.
Seminoma rarely occurs in the adolescent or infant
population and the peak age of incidence is between
aged 35-39 years with less than 10% being diagnosed
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Figure 1 Sheets of seminoma cells with vesicular nuclei containing
prominent nucleoli (H and E x 100).
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Figure 2 Oct-4 immunohistochemistry showing positive nuclear expression
in tumour cells.

after the age of 50"\ A large study in 2008 revealed an
86-year-old patient with spermatocytic seminoma™ while
a recent case report describes spermatocytic seminoma
in a 92-year-old.

Malignant testicular lumps are usually painless, and
hence the presentation of seminoma as a painful, swollen
testis is unusual™. Differential diagnosis in a 92-year-
old patient with a painful lump in the testicle would
include orchitis, epididymitis, or an abscess, especially
if accompanied by symptoms of systemic infection. Tes-
ticular torsion is also possible, but this is most common in
the second and third decades of life and presents acutely.
A persistent processus vaginalis may lead to a hydrocele
or an indirect inguinal hemnia, and a painful strangulated
hernia or hydrocele can present at any age™. This is often
accompanied by abdominal pain, nausea, and vomiting all
of which were absent in this patient.

Serum tumour markers may detect the presence of a
testicular seminoma. Serum AFP is not raised in classical
seminoma and serum B human Chorionic Gonadotrophin
is elevated in only 10%-20%. PLAP is positive in 50%
of cases, but has a low sensitivity in smokers, and on
its own, has a limited use in the diagnosis of testicular
cancer’”!, LDH may be elevated in seminomas and
usually has some prognostic value in later stages™.

It remains uncertain as to why this gentleman only
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presented to his GP after four weeks. Perhaps a limited
awareness of sinister causes of testicular lumps or
apprehension to accessing care may have led to this
delay. Patient education is of key importance, not only to
highlight symptoms to be aware of but also to reiterate
the importance of early presentation.

This is a rare case of classical seminoma in a 92-year-
old, which we believe is the oldest patient in the literature.
Testicular cancer should remain within the differential
diagnoses of an elderly patient presenting with a testicular
swelling, even if their symptoms are atypical. Education of
the general public should highlight the importance of urgent
access to medical care when faced with symptoms of a
testicular swelling.

COMMENTS

Case characteristics
Elderly gentleman with a painful, swelling in his left testicle.

Clinical diagnosis
Four centimeter tender, scrotal mass in left testicle.

Differential diagnosis

A combination of ultrasound, blood markers and histopathology following
orchidectomy allowed us to exclude orchitis, epididymitis, abscess testicular
torsion persistent and processus vaginalis to conclude that the cause of these
symptoms was a seminoma.

Laboratory diagnosis
Laboratory tests revealed normal levels of serum alpha feta protein (2 kU/L)
BhCG (< 2iUIL) and lactate dehydrodgense (59 iU/L).

Imaging diagnosis

Scrotal ultrasound scan showed a 4 cm heterogeneous vascular testicular mass
alongside a staging computerised tomography scan which revealed diffuse
pulmonary metastases, a collapse fracture of the 12" thoracic vertebra and severe.

Pathological diagnosis

Histological sectioning of the mass showed sheets of large polygonal cells
which stained positively for Oct-3/4 and placental alkaline phosphatase which
was consistent with seminoma.

Treatment
The patient declined treatment following orchidectomy.
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Related reports
Please provide other contents related to the case report to help readers better
understand the present case.

Experiences and lessons

Testicular cancer should remain within the differential diagnoses of an
elderly patient presenting with a testicular swelling, even if their symptoms
are atypical. Education of the general public should highlight the importance
of urgent access to medical care when faced with symptoms of a testicular
swelling.

Peer-review

This is a well written case report on a seminoma in a 92-year-old patient. It is an
interesting report, since the vast majority of seminomas occur at a much earlier
age.
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Abstract

Enterovesical fistulae secondary to benign or malignant
bowel disease are not uncommonly reported in the
literature. However, bladder malignancy as the primary
pathology is exceedingly rare. We report a case of
muscle invasive urothelial carcinoma of bladder with
an enterovesical fistula to a loop of small bowel. The
patient first presented with signs and symptoms of per
rectal bleeding, haematuria, pneumaturia, faecaluria and
rectal micturition. Her initial biochemistry test revealed
significant metabolic acidosis with normal anion gap and
hypokalemia. A computed tomography abdomen/pelvis
with rectal contrast demonstrated an enterovesical fistula
from the dome of bladder to a loop of small bowel.
The patient underwent radical cystectomy with en-
bloc resection of a loop of involved ileum and sigmoid
colon due to the intraoperative findings of the sigmoid
colon adherent to the tumour. The published literature is
reviewed, focusing on the incidence, diagnostic modality
and treatment strategies available for this rare condition.

Key words: Bladder cancer; Enterovesical fistula; £n-
bloc resection; Malignant fistula; Urothelial carcinoma

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A 68-year-old lady presented with per rectal
bleeding and haematuria. Other important history
includes her reporting diarrhea with associated weight
loss over the last 3 mo and faecaluria, pneumaturia and
rectal micturition. On presentation, she was found to be in
severe metabolic acidosis with hypokalemia. A computed
tomography scan with rectal contrast showed an enter-
ovesical fistula from bladder to a loop of small bowel.
She underwent radical cystectomy, en-bloc resection of a
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loop of the involved small bowel and sigmoid colon with
formation of ileal conduit and end-colostomy.

Ng ZQ, Low WKW, Jr S, Subramanian P, Stein J. Radical
cystectomy and en-bloc resection of enterovesical fistula from
bladder cancer. World J Clin Urol 2017; 6(1): 30-33 Available
from: URL: http://www.wjgnet.com/2219-2816/full/v6/i1/30.htm
DOIL: http://dx.doi.org/10.5410/wjcu.v6.i1.30

INTRODUCTION

Enterovesical fistulae (EVF) are not uncommon in the
setting of colonic diseases such as inflammation and
malignancy. Nevertheless, EVF secondary to a primary
urological malignancy is extremely rare with an estimated
incidence of 0.5 per 100000™. We herein report a patient
who presented initially with per rectal bleeding and
haematuria and metabolic acidosis with normal anion
gap. During the work-up, an EVF was found caused by a
urothelial carcinoma of the bladder.

CASE REPORT

A 68-year-old female presented with per rectal (PR)
bleeding and haematuria. She had been suffering from
diarrhea and with associated 10 kg of weight loss within
the last three months, and was profoundly hypokalaemic
on presentation (potassium 2.4 mmol/L). She had also
reported faecaluria, pneumaturia and recently noticed
that she had been passing urine through the rectum.
However, she denied any symptoms of recurrent urinary
tract infections. A cystoscopy done 4 years previously for
investigation of haematuria found an erythematous and
velvety patch on the posterior bladder wall which was
biopsied at the time and only showed chronic inflammation
with no evidence of malignancy. Urine cytology was also
negative for malignancy.

On examination, her vital signs were stable and she
was afebrile. Her abdomen was soft with mild generalized
tenderness. PR examination was unremarkable. Bio-
chemical tests revealed metabolic acidosis with normal
anion gap (pH 7.13, bicarbonate 10 mmol/L, hypokalemia
and iron deficiency anaemia. The initial unenhanced
computed tomography (CT) scan revealed a bladder
fistula with possible communication to large bowel.
She underwent a colonoscopy which did not show any
colonic pathology or evidence of a colovesical fistula.
A subsequent CT abdomen/pelvis with rectal contrast
showed an EVF from dome of bladder to mid-to-distal
ileumn (Figure 1). At cystoscopy, the EVF was confirmed to
be involving the posterior wall of the bladder within close
proximity of the trigone and the right ureteric orifice.

Total parenteral nutrition was initiated to optimize her
pre-operatively. A midline laparotomy was performed.
Intraoperatively, an EVF was found 15 cm from ter-
minal ileum with the sigmoid colon adherent to bladder
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Figure 1 Computed tomography abdomen/pelvis demonstrating the
enterovesical fistula from dome of bladder to terminal ileum (arrow).

Figure 2 An enterovesical fistula is demonstrated (arrow) intraoperatively.

(Figure 2). Decision was made to perform an en-bloc
radical cystectomy, small bowel resection and sigmoid
colectomy with formation of both an ileal conduit and end
colostomy (Figure 3). Histopathology confirmed a high-
grade urothelial carcinoma with extensive squamous
differentiation. There was significant tumour infiltration
to the sigmoid colon but there was no evidence of a
colovesical fistula.

DISCUSSION

An enterovesical fistula is an abnormal tract between
the epithelialized surface of bowel and the bladder. They
are considered a difficult complication of various causes
such as inflammation (52%), malignancy (35%) and
trauma (16%)™. Only a few cases of primary urological
EVF have been described in the literature™®. In a
series of 100 cases of EVFs, the majority of cases were
secondary to an inflammatory bowel condition (61%)
and bowel cancer (16%); only 5% were due to bladder
carcinoma'®. The classical symptoms and signs described
in the literature include pneumaturia, faecaluria and
haematuria as shown in our case'”. Refractory urinary
tract infections'”! were not present in our case. The low
intravesical bladder pressure favours unidirectional flow
of bowel contents into the bladder. Infrequently, rectal
micturition can occur and is reported to be approximately
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Figure 3 En-bloc resection including radical cystectomy, small bowel resection
and sigmoid colectomy. EVF: Enterovesical fistulae.

19% of cases”). They may also have a constellation of
symptoms such as suprapubic pain, frequency, dysuria
and tenesmus, known as Gouverneur syndrome.

The diagnosis of EVF usually relies on a high index of
suspicion. Metabolic acidosis with normal anion gap could
be indicative of this condition due to loss of bicarbonate or
a reduction of renal acid excretion as shown in our case.
Typically, this occurs in patients with chronic diarrhea or
prolonged exposure of urine to colonic/ileal mucosa'®.
There is no consensus for a diagnostic algorithm. Various
diagnostic studies can be considered such as CT scan, MRI,
barium enema, cystogram, cystoscopy and colonoscopy.
CT and MRI have the advantages of helping in pre-
operative planning by clearly defining the fistulous tract
and its anatomic relationship with adjacent structures. The
distinguishing features on CT scan are air or contrast within
the bladder, thickening of bladder wall, or an extraluminal
gas-containing mass adjacent to the bladder™. A cysto-
scopy has a diagnostic sensitivity that ranges from 77%
to 79%™ and is usually performed to obtain biopsies from
the fistulous tract for histological evaluation. The initial
signs under cystoscopy examination maybe subtle, with
only a hyperemic area noted in the early stage, and with
cystic mucosal hyperplasia or localized granulation tissue
at the late stage. Hence, in retrospect, our patient may
have had early dysplastic changes on her initial cystoscopy
four years ago. Altematively, cystogram or barium enema
will be able to demonstrate the presence of fistulous tract
with a sensitivity of 66.6% and 20%-35% respectively™.
Given that some of the symptoms such as pneumaturia,
faecaluria and rectal micturition are not uncommon in
cases of colovesical fistula caused by inflammatory or
malignant bowel disease, colonoscopy is essential to rule
out a synchronous colovesical fistula.

EVF due to malignancy carries a very poor prognosis
as by definition the tumour is considered a T4 tumour
under the TNM classification due to extravesical spread.
The optimal treatment remains an area of debate.
Surgical treatment is usually offered to patients. En-bloc
resection of surrounding structures that are adherent to
it may be necessary to provide an RO resection and a
multidisciplinary approach thereafter for a combination
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of adjuvant chemo-radiotherapy to improve progression
free survival. In patients with intractable symptoms
who are poor surgical candidates, octreotide can be
considered as a viable therapeutic option in the palliative
setting™”.

EVF from a primary urological malignancy remains
rare and a high degree of clinical suspicion is required. Pre-
operative optimization of nutrition status is paramount
for successful reconstruction. The ideal management is
surgical intervention and may involve en-bloc resections.
A multidisciplinary approach may be required for the best
clinical outcome.

COMMENTS

Case characteristics

A 68-year-old lady who presented initially with per rectal bleeding and haematuria
was found that she has been suffering from a 3-mo history of diarrhea and more
recently she has been troubled by pneumaturia, faecaluria and rectal micturition.

Clinical diagnosis
Pneumaturia, faecaluria and rectal micturition were suggestive of enterovesical
fistula.

Differential diagnosis
Colorectal malignancy or inflammatory bowel disease forming a colovesical
fistula, inflammatory bowel disease forming an enterovesical fistula.

Laboratory diagnosis
Metabolic acidosis with normal anion gap.

Imaging diagnosis
An enterovesical fistula is seen from the dome of bladder to the terminal ileum.

Pathological diagnosis
A high-grade urothelial carcinoma with extensive squamous differentiation.

Treatment
Radical cystectomy with en-bloc resection of a loop of involved ileum and
sigmoid colon with ileal conduit and end colostomy formation.

Related reports

Enterovesical fistula due to malignancy carries a very poor prognosis as the
tumour is considered a T4 tumour. En-bloc resection is usually required to achieve
RO resection. If the patient is not a surgical candidate, medical management with
octreotide is an alternative palliative option for intractable symptoms.

Term explanation

Enterovesical fistula is an abnormal tract between the epithelialized surface of
bowel and the bladder. Enterovesical fistula arising from a primary urological
malignancy is extremely rare.

Experiences and lessons

Enterovesical fistula from a primary urological malignancy remains a rare entity
and usually requires a high degree of clinical suspicion. Optimization of pre-
operative nutritional status is often helpful to achieve good post-operative healing.
Often, a multidisciplinary approach involving various subspecialties may need
required for the best outcome for the patient.

Peer-review
The case report is well written, clear and concise.
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Abstract
About 75% of all bladder cancer diagnosed are non-
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muscle invasive bladder cancer (NMIBC), recurring
over 50% of them after transurethral resection of
the bladder tumor. In order to prevent recurrences,
adjuvant intravesical chemotherapy with mitomycin
C and immunotherapy with bacillus Calmette-Gu-
érin (BCG) is traditionally used. Unfortunately, many
patients relapse after receiving these treatments
and a significant proportion of them require surgery.
After a one-to-three years BCG maintenance, the
risk for progression at 5 years was 19.3% for T1G3
tumors. Many new treatment approaches are be-
ing investigated to increase the effectiveness of
adjuvant intravesical therapy. One of the developing
treatments for intermediate and high-risk NMIBC is
the combination of intravesical chemotherapy and
hyperthermia, called chemohyperthermia. This article
provides a review of the mechanism of action, current
status and indications, results and future perspectives.
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Core tip: Chemohyperthermia has demonstrated a
selective cytotoxicity on tumoral cells without affecting
the remaining healthy cells and it significantly increases
the penetration of MMC during intravesical instillations.
Moreover, hyperthermia and many chemotherapeutic
agents have a synergistic effect, significantly reducing
the relative risk of tumoral recurrence in patients non-
muscle invasive bladder cancer. Recirculative systems
are a novel way to apply endovesical chemohyperthermia,
which achieves excellent clinical results with a better side
effects profile and a lower price than the one of other
chemohyperthermia technologies.
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INTRODUCTION

Bladder cancer is the fourth tumor with the highest
incidence in men, after lung, prostate and colorectal
cancers. About 75% of all bladder cancer diagnosed
are non-muscle invasive bladder cancer (NMIBC),
recurring over 50% of them after TURBT™,

In order to prevent recurrences, adjuvant intravesical
chemotherapy with MMC and immunotherapy with
bacillus Calmette-Guérin (BCG) is traditionally used.
Intravesical chemotherapy, with single postoperative or
with maintenance protocols, is the common treatment
for patients with low and intermediate NMIBC risk!?.
Immunotherapy with BCG is the gold standard treatment
for high-risk patients. However, BCG is associated
with important side effects as systemic tuberculosis
and bladder retraction®. Unfortunately, many patients
relapse after receiving these treatments and a significant
proportion of patients require surgery, therefore, 19% of
those patients with T1G bladder cancer, after adjuvant
treatment with BCG (1-3 years), progressed after 5
years'™,

Considering the high relapse and progression after
the adjuvant treatment, treatment alternatives have
been investigated in order to improve the intravesical
treatment outcomes. For those patients with intermediate
and high NMIBC risk, the combination of intravesical
therapy with hypertemia (CHT) has been developed.

To write this paper, we reviewed all major database
available on internet (MEDLINE, EMBASE, Cochrane
Library, Web of science and ClinicalTrials.gov) including
both clinical trials as general reviews.

HYPERTHERMIA

Also called thermotherapy, is a type of therapy for tumors
in which the whole body, or part thereof, is subjected to
high temperatures (up to 45 °C). Numerous studies have
shown that high temperatures damage and kill cancer
cells by preventing the denaturing of their proteins and
the DNA repair. However, hyperthermia causes little
damage to normal tissue®™®. The first clinical experiences
in the use of hyperthermia as a treatment for cancer
were performed by Coley” more than a century ago.
Hyperthermia may be applied in different ways, such as
a whole body, regional, intracavitary, local, or interstitial
hyperthermia. Similarly, sources of heat vary and include
microwaves, ultrasound, radiofrequency and recirculating
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liquid systems.

In bladder tumors, there are two types. One is
used in infiltrating cancers and involves the application
of external heat on the entire pelvis associating radio
or chemotherapy™ while the other is used in NMIBC,
consisting in the intravesical application of heat (thr-
ough microwaves or recirculation of heated liquids). In
this type of treatment, a chemotherapeutic agent is
associated to the heat in order to achieve a synergistic
effect by using both treatments together which are
known as CHT™,

MECHANISM OF ACTION OF
HYPERTHERMIA

The human body has several autonomic mechanisms
of regulating body temperature to ranges suitable for
normal functioning™®.

Cellular necrosis and apoptosis occurs at a tem-
perature above 40.5 °‘C and cell, molecular and meta-
bolic disorders, also known as HT effect, contribute to
this fact™".

The effect of heat on both normal body cell function
and on cancerous cells varies based on the degree of
hyperthermia with different cytotoxic, vascular and
immune effects (Table 1).

MMC AND HEAT

MMC absorption increases with high temperatures. The
absorption thereof is significantly affected by dilution,
urinary pH and exposure time. They observed that, with
passive instillations, the absorption of the administered
dose is less than 30%"?.

In 2001, Paroni et a/™ showed that microwave-
induced hyperthermia increased considerably the MMC
absorption, after 30, 45 and 60 min (P < 0.008). It
is important to understand that the MMC absorption
increase is not only due to increased permeability of the
bladder urothelium, but also to a noteworthy increase
in solubility. Therefore, while at 25 C, the maximum
concentration that can get by dissolving 1 g of MMC
is 0.8 mg/mL, this value is doubled at 40 °C since
concentrations are up to 1.7 mg/mL (Data from Kyowa
Hakko Kirin Co Ltd.).

It stems from the above that the chemohyperthermia
(CHT) is the combination of intravesical chemotherapy
and hyperthermia in order to increase efficiency. In
summary, the increased cell permeability, the changes
in the blood perfusion, and the direct cytotoxic effect,
are the reasons why the MMC efficacy increases when it
is combined with heat!>'¥,

CHEMOHYPERTHERMIA

There are two types of treatment: Adjuvant (inter-
mediate and high-risk NMIBC) and neoadjuvant. To
improve the effectivity of intravesical chemotherapy are

July 24,2017 | Volume 6 | Issue 2 |



Flores-Carbajal J et a/. Recirculating CHT as a treatment for NMIBC

Table 1 Mechanisms of action of hyperthermia

39-41

41-43

4345

Direct Slight growth arrest
Cytotoxic
Effects
Immune effects Initial increase of intracellular HSP
followed by increase of extracellular HSP
Signals to immune cells
Cross-priming of CD8" T cells
Dendritic cell activation
Natural Killer activation
Increase cytosine release (IL-6, IL-10)
Vascular effects Vasodilatation which means:
Improved tumor blood flow
Improve tissue Oz
Reduce acidosis

Improve drug absorption

Reversible growth arrest
Mainly in phase M and S
Brief RNA synthesis impaired
Prolonged DNA synthesis impaired
As above

Improved tumor blood flow:
Improve tumor oxygenation
Improve drug delivery

Irreversible growth arrest
Permanent protein denaturalization
DNA repair impaired
Activation of both ways of apoptosis
Altered cytosine production
Inactivation of immune cells
Reduced expression of extracellular HSP

Reduced tumor blood flow due to vascular collapse
Microthrombosis
Endothelial cell damage
Vessel permeation
Increased acidosis and reduce tissue Oz

Adapted from Rampersaud et al™". IL: Interleukin.

used “device assisted”, these are fundamentally two:
Electromotive drug administration (EMDA) that enhance
the absorption of MMC by using iontophoresis. On the
other hand, it is the chemohyperthermia (CHT) the one
that is based on heating the bladder with the instilled
chemotherapeutic drug.

EMDA, CHT and device assisted

EMDA uses an electric current to enhance transepithelial
drug penetration. EMDA is administered via a battery-
powered generator delivering an electric current of
0-30 mA DC at 0-55 V, which is passed between
two electrodes: An active electrode is placed into the
bladder as part of a transurethral catheter and the
dispersive ground electrode pads are placed on the
skin of the lower abdomen. EMDA takes advantage of
three phenomena: Iontophoresis, electro-osmosis and
electroporation. Iontophoresis involves propelling a
substance into tissues by passing an electrical current
through a solution containing the charged active
ingredient™,

The first CHT system approved for human use
was the Synergo™ System. This system has been
used for 15 years and has conclusive studies in both
neoadjuvant and adjuvant settings. It has proved
clinical efficacy in high-risk patients (including BCG
failures and CIS). It has demonstrated a 60% reduction
of tumoral recurrences when comparing to standard
MMC. Moreover, its better results were maintained
during time periods up to 10 years.

An alternative way to apply heat to the bladder
are those systems based on recirculation of a solution
of chemoterapeutic drugs heated externally and
reintroduced to the bladder through a triple lumen
catheter. Two different devices using this technology are
currently available: Combat BRS™ and BWT™ systems,
which are based on simple technology, and use cheap
disposables that make it attractive for performing CHT
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in a sustainable public medicine. They both use a triple
lumen modified Foley catheter, which are soft and
flexible, avoiding most problems related to the urethral
catheterization, which appear with other technologies.
They both enable the removal of the MMC from the
patient in safe disposals without contact to the sanitary
staff. They both try to maintain the chemotherapeutic
solution at a fixed temperature but there are some
differences between them. Main differences about all
three devices may be seen in Table 2.

Adjuvant CHT treatment

As described above, most patients with high-risk
bladder cancer recur one year after the TURBT!®. This
justifies the study of adjuvant treatment strategies.
Colombo et al'”! performed a multicenter, prospective
and randomized study comparing CHT with MMC and
MMC alone, in 42 and 41 patients respectively, as
adjuvant treatment after the TURBT. The recurrence
rate in the CHT and MMC group was 17.1% vs 57%
in the other group. The meta-analysis performed by
Lammers et a'® found a 59% decrease in recurrences
after combined therapy (CHT with MMC) and only
10.6% of patients ended up on radical cystectomy.

In our center™”, there was a recurrence free disease
rate of 87.5% in high-risk patients treated with Combat
recirculant CHT and to whom a 2-year follow-up was
performed. However, Ekin et al’®® showed that the
recurrence rates of high-risk patients treated with BWT
recirculant CHT were 82% and 61% after 1 and 2 years
of follow-up.

The first randomized trial comparing CHT vs BCG
was published by Arends et al'*®’, They observed a
recurrence-free survival after 2 years of follow-up of
78% in the CHT group vs 64.8% with BCG (P < 0.0082).
Progressions were lower than 2% in both groups (P
= NS). In another study, the therapy has not been
shown to be as effective as the BCG, although this is a
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Table 2 Characteristic of devices for intravesical chemohyperthermia treatment

Device Synergo™

BWT system™ Combat™

Heat Source
(Recirculating cooling system)

Intravesical 915 MHz microwave antenna

External heating plates External flat, low volume

(Recirculating heating system) heat exchanger

(Recirculating heating system)

Temperature and fluctuation 40C-44°C+3°C 45°C 435C+1°C
Priming volume +100 mL +50 mL +30 mL
Catheter characteristics 20 Fr. Rigid 18 Fr Flexible 16 Fr Flexible
(Radiofrequency emitter + cooling system inside)
Advantages Strong supporting evidence (neoadjuvant and adjuvant) Simple and Cheap Lower dilution of MMC
Long term follow up Proved effectiveness in
Proved superior to BCG sequential schedules
Proved effectiveness against CIS Proved neoadjuvant
effectiveness
Medium term follow up
Simple and Cheap
Disadvantages Higher side effects Limited evidence Limited evidence

Lower patient tolerance
Intravesical Hot and cold spots

Expensive device and disposables

Continuous machine control required while working

Quick and Turbulent flow +
higher temperature (increase

(multicentric studies
ongoing)
hematuria and reduce patient
tolerance)

BCG: Bacillus Calmette-Guérin.

retrospective study™*?,

Some comparative studies between patients who
have not responded to treatment with BCG vs non-
previously-treated patients showed better results in the
former group. The interim analysis of Lombardia project
(unpublished data from R. Colombo, Milan-Italy) showed
that, after two years of follow-up, the recurrence-
free rates of patients treated with de novo CHT were
significantly better than those who had previous failed
intravesical treatment (91% and 62%, respectively P
< 0.006). In the same vein, van der Heijden et a/**
followed 76 patients treated with CHT during 2 years,
observing a 42% recurrence in the group with a previous
failed BCG treatment compared to a 24% of recurrences
in de novo treatment group.

A sequential treatment study by using intravesical
BCG and CHT was performed in Leicester United
Kingdom to treat 33 high-risk NMIBC patients (including
a 40% with Cis) which were followed during a median
of 16 mo™®, Three of them (9%) did not respond
and were proposed for radical cystectomy. Two (6%)
showed tumoral progression and were treated with
radiotherapy. The other 85% of them were disease-free
after follow up.

Neodjuvant CHT treatment

Colombo et al'** evaluated the ablative efficacy of
neoadjuvant hyperthermia in bladder cancer for the first
time in 1998. In that study, 19 patients with NMIBC
tumors which were unresectable in a one-stage TURBT in
which a cystectomy was indicated, were instead treated
with neoadjuvant CHT. After eight doses of hyperthermic
MMC per week, a complete TURBT was possible in
16 patients (84%). A histological examination of the
specimen showed a tumor absence in 47% (complete
response) of the patients and > 50% tumor reduction
(partial response) in the other 37%. A cystectomy was
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performed on the remaining three patients. After an
average follow-up of 33 mo, eight superficial recurrences
were resected without having to remove the bladder.

Our group published in 2014 a small series of 15
patients treated with eight weekly doses of recirculating
neoadjuvant MMC achieving a 66.6% CR and 33% PR.
As in the previous case, the beneficial effect of CHT
remained in time and, after 3 years of follow-up, only
two patients showed recurrences (15%) which were
treated with TUR-B and intravesical adjuvant MMC?®.,
Liidecke et a*”! reported after TUR-B, 76.1% complete
response and 7.6% partial response.

Safety

The CHT Side effects may occur during and after
treatment. Arends et a'® analysed the side effects;
during the treatment, the most frequent side effects
were bladder spasm in 14%, and bladder pain in
11.4%. After the treatment, the most frequent were
the dysuria (11.7%) and the increase of the voiding
frequency (9.9%).

With the microwave technology, the most common
adverse events during treatment were spasms of the
bladder (21.6%) and bladder pain (17.5%). Bladder
Spasms tend to occur more frequently with neoadjuvant
treatment (17.8% vs 10.7%, P = 0.398)"8, Similar
results were seen with BWT™®**") and Combat™****
recirculant systems. Side effects are frequent but al-
most all cases were stages 1 and 2.

In our experience, with almost 800 recirculant in-
stillations, only 3.1% of doses were delayed and less than
1% were definitely not performed. The main reasons for
delaying were infection, hematuria and irritative chemical
cystitis. The only reasons for the anticipated end of the
treatment were allergy or intolerance to catheterization.
Approximately 6% of the doses were interrupted be-
fore the 60 min, usually by bladder spasms or pelvic
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discomfort!®®*®, Those patients who did not tolerate

well the first dose, were orally premedicated with 600
mg of Ibuprofen or antispasmodic treatment depending
on whether they had complained of pain or spasms. In
selected cases spasmolytic IV were administered during
treatment. Both oral medications and IV proved to be
effective to achieve a good tolerance in subsequent doses
of CHT.

therapy are encouraging. It is likely that in the future
the CHT is an alternative to BCG and MMC therapy.

Current CHT is an option in BCG refractory tumors.
Those who are intolerant to BCG are unsuitable for
radical cystectomy or in the context of the international
BCG shortage. Their uses instead of MMC, both in
adjuvant or neoadjuvant protocols, are promising op-
tions pending further evaluation.

FUTURE PERSPECTIVES
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CHT is a concept and a developing technology, which
comes to remain, and many of the future strategies
against cancer will include this promising therapy.

CONCLUSION

CHT published results in neoadjuvant and adjuvant
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Abstract

AIM

To demonstrate that urinary supersaturation per se is
not a reliable diagnostic measure of the risk for stone
formation.

METHODS

Available physical and chemical data for calcium oxalate
monohydrate (COM) and calcium hydrogen phosphate
dihydrate (brushite, BRU), and urinary supersaturations
with respect to COM and BRU in healthy individuals and
stone formers, were obtained from the literature. Classical
theory of nucleation was used for calculations.

RESULTS

It was found that the rate of homogeneous nucleation
(unaided by substrates) of COM and BRU is nil at all
conceivable supersaturations of urine. Consequently
spontaneous formation of crystals in urine requires the
presence of nucleation substrates for (heteronuclei).

CONCLUSION

Urinary supersaturation with respect to lithiatic com-
pounds is a necessary, but not a sufficient condition for
nephrolithiasis. The absence of crystallization inhibitors
and the presence of efficient nucleation promoters
(heteronuclei) in urine are further necessary conditions
of urolithiasis occurrence. Urinary supersaturation per se
is not a reliable diagnostic measure of the risk of kidney
stone formation.

Key words: Urinary supersaturation; Heterogeneous
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© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The supersaturation of urinary compounds
has been considered during long time as a key risk
factor for renal lithiasis. Nevertheless, theoretical studies
demonstrate that the rate of spontaneous (homogeneous)
nucleation of calcium oxalate monohydrate and brushite
only occurs at urinary supersaturations much higher than
conceivable in any individual. This demonstrates the
necessity of presence of efficient substances or foreign
solid particles for induced nucleation (heterogeneous) of
lithiatic compounds. Consequently, urinary supersaturation
per se is necessary but not sufficient condition for stone
development. Fundamental condition of renal stone
formation and development is presence of heteronuclei
and significantly reduced content of crystal growth
inhibitors. Identification of nucleation promoters and
absence of crystal growth inhibitors is very important as a
diagnostic aspect to avoid urolithiasis.

Séhnel O, Grases F. Urinary supersaturation as a diagnostic
measure in urolithiasis. World J Clin Urol 2017; 6(2): 40-43
Available from: URL: http://www.wjgnet.com/2219-2816/full/6/
i2/40.htm DOI: http://dx.doi.org/10.5410/wjcu.v6.i2.40

INTRODUCTION

The supersaturation of urine with respect to lithogenic
compounds as a key risk factor for urolithiasis has
been introduced by Robertson et aft'!. Rodgers recently
showed that urinary supersaturation of calcium oxa-
late monohydrate (COM) and calcium hydrogen
phosphate dihydrate (BRU) varied widely among
healthy individuals and stone formers and that it was
impossible to discriminate between these two groups
based on urinary supersaturation levels. Rodgers
therefore concluded that urinary supersaturation per se
is not useful as a diagnostic measure of the risk of stone
formation™.

The aim of this contribution is to demonstrate that
the conclusion of Rodgers is fully substantiated based
on the theory of precipitation.

MATERIALS AND METHODS

The driving force for the transfer of one “molecule” of
a solute (electrolyte) composed of v ions from solution
into the solid phase, ¢, is the difference of the chemical
potentials of the solute in solution and in a macroscopic
crystal, Ap, expressed as a positive quantity™.

¢ =-Au= kKTIn (asoln/acryst) (1)

where k is the Boltzmann constant (1.38 x 10% J/K),
T is the absolute temperature (K), ason is the activity of
a solute in solution and aayst is the activity of a solute in
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a macroscopic solid. The activity of a ionic solute A”B"®
(electrolyte) is'”': asonayst= a+’ = an"ae"® (2).

where a and as are the activities of ions A and B, va
and vs are the stoichiometric coefficients and v = (va +
vs) is the number of ions that form “molecule” of solute.
The driving force for mass transfer can be expressed
as:¢=vkTInS (3).

The supersaturation S is a measure of the ther-
modynamic driving force for crystallization at a constant
temperature (our case) defined as: S = azson/axayst (4).

where a: is the mean activity of an electrolyte. The
activity of a solute in a macroscopic crystal is equal to
the activity of solute in a saturated solution. No mass
transfer of solute to solid phase, i.e., crystallization, can
proceed if S = 1.

The supersaturation of COM) and BRU is defined as:
S = [(aras)/Kasp]” (5).

where Kasp is the respective thermodynamic so-
lubility product. The supersaturation SS used by Ro-
dgers® and the supersaturation S defined by eq. (5)
are related by S = (SS)”.

The classical model of nucleation assumes the
formation of a solid phase nucleus in a supersaturated
solution by gradual attachment of building units (ions)
to the already formed crystalline “cluster” of these units.
The rate of homogeneous nucleation, i.e., spontaneous
formation of crystalline nuclei in the bulk solution
by accretion of ions that is not facilitated by a solid
substrate, in 1 m* per second can b expressed as®: Jhom
= (2 D/d®) exp (-AG/KT) (6).

where D is the diffusion coefficient of the solute (10
m?/s), d is the molecular diameter, AG™ is the change
of Gibbs energy accompanying formation of the critical
nucleus and k and T are as defined above.

The rate of heterogeneous nucleation, i.e., spon-
taneous formation of crystalline nuclei facilitated by a
solid substrate, in 1 m* per second is'*: Jhet = (2D/d°)
exp [-AGf(®)/Kt] (7).

The correction factor f(®) is smaller than 1 and
can be best considered as a measure of the nucleation
enhancement by the foreign substrate without ascribing
to it any precise physical interpretation. Heterogeneous
nucleation occurs at a lower supersaturation then ho-
mogeneous nucleation.

The energetic barrier for formation of a nucleus is™':
AG/KT = (B V2 &)/[(KT)*(v In S)’] (8).

where B is the geometrical factor (32 for a cube), v
is the molecular volume, o is the interfacial tension.

Nuclei smaller than the critical size are unstable
and disintegrate, whereas nuclei of the critical size or
larger further grow to macroscopic sizes. The humber of
molecules, N, forming the critical nucleus is"”: N* = 2
vV o/ (9).

RESULTS

COM has a molecular weight of 0.1461 kg/mol, density
of 2120 kg/m’, surface tension of 0.123 J/m*®, Kasp =
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2.24 x 10° mol’ L?at 37 °C'®, molecular volume of 1.14
x 10 m?, molecular diameter of 4.85 x 10" m. BRU
has a molecular weight of 0.1721 kg/mol, density of
2310 kg/m?, surface tension of 0.068 J/m*”, Kasp = 2.74
x 107 mol’L? at 37.5 C™®, molecular volume of 1.24 x
10® m® and molecular diameter of 5.0 x 10™ m.

The rate of homogeneous nucleation of COM for S =
V12 = 3.5 (maximum S reported in®) at 37 °C according
to eq. (6) is: Jrom= 3.7 x 10”7 exp (- 4722) ~ 0.

The rate of homogeneous nucleation of BRU for S =
V2.5 = 1.6 (maximum S reported in®*) at 37 °C is: Jnom
= 3.2 x 10¥ exp (- 2178) ~ 0.

A nucleation rate of 1 nucleus in 1 cm’ per second,
jie., ] =10° m?s?, can be considered as the threshold
for the onset of homogeneous nucleation. This rate is
achieved when the supersaturation S with respect to
COM and BRU is 35.9 and 13.6, respectively.

The critical nucleus of COM at S = 3.5 according to
eq. (9) consists of 1257 “molecules” (ion pairs) and has
a diameter of 6 x 10° m. The critical nucleus of BRU
at S = 1.6 consists of 4757 “molecules” (ion pairs) and
has a diameter of 11 x 10° m.

DISCUSSION

The urine of most people is supersaturated with respect
to COM and BRU, the predominant constituents of
kidney stones. However, only small fraction of people
suffer from urolithiasis.

The first step in stone formation is the establishment
of a tiny stable nucleus of a solid compound either in
the liquid volume inside the kidney or on an inner wall
of the kidney. A nucleus formed in the liquid volume
must be retained within the kidney and grow to a
Macroscopic size.

Spontaneous unaided formation of a stable nu-
cleus of COM or BRU in a liquid volume, this is by the
mechanism of the homogeneous nucleation, only
occurs at urinary supersaturations much higher than
conceivable in any individual. Therefore the present
analysis based on the theory of precipitation indicates
that kidney stones cannot originate by homogeneous
nucleation.

A necessary condition for the formation of solid
phase nuclei in bulk urine is the presence of efficient
substrates for nucleation. Spontaneous formation of
crystals in urine can occur when value of the factor f(®)
in eq. (7) is equal or lower than 0.015 for COM and 0.033
for BRU. Such low values of the factor f(®) indicate
that substrates which are highly efficient in promoting
nucleation must be present for the solid crystalline
phase to appear. The phenomenon of crystalluria
demonstrates that under special conditions macroscopic
crystals with size up to 35 x 10® m and concentration
of about 2 x 10° m™ can originate in bulk urine™. This
concentration of crystals is typical for heterogeneous
nucleation.

The critical nucleus is very small and can be retained
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in the kidney after formation directly on the kidney wall
or after attachment to the wall following formation in
the liquid phase. However, some renal stones do not
attach to the kidney wall. The nuclei of these stones
must have originated in a cavity with poor urodynamics,
and as they grew they formed an agglomerate that was
large enough not to be washed from the kidney.

Nuclei formed in urine and retained in the kidney
reach a macroscopic size by the accretion of additional
building units (ions or ion pairs) and by subsequent
agglomeration. The development of nuclei is strongly
influenced by crystal growth modifiers naturally present
in the urine that impede or completely stop solute
attachment to the nucleus. Inhibitors, such as citrate,
chondroitin sulphate, serum albumin, transferrin,
osteopontin and Tamm-Horsfall protein*®'", interact
with COM crystal surfaces and impede growth. Pro-
tein lysozyme and lactoferrin, which occur in the
organic matrix of renal stones, promote the growth
of COM crystalst?, Citrate, phytate, pyrophosphate
and polyphosphates are effective inhibitors of BRU
crystallization™**,

Nuclei that are formed and retained in the kidney
can reach macroscopic size only in the absence of
growth inhibitors and/or the presence of growth pro-
moters.

Renal stones composed of COM and/or BRU are
formed only in the case that: (1) urine is supersaturated
with respect to these compounds; (2) efficient sub-
strates for solid phase nucleation (heteronuclei) are
present; and (3) inhibitors of crystallization are absent
and/or promoters of crystallization are present. In
the presence of suitable nucleation substrates and a
deficiency of inhibitors, higher urinary supersaturation
enhances formation and the development of stones.
Urinary supersaturation per se is a necessary but not
a sufficient condition for urolithiasis and is therefore
not a reliable diagnostic measure of the risk of stone
formation. If conditions of stone formation (2) and (3)
are fulfilled the magnitude of supersaturation indicates
the probability of nephrolithiasis.

COMMENTS

Background

The supersaturation of urinary compounds has been considered during long
time as a key risk factor for renal lithiasis. Recently it has been demonstrated
that urinary supersaturation of calcium oxalate monohydrate (COM) and
calcium hydrogen phosphate dihydrate varied widely among healthy individuals
and stone formers.

Research frontiers

The previously presented studies have been developed exclusively using
information related to urinary biochemical parameters of patients and healthy
individuals and checking that the values of supersaturation do not allow a good
discrimination between both groups.

Innovations and breakthroughs
This study analyzes, using the classical theory of crystalline nucleation, the
possibility of formation of crystals of COM or brushite (BRU) in human urine, as
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a function of supersaturation.

Applications

This study demonstrates that the formation of COM and/or BRU renal calculi
in urine supersaturated with these substances can only take place in the
presence of efficient substrates for the nucleation of the corresponding solid
phases (heteronuclei) and in the absence or deficit of crystallization inhibitors.
Therefore, supersaturation is a necessary but not sufficient condition for
the development of these stones. Supersaturation is therefore not a reliable
diagnostic measure of the risk of stone formation. Nevertheless, in the
presence of heteronuclei and crystallization inhibitory deficit, the magnitude of
supersaturation may indicate the probability of nephrolithiasis. Identification of
nucleation promoters and deficit of crystallization inhibitors is therefore very
important as a diagnostic aspect to avoid urolithiasis.

Peer-review
The paper deals with theory of renal stones development; the paper is well
written, clear and concise.

REFERENCES

1 Robertson WG, Peacock M, Nordin BE. Activity products in stone-
forming and non-stone-forming urine. Clin Sci 1968; 34: 579-594
[PMID: 5666884]

2 Rodgers AL. Urinary saturation: casual or causal risk factor in
urolithiasis? BJU Int 2014; 114: 104-110 [PMID: 24119074 DOI:
10.1111/bju.12481]

3 Nielsen AE. Kinetics of precipitation. Oxford: Pergamon Press Ltd.,
1984:3 and 5

4 Thli J, Wang Y-W, Cantaert B, Kim Y-Y, Green DC, Bomans PHH,
Sommerdijk NAJM, Meldrum FC. Precipitation of Amorphous
Calcium Oxalate in Aqueous Solution. Chem Mater 2015; 27:
3999-4007 [DOI: 10.1021/acs.chemmater.5b01642]

5 Streit J, Tran-Ho L-C, Konigsberger E. Solubility of the Three
Calcium Oxalate Hydrates in Sodium Chloride Solutions and Urine-

Raishidenge ~ WJCU | www.wjgnet.com

43

Séhnel O et a/. Urinary supersaturation and urolithiasis

12

13

Like Liquors. Monatshefte Chem 1998; 129: 1225-1236 [DOI:
10.1007/PL00010134]

Dey A, Bomans PH, Miiller FA, Will J, Frederik PM, de With G,
Sommerdijk NA. The role of prenucleation clusters in surface-induced
calcium phosphate crystallization. Nat Mater 2010; 9: 1010-1014
[PMID: 21076415 DOI: 10.1038/nmat2900]

Bennema P, Séhnel O. Interfacial surface tension for crystallization
and precipitation from aqueous solutions. J Cryst Growth 1990; 102:
547-556 [DOI: 10.1016/0022-0248(90)90412-E]

Gregory TM, Moreno EC, Brown WE. Solubility of CaHPO4.2H20
in the system Ca(OH)2 — H3PO4 — H20 at 5, 15, 25 and 37.5 °C. J
Res Nat Bureau Stand - A. Chem Phys 1970; 74A: 461-475 [DOLI:
10.6028/jres.074A.036]

Daudon M, Jungers P. Clinical value of crystalluria and quantitative
morphoconstitutional analysis of urinary calculi. Nephron Physiol
2004; 98: p31-p36 [PMID: 15499212 DOI: 10.1159/000080261]
Farmanesh S, Ramamoorthy S, Chung J, Asplin JR, Karande P,
Rimer JD. Specificity of growth inhibitors and their cooperative effects
in calcium oxalate monohydrate crystallization. J Am Chem Soc 2014;
136: 367-376 [PMID: 24313314 DOI: 10.1021/ja410623q]

Qiu SR, Wierzbicki A, Orme CA, Cody AM, Hoyer JR, Nancollas
GH, Zepeda S, De Yoreo JJ. Molecular modulation of calcium
oxalate crystallization by osteopontin and citrate. Proc Natl Acad
Sci USA 2004; 101: 1811-1815 [PMID: 14766970 DOTI: 10.1073/
pnas.0307900100]

Farmanesh S, Chung J, Sosa RD, Kwak JH, Karande P, Rimer JD.
Natural promoters of calcium oxalate monohydrate crystallization.
J Am Chem Soc 2014; 136: 12648-12657 [PMID: 25119124 DOI:
10.1021/ja505402r]

Parekh BB, Joshi MJ. Crystal growth and dissolution of brushite
crystals by different concentration of citric acid solution. /nd J Pure
Appl Phys 2005; 43: 675-678

Grases F, Ramis M, Costa-Bauza A. Effects of phytate and
pyrophosphate on brushite and hydroxyapatite crystallization.
Comparison with the action of other polyphosphates. Urol Res 2000;
28: 136-140 [PMID: 10850638 DOI: 10.1007/s002400050152]

P- Reviewer: Naselli A S- Editor: Ji FF  L- Editor: A
E- Editor: LuYJ

July 24,2017 | Volume 6 | Issue 2 |



JC

World Journal of
Clinical Urology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.5410/ wijcu.v6.i2.44

World ] Clin Urol 2017 July 24; 6(2): 44-50

ISSN 2219-2816 (online)

Randomized Clinical Trial

Combined urethral and suprapubic catheter drainage
improves post operative management after open simple
prostatectomy without bladder irrigation

Anselm Okwudili Obi

ORIGINAL ARTICLE

Anselm Okwudili Obi, Department of Surgery, Federal Teaching
Hospital, Abakaliki 48000, Ebonyi State, Nigeria

Anselm Okwudili Obi, Department of Surgery, Ebonyi State
University, Abakaliki 48001, Ebonyi State, Nigeria

Author contributions: This is a sole authorship.

Institutional review board statement: The study design was
reviewed and approved by the Ebonyi state university Research
Ethics Committee.

Informed consent statement: All participants gave their
written informed consent before inclusion in the study.

Conflict-of-interest statement: I have no conflicts of interest to
declare.

Data sharing statement: The author on request will provide the
raw data on which the study results were derived.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Anselm Okwudili Obi, FWACS, FICS,
Department of Surgery, Federal Teaching Hospital, PMB 102,
Abakaliki 48000, Ebonyi State, Nigeria. draoobi@yahoo.com
Telephone: +234-80-33464195

Received: December 29, 2016
Peer-review started: December 31, 2016
First decision: January 26, 2017

Revised: March 9, 2017

Accepted: April 16,2017

Roishidenge ~ WJCU | www.wjgnet.com

Article in press: April 17,2017
Published online: July 24, 2017

Abstract

AIM

To compare outcomes after open simple prostatectomy
without bladder irrigation, in subjects drained by combined
2-way urethral catheter and suprapubic catheter (SPC) vs
those drained by 2-way urethral catheter only.

METHODS

A total of 84 participants undergoing Freyer’s simple
prostatectomy over an 18-mo period were randomized
into 2 groups (7 = 42). Subjects in group 1 were
managed with 2-way urethral catheter and /n sitv 2-way
SPC while subjects in group 2 had a 2-way urethral
catheter drainage only. In group 1 subjects, the SPC was
spigotted and only used for drainage if there was clot
retention. The primary outcomes were number of clot
retention episodes, and number of clot retention episodes
requiring bladder syringe evacuation. Other secondary
outcomes evaluated were blood loss, requirement of extra
analgesics, duration of surgery, hospital stay and presence
or absence of post-op complications.

RESULTS

The mean age in the groups was 65.7 (£ 7.6) in group 1
vs 64.8 (£ 6.8) in group 2. The groups were similar with
respect to age, prostate specific antigen, prostate volume,
blood loss, duration of surgery, blood transfusion and
overall complication rate. However statistically significant
differences were observed in clot retention episodes
between group 1 and 2: 0.8 (= 1.5) s 3.5 (+ 4.4), P <
0.000, clot retention episodes requiring evacuation with
bladder syringe 0.4 (+ 0.9) vs 2.6 (+ 3.8), 7 = 0.001,
requirement of extra analgesics 0.4 (£ 0.5) 15 4.0 (£ 1.5),
P < 0.000 and duration of admission 8.6 d (£ 1.2) 15 7.3
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d (+ 0.6), P < 0.000.

CONCLUSION

Subjects drained with a combination of urethral and
SPCs have fewer clot retention episodes and reduced
requirement of extra analgesics but slightly longer hospital
stay.

Key words: Open suprapubic prostatectomy; Catheter
drainage; Clot retention; Post operative outcome; Benign
prostatic hyperplasia

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Most urologists will agree that the most wor-
risome post operative challenge after open suprapubic
prostatectomy (OSP) is post operative haemorrhage and
the attendant clot retention. This paper seeks to show
that the use of a combination of suprapubic and urethral
catheters as opposed to using only a urethral catheter to
drain the bladder after OSP is associated with reduced
clot retention episodes, reduced clot retention episodes
requiring bladder syringe evacuation and therefore less
post operative morbidity.

Obi AO. Combined urethral and suprapubic catheter drainage
improves post operative management after open simple
prostatectomy without bladder irrigation. World J Clin Urol
2017; 6(2): 44-50 Available from: URL: http://www.wjgnet.
com/2219-2816/full/6/i2/44.htm DOI: http://dx.doi.org/10.5410/
wjcu.v6.i2.44

INTRODUCTION

Despite the advent of transurethral resection of the
prostate (TURP)™, holmium laser enucleation of the
prostate (HOLEP)® and other minimally invasive
procedures, open simple prostatectomy (OSP) still
remains a common treatment option for bladder out-
let obstruction due to benign prostatic hypertrophy
(BPH)®*®, especially in the developing world. OSP is
usually indicated in patients with large prostates above
80-100 g, patients with diverticular, large cystoliths,
where the facilities and skills for less invasive procedures
are not available or due to patient preference®*®., In
developed countries TURP and Laser prostatectomy
account for most procedures®®*®! but in the developing
world OSP either in the form of Freyer’s transvesical
or Millin’s retropubic prostatectomy is the commonest
treatment modality®>"",

The most worrisome post operative challenge after
OSP is post operative haemorrhage and the attendant
clot retention. Tinckler™ has pointed out that, apart from
general patient management, patient care following
OSP is mainly concerned with ensuring uninterrupted
drainage of urine and blood from the lower urinary
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tract until normal haemostasis is attained, avoiding
accumulation of blood and clot retention. The urethral
drainage catheter is frequently blocked by blood clots
in the immediate post operative period leading to
painful clot retention episodes requiring repeated clot
evacuation and occasionally a return to the operating
room for either cystoscopic evacuation or re-exploration
with its attendant risks. Clot retention rates as low
as 4.3%-8%"*'"! and as high as 47%"' have been
documented. Also re exploration rates as high as 4.3%
have been reported for recalcitrant clot-retention in
patients undergoing OSP. Byrne!'!! observed that a
significant percentage of deaths that occur secondary to
haemorrhage after OSP can be attributed to inadequate
catheter drainage of the bladder.

Therefore effective drainage of the bladder after OSP
is key to a smooth post operative course and successful
outcome. Measures to drain the bladder and deal with
the problem of clot retention in the post operative period
after OSP have included such things as the suprapubic
double glass tube of Cabot™, the use of various types
of wide bore catheters such as the perineal tube of
Fuller'™!, the rusch red rubber rectal catheter used
by Plawker et al™¥, and special suction devices!*. In
contemporary practice however most urologists use
continuous bladder irrigation(CBI) through a 3 way
catheter'”®™® or via a combination of 2 way urethral
catheter and a suprapubic catheter (SPC)™**'!, Some
however practice non irrigation and use only a 2 way
urethral catheter to drain the bladder™®*>**, Open
simple prostatectomy without continuous bladder
irrigation has been shown to be safe”****!! and is our
current practice. Manual evacuation of clots with the
60cc catheter tip syringe (bladder syringe) may be
an adjunct to any of the above measures. In difficult
cases there might be need to return to the theatre for
cystoscopic evacuation or outright re exploration.

We hypothesized that on a policy of non irrigation,
the addition of an in situ SPC acting as a safety valve
against clot retention will greatly simplify post operative
management after OSP and that the outcome will
be better than using only a 2-way urethral catheter.
We therefore conducted a prospective 2-arm open
label randomized trial comparing patients managed
post operatively on combined urethral and in situ
SPC vs patients managed on 2 way urethral catheter
drainage only. To the best of our knowledge there is no
randomized study comparing these two modalities in
patients managed without bladder irrigation.

MATERIALS AND METHODS

Following institutional research ethical board review and
approval, 84 participants undergoing Freyer’s simple
prostatectomy at Federal Teaching Hospital Abakaliki,
Ebonyi State, Nigeria and Alpha Specialist Hospital
(Urology Centre), Enugu Nigeria over an 18 mo period,
January 2014 to June 2015 were randomized using

July 24,2017 | Volume 6 | Issue 2 |



Obi AO. Catheter drainage after open simple prostatectomy

prelabelled sealed envelopes into 2 groups. This was a
prospective 2-arm parallel, open-label randomized trial
conducted in compliance with the principles enunciated
in the Helsinki declaration. The statistical review of the
study was done by a biomedical statistician.

The study power was set at 95%, i.e., (1 - B) =
0.95 and at a level of significance, a, of 0.01% to
sufficiently detect a difference of 8% vs 47%" in
the proportion of those developing clot retention after
open simple prostatectomy without bladder irrigation, in
subjects drained by combined 2-way urethral catheter
and SPC vs those drained by 2-way urethral catheter
only.

The sample size required to detect the above effect
size was determined using the following formula™; n =
{f (&,8) [Po (100 - Po) + P1 (100 - P1)1}/(Po - P1)2.

Where Po = proportion of participants in Group
2 expected to develop clot retention = 47%; P1 =
proportion of participants in Group 1 expected to
develop clot retention = 8%. f (a, B) = 17.8.

This returned a sample size of approximately 40
participants per arm of the study and 80 participants in
both arms.

Group 1 patients were managed post operatively
with combined 2 way urethral catheter drainage
and in situ 2 way SPC while group 2 patients were
managed post operatively with only 2 way urethral
catheter drainage. Informed consent was obtained
from all patients before surgery. Prior to surgery
detailed clinical history of all patients was documented.
Indications for surgery were severe lower urinary tract
symptoms; IPSS (International Prostate Symptom
Score > 19) and acute urinary retention necessitating
urethral catheterization. Preoperative laboratory work
up included urinalysis, urine microscopy culture and
sensitivity, complete blood count, platelet count, pro-
state specific antigen (PSA), serum electrolyte urea
and creatinine (S/E/U/Cr) estimation, abdominopelvic
ultrasound scan, chest X-ray and electrocardiogram.
Patients with PSA above 4 ng/mL were subjected to
transrectal prostate biopsy and operated on only, if the
result showed BPH. Sterile urine was ensured as well
as normal platelet count and S/E/U/Cr. Pre-operative
hemoglobin levels were optimized to at least 11.5 g/dL.

Operative technique

All patients had Freyer’s transvesical prostatectomy
done in standard fashion. All the surgeries were done by
the author who had 12 years post fellowship experience
at the commencement of the study. Patients were
administered L. V. ceftriaxone 1 g and I.V. metronidazole
500 mg 15 min prior to surgery. These antibiotics were
continued till the 4™ post operative day following which,
patients were converted to oral ciprofloxacin 500 mg
bid till post operative day 10.

All surgeries were done under regional anesthesia
(spinal or epidural). The bladder was assessed via
a pfannenstiel incision and opened transversely in
its lower half between two stay sutures. After finger
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enucleation of the prostatic adenoma haemostasis
was secured by running 2/0 polyglactin suture of the
bladder neck between the 5 and 7 o’clock positions.
Additional bleeding points were either electro fulgurated
or suture ligated. The prostatic fossa was not packed.
A size 22F, 2 way silicone Foley urethral catheter was
introduced into the bladder. Its balloon was inflated to
40 mL within the bladder and used to apply traction
against the bladder neck by means of gauze bandage
tied to the catheter and pushed snuggly against the
penile tip. This traction was maintained at the end of
surgery by strapping the catheter to the patients thigh
with plaster. The decision on whether or not to add a
SPC was taken at the point of closing the bladder by
an independent investigator, using prelabelled sealed
envelopes. The SPC (size 22F) was sited at the dome of
the bladder in group 1 patients and brought out through
a separate stab incision of the skin in the midline about
two finger breaths above the pfannenstiel incision. The
SPC was retained with 15 mL sterile water for injection
and spigotted. The bladder was closed in 3 layers and
the wound washed with normal saline. A perivesical
wound drain of size 22F Foley catheter was placed in
the perivesical space and the abdominal wound was
closed in layers. The skin was closed with subcuticular
2/0 polyglactin suture. Traction on the bladder neck was
released fully by 24 to 36 h. None of the patients had
continuous bladder irrigation. Post operatively patients
received, alternately 8 hourly intramuscular tramadol
and pentazocine for analgesia.

Data collected and analyzed include demographic
and clinical data such as age, prostate volume, PSA,
pre and post operative hemoglobin, duration of surgery,
clot retention episodes, clot retention episodes requiring
evacuation with the 60 cc bladder syringe, requirement
for extra analgesics, blood transfusion, hospital stay and
complications. The primary outcomes were number of
participants with clot retention episodes, and number
of clot retention episodes requiring bladder syringe
evacuation. Secondary outcomes evaluated were
blood loss, requirement of extra analgesics, duration
of surgery, hospital stay and presence or absence of
post-op complications. Post operative hemoglobin
was estimated on post operative day 2. Hospital stay
was calculated from the day of operation to the day of
discharge. For group 1 patients the SPC was left in situ
as a safety valve. It was deployed for drainage of the
bladder only when the urethral catheter was blocked by
clots. The SPC was removed when the urine became
consistently clear, usually by post operative day 2 or
3. The suprapubic cystostomy site was dressed and
allowed to close naturally. The urethral catheters were
spigotted by post operative day 5 or 6 and removed 24
h later. Patients in group 1 required an additional day
or two to ensure closure of the SPC site. All enucleated
prostates were sent for histology.

Statistical analysis
Data were analyzed using SPSS Version 16, Chicago IL,
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Table 1 Demographic and clinic characteristics of groups 1
and 2 patients

Reps Group 1 Group 2 P value
(mean + SD) (mean + SD)

Patients (1) 42 42

Age (yr) 65.7 (+7.6) 648 (+6.8)  0.598

Prostate volume (mL) 85.6 (£49.1) 893 (x421) 0.715

PSA (ng/mL) 153 (+15.0) 126 (x153) 0417

Duration of surgery (min) 1029 (+18.8) 100.7 (+14.9) 0.555

Blood transfusion (pints) 0.4 (0.6) 0.6 (+0.9) 0.277

Clot retention episodes 0.8 (x1.5) 3.5(x4.4) 0

Clot retention episodes 0.4 (x0.9) 2.6 (+3.8) 0.001

requiring bladder syringing

Requirement for extra 0.4 (x0.5) 4.0 (£1.5) 0

analgaesic

Change in haemoglobin 19 (£1.2) 21(x1.1) 0.408

(g/dL)

Duration of admission (d) 8.6 (£1.2) 7.3 (£ 0.6) 0

PSA: Prostate specific antigen.

United States. Student’s t test was used to determine
whether the observed differences in means was
significant. Categorical variables were analyzed with the
2’ test. P < 0.01 was taken as significant.

RESULTS

There were 42 patients in each group. The mean age
of the groups was 65.7 (£ 7.6) in group 1 vs 64.8 (£
6.8) in group 2. The groups were similar with respect
to age, PSA, prostate volume, change in hemoglobin
level, duration of surgery, blood transfusion and overall
complication rate. However statistically significant
differences were observed in clot retention episodes,
clot retention episodes requiring evacuation with the
60 mL bladder syringe, requirement of extra analgesics
and duration of admission (Table 1). Abnormally high
PSA values were observed in some patients. However
these patients had negative prostate biopsies prior to
surgery and the resected specimens also had negative
histology.

Overall complication rate showed that 33.3% of
patients in group 1 and 35.7% of patients in group 2
had complications. The difference was not statistically
significant. Detailed evaluation of complications showed
a total of 39 complications; 24 (61.5%) in group 1 and
15 (38.5%) in group 2 (Table 2). Many patients in group
1 had more than one complication thus explaining
the disparity in overall and actual complication rates.
Post prostatectomy lower urinary tract symptoms
(frequency, urgency, urge incontinence and dribbling)
was the commonest complication accounting for
12 (30.8%), followed by urinary tract infection 10
(25.6%) and secondary haemorrhage 5 (5.1%).
Details of complications are shown in Table 2. Persistent
suprapubic urinary fistula was observed in 3 patients
(8.1%) in group 1. No patient in group 2 had a urinary
fistula. Urinary fistulas were managed by continuous
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bladder drainage and treatment of urinary tract infection
(UTI). Additional measure was to close the fistula with
2/0 nylon suture after freshening the edges. These
3 patients were discharged home on catheter. There
was no mortality. There were no incidental prostate
carcinomas. Follow up period is currently 7.13 (+ 1.91)
mo.

DISCUSSION

There has been a paradigm shift in the management
of BPH in the last four decades towards less invasive
procedures such as TURP™ and Laser prostatectomy'®,
especially for prostates less than 80-100 g. In the
developed world these minimally invasive transurethral
procedures account for most of the procedures, while
open suprapubic prostatectomy (OSP) accounts for only
3%-40% of procedures™?!, The reverse is the case
in the developing world largely because of absence of
skilled manpower and technology for minimally invasive
transurethral procedures”’. It has also been noted that
more and more patients are presenting these days
with prostates in the 80 to 100 g range because of
the increasing use of medical treatment or watchful
waiting™**!. Thus there will always be a place for OSP
whether in the developed or developing world. While OSP
is more invasive and requires an abdominal incision with
subsequently longer hospitalization and convalescence
than transurethral techniques, it results in an excellent
functional outcome and low reoperation rates™#%,

Morbidity and mortality after OSP is closely tied to
the problem of clot retention and adequacy of bladder
drainage®™*!l. Clot retention if left untreated, can lead to
severe pain, tachycardia, azotemia, hypertension and
bladder rupturet*®,

Traditionally effective drainage of the bladder and
prevention of clot retention after OSP has been by
means of continuous bladder irrigation (CBI) with nor-
mal saline through a 3 way urethral catheter'**® or via
a combination of 2 way urethral catheter and a SPC**"!
with or without manual evacuation of clots with the
60 cc catheter tip syringe. There might be a resort to
cystoscopic evacuation or outright re-exploration if the
latter fails. Some studies®®*" have queried the need
for CBI pointing out, that clot retention still frequently
occurs even under CBI and that there is a risk of
bladder rupture with unregulated inflow of irrigant.
CBI is also associated with increased workload on the
staff and increased financial burden to the patient. OSP
without CBI has been shown to be safe”’'****"! and is
our current practice. Under this non irrigation protocol
two options exist for draining the bladder; One is the
use of a 2 way urethral catheter alone and the other
is the use of a combination of 2 way urethral catheter
with addition of a SPC as a safety valve against clot
retention. This study compares post operative outcomes
in patients managed with combined SPC and 2 way
urethral catheter and those drained by 2 way urethral
catheter only. All patients were managed without CBI.
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Table 2 Overall complication rate and details of complications by Clavien Dindo grade observed in both groups n (%)

Complications Clavien Dindo grade Group 1 Group 2 Total P value
Overall complications 14 (33.3) 15 (35.7) 29 (34.5) 0.5
Post prostatectomy (LUTS) I 5(12.8) 7 (17.9) 12 (30.8) 0.378
Post prostatectomy UTI I 8(20.5) 2(5.1) 10 (25.6) 0.044
Secondary hemorrhage I 4 (10.3) 1(2.6) 5(12.8) 0.18
Surgical site infection Ma 3(7.7) 1(2.6) 4 (10.3) 0.308
Persistent suprapubic fistula Ma 3(7.7) - 3(7.7) 0.12
Delirium I - 2(5.1) 2(5.1) 0.247
Left ventricular failure Va 1(2.6) 1(2.6) 0.5
Cardiac arrhythmia Va - 1(2.6) 1(2.6) 0.5
Septicemia I 1(2.6) - 1(2.6) 0.5
Total 24 (61.5) 15 (38.5) 39 (100)

LUTS: Lower urinary tract symptoms; UTI: Urinary tract infection.

The mean age of the groups was respectively,
65.7 (£ 7.6) in group 1 vs 64.8 (£ 6.8) in group 2.
These means are similar to the mean age of patients
undergoing OSP*?°!, The age difference between the
two groups was not statistically significant, P = 0.598.
The difference between the two groups with respect
to prostate volume, PSA and duration of surgery was
also not statistically significant (Table 1). However
statistically significant differences were observed in
the mean clot retention episodes (CREs), clot retention
episodes requiring evacuation with the 60 mL bladder
syringe, requirement of extra analgesics and duration of
admission.

The mean CREs in group 1 was much lower than
that of group 2; 0.8 (£ 1.5) (range 0-6) vs 3.5 (£ 4.4)
(range 0-16), P = 0.000. CREs of between 0.9% to
47% have been reported by various authors™>**%!, The
difference in CREs between the groups is not surprising
because group 1 patients had an alternative route for
bladder drainage in the event of clot retention. In this
group the spigotted SPC was opened and connected
to a urine bag once the first clot retention episode
occurred. The SPC was then left open to drain the
bladder alongside the 2 way urethral catheter until the
urine became clear enough for the SPC to be removed.
Formed clots naturally gravitate to a dependent po-
sition in the bladder and block the urethral draining
catheter leaving the SPC which is sited at the dome of
the bladder free to drain the bladder, while clot lysis is
ongoing.

In the presence of clot retention, some clots may
pass spontaneously or pass following milking of the
urethral catheter. When these fail the next option is
to evacuate the clots using the 60 cc bladder syringe.
Evaluation of CREs requiring evacuation with the
bladder syringe between the two groups showed that
mean CREs requiring bladder syringe evacuation was 0.4
(£ 0.9) (range 0-4) in group 1 compared to a mean of
2.6 (£ 3.8) (range 0-14) in group 2. This difference was
statistically significant, P = 0.001. Patients are better off
with fewer CREs requiring evacuation with the bladder
syringe. For one, clot evacuation can be tasking, time
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consuming and sometimes inefficient, because the
catheter walls tend to collapse under the negative
pressure of the bladder syringe!™*.. There is also the risk
of introducing infection into the bladder by too frequent
flushing out of clots. None of the groups required
reoperation for clot retention or cystoscopic evacuation
and there was no mortality.

Clot retention is not just associated with increased
demand on the time and resources of the staff but is
also associated with increased patient discomfort, post
operative pain and requirement of extra analgesic. The
mean demand for extra analgesic between the two
groups varied considerably. While it was 0.4 (£ 0.5)
(range 0-2) for group 1, it was 4.0 (£ 1.5) (range 0-7)
for group 2. This difference was statistically significant,
P = 0.000. The reduced demand for extra analgesic
in group 1 is in keeping with the fewer CREs and
CREs requiring evacuation with the bladder syringe
in this group. A cost analysis reveals an extra cost
of approximately 42USD per patient for dealing with
the burden of extra clot retention episodes and clot
retention episodes requiring evacuation with the 60
cc bladder syringe observed in group 2. This is broken
down into; cost of SPC-1.2USD, urine bag-0.5USD,
60 cc bladder syringe(average of 3/patient)-4.5USD,
Normal saline for flushing the catheters(average, 4L/
patient)-3.6USD, extra analgesic (average 8 ampoules
of tramadol/patient)-3.0USD, extra demand on nursing
services-20USD, change of soiled beddings and
dressings-9USD. In a resource poor environment this
extra 42USD can be a significant economic burden to
the patient.

Mean blood transfusion was lower in group 1
compared to group 2; 0.4 (* 0.6) vs 0.6 (£ 0.9) res-
pectively. Also the mean change in hemoglobin was
lower in group 1 compared to group 2; 1.9 (£ 1.2)
g/dL vs 2.1 (£ 1.1) g/dL. These differences approached
but did not reach statistical significance. P values,
0.277 and 0.408 respectively. Blood transfusion rates
after OSP can vary greatly. While some authors claim
zero transfusion™®?!!, Most large series report blood
transfusion in the range of 1% to 57.1%%%"\. Bleeding
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after OSP occurs not just because of inadequate
haemostasis but also because clots and clot retention
cause over distension of the bladder. Over distention
provokes further bleeding because the bladder and
prostatic fossa are prevented from contracting down
on the bleeding points. Therefore any measure that
can reduce clot retention will reduce post operative
bleeding. In this study the mean blood transfusion and
change in hemoglobin concentration was lower in group
1 in keeping with the reduced CREs and CREs requiring
evacuation observed in this group.

Overall complication rate in this study was 34.5%.
This is similar to the 30% and 31.3% rates reported
in some other series!®*!, Both groups were similar
in terms of overall complication rate with 33.3% of
patients in group 1 and 35.7% of patients in group 2
having complications P = 0.500 (Table 2). However
detailed analysis of actual complications showed that
there were more complications in group 1 than group 2
because some patients in this group had more than one
complication (Table 2). Post prostatectomy lower urinary
tract symptoms (LUTS) namely frequency, urgency,
urge incontinence and dribbling was the commonest
complication in both groups accounting for 30.8% of
the overall complications. It was slighter commoner in
group 2 than group 1; 7 (17.9%) vs 5 (12.8%). Others
have also observed worrisome post prostatectomy LUTS
to be a common complication after OSP'”, A range of
6.7% to 11.1% has been reported™® which is slightly
lower than observed in this study. The condition usually
resolves with keggel exercises over a short period of
time with or without antimuscarinics. UTI has to be
ruled out as a cause and treated. In this series all cases
resolved within one month after discharge. The next
most common complication was post prostatectomy
urinary tract infection which accounted for 25.6%
of complications. This is lower than the 40% figure
reported by Bapat et al*” after Freyer's prostatectomy.
It was seen more in group 1 than group 2; 8 (20.5%)
vs 2 (5.1%). Post prostatectomy haematuria (secondary
hemorrhage) was also commoner in group 1 than
group 2; 4 (10.3%) vs 1 (2.6%). Haematuria may be
a complication of UTI. The higher incidence of these
two complications in group 1 may be related to the
presence of the SPC. The suprapubic ostium may have
been a source of bacterial entry into the urinary tract.
Persistent suprapubic urinary fistula was observed in 3
patients (7.7%) in group 1. No patient in group 2 had
a suprapubic urinary fistula. The urinary fistulas were
managed by continuous bladder drainage and treatment
of UTI if present. These three patients had UTI. In
these three patients the suprapubic ostium was sutured
and the patients discharged home on catheter. Mean
duration of admission was 8.6 d (+ 1.2) in group 1 and
7.3 d (£ 0.6) in group 2, P = 0.000. This statistically
significant difference in duration of admission between
the two groups can be attributed to the extra time
it took for the suprapubic fistulae to close in group 1
patients. There was no mortality in this series.
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Draining the bladder with a combination of urethral

and SPC is associated with a smoother post operative
course because of fewer clot retention episodes and clot
retention episodes requiring bladder syringe evacuation.
It is also associated with reduced requirement of extra
analgesic. These advantages have to be weighed against
the disadvantage of an occasional persistent suprapubic
fistula resulting in slightly longer hospital stay.

COMMENTS

Background

Despite the advent of newer technologies for treating benign prostatic
hypertrophy (BPH), open simple prostatectomy (OSP) still remains a common
treatment option for bladder outlet obstruction due to BPH. Currently some
urologists advocate non bladder irrigation after OSP and they site several
disadvantages of bladder irrigation such as cost, increased staff workload,
patient discomfort, risk of bladder rupture, prolonged immobilization, and
perhaps more importantly that it does not prevent clot retention. Two options
exist for draining the bladder after non irrigated OSP; one is the use of a
urethral catheter only and the other is to use a combination of urethral and
suprapubic catheters (SPCs) so that the SPC acts as a safety valve should
there be recalcitrant clot retention. It is expected that this latter method will
guarantee uninterrupted drainage of urine and blood from the lower urinary tract
until normal haemostasis is attained, avoiding accumulation of blood and clot
retention.

Research frontiers

This study is important because it helps to support the advocacy for OSP
without bladder irrigation. The disadvantages of bladder irrigation after OSP
have already been clearly spelt out.

Innovations and breakthroughs
To the best of the knowledge this is the only study evaluating in a randomized
fashion, bladder drainage after OSP.

Applications

The practical applications of using a combination of urethral and SPCs to drain
the bladder after OSP is that because it is associated with fewer clot retention
episodes, it requires less monitoring. It is therefore useful in settings where
there is less manpower such as private hospitals and in developing countries.
It is also cheaper because it is associated with less requirement of extra
analgesic, need to evacuate clots and blood transfusion.

Peer-review
The subject of the study is original and the manuscript is well written.
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